WD 2008/ 032084PCT/ GB2007/ 003486 | MPROVED
| MMUNOASSAY METHCDS Field of the invention 5The invention generally
relates to the field of diagnostic or prognostic assays and in
particular relates to assays for the detection of antibodies in a
sanmpl e conprigihhg.HaLi ent bodily fluid, wherein such %&#@(}i}oﬂg%ﬁare
used as bi ol ogi caf} mar kers of a di sease state or disease
susceptibility. Background to the invention Many di‘agnostic,
prognostic and/or nonitoring assays 15 rely on detection of a
bi ol ogi cal marker of a particul ar di sease state or di sease
susceptibility. Such bi ohagiogab HRMukesSsr emepop®nl y protei ns or
pol ypeptides that are characterrstic of a particul ar di sease or
associated with susceptibility to disease. 20In recent years it has
becone appaeentof hak antédddines, and in particul ar autoanti bodi es,
can al so serve as biological markers of disease or disease
susceptibility. Autpantibodies are naturally occurring antibodi es
directed to anTmtirgentivwn dergnalidireletss 't theniHieldyst em recogni ses
25 as forqjigg sven. thoyghyihat canddgenaactivabhy: oni1gicnas eacisncé he
i ndi vi dual . ﬂey may be present in the circulation as circul ating
free aut o@FERBOITES THF FHFIHE ORoP maBFIRYHER &l "ﬁgsal“i?iﬁne conpl exes
consi sti ng-abraytoankicbhegdt asodioyntl ia, t fiedreihabget antibgires are
D fferences between a wild 30 type protein ex ed " nar mal "
cel I s and 7%t Heéd “FSFRt ﬁartkﬁ)égporﬂgfa e%%\separsc?dgégé by gysd?a{s}%ased cel |
or durimg susdesedsidigyeocess may, in sone instances, lead to the
altered WD 2008/ 032084PCT/ GB2007/ 003486 protein being recogni sed by
n-self" and thus eliciting an

B 50} ) f This may be a hunoral (i.e B
cel |l -nmedi at ed) i nmune response |eading to the production of
aut oant i bodi es

Many diagnostic, prognostic and/or monitoring assays

15 rely on detection of a biological marker of a particular
disease state or disease susceptibility. Such biological
markers are commonly proteins or polypeptides that are
characteristic of a particular disease or associated with
susceptibility to disease.

20 In recent years it has become apparent that antibodies,
and in particular autoantibodies, can also serve as
biological markers of disease or disease susceptibility.
Autoantibodies are naturally occurring antibodies directed
to an antigen which an individual’s immune system recognises

25 as foreign even though that antigen actually originated in
the individual. They may be present in the girculation as
circulating free autoantibodies or in the form of
circulating immune compiexes consisting of autoantibodies
bound to thelr target antigen. Differences between a wild

30 type protein expressed by "normal” cells and an altered form
of the protein produced by a diseased cell or during a

disease process may, in some instances, lead to the altered



5 imunol ogically specific to the altered protein. WD 99/ 58978
describes nethods for use in the detection/diagnosis of cancer which
are based on evaluating the i mune response of an individual to two
or nore distinct tunour markers. These nethods generally involve
contacting 1Qq3.8am,e of bodily fluid taken fromt heP(iMZM)i?/gEgs’ﬂlﬁ W t h
a panel of two or nore distinct tunour marker antigens, each derived
froma separate tunour marker protein- and detecting the formation of
conpl exes of the tunour marker antigens bound to circul ating
aut oant i bodi es i nmunol ogi cally specific 15 for the tunmour marker
pr ot ei ns. pkheeix ezengerafogatield diy aul Aidivg daat oanttinbodi ®5tes 4ken as
an i ndi cat,j on of. t.,he_presence. of, .cancer.. §§§g¥ i measur e
t he i mune nrogésp%lnftéea%? ﬁues n F%%%aﬁgtlmuﬁg Eresen%eﬂgftqj{%ﬁnour
mar ker pr ondinidieit. efivbs 2@vobearttomaribody epBodict SR PFYi de an
al ter nati uguhoo LR dhteleRagut SRA! pOa el 86 L4 Okuebal iR o ker
protein in bodily jPI ui ds. Sucr ass_a%s essentially constitute indirect
det ect i%n IFRUPHECIHEES EA W SE T G ntRurt e KT ofr BT RTH-"Because of the
nature of the jomasyespespEIseibeé neshbikedor tbati®Fhaut oanti bodi es
can be elicited by a very small_amunt.of cir i ng I; rker
protein ar‘ijcftfaﬁﬁjr?%gﬁaﬁ%?%losd STWREEH T gf‘%/gbnar&e%g%% nogl £ %%lﬂ%#’rlmngg
response tinet tmmene meskens: wifl bncondagdent Ity beo nor ewosengigtiipet t han
met hods far__the di ene f oL uomur LR Padiil
f1 ui ds. Agcsuéﬂ;?ggolggrrr\rekt%%%ds @aséedﬁgﬂﬁc{%eg%ét e(:_tll“‘{g%ﬁ%ﬁ%ultcoan}i bogi es may
t her ef 6t e heaobload pediby MalidetdEn Fron thee tafsed@lprbdess and
Possi bl'y g!a%%li D IGQlALEORo LD SGEEEH RImOr MMBker antigens, each
20081032084PCT/ GB2007/ 003486 -3 asy tomatic pgtients, fotg q__xarrpl ein
screeni ng $FHEENTEFY 2 REPRA T FaF it TPFER PP BVl AgTHi s8dse
anongst a pepidbatdnobr asytmtcarat ¢ thadtwichralhsrker anoigeentify
i ndi vi dual s 0, have devel oped.a_dise . p e of
2oyt omat TNl i i C T SHHArE T She a3 ey at RoHe Best t Fhe
det ectibn ffr abtoamdugodaeisemwyrobeigf. pAne ikadsgrcoadfusvelrly in the
di sease pro, §a§§rgg RQESLAE MoAiSQ MRV RENUSEAint Onkdaitiichyof Raevi dual s
a

who have devel ope i sease anpngst a popul ati on of synptomatic

i ndi vi dual BtesPOCEURE FePRBEe, they may be useful for earlier detection

of recurrent dingease.wnike ASSAVNEhdC@muABYraippasbeoDftheal ue in

selecting or monitoring, therapies for_a disease. Antlihaodies

aut oant i boHfFEY1E5AT Os%ﬂge?iclee°eélsce1% bi"88Gi cal - ma %tresmokgo%%glrg

di seaseo st af es:tornthiselys eredscEpni prévideesy wftewhpehve Heuhbt oi d

A S Sl CHLE LS LY LIRTRL AU JeBLEouPHLAREY k8 Yin
, au

cirrhosis toimmune thyroiditis (eg Hashinoto's thyroiditis),
aut oi nmunebgristy ifl 5 -eg Spek M HayEse BIPAEARAYY WBESE Fftfhdndirect .

detection of the presence of tumour marker protein. Because
of the nature of the immune response, it is likely that

25 autoantibodies can be elicited by a very small amouni of
circulating tumour marker protein and indirect methods which
rely on detecting the immune response to tumour markers will
consequently be more sensitive than methods for the direct
measurement of tumour markers in bodily fluids. Assay

30 methods based on the detection of autoantibodies may
therefore be of particular value early in the disease

process and possibly also in relation to screening of



20 adrenalitis (eg Addison's disease), autoinmune hypoparathyriodi sm
aut oi nmune di abetes (eg Type 1 di abetes), myasthenia gravis are but
exanpl es. The present inventors have recogni sed that when
assays based on detection of antibodies are used diagnostically or 25
prognostlcah$gmk93?§§ess the disease state, disease YRHSH993sOr
di sease susceptibility of an individual wthin a popul ation,
difficulties can arise in devising a8 standardi sed assay net hodol ogy
appropriate for the whol e popul ati on of subjects to be screened
because the absol ute 30 anounts of anti body present vary dramatically
from i ndi ¥gtgedontoid ndiviedual ZoThesamgdr prosucenandigh idaetdonce WO
2008/ 032084BCT) (B2007/,003486 12Y.06: &GN BBUR! REngutt GbOUY.
Simlarly ?%ere s’ a |cuIt I'nscoring true positive results
because thepu&ﬁﬁlanlqﬁlaswmab@mﬁﬁ}ﬁelaﬁTﬁkﬁP§ of ANttPhEWPFEEm i ndi vi dual

to indivi Qﬂéivﬂ%%ﬁ!@ M@‘hahé aérecilobééi%chilstegsé%tmoagistlrashoI d for 5 a
positive assay result that is approprlatefo al | lelduaIs W thin

t he popul EPPW%@Pe%%éhFYmPtomatl'F’nénﬂ PSR n]ifér?fjf}f’ *HevE° 8%t er ni ned
t hat the ﬂ@Eﬁ&{MB@@d%ﬂtﬁBr@e@ﬁdbﬁl@Elalujtohﬂil’mhddnascaiy bei bty and

reliabilit S ased. on, det ection of 0
parti cul aP%Fh‘?ﬁ%&n ?:Bbe CaELY g %lthol %l?ec?asf% 99 ésbs gh(sspdos;sggée can be
i mpr oved d&aaata}calel tysé):y tion tlersd igly @ﬁdmdaﬁﬂsgéw bhpve A9v6ACBEp. By

testing the.s € t n%ﬂ%eg @hﬂ%h%f"é}ﬂwp@%&iﬁ@hﬁ&ﬁgﬁ%mﬁt a
erent ambunts o

series of d| antigen and constructing a titration
curve 10t Farpbesidyee YR}t gayeps dtﬁeiuﬂd%?ﬂ ey 1420 BEF TV 8 scr eeni ng

resul ts i ndepepdantyli¥effe t hacabsal ket RemlRkyOd1 anbebotywaimesent in
the sanple. Such an approach is contrary:to prlor art met hods whi ch

titrate arfeit§eriieal WOQJ&Oééﬁgt?ltirtapéeiaﬂ SPaft B Earve to al | ow

identification of the nost 20 appropriate antigen concentration to be

used for detecfi 1Pl%goladnt tibodies. in actual.pati ent, S‘%?.]I?egs In these

nmet hods only a% ol nt neasurenent is propo or actual
di agnasi s.bibiasicalhesekeet Redstielt Idlﬁetis%llqt@\‘ﬁ/eﬁ OP* \FaPPa%¢ on i n

amounts of_ the @ﬂ?}ll&%@¥st @ Dendet ealtdats aMair-id vi idyakyteerirdi vi dual
25 resulting h e I ncidence of false positives, and fal Cnegatlves

The presentubusyentBreaahave SoBhd PHALTEsRLY Tt Fbt Baded B1 ant | gen
titration ﬁi@‘b‘;%ﬁn&r&%smﬁa@c|(Egcmats;maaﬁlo'sfem$zytwdarysn han measuring

autoantibody reactivity at.a single antigen concent ,e30The

i nvent or s HHPETFUTE r?@F¥HéY“eS ni-He ejfrhlactlogssaénaerr?g?ﬁoda;&m%%h conbi ne
ant i gerp t i ddssnia@int i tRgshddd scan eodss4aise) at&@@l@ﬁu@%e test sanple
of fer eVE”n§Hé%%E§£h§¥i %QE&QQ%quﬂmmne diabetes (eg Type 1

diabetes), myasthenia gravis are but examples.
The present inventors have recognised that when assays
pased on detection of antibodies are used diagnostically or
25 prognostically to assess the disease state, disease
progression or disease susceptibility of an individual
within a population, difficulties can arise in devising a
standardised assay methodology appropriate for the whole
population of subjects to be screened because the absclute
30 amounts of antibody present vary dramatically from
individual to individual. This can produce a high incidence

of false negative results, for example amongst individuals



WO 2008/ 032084PCT/ GB2007/ 003486 than nmet hods based on antigen
titration alone, particularly in the context of autoantibody
detection. These so-called "cross-titration" nmethods formthe subject
matter of the present invention. 5 Summary of the invention According

to a first agpemboeRissthe invention there is prOV|ded]QWg5thgB5&

detecting a disease state or disease 10 susceptibility 1n manmal i
subj ect, said nethod conprising deteacting an anti body in a test
sanpl e, wherein the test sanple conprises a bodily fluid fromsaid
mammal i an subj ect and wherein said antibody is a biological marker of
? ?ISeaseh§%ﬁmﬁa@&odiéﬂﬁﬁﬁdsﬂfﬁﬁnbb@&litymlmhﬂghthetmdé 45 conpri ses:
a) prepar re.different dil uti 0 sanpl e and
carrying Sbf%t V\Qﬁ'of"ljoﬁ/ﬁoﬁéngttme PYTEnG 89?11151;]}9?2%9%%?5%]( eggh t est
sanpl e di batidnon in absolufecomuacsi vg qmteb9@3t¥3§3nﬁm@¥WiﬂPa%|§ﬂ1 with

a 20pl ur allh%yvoéu&q' Lésrysenha@npyqtssd9£f@cra1%n%g@& spegiddne1h0fossai d
ant i body 5 etecting the anount of specific binding between the

anti bo8y andosHevanereth eEleddR taid ARPTOP 5t e ¥sked in step (i),
25 (b) plohbit POl sCﬁl’@fﬂrﬁEhQ%@uS@ﬁﬁératsﬁzx@uﬁaﬁ of the anount of

specific binding versus the anp h
dilution used Tk?? ?F@ﬁe?%)lnvﬁﬂﬁol%sn;haggtg%ﬁ en_far _each test sanple

ning t 18 présence or
absence obesabfhaﬂc&eaﬁﬁemﬁm&tepanlﬁibaéa$eﬂsustﬁmqudlhtt&ﬂﬂxage@ upon

t he anount peCLf c._bin d d
:ﬁlat SPT ass? %é%&u gn aneg:t%@h o@%‘tbgg&'l(%n sai d

antigen f&F A amount of antngen t est ed.
WO 2008/ 032@8@@5/1@2@@Wm3148@13$ as biological markers o

disease can be improved dramatlcally by inclusion of an
antigen titration step. By testing the sam?le suspected of
containing antibodies against a series of different amounts
of antigen and copstruCtlng a titration curve it is possible

15 to reliably 1dent1fy true positive screening results
independently of the absclute amount of antibody present in
the sample. Such an approach is contrary to prior art
methods which titrate antigen merely to construct a
calibration curve to allow identifica?icn of the most

20 appropriate antigen concentration to be used for detecting
antibodies in actual patient samples. In these methods only
a single point measurement is proposed‘foz actnral diagnosis.
Thus, these methods will not allow for variation in amounts
of the antibody to be detected from individual to individual

25 resulting in the incidence of false positives and false
negatives. The present inventors have found that assay
methods based on antigen titration exhibit greater
specificity and sensitivity than measuring autoantibody
reactivity at a single antigen concentration.

30 The inventors have further determined that assay
methods which combine antigen titration with simultaneous

titration of the test sample offer even greater advantages



According to a second aspect of the invention there is provided a
met hod of detecting an antibody in a test sanple conprising a bodily
fluid froma mammal i an subj ect wherein said antibody is a

bi ol ogi cal marker of a disease state or 5 di sease susceptibility,

whi ch nethod _conprises: (a) preparing two or nore different dilutions
of said test Q2N BYnd carrying out the fol | owing st¥gCPYO% (i)
in respect of each test sanple dilution: (i) contacting the

test sanple dilution with a 10plurality of different anounts of an
antigen specific for said antibody, (ii) detecting the anpunt of

speci fic bindi ng-heieaBel %HH ¥ i2pgk 1 288k 9@t O0fuieach anount
of antigen used in step (i), 15 (b) plotting or calculatlﬂgg
nmount of

separate cth \7%‘‘~°f0$"°fttﬁ*’é‘“"aFh‘.’)u‘i“1‘F°°6‘f1 Syt ARECBT IS ng RS 8¢

antigen forcRaehtiest:isanpherndids utdmn tuseshi Jecat apiea) pfwhrer ei n t he
presence in the test %an’gl e of antibody reactive with the antigen
used in t B €L T AP cated by a generally S shaped or 20 si gnoid
curve for at least two different dilutions of the test sanple.

Accor di ng L 9.8 Lhbf daspegtyof,nt he invention there is provided a
met hod o d?t—ev:&rnv?n—am‘r%mﬁ‘)v in a test sanple 25 conprising a
bodi |l y fI uid froma manmal i an subject, wherein said antibody is

directed to a fQEEl@ihes ¥BSh anGe ama&uaedtmmvsﬁmmmﬂélm
subj ect, the net hod conprisin thod c

prepari ng P¥R6FIndrE O 8r ¢ tegﬂ?ﬁl “11$°51°% %”Q? €5t Sdéf)‘%‘s%terrpl e and
carryi ng oustsddpeibdl itoningastepallia)y samgdett] )sdid megpelct of each test

sanpl e dilution: deZCO %9&32%)361?%@2?%' ft? 48Q.mfis, %BQE@:&F' ng the

test sanpl &HIGEI O W LN erent anounts of an
anti gen spéké fiegtf srmpla @oap;1q§§dy bodlly fluid from said mammalian

subject and wherein said antibedy is a biclogical marker of
a disease state or disease susceptibility, which method
15 comprises:
(a) preparing two or more different dilutions of said test
sample and carrying out the following steps (i) and (ii) in
respect of each test sample dilution:
{1) contacting the test sample dilution with a
20 plurality of different amounts of an antigen specific
for said antibody,
(ii) detecting the amount of specific binding between
the antibody and the antigen for each aﬁount of antigen
used in step (1),

25 (b) plotting or calculating a separate curve of the amount
of specific binding versus the amount of antigen for each
test sample dilutbion used in step (2), and
(c) determining the presence or absence of sald disease
state or disease susceptibility based upon the amount of

30 specific binding between said antibody and said antigen for

each test sample dilution and amount of antigen tested.



(ii1) detecting the ampbunt of specific binding between 5the anti body
and the antigen for each anmount of antigen used in step (i), (b)
plotting or calculating a separate curve of the anobunt of specific
bi ndi ng versus the anpunt of antigen for each test sanple dilution
used in step g)a()’i], and wherein the 10 presence in the test sanple of
anti body reabPitV&%3%W%¥h the antigen used in the assay TE/¢EmENTEtSd by
a generally S shaped or siynoid curve for at |east two different
dilutions of the test sanple. 15In all aspects of the invention the
manmal i an subject is preferably a human. In all aspects of the
invention the antihody .ma t] C - ts. of the
i nvention the f?r%ct"ﬁ%ag’%(s“’z%‘ %rg% ergg%@ggﬁ?g% %ﬂl}g{éni@#l\l/?@réggoﬁs a test
sanpl e comprivsiert aangbrtid wIf HetertdbratmedtéPopy cpapele st sATPHR
mammal i an c%}&pkfﬁtn-g a bodily £@hld ASRACE Sukfnat D8n I WHEBEE Qihersiep (@) of
the assay wll preferably’involve contacti ng each and every test 25
f

sanpl e di |SFFoMRAPCRY bt 2AALevedy BRDRT ©6f @ dMt9°GER USEE Ph the
assay, ssuchisthad salskeponsiibke, canyhnationrs cohptasts:sanpl e dil utions
and amounts of antigen are tested. articular feature. of e

i nvention "sar)l 8¥?Peirtlgga§%°ec lsmf}Eetc}ﬁlg?eg%%t {agEhEn Oassat’lC)CP\X’ﬁ%Pher t he
rel evant 3Qmah¢idbodyaisyiorg icgtnoie goédenind stepe tiesendaigleins based
upon the iflg hindi hg.9hserved at each and every

di f f er ent %CE%#E.&%;‘{% %ﬁ‘g‘gf%s&st SEnple difution and WO

2008/ 032084 PCT/ EBZO0 200348 G hant ¢ e f2EBHE shtrht Poriif8sted, in ot her
words ide col | getiMe tyabties.r thaberanbiafs jdStnaakB@@hngoatiracsi ngl e
antigen concentratiqgn or for a single test sanple dilution. Thus, the
det erni nati on 59 t¥epPrRSEITER or absence of disease 5 state or

di sease susceptibi ldetygcbinanhebeadies bd spdadifetgnisiibgt aeioeenn a
patient sanple_can follow ha dj y S | ective | ues.
I n one enbodi n%r(rf] ,anttﬁlgo(j%ﬁaagnéisngﬁ %rgt%%hef%nn et%Eg %‘éogl?llst g? Atn\fﬁ:eg%?esence
of a general | yuSsshapedepr (igi.gnoi d curve when the anount of specific

bindinﬁhi S(b) plotting or calculating a separate curve of the amount

of specific binding versus the amount of antigen for each
test sample dilution used in step (a), wherein the presence
in the test sample of antibedy reactive with the antigen
used in the assay is indicated by & ggnerally S shaped or
20 sigmoid curve for at least two different dilutions of the

test sample.

Lccording to a third aspect of the invention there is

provided a method of detecting an antibody in a test sample
25 comprising a bodily fluid from a mammalian subject, wherein

said antibody is directed to a foreign substance introduced

into said mammalian subject, the method comprising:

{which method comprises:

{a) preparing two or more different dilutions of said test
30 sample and carrying out the following steps (i} and (ii} in

respect of each test sample dilution:



10 plotted against the anbunt of antigen for at |east two different
dilutions of the test sanple. As will be apparent fromthe Exanpl es
herein, the inventors have observed that the nethods of the invention
have hi gher sensitivity with at |east equivalent specificity to

met hods of di agnom s or 15 detection based upon antigen titration
al one and reWBC¥¥ ¥ dence of fal se positive and fal sETHEGHPYES

determ nations. The present inventi 0?1 wll now be further described
In the foll ow ng passages different features of the various 20
aspects of the invention are defined in nore detail. Each feature so

defined in conneptinnautily ARe Rspeclnfic hapyenidanamy be
conbined with features described in connection with an\F/%ot her aspect

of the. invent Pérrakitasef Hidderent mhoeateet 60t AR~ E5ht PRFS:*Cn

parti cul ar, anyogggl@aggf%d@dl cated as being pr eferred or
advant ageous mmgy . be co qQt her f ur e, .« ear? fures

th a
i ndi cated as berhy %tgfaf?% n&, aﬁﬁk‘/’h 593%% ﬁnl €ss C V"1 ndi cat ed
to the £ontraryhe 3&&11_1‘315&2020&1 %aowﬁ@%mﬁ@mom&@pﬁ@ntlcen
description of tsh$ % gg? Fi gure 1 shows a series of cross
titration curves T of i'on of autoantibodi es against p53 (Fig.1l a
to d) and %olc-mpetir @rlc@q@aﬁ)lngna swpprase ohrger Umtaken ' iom

patients wpfh hreast HRANCRY - vdRugache @XREAE r@fmantﬁgéh diokf esent -
dilutions of the patient serum were separat el ted ff%?spem fic

bi ndi ng agh?Hst528P1? (FAPF o Gl ot Par§i ng™d ?ﬁesmo econbi nant
P53 or 16- NPse SHcegen (Heerust CHaImpUIeOdSlf Ehtibady 0RAct sveffiebt tvel y a " no

serun contro For each ant i rate,curye ckfic
bi ndi ng (e%\'le%e?eas%% &8 ?b%sncé( aF C%;E CD s\ésa%%rasleg b
concent r at bapatere platciddciore ei@@:habllllaﬂsrcohwwfdlﬁfﬁ@r@aﬂt dépptsdeum 15

Figure 2 ilL Les ap.gxanple of a titration plate layout used to
perform Optl ung]ter %er um aﬁg Anti gen Concentration (OSAAC) assays

according to exanple 3. Note - the dilutions of serumand antigen are
shown @B separ at.£ Pk &l 82ctWhEF 8@% invention the mammalian subject

is preferably a human.
In all aspects of the invention the antibody may be an
autoantibody.
In all aspects of the invention ?he method is
20 preferably carried out in vitro on a test sample comprising
a bodily fluid obtained or prepared from the mammalian
subject.
In all aspects of the invention, step (a) of the assay
will preferably involve contacting each and every test
25 sample dilution with each and every amount of antigen used
in the assay, such that all possible combinations of test
sample dilutions and amounts of antigen are tested.
A particular feature of the inventlon in all its
aspects is that the judgement as to whether the relevant
30 antibody is or is not present in the test sample is based
uypon the amount of specific binding observed at each and

every different combination of test sample dilution and



in practice the serumand antigen dilutions are added to 20
corresponding wells in the sanme single plate. Figures 3 to 7 show a
series of cross-titration curves for detection of autoantibodies
agai nst p53, ECD6 (al so known as the extracellul ar donmai n of HER2)
and a 3 fragnent of ECD6 25 in sanples of serumtaken frompatients
with primaryWBrEEEEStancer and normal control subj ectBETGBA0EHELE
experinment, six different dilutions of the patient serumwere
separately tested for specific binding against a titration series of
varyi ng amounts of reconbi nant p53, ECD6 or ECD6 3' fragnment 30
antigens. _For each_antigen te ¢ pegs f g
(expr essed” %§“§b§8rggﬁgg%a?n§%%%n§'verghéggﬁﬁ%ﬁgngg%ﬁ%gﬁgFgg%ﬂn wer e
pl otted fealeschrdihet itbanojutthe pasdiom at-a 19091 8ePUHISRI gure 3

shows representabiysn tdd #@LI9rglql@&geeeétonsaﬁlgie%uaen&{ anmhis p53
aut oanti bodies 1n serumfroma primary breast cancer gatlent (panel

a) or a néheedeteERLRYTIPUBf etlhie (AFSABICDH)PT BPHUIE 4% s

represgnt athve dxl LR abdan seu&aﬁtslbalﬁep diﬁta&ﬁib@tie(sf tard i EoEEDsn

aut oant i bodj es u5|ng ECD6 _an t| Ln Lym, f a y breast
cancer patPBRt>{S5ansl® éf“&?né c%%n ngﬁg%gc?g%%g% “b).
Figure 5 tshsescalgpresentvalive. tﬂmranedwm@dﬁme@hf@hedEFEEﬁﬁéﬁ of
anti . ECDG Al QAN DOC! 8836 USE NG dEED8s cheAll 9%fbhakB1 SPIMEpaM @ 10

primary bféast cancer patient (panel a) or a normal control subject
(panel ~ b) orFeura.d6 curReheeptls eeapt & sPeraticonietives S or

det ectyigon %Le&ﬁ IrgR23s BUHRARLLROMI8S a8t . @At iFoEGHH 1autoantd bodi es in
serum f rom t he same SI’I mary br east ncer patl 1 gen

{
(panel A) SEESeHNEdBR(Fane! Vi tfﬁﬁo?aﬁﬂﬁ56 aﬁglg 3%8Ftc3
Figure 7 (panetise ®@xbOplys Shkawsn addiet iionedtdrist hate @msenv%s:hﬁef erenced

In exanpl&@gn %ﬁ%a leg 8%§%Ehe£ qgl?&V%h%%t@%e eﬂﬂlbﬂtﬁﬁﬂ%ﬁaéttefns

t he inven *d8s ah imminoeassay or detecting an
anti body \ikizeh serivedeas mpdsilfiofival mefiasts pPHrdipddrs§dasy state or

di seasg Sta%%eeum 'safsxd &g@m%%érﬁecthtimtalga@ L Feae-dli f ferent
di luti'ons of anpl e be tested for the presence of the antibody

(the test %’&ﬁﬁ%‘}e ajrfeféé% RSBV EY G F-BRIPPPRE DY bi ndi ng agai nst
dlfferent(ﬁﬂggm§§a@&m@ntlgen speC|f|c for the antlbody, and separate
titration curves of the anpunt . of ant bod @ ng

A ersus the
anount of anti gBH RESERE HIE ﬁSﬁLﬁ? 8?1¥%ch&gﬁ$?erent£§% ‘ution of
the test sanphe. iRtowsnpppassaghe astipyent budededrrittdgsvaFidudati on of

bot h 390 t haespte%%g SAMmRle; and ke apt 'cge%@n&e@ei% asrd daadent pdrut he
I mmunoassa
feature so defined in connection with one aspect of the

invention may be combined with features described in
connection with any other aspect of the. invention unless
clearly indicated to the contrary. In particular, any

25  feature indicated as being preferred or advantageous may be
combined with any other feature or features indicated as

being preferred or advantageous unless clearly indicated to

the contrary.
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WO 20081032084PCT/ GL32007/ 003486 The general features of

i mmunoassays, for exanple ELISA, radioi munoassays and the like, are
well known to those skilled in the art (see |Inmmunoassay, E. D anmandi s
and T. Christopoul us, Acadenic Press, Inc., San Diego, CA 5 1996).

| mmunoassays for the detection of antibodies having a particul ar

i mrunol ogi caVosyeei2#kicity generally require the use OfCTELHEEPHBHG
(antigen) that exhibits specific i nol ogi cal reactivity with the
anti body under test. Depending on the format of the assay this
antigen may be 10 i mmobilised on a solid support. A sanple to be

tested for thg Eresence of fttgg a(ptl body i's brought into contact wth
the anti géf= qui red i nmmunol ogi cal

specificity are present in the sanple they w Il inmunol ogically react
W th the g éhgee %%oagrgn@éylgéogy cr%ésamgr%eogcmlv@gesomch ey
t hen be det cte or quantitatively neasured he met hod of the

i nvent i on deseehiamOferPsRANTLROMRE 20RS YT BRGr 6F1H £f ér%?\td)dlaf‘ﬁtl ons of

the sanpl &hQc beritest eded af) '[:Lhesaﬂz{]gﬂ%@n6£ Hrubheaant tb&dwarleneach
tested agai, nst a 20 pluralit i fferent amounts ant.igen (also

referred t'9 He‘?%‘?arfta@ﬁﬁe%ht %Be‘ﬁaf EFRET OiF er Pt )t ’T’ﬁe assay must
i nvol ve t&Sﬂuagormf oft thegsttilewo sh:fifvererd shivkhuttols teftehddrest

sanpl e, bUt Eré?.'¥lc gngx %}[ﬁeostl ng of AL gorhes%gEes fdiy%arﬁ?{ngr romsix to

ten or evern nore "Futions o 5 test sanple. Each
separat e ohrrlount@rpzofwt:h@b%wt sadyite CrEYE egtddengiaiEh @tl4éast two,

and preferghlyogd JLastetitRAy LOoWo sbibV@r SnkroBEVERmoredBN €
di fferent anmounts of the antige pi cal assa may al so_| ncl ude a

negative CHHELEBT: IFECH2HBeTGE E%rﬁ%?ﬁfh%}’lélﬁg?%e KBHB?%‘? &%negat i ve
test 30 saango@bgﬁg r=al 5aem)h weshorarexgapl et 44, i@a0weid ut i on of

the test VO 2008/ 032084PCT/.GB2007/ 0034 12 - In thi
et tHA T8 e EEGant: RETAH<t 8 EUbTante east

context t “8r's” ange corrpr| sing at |east
one antigenic determ nant or epi tope capabl e of interacting

specifigcal Ly u‘éﬂth ihetarget ﬁ%k?@ﬁ% 'ots a &%&5@[@ hiacdet 8fuc O any
capture ag eﬁ% teracting speC| Ical y he vari abl e regi on or
used to perform Optlmal Serum and Antlgen Concentration

(OSAAC) assays according to example 3. Note - the dilutions
of serum and antigen are shown on separate plates, whereas
in practice the serum and antigen dilutions are added to

20 corresponding wells in the same single plate.

Figures 3 to 7 show a series of cross-titration cuxves for
detection of autoantibodies against p53, ECD6 (alsce known as
the extracellular domain of HER2) and a 3' fragment of ECD6
25 in samples of serum taken from patients with primary breast
cancer and normal control subjects. In each experiment, six
different dilutions of the patient serum were separately
tested for specific binding against a titration series of
varying amounts of recombinant p53, ECD6 oxr ECD6 3' fragment
30 antigens. For each antigen, separate curves of specific
binding (expressed as absorbance at 650nm) versus antigen

concentration were plotted for each dilution of the patient



conpl ementary determ ning regions of said anti body. The antigen w ||
typically be a naturally occurring or synthetic biological
macr onol ecul e such as for exanple a protein or peptide, a
pol ysaccharide or a nucleic acid and can include 10 anti bodi es or
fragnents thereof such as anti-idiotype antibodies. Skilled
readers wil IVEHPI#ERBAt e that in the nethod of the i nVRTGEH7PYEs
anount of antigenic determ nants Qflﬁpltopes available for binding to
the target antibody is 15 inportant "Tor establishing a titration
series. In many assay foinmats the anmount of antigenic determ nants or
epi topes ayaikabla for bindind Ls.dehectin eorralated,mdh hhe amunt
of antigen no ecul’és present. ver, 1 n other enbodi nents, such as
certai n soletdcphes efagshy Hpserhpntihed D droaptudfrerppREdmany i geni c
determ nant;$29f QRILEPSS: MBY: NPLnLIOLS ebAatL ndirhLtddhtwbi hsdjecanount
of antigen but_ may dggend on other factors, ,such as attachnent to the
‘th

sol i d surf@ees! |} eifo APRBR ISP PP TR s HERE AP t B EVEFT f er ent
anount s offeantiégeit’ ohnNofl drdtiFatbd®ruseshesodiaysbesdialgenct® 25 refer to

di fferent anounts .of the antig , i_nan epi The
relative oarn%ggg%)l ] esgﬁ%rﬁf#oo grs%%é“%?%%%%angi %%]9 et %@%‘g&gcnti body
(present ifpanhe Flestr sanpireldichutignpubivttardtrgeh His dBieras Aed f or
each diffenent comi-natlonofitest: 3032 eodi hitden.ansk ameunt of
antigen (antigeni'c determ nant or epitope) tested. The results are
t hen used B@Sppetoasiibateei ateiad s‘?éﬁﬁ%é o dgphbstofeerRR {598 ative or
ngS!UI@) pﬂ%bZQﬁﬁk@S%O&ﬁRQ%/@BEQQ&&Q?SA&ﬁaﬂh$3 a ryrRUDtcaftspeci fic
i nding versys the anpunt of_,antigen for each ampunt of.anti.gen
Cested. a UBHEPh PEAIVE peigobererartn T taatrr s, i a R
di | uti on usedesnfd:heeassayon Bfpeoal-pSesattenaibodlidauster aredECHY way
of exanple only, . .ln.5.t [ i Qur ct of a
nunber of %ﬁ??é%g%ngﬁt?ﬁd%%%%ﬁg$ﬂgt%?e%%%%£&?ﬁ£$ éggggt %gﬁﬁle of
anti body reddenyersiirghrdheardrigegefPansed®l n Bé arlkgrn $PeRtlePhi ned
based ypon,t Repamunt:efespeaEnkh Ccpi ndinge obseereds al teagh smthkgen
anmount for each test,sanp[e 10 dilution used . in the assay and is
usual | y i nfi%e&t et by IERBThP R SHNEES oo 5 Rt 4P §¥E % faped or
signoidal curve for at least two different test sanple dilutions. The
absol ute ar Nt s, Specific hinding between antibody and antigen are
gener al | y fot=fateft+at—thress—i rs=desired to produce a
quantitative néasgerement teFoy tie invention provides an immunoassay

20 method for detecting an antibody which serves as a

biological marker for a disease state or disease
susceptibility, characterised in that two or moxe different
dilutions of a sample to be tested for the presence of the
antibody (the test sample) are each assayed for specific

25  binding against different amounts of antigen specific for
the antibody, and separate titration curves of the amount of
antibody/antigen binding versus the amount of antigen tested
are produced for each different dilution of the test sample.
put simply, the assay is based on cross-titration of both

30 the test sample and the antigen used as a reagent in the

immuncassay.



sinmple yes/no determ nation of the presence or absence of antibodies
it is sufficient only that a curve of the correct shape is produced
for at least two of the different test sanple dilutions tested in the
assay. . If there is no 20 variation in detectable binding over the
different anmounts of antigen tested for any of the test sanple

di lutions t e¥OS0HEH t hi s can be scored as an absencBCTHEB207/003486
det ect abl e anount of the antibody. In preferred enbodi nents of the
invention the nethod is non-quantfféﬂiﬁe. It can thus give 25 a

yes/ no determ nation of presence or absence of antibody using a

di mensi onl ess oportlo a relatlo ship which is |nde en ent of

si gnal strengt heFfenera HAUTPE % PRI GHRERE ” of Tt present in
a partlcuIEﬂzSﬁanp&d&ammmpnwﬁsaa55|aﬁmithbel:kﬁw wed Wekmnkhhenaﬁ>results
O e O 088! LBHANASORY .k (MO0t 41a oo IR0k S J @) VI N0
clinical testin trent ation, a cuf-off for scoring a
result in & 6@FFFEQHQﬂ1USf ﬁ?ﬁdﬁmsélﬁﬁﬁ$ﬁraﬁnbosﬁﬁﬂv%ﬁqgan B&r est abl i shed

in conpari seys)t o fRsHohSs AP adrednd rar LaNbiohy B4R «9f hARLARI
subj ects, for exanple a cut-off of mean, + 2 standard devi ati ons of

the nor mal @ fBGPSUFH P BRTTSHAHCES TRESHT Th¥%s §EEPTT T FREM TS SPC5
antigen toudargeh arddehodyariie.qgn)tfimtvaknibialt apaerkiafter correcting

for non- speC|fBEOblqﬂ]ng;c%th§ aPtVQhEhé§t§HE§f£T§é¥t%&tleaSt one
S

antlgen concentra I on ma as posi
non- i m ti bepeadibodi srerhs écﬁ*maﬁeoﬁnmtarsgﬁy &hig eatidsmamRpressyst em nmay

be usedyi n;QLAGK 1 Lo JGOLEsHIKNIQAWBLE 85T ﬁampq% 83 tpé)saegtw U
negative. One such calibration s ysten1nay be based on the use of

known posi ¥ 8RR Gat Fie THAPPEY isaRpPesht pasrtFrdaghd Heyati ve
control / cathdratesesanmpl es syirheianalryspd idyupacal irehnvisdichd t he

test sanple usl t he ass net hodol o f the nventlon Unknown
t est sanpl@é‘gf 6@8 8§e%ﬁéﬁﬁpv§’ Paﬁg %tEV%'B§itonparlson with
t he known pmmmouuglmdynegartﬂ Vg toorite antsgerpltes fusecmagbody+ brat ors.
The et hod ol dhecLEnLLOn, | 5, AdyaNiA0BoUs O iSE: 11 20 cll i cal

di agnosti c, "prognostic, predictiv /or nonitoring assays where the
absol ut e aﬁﬁﬁh@@aéﬁv$%T§éﬁsﬁﬁ¥1body present can vary enornously from

patient-topati eft. ndth@d BYeOnsvBaveobsesyadckbalsdd ipucha@ssays
are based on detection of antibod blndlng usg@g a single 25
éé Bhts

amount / conEEMFalPEh GETREERT HtlPgarrs Fat npl e b&oﬁ?%ﬁer‘i}i ng an
amount of ast iddedyrediinele bs die heively akoveah tested against a

20  plurality of different amounts of antigen (also referred to
herein as an antigen titration series). The assay must
involve testing of at least two different dilutions of the
test sample, but may involve testing of three, four, five,
or from six to ten or even more different dilutions of the

25 test sample. Each separate diluticn of the test sample is
tested against at ieast two, and preferably at least three,
four, five, six, seven or more different amounts of the
antigen. Typical assays may also include a negative control
which does not contain any antigen and/or a negative test

30 sample control, such as for example a 1/10,000 dilution of

the test sample.



the very high end of the normal physiol ogical range (of anount of

anti body) across the population can be m ssed due to limtations of

t he assay net hodol ogy; sanmples with a | ow 30 anount of anti body may

be scored as fal se negative results, whereas those with very high

| evel s of antibody may be off WD 2008/ 032084PCT/ G820071003486 - 15 -

the scal e fdwoawyﬁ?%we detection within the chosen as¥d{FREIAGHSI ogy.

In all enbodi ments of the invention _the antibody detected using the

cross titration assay mnet hodol ogy be 5 an' autoanti body. The

cross titration assay nethod of the invention is particularly

suitable for the detecti of.,ant i hodi o) j i-es as bi ol ogi cal

mar ker s of disgﬁé%thg?gggﬁ:gagc%%g?bﬁﬁ?%%Hthggéﬁﬁgfééis

consi der abtubspanternonptOsing pat Lemt vaei atiiownhet FPHAFTERE Aol ut e

amount s_of e AL BOCH A L0SALIRAdUCPIRS aBbe Ml dafieyPaldieithe Eidhekcn the

specificity of "t he anti bodi es/aut oanti bodi es, in particul ar the

affinity ofntipedsntt BEdPrattTanPi BYRF of *iF Vs Cﬁﬁg'tﬁaet a&ﬁﬂ?gen.

Aut oants bogy:drespons epebysihgily wety unat useicae t8giar prsignificantly

frompatient-to-patient, wth.variation CUr.r i Nt he

bbeol e aHOTHIEEEBr S B ErETaRD pekiealy, 8L e ey | nobde

speci fi ci t ydiafdeinnivi )l afypt bel aubeant idiodirédy cHearpbrhoy ofnEriic

| nventlon_EaN JaKe: aGEAUAL: Olubhbacpald eBl Loxpatl enfraedihatd on, L hus

enabling 20 a St-andar assaylfornat (suitable for use in testjng al

i ndi vi dual Bemiiitdsi n2 P PypararIGRE £ HEGoeT Girdd BB Ry lgFVET

ant i body/ ayt 0anidiBOdY: fragnedtd ehastdoOnschelyneen iavddanipebodi es and

their target antigens are generally of low affinity but the strength

of 25 bi ndPRg-HEySVary from patient-to-patient, as outlined above.

The met hod of thelleyentidensiwsilpappbeadiatkeytisat tiedthe wathedt ¢on of

| ow af fini bi ndi a i.tive_result c N red fromthe

shape of th§8t¥FF3?g%h%%ﬁr3§§§§éﬁ§r%%§ﬁﬁ%%F %ﬂ% ﬁ%ggiﬁiéﬁbLe di | ution

used in thepasamp. 288l leettdiofirted rentaxartdPrEEISY A8m assay

met hodgsbasgd, ﬁ%”k&ﬂ%ttabué&ﬂr@naakmt@bneseﬁ%%aysxma@b i nvol ve
g

testing of a single test sanple against an antigen titration
assay formats the amount of antigenic determinants or

epitopes available for binding is directly correlated with
the amount of antigen molecules present. However, in othex
embodiments, such as certain solid phase agsay systems, the

20 amount of exposed antigenic determinants or epitopes may not
correlate directly with the amount of antigen but may depend
on other factors, such as attachment to the solid surface.
In these embodiments, references herein to "different
amounts of antigen®” in a titration series may be taken to

25 refer to different amounts of the antigenic determinant or
epitope.

The relative or absolute amount of specific binding
between antibody (present in the test sample dilution) and
antigen is determined for each different combination of test

30 sample dilution and amount of antigen (antigenic determinant
or epitope) tested. The results are then used to plot or

calculate a series of curves of the (relative or absolute)



WD 2008/ 032084PCT/ GB2007/ 003486 - 16 - series) in that it allows
detection of signals produced by binding of | ow abundance and/or | ow
affinity anti bodi es which m ght otherw se be masked by non-specific
bi nding (of the antigen used in the assay) with non-target conponents
in 5 the test sanple. The inventors have observed consi derabl e
inter-antigéwoéﬂggﬁwgo intra-antigen variation in theP&EEpaL3MESt
sanple dilution required for optinmal _detection of target antibodies.
Thus, the sane patient test sanple may have a 10 first opti nal
dilution for detection of antibodies to a first antigen and a

different gptiymal, dilution, for, detection,of I.badi es. ta a-second
antigen dSPlQng T 5’81‘951%11(:1‘ Pé?%lfﬁg E)Ireg?%? nnth i ﬁrt%(gérfta%gi glz‘nl(%gr F‘Z ility).
The "di f f erencatiovunt optdntilgeneststednpt esaialrat & onufvgr L& vty ant i gens

derived framla i her &0n REOL ele 1 BB R 13QVEEA] 19 HRE Sa@hy.
magni tude.” For exam ne, a optimal dilution of a given test sanple for

det ect i on TgPight 15681 BS 16 altrvstant i JewaypPbtEPHPAT M'ght *he

1: 800, sbut:hthg-saRnESE SaNpLe THY deetticd an Hpiunmak & | ution of

1: 50 for detection of,ant.ibodigs to a secand, 20 antigen (pratein B).
A sinilar déff:%’é‘?ntcé‘ﬁt%go%begér v@be WHERT e J'élnfdlg‘(ﬂgetness"ug%r([ﬂplaéroéj(%di fferent
f ragment s aaftibddy seretprotaith, tior aatfiobh dsedgih Preokvebay drsd a
sub-frag . 10 t.el LOtra- ant akj aly;hktyd. Thus, if
the teor carsraitd BaBES AR, LhE A R e nel of 25
di ff er ent chsergehsi whrkrddeederiored fromaginf Fe¥eft™ptdt ei ns or

fragment s Qfuai Sh A8 PhOLAI Bs9hy Brkoabi RAli1e) Lhereebl, b heeopt i mal
dilution of test sanple requi redyfor each anti gen in the %angl m ght
be differ FESSTHR HefhBetPHi* tHeSTHRAEAL Oh TiFei e VENtE Frobl em by

testing varepisagrdd difketéonseet sdeleedilsdmpke agai nst varying
dilutions of egch anti n in._the nel ch .ti od is
'?’E?i scéﬁgeszeat Qungs %&é@c%&cﬂ bglng?%%q)%‘tcgg%rp

performed in a 1"C I'ng. each an nin the panel wll
WO 2008/ 032084PAT | CBRGOT1 08486 gerkZallauranueieatdly peleestidd at its

"optingl " test sample diliidon. quantitlRevd NERLELSNAVeral sp observed
that inter-individual differences in the optiml test sanple dilution
for a simple yes/no determination of the presence or absence of
antibodies it is sufficient only that a curve of the correct
shape is produced foxr at least two of the different test
sample dilutions tested in the assay. if there is no
20 wvariation in detectable binding over the different amounts
of antigen tested for any of the test sample dilutions
tested then this can be scored as an absence of a detectable
amount of the antibody. In preferred embodiments of the
invention the method is non-guantitative. It can thus give
25 a yes/no determination of presence or absence of antibody
using a dimensionless proportional relationship which is
independent of signal strength.
A measure of the amount of antibody present in a
particular sample can, if desired, be derived from the
30 results of the cross-titration assay. In pon—limitiag
embodiments involving clinical teéting of a patient

population, a cut-off for scoring a result in a particular



5 particular antigen can occur. Thus, for any given antigen a test
sanple froma first subject may give an optinmal result at a first
test sanple dilution (e.g. 1:100), whereas when a test sanple froma
second subject is tested using the sanme antigen a different dilution
of the test sanple may be 10 optinmal (e.g. 1:500). The nethod of the
i nvention i sWEPI%®'¥%¥*t ake account of such pati ent -t o-FSA{GRaH/003486
variation since for each antigen t_eﬁtdeg a range of test sanple
dilutions are tested against a range of antigen dilutions each tine
the assay is perforned in a clinical setting. Thus, the nethod 15 of
the inventjqn_ il t i I i Lytion for
each anti gdgﬁg?%\%téesd%g\ég?%‘g%%ggc tegg%bggg#pﬁtdg% é&%r‘?’ﬁgﬂ rr%t hod of the
i nvent i on ZEsEdtprofiadesc al woarf ageriitdcagardist odayermrldayPiraticat i on in
the perforgmneg.@fid ANUpoassays wsed+f orsdeleehi @viQkions of the

aut oant i bodi es/ anti bodi es, 20 for di agnostic, prognosti¢ and/or

moni t or i ng*EARS eHWPst aF 2 REFRESY) TPUisPeSPeF % PR Y Sbser ved
t hat t her eargagebe.«canshderatiliscdaytd.@- daye waruat o inad sa Hreal
strength when _carryin o or. ect |.an i_bodi es
in sanpl escoé:é:ﬁﬁ?lln ﬁﬁgpgﬁ esrﬁryggg%??aé%ﬁrﬁ%)dsf.aqzéc%ci}%r itg%? ﬁ}t— 25 m ght
arise, foroidxdnplat Heeshuses ghtdpdf evenersratdopheaivdy Faossd €R t he
sanpl es wet g ebtai ned and stored prior to testing. Such factors make
it difficult to score the results of clinical assays with certainty,
for exanpl e onIBHEFHsEsienofim tdpgpidofhpestiorrd vas ugveption @

a][\]Ei body/ ?éﬁlii@ﬁﬂtaf&l Qbr@gélﬂgnay-rbe RS Rt ol dBteRbi SFoid Iﬂh]aihcs,frﬁ ]Ehe )
effects of suc -to-day variation since a_positive ul.t. for the
oresence ofSSnCTBONT 1S BTEHrIYY &0 ISR TT om TRe™ s o = "

2008/ 032084RCELGBAO 21 0834B 6o th8 usd b kadwratoeohtTug wed gener at ed
for each t ik ut i sed, | : i pendent of

si gnal strrgesﬁtt%gggéog}tﬁgh %%ﬁlﬁgr ?v%ﬁ%ggegrg{%tgﬁgtﬂn%fhod of the

i nvention ¢entrhafcilivaRtenssanlasitay oF ehrlysed ERtPRAAPPE, ViShy et
still pgoducescoNsighant) resitlyt she andagl sociddtoby o khegeneral ly
produce the sane qualitative screening resujt g%ﬁosi ti veéne ative)

usi ng bodi FYVFFbPYs GRPHT f e At RSor 888 11 %He3? RASH UlAI° (e. g.

bl ood or sg¢dhniverispscaperies fdithdiler kpbenradsietfasdmnphegeier t hough
t he absol ut enh%olcsoerllrg%r{latratsiegn 01; i"‘ﬂ%} Q%(;lises may be different in the
different FTUITds. S P~ THE®*feths8 61"t he i nventi on May be carried out
in any suitabl &htorgtEtodnki chhedabbeisi oAt agtvaydpgeers gkt ipt en

diluti pes of 1.2 32npl & suspectad@bscant 3i-0iNg: taeadtdbody 15 and

mul tiple different anobunts of an_antigen. Conveniently, contact

bet ween di PPEFOREDHI FTRAYENELDFE tHE IRFTPIES aFPIANCFT BF it 95hount s of

t he anti geantpdyakeefimiceah vagpanat®uBUY padmdlpheleteaeti on chanbers

such as thgagﬁgnk§ O%héiinventors have observed that if such assays

are based on detection of antibody binding using a single

25 amount/concentration of test antigen, patient samples
containing an amount of antibody which is at the very low or
the very high end of the normal physioclogical range {(of
amount of antibody) across the population can be missed due
to limitations of the assay methodology; samples with a low

30 amount of antibody may be scored as false negative results,

whereas those with very high levels of antibody may be off



mcrotitre plate. Varying anmounts of the antigen can be 20 coated
onto the wells of the mcrotitre plate by preparing serial dilutions
froma stock of antigen across the wells of the mcrotitre plate. The
stock of antigen may be of known or unknown concentration. Aliquots
of prepared dilutions of the test sanple may then be added to the

wel | s of theVPPUPE20525 with the vol ume of the test satiFIB20pS+86
constant in each well. The absolute_anounts of antigen added to the
wells of the microtitre plate may‘vélSy_dependi ng on such factors as
the nature of the target anti body, the nature of the sanple under

test, dilytions of .the test.sa eci ated by
t hose sKki I%“ dSTH & A8 aF T EER C[i’r;‘g:lelc’t;l"g w%ﬁﬂm}g& %g%t?l%g%gand t he
di | uti ons mefhodeldgest sanple will be sel ected so as to produce a

range of i gnal, shacpell.00: 2009/93208ARCTLEEA00TA00SARS - 19 -

which falls wthin the acceptable detection range of the read-out
chosen f ordegteseed |U@F1n€)ft%tclrﬁéﬁy‘7%tafiﬁ% AFisAdi AEHNOLAE MEYhBY.

Typi cals anpuahsoandpdhy utions for testing of human serum sanpl es
suspected of containing anti-tunmour 5 ker oantl b?dl es are gi ven

in the acconpah§f rff &R anpiEsioByASHEY BF* ar?‘SI ‘é only, “typi cal
di | utions wirtt ber 495t sshgile My nr@ryletemiim pé&nge of from1/30 to

1/°10, 000 (Orbl%og:l(.)e /%uuom@od%lg ast% ac!@”ﬂ&?kéljs @t&&%ﬁsg‘ay

typically vary in the range o % , 10 (or
0.16nM to S.tt@@nwr aﬁqsﬁ@gg:lcbntlmtsr w%emtthrzm ér?dé&n{‘bdeo‘@ Le rﬁaﬁlﬁﬁt

af or esgj d, o d by sk S $2rPRESIPIBLH 0 CARSE Al 1 vkt EREURR eﬂrves for t wo
or nore dilutions of the test sar’rl)le startln% with a sin e st ock of

antigen evdIFHRABK IHE=151RME0PEFE HoriCehtt &3 0f"bf AN e n the
stock is ugﬁ@w\ﬁmcuar @m grd daboai spmmcsimglredstockirspbutioniars used

and seri al | eo%'flgg%a rél %??ré&%rrgo nner, i lbod?hl possihle.t 0 gonpare

the result ion ssa S S antlgen un on
di fferent sta@mnknng Ptue:@anSaquesesQ@iaesabf utttehiar verbadicHentcad t he

assay 9gff$gf§ﬂéi&EHHQEﬁtly from patient-to-patient, with variation
occurring both in the absolute amounts of autoantibody
present and in the specificity/affinity of the
autoantibodies. The method of the invention can take
account of this patient-to-patient variation, thus enabling
20 a standard assay format [suitable for use in testing all
individuals within a population) to be developed for any
given antibody/autcantibody.
Interactions between autoantibodies and their target
antigens are generally of low affinity but the strength of
25 binding may vary from patient-to-patient, as outlined above.
The method of the invention is particularly suited to
detection of low affinity binding, as a positive result can
be inferred from the shape of the titration curves generated
for each test sample dilution used in the assay.
30 The method of the invention differs from assay methods
based on antigen titration alone (i.e. assays which involve

testing of a single test sample against an antigen titration



of the antigen (antigenic determ nants or epitopes) my be

i rmobi | i sed at discrete |ocations or reaction sites on a solid
support. The entire support, or a discrete area of it conprising a
sub-fraction of the reaction sites, nay then be ,25 brought into
contact with a dilution of the test sanple and b| ndi ng of anti body t
anti gen det ePe3 8 %teasured separately at each of t hBCHEER7E93436

| ocations or reaction sites. Suitable solid supports al so include
m croarrays, for exanple arrays wherein discrete sites or spots on
the 30 array conprise different amounts of the anti gen m croarrays

can be pr egar ed, by, tgnpb% i.§hng,difS %ﬁ;%‘ﬁ O%mggg rgdgarctl Lgul ar
antigen at Se} ete T Esol VablPe® <=0 -t acti on 81 Las  on t hE array.
I n ot her é:ntb’ddrlqmﬂ dophebuigieask ambiant lof dampbiy isddbadidgen

nol ecul es Jﬁ:ﬁ)&hbﬁw&ﬁﬁ:pt:»tﬁé@ﬁs%nbbailnééﬁ{egoﬂ§t@d}LsBHélflh:e b§h§§n90f(otf he

sites or spots onthe array varied in order to alter the anount of
bi ndi ng 5 €5 EBHEIAY APPALYE PN B9FHH Ing LA (MY ART B SOFPERCHT f'tes or
spots v§ t hexli frbet enmpagount s of avail abl e binding epitope. In such

enbodi nent s th?Rtwo di gen5| onal surface concentration of the binding

epi t ope(s) on NET RV BRF AT PR BIrEparihg T he THErafi on

series, ratfierlthemtirheadtigensohutatimmounttiof oantagertesTestmpilques for
the prepargiifoand.q.0tesragabiben.of RLOLEldY RePLideyr Croarrays are

general ly known in the art be understood fromthe above
di scussi oraittH®edies al Fhef, tHe SABOMITERRE TSk ﬁémﬂﬁ/é}%'l B dri ation

in thed5b mn'bp&fma@nhhQ@ihdfﬁfo?%&?e'&'t@b!ﬁ%@)ﬁn@h@@ﬁ!e&gté@ antigen
or epltope den5|%%gﬁ%§l nst which the test sanple diluti

Lested, of Chy BT ANPRG AtiGERoTr BEITope derrt v BuESTeireasi ng
t he surfacef aneabaiiers whi £ s crphidgencigen danbidd Zedy 0kilidotient

20M croarrays rmy he used, Lo PELLonm MY Pl ASIAYS fQber in

optimal test sample dilution for two antigens derived from

15 different proteins may be several orders of magnitude. TFor
example, a optimal dilution of a given test sample for
detection of antibodies to a first antigen (protein A) might
he 1:800, but the same test sample may reguire an optimal
dilution of 1:50 for detection of antibodies to a second

20 antigen (protein B). A similar effect can be observed when
the antigens used are different fragments of the same
protein, oxr a full length protein and a sub-fragment of this
protein (intra-antigen variability). Thus, if the test
sample is to be tested for reactivity against a panel of

25 different antigens ({(which are derived from different
proteins or fragments of a single protein or a combination
thereof}), the optimal dilution of test samplie required for
each antigen in the panel might be different. The method of
the invention circumvents this problem by testing varying

30 dilutions cf the test sample against varying dilutions of
each antigen in the panel each time the method is performed

in a clinical setting. Thus, each antigen in the panel will



anti bodies of different specificity in parallel. This can be done
using arrays conprising nmultiple sets of different antigens, each set
conprising a particular antigen at nmultiple different anounts or
concentrations. The term 23 "different antigens" enconpasses anti gens
derived fromdifferent proteins or polypeptides (such as antigens
derived fronV@AP&PE%d proteins encoded by different YEHEEY74KdBsal so
antigens which are derived fromdifferent peptide epitopes of a
single protein or polypeptide. A g|98n m croarray nmay 30 include
exclusively sets of different antigens derived fromdifferent
proteins or i des xclu |vel LS f .dif nt antigens
deri ved fFﬁWPﬁF%&?ﬁéﬁtb%éﬁitag ope':s)ﬁ(L elaelbhEte

2008/ 03208%PGTA&1 32007/ 003486 - 21 - of a single protein or

pol ypepti de, h -0 iasaoul d be
noted that in aF?EQ#%§g§ﬁ%ﬁlv£ §1§AM%bF%5§%¥F§%QP?&%§ g?%uérred t hat
each i ndi idifgrensrs ganths tapatneh ot s3nRinpitee-® £PErnt 5 anounts

or CO“Caentﬁa%ttll@%a@faﬁwﬁén one byper of Tﬁﬂ&} gen amd giQknnmhdilyeasa of
anti gens used

erei, he term "bodi.ly flu ferring
to the mat&Starafihe -PBst 53 S‘E%‘”ﬁr%@%rﬁc"é’%o?n Orﬁ%ig%)é\?ees% Ugl ng the
net hod of 4he u:myetnttiemlﬂ smnqﬂleudemnmwer(eaéﬂ d:100pl agwaecasemem awhol e
blood, uri ne mple f!rggpg' ec%§8e§ub %%[{:epé Oée%ltgélugln%' ghe as%ﬁn‘ tes,
pl eur aI eftfeﬁ i Sﬁ fsl LPt

sem nal ni pp easl%rae

post - oper a@mtﬂ@egeaoiﬂa?f@rfemmdumam r@géhﬁl‘iﬁﬁi SABP YT GREsR? d, the
met hodsg, N hnYeny | qns@{se pref erdllol 6ar#ieednsttion Vitaeon
dllutlons 1 of a test sanple conprising bodily flujd,renoved from

the test stbjtede. aqentypé %%Ctha ’r‘?f‘tﬂ“ﬁl E!aUseé’t’j‘ WS AP @ePEndi ng
upon the igdentddey oitidea aéleiﬁetaodyra@gd)e)ft esitedaapte tdiduchoms cak
situati.on in whjch th assa |s used dgfneral Qrg}geerred to

per f or m t hE*¥¥agdoif sé‘nﬁ? ¢ §f B LEUATOr S as i eadn 'Itﬁm sanpl e
may i ncl udesfay tzhepe.cfnmedem s iciiadddt |S@nttmy t h@h%dlﬂhy W*Ehodi such

as for exagpl & AL LYet %n ngfearﬁm&gvgge hbabid gl nde AgRBkS1 ¢ bUF fer s

etc. ut1ons O e test sa prep ar ed usi ng any suitabl e’
di | uent. | i wwonbémamcécm%wnby% WPFP% e?Shr%%ﬁeFam%ﬁ t he

reason for prepafl Reihd Wkl @1&5 i@fvehBeord @SkoSRIpliek Sa NBITebyatd
produce a series of test sanples each contain ’E#Ci dlffefrent absol ute

anount s of 2ERELY A§ET LR bBES ATd “Bet Yt Ec PR PRe T rmunoassay. It
is not int Qiﬂﬂ@zﬁ;bais@aﬁé(&lswiezof herteneans of aobtaitibpgids/eokibamisses”

cont ai gbngf?xés¥ rrp e Ir_Tg) n%r%(jg'f}_ct Qﬁd;'@l:r 98k agglngo é{lsé%)éev\@i’a@

exarrpl roma patient could in fact be
"concent r abedthamstye aptumfosds b utled isf Bft@(@ﬁﬁ%‘fﬁjﬂstﬁ@t there can

be considerable day-to-day variation in signal strength when
carrying out immunocassays for detection of antibodies in
samples comprising patient bodily fluids. Such variation

25 might arise, for example, because of differences in the way
in which the samples were obtained and stored prior to
testing. Such factors make it difficult to score the
results of ciinical assays with certainty, for example on
the basis of a simple threshold value of antibody/antigen

30 binding. The present invention minimises the effects of
such day-to-day variation since a positive result for the

presence of antibody is clearly evident from the shape of



WO 2008/ 032084PCT/ (B20071003486 - 22 - dialysis, in order to obtain a
test sanple containing a higher concentration of the antibody than
occurs naturally. In other enbodi nents, such as when the bodily fluid
renoved fromthe patient is relatively dilute with respect to the 5
target antibody, the bodily fluid mght first be concentrated (e.g.
by dialysis BP9 techni ques) to prepare a concelfVERHOSIHCK
which is then used to prepare a series of dilutions for use in an
assay according to the i nvention. 107he term"antigen" is used herein
in a broad sense to refer to any substance which exhibits specific

N0t 001Gl [EAGLLYI LY, L DR LAgeLo ANLIROM.d Q.08 deignt e
Sui t abl e anti gens may I ncl ude, But are hot 1imied t , haturalTy
occurri ng yseot & rihe pesmnbilndarersiensyaf heittingl protedighls- or 15

pol ypeptides, Syntinet kG, ARAL LAESEPLE dg\dThABLIEL s eh&, al so _

pol ysacchari des and nucl eic acids. "Specifically, where "antigen" is
used hereFﬁNP?t}%lPﬁté%ﬂ%diiéléﬁﬁbﬁ%gggl%hymcé t P& 188k ™ Phfet her of
human @ i gicR, sfRNMTRLbalcEy i-@hBi Ofemt REEWIiSL, atapakloetpit Speeiiic

i mrunol ogi cal | teractionigp W th tgﬁ.ga{jable q;fgpn?égﬂpntary

det er mi ni r?ﬁn%‘b%ngrﬁifm?%e SnPiBod)rb-be " FefEtTed "“For” exanpl e

anti -i di ot ypkttard/regdiese)mayibe rejdydédiias anommiifdenedftor this
PurpoSe asdiBk.aNL] 9885 aenauaLed Dy Phage displa vEeetal n ant | gens

may conprise or lerive rom 2 oteins or polypeptides isolated
from nat urasicisesrdedd pactifdicAg BHRYSAEE) | i SHcReBRYW Dot AL IGES

pol ypepi i des.cksobatied bEofmnabiest duySsses: @erb@dily chkuids. In such
enbodi ments the antigen may conprise substantially all of the

natur al | y BEEGFREngipr6fein, i.e. protein substantially

The method of the iavention may be carried ocut in any
suitable format which enables contact between multiple
dilutions of a sample suspected of containing the antibody

15 and multiple &ifferent amounts of an antigen. Convenisntly,
contact between different dilutions of the sample and
different amounts of the antigen may take place in separate
but parallel reaction chambers such as the wells of a
microtitre plate. Varying amounts of the antigen can be

20 coated onto the wells of the microtitre plate by preparing
serial dilutions from a stock of antigen across the wells of
the microtitre plate. The stock of antigen may be of known
or unknown concentration. Aliquots of prepared dilutions of
the test sample may then be added to the wells of the plate,

25 with the volume of the test sample kept constant in each
well. The absolute amounts of antigen added to the wells of
the microtitre plate may vary depending cn such factors as
the nature of the target antibody, the nature of the sample
under test, dilutions of the test sample, etc, as will be

30 appreciated by those skilled in the axt. Generally the
amounts of antigen and the dilutions of the test sample will

be selected so as to produce a range of signal strength



30 in the formin which it is isolated fromthe natural source, or it
may conprise a fragment of the naturally occurring protein. To be
effective as an antigen in the nmethod of the WD

2608/ 032084PCT/ GB2007/ 003486 - 23 - invention any such "fragnent"
must retain i nmunol ogi cal reactivity with the antibodies for which it
will be used¥PalB/B¥I Suitable fragnments might, for eBE/FH207/003¢86
prepared by chem cal or enzymatic cl eavage of the isolated protein.
5- Depending on the precise nature” of® the assay in which it will be
used, the antigen may conprise a naturally occurring bionol ecul e
(e.g. a protein, nent. t her eof Qne_or efurther
nol ecul es Jré‘nfaﬂsért%gloﬁe Mo &ioranT 2}51 ehg?i‘( dc(—i”-Lrolms i no? ?ural ly
present i nredd-oko @ncmml eonl@etelémoexa&mheirch}ye(abnmmi @sudi@g( eng.

proteln or .RolARGDA! Il AGTeRHo.IBY.dhe a0RL At ol O R sheVeRl i ng

| abel , such as for exanple a fluorescent , col oured T abel
| um nescenflufP%l'béPrm? mﬂaﬁeﬂ%ﬂec‘ﬁ%w ger bR indgghag’kl dEmPeT dal gol d.

I n otheg eﬂb@@@ﬁ@ﬁt&ﬁ&b@i@é e @ gif@gmnthé%d&mmﬁ@@pressed as a

fusion protein. of exa e a tag
peptide at e’t‘ﬂ%"%—s “iaé’rﬂ? %%mtpg)e rélygt £ L?11 H’é‘éjton(?n Jgut
reconbi nanteyt evxxpplaessm aatygen.chPependi ng Oiodt hé3® o&drEVIQfOQme assay

0 which 14ol s, k8 20 g dised Ue 8L denamy: Do gEbid seg on o

solid suppé such as, for éx a mtctrotitre plate,
m cr oarraytbemlmr‘f@m po bhe rPBPgWét pE treads: Odnefobi 19 Z806Minay be

effected viig: nOAx6AVAl QRlonRISOIRILER GliCOYalaNt nabiachmente 25Any
sui tabl e attachrrent means may be usSed provided this does not

adversely a&FPEEMSthe ability of the antigen to i munol ogically react
with the targetasaatbbody dtoia & @nkbi santibeXt@Ntconstruct The

Lnvent | on ol mAed 8. opld P LBee AsipYa, By A0 ki
sample starting with a single stock of antlgen even when the
i5 absolute concentration of antigen in the stock is unknown.
Provided that a same single stock solution is used and
serially diluted in the same manner, it is possible to
compare the results of separate titration assays for this
antigen run on differeﬁt starting test samples.

20 In a further embodiment of the assay different amounts
of the antigen {(antigenic determinants or epitopes) may be
immobilised at discrete leocations or reaction sites on a
solid support. The entire support, or a discrete area of it
comprising a sub-£fraction of the reaction sites, may then be

25  brought into contact with a dilution of the test sample and
binding of antibody to antigen detected or measured
separately at each of the discrete locations or reaction
sites. Sulitable solid supports also include wmicroarrays,
for example arrays wherein discrete sites or spols on the

30 array comprise different amounts of the antigen.

Microarrays can be prepared by immobilising different

amounts of a particular antigen at discrete, resclvable



carried out in liquid phase, for exanple solution phase bead assays.
WD 2008/ 032084PC17GB2007/ 003486 - 24 - I n one enbodi ment,
antigens may be labelled with a ligand that would facilitate

i mmobi |i sation, such as biotin. The antigen can then be diluted to a
suitable titration range and then allowed to react with

aut oant i bodi¥829003808hat i ent sanpl es in sol ution. The RESRLTPES mune
conpl exes can then be immobilised to a solid support via a

| i gandreceptor interaction (e.g. 5189iﬁ-streptavidin) and the

remai nder of the assay perforned as described below To facilitate

the productiop, of hiotinylated 10 polypepti de ant.i gens for use in the

assay net hr(?ﬁg‘gb o SRESP n\’}ﬁ eoﬁfr%NAgXe%%ﬁﬁi ﬁ@b%éjfr%f’f@s |8t h

]PO| ypept i fﬁtamimntgﬂ rim@htéﬂsaﬁetastbgert el eodlesr _mamfaltktiem c .
ragnen [ . res . i r i.n ed w a

protein or %8?§pté"§?¥ﬁeg?rg%§°%tn§ ﬁﬁ?ctﬁét Ele %i%’ggglﬁgc%ﬁggc?p?%%ay e 15

attached wihe apranz¢irded cly egeef o aVeer g porutrthefpbodlic on of

reconbinant,;phed i 4l abhets aAHgeashALe COREGT abtiesavai Laklseckrom a
nunber of sources. An _additional advantag Qt% t he yse of, the cross-
titration SHOHF OB Wt RSB0t Pﬁ‘??’%\tised’fa?\Yeig’éé‘ﬁ & A HEE THE PG assay is
abl e to dist saguisathoiehsveen thendiangiiobnsieshi sttfrceonponent to

anti-biotin antjbodies_and t bi ndi_.ng.o h i . i.t.Ss cognate
ant i body. Cﬂﬁlé:e?%“vagcr%togrg"'_‘ h{g}/eeggﬁgleé%éeéggﬁ%%(sg §?gﬁr~1}|¥ igggh%&n&%rber of
t he human jpoputant ém nateadEingy the oddcetboen isepiiesi ragher bddineshahi ch

m ght {gad,d.01 60 tALuREOGHCLIB0! FaLse: PRSI Ein\./ecrfee?meéé:é:tﬁ‘.oﬁssays
based on the use of biotinylatéed antigen. As aforesaid, the

"i mrunoass¥y 1BEVF P TR tt PEAEPHY @RS 1Y EHFEPREFRYS £R® i nventi on
may be bas@g @Rl sf andandid eglnkgdes known in the art, with the -

exception 30 that multiple, anpunts_of tigen are used to.create a
titration seri@k “f/#chec‘é%deoren' PeacHSd &P‘? haq"}?ﬁ'fat TS Pe F it 10
di | uti ons aifl bhetichesendiesttssafpties ihpeatitostrariBion in the
2008/0?&08§£§§%¥¥%¥%§l&89§4ﬁg§ be échieved by changing the antigen or
epitope density against which the test sample dilutions are
tested, or by maintaining antigen or epitope density but
increasing the surface area over which antigen is
immobilized, or both. _

20 Microarrays may be used to perfcrﬁ multiple assays for
antibodies of different specificity in parallel. This can
be done using arrays comprising multiple sets of different
antigens, each set comprising a particular antigen at
multiple different amounts or concentrations. The term

25 "different antigens" encompasses antigens dexrived from
different proteins or polypeptides (such as antigens derived
from unrelated proteins encoded by different genes) and also
antigens which are derived from different peptide epitopes
of a single protein or polypeptide. & given microarray may

30 include exclusively setg of different antigens derived from
different proteins or polypeptides, or exclusively sets of

different antigens derived from different peptide epitopes



- 25 - preferred enbodi nent the i munoassay may be an ELI SA. ELI SAs
are generally well known in the art. In a typical "indirect" ELISA an
antigen having specificity for the antibodi es under test is

i mmobi lised on a solid surface 5 (e.g. the wells of a standard
mcrotiter assay plate, or the surface of a m crobead or a

m croarray) WRAWEIB(®Hpl e conprising bodily fluid to DRETIGEWEEI4S6r t he
presence of antibodies is brought into contact with the i mobilised
antigen. Any antibodies of the desiréd specificity present 10 in the
sanple will bind to the inmobilised antigen. The bound

anti body/ anti gen conpl exes may then be detected, using sui tabl e
net hod. IrPfoﬁ‘eSb?@feengf‘%ejé}rﬁﬁdPﬁHﬁePﬁlijﬁbéﬂrl gdms%cc%ﬁdagy ent%?“? hunan

i mmunogl obif iaAyafitddeedyon whitehsspelci becadiad theogm s3 an epitope
conmon to gne .or re.15 cl. . of -hut ' I | | is used to
det ect theen(a}?r?td f‘%%%% Rht ?%%nl%g%rgr%f%xég. g%})pﬂleca P%/)@ttﬁ%lds%%%ndary

ant i body widdivheuaintentfg@ dritgation ghriFhecogesoprlaiffateibody is
usual I ys | ahel Led y thia.gdetactabl & %@Ee‘lgne Rk Ca¢ lanrage@nzyame mar ker

such as, for exanple, peroxidase 20 "or al kal ine phosphatase, allow ng
quant i t at i % dérEt9%0RbY ¥ Eddi ti on of a substrate for the enzyme
whi ch gener at egsaygiat actabh e-ner eduet poliory exanpt g whetokefeadng

chem | um nescent or f.lyorescent product,. O her types. of t abl e
| abel s knoWh H%ﬁ ‘E‘Weer&l# }E@?seoéceagee%_mﬁﬁ% Firr?%rﬁ#)o% re :gt(?oe@% 0 a
met hod of deirecthageshbiibedigs thatntdoe, biollogeealntrar kéés of a

di seasg, St af 6,9 LARRSEnSHE (A blbi sty Jhis paphicul-ac.aspect of
the invention preferably excludes assays designed to test for

ant i bodi escpraddaerthads fAuids Asciors a RlgEErheidhal PengemdPral0

i muni sati efy,f, ok9eAln, QALPSIe thaNr¥aCCiHhat iqRrttihe cers smrkers.
Therefore, assays according to_this aspe f the inve tL n

( t 0
pr ef er abl y¥eheraidcudéridsays ﬁgﬁe@ﬁéé' 5% BEEIOYS 26 M9 or the
presence ofnationi £:8d peefardilvbasterddabuanis badiresorf elil owi avg

vacci nationfi nisatiqn. . .lLn certai ) i e
i nvent ?%n P ‘r‘ueamz];;ur‘?‘tS %bsoacfﬂfqr%?m%%nasﬁ nguk?%c{alr;]L i E%%}ZQ) %%g?%?gg%e%ﬁabove,
the term 5téat |subdetti bodhe refercd bodid yndlwrdlYspdoreuirieirig ant i body

directed thQéhcﬂlH%i 98 Wakchaan si-pdbyiguakb, siddmpups sy $kefkd egegNi ses
as foreign even though that antigen actually originated in the
i ndi vi dual tharidanerboditeatior 1ind &t iBHEdre Vi Febiett adhi nst
al tered fogagefi, nat WAl¥ferred to perform the assays on samples of
20 serum or plasma. The test sample may include further
components in addition to the bodily £luid, such as for
example diluents, preservatives, stabilising agents, buffers
etc. Dilutions of the teslt sample may be prepared using any
suitable diluent. It will be appreciated by the skilled
25 reader that the reason for preparing dilutions of the test
sample is merely to produce a series of test samples each
containing different absolute amounts of the target antibody
to be detected in the immuncassay. It is not intended to
exclude other means of obtaining "test samples” containing
30 varying amounts of the target antibedy. By way of example,
a test sample removed from a patient could in fact be

"concentrated® instead of diluted, for example using



10 occurring proteins produced by a diseased cell or during a disease
process. The altered formof the protein originates in the individual
but may be viewed by the individual's i mune system as "non-sel f" and
thus elicit an i mune response in that individual in the formof 15
aut oanti bodi es i nmunol ogically specific to the altered protein. Such
al tered forn¥O34"%&4ftotein can include, for exanple, PREGHHEOHAS ng
altered am no acid sequence, optionally acconpani ed by changes in
seconday, tertiary or quaternary stracture, truncated forns,. splice
variants, 20 altered glycoforns etc. In other enbodi nents the

aut oant i bod%/l ma%/ bg d| re ecd Lo. 8 Pr o%el ns\g@ﬁl EQ clo +QVel ,%q%r essed in a
di sease sCArEY“¥%Yr exanp e as A Tésdl gene a nl fication or

abnor mal mﬂahscrqqmﬁeoha@tuoaggﬁatnqnant@vahe%paegynnwsohatpqﬂ@évein

whi ch is Rt ,0ELIBLYGZre AACOURLETL Rin G8lel 801 f &@uamvaastem in

significant anounts can trigger an inmune response | eadin
aut oant i bddgmprridetient 45 retpFivealyr Bhetteenbeli fsmestt e e’

aut oantg bQC:':)‘:g@B-Yarbﬁb@BffﬁCﬁlﬁdbb@lﬁg fratiah raﬁl@hm eirsac pieOt i n whi ch
becones egg;essed |§n? dis g at.e. é} %rgteln which is
normal |y &XBrEREeEdegn'§ In da f‘?/{%s[lésggﬁ %fm&%eire REREC et e t he

i Mune sysirepeirs 4 woetentnadtabesomds waXph eisséller msedditsepsapageate, the

fetal form.yay,be. 0,20081032004PCT) 2002100848, 20, v fipco0ni sed

by the immune sy or el gerl ne response
| eadi ng toma’@tlba@rtl body pr oductl on. I n one enbodi nent the

antibody may bepan auwt 0antifedy; snecid hexrd0r 13 & Uiy BR&EROPr Ot €i N,
and nore particularly 5 a "cancer-associ ated"” antj-tunour

aut oant i bodfeT to anyTREPE IS FARTE*LRbE 4P80H  Hh P iR cat
aut oant i baghactefers Wwianan wudgeanthhiodyyws ae dsteiteect esungailast an

epi tope present _on forns. of t ur_ mar ke rQte
preferent|%sﬁl§e%§<6?aé’s§88m£e’t lPlérent)c%lrnecélfjtdjlilsngase E?at I\J‘%Eeﬂao presence
of such auto@mm:m@(itr@gemssch@rcambemam pE ﬂfnﬂhhélcmeldﬁs%se state,
or of pye- %pggﬁae%n g?n&%%rﬁéﬁtﬂ@é”pﬁ%@ecmﬂﬁéﬂﬂ%tSebén

preferred ‘appli cations, "t he met fhe invention will be used to
detect therlfcepehcrrishagafeeidsseeieitedci®s anfPesimoally, where

aut oant i boeljg gkA" t@hsaanm&@indefl ved nf &g uaasn Siilj=e6t Sn@r

atients (although the be used on test | es derived
1I‘Or om ot heﬁc%ﬁrﬁu%@rf‘tr‘ragﬁﬁ%s ur{}ﬁnl PThest &aé"?l%fjaagio)?rfﬁk% Yhe form

of an in Vdaﬁlfaiwnmummbay,oﬂ)ezpfaoifmd iomutwiogicahoie-adiakbi eons of a

test 20 with the variable or complementary determining regions of
the antibody to be detected. For example anti-idiotypic
antibodies may be regarded as an antigen for this purpose as
may antigens generated by phage display.

Certain antigens may comprise orxr be derived from

25 proteins or polypeptides isolated from natural sources,
including but not limited to proteins or polypeptides
isolated from patient tissues or bodily fluids. In such
embodiments the antigen may comprise substantially all of
the naturally occurring protein, i.e. protein substantially

30 in the form in which it is isolated from the natural source,
or it may comprise a fragment of the naturally occurring

protein. To be effective as an antigen in the method of the



20 sanple conprising a sanple of bodily fluid taken fromthe

subj ect/patient. The sanple of bodily fluid may be diluted in any
suitable buffer and may be treated for |l ong term storage or otherw se
prior to testing. In vitro i Mmunoassays are non-invasive and can be

, 25 repeated as often as is thought necessary to build up a profile
of aut oant i b8EYYEPBWACti on in a patient, either priorPQTERHEIGHEet of
di sease, as in the screening of "at risk" individuals, or throughout
the course of disease (discussed fufther belowin relation to

preferred 30 applications of the nethod). In particular, but
non-limting, enbodinments the nmethods of the.invention.nay conprise
munoass A LT G B OUk O SORTREH Rt 700 g oG TR

(si nul t aneenstyy)itgewect Hhaoantibmiiest fpeshdfh alit canl i brodises, teach
having speglficidy, tofo gferfafgﬁggl{g +8BhE ORRS QD-LNE SAEE, Qpalekaled

tumour marker proterns ferent isoforms or variants encoded
by a si nglcbegerrd) ogr efaymadpict eprayagh Of dilfef éfelrtcuRbereifar ker
proteins (nmeanjdigBiRL ebDsreNgedadebyadifd erevte gares)in These net hods
w ll typically involve use of a panel of twy or nore sets of

anti gens, iéathlsée BFe%nfﬁﬁ%ﬁEtﬁgﬁhp?¥ HEPTG 56t iIRPEGF+0m a different
tunour mardketrpiaf elibnétidfler eaty.i n dphossiconvextrawent ngregeofki ns 10
that are the products of different g |t . t above a
set of antlilé‘ggg Codfg af sr?)onlen\?/%ftr\}lee rdﬁ?f%‘gr“el%ts Q%‘%{;ﬁg agér)l s%%g sane

t unmour nmardeel rPriot @haragtdigeticofotanpiyenslr pEesentt dnat2¥ ngl e anti gen

Lo be festad.alodifd.er eoL AMMUALS/GANCENIAIOBS(d 1y .t eotBakhad OF the
15 i nventi on. ese net hods, i ch may be hereinafter referred to as
"panel asswygreptitdd FEaIBSHANBRY oS CRBIBYATRSY £° 2 tSVER S i gens to
rmﬂi tor t meab@‘l?rﬁlcllh ia@f”iﬂcﬂfs‘ é;@&pﬁmae £0fi0 s dondi wi;]}ﬁiadnal cﬁmosaretdjrmur or

ot her carci nogenj c/ neopl ast. ange. . These t hods S tect a
"profile BPetheliHRGRES2H 1ra%’§§0n‘§ lf)fliagegi gﬁe?v im\?ftéga?%l % i cating
whi ch t unoal1eBakerglel. i cit el nenindinespors ereesyl itn§rigpent

autoants bofly, Beoduicloan, The, ung.of Acbanel ol Lup & <IRha ANt | gens
to monttor™r BGuEth on of autoanti bodi es agai nst two or nore_different
t umour markedsni srejEiesaity isleds endiei RePtifgnaRsthnd-det &cti on of

aut oant i bodi &§,h0 & %legsgai_v\gu§iﬁﬂtgﬁﬁe§f aHauebcdmaantrequency of
fal se negative results (see 99/ 58978 and WD 2004/ 044590, the

contents of*RAFSERT AELIRor porated herein in their entirety by
reference). Depending on the format of the assay in which it is to

20 be used the antigen may be immobilised on a solid support
such as, for example, the wells of a microtitre plate,
microarray beads or chips or magnetic beads. Immobilization
may be effected via non-covalent adsorption or covalent
attachment.

25 Bny suitable attachment means may be used provided this
does not adversely affect the ability of the antigen to
immunologically react with the target antibody to a
significant extent.

The invention is not limited to solid phase assays, but

30 also encompasses assays which, in whole or in part, are
carried out in liqulid phase, for example solution phase bead

assays.



30Therefore, in a non-limting enbodi ment the invention provides a
met hod of detecting two or nore antibodies in a test sanple
conprising a bodily fluid froma manmalian WO

2008/ 032084PCT/ GB2007/ 003486 - 29 - subject wherein at |east one of
said antibodies is a biological nmarker of a disease state or disease
suscept i bi | i V2083284 et hod conpri ses: (a) prepar PEIGRAGOGSTOr €
different dilutions of said test 5 satple and carrying out the
following steps (i) and (ii) in rééﬁ%cf of each test sanple dilution:
(i) contacting the test sanple dilution with two or nore sets of

antigens, wherein each one of said sets of .antige is.specific for
7 gelred Rith

one of said anttbdth EEPPFBE 1088 T8 Th Fhéore sanp & and

wher ei n eatiyapet tioft antidefrsidohprd Segohiplaatabht yswh dsflfiertent
armount s OfTﬁeh%m?Pr%%t anhi 98 be ajlutdd k) det8eting dhe,appunt of

speci fic binding ween_the antibody and the antigen For each anount
of anti genr@rBienapdciesetl bPvasthtPgesrctuyeth iavtepepiiadies ) plotting
or cal cyl atdmgne SeRALAt en Cdgei6h. t MBcapDintcial SREGS bondiardisng
versus the ampunt of ,antjgen for each test sanple, diluytion with each
set of antfoRE st THOBLEIPCaF® THSTEr n e  pr Eberfca PRt he t st
sanpl e of antepbodyi@rheatdn viee.wi. tihicaniy -snemfviien)lseing tfe ant i gens

used in th 1 S indi | n or signoid
curve for %ﬁgﬁggéé{’t Otsfmx%ﬂgi %%ée‘? eﬁ?ééa%n%t%i gégééo%riﬁggﬁ%ggws’anpl e wth
that set of anfPgEasili28Fa Yre readerliimwenet dfiathnglatdthod each of said

two Or 1 §1or & ARLLDAGH @5itWykhs DR aubk ol0gheal s Y kEEn&s ardtsease state
or disease susceptibility, however it is within_the scope of the

i nventi on t¥VEGHBE NS PR BRECHEr At Tt 48RENP PO YRERSEagR TR Kk er
antigen W § her@nehoss varkhahi @erassayr 30 HOF i cOEhgimehypehafect

ant1 DOcY. UGB TR, 0L 088 R ERC, BLSL 1) LSO o5
or polypeptide tag to which the biotin co-factor may be
15 attached via an enzyﬁatic reaction. Vectors for the
production of recombinant biotinylated antigens are
commercially availsasble from a number of sources.

An additional advantage of the use of the cross-
titration approach with blotinylated antigens is that the

20 assay is abkle to distinguishk between binding of the biotin
component to anti-biotin antibodies and true binding of the
antigen to its cognate antibody. The inventors have
observed that a significant number of the human population
naturally produce anti-biotin antibodies which might lead to

25 the production of false positive results in assays based on
the use of bioctinylated antigen.

As aforesaid, the “immunoassay” used to detect
antibodies according to the invention may be based on
standard technigues known in the art, with the exception

30 that multiple amounts of antigen are used to create a
titration series which can be reacted with multiple

different dilutions of the chosen test sample. 1In a most



- 30 - Ei t her way the judgenent as to whether the rel evant

anti bodies are or are not present in the test sanple is based upon

t he anobunt of specific binding observed at each of the different
antigen concentrations in respect of each 5 different antigen in the
test, in other words the collective values for each antigen rather

t han a readiWg2%#%8%8&| ngl e concentration for each ant§g&P200FPEIES t he
determ nati on of presence or absencg of di sease state or disease
susceptibility based upon presence f Two or nore types of 10
antibody in a patient sanpl e can be based on these collective val ues

b6 ohon eHEheq hBLELAR et Nl HAGEIRS e r@fsi he basis of

enerar ape or srgm)b(d curve for at |east
two differ&saseste sranpir'elldr weil orrwinnin gdiseertof Ing BYPHA of the

antigens 15 present grfsihs, ta%%&gen nav1n§0§petc|i§1@i/ﬂ} dancenof doubt,
assays baseé1 on the use of a sing antigen to detect

ant i bodi esanyCBEET EERE Pt 1ﬁe%*@‘f~‘ﬁ" éése%loﬁlgfie sk §P Ty s

wher eas; asgays brsefi108 &hea %&@n@ircﬁn@aﬂ@&lﬂﬁr &y\@a}orplwbée anthgens
are 20 ref erred to_as ref ed enbodi nent

of the pan®l*fa§8a5f r?ef“ﬁgﬁgba aoﬁagas%/ r%lﬁgoglraayﬂr gfler of the
ant i bodi escdetréeieg Hodil heflasslayodre tagt edridrbodé %aﬁ@aeﬁlq}ce Wth

tumour markar; %d?ése'l%sbé&?%ﬁ'@%%tyédr?cfa'c‘enwﬁéw's%}{é Aridifgi to the

i nvention Ry use in the detection of autoanti bodr es
to essentizitiigeany ﬁnme?lwq@ér oprigteeidfsierd wRPeht &y PEH%®tant i gen

may be;pr eﬂ@rt%@ s&rpld sh Ol JREKEFnASEAYH OF i 538 an@mamneme of a
panel assa%/ parti cuI ar, the nethod é t%ef Sg gaqo eé

det ect / nea ‘Ei’r‘ei éﬂ?b‘%ﬁﬂy BBOFE ISR OTSg MRl TP s B&cTTIE feg any %one or
any conbi ngiy Gi@kbliavthe@hodDr E€n0bné hereferred embodiment a labelled

V\DZOOS/ 032084 / 613 OOZIQIO&QI?ZLSH%EIIa?ﬂDbUll l £Mb%g.y5 uw%l“!:rh mar ker
pr ot ei ns, e correspondrng anti gens: Epi dermal growth

fact or recepémrflpablxermﬁﬁi%se(m\mm‘fdmet coupdn P98 ‘Na’iﬂa%?‘e 307:

521-52{5 R £§7e§og s Ofurfthe (RAHg1A6601MeS 10f ufat ROl egvendnbaboratory
Medi ci ne 1 1

antlbody/antlgen complexes. Typically the secondary
antibody will be anti-~IgG or anti-IgM. The secondary
antibody is usually labelled with a detectable marker,
typically an enzyme marker such as, for example, peroxidase

20 or alkaline phosphatase, allowing quantitative detection by
the addition of a substrate for the enzyme which generates a
detectable product, for example a coloured, chemiluminescent
or fluorescent produci. Other types of detectable labels
¥nown in the art may be used.

25 The invention relates to a method of detecting
antibodies that are biological markers of & disease state or
disease susceptibility. This particular aspect of the
invention preferably excludes assays designed to test for
antibodies produced as a result of a vaccine challenge or

30 immunisation protocol, other than vaccination with cancer
markers. Therefore, assays according to this aspect of the

invention preferably do not include assays designed to test



MJUCl (Batra, S. K et al. (1992) Int. J. Pancreatol ogy. 12: 271-283);
10 Myc (c-nyc) (Blackwood, E. M et al. (1994) Mol ecul ar Bi ol ogy of
the Cell 5. 597-609); p53 (Matl ashewski, G at al. (1984) EMBO
J. 3. 3257-3262; 15wl f, D. at a/. (1985) Mal. Cell. Biol. 5:
1887-1893); ras g Ras) (Capella, G et al. (1991) Environ Health
Per spect i vesWO0gus03pess_ 131) 20 BRCAL (Scully, R et afCT/GBRYGHIINAS
94: 5605-10); BRCA2 (Sharan, S. K et al. (1997) Nature. 386:
804-810); APC (Su, L. K at al . (1993) Cancer Res. 53:
2728-2731; 25 I\/Unerritsu S. et al.(1995) PNAS 92 3046- 50) CAl 25

( Nouwen, J a 990) ffer ntlat 1. . rumLE
et al., T%ﬁ)‘ Fb ﬁeseﬂéﬁl tgﬁpgﬁug Lfgt( @ac la% Em:i}?o Br J
Cancer. 19@&11@}?@@@2@43)3;6@8%071]11“@@3%%13@ PL, et aI , Anti cancer Res.

1992 May- Jun; 12(3 1 0 L :
poa_(Rosener g R s b oo e e . *2as:

935-939) ; may D@a@@%@ﬁﬁ?%ﬁ% aﬁ%llgﬂéiﬁceﬁﬁ (EDGFey thﬂ yexrp2001) din
Chem 5f¢”“é%l@é%tfﬁﬁﬁyaoieféiglQoga(ﬁiﬂﬁ%alﬁ& dﬁbu@klﬁdfﬂﬁgib63§'1 Bi ochem

(1909 U 2200 S5 ka0 G0, SIS 25 30t L 950, o

(prostate m@nﬁ.s@s rmtﬁbaetegramregemonﬂgﬁramu anRig& aattually Cancer

Res. 53 Zggkg%ggte&£%%3kﬁe1§hdividual. Autoantibodies include
antibodies directed against altered forms of naturally

10 occurring proteins produced by a diseased cell or during a
disease process. The altered form of the protein
originates in the iadividual but may be viewed by the
individual’s immune system as "non-seli" and thus elicit an
immune response in that individqal in the form of

15 autoantibodies immunologically éﬁecific to the altered
protein. Such altered forms of a protein can include, for
example, mutants having altered amino acid sequence,
optionally accompanied by changes in seconday, tertiary or
quaternary structure, truncated forms, splice variants,

20 altered glycoforms etc. In other embodiments the
autocantibody may be directed to a protein which is
overexpressed in a disease state, for example as a result of
gene amplification or abneormal transcriptional regulation.
Overexpression of a protein which is not normally

25 encountered by cells of the immune system in significant
amounts can trigger an immune response leading to
autoantibody production. In still further embodiments the
autocoantibody méy be directed to a fetal form cf a protein
which becomes expressed in a disease state. If a fetal

30 protein which is normally expressed only in early stages of
development kefore the immune system is functional becomes

expressed in a disease state, the fetal form may be



PSCA (prostate stemcell antigen; Reiter, R E. at al., Proc. Nat.
Acad. Sci. 95: 1735-1740, 1998); EpCam (epithelial cellular
adhesi on nol ecul e; Szala, S. at 20al., Proc. Nat. Acad. Sci. 87:
3542- 3546, 1990); HER2-neu (al so known as c-erbB2) (Coussens, L. at
a/., Science 230: 1132-1139, 1985); .25 EDC6, which is an alternative
name for theVBRP¥%RS | ul ar donmmin of HERZ. CAGE (JaRfafcazporigpesy
Cancer Res. 1999 Dec 15;59(24):6197-_204; Mashino K, at al., Br J
Cancer. 2001 Sep |;85(5):7133020);" 4XD0"2008/ 032084PCTI CE2007/ 003486 -
33 - Cytokeratins (I\/bII R et al., Cell. 1982 Nov 31(1) 11- 24; Braun
S, et al., N Engl 2000; 342: t525 53 3 ter.m" Jytoker atin"
is used geh®Fq% F’Fé 5% "P&f SRS SHS S A Ader - lfﬂtgﬁe CYEGREF T A7 ami | y
for which Hirﬂzr@oméasqammdllagdﬁlgaumoa@ttqam@dbe@ frredtieioipras t unour
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e ik R e iy gy At

37(9): 1217312@31fépu§032@06u51911r m)rkeéyawéﬁat i s morcha(r;}?aﬁ@lﬁlyeom

AM - Bar gy ISaca\ﬁhgﬁL@gs&Iaté’@mArmn@uﬁoA aSebdi@modp. Ronnett BM 10
Am J Surg Pathol. 2006 Se 1130- dr];,139£ and cytokerg |ns 8) 18/ 19

(Barak V, Goi k&M, TPahar ﬁﬁfsaﬁ/?\ﬂfla'i‘ﬁ aPESbI BOYE PR BPGEREH 2004
Jul 1 37(7) : 588ex40)o an autBasousidynwhMieda Airettel agalmicen Res. 2000

Apr 151;60(7): 1914 20) - Kal ei ns, (Ki . 2001;
84: 643- 650g % P e gt L?%DF&Q Hﬁﬁ%‘z‘ %OE%%( 13’5@ The term
"kal | i kr ei pief&medlgxerﬁequeawcy lmotiri%f@rm?é Waﬁénﬁ@t%f PP t he

kal 11 kngl ”DEQ%A% ber sy %‘1&5&@:;&%5%Q@ﬁ@haga@gﬁ@ei& badigs function
as tunour ers. Preferred exanples are kalljlreins 1 to,15 (KLK

1- 15/ Hkl - HRaByey ddpezee G ter aftraridi Br@hseaﬁ%:‘@r%éﬂ Cat§d5i3un 16;
224(1) : 1- 225 vipomRde Sp&Ren¥ousef GM din Chem 2002 -25 Aug;

48(8):1198-2 d t | ar, KLK Arl t

Vi (ktz)rov P, Sodlgh;apgfeffl?%ep ap) }rj%éﬁgFteélel_mgg%%%rl % ER)? rv Flé\g?n
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ST () 0T ks - RN S Bl o XANEPT n Mo - Wb Yes VAGH L BE i DI €20

CV. The new” uman rein gene |1 cations in
car ci nogenésingn s‘lﬁbeﬁdss Bl et L et S l\f@llalbou%(ybe l\?&erthff( B3y 58 §ped

Revi ew. ) ; on test samples derived from other non-human mammals), and
will most preferably take the form of an in vitro
immunoassay, performed on two or more dilutions of a test

20 sample comprising a sample of bodily fluid taken from the
subject/patient. The sample of bodily fluid may be diluted
in any suitable buffer and may be treated for long term
storage or otherwise prior to testing.

In vitro immunoassays are non-invasive and can be

25 repeated as often as is thought necessary to build up a
profile of autoantibody production in a patient, either
prior to the onset of disease, as in the screening of “at
risk” individuals, or throughout the course of disease
(discussed further below in relation to preferred

30 applications of the method).

In particular, but non-limiting, embodiments the

methods of the invention may comprise immunoassays to



WD 2008/ 032084PCT/ GB2007/ 003486 - 34 - Annexins (Hudelist G at al.,
Breast Cancer Res Treat. 2004 Aug; 86(3):281-91; Gerke, V. & Mss,
S. E. Physiol ogical Reviews 2002 82: 331-371) .ne tent: "annexin" is
used generically to refer to any nenber of the annexin famly for 5
whi ch t he corresgpndlng aut oanti bodi es function as tunour markers
Preferred exSnptd8 % e anneX|ns 1 and 2 (Pedrero J. hﬁ??GRQ%@Wﬁﬁdez

MP., Mrgan, O, Zapatero, G%Pzalez Nieto, CS &
Rodrigo, J.P. Anerican Journal of P hology 2004 164(1): 73-79;
Brlchory, F.M, Msek, 10D.E., Yin, A, Krause; MC , Gordano, T.J.

Boor, DG (. tnesh .M 2001Vl Gal n56) @REes SB(CTLan 0324a9820) and

anneX|n X ansari, H.
J. L., Taitgadh havmar skeed fiCiCy, f@kﬂd§ﬁ§ﬁ£EHQVPPlV@@ﬁf oK, t@@l@&ﬁ?onen

R L. Cances, B@§§@J&Qu%99é nﬁafizkéog@obiqaﬁ) fe 12 _81F£4.QPIOL 8671 0bFP)
(Stiller D, at al Acta H stochem Suppl . 1986 33: 225 31 GRP78
(Bl ock TMOCmfasiantspepeofed PYARABISE ) 260504 4119818 o2
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marker protein (dlfferent in this context meaning proieins
10 that are the products of different genes) although as noted
above a set of antigens could also involve different
epitopes on the same tumour marker protein. A “set” of
antigens refers to a single antigen te be tested at
different amoun;s/concentrations in the method of the
15 invention. Thése methods, which may be hereinafter referred
to as “panel assays”, utilise a panel of two or more sets of
antigens to monitor the overall immune response of an
individual to a tumour or other carcinogenic/neoplastic
change. These methods thus detect a “profile” of the immune
20 response in a given individual, indicating which tumour
markers elicit an immune response resulting in autoantibody
production. The use of a panel of two or more antigens to
monitor production of autoantibodies a§ainst tWwo or more
different tumour markers is generally more sensitive than
25 the detection of autcantibodies to single markers and gives
a much lower frequency of false mnegative results (see WO
99/58978 and WO 2004/044590, the contents of which are

incorporated herein in their entirety by reference).

30 Therefore, in a non-limiting embodiment the invention
provides a method of detecting two or more antibodies in a

test sample comprising a bodily fluid from a mammalian



bet a- human chorioni ¢ gonadotropin b-HCG (Ayala AR, at al., AmJ
Reprod | munol. 1983 Apr-My; 3(3):149-51; Gegory JJ Jr, et al.,
Drugs. 1999 Apr;57(4):463-7); 5 4-5 antigen (Krause P, et al., J
i mmunol Met hods. 2003 Dec; 283(1-2):261-7); NY-BR-1 (Jage D, Stockert
E, Gure AQ, Scenl /an NI, Kar bach J, Jage E, Knuth A, Ad LJ, Chen YT

(2001) 1 dent PPPYEPTEH of a 10 tissue-specific putati VEEYFHHEERIt i on
factor in breast tissue by serol oqgi szy screeni ng of a breast cancer

| i brary. Cancer Res 61 (5): 2055-61); Livin (Kasof GM Gomes BC
(2001) Livin, a novel inhibitor of 15 apoptosis protein famly. J

Bi ol Chem L&é@cés‘)her%%?f é@easgu&%! \Ufnsém Q%b@cﬂle@’ é‘dé da C Altieri

DC (1997) ovel anti-apoptols gene, survivin, expressed in cancer
and | ynphowlomaszl @apker o egyLseRsE s¥yte XF RLESRSel ycopr ot ei n)
Giffiths &saxgtmﬁw&ywwhmﬁhetho&tdom@@@%eh Fovey S, Swallow DM Gum

JR Kim YS Assi gnnment of th r i nte i na rrugl n gene
MUC2 to chﬁ‘ﬂnﬁ%ﬂ‘%“ffpﬁo I5 TRAR ‘iﬁ%oééggtmﬁ%w%? 85% EndSst ati n
(St andk®er #snpSehsadlencbyidanse Shg ﬂ:t;lrlgei:nsg Mtebor siamand WB,) Bnei ssner

KT (1997) lsaol f th | at f f
numen 30 RIS A Th REEG TotLrCA30 (200" 12.35 & 36 - Be 2

(Tsujinoto Y, @bc@@?ﬁﬂ%&)ﬁ%ﬁ%?sﬁa@pé}ﬁ HEtEPR UElr 870 t4anscr i pts,

and protein productsQf oBClsdgehbe £t hnvlvede i gk huransdd biecul ar
| ynphoma. PNAS USA, 83 (14): &

214-8 5 BLRC7 (Wi Yh, Zhu Yk,
shen Y, Gu CM =v&igsps EF‘nSH’*ﬁPlf{LEO@‘S% Oﬁﬁeoﬁx‘?ﬂléisgii@?"éjﬁe%l BCPprot ein
and MRNA i n norreHeggki AnSthy MekamBamdieukedi whekely ngdromaed 70 6) :
1110-6); antigens comprises a plurality of different amounts of
the same antigen,

{ii) detecting the amount of specific binding between

the antibody and the antigen for each amount of antigen

i5 in each set of antigens used in step (i},
{(b) plotting or calculating a separate curve of the amount
of specific binding versus the amount of antigen for each
test sample dilution with each set of antigens used in step
{a), wherein the presence in the test sample of antibody

20 reactive with any one of the sets of antigens used in the
assay is indicated by a generally S shaped or sigmoid curve
for at least two different dilutions of the test sample with

that set of antilgens.

25 In one embodiment of this method each of said two or
more antibodies will be a biological marker of a diseasze
state or disease susceptibility, however it 1s within the
scope of the invention to combine a cross titration assay
for a disease marker antigen with a cross titration assay

30 for any other type of antibody, which may ox may not be a

disease marker, in the same test sample.



10 Heat shock proteins (the term heat shock proteins is used
generically to refer to any heat shock proteins for which the
correspondi ng aut oanti bodi es function as tunmour markers) including
but not exclusively: HSP70 (Tauchi K, Tsutsum V, Hon i S,

Yoshinmura. S, Osanura Ry, Watanabe K (1991) 15 Expression of heat
shock prot ei WOF¥EHFc_ myc protein in human breast - calcFB20074p5486

i mmunohi st ochem cal study. Jap J dipn Oncol, 21 (4): 256-63); HSP27
(Differential expression of aIphaBicrystaIIin and Hsp27-1 in

anapl astic thyroid carci nomas because of tunor-specific

al phaB-cryst al L1 e A i Lencing. V, r w
Hauser P, Kai nliﬁ]gh%%g?lz%}é %ﬁ%\%}?,&! ag(%&ép%lal%rgg Lq‘m"\/‘gless Efrwlf/l Wagner
L. Cell Sta@s@ogk@mwgnes arz005t Apprapent 10¢ 39h81?&518$)ampéﬁ&fcRYAB

(Seitz S, Karschbdld the YGRS o sgacARsEP i BOsd-Na Meididh A
Arnold W Gustavus D, Klebig C, Petersen |, 25 Scherneck_ S. Genes

Chr omosomeE EaRceIETer6Db ?]QH’P%B(%‘?“‘BE‘P?M?W“S RB55°THEGES AT £2%8) eber t
R, Aashei m:}ﬁ@erbﬁelmdgaﬂ MthBetoed, An Foissa wSPis Simel aadl &R ive
Gauder nack gZO % nt| f| cati o 30t f_a nucl eol ar. pr gt&gI n, No55 as

a tunour - a§§ Cla %%J 0- aﬁfﬁgen ] pa F%n S mnfﬂcprosta%e cancer. Br

J Cancer 83n(@htrFAPrOfor 4AON2E0BLOSR08ARCT/ Ghe20ex1008485n oF7 -

Ur oki nas- 1y & chkasm %%gsacé% \é@g%sé lé%é‘);e(tgp(&}@@afévl Gsi kowi ¢z G
Feder el nbuks %1 sol ation and characterisation of a

ur oki nase fﬁ%ﬁp“épﬁ#]ajs%th’oﬁé?ﬁ MR aP B S B CEMRE W04 0P OIS LERTE A ur es
human epi ti}@dﬂb@hycg ES pbﬁﬂézﬁi isAgui s halhl eef bayBIbhNataseur oki nase. J

Bi ol Chem 259 é ]1 gp%)e tranectin é I as bi nding
protein) (& nden’ 3 "°% teéfge?\mi‘_ SR uft rqig% Eﬁl‘l fication
a_nd phar aciwddemaht ais afada orovgle, bélsisg@xfelthe sﬂ%iwasm qsm@egeKefraighze 4
o0 09, BRSHSHR! EOTLUIRR.PLARIp ML ATERN oSt ssk B eciem 15
The prepar a&mm diL hetritanfsi e@tlrQﬂPesth%s@e’yO@falﬁ{ @P‘fa@ﬁ gniigens
15 present in the test.
For the avoidance of doubt, assays based on the use of
a single type of antigen to detect antibodies may be
referred to herein as “single marker assays”, whereas assays
based on the use of a panel of two or_moxe antigens are
20 referred to as “panel assays”.
In a preferred embodiment of the panel assay method at
least one and preferable all of the antibodies detected in
the assay are autoantibodies reactive with Tumour maxrker
proteins.
25 Cross titration assays according to the invention may
be adapted for use in the detection of auntoantibodies to
essentially any tumour marker protein for which a suitable
antigen may be prepared, as a single marker assay ©r as a
component of a panel assay. In particular, the method may be
30 adapted to detect/measure auntoantibodies immunologically

specific to any one or any combination of two or more of the



hormone of the anterior pituitary. AmJ Physiol 105 (1): 191-216); 20
Osteopontin (Butler WI, Martin TJ, Raisz LG Slavkin HC Term ne JD,
Roden GA, Veis A (1988) Osteopontin - Structure and bi ol ogi cal
activity. CBA Foundation Synposia 136: 203- 206; Kiefer MC, Bauer DM
Barr PJ (198w) The CDNA and derived am no-acid sequence for hunman
Ost eopont i n. YREGWPEP# 25 Acids Res 17 (8): 3306- 3306) ; PEHfrfgpp7/003486

Epi didym s Specific Protein (HE4) Kirchoff C, Habben I, lvell R,
Krull N (1991) A major human epi didytti S- specific cDNA encodes a
protein with sequence honol ogy to 30 extracel | ul ar

protei nasez i,nhi bitqrs. Biol of .Repr.oductj_on 2): 350-357); WO
D 0081032084 PCT I B 003 PBE S BE Rth0 o ‘JR%scgg? (St ed Trypsin

| nhi bi t or ¢cEA®Epofdduwiat ahbiddns:Kahanpaa K, Seppala M Halila H,
Stenman UH (1983) Excretion of a tumpur associated trypsin-inhibitor
(TATI) in urine of patients with Gynecol ogi cal Malignancy. Int J
Cancer 31 RE)dersyl Grpyih TUEHPr FRPFRHOF PENED ECFRiOOrALHTf GRN,

Pr Iht Ee £f &t unes g Nﬂtﬁl&ehh:emrseezﬂrsz(7l97iama&rsbhg&etI%wl(fzomt| gn ?fs |
[ nhibin from Human Tes r t Endocr.i 5 upp
1091) " STSEOPSRS 3 ERNEPRC O ARy VESotoRs HaRIAGS Arh B m

Bi ophys Sin (Shanghal) 2006 Sep; 38(9) 602- 10) 15C0x 1 and Cox-2 (Xu

2, Choudh esengky I\/Eh a,l M
Her schnanallﬁ—\y 1P| ggéa{r]n % %anecée)ralRes{é)éz%Ogh/g q%%!(jl%g)mgg rlz
Carval lo M7I@Batto G World J Gastroenter oI 2006 Aug 28;

12(28);$€113-5121). It be w il appreciated that the inventi on i s not
20 intended to be linmted to the detection of auto odies to the

speci fic tEOUCTEFkePL2FFeett SooVe Hy Aay''of ‘éxt cél 8hl y.

Biology of the Cell 5: 597-609);

p53 (Matlashewski, G. et al. (1984) EMBO J. 3: 3257-3262;
15 Wolf, D. et al. {1985} Mol. Cell., Biol., 5: 1887-18083);

ras (or Ras) (Capella, G. et al. (198l1) Environ Hezlth
Perspectives. 93: 125-131):

20 BRCAl (Scully, R. et al. (1997) PNAS 24: 5605-10});
BRCAZ (Sharan, 5. K. et al. (1997) Nature. 386: 804-810);

APC {Su, L. K. et al. (1993) Cancer Res. 53: 2728-2731:
25 Munemitsu, S. et al. {19%5) PNAS 9Z: 3046-50);

CALl25 (NWouwen, B. J. et al. (1990) Differentiation. 45: 192-

8; Norum LF, et al., Tumour Biol. 2001 Jul-Aug;22(4):223-8;

Perey L, et al., Br J Cancer. 1980 Oct;62(4):668~-70; Devine
30 PL, et al., Anticancer Res. 1992 May—Jan;12 (3} :708-17);



Assay net hods according to the invention based on detection of anti
t unmour - mar ker aut oanti bodies (in single 25 marker or panel assay

form may be enployed in a variety of different clinical situations.
In particular, the nethod nay be used in the detection or diagnosis

of cancer in_s rrg)tomati c or asynptomatic human subj ectsT, i n_assessing
the prognosi %081 %Nt i ent di agnosed with cancer, in Préd?@HEes0
response to therapy, in nonitoring the progress of cancer or other
neopl astic disease in a patient, in detecting early neoplastic or
early carcinogenic change in an asynptomatic WO

2008/ 032084 ECT, 0 003486 _- - Np S48 CE 1 odHYsS ening a
popul at i oné%f é%%ﬁ%%t?é %'u%n%hbﬁlgg?g li;n oﬁge%lcg:%}%ﬁe'?é%o identify
t hose subj éermmwhdd&ir @3ar9¥Wor eased ri sk of devel opi ng cancer or to
di agnose the presence of cancer, in predicting the response 5 of"a
cancer patient to anti-cancer treatnent (e.g.. v L hatj.on,
anti - gr owt ﬁalf%}E’PS’FLbjf)‘Fr’legﬁ%queﬁaﬁ%u{:EE”ifS%’ tbﬁ‘e‘j}'agggéﬂ rdécjjfjo?}heénr’ apy,
endocri e thersany) : éwmvan) ant i body t herapy, chenotherapy), in

nmoni toring the response of a cancer patient to anti-cancer treatnent
(e.g. vaccination, 10 anti-growth factor or signal transduction

t her api es, Chbli%ot(Hegapy,- ehdokrili8ot heki@pFiodiaranl &l Bsdy2% erapy
chenot her agyj.g,i,n the detection of recurrent disease in a patient
previ ously di agnosed as havi ng cancer who has undergone anti-cancer
treatnment to reduce the amobunt of 15 cancer present, or in the

sel ect i1gn @f-@v-antiacangeestherapyqése. Chexacei-te, eantd.~geowth fact or
or signal transduction therapjes, di rapy, endocrine therapy,
human ant i HBHy Adat et @gheﬂ%ﬁ 1?3%5,)1?&9921* use in a particul ar
patient. 20The inventors have generally observed that |evels of
cancer - assqQgj, at i i LLd Ve ielatien wth

di sease st%ﬁﬂég( @ce%ggg%g%%ggg}ggg%?%ﬁeﬁgglr%%%’n?ssgg% {/?\hi ch are

i ncor por at @d . hefagicarbes ef58r eAt E)230Heht®) ‘when the met hod of the
inventi;@gn is used in clinical applications 25 increased |evels of
anti-tunour narker autoantibodies, as conpared to %ui Labl.e controls,
are gener alPS{At BIEORTAE® aFe™ ABFEATGASH THECEadter df sehasé state,
unl ess ot herwksevdtndihead edsdier ebn.17When74the lpaMunoassays are used in
t he di agnosi s of

EpCam {epithelial cellular adhesion molecule; Szala, 8. et

20 al., Proc. Nat. Bcad. Sci. 87: 3542-3546, 1930);

HERZ2-neu {also known as c-erxbB2) (Coussens, L. et al.,

Science 230: 1132-113%9, 1985);

25 EDC6, which is an alternative name for the extracellular

domain of HERZ.

CAGE (Jager D, et al., Cancer Res. 1999 Dec 15;58({24):6197-
204; Mashino K, et al., Br J Cancexz. 2001 Sep 1;85(5):713~

30 20):



30 cancer in a human individual (either synptomatic or asynptomatic
for cancer), the presence of an elevated |evel of autoantibodies, as
conpared to "normal" control WO 2008/ 032084PCT/ GB20071003486 - 40 -
individuals, is usually taken as an indication that the individual
has cancer. The "normal"” control individuals will preferab

I
age- mat ched ¥8AtP87"¥*not havi ng any diagnosis of canckr" ’Ct?&%“é’a“éf‘ﬁ
clinical, imaging and/or 5 biocheni Criteria. A particularly

usef ul appl ication of the nethod is 1’ testing of hunan subj ects who
al ready manifest cancer synptons (e.g. based on clinical, imaging

and/or bi ogherlals ol Ike1 &, 1dt 5 deicah®. armoStiob ik e

confirnming i agnosi s of cancer. i Munoassays are used in
predi cti ngB¥da Fesporide r off %P?éaﬁc%?d-pé’tep%nt“tzo antT2FANnCcEr® t9°6Rt ment

(e.g. VaCC'f&?&dk@Bat@ﬂt i Oh oW @eﬁq@ﬁ&lﬂlgr t81 Tk t6 ansdueiban of
t herapi es, radioth erat}ér endocrl ne t]é'g1 ?g% human an t i body t herapy,
chenot her af§3 CYERECTTESARB b 87 WHEPa ﬁoﬁgfp%?

aut oant § bogh&sintasodicnpanedcian ‘sroruedut gantaxsl- | Adéfdmedl s, my be
t aken as an i n(1|ega§”|:eoq: %k Jher 59{4 n%t”gh@(llmnglfwgéjagly 'ﬁth idely to
no

respond to “tHE&-aAtT-cancer trea contr ol
i ndi vi dual BimiHH, Biefs,abbyo be @m?mﬁheéo%ﬁﬁpoﬁg(ﬂotlzﬁé\ﬁfﬁg any

di agnosi s @ uﬁ%%fa@lo z@@seélyme%wwal 2@)%&1@%@@!@ ahj ocheni cal
criteria. For each the treatnents Ilsted above, _a rel atjonship

bet ween t hBa¥iy &p. o‘?heédieéaﬁ?f bGACA %R ar e B=Boritr S°2RERY T4 keI y
SUCCGS&OOfAﬁJL@%uEgnia&ﬁﬂ beo@@t%@ﬂ Bshed 1hyo-etisen vathon of the outcone

of such treatnent e aut qQ b at is
moni t or ed Fﬁf?ﬁ?&%u?s Fer}etgﬁﬁé e ptgevﬂ% u%‘l %é??a%? B %ﬁ :
rel ati onshepnamysohhen d:i&nuSedcrtem pEedd clult Bél1)i: I&éBrh@bd success for
each treatnent in a given patient based on assessnent of autoanti body
status. When the imunoassays are used in nonitoring the 30 progress
of cancer 8ecotdrir Mevplaadti et dilseaSerisy Bepati®ht AP¥he presence of
an el ey gt ed, kevpl. 1014 a4)0ant i bodi es, as conpared to a "nor nal
control", is taken as an indication of WO
2008/ 032084PCT/ GB2007/ 003486 - 41 -

Kallikreins (Kim H, et al., Br J Cancer 2001;84:643-650;

Yousef GM, et al., Tumor Biol 2002;23:185-192). The term
"kallikrein" is used generically to refer to any member of
20 the kallikrein family for which the corresponding
autoantibodies function as tumour markers. Preferred
examples are kallilreins 1 to 15 (KLK 1-15/Hk1-Hk15)
(Obiezu CV, Diamandis EP. Cancer Lett. 2005 Jun
16:224(1):1-22; Diamandis B8P, Yousef GM. Clin Chem. 2002
25 Aug;48(8):1198-205), and in particular KLK 4-7 (Prezas P,
Arlt MJ, Viktorov P, Soosaipillai A, Heolzscheiter L, Schmitt
¥, Talieri M, Diamandis EP, Kruger A, Magdolen V. Biol Chem.
2006 Jun;387(6):807-11; Diamandis EP, Yousef GM, Luo LY,
Magklara A, Obiezu CV. The new human kallikrein gene family:
30 implications in carcinogenesis. Trends Endocrinol Metab.

2000 Mar;11{(2):54-60. Review.);



the presence of cancer in the patient. The "normal control™ may be
| evel s of autoantibodies present in control individuals, preferably
age- mat ched, not havi ng any di agnosis of cancer based on clinical,

i mgi ng and/ or 5 bibchem cal criteria. Alternatively, the "nornal
control™ may "hase-line" |evel established for t i %{ar
pati ent undéwgﬁggg? he "base-line" |evel may be, forQ§§§%%h®% ’he
| evel of autoantibodies present whemgseither a first diagnosis of
cancer or a diagnosis of recurrent cancer 10 was nade. Any increase
above the base-line | evel would be taken as an indication that the

amount of GRARGEHs PHRSENisd v, t Be pal, eRbabasahbef easedrenberamag any
decrease bel ow t he base-line would be taken _as gg .iorldi cat_{on that the

amount of 2WnEEFI5ddant’ iFF T Re Path &PShas *ded ed?*THe "base- 15
line" val uevieysai®a be; Iyledtmenthd seconfmmeedn” fior uerdnpl e, the

| evel before A.change in the.le f u [ .85, woul d, he .t aken
as an i ndi%eé’teiréﬁg%fyggﬁer%#?regﬁ ég ergesmbgg %ﬁg@%h%&gépy. \‘%ﬁe %I( reéti on
of the ¥ chargd" tiié¢ errepprweisd votedrbaddys ifarestd 7§ aWpYsiti ve

response 20, ha. LrealnRal -2 |dxaB81d8paRdeRt e upaN 1t Higs pr qekseergt ure of
the treatnent. For any given treatnment the direction of the "change"

i n aut oanty Bbdy - | B8R Adi bdt-i nOPBs Pt i VRPPEETP 1 "be readily
det er m nedgodfRnegxapl.e hyet®nict oL i ARoatt gaNtd . [FOd)md evehs Tournal

conparison tq other clinic r..25.hiochem cal i ndjcatgrs,of response
to the tre%{ r‘?@gg"?ﬁ’gy 208%@#\4 @Hé ??r?ug(r)iog%%@osryér g%'s’e iS%k'scr eening a
popul at® ondb df. ,asymptronakicgusrimiin Cs ubfiectsne hit JrayBeRrt &-Fdenti fy

those sublgelsuhe ff & o8t LOElEASed: Lk ok (fauebop) b oanced

i ndi vidual s having an el evated level aut oant i bodi es,  as
conpar ed tantardrnBi~A cofereindardMarisitl & aF¥9-d8nt i348F2aS’ beirng " at
risk" of dgvgl@pi P, cargee, The amAefedd," kCoNt n@lrol Al virdyakangyi | |

preferably be age-rmatched_ WO 2008/ 032084PCT/ GB2Q07 3: - 42 -
control s ndt %é%‘ﬁi’???‘b’d Ra& - hRATS Eﬁﬁea}fr‘:@d?&%si%t%i‘ oél&%)%%gg\%l opi ng

cancer t@r any significant elevated risk of
a~fetoprotein (AFP) (Stiller D, et al., Acta Histochem
Suppl. 1986;33:225-31);

GRP78 (Block TM, et al., Proc Matl Acad Sci USA. 2005 Jan
-20  18:;102(3):779-84; Hsu WM, et al., Int J Cancer. 2005 Max
1;113(6):220-7);

Mammaglobin {Zehentner BK, et al., Clin Chem. 2004
Nov;50(11) :2069-76; Zehentner BK, Carter D. Clin Biochem.
25 2004 Apr;37(4):249-57};

raf (Callans LS. et al., Ann Surg Oncol. 1995 Jan:2(1l):38-
42 Pratt MA, et a&l., Mol Cell Biochem. 1998 Dec;189{1-
2) :119-25);

30



devel opi ng cancer. An exception to this may be where age itself is a
maj or risk factor. 5Wen the i Mmunoassays are used in screening a
popul ati on of asynptomati c human subjects this may be to di agnose
cancer in those subjects who have al ready devel oped a cancer,

i ndi vi dual s j el evated | evel of autoantibodie ed to
"normal " con rﬁ\g;m@/?sr% I'vidual s 10 being scored as havi nlé"‘@‘gﬂr%@’g%% sone
form of neoplastic change. The "normgl ™ control individuals wll
preferably be age-nmatched controls not identified as having any

predi sposition to devel opi ng cancer or any significant elevated risk
of devel Onniad%_&-ﬁ.a:ﬂ&ef rohoé\m%m@@;@hbmxlt@ihh}ba{c@ (ARYLDerwhet l@iage iL sel f
is amjor_ris actor. ter ive t " .control " y be a
"base- | i ne™ TeV8P*Y Eﬁﬁ??%hedggérAEﬁéhﬁagﬁpcqgégagaﬁFSH?r%ﬁIer t est.
The "base-¥i,net bevelDroay. b 9Sf Bpr eXA@PE €634Te | evel of

aut oanti bodi es present when the patient was first tested and 20 found
to have | evels not el evated above a 'normal control"” popul ati on. Any
i ncreas® ther eatigen afarnse R-hies dhselli penyrcds eemsit- @883 d be taken
as an indi gat;i-en (pist.he presence of cancer in that individual. Thus

t he indi vi dual coulof t hrough such a baseline test becone their own
control for 25 future autoanti body neasurenent. When t he

i NMMunoassays-Er-@ Usefk DR posiideati RY diie Respuoraeanfv@ Eansceth Pati ent
to anti-cancer _treat, t .- vacci nat i nt.i,- gr. h.fact or

si gnal tran%%uéfigrﬁu rﬁgl‘aélfdegjd’rgfé‘?%t érgg?/?lqekg%%l%aichggao%? human
anti botly 30iddverapysiGlrepptéierapyyranidrérpiesdrcsonfimarabttered | evel
of aut oant]| ie F ead j e Lndicat i 1at the
pat ont has Tosp et g Er oy T o the Tt o an i SRR

2008/ 032082PCFrGB2O0T 003488°2543): A base-line |evel of

aut oanti bodi es taken before treatnent is commenced may be used for

conpari son_purposes jin_order tq d i ne_whether treatnent results
in an incr %g‘gﬁ dFagRTrBas BT &t ggﬁ]imbg‘ayl?’e\?eflgve% lé‘?ﬁ’gﬁééorl r?stt he
| evel 0f Sapuiteanti bodieds faudld .bedtmlcedncChsmare7isnds cati2éa-of) it he

effecti veness of the therapy. The direction of the "change" (i.e.
i ncrease vs decrease) indicating a positive response to treatnent

w || be deperiderir (perrasteipfedidddanat dléleti tife (LPEAL AeRPYeFor any
gi ven treapfent,thesdi reekl 08u0fi i He expressed in cancer and
lymphoma. Nature Med, 3 (8}: 917-21);_
24
MUC2 (glycoprotein)
Griffiths B, Matthews DJ, West L, Attwood J, Povey S,
Swallow DM, Gum JR Kim YS (1990} Assignment of the
polymorphic intestinal mucin gene MUCZ to chromosome-11pl5.
25 Ann Hum Genet, 54: 277-85.

Endostatin (Standker L, Schradexr M, Kanse SM, Jurgens M,
Forssmann WG, Preissner KT (1897) Isoclation and
characterisation of the circulating form of human

30 endostatin. FBEBS Lett, 420 (2-3): 129-33;



10 "change" in autoantibody |evels indicating a positive result may
be readily determ ned, for exanple by nonitoring autoantibody |evels
in conparison to other clinical or biochemcal indicators of response
to the treatnment. The nmethod of the invention may used in predicting
15 and/ or j i response of an individual to es i any
known anti?gg%%@%&ﬁgéatnent. Thi s includes, for exan%ﬁg%%%ﬁ%%mgg

anti body therapy wherein nonocl onal s@r_pol ycl onal anti bodies are
infused into the patient, a non-limting specific exanple being
treatment with the anti-growth factor 20 anti body Herceptinm

(Basel ga, Bl:-lr—2D(Ts-[{jii9@{:@)’Y,6tCr%l:e1CMJ (@bﬁ@)_ @eoksis WA 3he 737-744,
1996). The presence of a natural autoantibody requnsefg?yﬁﬁnhance or
‘i

i nhi bit t RETEFFeEt FEABRSSTE Sy r 83T MERESTR (RFORPETT i &F fised

t her apeut i gznani hadieds in Usirtzg Ehelietthodlodfphbhe. | yN2snUEPN 685 it i s
possi bl e tQA§Qr£ ‘g%ﬁ,response to any anti-cancer treatnent,

i ncl udi ng anti'body thérapy, with natural |evels of autoantibodies
prior to and over the course of the treatnment in any patient or group

of patientg:pchhins, kpowhgdge Ry thermsnken §Urdy ke, usedyt orpr edi ct how
other 30 patients (or the same patient in the case_ of repeated

treat ment) (3H06) Ties FFREE DL INEESERET PEQESEhPd YR 10 non-

2008/ 032084 RGkA 6820070034 8G.sukdmnia -« Vhephde 47MEN0d3says) ;are used
in detection of -recurrent disease, the presence of an increased |evel
of autoantibodies in the patient, as conpared to a "normal control",
i s taketh asesnshodi gatitenns hathedkssadeahashdk peoateied. 1Fhes<edhor nal

control  "heecLeuPs ok sautaadhl badles, flesalte L GARL L0

i ndi vi dual preter y age- nat cl _ avi ng any di agnosi s of
cancer bas®t orreesAngaRg HHERANGGD RS0 F BT Bcile AP CRIMAY TRFES)

Al ternati Vﬁld@ud‘ihﬁ pdt0nERl e oMt okl y MY 70e (Bauddase; |4haesudD ¢ evel
established for the particular patient under test. ﬁ%@ "base-1i ne"

d
| evel may BR¥EL Por YRRHMYFE, St HEFBvRI R, "AER R FootieY present during
a period ofxgeRsssh ¥¥ heam sheseaseobasedoomad|d-nvcapsotiehagimg and/ or

b e ahofh BEELB AT Sl Bl e o0y b

Clin Oncol, 21 (4): 256-63); HS8P27 (Differential expression
of alphaB-¢rystallin and Hsp27-1 in anaplastic thyroid
carcinomas because of tumor-specific glphaB—crystallin gene

20 (CRYAB) silencing.Mineva I, Gartner W,‘Hauser P, Kainz A,
Loffler M, Wolf G, Oberbauer R, Weissel M, Wagner L. Cell
Stress Chaperones. 2005 Autumn;10(3):171-84); and CRYAB
{Seitz 8§, Korsching E, Weimer J, Jacobsen A, Arnold N,
Meindl A, Arnold W, Gustavus D, Klebig C, Pgtersen I,

25 Scherneck 5. Genes Chromosomes Cancer. 2006 Jun;45(6):612-

273 .

No5%5 {rFossa A, Siebert R, Rasheim HC, Maelandsmo GM, Berner

A, Fossa S$D, Smeland EB Gaudernack G (2000) Identification
30 of a nucleolar protein No55 as a tumour-asscciated auto-

antigen in patients with prostate cancer. Br J Cancer 83

(6): 743-9).



exanpl es are breast, bladder, colorectal, prostate, |ung, pancreatic
and ovari an cancers. The assays may conpl enment existing nethods of
screeni ng and surveillance. For 20 exanple, in the case of primary
breast cancer i munoassays for autoantibodies could be used to alert

clinicians t@oblepsis,smel | |esions on mamograms Whi Cflrepangreossss
radi ographically do not appear suspicious or to carry o(f' % ast
i maging or to repeat inmaging earliers7than planned.. In the cI | ni c,

the 25 assay nethods of the invention are expect ed to be rore
obj ective and reproduci ble conpared to current imagi ng techniques
(i.e. mammography and uItrasound) the success of which can be

oper at or - dependent. "P assa Ior d hav g regard to
the 30 par?’lpogﬁflﬁ? BB ?gﬁTmle{Fﬁle czéﬁ‘ v}étoﬁ {) Al | o?o At :Fig}éns for

det ecti on ofikawtoant, Wedeess t Gcabitipast JpbPiEndIHERE-wsuatter bB2) is
parti cul ar Ly Haglll o £:96,MBAY, LRER, Ale-CIHC &1 AR noger Aot 1 68D

optional |l y be suppl emented w ers havi n%f known
associ abi ofiRni=t B4t M pdrer cenldnreanzern epitdediadecdflst he particul ar

cancer, to; ;bﬁs%hg&is@ﬁmg%r&mwh@rﬁ Qokigast, cancer chbe panel night
addi ti onaII i ncl ude MUC 1 and/ or c-myc and/ or BRCA1 and/ or BRCA2
and/ or PSA! gﬂd/ dr? ?ra?rﬂ"?ﬁgl ob| n and/ or EpCam and/ or EGFR and/ or
cytokeratins and/or NY-ESO-1 and/or NY-BR-1 and/or annexin 11A and/or

survivin er eas |.adder ncer .1 he ymy qngl ly
i ncl ude N\I:\J/@,EH anﬁ%or @lasmm? %%gp%lrnegcfjg?pcancer%%s § and/ or APC
and/ or lMJCEetd@renpiaQ),sti@@étc@nb@ﬁ oPBAC Hi¢ABECTBACA Ehw‘i@ﬁ—"l%@?

and/ or p82,:for, Quari@an cAREEL, BRGAL: ALk BREAZ sapt{amh 0A 25 and/ or
bet a- HOG aﬁ%/ or kal i kréins and/or APO and J1Eor | ung_cancer _|jvin

and/ or sur PF ¥ PaREPo BBt 3T OF S FEEEFELR n BifdF 0P 1Bk At i s
and/ or 1-nyg)y ang7l339r; CEA and/or MJUC 1 and/or recoverin, for

hepat ocel | ul ar cancer AFP and/or beta HOG and/ or gp78 and/ or p62
and/or survivin. There are other preferred enbodi nents in which p53
or HER2snewmrarztiet (hobHssar i batesss@ntdwdshorn SW (1933} |Theet he case of

br east canger SUi tgﬁltéc% gl: &auyl d aai? %%Rg%ggr%qag{ﬂ{n_t he

fol | ow ng: p%% option neu and C c, and/or
BRCAL and/ aprmfan@# mﬂtps;\marm#@#tw E8p-4 Haiet N BR!1 and/ or
EpCam and/ g, b@ymgyagl obi n and/ or survivin and/or 25 annexin 11A and/or
cytokeratins and/ or EpCam

20 Osteopontin (Buller WT, Martin TJ, Raisz LG, Slavkin HC
Termine JD, Redan GA, Veis A (1988} Osteoponiin - Structure
and biological activity. CBA Foundation Symposia 136: 203-
206; Kiefer MC, Bauer DM, Barr PJ (1985) The CDNA and

derived amino-acid sequence for human Osteopontin. Nuclei

25 Acids Res 17 (8): 3306-3306);

Human Epididymis Specific Protein (BE4) Kirchoff C, Habben
I, Ivell R, Krull N {(19%1) A mejor human epididymis-specific
cDNA encodes a protein with sequence homology to

30 extracellular proteinase-inhibitors. Blology of Reproduction

45 {2} : 350-357);



p53 and 'c-myc with optional HER2-neu and/or M)O1l and/or BRCAI and/ or
BRCA2 and/or PSA and/or NY-ESO-1 and/or NY-BR-1 and/or EpCam and/ or
manmmagl obi n and/ or survivin and/ or annexin 11A and/or cytokeratins
and/ or EpCam 30 p53 and BRCAL with optional c-erB2 and/or I\/DO 1

and/ or c- rrycwg%é isBRCAZ and/ or PSA and/or NY-ESO-1 and/ §

- 46 - and/or m and/ or manmagl obi n and/ or survivin and/or anneX| n
11A and/ or cytokeratl ns and/ or EpCarg p53 and BRCA2 with optional
HER2- neu and/or MJC 1 and/or cmyc and/ or BRCA1 and/ or PSA and/ or

NY- ESO- 1 and/or NY-BR-1 5 and/or EpCam and/or nmanmagl obi n and/ or

survivin andber m&%&i&e’ldlérgpgmrmﬁyw&&r qirhns) a(mdhewdip/ﬁam

HER2- neu and MJUC 1 with optional p53_and/ or /

and/ or BREADAERRF & PEPHRIMor W%Esé 1Staeﬁ‘(9738r%l§%9g Eglxnctf/eth%pCam
and/ or mararagl eldurandserisedvisygsiandhioibit0r anrrend)n id 1wy iaed bor
cytokerati ns and/or HER?2- ne . -ycth I 3

and/ or an?tﬁ Epﬁa ngf %cmggﬁ%cg%{ Iy\gA Eépnﬁ ésf‘)

and/ or 5NY-TBR- Ilandﬁ@ﬁ EpCam and/ or nmanmmagl obi n and/or surV| vin and/ or
annexin 11A and/or cytokeratins and/or EpCam 16 HER2-neu and BRCA1l
with optional p53 and/or MJC 1 and/or cnyc and/or BRCA2 and/or PSA

and/ or NY-Jr86ban aiidesi Ry-TBRkin SR/ - EpEdRcakd/ D fafinagl obi n and/ or
survi vi n and/sehhafy@xcn m7&ndéﬁ1ﬂyt’0kﬂfﬁatu6naﬂﬁ/lﬁhl

HER2- neu and B onal and/ or 20 nyc
Bna or - BROKT=anG7 0 SHAAT i BrE Ry Bl B eRer B R B S or Epam
and/orlmarmﬁagl obi%rzdm®dior survivin and/or anneX| n 11A and/ or
cytokeratins and/or EpCam Such panels mght also include p53 and/or

c-myc and/or NYESO-1 and/or BRCA2. 25In the case of colorectal cancer
sui tabl e pameRsitotieobECsdie&r eBhTHM - eRalp % OFRYMEIREMYBI T8 ng: p53

and ras w @hag%ggppalggblg%ﬂ}@@(gndé@r_;gAPp and/ or MJC 2; p53 and APC
wi th optional HER2-neu and/or Ras and/or MJC2; Ras and APC with

optional p53 and/or HER2-.neu and/or MJC2 30 Such panel s m ght al so
i ncl udes CEA andbg+r1 GAMO€Ox-2 (%¥u %, Choudhary S, Voznesensky O,

Mehreotra M, Woodard M, Hansen M, Herschman H, Pilbeam C.
Cancer Res. 2006 Jul 1;66(13):6657-64; Cervello M, Montalto
G. World J Gastroenteroi. 2006 Aug 28;12(28):5113-5121).
It be will appreciated that ‘the invention is not
20 intended to be limited to the detection of autcantibodies to
the specific tumour markers listed above by way of example
only.
Assay methods according to the invention based on
detection of anti tumour-marker autoantibodies (in single
25 marker or panel assay form) may be employed in a wvariety of
different clinical situatlons. In particular, the method
may be used in the detection or diagnosis of cancer in
symptomatic or asymptomatic human subjects, in assessing the
prognosis of a patient diagnosed with cancer, in predicting
30 response to therapy, in monitoring the progress of cancer or
other neoplastic disease in a patient, in detecting early

neoplastic or early carcinogenic change in an asymptomatic



In the case of prostate cancer suitable panels could be selected for
exanple fromthe follow ng: W) 2008/ 032084PCT/ GB2007/ 003486 - 47 -
p53 and HA with optional BRCA1 and/or BRCA2 and/or HER2-neu and/ or
p62; HER2-neu and PSA with optional p53 and/or BRCAl and/or BRCA2

and/or p62. QoS panel s mght al so include PSVA andll(%rGﬂD‘ﬁ%s?ggd/ or
ta

kal |'i krei ns. In the case of ovarian cancer sui e panel's
coul d be selected for exanple from tjhe-fol | ow ng: p53 and CAl 25
wi th optional HER2-neu and/or BRCAl and/or 10 BRCA2 and/or APC,
HER2- neu and CAI 25 with optional p53 and/or BRCAL and/or BRCA2 and/ or
APC. Such magel sushitt, ahSsxdenlinge @Bpex&ﬂls:maad 4 ompEAGE iand/ or 4-5.

151 n the case of Iu cancer swt bl e pan be s from
p53 and NY:EES- 1“PHptiondl TS th-15 urtﬁ §en J‘ nosﬁE%gfannem ns,

livin, surstiovene zecovepared MIEk 1oL Giem;etopbm ca@@if dgeta HCG CAGE
and 4-5. Z0Wher seté(]% %‘}EQQHCeOfoft Q&dé}vem'ﬂ%d'l%tyé&%teor@@én%m a

"panel assay" base two or nore tunour marker antigens derived
from di¥ f evfent cprereingsient Yeastivivecsfr HHRWEARFgEhMS-in the panel

nmust be t eptRdnhbigh Cra8s-§idwtal EQRASSAYs AAGAr dibagsduetifie i nventi on,
based on testing of twy or .25 rmrg di.l utj.ons of | e

St..S
agai nst rru‘FlﬁrﬁF’é@ﬂ'l f?@-@ﬁ?eﬁ?é’un?% Wlflﬁehéefﬁslpé’énﬁ‘fmanf 8?%%‘%0 eries of
titrati on €@y, ﬂM&cftﬁér&‘ia}C)h testorsiaopleg difeuttkeponesedt #ref erabl y

each of the LT genscforal ng. Lhe,pandl.d sul fo! @d,a0h0idh0a 40 the
[ t

Cross tltréilon ssa 0 I nventi on an a serles of
10 anti-growth factor or signal transduction therapies,

radiotherapy, endocrine therapy, human antibody therapy
chemotherapy), in the detection of recurrent disease in a
patient previously diagnosed as having cancer who has
undergone anti-cancer treatment to reduce the amount of

15 cancer present, or in the selection of an anti-cancer
therapy (e.g. vaccine, anti-growth factor or signal
transduction therapies, radiotherapy, endocrine therapy,
human antibody treatment chemotherapy), for use in a
particular patient. _

20 The inventors have generally observed that levels of
cancer—associated autoantibodies show a positive correlation
with disease state {see also WO 99/5897%, the contents of
which are incorporated herein by reference). Hence, when
the method of the invention is used in clinical applications

25 increased levels of anti-tumour marker autoantibodies, as
compared to suitable controls, are generally taken as an
indication of the cancer disease state, unless otherwise
indicated herein.

When the immunoassays are used in the diagnosis of

30 cancer in a human individual (either symptcomatic ox

asymptomatic for cancer}, the presence of an elevated level

of autoantibodies, as compared to “normal” control



30 titration curves plotted/cal culated for each individual antigen in
the panel. - 48 - The invention also contenplates that a cross
titration assay for detection of at |east one anti-tunour marker

anti body may be used in conbination with an assay designed to detect

at | east oneydwiBsshesiar ker protein (which may be 5 rel@t@3009h03485
unrel ated to the antigen used in the cross titration assay) in the

sanme patient sanple. Thus assays f-erscanti-tunour marker

aut oant i bodi es and assays for tunour marker proteins may be perforned
in parallel on a single patient sanple. 10ln a further enbodi nent,

t he i munoasdaydasthodsohstdldvi hekestt issnameindieabsen thatt e sel ecti on
of an antir-can¢ v i u i v ticul i 1+dn this
enbodi ment ™4 l&éﬁ%‘?le%o E%ﬁ%%y fl%g? dq}ogﬁlg%vférog%r%e 'p‘e%tvi"e"g%l?—% s tested
usi ng a pawell prefswrdy ReraaRErgers corhen T HOre3POHd AGYto 15 a

di fferent §UnRUE: MBIKeLBEOURIdRd b Qlderal 0 idRLERyI HR/bhe rel ative
strength of t'he patient's imrune response to e CE of the _different

tunour PrarKeChERoERt FEIPRER © sty BRGLIFUOP T T mitite B e SPONSE* ¢ °4 gi ven
tumour mar ke rprabeiis dn pedtiaignsiilswmiandscled @d sbyht helyerégence and/ or

the amount of, 20.cancer- associ.at ed autaani bodigs, speci tics tp that
tumour mar Rer-prot &t detécted usrny the I nrunoassay;’ where
aut oant i bogh@d®rabeochumiceli editarhe) grrearder tife dsedat igf making or

cancer-assggﬁﬁtgﬁgnaq Qrialtbhodi 8S .4 dig stronger the immune response.
The tunour marker protein or proteins identified -25 as eliciting the

strongé8t i mu¥aep et ISBIBPaSIFENEC? éSiensR LI IERE pdRent (i . e.
the highestedgyel 6f au9@8ki hodieas)td sndh-asadrhepesalect ed. 4.0 form
the basis of an anti-cancer vaccine for use in the patient. The
utility of VRNt RdY BT ﬂéO%gEPF%h YsShdt nJ36 FIATTed Yo detection
of anti-tumperapdetpanidotieespy alenbouginet hbeassay hnsapantibedar |y
e o AL PSR SANEET S S PR ol e e
15 autoantibodies, as compared to “normal” control individuals,
may be taken as an indication of whether or not the
individual is likely to respond to the anti-cancer
treatment. The “normal” control individuals will preferably
be age-matched controls not having any diagnosis of cancer
20 Dbased on clinical, imaging and/or biochemical criteria. For
each of the Treatments listed above, a relationship between
the level of autocantibodies compared to controls and likely
success of treatment can be established by cbservation of
the outcome of such treatment in patients whose autoantibody
25 status is monitored throughout treatment. The previously
established relationship may then be used to predict the
likelihood success for each treatment in a given patient
based on assessment of autoantibody status.
When the immunocassays are used in monitoxing the
30 progress of cancer or other neoplastic disease in a patient,
the presence of an elevated level of autoantibodies, as

compared to a “normal control”, is taken as an indication of



- 49 - autoantibodies may be used as a bi ol ogi cal marker for disease
stat e/ di sease susceptibility. The inventors have shown that

subst anti al advantages are gained by the use of a cross titration
approach to detect autoantibodies in patient 5 sanples. It is

t heref ore reggosmabhgst 0 conclude that simlar advant agescsbdhose
gai ned by the use of the cross titration approach to detect

aut oanti bodi es that are biological-markers for diseases other than
cancer. The nethod is therefore applicable to detection of any 10
aut oanti body which serves as a biological marker for a disease state
or di seasetigdlgpeepihdy loift ¥antdx dnytitk seasent wWhiteh hascraéenorstrodi (or

can be shown %}&e tl%gel%s% CI ?anttk%gdleasu%?g%&b InCIFﬁg)Lictl on. O her

applicati ofi e 1 nventron 1 but are not
limted toindletidoalon p@ffafamhiahtagbﬂ@ﬁf@@whmotaﬂlévbﬁl%laégl cal markers

of autoi MYNeG, B$EASL caRHED ]?assedeBn exanRkLg: | helgah Qi ghagethritis,

system ¢ Iupus erythematous (SLE), prinmary bi iliary CII’I’hOSIS (PBC)
aut oi meinebiéghesiant i iftery?- HALRPERR G VEIY hyrGi dPPFEAY 9B EUY 0i nmune
gastritis {8y the RErPHLH-QSANBLTIAY 5T AL ShBIUTE adéegsmdtutu]saz(e g.

Addi son' s di sease aut oi hy, opar.at hyrj odi.s It oinpu

di abet es (B2gGtenfypRde” &leﬁgmn@) E T%f/ ltﬁen%%‘ge&ram\a? ?ya'ng screenl ng of
patient saephmslef,othkildvey of hepattiraiiseasesdeeddivhgn todthos 2

i nsuf ficieney, Ofdl‘;g%&ﬂe o gﬁéé}ef £OL 98N nA0Es T -SCE8QRAINGaRer

patient sanpf es transpfantation to detect the presence of
ant i bodPes Wdﬁrmeed hyailnsreest ROOVE hgialbaeaskide 8%k “ORAA AP has

been left inpsitdd RRSindil-arsph an-at t@é‘)au@:ﬁnﬁg@ﬁ rb&hctahepﬁersaﬁspﬂxﬁnt ed
tissue. 30ln a further aspect the inpvention ovi des a

det ecting &ReaRRY1BBHY N %CF%ﬁe%aﬁ'BFjéeacsoﬁﬁ?’l %&aﬁeb}%edolw Qﬁ? uid from
a manmmal i ap:subjieet vonhenel nakai thsanhi badyakson -tha@ the divcested to a

forelgn substance LOLLOMCee! SO 5Pl HBIRLL A SUBLEOtaagkbe et hod

15 line” value may also be, for example, the level before a new
treatment is commenced, 2 change in the level of
antoantibodies would be taken as an indication of the
effectiveness of the therapy. The direction of the “change”
(i.e. increase vs decrease) indicating a pogitive response

20 to treatment will be dependent upen the preéise nature of
the treatment. For any given treatment the direction of the
“change” in autcantibody levels indicating a positive result
may be readily determined, for example by monitoring
antoantibody levels in comparison to other clinical or

:25  biochemical indicatoxrs of response to the treatment.

When the immunoassays are used in screening a
population of asymptomatic human subjects this may be to
identify those subjects who are at increased risk of
developing cancer, individuals having an elevated level of

30 autoantibodies, as compared to “normal” control individuals,
are'identified as being “at risk” of developing cancer. The

“normal” control individuals will preferably be age-matched



(a) separately contacting two or nore different dilutions of said
test sanple with a plurality of different anounts of an 5 antigen
specific for said anti body, (b) detecting the anount of specific
bi ndi ng between the anti body and the antigen for each conbi nati on of

test sanpl e woduahisgen used in step (a), () pl ot 01003486
calcul ating a separate curve of the anmount 10 of specific binding

versus the anount of antigen for eacdr dilution of test sanple used in
step (a), wherein the presence in the test sanple of antibody
reactive with the antigen used in the assay is indicated by a

general | y Srghapededr igegnoiigdcae ieafioy aty lpeastspowd tdbhfierent 15
concentr at | t I .y i t of the

i nvention %&ﬁg%@i h:t%infgggt?%%qﬁrstg%l%ndldﬁlgar# %ﬁ;e%ge%%%%t 89eval uate the
i Mrune r esportSePEiy Lamantal 28N esadptden, tanthisr aperkebpese mafan

subj ect, to-any forehgResubsiareecdntroduced into said subject. 20In
one enbodi nent the forei gn substance nmay be a therapeutic agent, such

as for ®xanpl e "AeUrthg SFUMREFEYS MhETeAnT BGI§SRHE py or vacci ne.
The net hodp@fullheod rofe akiyae dray i behwsed stp) assessiwhetyhbe to

adm nistration of a therapeutic agent .to atient _trj i mmune
response 2 Efgélé’éfzncéa Gt hé 1_E)iq'roosﬁuf? 7o of Wg%ﬁ t‘fgd?%%easdﬁ/gglg{r?lco%%gr an
epi t ope onatdrceherapdut.feakbygdrvingrara cdonporeAevel & del ivery
e R L T LRI T T T

i nvent 1®n Beintapepesd @it ABTIRY GARARY (R%aISPYe oty PE EOPERETHT eci se
nature of theddherapeuhicenageMont soNoindikMiiddIRg w01 e fehyent iven. | n
non-limti n% er;ﬁgdi msnt% tge \QO.(%OO& 3§084PCTI.(382007/ 003486 - 51 -
met hod of EFETATYRAT i TRIARYS ¥ UdBE v 48538 A" HENE Y esponse to
synt hejt'i c shatkispableicul es, deatlepdhy ycaoceur of rysabgt aricest natural Iy
ol nat | oSt n o ity A= B RHHEB o ReE0; £F e BEB0LS R e R

conbi n&% i omawiltsh wbxes pident §seldarsi arminr desk vierFovehi cl es. In

one useful xeabodicaeaty,t Reeneihadioboihieiinyeptdcon MBysdaiHsed to
assess the i mmune response to a non-target por.tl on of a thgrapeutl C

agent or Vé@%?%&.StB?ll'%ﬁ- F%JF gt'é‘te- particular patient under test.

The “base-line” level may be, for example, the lewvel of
autcantibodies present when the patient was first tested and
20 found to have levels not elevated above a “normal contzrol”
population. Any increase thereafter against this baseline
neasurement would be taken as an indication of the presence
of cancer in that individual. Thus the individual could
through such a baseline test become their own control for
25  future autoantibody measurement.
When the immunocassays are used in monitoring the
response of z cancer patlent to anti-cancer treatment (e.g.
vaccination, anti-growth factor or signal transduction
therapies, radictherapy, endocrine therapy, human antibody
30 therapy, chemotherapy), the presence cof an altered level of
autoantibodies after treatment is taken as an indication

that the patient has responded positively to the treatment.



10 portion is nmeant a conponent part of the adm nistered therapeutic
agent or vaccine which, in the case of a therapeutic agent, does not
contribute directly to therapeutic activity or, in the case of a
vaccine, is not intended to elicit production of antibodies in the

host. 15 Theyhopatadsget portion may be present, for examRb&mdss
facilitate purification of the therapeutic agent or vaccine or nmay be

designed to assist with delivery, _upgtake or targeting of the

t her apeuti c agent/vacci ne. Exanples of such "non-target" portions

i nclude, but are not limted to, 20 linkers or markers comonly
attached twopkeconbicnastdly oexphessedopal spepkidasepuehtsmtbioti n

| abel s, histidine tggs etc. I n .anglt hgrr O%QQOQA rg%%rogo this
astiect of St Fg"IHICERt 7oh ot RE%Y or38i GRARTIIST AR & BREY "he an | nf 6t i ous
agent, sucktasmiib whehigus trbatterti agsylrasnopn parasate.or The

| nventi on jw.l.L, he Jnugabgntﬁagﬁ%%e%qsw th hghgLencentordha bel I owing
non-limting experimental exanples: 30 Exanpleé 1 - general protocol
for OptSi neutSertiicsies ArRyigeRe Coateanef ath ot eBAA®) °Fi ¥t i on of
antigen inaa.. Qa0 bhody assaypy. Weh@Q08/L032084RCTALB2MARLO03486 -

52 - Sanples of tunmour narker antigens may be prepared by reconbi nant
expr essi on{,l'f?ol+Weﬁ§aaﬁ%ld@§65§5%3ﬁgﬂ§mf%’gt ﬁog%s eléfc?r}:e’b%7 R W0
99/ 58978. o Briefhant eDNALecrdepshidegtt hpomarhee preutsegensuf dfnt er est

were cloned into the pET21 vector (I|nvi n i.Ghhas, heeny,
modi 1 ed (8% NEGHE R hi of I P lgd 5’:%%’?%95. F%\’re]dltqaégc to aidin
puri fiiat i‘orhaofet hier expeassibedpr btwwly. Lhecatdad| ¢ innglibve |’ Gsestar e

grown in a,suitabl e hgcherd.akinbastchebkakhlt chusierihodi es), the
bacteria Iya?ejg and denatured and the expressed antigens recovered via
Ni ckel chetucenhtedhi d§vebl dn§OTI=HPRPEC CGTEr ‘&Jrlaﬂq'lcﬁ a%ai | abl e from
Amer sham  #:iQJchemt 84 MRAUERAEI AN 6F' SedPorkeacod )theThesaxpnessed anti gens
15 were renatuped by dialysis L0 BRAGOPRL G AULE 8 20d: L
15 and/or monitoring response of an individual to essentially
any known anti-cancer treatment. This includes, for example
human antibody therapy wherein monoclonal or polyclonal
antibodies are infused into the patient, a non-limiting
specific example being treatment with the anti-growth factox
20 antibody Herceptin™ (Baselga, J., D. Trxipathy et al., J Clin
Oncol., 14(3), 737-744, 1996). The presence of a natural
autcantibody response may enhance or inhibit the
effectiveness of treatment with artificially infused
therapeutic antibodies. Using the method of the invention
25 it is possible to correlate response to any anti-cancer
treatment, including antibody therapy, with natural levels
of autoantibodies prior to and over the course of the
treatment in any patient or group of patients. This
knowledge may then in turn be used to predict how other

30 patients (or the same patient in the case of repeated

treatment) will respond to the same treatment.



yield of expressed protein assessed by SDS- PAGE, western bl ot and
ELI SA and quantitated prior to storage. Unless otherw se stated, all
antigens used in the foll ow ng exanpl es were prepared by reconbi nant
.expression fromthe 20 nodified pET21 vector and were therefore

expressed asw{)%g[&g[ﬁgr oteins conprising an N-term nalpé}'}%t%&(%g&%tﬁi on
nBan

tag (derived TrompET21) and a CGtermnal H s tag.

accession nunbers for a nunber of _nppker cDNAs (or 25 the encoded
proteins) are as follows: P53: B003596 c-mnmyc: V00568 HER2 (erbB-2)
isoforma: NP 004439 30 1. Antigens were diluted to appropriate

concentrationsyidy Ond MikRALRODAIEL PUFLIs tihegedidybadyserially to
forma sem-log titration range (see table 1). Antigen dilutions were

WO 2008/ 0F2088F=CF/ eBYeRFE 0038 86 eserse -olyiaSpdhcrpat 50y Q&1 into
the rows Qfitaafdieanss Gotthtreatpleate a€comgbngd tie Bl dtemszayout using

a Tecan Evol Xzer robotilgergiagetti ngiisggti on EI tes were covered and

stored at ABEFH 748512 P % WAL REd HHEESi WWPBS + 0. 1%

tween 20 usingrah altenbteedtapl edreowdshery thehetalpped dry on tissue
paper. 3. _P : : i t ' Syl b1 d ath.on. huhter

10( HSB, Pé‘§lt§'£‘g§l%}\leﬁ%§sd%%%sgwg¥éa%§? %‘)gfaﬁﬁig-‘o’i‘gﬁﬁ??‘ for 90 mins
(store coveredatrhedCpot Mavpdugi ey BLEERPHF iPhcEHRATOR2SEL WM sanpl es
were defrQgt@deavonkexesy and/serd@dchyndidiuicedtériaa sem |og 15 series
from1/30 to 1/10,000 in HSB at_roomtenperatyure in tubes. , 5. Plates
were enpt ifdde R AP Bed R y PORTTT SEHETPapdY BRIt g’ﬁsg"érlﬁlr% sanpl es

were dispeanrsel adtabApkhewldori ahe mrdticular patient under test.
The “base-line” level may be, for example, the level of
autoantibodies present during a period of remission from
disease based on clinical, imaging and/cr biochemical
criteria. _

15 The assay method of“the invention may be applied in the
detection of many different types of cancer, of which
examples are breast, bladder, colorectal, prostate, lung,
pancreatic and ovarian cancers. The assays may complement
existing methods of screening and surveillance. For

20 example, in the case of primary breast bancef immunoassays
for autoantibodies could be used to alert clinicians to
biopsy small lesions on mammograms which radiographically do
not appeaXr suspicious or to carry out breast‘imaging or Lo
repeat imaging earlier than planned. 1In thevclinic, the

25 assay methods of the invention are expected to be more
objective and reproducible compared to current imaging
techniques {i.e. mammography and ultrasound), the success of
which can be operator-—dependent.

“Panel assays” may be tailored having regard to the

30 particular clinical application., A panel of antigens for

detection of autoantibodies to at least p53 and HERZ-neu (c-—

erbB2) is particularly useful for many types of cancer and



20 wells of the mcrotitre plate using an electronic nmulti- channel
pipette to forma sem-log titration range (see table 1). Plates
covered and incubated for 90 mns at roomtenp with shaking. 25
6. Wash step: Plates were washed three tines in PBS + 0. 1% tween 20
usi ng an aut t g | at e washer then tapped dry on tissue paper.
7.Fbrseradi§ﬁg§%§”§@aase conj ugat ed rabbit anti-hunaﬁqquﬁ%%%”“
30(Jackson, 1/10,000 in HSB) was dispensed at 50 pl/well into al
wells of the microtitre plate. HRP-conjugated rabbit anti-nouse ig
(1/1000 in USE) was dispensed into control - 54 - wells containing

anti-anti gefl, apth Bty Bhabgseresiddechnouhat ad-adrs aamdenrp for 1

hour with shaking. 8. "Plates were washed_as in step 6. 5 9.
Pr e- pr epar 88P"AVESEHAH AT e idl FREIRYE G USBPI TRERE afd pPERE iPfcubat ed
on bench fese RrAituldl abeSewere genddiectappedokoeinglelfod 0. Opti cal

density of wel Itscwas rd%%grmrgeeldﬁtthaOdgglg%l a sta d q | at e
reader probdTHIt “tapi%e “1¢ BtAndArd b BB Tt e 0935 5%%7%@%8 112
anti gen510apdfad c-myc and/or BRCAL and/or BRCAZ and/or PSA and/or
mammaglobin and/or EpCam and/or EGFR and/or cytokeratins
and/or NY-ESO-1 and/or NY-BR-1 and/or annexin 11A and/or
survivin whereas for bladder cancer the panel might
optionélly include MUC 1 and/ocr c-myc, for colorectal cancer
10 ras and/or APC and/or MUCZ2, for prostate cancer PSA and/or
BRCA 1 and/or BRCAZ2 and/or pé2, for ovarian cancex BRCAL
ancd/or BRCAZ2 and/or CAl25 and/or beta-HCG and/or kaliikreins
and/or APC and for lung cancer livin and/or survivin and/or
LpCam and/or recoverin and/or cytokeratins and/or l-myc and
15  or CEA and/or MUC 1 and/or recoverin, for hepatocellular
cancer AFP and/or beta HCG and/or gp78 and/or pé2 and/or
survivin. There are other preferred embodiments in which
p53 or HERZ-neu are not necessarily essential.
In the case of breast cancer suitable panels could be

20 selected from the following:

p53 and MUC 1 with optional HER2-neu and/or c-myc, and/or
BRCAl and/or BRCAZ2 and/or P3A and/or NY-ESO-1 and/or NY-BR-1
and/or EpCam and/or mammaglobin and/or survivin and/or

25 annexin 112 and/or cytokeratins and/or EpCam;
p33 and c-myc with optional HERZ-neu and/or MUCL and/or
BRCA1 and/or BRCAZ and/or PSA and/or NY-ES0O-1 and/or NY-BR-1
and/or EpCam and/or mammaglobin and/or survivin and/ox
annexin 11A and/or cytokeratins and/or EpCam;

30 P53 and BRCAIL with optional c-erB2 and/or MUC 1 and/or c-myc
and/or BRCAZ and/or PSA and/or NY-ESO-1 and/or NY-BR-1



Serumat 1 in 30 antigen 10 pg/m Serumat 1 in 100 antigen 10 pglml
Serumat 1 in 300 antigen 10 pent Serumat 1 in 1000 antigen 10 pg/ m
Serumat 1 in 3000 antigen 10 pal Serumat 1 in 10000 antigen 3 pg/m
Serumat 1 in 30 antigen 3 pg/mL Serumat 1 in 100 antigen 3 pgtnl
Serumat 1 i tigen 3 tight Serumat 1 in 1000 antigen 3 pg/ m
Serum at 1 iﬁmgg’g@%%ﬁtigen 3 pg/m Serumat 1 in 10000¢™4 P‘ﬁ@??“@

pg/m Serumat 1 in 30 antigen 1pg/nf. Serumat 1 in 100

and/or EpCam and/or mammaglobin and/or survivin and/ox
annexin 11lA and/or cytokeratins and/or EpCam;
p53 and BRCAZ2 with optional HERZ2-neu and/or MUC 1 and/oxr c-
myc and/or BRCAL and/or PSA and/or NY-ESO-1 and/or NY-BR-1

5 and/or EpCam and/or mammaglobin and/cr survivin and/or
annexin 11A and/or cytckeratins and/or EpCam;
HER2-neu and MUC 1 with optional p53 and/or c¢-myc, and/or
BRCAL and/or BRCA2 and/or PSA and/or NY-ESO~1 and/or NY-BR-1
and/or EpCam and/or mammaglobin and/or survivin and/or

10 annexin 11A and/or cytokeratins and/or EpCam;

HER2-neu and c~myc with opticnal p53 and/or MUCL and/or
BRCAl and/or BRCAZ and/or PSA and/or NY-ESO-1 and/or NY-BR-1
and/ocr EpCam and/or mammaglobin and/or survivin and/cr
annexin 11lA and/or cytokeratins and(or EpCam;

15 HERZ-neu and BRCALl with optional pSéland/or MGC 1 and/or c-
myc and/or BRCAZ and/or PSA and/or NY-ESO0-1 and/or NY-BR-1
and/or EpCam and/or mammaglobin and/or survivin and/or
annexin 11A and/or cytokeratins and/oxr EpCam;

HER2Z-neu and BRCAZ with optional p53 and/or MUC 1 and/or c-

20 myc and/cr BRCALl and/or PSA and/or NY-ESO-1 and/or NY-BR-1
and/or EpCam and/or mammaglobin and/or survivin and/or
annexin 11A and/or cytokeratins and/or EpCam.

Such panels might also include 53 and/or c-myc and/or NY-
ESC-1 and/or BRCAZ.

25 In the case of colorectal cancer suitable panels could
be selected for example from the following:
p53 and ras with optional HERZ-neu and/or APC and/or MUC 2;
P53 and APC with optional HER2-neu and/or Ras and/or MUCZ;
Ras and APC with optional p53 and/or HERZ-neu and/or MUC2

30 Such panels might also include CEA and/or CA19-9.

In the case of prostate cancer suitable panels could be

selected for example from the following:



antigen 1 pg/m Serumat 1 in 300 antigen 1 pg/m Serumat 1 in 1000
antigen 1 pgfm Serumat 1 in 3000 antigen 1 Riml Serumat 1 in 10000
antigen 0.3 pg/nmlL Serumat 1 In 30 antigen 0.3 pglnl Serumat 1 in
100 antigen 0.03 pg/m Serumat 1 in 300 antigen 0.03 permi Serum at

1 in 1000 antigen 0:03 pg/m Serumat 1 in 3000 antigen, 0.03 [l
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p53 and PSA with optional BRCA1l and/or BRCA2 and/or HERZ~neu
and/or p62;
HER2-neu and PSA with optional p53 and/or BRCAl and/or BRCA2
and/or p62.

5 Such panels might also include PSMA and/or PSCA and/or
kallikreins.

In the case of ovarian cancer suitable panels could be

selected for example from the following:
p53 and CA125 with optional HER2-neu and/or BRCAL and/or

10 BRCA2 and/or APC;

HER2-neu and CA125 with optional p53 and/or BRCAl and/oxr
BRCAZ and/or APC.

Such panels might also include annexins and /or CAGE and/ox
-5,

15 In the case of lung cancer suitable panels may be
selected from:
p53 and WY-ESO-1, optionally with further markers;

HER2, annexins, livin, survivin, recoverin, MUC 1, c-myc,l-
myc, CER, beta HCG, CAGE and 4-5. _

20 Where the method of the invention is used to perform a
"panel assay" based on two or more tumour marker antigens
derived from different proteins, at least one of the
antigens in the panel must be tested in a cross titration
assay accordiag to the invention, based on testing of two or

25 more dilutions of the test sample against multiple different
amounts of the antigen to form a series of titraticn curves,
one for each test sample dilution used. Preferably each of
the antigens forming the panel is tested according to the
cross titration assay of the invention and a series of

30 titration curves plotted/calculated for each individual

antigen in the panel.



pg/mM Serumat 1 In 30 antigen 0.1 ugh] Serumat 1 in 100 antigen 0.1
pg/ Ml Serumat 1 in 300 antigen 0.1 pg/m Serumat 1 in 1000 antigen
0.1 pg/m Serumat 1 in 3000 antigen 0.1 pg/m Serumat 1 in 10000
antigen 0.03 pg/nmL Serumail in 30 antigen 0.03 pg/nm Serumat 1 In

100 antigen 0.03 /m Serumat 1 in
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The inwvention also contemplates that a cross titration
assay for detection of at least one anti~tumour marker
antibody may be used.in combination wilh an assay designed
to detect at least one tumour marker protein (which may be

5 related or unrelated to the antigen used in the cross
titration assay) in the same patient sample. Thus assays
for anti-tumour marker autcantibodies and assays for tumour
marker proteins may be performed in parallel on a single
patient sample.

10 In a further embodiment, the immunoassay method of the
inveniion may be used in the selection of an anti-cancex
vaccine for use in a particular patient., In this embodiment
a sample of bodily fluid taken from the patient is tested
using a panel of two or more antigens, each corresponding to

15 a different tumourlmarker protein, in order to determine the
relative strength of the patient’s immune response te each
of the different tumour marker proteins. The “strength oI
immune response” to a given tumour marker protein or
proteins is indicated by the presence and/or the amount of

20 cancer—associated autocantibedies specific to that tumouzx
marker protiein detected using the immuncassay:; where
autcantibodies are guantified, the greater the level of
cancer—associated auto-antibodies, the stronger the immune
response. The tumour marker protein or proteins identified

25 as eliciting the strongest immune response or strong
responses in the patient (i.e. the highest level of
autoantibodies) is or are then selected to form the basis of
an anti-cancer wvaccine for use in the patient.

The utility of the method of the invention is not

30 limited to detection of anti-tumour autoantibodies, although
the assay is particularly useful for this purpocse. Cancer

is just one example of a disease wherein detection of



antigen 0.03 pg/mM Serumat 1 in 1000 antigen 0.03 pg/nl Serumat 1
in 3000 antigen 0.03 pg/mM Serumat 1 in 10000 antigen 0.01 pganl
Serumat 1 in 30 antigen 0.01 pglm Serumat 1 in 100 antigen 0.01
pg/mM* Serumat 1 in 300 antigen 0.01 pg/m Serumat 1 in 1000

antigen 0.01 /m Serumat 1 In 3000 i )
in 18000 ngoasmsmm antigen 0.01 pgfl’cr?/(;ggorwléo@a%t 1
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autoantibodies may be used as a biological marker for
disease state/disease susceptibility. The inventors have
shown that substantial advantages are gained by the use of a
cross titration approach to detect autoantibodies in patient

5 samples. It is therefore reasonable to conclude that
similar advantages will be gained by the use of the cross
titration approach to detect autoantibodies that are
biological markers for diseases other than cancer. The
method is therefore applicable to detection of any

10 autoantibody which serves as a bilological marker for a
disease state or disease susceptibility, in any disease
which has been shown (or can be shown) to be associated with
autoantibody production.

Other applications of the method of the invention

15 include, but are not limited to, detection of autoantibodies
that are biological markers of autoimmune disease, such as
for example rheuvmatoid arthritis, systemic lupus
erythematous (SLE), primary biliary cirrhosis (PBC),
autoimmune thyroiditis {e.g. Hashimcto’s thyroeiditis),

20 autoimmune gastritis (e.g. pernicious anaemia), autoimmune
adrenalitis {e.g. Addison’s disease), autcimmune
hypoparathyriodism, autoimmune diabetes (e.g. Type 1
diabetes) or myasthenia gravis and screening‘of patient
samples for kidney or hepatic disease leading to

25 insuffieciency or failure of either oxrgan, and for screéning
of patient samples post-transplantation to detect the
presence of antibodies directed against either the diseased
tissue (which has been left in-situ post-itransplantation)} ox
against the transplanted tissus.

30 Tn a further aspect the invention provides a method of
detecting an antibody in a test sample comprising a bodily

Filuid from a mammalian subject, wherein said antibody is



WD 2008/ 032084PCT/ GB2007/ 003486 - 55 - carbonate buffercarbonate

buf f er car bonat e buffercarbonate buffercarbonate buffercarbonate
buffer Antigen titration curves were constructed using nean val ues of
duplicates for each sanple across the range of serumdilutions. A

val ue corres ondlng to the level of non- 5 specific binding for each
serum di | ut i OR*REE“®Al cul ated by subtracting a backgr U elEsss
(serumat 1/10,000 and no antigen)_f.romthe val ue obtained for

bi nding to no antigen for each serumdilution. This was then used to
correct for non-specific binding in each set of duplicates. 10
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p53 and c sanmples ( e renoved
from the stnidyod® dyecabseantiggndépd rschatethisasian mdd tapl BPHenel vy

hi gh | evel g, phnadigantkhody &i-pdiing, across a range of serum and
antigen concentrat] ons. Figure 1 gives exan?rges of curves obt ai ned

when the clds&+36°¥1% Pat FW%&?gvﬁasseﬁgﬁﬂtet& asUr ERF5F AT - nyc
aut oanfa boslt epekbhr SEMURYIhd xea@ubetiseeamotﬁtatoff aht SpETe flov\ﬂaach .
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concent r atexkseera i vhegtesie @trlpéﬂgceﬁstantulgq:rad seastﬂevqoer@tédth%wever
in other samples (fd1nSEAP! 8319150 20d.d80%0) o LhR.ULYeS were
shaped or sigmoild curve for at least two different

15 concentrations of the testc saméle. A

In this aspect of the invention the cross titration
methodology may be used to evaluate the immune response of a
mammalian subject, and preferably a human subject, to any
foreign substance introduced into said subject.

20 In one embodiment the foreign substance may be a
therapeutic agent, such as for example a drug or prodrudg,
human antibody therapy or wvaccine. The method of the
invention may be used to assess whether administration of a
therapeutic agent to a patient triggers an immune response

25 leading to the production of antibodies specific for an
epitope on the therapeutic agent, or a component of a
delivery vehicle, excipient, carrier etc. administered with
the therapeutic agent.

The antigens used in this smbodiment of the invention

30 may be synthetic or naturally cccurring.

The precise nature of the therapeutic agent is not

limiting to the invention. In non-limiting embodiments the



5 essentially flat but with increasing signal as the serum
concentration increased. This was deenmed to be due to nonspecific
bi ndi ng of serum i munogl obul i ns and was conpensated for by the
Pon-fpecific bi ndi ng correction as descri bed above. 10 Autoanti body
evel s were expressed as the optical densit 650n due to bindin
to the test BREIGER%i nus that due to non-s%egificn%iWHWﬂ8®“$H?G )
normal cut-off was cal cul ated as the 95th percentile (nean + 2
standard devi ations) of the 15 norﬁa]'éroup. Sanpl es were deened to
be positive if they showed | evel s above cut-off in at |least 2 serum

dilutions b en.1/.30.and .1/ 10 d ' X ations
bet ween 1dﬁ§%m 8h§*Fh5FV ?&#ﬁégg%ﬁgiPégggg%%%ggggggﬁgééntified I n
table 2. 2feshwhEgere .SRothetie swellmalarples NetppadPBCoccurring

p53J001171 _25 RPTiS o L
(79714 (%%%/Sgcgg% & %@%%11 SR Seat st SR prdmad

biological agents, or any combination of two or more of the
5 foregoing, optionally in combination with excipients,
carriers or delivery vehicles.

In one useful embodiment the method of the invention
may be used to assess the immune response fo a non-target
portioﬁ of a therapeutic agent or wvaccine. By “non-target”

10 portion is meant a component part of the administered
therapeutic agent or vaccine which, in the case of a
therapeutic agent, does not contribute directly to
therapeutic activity or, in the case of a vaccine, is not
intended to elicit production of antibodies in the host.

15 The non-target portion may be present, for example, to
facilitate purification of the therapeutic agent or vaccine
or may be designed to assist with delivery, uptake or
targeting of the therapeutic ageni/vaccine. Examples of
such “non-target” portions include, but are not limited to,

20 linkers or markers commonly attached to recombinantly
expressed polypeptides such as biotin labels, histidine tags
etc. _

In another embodiment of this aspect of the invention,
the foreign substance may be an infectious agent, such as

25 fungus, bacteria, virus or parasite.

The invention will be further understood with reference

to the fellowing non-limiting expeximentél examples:

30 Example 1 — general protocol for Optimal Serum and Antigen

Concentration {[OSAAC) titration of antigen in an

autoantibody assay




WO 2008/ 032084PCT/ GB2007/ 003486 - 57 - p53 +ve pool Total 2/14
(1499 5/ 14 (3699 5 Table 2: Positivity of AAb neasurenents in normnal
and breast cancer sera. A sanple was judged to be positive if the
nonspeci fic binding corrected val ue was hi gher than the nmean + 2SD of

the normal s sted in at least two antigen - cQ ntrations
AND t wo serdﬁggﬁﬁgyéyns. 10 Examle 3 - Anal s?s of tﬂgﬁ§gh§@¥¥¥it
and s.ecificit of cross titration assays conpared with antigen
titration al one Autoantibody (AAb) neasurenents were perforned on 14
wonen 15 with prinary breast cancer (PBC) using both a cross
titration assay (OSAAC) and an antigen only titration nethod in which
aut oanti body nmeasurenents were only perfornmed at a serumdilution of
1/ 100. Sanpimedefetl [HECHE I I Be PO PVBRY P9 REGPEESe8Yed cut - of f

level s at hoidnlfaan@x3rpgé 1dh ORoRlbRGgaghd GRR Ukl hediddante uhese Tabl e

2 bel ow shows a_direct i.son of the two nethods: Anti gen
Antigen ti ?%&W%ﬁdﬁﬁiﬂ%bggﬂgﬁws~ g

5
Briefly, cDNAs encoding the marker antigens of interest were
cloned into the pET21 vector (Invitrogen) which has been
modified to encode a biotin tag and a 6xhistidine tag to aid
in purification of the expressed protein. The resulting

10 clones are grown in a suitable bacterial host cell ({in
inclusion bodies), the bacteria lysed and denatured and the
expressed antigens recovered via Nickel chelate azZfinity
columns (Hi-trap, commercially available from Amersham,
following manufacturer's protocol). The expressed antigens

15 were renatured by dialysis in appropriate buffer and the
yield of expressed protein assessed by SDS-PAGE, western
blot and ELISA and gquantiltated prior to storage. Unless
otherwise stated, all antigens used in the following
examples were prepared by zecombinant.expression from the

20 modified pET21 vector and were therefore expressed as fusion
proteins comprising an N-terminal biotinylation tag (derived

from pET21} and a C-terminal His tag.

GenBank accession numbers for a number of marker cDNAs (or
25 the encoded proteins) are as foliows:

P53: B003596 '

c-my¢: V00568

HERZ {(erbB-2) isoform a: NP_004439

30 1. Antigens were diluted to appropriate concentrations in
0.1 M carbonate buffer then diluted serially to form a semi-

log titration range (see table 1). Antigen dilutions were



OSAAC Assay 25 p53 sensitivity 5/14(36% 7/14(50% specificity
13/14(93% 13/14(93% c-nyc sensitivity
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dispensed at 50pl/well into the rows of a Falcon micotitre
plate according to plate layout using a Tecan Evolyzer
robotic pipetting station. Plates were covered and stored at
4°C for 48 h.

2. Plates were washed once in PBS + 0.1% tween 20 using an

automated plate washer then tapped dry on tissue paper.

3. Plates were blocked with high salt incubation buffer
10 (HSB, PBS + 0.5M NaCl + 0.1% casein) at 200 pl/well for 90

mins {store covered at 4°C).

4. During blocking incubation, serum samples were
defrosted, vortexed and serially diluted in a semi log
15 series from 1/30 to 1/10,000 in HSB at room temperature in

tubes.

5. Plates were emptied and tapped dry on tissue paper.
Diluted serum samples were dispensed at 50pl/well into all
20 wells of the microtitre plate using an electronic multi-
channel pipette to form a semi-log titration range (see
table 1). Plates covered and incubated for 90 mins at room

temp with shaking.

25 6. Wash step: Plates were washed three times in PBS + 0.1%
tween 20 using an automated plate washer then tapped dry on

tissue paper.

7. Horseradish peroxidase conjugated rabbit anti-human Ig
© 30 (Jackson, 1/10,000 in HSB) was dispensed at 50 pl/well into
all wells of the microtitre plate. HRP-conjugated rabbit

anti-mouse Ig (1/1000 in HSB) was dispensed into control



3/ 14(21% 5/14(36% 30 specificity 12/14(86% 12/14(86% WD

2008/ 032084PCT/ GB2007/ 003486 - 58 - Table 3: Conparison of the
Antigen Titration nethod of calculating AAb sensitivities at only one
serumdilution conpared with OSAAC assay. 5 It can be seen that by
using a series of antigen titration curves in which both antigen
concentrat i o2& ¥ um concentration are vari ed, bot FFECRPGHESS
sensitivity and at | east as good sp%ﬁi[icity wer e obtai ned conpared
with a titration curves in which onl’y antigen concentration is 10
varied. The cross titration assay (OSAAC) for autoanti body

MeasUr et N3S BRRN ROL 10 RE SUPSLL Ol a1 ASAAYDESERON
antigen titration against a single serumdilution in 15 terns of
sensi tivi t\pduppteheatdepertiH® 60T pt invlryWwbregsekethrcer. This is the
case for both p53 and c-nyc autoanti bodies and there is no reason to
assune that this will not be true for a range of antigens. Wthout

bei ng bourftt by PLREDT TR NS5 FRatit S¢BRsPders there are a number 20
of reasons for the observed higher sensitivity of assays based on
cross titratiog of antigen,and test.Sanpleadds) Ihes@nsay.{ ot has a
much br oader dynan?c range.

plate incubated on bench for 10 min. Plates were gently

10 10. Optical density of wells was determined at 650 nm using
a standard plate reader protocol.
Table 1: standard plate layouts
1 2 3 4 5 5 7 8 5 10 11 12
A [ antigen 10 ug/ml | antigen 10 pgiml | antigen 10 po/iml | antigen 10 ug/ml | antigen 10 ug/ml | antigen 10 pg/mi
Serum at 1in 30 | Serumat 1in Serum at 1in Serumal 1in Serum at 1 in Serum at 1 in
100 300 1000 3000 40000
8 | antigen 3 pa/m! antigen 3 pgim] antigen 3 yg/ml antigen 3 pg/ml antigen 3 pg/ml antigen 3 pgfml
Serum atin 30 | Serumatin Serum at 1in Serum at tin Serum at 1 in Serum at 1 in
100 300 10600 3000 10000
C | antigen 1 yg/mi anfigen 1pgimi antigen 1 yg/mt antigen 1 pafml antigen 1 pgiml antigen 1 pg/ml
Serum at1in30 | Serumat1in Serumat 1in Serum at 11in Serum at 1in Serumat1in
100 300 1000 3000 10000
D § antigen 0.3 antigen 0.3 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 ugfml
yafml pglml ugimi paiml pgimi ' Serum at 1in
Serum at 1in 30 | Serumatiin Serumat 1in Serum at 1in Serum at 1 in 10000
100 300 1000 3000
E | antigen 0.1 antigen 0.1 antigen 0.1 antigen 0.1 ug/m} | antigen 0.1 ug/mi | antigen G.1 pg/ml
Jtg/ral yg/ml Hgiml Serum at 1 in Serum at 1 in Serum at 1 in
Serumat1in30 { Serumatiin Serum at 1in 000 300G 000G
100 300
F | antiger 0.03 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0,03 ygiml
Hg/ml pg/ml pgimi pg/ml pgimi Serum at 1in
Serumat1in30 | Serumatiin Serumat 1in Serum at 11in Serum at1in 16000
100 300 1000 3000
G | antigen 0,01 anfigen 0.01 antigen 0.01 antigen 0.01 antigen 0.0H antigen 0.01 pgimt
pgfml {gimi Hafml’ Bo/mi pgfml Serum at 1 in
Serum at1in 30 | Serumat 1in Serumat 1in Serurn at 1 in Serurn at 1 In 10600
1060 300 1000 3006

tapped to mix.




25Thi s provides the scope to detect both low affinity antibodi es at
hi gh anti gen concentrations as well as high abundance anti bodi es
whi ch woul d ot herwi se hook at high antigen concentration. 30 (ii) Low
abundance anti bodi es that may be masked by high | evel s of
non-speci fic_ binding can be detected at |ow serumconcentration. -
59 - (iii) TR WP %’(jent criteria for defining a sanpi©@ &@&'PBEH ve
(above nean + 2SD of a normal popul atdi on for at |east 2 antigen
concentrations and 2 serum5 dilutions) applied here neans that the
techn|C|an can be nuch nor e confldent that a positive nmeasurenent is
SH TN = PV Jet Eatds mm cer
sera by dutlgen cross-titration—Serafrommwonenm wtiT primary br east
cancer (PBC, n=8 (6 PBC sera were the same between all antigens and 2
PBC sera woteIes Spegtion eerst Here o3 s6Fuete EebsY prdtel 1Y% and
wonen wit honon@ihgensse of aRbd gRaple dicieasec N Thlye Wer €ebafd in this
study. The assay was}gerforned in du I|c te u5|ng f quification of
Fry’

t he genera?lHFﬁPBEOI FE¢PF bEF °RP ©theg e & of

m crotitrespldtfes wetdingodbedeasht heaund |dget:t12<£h pnaet eéhsxlar.e@dwbi nant
53, ECD6 SO e d

Pragnent. %é?tﬁgabggin%qggﬁgg%ﬂgfggggié%%ﬁgmaC| g%g Efothe ful

| engt h HEREn{iareiniB- Q;orammovabm @éau@vbéoghbmlmlﬁd‘é@ T&C@é?é‘ﬁ?}h

NM_ 004439 %w%c&los@&#&ﬁﬁm&al bhot i ahbon2equencsand £.C 25
termnal H's tag. The ECD6 3" fragnent antigen conprises am no acids

361 to 647791 Stpﬁ’élfh‘FIb:‘i“élﬁﬂ'gherERQh(%‘?boé’LZ?u%Jrﬁcﬁﬁeam d sequence shown
under agcession NM 004439, again fused to an N-termnal biotinylation

sequence apd a .C al His la 30 . . ) . .
2008/03208§rbuIUDLU %hfg*uu _ %upoantfggdles in primary breast
cancex

The following data were obtained from a pilot study to

15 assess the sensitivity and reproducibility of a panel of
cross titration autoantibody assays (0SARAC) in primary
breast cancer (PBC}. The study included serum from 14 women
with no evidence of cancer and pre-operative serum samples
from 14 women with primary breast cancer. WNormal and cancer

20 samples were age matched.

The assay was carried out according to the protocol given in
example 1 using the antigens p53 and c-myc. Two normal
samples {one for p53) had to be removed from the study

éﬁ because they demonstrated sustained and extremely high
levels of autoantibody binding across a range of serum and

antigen concentrations.

Figure 1 gives examples of curves obtained when the cross
30 titration assay was used L0 measure p53 and c-myc

autocantibodies in serum. It can be seen that For some



nM 1.6 nM 0.5 nM 0.16 nM A "no antigen” control of buffer only
was included as the bottomrow of each plate. The antigens were

all owed to adsorb for 48 hours after which tine the plates were
washed and bl ocked for 90 min with PBS 5 containing casein (0.1% w v)
and NaCl (0.5M. During the bl ocking incubation a set of serial serum
titrations WEPEYBPRSAS ed in tubes, at dilutions of 1:B@ep2007/003486

1: 800, 1: 400, 1:200, 1:100 and 1: 50 Igol | om ng renoval of 10 the

bl ocki ng buffer, these were added 16 he ant | gen-coat ed pl ates
(dilutions 1:1600 1: 800, 1:400, 1:200, 1:100 and 1:50 added across
the plates_left- t rlg d e r, 9 e remai nder of
t he assay e lf)er ggl)la%f%eégrﬁf?%%glhi gagl) T % Pgiﬂ] (é?ate | ayout is
summar i sedtii-—r-ra%orﬁ g’@fre ohtaimedgertt ithe atddn C@H?‘%@@E\R@iﬂeﬁ?@nst ructed

usi ng mea 1\e%ee§né)fst%9&é§@ts§§n£p§ %agiapé@aaal e B&¥%s thednapge of
serumdilutionS. A value corres he | evel autoantibody 20

response WRPIERI ERr&d BRI HQE?@ r‘?d’dnﬂa?lossyec@?cc‘b%’@ﬁgf%’ffnd (the
serum r@swﬁ@ta@m}ﬂﬂae ﬂlﬁlﬂMl&ﬁtirgﬁjé)asll@SAthﬁl RKepmheseatat | ve

titration curve re shown in Figure to, 7 5.1t ¢ b en that
for sone s%??ﬁleggratm& TERRT eSS 28@1’5 A DUE56 For beE%%& o }range of
titrati onsspeeriéiobtiaidied of tderuhelimpsicgtopclamsr an@dhfas%era giving the

strongest signale.as expeotad HOWBKRN 0 hengSarplesibe & sampl es

MW272 and fragnment), the curves were essentially
30 flat butesgrihed m&¥¥&si ng signal as the serum concentration
increaggd. This was deemed to be due to non-specific binding of serum
i mmunogl obulins. . WD 2008/ 032084PCT/ GB2 07/ 0 486 : 611d Pot5| tive
cut-offs m%‘f?“@&%‘tﬂyaﬁ&aeé% THE ARATSFe2SHs groal density

(650nm} due to binding teo the test antlgen minus that due to
non-specific binding. The normal cut-off was calculated as
the 95th percentile (mean + 2 standard deviations) of the

15 normal group. Samples were deemed to“be positive if they
showad levels above cut-off in at least 2 serum dilutions

between 1/30 and 1/1000 and 2 antigen concentrations betwesn

10pug/ml and lpg/ml. The positive samples are identified in

table 2.
20
Antigen . Positive serum samples
Normal PBC
P53 J001 17179 18781
25 18237 19502
18927 19622
p53 +ve pool
Total 1714 (7%) 7/14 (50%)
30
c-myc J001 17179 18781

J041 18237 18064



nor mal popul ation. Sanples were deened to be positive if they showed
| evel s above cut-off in both runs and at either 160nM or 50nM anti gen
concentrations. Table 4 denonstrates that a serumdilution of 1:100
currently used for autoanti body detection is not always optinmal. In
addition the table shows that there is inter-antigen variation of the
opti mal ser uffPd1%PeEn. The hi ghest |evel of sensiti VEGRGCRYFOBEECDE
was 75% when serum was diluted 1:50.,This was the opposite for the
ECD6 3' fragnment where 1:50 had a 0% sensitivity. This was in part
due to increased signal against ECD6 3' fragnment in the nornmal

sanpl es anal ysed (e.g.sanples MMLJ272 15 and. g%)%g). Serum Di | ution
1:1600 1:800 1:400 1:200 1:100 1:50 p53 09 25% 37. 5%

Total 2/14 (14%) 5/14 (36%)

5 Tahle 2: Positivity of AAb measurements in normal and breast
cancer sera. A sample was judged to be pesitive if the non-
specific binding corrected value was higher than the mean +
28D of the normal samples tested in at least two antigen
concentrations AND two serum dilutions.

10

Example 3 - Analysis of the sensitivity and specificity of

cross titration assays compared with antigen titration alone

Autoantibody (AAb) measuremenis were performed on 14 women
1% with primary breast cancer (PBC} using both a cross

titration assay (OSAAC) and an antigen only titration method

in which autoantibody measurements were only performed at a

serum dilution of 1/100. Samples were deemed to be positive

if they exceeded cut-off levels at both 10 and 3 pg/ml on an
20 antigen titration curve. Table 2 below shows a direct

comparison of the two methods:

Antigen Antigen titration method OSAAC Assay

25
P53 sensitivity 5/14 (36%) 7/14 (50%)
specificity 13/14 (23%) 13/14 {93%)
c-myc gsensitivity 3/14 {21%) 5/14 (36%)

30 specificity 12/14 (86%) 12/14 (86%)



37.5% 37.5% 37. 5% ECD6 25% 37. 5% 50% 50% 50% 75% ECD6 3' 37.5% 37.5%
37.5% 37.5% 12.5% 0% Table 4: Sensitivity of the autoanti body assay

faggi nzt the 8 PBC sanpl es anal ysed for each antigen. A sanple was
J uage
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Table 3: Comparison of the Antigen Titration method of
calculating ABRb sensitivities at only one serum dilution

compared with OSBAC assay.

5 It can be seen that by using a series of antigen titration
curves in which both antigen concentration and serum
concentration are varied, beth a higher sensitivity and at
least as good specificity were obtained compared with a
titration curves in which only antigen concentration is

10 varied.

The cross titration assay (0OSARAC) for autoantibody
measurement has been shown to be superior to an assay based
on antigen titration against a single serum dilution in

i5 terms of sensitivity %or the detection of primary breast
cancer. This is the case for both p53 and c-myc
autoantibodies and there is no reason to assume that this
will not be true for a range of antigens. Without being
bound by theory, the applicant considgrs there are a number

20 of reazsons for the observed higher sensitivity of assays

based on cross titration of antigen and test sample.
8

(i) The assay format has a much broader dynamic range.
25 This provides the scope to detect both low affinity
antibodies at high antigen concentrations as well as
high abundance antibodies which would otherwise hook

at high antigen concentration.

30 (ii) Low abundance antibodies that may be masked by high
levels of non-specific binding can be detected at low

serum concentration.



20 to be positive if the non-specific binding corrected val ue was

hi gher than the nean + 2SD of the normal sanples tested at either of

two antigen concentrations. Table 5 sunmari ses the specificity of the

gsf?y where serum 25 is diluted to different concentrations. No
ifference in _assay specificity was observed using the_sanples

anal ysed in ‘E"Hi”%“s’ﬁé%%y. WO 2008/ 032084PCT/ c;|32007;”]j 003‘21‘5%‘;3-%‘%’?"31‘86

Serum Di | ution 1: 1600 1:800 1:40Q41:200 1:100 1:50

{1ii) The stringent criteria for defining a sample as
positive (above mean + 28D of a normal population for
at least 2 antigen concentrations and 2 serum

5 dilutions) applied here means that the technician can
be much more confident that a positive measurement is

a true positive.

10 Example 4 - detection of primary breast cancer sera by

antigen crogs—titration

Sera from women with primary breast cancer (PBC, n=8 (6 PBC
sera were the same between all antigens and 2 PBC sera were

15 specific to either p53 or the ECDE proteins)) and women with
no evidence of malignant disease (n=10) were used in this
study. The assay was performed in duplicate using a
modification of the general protocol described in Example 1.
Briefly set of microtitre plates -were coated with antigen

20 proteins: recombinant p53, ECDG‘(also‘known as the HERZ
external domain), or an EBCD6 3’ fragment. The ECD6 antigen
comprises amino acids 1 to 647 of the full length HERZ
{exbB-2) amino acid sequence shown under accession NM 004439
fused to an N-terminal biotinylation sequence and a C-

25 terminal His tag. ?he ECD6 3' fragment antigen comprises
amino acids 361 to 647 of the full length HERZ2 {erbB-2)
amino acid sequence shown under accession NM_00443%, again
fused to an N-terminal biotinylation sequence and a C-
terminal His tag.

30
The antigens were serially titrated down each plate at

concentrations (top to bottom) of 160 nM, 50 nM, 16 nM, 5



p53 100% 100% 100% 100% 100% 100% ECD6 100% 100% 100% 100% 100% 100%
ECD6 3' 100% 100% 100% 100%

WO 2088/032084 PCT/GB2007/003486
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nM, 1.6 nM, 0.5 nM, 0.16 nM. A "no antigen" contrel of
buffer only was included as the bottom xow of each plate.
The antigens were allowed to adsorb for 48 hours after which
time the plates were washed and blocked for 90 min with PBS

5 coataining casein {(0.1% w/v) and NaCl (0.5M).

During the blocking incubation a set of serial serum
titrations were prepared in tubes, at dilutions of 1:1600,
1:800, 1:400, 1:200, 1:100 and 1:50. Following removal of

10 the blocking buffer, these were added to the antigen-cecated
plates (dilutions 1:1600, 1:800, 1:400, 1:200, 1:100 and
1:50 added across the plates left-to-right) and incubated
for 90 min. The remainder of the assay was performed as
described in Example 1., (Plate layout is summarised in

15 Figure 2} )

Antigen titration curves were constructed using mean values

of duplicates for each sample across the range of serum

dilutions. A value corresponding to the level autoantibody
20 response was achieved by subtracting non-specific background

{the serum response against 0.16nM antigen).

Results
Representative titration curves are shown in Figure 3 to 7.
25 It can be seen that for some samples (e.g. samples 20642 and
20620 for ECD&), a range of titrations were obtained with
the most concentrated sera giving the strongest signals as
expected. Howaver in other samples (e.g. samples MVV272 and
EAD220 for ECD6 37 fragment), the curves were aessentially
30 flat but with increasing signal as the serum concentration
increased. This was deemed to be due to non-specific

binding of serum immuncglobulins.



100% 100%
5 PBC sanpl es.

Table 5: Specificity of the autoanti body assay with the 10

A sanpl e was judged to be positive if the nonspecific

bi ndi ng corrected val ue was hi gher than the nmean + 2SD of the normal
sanples tested at either of two antigen concentrations. 10 In Table 6
the optimum serumdi |l ution is conpared for the 6 PBC sera that were
anal ysed agal REV¥5¥#¥* anti gens. The opti num serum di | GTEPHLOEHE

hi ghest dilution where an autoantibqdy_response can be detected. By

way of exanpl e,

(i.e.

20593

serum 20628 could be diluted to 1:800 and a response

15 autoanti bodi es) agai nst p53 could be detected but the sanme
serum needed to be diluted 1:50 for detection of autoantibodies to
ECD6. The optimal dilution for this antigen would therefore be 1:50
so that al¥os3s¥e & -abt DAt b6y HESFE NS LheotiRdf He 2Fbe M £P8d. 20
Ser um Opt i (aabi pdfhiraniper Aakbgen R>3EERRRADE. e @atstioiva Bifl uti on

10

15

20

25

they showed levels above cut—off in both runs and at either
160nM or 50nM antigen concentrations. Table 4 demonstrates
that a serum dilution of 1:100 currently used for
autoantibody detection is not always optimal. In addition
the table shows that there is inter-antigen variation of the
optimal serum dilution. The highest level of sensitivity for
ECD6 was 75% when serum was diluted 1:50. This was the
opposite for the ECD6 3’ fragment where 1:50 had a 0%
sensitivity. This was in part due to increased signal
against ECD6 37 fragment in the normal samples analysed
le.g. samples MMV272 and BAC220).

Serum Dilution
1:1600  1:800 1:400 1200 1:100 1:50
P53 0% 25% 37.5%  37.5% 375% 37.5%

ECD6 25% 37.5% 50% 50% 0% 75%

ECD63" 37.5% 37.5% 37.5% 375% 12.5% 0%

Pable 4: Sensitivity of the autoantibody assay against the 8
PBC samples analysed for each antigen. A sample was judged
to be positive if the non-specific binding corrected value
was higher than the mean + 28D of the normal samples tested

at either of two antigen concentrations.

Table 5 summarises the specificity of the assay where serum
is diiuted to different concentrations. No difference in
assay specificity was observed using the samples analysed in

this assay.



20631 1: 50 1:50 20620 1:1600 1:1600 1:1600 20639 20628 1:800
1:5
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Serum Dilution
1:1600  1:800 1:400 1200 1:109 1:56
P33 100% 100% 100% 100% 100% 100%

ECD6  100% 100% 100% 100% 100% 100%

ECD63' 100%  100%  100% 100% 100% 100%

Table 5: Specificity of the autoantibody assay with the 10

5 PBC samples. A sample was judged to be positive 1f the non-
specific binding corrected value was higher than the mean +
28D of the normal samples tested at either of two antigen

concentrations.

10 In Table 6 the optimum serum dilution is compared for the ©
PBC sera that were analysed against all antigens. The
optimum serum dilution is the highest dilution where an
autoantibody response can be detected. By way of example,
serum 20628 could be diluted to 1:800 and a response (i.e.

15 autoantibodies) against p53 could be detected but the same
serum needed to be diluted 1:50 for detection of
autoantibodies to ECD6. The optimal dilution for this
antigen would therefore be 1:50 so that all positive

autoantibody responses could be identified.

20
Optimum Ditution per Antigen
Serum P53 ECD§é ECD6 Y Optimum Dilution
20593 - - - -
20641 - 1:50 - 1:50
20620 - 1:1600  1:1600 1:1600
20639 - - - -
20628 1:800 1:50 - 1:50

20642 1:400 1:400 - 1:400



1: 50 20642 1:400 1:400 1:400 W20081032084PCT/ GL32007/003486 - 63 -
Table 6: Optimal inter-individual dilution of the 6 PBC serum sanpl es
that were anal ysed against all antigens. Wiere the lowest dilution is
di spl ayed that was required to detect an autoanti body response

agai nst eit ECO6 or ECD6 3' 5 fragment. Table u rises
the incr easggaéég{gﬂgs assay sensitivity for detecti onPCgrf 6@?@3’%

breast cancer when using the cross. fghtration method to detect
auroanti bodi es agai nst each of 10 the tested antigens. Cross
Titration Serumat 1:100 Sensitivity66.7%33. 3% Specificityl00%400%
Tagl EC7DG @éﬁ:}&é: apsaMas ettt vidiwiandl spiecicibeidsy thsi 4PELS bot h ECD6
an 3" fragnent if the cross titratian ass i s.used instead of
serum di | G*&8™a a“fﬂfﬁo‘t‘l?%tr PR T PEEEe? aﬁng’gn% e n%ﬁ%‘flilss'eggéa%i nst
al | anti gems. lowest dilution is displayed that was required to detect

an autoantibody response against either P53, ECD6 or ECD6 3’

5 fragment.

Table 7 summarises the increased overall assay sensitivity
for detection of primary breast cancer when using the cross
titration method to detect autecantibodies against each of

i0 the tested antigens,.

Cross Titration Servm at 1:100
Sensitivity 66.7% 33.3%

Specificity 100% 100%

Table 7: Overall assay sensitivity and specificity using
15 both ECD6 and ECD6 3’ fragment if the cross titration assay
is used instead of serum diluted at 1:100 for the & PBC

serum samples analysed against all antigens.

20 Coneclusions
The OSAAC assay for autoantibody measurement has been shown
to be superior to antigen titration alone in terms of
sensitivity for the detection of primary breast cancer.
This is the case for p53, ECD6 and ECD6 3’ autoantibodies

25 and there is no reason to assume that this will not be true
for all tumour marker autocantibodies. It would appear that
this is due to the fact that this assay format has a much
broader dynamic range. This provides the scope to detect
both low affinity autoantibodies at high antigen

30 concentrations as well as high abundance autocantibodies



20 Concl usions The OSAAC assay for autoanti body neasurenent has been
shown to be superior to antigen titration alone in terns of
sensitivity for the detection of primary breast cancer. This is the
case for p53, ECD6 and ECD6 3' autoantibodies 25 and there is no
reason to a this will not be true for all r

aut oant i bodls‘zg%fﬂﬁﬁ%ul d appear that this is due to t}%]HW('f’Hzoo 3I§l§8§t
this assay format has a nuch broadersadynam c range. This provides the
scope to detect both low affinity autoanti bodies at high antigen 30
concentrations as well as high abundance autoanti bodies - 64 - which
woul d ot haﬁWSﬁ(ﬁ\EWh@Iﬂ& oaihelnivgﬁe ambkgaem ohcenmt g onncdrtradtdti on it
appears po u nt t may be masked
by hi gh Ie\f/el S o nrtl)nlst e%%% %’ fb& tctgﬁ bie&ggéogﬁ?ie at | ow serum
concentr at @@panslbodleSAltbabaﬁ@hm mip%keélnbYaWh garebh s ape- publ i shed
references, V%éé 186 NelRliRGaES NS BRYENLOLROIS) ad By s&fanenseidn their
enti reté. ile this invention has been particularly shown and
describeéd with references to 10 preferred enbodinents, it will be
under st ood by UAUIDS@tSdﬂthI eflatentt ppArdatthat, vard @uBix:h@ﬂges in form
and details thout departing,fromth

i nvention Eﬁgﬁynggge ed% Re“ ¢t &° r%xsﬁl yg%ncm@ora%eé%%pieggr%}&%
detecting &n ch%@easen’mmtef or Widilse §bes siws’@eptqnblhlaﬁt peeém a nmamal i an
subj ect, Sg‘clndc RE hed, GarpL §$&‘Qﬁe@‘é£§}9&d wtanr@fgaeaegy dd1 an unknown

test sanp wherei i’ the test anpl e conprises a bodily fluid from

sai d né%mP?%fr?—rS?aBj ‘éf@?o‘jd-ﬁ“&n%erl& f'fléblklf SREPBORPY BY a951561 ogi cal

mar ker of Q&:ﬂll%%a§§ Slat@t0Enk 3%§§6u§®1(‘a@§§é bid itbyn i ebtaeidod
conpri ses arin two or nmore dif géent di lutigns of said test

pre
sanpl e andm%%lrki‘eyimﬁg °I‘1"§ fRIOW Ag e (?‘3°p§n8%()? 9 in respect
of each teshv@mheemdmﬂalsead by ithecoMiact.i ng the test sanple
dilution with a plurality of different anmobunts of an antigen specific
for said antibody,



(ii) detecting the amount of specific binding between the anti body
and the antigen for each anmount of antigen used in step (i), (b)
plotting or calculating a separate curve of the anobunt of specific

bi ndi ng versus the anpunt of antigen fgr each test sanple dilution
used in step (a), and (c) determ ning the presence or absence of said
di sease state or disease susceptibility based upon the anount of
speci fic binding between said anti body and said antigen for each test
sanpl e di Chitison and amount of antigen tested, wherein a positive
result for presence of the antibody in the test sanple is scored by
conpari son to a cut-off result obtained froma control group

nor mal subj ddedod 0@% ecinge disessersisls ostiseass susceplitilitfiramammalanesppeect pﬁalé@@hed emmsmg

absence of t%ﬂéc R emtu%@vn% swp%aﬂ@@m %@mﬁgm%mgh@y oy @m @m@axped

based upon v

for all theMd an§ QW&W\}@IF @Mfwlﬁgﬁaf‘éﬁﬁo@@@eﬁ&sga%@@ssaéwus il e
met hod of claim1 or 2 wherein the presence or absence of said

di sease st atbichgehdicepisse susceptibility is determ ned by eval uating
the curves obtained in step (b) for the presence of one or nore
generally Ss ng
Lo ol ai m 3 Mﬁ@%ﬁm@’ﬁ@@?ﬁ@&eﬁ%@@ﬂw?@ st s RERE ST

i s indicated Myespeief epthéostspigple dbiona generally S shaped or signoid curve
for at least two different dilutions of the test sanple. 5. A nethod

From a el | adl GUBTBAY ehmePetfint b Ml GO RA0 PR whar bisel

of a di sease stanbwbr di sease susceptibility, which nethod conpri ses:
(a) preparing t‘{vﬁ’de@é;nd?ﬂé%;ﬁouﬁibf%ﬁe@ﬁcﬁﬁtﬁﬁ ISEWeéhtiHeéﬁﬂt%dy‘aﬁdtfﬁﬁﬂ I@nh@%arﬁ(ﬁiﬁ@b g[eﬁl”d
carrying out th Enng steps (|9 d (11) in respect of each test
sanpl e dllutlon §( ontacting the test sanple dilution with a
plurality of dlfferent anounts of an antigen speC|f|c for said

anti body, (iip) g]eegwnaﬁgéﬁﬁ;a@mgu@hne%o@ RPGhdit nafd RS arﬁo%ﬁtw%ﬁtgen?qﬁ)e

ant i body and unt of "antigen used 1n ste

(b) plotting 8%%@§F%E@§@p% QQW e curve of the ampunt of
speci fi ¢ bi ndi(apdetewrinng beprestnes osateencetf se disease statpendistase sussepiiiiity basertupos dermhoent

glnlt :JL'OSS us Sg o s@ecrﬁctbﬁ@?rw% een éﬁﬁ?ﬂlﬁ}ﬂeﬁn& Qﬁg@eﬁ@%ﬁt‘ﬁ st 'sem\glﬁ Dol ﬁ&é&mﬁrﬁ‘w dfeBOf
a generally St Pétﬁfg @'“6905@%&%@ oPTRsEncR @t ?@ﬁlbo%vtintheé%ﬁgs@mﬁ{wcqm Memeﬁaon oa”

dilutions of toieff esalbdbiaise frm 2cont6hgrotpenomaltsibiects. of any precedi ng cl ai m
wherein the antibody is an autoanti body. 7. The nethod of claim®6
wherein the_autoantibody is specific for tumour pmar ker protein.

The. et hod JFEMERGIOIn ivish e Peies bpegisat GoipiA coudbene SRl kAT
protein or ameduptn igenledivelveldg ofeatanont oesediobieling foe ¢otest shple Thitonnamt hrtigbn of
claim38 mherﬁaﬁi%@ﬁ tumour marker protein is selected fromthe group
consi sting 8 MJC16, c-nyc, EGFR, p53, ras, BRCAl, BRCA2, APC,
HER2- neu, PSA, CEA, CA19.9, NY-ESO I, 4-5, CAGE, PSMA, PSCA, Epcan1

cyt oker at gnThe ieghod/d ldim { orlﬂa»lhbrmmh@pr@encm aiicdof sfdReasdstdiedi$eie dBeaptbify

B e P detérths o SV e lnitroth ] nslie o SER Rty %ﬁﬁ
TATI , |nh|bﬁ@WMVWﬁﬁnt|n cox-1 and cox-2. 10. Use of the nethod of
any one of claims 7 to 9 in



- 67 - (a) the diagnosis, prognosis or nonitoring of cancer, or (b)
screening a popul ation of asynptomatic human subjects to identify

t hose subjects who are at increased risk of devel oping cancer,
wherein the sanples to be tested u5|ng the net hod are sanpl es of
bodily fluid taken fromthe subjects, 87d wherein subj ects having an
el evated | evel of autoantibodies, as conpared to normal control
individuals, are identified as belng at dsk of devel opi ng cancer,

syt omadi @%@é@@@ﬁi B0 e iRiont CERANRARE R o %@@fﬁﬁﬁiﬁ'&@d ﬁB*het he
method is aPewhaspia gesrally S alianeg orsinrpdaure o el foast trerfiferein dlutignsio| taedast sarepls
wherein the presence of an elevated | evel of autoantibodies,

conpared 0, {héﬁ%}defééﬂ%‘aﬁgtmoyﬁ’é M %hﬂﬁé &m%@#bﬂdﬁﬁﬂsdﬁ@ aarﬁlumlgﬂagi stﬁiﬁetct'w‘rﬂé?eufd)

early neOpIas
screening as @pdatsabi magle dl%%% gtecor %meemcgmeﬂ@d TOBIRERST £y

t hose subjects who have devel oped a cancer, wherein the sanples to be
tested using t f ) L :

subj ects, and @ﬁﬁ@%W"@T@@ﬁf%g“@*ﬁ?%%f*m%'exﬂé cahul R 46350 b
aut oant i boct i dESPALY! CaESS ST u@“normal control individuals, are

di agnosed as having a cancer, or (e) testing a popul ation of

synptomati ¢ hu f :
ST orati o MRy e S o HER NIRRT BB
are sanpl es of @3@@” f|UId t aken fron1the subj ects, and wherein

subj ects having{ﬁﬂeéh@MmMWmdmmmkmmbgmanmmaHMMMmmmm&ﬁwmhemmmmai@mmmm
normal control i iV als, are di agnosed as having a cancer, or (f)
nonitoring the progress of cancer or other neoplastic disease in a
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17. A method of detecting an antibody in a test sanple conprising a
bodily fluid froma mamual i an subj ect, wherein said antibody is
directed to a foreign substance introduced into said nmamali an

subj ect, the nmethod conprising: (a) pr parlng two or nore different
dilutions of said test sanple and car P ing out the foll ow ng steps
(1) and (ii1) in respect of each test sanple dilution: (i) contacting
the test sanple dilution with a plurality of different anounts of an
antigen specific for said antibody, (ii) detecting the anmount of
speci fic binding between the antibody and the antigen for each anpunt
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(i} predicting response to ant-cancer treatment, wherein the sample to be tested using the method is a sample

of bodily fluid taken from a human patient, and wherein comparison of the level of autoantibodies in said patient
with a previously established relationship between levels of autoantibodies and likely outcome of treatment is
used to provide an indication of whether the patient will respond to such anti-cancer treatment, or

{j) monitoring the response of a human cancer patient to anticancer treatment, wherein the sample to b tested
using the method is a sample of bodily fluid taken from the patient, and wherein a change in the level of
autoantibodies after treatment is taken as an indication of whether or not the patient has responded to the
freatment,



26. A nethod according to claim25 wherein at | east one of said two
or nore antibodies is an autoanti body. 27. A nethod according to
claim 26 wherein at | east one of said two or nore anti bodies is an

aut oanfi body specific for a tunour m_a%ggr pr ot ei n.

11. Use according to claim 10 in predicting response to anti-cancer treatment, wherein the anfi-cancer treatment is
vaccination, anti-growth factor or signal fransduction therapy, radiotherapy, endocrine fherapy, human antibody
therapy or chemotherapy.

12, Use according to claim 10 in monitoring the respanse of a human cancer patient o anti-cancer treatment, wherein
the freatment is vaccination, anti-growth factor or signal transduction therapy, radiotherapy, endocring therapy,
human antibody therapy or chemotherapy and a change in the fevel of autoantibodies after treatment is taken as
an indication that the patient has responded positively to the treatment.

13. The method according to claim 6 wherein the antibody is an aufoantibody characteristic of or associated with an
autoimmune disease.

14, The method according to claim 13 wherein the autoimmune disease is theumatoid arthritis, systemic lupus ery-
thematous (SLE}, primary biliary cirthosis (PBC), autoimmune thyroiditis, Hashimoto's thyreiditis, autoimmune gas-
tritis, pernicious anaemia, autoimmune adrenalitis, Addison's disease, autoimmune hypoparathyriodism, autoim-
mune diabetes or myasthenia gravis.

15, The method according to claim 6 wherein the antibody is an autoanfibody characteristic of or associated with idney
or hepatic disease leading to insufficiency or failure of either organ.

16. The method according to claim 1 wherein the antibody s directed towards an epitope present on tissue transplanted
into the mammalian subject.

17. A method of detecting an antibody in a test sample comprising a bodily fluid from a mammalian subject, wherein
said antibodly is directed to a foreign substance introduced into said mammalian subject, the method comprising:

(a) preparing two or more different dilutions of said test sample and carrying out the following steps (i) and
(i) in respect of each test sample dilution:

(i} contacling the test sample dilution with a plurality of different amounts of an antigen specific for said

antibody,
{it) detecting the amount of specific hinding between the antibody and the antigen for each amount of
antigen used in step (i),
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19.

20.
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22,

23.

24,
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21,
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(b} plotting or calculating a separate curve of the amount of specific hinding versus the amount of antigen
for each test sample dilution used in step (a), and wherein the presence in the test sample of antibody
reactive with the antigen used in the assay is indicated by a generally S shaped or sigmoid curve for at
least two different dilutions of the test sample.

A method according to claim 17 wherein the mammalian subject is a human.

A method according to claim 17 or claim 18 wherein the foreign substance is a therapeutic agent.

A method according to claim 19 wherein the therapeutic agent is a drug, prodrug, or antibody therapy.
A method according fo claim 17 or claim 18 wherein the foreign substance is a vaccine.

A method according to claim 19 or claim 20 wherein the foreign substance is a non-target portion of a therapeutic
agent or vaccine,

A methed according to claim 22 wherein the non-target portion is biofin.

A method according fo claim 17 or claim 18 wherein the foreign substance is an infecticus agent such as fungus,
bacteria, virus or parasite.

A method of detecting two or more antibodies in a test sample comprising a bodily fluid from a mammalian subject
wherein at least one of said antibodies is a biological marker of a disease state or disease susceptibility, which
method comprises:

(a) preparing two or more different dilutions of said test sample and carrying out the following steps {i} and (i)
in respect of each test sample dilution:

(i) contacting the test sample dilution with two or more sefs of antigens, wherein each one of said sets of
antigens is specific for one of said antibodies to be detected in the test sample and wherein each set of
antigens comprises a plurality of different amounts of the same antigen,

(ii} detecting the amount of specific binding between the antibody and the antigen for each amount of antigen
in each sef of antigens used in step (i),

(b) plotting or calculating a separate curve of the amount of specific binding versus the amount of antigen for
each test sample dilution with each set of antigens used in step (a), wherein the presence in the test sample of
antibody reacfive with any one of the sels of antigens used in the assay is indicated by a generally S shaped
or sigmoid curve for at least two different dilutions of the test sample with that set of antigens.

A method according to claim 25 wherein at least one of said two or more antibodies is an autoantibody.

A method according to claim 26 wherein at least one of said two or more antibodies is an autoantibody specific for
a tumour marker protein.



