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| MMUNOCASSAY2NBTHOBE Field of the invention 5The invenk¢TGBI®REIHEBE y
relates to the field of diagnostic or prognostic assays and in
particular relates to assays for thé& detection of antibodies in a
sanpl e conprising patient bodily fluid, wherein such antibodies are
used as biological markers of a disease state or disease 10
susceptibility. Backgrpypovent Piniugsshe mieawpgi agnosti c,
prognostic and/ or nonitorTmg assays 1o rery on detection of a

bi ol ogi cal marker of a particul ar di sease state or di sease

susceptihility. Such bio]ogical markers are commonly proteins or
poIypéﬁﬁiﬂbéﬂiﬂgﬁiaﬂﬁziﬁgigﬁteristic of a particul ar disease or
associated with susceptibility to disease. 20In recent years it has
becone apparent that antibodies, and in particular auioan i bodi es,
cab al so séilve evenbiopi gancaal kér sebrtaFsbasEngr Tdfddal
susceptibilily, ogptLpadi tupalk NG rapkl Bediseso
directé&ﬁ %ﬁ%ﬁ?%ﬁ?%g§%5§ﬁ?gkggng?§%?€i§ﬁ§|#é ?%%E%Ehsysten1recognises
25 as f@seygnfeverhéhdegbethat afit agehbadieal Ep erisghipdeed in the

i ndi vidual . They may, be _present i.n the circul.ation,a I l;ati
free at®BaRt?HR i%%gbannEPaéTVoFﬂFba’cW#?EF&Fiﬁ&cpnﬁﬁﬁé%§g%%%e§gg
consi sting £f Bubeegtbhediaskhedndsrt @ thgkhstasgeatcanti gesease
Differences between"a wild 30 type protein expressed by "normal"
cdld s smsiceptdbieibs.form of the protein produced by a diseased cel

or during a disease process nmay, 'in sone instances, lead to the
altered WD 2008/ 032084PCT/ GB2007/003486 - 2 -

Background to the invention

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 their 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 lnstances, iead to the altered



protein being recognised by an individual's i mmune system as
"non-sel WO aH@/08WE86 eliciting an i mmune response i n t haPCT/edrU7Q0HBo
This nmay be a hunoral (i.e B cell-nediated) immune response | eading
to the production of autoantibodi es 2 - nmmunol ogically specific to the
altered protein. WD 99/58978 descri bes nethods for use in the
det ecti on/ di agnosi s of cancer which are based on eval uating the

i mmnepf&%ﬂp%ﬂ{ afedghysdyabyt ont W9AOViaBAR’ di Shinnne Bysbem as
mar ker's. These met hods general ly involve contacting 10 a sa Ee of
bodi | y"déniselBkend riom s h@liﬁél{ﬂ/ﬂﬂuﬁl‘l WPRRE pEABPIRSE tHio gg mor e
di stingct .1 umour i gens, erivedgf a t unmour
mar ker 5oL TS andt e Dot 5 EnaBRERaty (LR ECP LT PueeRatany, |

t umour i fRIKE r @b digea sl badhdgt boctheupadingtaanoaft ebdgragibodies

i mrunol ogi cal Iy, specific 15 for the tu r rker. proteins. The
pr ésen%@“‘é‘#o%%@%]r1‘35UFB?FHSlSUFBaﬁPFngE%gESpfrgﬁgﬁnas an i ndication

of the presghces pig6RHCREscribes AHBSA¥EsWAbghuR@asYr €hlshe | mune
response of the individual to the presence of tunour nmarker prqtein

in t erdst@Otbén sdtawnesbadyipestgetri BRipRoar8ePaFeS C8r FYENE WIS he

di rect _neasurenment or ectd s LG k pr. Id¥d ¥4 i
f1 ui dsERSUTANERE 468 %Eggét Sy ?‘9 ggﬁé&?@&t&%n}%ﬁdﬁ’é’ct&ég{dﬁ 2 S%Q:gfm%the

pr esengemehir t MaPKE r 88r KEhepEOteithodBegause adfl yt Havrdiver eagft adidng

i mmune response, it is_likely that 25 _aut o% ti hodj.es ar}Ebe tzll i.cited
byLCa ver §asphe| CAndaft 181 TdirEuitateRy FEaRo i e Vl&ﬁl{f’t i and

i ndir eﬁénggt B?dﬁwp’“behma%y QR td6fec thii@ulhdairEam e Hiaspense darh
tunmour“nmarkers w [l consequently be nore sensitive than nethods for
t he di deelvedasnornmensephradieo unesick @ag ke Bedites @rgs Aty 150
met hods,_ based on,the detection of ant i.e f be of
parti cGP&r %9§WﬁEIBQrP pﬁmp&gx(%ssgggét%& %@%%graznfr%%es%!%f@%rgso in
rel ati gayhe $6¢ 8€RENT a0k ngV\B U BAAB4RCTATRRRABAIOSMBH; -si8ecific
asynptomatic patients, for exanple in screening to identif

i nkh vi doal sheatumpyk” e kg SLSFiHG i sdde BRFOTRIES a‘)%oﬁﬂl')r/}bt i on of

asynpt ot i ¢ i odividuals,. 195, 41Qd dentddferd ndi wrdual si whoi daver the
develoﬁea d i sedsé anongst a5 popul at1 on of asynptomatic
i ndi vi guakencknodddianicen,. assay methods based on the detection of

aut oanti bodies may be of particular value early | h L,sease
process andAﬁééé’iSbP’glléﬁ%sgPerW% t&éeedl%uqede]ﬁ%%/rp?éndﬁ?&dlfgl s who
have dg,\ﬁ%ili%@@aq dicSease PENEISde HPONAL e syppbioaht i tn terms

i ndi viduals. 10 Furthernore, they may be useful for earlier detection

of 20 ecwifr emt-odindddsely T HEEH ORGP aﬁjs%elb%aﬁv%a'?%et' A
select N9 O TRALIL, DAL ARl Escd Mn B Al B8ASE: MRERDPADESEENA in
aut oanti'56¢ied' €8N al so serve as _ o
bodily fluids. Such assays essentially constitute indirect
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 amount 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



15 bi ol ogi cal markers of other disease states or disease

suscept i BQ 200pBR08%Hf which rheunatoid arthritis, systenfEU/BH003486
erythematous (SLE), primary biliary cirrhosis (PBC), autoinmune
thyroiditis (eg Hashinoto's thyrofrdPtis), autoi nmmune gastritis (eg
perni ci ous anaem a), autoimune 20 adrenalitis (eg Addison's

di sease), autoi mmune hypopar at hyri odi sm autoi rmune di abetes (eg Type
1 di ahetephon@tast heniargfayiforexdnilexarp@seening tahdprebent

i nventors have recogni sed that when assays_ based on detection of

ant i bédicdy iave Ligs @ titdgios 1A ATVR AP I FOFRET i TXTTY° T o* assess t he
di sease_st o di S j e démtity of an
s ER ! L R ot Shesse shceoptabitity

Ina iculties can arise in devising a
st andandiisedivasisay e theodo | depe bppedpr | dtged s amengdel @ popul ation

of subjects to be screened because the. absplute 3 S
6T DOBPIASER. Aoy TR At | 5 BHATRAT b1 Hoor Torsoar  fasar
This canyyaduse sy highidcisensei oh bal setoegaibydieesubysbef of

exanpl e anongst individuals WO 2008/932084PCT/GBZOO7/803486.-4-.
havi npartiowlemumled eatlpody. Ll i ape§et REPESFS andi PPREUPLY in
scoring true sitive,r u Lalh@Nhhheabe@ktibged
amount- ot @ﬁiﬁ%ﬁx%gé?dﬁ$ﬁ%%%§?§ﬁgl§§%£?%%¥€%gug?en%gns.that ig i's
di ffi culdidsnsetamondeieshopoptibatbon pbssyinpbonssay LeddVidvRAs.is
appropriate for all individuals wi thin_.the popul ati eened.

TEB pr%ﬁ%#HEWWQ%%to?%e%dW%ygg?ePﬁ?%Bh Fﬁﬁtegﬁ 185r?§?ﬁ%§égﬁa§§ nor e
SpeCifi&@&i?éﬂ@edﬁéé££&§|THéiéééxyaﬂéthaabaﬁhyihys@fbassaysama&ednon
detection of antibodies, 10 particularly autoantibodies, as

bi ol ogiebécbnkers nbniiicriss thATBRipApLeVed H@i§REFFcal |y by
inclusion of an antigen titration step. By testing the sanple
suspected of containing anti bodi es against a series of different

anount s of Aptigeniasdasanstituahicipodibist cani edscuseeviet aiss possi bl e
15 to reliably identify true gositive Screeni ng resu

| t,
| Adepehtiehotylel TREKEBSOPE! BLARE SATERES SIAHh Tan ClpSrosans

susceptibilities, of which rheumatoid arthritis, systemic
lupus erythematous (SLE), primary biliary cirrhosis (PBC),
autoimmune thyroiditis (eg Hashimoto's thyroiditis),
autoimmune gastritis (eg pernicious anaemia), autoimmune

20 adrenalitis (eg Addison’s disease), autoimmupe
hypoparathyriodism, autolmmune 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 absolute

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



met hods which titrate antigen anmount of antibody present inis
contraryWo2pi0ga08art nerely to construct a cali brati oPCHGBAO7H003486
allow identification of the nost 20 appropriate antigen concentration
to be used for detecting antibodi es4inr actual patient sanples. In

t hese nethods only a single point neasurenent is proposed for actual
di agnosis. Thus, these nethods will not allow for variation in

amounts, qf, £ he 1an} ihednd o badetiesded fsom iadiyi duatetdsiadivi dual
-25 resulti'ng in the incidence of fal se positives and fal se

negat iMeF i cTHe yprigs exnot i@ ore prvkt $vanEe s rhks 8ea5 A2t hbls based
on antigen titration exhibit &S bELglt¥-8ndis8psi Mt Yo

t han ﬁ@%&ﬂtﬁﬁf aut o%ﬁgl(glo% arng%c |€i?j§/ %{?ﬁ%ﬁg;& g 3<:a an%i gen
concentddtyiaiza 130dden d mvtent arts havel f it ¢het tet eetri acthrhahodgdsagr

met hods which, conbine antigen titrafion wth sipultaneous titration
o 5t h (R G| Y GFoBhen hehte? SBVAAPAEES T it

2008/ %ﬁ%&%&@%@?@ﬁﬂ@% poputathen sBtbedsdbased on antigen

titration one, particularly in the context of autoantibody

det ecti on. Theserseral lrdenteovsshaverdetormingehbbatf 56Pm t he subj ect
matter of the present invention, .5 of,¢ & LAVERt hon d
Acconﬁ?ﬁfQ¥P%ﬁ#?r%? aspett %?C%ﬁ%cggggﬁﬁggng%%g?gb?seprovigegna
met hod,of ; L6t BCE { NgF aa s s@aseastat enodetdeseasa a8 suscbptiibelity in a

manmal i an subject, said nethod conprisjng. detecti Elg ?n anti_body in a
t 68t seawlicu Bi autpentERediadpl %scBﬁ%{LPgéSa GiFy 5t Paid from

sal d gy éQDC§HbﬁScimﬁggvggeﬂgéﬂa§§bgl§9tb?ogﬁpﬂ%sioﬂ!@EOQhCa|
mar ker ~0of “a di Sease state or disease susceptibility, which nethod 15
conprisgsigen titration step. By testing the sample suspected of
containing antibodies against a series of different amounts
of antigen and constructing a titration curve it is possible
15 to reliably identify true positive screening results
independently of the absolute 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 identification 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 for actual 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



(a) preparing two or nore different dilutions of said test sanple and
carryi ng Vo g00B8[fa2086| | owi ng steps (i) and (ii) in respecPCHEBRUGRIMEG
sanpl e dilution: (i) contactiqg the test sanple dilution with a
20plurality of different amounts of armantigen specific for said

anti body, (ii) detecting the anmount of specific binding between the
anti body and the antigen for each anmount of antigen used in step (i),
25 (b) +phRtHbPHoAE Bakedl ahi Agtageapatstre tduty @ lohet, heaatigntlasfly
speci fic binding versus the anount of antiggn for _each test ﬁgg%]e

di | uti bn bhedcpptekbpofaputaagtibeyydeesemtdionyg t A&SSFeSENEE
absence ohssatfdhseane abRheqar cdaeRse SUsHRRN Rtk basetaupon

t he anount of speci fic binding between sai'd anti body and said

ant i gepréseneathveastosanpl e dil uti on and anmpbunt of antigen tested.
WO 2008/ 032084PCT/ GB2007/ 003486 - 6 - According to a second
asﬁ%ct of the invention there is provided a nethod of detecting an
anti bodyninBr@d beStheadplentopri sing a bodily fluid froma mammalian
subj ectwherein Said antibody i1s a biological marker of a di sease
state or 5 disease susceptibility, which nethod conprises: (a)
preparing t re.di t.fen i ;.0 i angd
carrying ouﬁgfﬁédggﬁlggﬁﬁg%ggggsgf'%kghgﬁi?%§§?ﬁg¢%§%%gfqg?h§3ch t est
sanpl epdbktiiedna method(icf certteadtingg at e steeste sdmdlee adi [ditSemdani th a

10plurality of different anounts.of an.,anti,gen specifi.c for said

ant? bodpsCepri-PLetdcting Fﬁ@%ﬁiﬁiﬂ %Hblﬁ&§%fﬁi9 iﬁﬁﬁn%ﬁbetmeen the
anti body,and st he daiiedan nPaneach iBaNti rofa arddigaramnsied iwhateim (i),
15 (b) plotting or calculating a separate curve of the anount of,
speci f tbebitreitngaverdsusomps igesuit kedidit ifgertd drr @i i ATt &

di|Uti%@b%%% g%d$% eﬂé@’ &ﬁ&fgd%fﬂﬁﬁﬁ”f?%ﬁ%ﬁological marker of

a disease state or disease susceptibility, which method

15 comprises:
(a) preparing two or more different dilutions of sald 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 (i),

25 (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 (2), and
(¢) determining the presence or absence of said 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.



in the test sanple of antibody reactive with the antigen used in the
assay i s Wnai8aswa4 by a generally S shaped or 20 si gnoi BCHGBIW7NEH3@L
| east two different dilutions of the test sanple. According to
a third aspect of the invention thefe-is provided a nethod of
detecting an antibody in a test sanple 25 conprising a bodily fluid
froma mammal i an subject, wherein said antibody is directed to a

foreign subgtancs dtdPdiicesdnd 0 $eé sk naaMelhé atn self Beh , théee mbs hod
conprising: (which nethod conprises: (a%_preparing two or nnie
di f f ereravididdits orstlofd saf ddeeest Bog sapmpiet Bl at py? ngeBht STHRS

follow ng steps (i) g9, ect t : Liytion:
VO 2008 RA0HRCT GIb0 Gobabh EEIRCE maimEEe R Rk ST e ol e
di | ut i i v drdc Bddprid i 4 yobbldiiter endrieemunt saofli amaanat shgehespecific
for said antibody, .. .. (1) detecting the amount of specific
bi §di i PR St SRt At + bbdy ‘é]iﬁﬂc?h%e‘g‘ﬁ?ﬁig‘éﬂm%?s%ﬁch amount of
anti ge&ﬁﬁf@&f&f%%)@r(m;@l Qi FFBgeRt gRletliahbngrassepacake
curve t'he "anount of specific binding versus the anount of antigen
for easimpbstashngprecyintatdon bbediphlevepd(aferandihnardi hithel20
presence in the_test s e_of ant] .Leactive wth the antigen
used iﬁFT?ﬁF%§§%ye?%hiﬁ%?%a?%@pg§ gggg%%égfly S shaped or sigmid
curve for ati) easitiweidyftreentsdi kafpbasdbluthent esthsanple. 151 n
all aspects of the invention the mammual |an %ub'ect i,S grefera%Lé a
hdan. plyrahity apedi STBFCPhe2PAVBAFI Bh PRe2BAEPEEIYPREY BE an
aut oanti body,..| g, ak! ,aspechs of the invention the method is 20
preferably carried out in vifro on a test sanple conprising

(ii) detecting the amount of specific binding between

the antibody and the antigen for each amount of antigen
used in step (i}, -

15 (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 antibody reactive with the antigen
used in the assay is indicated by a ggnerally S shaped or

20 sigmoid curve for at least two different dilutions of the

test sample.

According 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:



a bodily fluid obtained or prepared fromthe manmal i an subj ect.

In al | a¥p@2qa08/03%084 he i nvention, step (a) of the assay P§T/(=B2007/003486
preferably involve contacting each and every test 25 sanple dilution
with each and every anount of antigeh used in the assay, such that
all possible conbinations of test sanple dilutions and amounts of
antigen are tested. A particular feature of the invention in all its

aspects is that-theattdggnent asstoswhptbeditheivel evaht a30 anti body
is or is not present in the test sanple is based upon the amyunt of
speci fic bi plitnglobrepfedlafessal angvetsr PLdpfs 8P ﬁfge@or?aeﬁétlﬁl& of
t est sanplefgklggﬁgnagggbo 2008/ 032084PCT/ GB2007/ 003486 - 8 -.
antigen concentration tested, in other words the collective val ues,
rather than(jiustdateeadhggthe arsimgl efamspiegdficordasing etwaeX or a

single test sanple,dilution., Thus, .tthe determ_nati f. t ce
or “absence BPed?QEéggdg §P§t§£ raEF§§§?e%%ﬁéggﬁgigﬁpﬁﬁ§ 5$?an i'bodi es
to a foreigpgsgybshaneepi Nig, patient sanple can follow based directly

on these collective values. In one enbodi nent, the judq:nent i s made
on t he (basbdottinbeopr 68aEe 3¢ Ferf@PANAFSSIHTFePTOTRS GRTH Cur ve

when t he amount..of Lfi jdi ' ' # e @pount
of ant Pgeﬁpfe&l%éf% nggﬁh V\gregs;ﬁge:tgirﬁ 3 I ﬁﬁﬁ g}rfs%glftat épﬁaost sanpl e.
As Wil kebe appplentifinaichhesEdnpl esdyer(eln, arte whewaitortdheaave

observed that the nmethods of the invention have higher sensitiyvity
with aPrrS&sCoedd \Féﬁeﬁﬁs%eq&“ﬁ%ﬁ t%fetadltr?gi ds e@\‘(’gtdivaeg n"‘_blsr}?}_]s to}?é 15
det ect 'a%.i%%%e%slégoﬁna'&%eg%@ ey 18 19 Ad Q) and o egiiieerd Tioy dence of
fal se positive and fal se negati've determ nations,, The, present
i nvent istrzpsid lomewaeifduruirrte dexerdthdeadth tife dHdifargty Pasebhess
differe feat ures of Hhe vari ous 20 aspects of the invention are
def i ne@®% FForESke 4P Each feature so defined in connection with
one aspect of the invention may be conbined with features descri bed
in . _
15 In all aspects of the invention the mammalian subject
is preferably a human.
In all aspects of the invention the antibedy may be an
autoantibody.
In all aspects of the invention the method 1is
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 invention in all its
aspects is that the judgement as to whether the relewvant
30 antibody is or is not present in the test sample is based

upon the amount of specific binding observed at each and

every different combination of test sample dilution and



connection with any other aspect of the invention unless clearly

i ndi cat edv® 2008/8208bntrary. I n particular, any 25 featurBCT/Ah8rWaNeHE8as
bei ng preferred or advantageous may be conbi ned with any ot her
feature or features indicated as beiBng preferred or advant ageous
unless clearly indicated to the contrary. WO

2008/ 032084PCT/ GB2007/ 003486 9 Brief description of the draw ngs

Fi gur %&g?(}%%ccﬁﬁe?ﬂﬂlea%iqa‘n A OSEed ) 1At b £ UsyaSs folie dep ELECoNvef
aut oant i I es agal ns 1 g. altlo an C- C | Q. eto
t t g t p53 (Fig.1 to d) d>5 nyc (F 1 to h)

in sanpllessof rsdrhen thilen FUrom dareadiBsg wiE 2 bF B3EtE cAvEEPS I n each
experinment, six different dilut]j h Le | WetBus,
separ ﬁoacifr{te@xce]uol} St FQk sc_ugﬁg OLsi §arﬁ§ié 011 gELaM us

i di hg agarnst a titration series of
varyi noh Arsuny sniafa i esondi nan pbdsence- oycabeengenof séiaandel uti on
10 1/10,000 is effectively a "no, serum conérolé. Fog eac]b_ogg&%;gen,
separ &t urate HpTeae T4 Colt HerhhitY eXpr 8R5HACAE° Ab58r Banké®a

650Nm). MEISHiR- ANt AL TLLONGENt §2408 UBherBl obkesaben aagbedlubnon of
the patient serum 15 Figure 2 illustrates an exanple of a titration

pl at e Hreysitcalskett veerd bres Opt T abnSerURPahESRRt | HBA THHEEREPAL | on

(OSAAC) assays according, to_ex I e h L hONg_ um
nd arkd G SHOPOR-Sphr SPB BFaFShCcaRbr Bage o R oy SEPeg
the sesum pgngbaNtdeere dithsth i BR6 ameuadded spe2fitorbésgéondi Ag wel s

in the sane single plate. Figures 3 to 7 show a ser':Les gf
cil@ss-ploreed rgelnvlestheraneuREt PonaBE14GRoATI BOdEEShghi st p53,

ECD6 (@ | - f ‘aren
(& f%%%%&d@@u#%&g%ﬁ%?aﬁﬁé pkat dappha.of AEER2) 1apd apparent

fragmanjf es of serumtaken frompatients with
pri maryrémesisé Eamepleandeneinml tbentnyensobpebeye phsezyrd that

cepar ateF e BA5ER Pbr EaRebITPE ChPRIP AT Al APEr Sot AT Ten SorTed of
varyi ng, 23puptsi 051 68€08BLAARE cRBY, tECHR tAbdECE diaknmagientor
15 detection baééd upon antigen titration alone and reduce
incidence of false positive and false negative
determinations.
The present invention will now be furthér described.
In the following passages different fgatures of the wvarious
20 aspects of the invention are defined in more detail. Each
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
55  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.

30



30 antigens. For each antigen, separate curves of specific binding
(expr essa¥i0 a®WsABXI® bance at 650nn) versus anti gen concePET/&BRUYYINERE
plotted for each dilution of the patient - 10 - serum Figure 3
shows representative titration curvés-for detection of anti-p53

aut oanti bodies in serumfroma primary breast cancer patient (panel
a) or a normal control subject (panel b). Figure 4 shows

r epr eSentat i i 5@t QMo £ UENESaBak Oigget ection of anti- ECD6
autoa2%gbUdfES‘tugéﬂg—EIIB_éﬁffgéﬁT_f%_serun1fron1a pri mary breast
cancer patient (panel a) or a nornmal control subject (panel b).
Figure,5 sho r.epresen i Et Lon o] ckLon of

ant i E%'ﬂé;"hliﬁ n%l?cg% iaesé u%%%géjﬁcég&ég Ejrc']?%g%ﬂl %ugg%gmk?irqom a 10
pri marye iy &aisdn cafcenit paht Ebdbd{panstadnsor pa3n¢Figl Lcantpofl) sabfect
(panel b). Figure 6 shows represenigtiv titratc%)%ﬂscurves

f .
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serum.f LparyTRrgash eapeeimpati eptxugiAgepeldtanti gen
(panelwéggn%£§%§gﬁ§?ggﬁg?panel B) 15 gr E%DG 3 an?igen ? anel_ O

Fi gur ed71l{ipeores sofi thedpathens aduini vaak SEpPRaskeAYctiF$ESSr éP&r enced

in exanpl e, 3. tai,l ed description.of the i o o) ral terns
t he in%@%?%ghcgng?h%g 3ﬁafﬁ%gn%a§%§§a§ggﬁgE%gggko?fdg?ggggﬁg an
ant i boghyowhi §hoseryesmBsnanbi pbogbeak-ngekentfigena (deseasdidtdtionor

di sease susceptibility, characterised in that two gr mor e di fferent
dillut i bAE0 o80Q sanpfEeEbiBelYedt eaof 8P HRe FPBSERLS -of TPhe AT body
(the test. ! a ayedshaki$Rechingidy RieRgiree sagriarst
differ%ﬁ%lg%%3n§%p%¥§5§t?ggﬁégpégiF?c %or thé aﬁt?b3Qy%ran§ separate
titratibbsochinves aft thénmlowetsok antibedycamncegdsabiledi W§T¥er sus t he

anount of antigen tested,are.produc for .each different dilution of
t he teE%°§5ﬁ6I89rPﬁFC§igﬁﬁyﬁlgﬁeoisggﬁ P§t6§§gd%§ﬁu§?oss-titration of

both 30 the test sanple and the antigen used as a reagent in the
i mmunoassay. WO 2008/ 032084PCT/ GB2007/ 003486 . The general
f ekt ur Bsgotei Amiihdussapsest gn examprle e 9A,tlﬁ%@itdi%ﬁﬂﬁg§s§fs‘/%

the like, ;are wel 0 .0 _t-h il i e 4389t 1
InnunoﬁgggygoEpeﬁkgﬁﬁhgggagﬁ& $§%8§¢F§F§%€5P S, ggg%énic gﬁégg,_lnc.,
San Di egeanrCA, a5s3996hcclomiimgassaysaigrle e détadet i-orkhesf dntdtbiodises

having a particul ar i munol ogi cal specificit enerally r ' he
use of o4 FeAYBnENCaRtitdeR A4t SM%i% Sseﬁjé%iaf i% Rj‘rﬁ%sdl gg}%cl;?eaé
reacti yiht ¥ Wethckhenanidchedy airdendiegin dilutions are added to

20 corresponding wells in the same single plate.

Figures 3 to 7 show a series of cross—titration curves for
detection of autoantibodies against p53, ECDé (also 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 or 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



Dependi ng on the format of the assay this antigen may be 10

i mobi | i $éRI2098/03208bl i d support. A sanple to be tested fRET/GRZ07/003486
presence of the antibody is brought into contact with the anti gen and
i f antibodies of the required i mmundPoyical specificity are present
in the sanple they will immunologically react with the antigen to
form anti body- 15 antigen conpl exes which nmay then be detected or

quant i §ativel yrimassr edshows reﬁh@s@ﬁt@@ﬂv@ftihgathﬁntu@ﬂessfor
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may i nyol v Si. X tecgn or even
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control c t n sanrdio Regall vWe test 30
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agent 5 |nterac¥|ng specifically with the variable region or
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typi cal ra Iy rr, S e
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the target anti y IS

Detailed description of the invention

In general terms the invention p;ovides an ilmmunoassay

20 method for detecting an antibody which serves as a
biological marker for a disease state or disease
susceptibility, characterised in that two or more 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

immunoassay.



15 inportant for establishing a titration series. In many assay
formats (VWO 2648932084 of anti geni c determ nants or epit opeBCEGRBROMIBDI:SS
for binding is directly correlated with the anmount of antigen

nol ecul es present. However, in otheklesbodi nents, such as certain
solid phase assay systens, the 20 anount of exposed antigenic
determ nants or epitopes may not correlate directly with the anount

of antigen Byt ﬁsgeega@ag%he& farhAbsssaysh 2srabiasprent to the

solid surface. ese enbodi nents, references herein to "different
annuntELDSAanragenimmunaassayataod shﬁléskﬁayabé wakdn knewzs toefer to

differ t ano f.the, antige determn or ep The
relatl 08? ﬁgﬁ%fﬁg ngﬂﬁta5? 2588I e pP ﬁ% betmgé%ggﬁpﬁgognd
(present tRAribeohpEsiusanRbeddintiat p@aksandnanu gan iDd.edet, ercm,ned for
each different conbination of test 30 sanple dilutigon and anount of

anﬁigeh9?ﬁht|géﬂménﬁéﬁéﬁﬁﬁnéﬁﬁ §Pee6??86&}09e§?e&nt?ﬁgdﬂ€§uPF§1§9e
then U3 ?5‘5@@94}8%?0 5 84; Cg}%aa §g%}:§§1@f1t9u@éﬁ%r%fllﬁzh%e@'uﬁlx%t ibpe or

absol ute d 320 0034867 - 13 - ampunt of specific
bi ndi ngseeofus theganbuman@ﬁganﬂighatfexheaghsaﬁp@nufoﬁ antigen

tested, a separate.curve_ bei,n rated_for.each t anmpl e
diIuti6ﬂmﬂgggogﬁc?%er§§§§§Vl plégﬁ ?é?uﬁPglgPé stra %% by way
of exa%?éngﬂhﬁ ohNthet @ rageoBFaRyeng skhgutas sf @htd@reep&daqnu@‘ a
nunber of different antibodies. The presence in the test sanple of

antQ bodympbhtired antR cR&isheugertiised?i BafReé cadfayps §efdtest fed
based ﬁgnpgggﬁﬁggsgk %Besg%%ékgﬁﬁﬁ Edbggugg%e&%%% %bn%%&&.ﬁgﬁﬂﬂen

anount eac tion us in the assay a
usual | yhendhtated bmdtﬁé pm&a@@d&eafoi dgaee rakin reds Hapethaddogical

si gnoi dal c¢urve for at |east two ferent test sanpl.e dilutions. The
absolu?@eﬁﬁgﬁﬁ%§Yoﬁr§pBEe§F@tbﬁﬁd% gn%gﬁt' and antigen are

gener ali [ %08t ofBEGLNLY redRitesa tl the 'a%t@%%'nr ed Rl ediG iy~
guantitative neasureiment. For a sinple yes/no determ nation of t he

prEsenestogeabsenpéesk santilsddingy ithens beufdeiteicdsd @1y that a curve
of the correct.shape i RrQduc ed for at least two of the different

t est sgﬁﬁpé g (Vi smF8§P§% I'n the assay. . If there is no 20
variation Imhdeme@haalefbmm@lﬂmvmnmiomh&sdwhhmamﬁenmnﬂﬁnxn(ﬁh&tﬂigen

tested for any of the test sanple dllutlon%.teste en this ngibe
scoredty® 8% §B§§nééf§@r§n&éﬁgéﬁ§ﬁﬂg of the sample to be teste

for the presence of the antibody are each 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 dilution of the test sample is
tested against at least 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.



anount of the antibody. In preferred enbodi nents of the invention the
met hod | $Whas/giast i tative. It can thus give .25 a yes/H/GB2007/003486
determ nation of presence or absence of antibody using a

di nensi onl ess proportional relation$Bip which is independent of

si gnal strength. A measure of the ampbunt of antibody present in
a particular sanple can, if desired, be derived fromthe 30 results

clini cal | Cemt i h o e ot oo SutoorT for scoring a
resul tsibsbanaet conbaising1at- Eéaﬁiteﬁﬁeaénﬁé@?f’ii\% desf e PEdta G shed
in conparjson to r I [ 110 - b OEQuR @hea, £
subjeggg}k?g? %ﬁ%ﬁgig é%cgp%%k?%ggkﬁeghﬁfﬁgﬁg%g% ard deviatigﬁ?iﬁ

t he nogpalbeagupt Pat dest rednpbeseitrcthi o spgcickipd Wendigsgtof 5

antigen to target antibody . 0. .the val ue aqbtained after correcting
ford nohDEBééPFFE%FH@PﬁS)‘LCP;EVSW&B—rg‘v@{’@hi@r&&ﬁ@gﬁ 5 ?Loa Teast one
anti gep GONERRhEALLO0RPRYMEBR iHE0HRYidnsPRE dadel amtididwdr. The

non-limting enbodiments of the invention a 10 calibration s %{en1nay
be usednthgendeiliotypdreldykhewd m@§@r§d#ﬁl@§Q¥§ﬁﬁ%§t95M§¥§% etic
negatiyve. .One suych calibrati e ;

known BE)%’#PW/&E‘;nBIaﬁgS 9\?gu§%nt%%ﬁzc|% s@asrrp gg%}%g@lqt%l \%gﬁafr}gcén%gaﬁ ve
cont r obLpek Bl ahobos gEpkenatdyicb e mralysdd i Juardldrel an hindtude
test sanple(s) using the assay nethodolo of the ,invention, Unknown
test sanpibodies pHddeadInenissitHiaks G Sr‘r’g%]aﬁ%/é Cosar®Bn wi t h

t he kngﬁg.ggﬁgggve and negative control sanples used as calibrators.
The mefhod of "the invention is advant ageous for use in 20 clinical

di agnost i c, spriddeds treedeprsediidtli \aopmaiigrt odiatorihg e SBgEhohe?® t he

pat | entoeopaTROHLoPTIES AEHEEr & hVE ham o rat e e e ays
are based o deteatiemief ¥ idiadyily nd nghaisinge: samiglieody is
anount/concentration of test antigen, patient sanples Cfn_t ai ni ng an
anblint igfocaiEniodiprusisdilst hinhe® Vieryr o rothe®Yer y-hi G™End of
popul artar e as el BRI, O P L et hodol ooy
sanpl esphitdpes |:om 3GEAmUtr dimtiipoly dhyedelscoretessted gath
Negatl Ve o Sovoirt A d MRS LTy o Ye LA | eyshs 8L, anhi Bedyr By
embodiments, such as certain solid phase assay 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)



WO 2008/ 032084PCT/ GB2007/ 003486 - 15 - the scale for accurate

det ect i oWWVQRURI0R208He chosen assay net hodol ogy. | ACHIGIB2007/003486
enbodi nents of the invention the anti body detected using the cross
titration assay nethodol ogy may be B3an' aut oanti body. The cross

titration assay nmethod of the invention is particularly suitable for
the detection of antibodi es/autoanti bodi es as bi ol ogi cal markers of

di seasgRifAl & OrsUSCeOpt i ddivg Wier eus here dhoefnsodesnbl gepatoent -
10 to-patient variation both in the absolute amunts of |

ant i behotawroantt botlyaorebesn teste@, pat sepRrabRdcrhvehbesPscificity
of the_ antihodies/au t. [ | i e af f£ipi t he
antibéﬁ?ﬁ%ﬁgﬁa t %%d%£$%ré$$gs§$%?%§t8%%%#£§%éﬁ %?oéﬁt?ggd§¥?ggbonses
by theiypivery medulies care 16l asyrstgaj fbganayyofrerample only, in
patient-to-patient, wth variation gccurﬁing bgth in_the a?solute
amBunt@ 2 GRATERARY Byt pyeseht Fahd9PhetheCSpBti fi BFTYFAf Plnity of

t he ayioeatibodi g Jbei &8t hothof pLBgehb¥enhi pReCOBstakampleoyit of
this patient-to-patient variation, thus enabling 20 a standard assay
f or matar(isibadpl ecdoriveewi bht eloei agtabeni naedi ddakF5ewRBRRN &S

opul ation) to devel ope r i i / at i body.
Fn?gna%F?#E&?%§&E%ﬁ¥§u?§%ﬁt%%%d?@éugkég?hgpéb?ggéegggg??ggns gre
gener abye Ofodi O3t afA kNI &yt Dyént BrRoshtefigiheath2bebindinglemy vary

frompatient-to-patient, as outlined above. The nethod, of the
i APentdbkut soparsedular Fye sareay PdeéFeEFPBngflPQ&F&FFﬁn%ﬁythe

bi ndi ng, . 85,3 P95 L gsnéfgy;& §38nRBcnher Ledybh aEnt bersRage ottt he
titration curveS generate or each test sanple dilution used in the
assay.lafdhetwet ibfifefethetenentinphedidfifigicd oftsom assay net hods based

ti tit ti | i . .\Whi N | i f
onale Loo el AbtSlyleodfotnts, P BRtEi Nkl Ptify/ BethRbng of 2
2008/ 032084567 $R4084£ 093488 re 4Enerselivenpti matkat alt, anllews it

detection of signals produced by binding of | ow abundance and/or | ow
aflifsi nity Aeeibedi 68 WEPEHCA GhHLSNKELRICIF SHBCARSEET Y -nod-"Spéti fi c

bi ndi ng; 91 PEs 7L GERHREHakRohNB £A2HRY brWskhROR: AlaRinceomEIONeNt S
antibodies it is sufficient only that a curve of the correct
shape is produced for at least two of the different test
sample dilutions tested in the assay. If there is no

20 variation 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-gquantitative. 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—limiting
embodiments involving clinical teéting of a patient

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



5 the test saqple. The inventors have observed consi derabl e

i nt er - antYQeMW84%d84l so intra-antigen variation in the opftT/frBROO7E&HS6
sanple dilution required for optinmal detection of target antibodies.
Thus, the same patient test sanple #fy—have a 10 first opti nal
dilution for detection of antibodies to a first antigen and a
different optimal dilution for detection of antibodies to a second
ant i geglaipshyesls fposi aidef Eanebe psbhblishedt én- apipged svar icabi | ity).
The "difference” 1n optimal test sanple dilution for two anti%ens

der i veEe$bRS 150 6F # RRARE OB Bt %PﬁErigrEygE@uQe9§r BPrERde fEOgECLS,

magni t yde. . For, exanplLey -8s@PbENBbafi hUbi 98 a0ta2 d0LKeN a8 ph oS 3FP k@ of OF
detection of antibodies to a first antigen (protein A) m ght be

1: 800, nbuhal hersape tBastisahpbemphgsr équivhécan speciiddlc #ilngtlingn off

1: 50 for detection of antibodies to a secaond_20 anti pr i.h B).
A g%ni?%Fl%??e e g%ﬁgﬁ 885&%9@3 &ﬁéﬁ'tﬁgeaﬁ ﬁﬁgngkﬁgggegrggggg?erent
fragmegbsroftihg sepenpnobeenifot Bihukhgledglh sprbiowien tid aut-
sub-fragnent of this protein (intra-antigen variability). Thus, if
the te8ffshapl @t sepgthaneedtp égﬁérCP@&@FF#?FﬁoéggpﬁkpeaSﬁ&ﬁ§d76@ 25
differﬁ?gi@¥gégens (which are derived fromdifferent proteins or
fragne a single protein or a conbination thereof), the optinal
di lution of Ihesthsanpbe-ilémguitied Embodavkniust iogerthien invengaeel ani ght
be different. The nethod of the invention circunvents thi . Qbl em by
Cedl | ngEySPyRRSS0SHPEam By BF PREC 8 CEsig ¢ agaa rphiy

di luti ppgrokagpthsankl F@@i‘t&ybh%rpﬁ@%ht@&r@h tiofRe thereidldbdation
performed in a clinical setting. Thus, each antigen in the panel wl]l
WO 20081/68208uRZTheBRegRA00B486e- us? Ofalnent RCALGA e 3¢kt ed at its

"optimal” te di_luti-qn. . [ have al so
observgﬁg?téﬁgi%?gg??%dﬁ§% &%g'diFﬁgﬁggggsagﬁpgﬁgkﬁﬁgﬁ%al test sanple
di | uti eentesldcilpbibiton! aampikisgaaycare enaiv.sethusy daoraldmi giiién

antigen a test sanple froma fir subj ect i.ve an i mal result
atl%.fFP%tt?§§tS§gEﬁﬁésdiPﬁﬂpﬁht§§.&Fs%§165¥3%%ﬁ§f§5§Cﬁﬁgﬁm% t est
sanpl eiﬁ'{r@gk?oﬁf?cowk%wne@esits sheshed wsieng SalP Fdiiger ar

i

di fferent ution of the test sanple may be 10 optimal (e.g. 1:500).
The nmenhgdtofet by cowpariieen sidhl éheo gk feddriveofarshdiggative

patient-to-patient . variati Si far ch antigen tested a range of
t est 5588?58 iFﬁPP&ﬁ§ g%gdf§§%§§5§53§ﬁ§§%a range of antigen dilutions
each tine threaeassayndds ofernfer medrant iarcliisnizchlarsetgecuy fdwsyse hie

met hod 15 of the invention will always use the optinmal,6test sanple
di #Qt | GAirdradachagROSief t W%%stpl?&igﬁﬁje‘gﬁt %‘ﬁr‘;ﬁ%.
monitoring assays where the absolute amounts of target
antibody present can vary enormously from patient-to-
patient. The inventors 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 physiological 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



The nethod of the invention also provides a safeguard agai nst
day- t o- dAYO 2e8I0330BbN i n t he performance of i nmunoassaysPUEEH2403/003486
detection of autoantibodi es/antibodies 20 for diagnostic, prognostic
and/or nonitoring (di sease state orlbherapy) purposes. It is often
observed that there can be considerabl e day-to-day variation in
signal strength when carrying out immunoassays for detection of
ant i bodi ess idn S} esc SQPREL Sh8gepRL b8N1 BRG] ¥hEl UhdsenSusbay
variation 25 mght arise, for exanple, because of differences in the
way i mekhedold@y sanpl es were obtai ned and stored prior to testing.
Such factor i LEL] t to o] . Les S Lo cal
assays mﬁtﬁaaggﬁgi %ggai%%ﬁgéaﬂ%l%ﬁgniﬁﬂéggééﬁseg% SHE%%EF t hreshol d
val ue gérantédodyimgttgencdsbi nitngtidheaprsegentthondedvgynmainbai ses
the effects of such day-to-day variation since a positive result for
thé presepeoRtHp®dBody is clearly evident fromthe shape of WD
2008/ 032084RCT/ GRROQ7LPP34860n 48sayt Rethbhr ki eRecinvestgeneiat ed
for each test sanple dilution used in the assay, independent of
si gnal psttengtarl A stithblar fher thevdatageion ke nethod of the
invention,is.that it allo iLLution. - at i a ; t
Still 3?8%%%@%%%%?8?3 %g,rgceigﬁﬁt é? gﬁgigpggaghgﬁ%{%&% {;5{}_4 S&ﬁ%ﬁ‘ 5 y
producerhhe sanmeuguaptiBhilveysaheeni aperestkt copesiderad/lce gatilea) -
usi ng bodilz‘fluids fromdifferent sources in _one individ%gl (e.g.

b

bildbd bp-BeFLAMUer3nsahiErt BOTR dPATEF BPEGMET eFIEGT) *Teven t hough
the abﬁﬂ{cf#s?%ﬁ?%gﬁ?@ﬁﬁﬂ&%@ﬁﬁpBr%fseﬁ@t k bodines pamy he ,digffeerentctien t he

differen he“nethod of the invention may be carried out
i n anyspatlabbetfopfathehpolibrdiked avsreattibesiwsen TuREyyicular

dilutions of _a s I spect e f ,contai_ni, ta d
i1 pEBRARFFopERT o HED Sot Lae i/ BeRL A AR, A AU i et
bet weenydi fEar enhudbhutiieasyolrelshonsamplby amdid Meareniataneuniz of

the antigen may take place in separate but parallel reactian chanmbers
suth asarieshehifiepnilyi Erem Posisndrd o vatyisld a Fagr- e
antigen _can be 2 ated .qnt |S, R N &, A1 G113 d A8 ol at e by
preparPﬁ&ugg%ﬁglggﬁﬁuéﬁoﬁg%fggﬁggug%%gél0{1antigen acrogé tﬁg wel |'s
of thepieeeati the phatéec Hpectfiod tof/ sifirgery mey e of known or

unknown concentr ati on. i quot s of ared dil.utions of_ the test
sanpl e a&PapieR© éeéddeﬁqﬁaqﬁ%}QQﬂii Y RE FHGEER the

vol ume of- the LestnIanmpe ikept-teepstiEnint aact vl | . thie abdeline
anounts of antigen added to the wells of the mcrotitre plate fay
bﬂgt body,

vak§ depetidindgren assely flactorts Eited htatinte Wi the e gktd dht
e, " ad e e 5o e R ER st T o s Tl o S e 1
the anpuRrich @htdmddyemenuhthdaty.uti ons of the test sanple will
Interactions between autocantibodies 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

resting of a single test sample against an antigen titration



be selected so as to produce a range of signal strength - 19 - which
falls w WO R0BKBECcept abl e detection range of the readPGUEBRHGEEH86
for detection of antibody/antigen binding in the nethod. Typical
amounts and dilutions for testing-oi6hunan serum sanpl es suspected of
containing anti-tunour 5 marker autoantibodies are given in the
acconpanyi ng exanples. By way of exanple only, typical dilutions of

the tesl,sa0pl & MYV Yy AD16HS 48P88L06nfHEM1§B8R150pEb80cEA0LOr
1: 50 to 1:1600). The tested anmounts of antlgen may typically vary in

t he radngedioig febmoy Clgpimdance 199diPr 1ow(ELonibhMVRRELPEGARE

al though, this, is not. inte t im,ting. ; ; S&i desit
is als iﬁgéT%ﬁQFt%FQ%#E %ggetﬁ?gg ?oﬁ}cﬁggegp?g%f?&ngggaﬁngeqo

di | utiems oftiden teséd samptrestastizngwithhnanstagbetstoumkonknant igen
even when the 15 absolute concentration of antigen in the stock is
unknovikhe PEo%E de’R kit a sane single stock solution is used and

serially difyted,idn{Hes SRAP-"BHE8Evelil cbispPasehblie tateerparegehe
results of separate titration assays for this antigen run on

di fferendl slsotimgrzesttiaepl eeriabinnainuthRepPéiiadi FeSt SRTPAE
assay different_anmount f _the, antigen Lgeni-c m nants or
epitop&%#uﬁﬁ9nbﬁe?%%ﬁﬁél$25d05F§ %gcggFégg%ggt?gnggg %%eaction sites
on a sghidhsupesrt . THhe, eohir eatppatt enar tasdi samelie aegahefve &
conprising a sub-fraction of the reaction sites, ngy t.hen be , 25
bridughfirat oorbHiatt dit BRiaNdEPHt FEfR 561 Phe Ofedfite PERESak® Bi ndi ng
of ant kbady LorROLL0SHAE! Beked BhMBRTURET SERARALA) Yo wRadbibr he
di screteé Tocatrons or reaction sites. "Suitable solid supports also

i ncl udefnantohodays, thor erawpde aatrigps deedard dircoy &t ¢idifteaends

M cr oaPFapSLBat: BEC b BRBRBE by PRSI g ANFT o eit Hour & 4F a
parti cyhaknant Lgse éhmﬂﬂécﬁﬁuﬁtib%SQb%ahha antdQ@ens derived from
15 different proteins may be seve;al orders of magnitude. Fox
example, a optimal dilution of a given test sample for
detection of antibodies to a first antigen (protein A) might
be 1:800, but the same test sample may require 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, or a full length protein and a sub-fragment of this
protein (intra-antigen variability). Thus, i1f 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 sample required for
each antigen in the panel might be different. The method of
the invention circumvents this problem by testing varying
30 dilutions of 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



reaction sites on the array. In other enbodi nents the actual anount
of 1 NMobiW0 2e18/031984 gen nol ecul es may be kept subst ant i aPCYGCBHSH083#86
but the size of the sites or spots on the array varied in order to
alter the anmount of binding 5 epitopg avail able, providing a
titration series of sites or spots with different anmounts of
avai |l abl e bi nding epitope. In such enbodi nents the two-dinensional
surf ace, cgneenteatl o of oLheabladi 89 €BbEeRels) caBLt bampnti gen is

i mportant 1 h pfFeparing the titration sefies, rather then the 10

absol uielanbont of antigen. Techni ques for the preparation and
interrogatign of protein/peptide mcroarrays,ar al: Ly . in
the art. ItTUFI%ngﬁnEﬁﬁﬁrg?ggdaiﬁ8n9%ﬁ8r38§v5%8?s%§g§%0%5¥ﬁ§?%$%lal

of thegepbodineBLsinf thbBecphByRALi eBsvashaplendifuthenlFoamaunt of
antigen may be achieved by changing the antigen or epitope densit

agd nspawhichlehe2pbigeBafpleC8Flti on8ugr e fPESPBY, F617SHy FﬁF&iﬁing
ant1gep.Qr RLboRC-ASASL! ¥; PUL LOgheRs! Bdyl BeveuEhaggcansa desulehi ch
antigen is inmobilized, or both. 20M croafrrays nay be used to perform
mul ti phe asgaystf oesanshbpdieedidfitdiohf deegt. dpddio i civhyy riegspaiem &

This can be done using arrays co i.Si ng.mul tipl .S of . dif ent

antigeﬁ@?teééﬁpigt%EB ?ié?ﬁang %ﬁ%ﬂﬁ@&|&? §ﬁF§§§n%§§ ﬁﬂﬁﬁ%ﬂ%ﬁﬂé

di f f er gpt. ;3EBUAL 81 @FCOAECALN ALIORS of Theel elomt2salgilll erngnibeant i gens”

enconpassesS antigens derived fromdifferent proteins ar pal piﬁyides
| AEVEREAAR 5y 2bLe

(siith aptanailgdasgdedi 988 f.r ofhenPEItROSd Ofr 36 A

di fferent nes) and.al so i i_Gh, _ derd frqmy i f5freent
peptid Oeﬁg%Spgéchng gﬁnSﬁgkp%%ng%ﬁbﬁnb ﬁ%ﬁ%%ﬁiﬁ%%%ﬁtgivenl
M Croagbay cBey 3@tigehudesexa usinselge st seoft diafrfpdreemti laritiqensre

derived fromdifferent proteins or polypeptides, or exclusively sets
of diftepérd ageigsls 3dere&d ot aﬂ%#ﬁp@rﬁudcg@m oeeacgbi’i%’beest’y%
2005/ 032084PGY GRR0OTHARPAE0 & Alisri &1 SSIMBIP Proksi N @re. method
pol ypeptide, or“a mxture of the two in any proportion. It should be

nol®ed bifatchien imviendriivadinigit ¢ lofa ishaldenviért iFimal LoitefEHRYEE t hat

each dilution for each antigen tested against each test sample.

The method of the invention also provides a safeguard
against day-to-day variation in the performance of
immunoassays used for detection of au?oantibcdies/antibodies

20 for diagnostic, prognostic and/or monitoring (disease state
or therapy) purposes. It is often observed that there can
be considerable day-to-day variation in signal strength when
carrying out immuncassays 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 clinical 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



i ndividual antigen titration series conprise different 5 anounts or
concent r XQ ¥HW8/03X084 ust one type of antigen and not ni xtREBEB07/003486
antigens. As used herein the term"bodily fluid", when referring
to the material to be tested for thk8presence of antibodi es using the
met hod of the invention, includes inter alia 10 plasma, serum whole
bl ood, urine, sweat, |ynph, faeces, cerebrospinal fluid, ascites,

pl eur aly £ffysignoseminal s fdaidrasput B9t 0hoR| eo@spsambBe dilution
post-operative seronma or wound drainage fluid, As aforesaid, the
net hodsesf ithélienasrdon mdeperdenabry sherabdsbueng®lvitro on

dilutions 15 qof..a test .sanp 1 Sl Ag ' uj ved from
the test sébf%@Qﬁ“ﬁ%fE%%@ % %%g$¢% #?u?ggﬂéé%hé%ybgaﬁgggepending
upon therdraend tys ofhdhei andibody &dlbeitestedihadpabiecti sample,
situation in which the assay js used. In eneral,ﬂ’Lt iﬁ D efgrre to
pebf or¥Rt Mt sl BEOPHCRBNPPRE BF DD SeFthter PrasusCThR best ¥ampl e
nay | furt LPORENE S N {thenvEostheehodl! ¥eblhiutd, such
as fo?ﬁgﬁgﬁgﬁéyégﬁﬁgﬁ?s, pre%i?%a%?ggé, stabi | i sing agents, buffers
etc. Dipaesiiminse tdegdiel vestusing| eodblybélpidpafeanudi A§SERYsuUi t abl e

diluent. It wi]l be appreciate he,_ski l,l a at the
r easor$OTCPT epar?hy 'ﬁiﬁ”@ﬁggo%f%é ?zgijgsg?rpggrpg grrgrgtsaflyg/ to
produces @ 585 i €5ubl besplearpl esreashoapnt aivehnghdithetbat abbsdhtee

anounts of the target antibody to be detected in %he ingunoassay. It
i d.0not comeeeert ton eRE | yAELBPALES nBAKSPEf dObEEFRPRg ™t 88 sanpl es”

contai&iggef n¥afy&fgsannunts of the target antibody. By way of
exanpl €, a test sanple renoved froma patient could in fact be

"concentrat®ed mesheddodf tHel utedntion sranpkecasicagd Wt in any
2008/ 032084PCT/ GB2007/ 003486 - - dialysis, in _order tain a

t est s%%ﬁ?%b%%nfgkﬂ?ﬁgwglﬁﬁgﬁaﬁgigﬁcSRPFéfFOHegwegﬁe%g%%?8§ y than
occur sqat e @hsYor! B 9LRABN ceBh8ELARBHS o £Sohtas nwhen thike abadiblogyf | ui d
rermve% fromthe patient is relatively dilute with respect to ttg

A e b5
t driget anat ibbtliplehdibbareptf RBPYNFHSGRE Ay S0 tBES8onc&MVEREE (e Yy.
by dialysis or, simlar .t Lque ; par c tr ated stock
whi ch Fén%ﬁ%ﬁ % gﬁe?o Sﬁgggggﬂg ?%%nggég %F?S?fo%gﬁggr use in an
assay ac€eeding hRoLhesi B¥enheoanti@Ene magr roakanpilges” ins sepedaier ei n

in a b{)oapl segse to_refet_,L to %n¥nlbsubstan e _whi ch e%i l%itsfs ecific
i munoPBi Baratégét FERAEY 1Rt FRETPE Fet® Fﬁo&&mi8’ ¢Suétedt ed.
Sui t abl,e.2nt i 98BS pIBY el NChEei nBUa i@ tROb A ivlid ethitigemaldir ad y
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 on 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 skilied 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



occurring proteins, reconbinant or synthetic proteins or 15

pol ypept iwi@sgossyaeshet i ¢ pepti des, peptide minetics, etcPCHGB067/003486
pol ysacchari des and nucleic acids. Specifically, where "antigen" is
used herein it is intended to encondass- any capture agent, whether of
human origin, mammalian origin or otherw se, capable of specific

i mrunol ogi cal interaction 20 with the variable or conplenentary

deter m pi;ng Ff%@h%”%i‘%%mi&hecr@tﬂb&%&é&éﬁi%@ﬁ&ﬂ-:;efrgje @MU E
anti-idiotypic antibodies may be regarded as an antigen for this
pur pos e-casli-way ahbisgens:oge e dy ghage idiaht /AntiGen Himamd gans
may conprise or be derived from 25 protej.ns. .or_ pol i | so} at ed
fromn g]etgzg ceg,yglﬁcﬁ AHGD ar{b({ 4%%%%%% og%reg{éelgﬁ%%rgf

pol ypepfues seseimisethdfIam faipaiied i@5 uamalibiody |antiviwsoud n such
enbodi nents the antigen may conprise substantially all of the

nat br alMafkeec @utiogg tglandigs 3re IigFet eith SHSAERTRATIYAED in the

formi i it oS, i t : r the
2008/ 0S3AFRET G0 00 A0 Hh S HEnt 1 T Sy Saeh M
must refeaitn samplrohegi calry eactihe tyanvge o heremtl Hdies IOH0MPPCH it
will be used to test. jtable fragnents mght, for_exanple e

pr epar Py :cr’rQerﬁoc%‘]o&’ nzyr;@i“? ct E'I’J%%‘%/aad‘éo%fté h%PiEér(l) %“%’I{d Itpl)arl“gt ei n.
5Dependi\ng QN e 1 ecis e KAt i@y @f o er@s seyoi g il choi 10xgfh1 pe
used, the antigen may conprise a naturally occurring bionolecul e
(el§. alqu drdiamM dro frelbntaleeest ) this nkednee brecichore P&rt her
nDIecqus Mwhich inpart sone desirable characteristic not naturally

pr esent - 110 bi onol ecul e.  For exanpl e, the bionolecule (e.qg.

protein or py yRdsieidy aptrehs ) asy bessiin] eighd edotstauceveal i ng

| abel , such as for exanple a fluorescent |abel, col oured | abgel,

| umi nesEldrta 1 IHEI CUTERT of Aheb VO OhdAyS ntt hi - SORA ﬁg Jéﬁ?l }L)Taﬁgl gol d.
I'n ot heg, gMHOd B S { PLOkCLNs Phgl&a8PBEk of antigen even when the

15 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 differeht 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 locations 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. Suitable solid supports also include microarrays,
for example arrays wherein discrete sites or spots on the

30 array comprise different amounts of the antigen.

Microarrays can be prepared by immobilising different

amounts of a particular antigen at discrete, resolvable



expressed as proteins nmay assi st include a tag peptide in
purificaW@p008P3208e  at the N- or Creconbinantly exprRcEEB2MWADIGEN.
Dependi ng on the format of the assay in which it is to 20 be used the
antigen may be inmobilised on a selkd support such as, for exanple,
the wells of a mcrotitre plate, mcroarray beads or chips or
magneti c beads. Imobilization may be effected via non-coval ent

adsorp£é£ derQQM§&§05%a£BQCQHEQgt ggﬁnxtﬁaktéﬁb@déﬁéﬁ%@”%ﬁé means

be use ovided this does n versely affect the ability of
the anamtmﬂﬂtamomm@n@fogmmabiylsedcanmﬂghntmgleauées mayi bedyeprs a

signiflcant e The jnvention_|s not d to.solid ph
assaysSUt 2 %;%Ji% %%%5#% g %Eg gyglﬁﬁl g1£ﬁﬁ FHSFE SF | : %ggrPn
are Ccafgé e&!r@w varlbquid pbase, tborlexanmphe aﬂbuhltoﬂfpba.&dlh@ad
assays. WD 2008/ 032084PCT/ GB2007/ 003486 - 24 - I n one

entodi pRAECPAMTekaL Ay BEOVABERfed WERARIPRgERYIPRLIWSH S OF
facilitabes i mbik ?ﬁéf@ﬂt SHEQNRS BEogbglllﬂﬁeagahagagc@@lkaga be

dllute 0O a suitable titration range and then allowed™to " react with
aut oanIn bodileserimodiments the two-dimensional surface
concentration of the binding epitope(s) on the antigen is
importént in preparing the titration series, rather then the

10 absolute amount of antigen. Techniques for the preparation
and interrogation of protein/peptide microarrays are
generally known in the art.

It will be understood from the above discussion that in
all of the embodiments of the invention variation in the

15 amount of antigen may 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 perforﬁ 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 n"different antigens" encompasses antigens derived 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. A given microarray may

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

different antigens derived from different peptide epitopes



5 patient sanples in solution. The resulting i nmune conpl exes can

t hen be WO2WBI082984 to a solid support via a |igandrecePpBB2007/003486
interaction (e.g. biotin-streptavidin) and the renmai nder of the assay
performed as descri bed bel ow To faeill ~tate the production of

bi oti nyl ated 10 pol ypepti de antigens for use in the assay nethods of

the invention, cDNAs encoding a full length polypeptide antigen, a
Lruncatgd, versip0 Lhereoh Gk BB13RLLYGREC bragmhllkrbber eaf ey the
expressSed as a*tusion protein | abelled with a protein or polypeptide

tag toimhanh phepbivion.coltashoulmapebootsdathathéd wild an enzymatic
reaction, Vectors far, the,production,of recanbinant  biQti at ed
ant i gefR&Pg émEBHﬁEPgiEﬁﬁylgyﬁpﬁéﬁpelFr8ﬁ1grﬁggﬁggaoFggguﬁgégl An
addi ti gpak yadyant ageigbnt hetese ioh tbeiek0ssmplriiteatid@teapmtoach with

biotinylated antigens is that the 20 assay is able to disti n%g‘idzh
betiweenmbiintiBngrofonRensratiipnGompoitst L&caktPLhiPdt PR S s and

true bindi e_anti its cognate antibody. The inventors
have oﬂggr{\i}gé%ﬁé? 8%3%8%?gie%§ﬁt nunber of the human popul ation

nat ural | y predusedantirehinot-ie drtrirbdthioels Iwhifd iei”ghtwhiesadafee 125 nche
production of false positive results in_ ,assays based t S
bi ot i nfPat88 FA P@éﬁg Bo' be” kSl dOT G5 IS SSENRn s AHREA

noassay use

det ect ,anhibediencasear dicng Heo itdveritnveNt i1gr 1R el fiased bie st andar d
t echni ques "known in the art, with the exception 30 that nultiple
anblint ®lefmant sgenmar @heded Htleashe e g t istveab-on Y88 resLaR% can be

reacted wth multiple.di.ffer cdid ut] f : e anpl e.
ma oSt SRB RO08 0 S IOPCT Y] GORRTE - I8 prEr ey

enbodi FeR dt, he pufiih) oas $ay avas diersetre Eld A - ld rSAs vy esegemer adfy wel |
known in the art. In a _typical "indirect" ELISA an.antige avi ng
speci f WoURy Pepippgcadtitsti edufdar a8 dii é:ki%ﬁﬂagil}qcéseg”gnt Csolid

surfacg g ot Qpre"‘? Ffara Standardy i ofd el Ay @lRitions the
surfaceé of ‘a mcrobe or a m'croarray) and a sanpl e conprising

bodb | y offl i detstt benpdst ebrfrori tiveg prabieic of 101 chrtgmye @ st &M brlgRight

into cqontact w,th the j bilised.ant.igen i L f the

desi re%ess%e(,siu\ﬁ]@ﬁty prf@seen B Cfﬂ Nt n%%@n%lmlﬁg%lqﬁ% ??)at e

i mobi | jesRt @MY §9Rn The: biosd: ang | by @t igirodonpd exest astyed hemrd be
detected using any suitable nethod., In one preferyed en&gdiﬂent a

| abel | ddvss sddmd@dy) dtiuaiurRih S hiogt dbtR i 3735 i Ko dys Shhi ch®

speci figceq'!éﬁ'alr,e(i%g@ssegﬁ:éafbﬁ%cﬁ% ﬁ@f‘f@ﬂnt&@@séﬁyQ%ﬁ samples of

20 serum or plasma. The test sample may include further
components in addition to the bodily fluid, such as for
example diluents, preservatives, stabilising agents, buffers
etc. Dilutions of the test 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 immunoassay. It is not intended to
exclude other means of obtaining "test samples” containing

30 varying amounts of the target antibody. By way of example,
a test sample removed from a patient could in fact be

"ooncentrated” instead of diluted, for example using



15 cl asses of human i mmunogl obulins, is used to detect the

ant i body Méh200g@#mBbnpl exes. Typically the secondary antPGHER2N70P348E
anti-lgGor anti-lgM The secondary antibody is usually |abelled with
a detectable marker, typically an-ehzyrfe marker such as, for exanple,
per oxi dase 20 or al kal i ne phosphat ase, allowi ng quantitative
detection by the addition of a substrate for the enzyne which

gener gfies A det el abl & Produhsaf@ra exaePl eamp ol esiegining a

chem I'um nescent or fluorescent product. Qher types of detectable

| abel srilgiown danedrtmatiomyobetiecantipedviethan cpErors r aphrEe Y  a
met hod. of .det ecti.ng.ant.bodi h by j S

diseagglé% %;cﬁmb %%éépgﬁsgé%%iﬁél?%§? ﬁﬁ%gg%gﬁ%¥g§?§$5a§%ggﬁegf

t he i nvent iome pset esrbl ys exsl adese bgsaysutdeswihedreéspeest thothe
ant i bodi es produced_as a resul{. of i y&cclne o allgn e or 30

i mBuni SHIYh ProtedY; BRRePOtRAY (ARt nBteBh Wih cgﬁcer mar kers.
Ther ef ASSAY S agg oy di LSsagpesimeiaktheebnrentiben to
prefef%gﬁvado na%diﬁ%i%deﬂgsggigpgggiéﬁed to test - 96 -mfor t he
presenmesmdram i concahtpatadt stoakt vhiah Aat Fhedi egefoLPoRLRare &

enceefoizani | CoRoaht o st ehiah | egefioFPof
! Pventy G Theo Bt bty ey "85 4ACali ok FRSAY. SRECTAd arsd Hhove,

the tefsdntagth panti body” refers to a naturally occurring anti body

directed to an antigen which an individual’s Lnnunﬁ Sésten1rec%%pises
as0f or ei gn BhenteRBugRntRaeNant FgBRSECBAPLY 8P &i n&L g N
'nd'V'ggfér £yt ﬁgtgﬁsg ?ﬁc%”%b%éﬁ aRhi Bedises pdich e ted nagdioNHgical
altere orns o aturally 10 occurring proteins produced by a

di seasedaceitiby dithng dadigstasetpbodyssoThe detecégdf-or RUgftaiHe

protein originates iin _the individual but_ na ie t

i ndi vi#uats n?nﬁﬁﬁelgﬁiFgﬁfaguanH?SQP%"léﬁétgﬁuﬁoérﬁgFEXEQHSHHUne
responsgeh Pri Hgt pi-BEkYhdyakeicBmbigaher srok yhihattteapticdtedines or

i mmunol ogical Iy specific to the altered protein. Such,alte&gg:forns
ofl%a ppolgprptadepnchunshetdc BRRIVPIES mPERNEShEVITT &%erdd ani no
act . SeAuenGe: (oBLLANGL LK saccompaped oy abanges o sacanday, where
tertiafy”or qug ernary structure, truncated fornms, splice variants,
20 al tegpdigkyeofier nseet tierkeninotitier seiindeindsct £ e cNPERR iBady my
be directed to a protein ich is overexpressed in a.diseas ,
for ex8RPFBrEsagdefEsuf e&&er‘? a0 i°¢ 3G W“&Fﬁ&ﬁ%ﬁ 5l 3P
tr a“SCF:EHEE:Q@%,r egwaloR £ @f{)@c@ﬂlrceimdﬂogad&loﬁﬁiﬂémmﬁ s not
normal 'y 25 encountered by cells of the imune systen1in_§%%§if%cant
arfunt githnthei yoor add e @FUFOMPdSTEITE NYe 4 HRF A 1dHH &I VoY

brOUeL ol pEL) el Wl e R e SRy bt T e
di seas@nst abeiekf mayf @lealregarded as an antigen for this purpose as
may antigens generated by phage display.
Certain antigens may comprise or 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 socurce,

or it may comprise a fragment of the naturally occurring

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



30 protein which is normally expressed only in early stages of

devel opndyid 2088081084 t he | Mune systemis functional becoPEEGEBXI7EEH8E
in a disease state, the fetal formmy be WO

2008/ 032084PCT/ GB2007/ 003486 - 27--23 ecogni sed by the i mune system
as "foreign", triggering an i mune response |eading to autoanti body

producti on. I n one enbodi nent the anti body may be an

aut o2l g 3PS | Calior SN IREKE! -BESL 6! fumdfd1 B0L6s

parti cu cancer - assocl at ed" anti -t unour autoantlbody
The t ereadicanider -vaissiocl izt eaiit Bpediesnbor euioantt bedylreeengedotan

aut oant i body | irected ag ai.nst prese r of
tunourQﬁiﬂaﬂgq%ﬁ%gi%sgﬁ%$%%n5?e bg%ﬁer€%¥ %% g?brgésggeggré ﬂ§
Cancekﬂﬂﬁ%ﬁﬁﬁféﬁfﬁﬁ%yﬂ@@meCDégﬁﬁ@@eo@ftB@chsamabadtpbodees is
characteristic of the cancer disease state, or of pre- dlsgosb pn to

caficer in RanARdhRg | enphle RTRCiFR PRBRERred LPBI FESEYON
met hod, of _the k%@\é?%&ont%lén@f?é'ﬁeﬂﬂrocgﬁﬁﬁﬁéetBenQ{'ﬁ%SmQ? of

cancer-a5500|a anti-tunouf aut oanti bodi es in test sanples
der i vestdumimnatosobgecis oe. gataemrstéanthQUgﬁrﬂﬁéeﬁﬁtﬁbérﬁﬁ§ be
used on tes

Ies derived_fr othe hu Wil |
nost %ﬁéﬁﬁ@ %?eofhgoFﬁrﬁFﬁgﬂ%ﬁ R 9???88|2ﬁunoas y per grned
on tthéﬁlfgﬁfhCEﬁ&%é@BérQEt@ctﬁét 2Q:-6eapl¢ pespensi g ahsanpl e of
bodily fluid taken fromthe subject/patient. The sanple of bqdi

f 111 d bmgm@be@nl@t edFPR aKyUBLEt abPe ]B&Pmeﬂ—eaﬁérenéﬁ Be Pro&Ld Por
| t t
| 0nG SLTLSAOLRGE PLoBhOREI 8, PELOLORGuLESENGe LN Kk 1po

P At e nons can repeat ed as often as i s
t houghtaiperessacy & boil dxappaeprofiherebcantodnbiBodyoposdestion in

a patient, either prior t he onset of. diseas as in.,the e n
ofp"ail@b%kfll%@+0gﬁéﬁp§ 88% ihrﬁﬁéﬁBE?bF Oéoﬁﬁég o%eg'segggk'%gl )
(d' SCUéﬁfg?wéi h&&léel oWy BrhekatingBdt Aepref ar pedt3Anappl ifealigrens of

I'n particular, but non-limting, enbodinents the
rnmmodmapfbehexpneeﬁedoﬁsnayf@@#ﬁﬂl§é0tﬁ#ﬁnoa§§aW§yt@f example,

fusion proteins may include a tag peptide at the N- or C-
terminus to assist in purification of the recombinantly
expressed antigen.

Depending on the format of the assay in which it is to

20 Dbe 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 Any 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 liquid phase, for example solution phase bead

assays.



WO 2008/ 032084PCT/ GB2007/ 003486 - 28 - (sinultaneously) detect two or
nor e typ&e0 2f0848208aNnt | bodi es, each having specificity fRET/GBRISOSTIBO
epi topes on the sane or related tunour marker proteins (e.g.
different isoforns or variants eneodéd-by a single gene) or for
epitopes on 5 different tunour marker proteins (neaning proteins
encoded by different genes). These nmethods will typically involve use
of a panel gf %ﬂ\@,&ﬁbaameﬁet,saafci@ehggﬁa@beagab@que@f wafthi gens
usual 'y being derived froma diffefent tunour marker protein

(di f f etegnd nthét sweohdefucidahipig proebihssadionat sack @febposdict s
of different. genes)_although_as. oye_a. f j could
al so i hudI et ??e%%ﬁtkgsptgﬁeélgﬁkgﬁe%gaées &%%%}%ngﬁﬁgkgggﬁtein. A
"set" pingatigenshéesf elsovedatsi rghetantitpenutoabe ibestied dn

di fferent anounts/concentrations in the nethg%éof t.he 15 inveq}ion.

These Rethows, SHRPEASNA) BOLHELEPnaf fBF FEFEN RS IEUINS, HEP~e%es

assayScap U‘fhéﬁ SHe 21 RABBE 19k i@ 00k BB 8 dS8LppBirtaRtiageNS ilganiani t or
the overal [ Imune response of an individual "to a tunour or other

car ci nogeepténebptasactioharige - Théstineshogpteiisiddt @égxd £eprofil e”
of the i mune 20 response in a _qiven i.ndi Vi |,: . dndicating which
tunDurrﬁﬁ?kgggre?%c?geaﬁsﬁﬁﬁﬂRggFggggﬁseSrg%%%f?ﬁﬁﬁﬁﬁggﬁ#gantibody
producti on. rdheayseiebta parekrokutntodr ofobe carithyjertssd o noni t or
production of autoantibodies against two or nore different tQPDur
mekker BOL¥PgREREEI RPTABLESs RS 1SFe AR 2856/ FatddoPhorthe

aut oant | badi es t o.siRdl OIS 2200191 V&S @ TN L dd

fal se %éﬁ% FE8n; ocbivAd %élg%r %8 5878 s N0 203)/ 44590, t he
cont entstefinohtel aeesinoortheratodd drerei mnitd gendia faradnestly Wereof
reference), 30Therefore, in nan-limtin odi.nent .t.he jnv I+
provi dB8YaPRetKBY5F e fec f %élstl\f%l (W:O%Sjrlg m%&cﬁ&;smitn a '[bes eil
sanmpl e eoppi L sERY; acbedid ¥ d HitH o »iRTRldataddr nay be

2008/ 032084PCT/ GB2007/ 003486 - 29 - subject wherein_at |east one of
sald aptitboliedsviig anbiesizagiaddic rmacdl of- a VSIS atd®dr di sease
suscept.i bil i whi.ch | : Adg tyvo or nore
differgﬁPdHF%éPPoﬁg 5FQ§%?§gF%§ iﬁ§%ﬁ%§%§§j%¥§% I ng out the

f ol | owchgmetrepsl(ly) aatad @k le ifrarespectniafr edatedwstesanpl e dil ution:
(i) contacting the test sanple diluti with two_or,_nore sets of

anti gens, wh8r éﬁﬁlg&%%@r%Wa%% éjétfg:}%ﬁ UAR i Yers T SSEQEEi fic for
one of (§3i-d+30Bhi RPHr@HP W¥h biotinylated antigens is that the

20 assay is able to distinguish between binding of the biotin

,of

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 biotinylated antigen.

Bs aforesaid, the “immunoassay” used to detect
antibodies according to the invention may be based on
standard techniques 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. In a most



10detected in the test sanple and wherein each set of antigens
conpri se¥V@29B032884 ty of different amounts of the sane BEH/GHN7/003486
(i1) detecting the anmount of specific binding between the anti body
and the antigen for each anmount of &@ftirgen 15in each set of antigens
used in step (i), (b) plotting or calculating a separate curve of

t he amount of specific binding versus the anount of antigen for each

t est Sgﬁ?k&:ﬁé&%ﬁ%amﬁéﬂte%a §ﬁt¥nu9f:a§@hitygﬁﬁ§( usedn migtsen (a),

wher ei e presence in the test sanple of antibody 20 reactive with
any onBLOSAbharsegsnefaihyi wend ksedni ant hBeagssy | 3N AdityRisd by a

generally .S shape sigmid,.curv at.| o L i rent
diIutiLﬁédeeFﬁe g%i%Asg Fg%ﬁﬁfﬁ gﬁggkge%p§?§§éfﬁg ngb&ggﬁﬁ one
enbodi gERL LEH LB snABkhedseagl afedidited onh mos@ldnt ishodises will be
a biological marker of a disease state or di sease susceptibilit
hoever eig-i §hai FRLASt RE &cEF@NERTChENCHPERTEH 56 Ao MitE ra O g:g’se
Leeratian asaay el 9" nd dbpease JPIK e ARG ) Wkl & wWagsditration
assay For any otﬁer type of antibody, which may or may not be a

di seaseonmrketngi botihdysfdmitdesto denplestedndor the preseénce of

2008/ 032084PCT/ GB2007/ 003486 ,- .30 - Ei.th )  udgement  as
to mhe?ﬁgﬁbpﬁgeﬁeﬁévéﬁp%ﬁﬁ'Bﬂﬁ%@ggﬁa§%ﬁﬁgﬁglﬁgéﬁyééég%jﬁn the test
sanpl ezihg 1Based HRYN abha WY off tRedddicdd niow fibsierw gk edersach
of the different antigen concentrations in respect of, each

di 10 er émt thet isgewlenvidd fdad o toehermtidst 39tk Tt | VZ% ues
for CagR. AN 192 AR Ik LAEAUNE HayA B1dHi% cREREat DG of

each antigen. t he rmnation of presence or absence of
di seasenst atué tabldi seaseddsusdeptdrts [prefdrasetl angord preser el re e or

nore types of 10 antibody in a pati.ent sanple. can, be on these
col | ectsi@\?@r\%rﬁ’eélqtdf"?'@’&éﬁ“ antt ‘?‘glc%%]fjé} a%?e%}?b?q?g’ j@%’éﬁﬁmnt i s made
on ther%%%i%i%faltﬂye i £h aaneied Yedhsdiapesl ofie sbynmodal

curve for at least two different test sanple dilutions in respect of
any5or cdldssefs tdife hamanydnenrs pr@uehing n khargedito deteckqgbngpe

ANt o RRSUERR D ST RE® be TOTEr T {5 herern ae Ve ngl e

mar ker apgawsdy wiher ess assbybybasedion tTgd uselTlné acpandervf two or

ore aﬂﬁéﬁggh;ﬂf; usually labelled with a detectable marker,
typically an enzyme marker such as, fqr example, peroxidase

20 or alkaline phosphatase, allowing gquantitative detection by
the addition of a substrate for the enzyme which generates a
detectable product, for example a coloured, chemilluminescent
or fluorescent product. Other types of detectable labels
known in the art may be used.

25 The invention relates to a method of detecting
antibodies that are biological markers of a disease state ox
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



20 referred to as "panel assays". In a preferred enbodi nent of
t he paneWQ3¥s8ip3i984¢ hod at | east one and preferable all BET/GR07/003486
anti bodi es detected in the assay are autoanti bodies reactive with
tumour marker proteins. 25Cross titeati-on assays according to the

i nvention may be adapted for use in the detection of autoantibodies
to essentially any tunour marker protein for which a suitable antigen

may bef8£99ﬁéeﬁre§énée FggéﬁtEaﬁﬁﬁéla§§a¥n9&~§%c%e%@%ﬁo%%%HH@Hf%S

panel assay particul a be 30 adapted to
detectfubheulegauaoamnabmdnésmmnnmﬁek@gncaIIy specific to any one or
any conbi nation o

f | .
008! 03208 4BTFeRbB0Y) BUagasends b ?8?%&%?#&“?&@8thﬁhr &S ei s,

by usengf bbeagontespaBdbagyant hgensdicatkpi dewral, @h@m&brhactor
receptor Eroteln EGFR (Downward et 5 al (1984) Nature. 3Q7: 521-527;
Rotfer t SeHteenaibpdgdiyeArEni F8s 2oRabarRNYgP CaNE Tiao LAY Nedi ci ne

126117%lgéé§?ﬁgggwéga%ﬁﬁlg§? ?Eﬁ%h ak. 1&%3%%huaﬂ? &nmﬁ?ﬁp%%%ﬁﬁﬁpgy

12: 271- c-myc ackwood
Nblecuraco@hmbegyasffbhelgelbvén 59bu©®9ﬁhat anﬁy§§qﬂwgﬁWﬁ%MM5kl, G

et al. (1984) E 325 o 985) Mol
Cel | . %gbﬁlnétegBé? Egﬁsfné z¥%86§§&ﬁ° g %ﬁé& 59(1991)
EnV'rOﬁnt@BmeeBeH&@@@tbﬂeégaﬁgstlaitb%ﬁb,ﬁ@&n@RQﬁﬂIﬁéﬂuﬂdb&y R et

(1997) PNAS 94: 5605-10); BRCA2 (Sharan, S. K et a/. (1997)
Ndﬂhreocgggrlgg4p39@ylns produced by a diseased cell or during ’a

disease process. The altered form of the protein
originates in the individual but may be viewed by the
individual’s immune system as "non-self" and thus elicit an
immune response in that individual in the form of

15 autocantibodies 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
autoantibody may be directed to a protein which is
overexpressed in a disease state, for example as a result of
gene amplification or abnormal transcriptional regulation.
Overexpression of a protein which is not normally

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

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

expressed in a disease state, the fetal form may be



AFC (Su, L. K et al. (1993) Cancer Res. 53: 2728-2731; 25 Miunemitsu,
S. at al WQIGSP3PRAS 92: 3046-50); CAl 25 (Nouwen, E. J.PET/GERN0700D80)
Differentiation. 45: 192- 8; Norum LF, et al., Tunour Biol. 2001

Jul - Aug; 22(4):223-8; Perey L, et a .27 Br J Cancer. 1990 Cct;
62(4):668-70; Devine 30 PL, et al., Anticancer Res. 1992 May-Jun;
12(3):709-17); WD 2008/ 032084PCT/ GB2007/ 003486 - 32 - PSA

(Rosenber R__S ..(agg .ﬂﬁﬂ? oS, : \ .
935- 93§f;0%gn158§r (?&ng{rﬁ)rlyom é@asﬁ)t I genrQC%A (DJ%@?S’M J. { gorolirfgg'caﬂ n
E:ggglg) Sa&n?ng?:%spﬁ%gaﬁ?g)gao?gﬂﬁtﬁégg;gmnwbmm grqdegojomi n Bi ochem
VT, et al Th prisc eneRdingii g AR GRS R A ¢ 28 G R
(prost ate Iped fidgy NERRIRAS: digan pdc¥aiel ) aill foretparlticilancky

Res. 53: ‘227- 230, 1993); 15” PSCA (prostate stemcell antigen; Reiter,
R E et “@lancePressaitatestadnigeitungsir memayu0d4n9s) ; EpCam

et Acad & A XPRRER ST R NS i & MR e
c- er bBefllGeussensm dut®@inialbodySoitende 28011idd3Red 18392119851 EDCS,
which is an alternative nape for e extracellul ar_domain of.

CAGE (SRIBORS, ISRt Whrber R 900 Dt S5 5o 535 BAO 7 boh, Fe
Mashi nq, K r&lorlial B Jkfdesia 200inSepadcdb(§lsdhde 30208. The
10 presence of such autoantibodies is characteristic of the
cancer disease state, or of pre-disposition to cancer in

asymptomatic patients.
In preferred applications, the method of the invention
will be used to detect the presence of cancer—assoclated
15 anti-tumour autoantibodies in test samples derived from
human subjects or patients {(although the method may be used
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 1s 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 - 33 - Cytokeratins (Ml R et al.,
Cel | . 198Y0p96/AORDBL): 11-24; Braun S, et a/., N Engl J MI/GBRUGO03AP:
525-533). The term "cytokeratin" is used generically to refer to any
menber of the cytokeratin famly fo28which the corresponding 5

aut oanti bodi es function as tumour nmarkers. Preferred exanples are
cytokeratins 5/14, 8/18 (Kim M, Ro JY, Ahn SH, KimHH KimSB, Gong

G Hum F’yang %392%? ﬁ;& &%é&%t 1243 89 mgi?é'bt 88 Ju¢l a%8baneybekeratins

7, 20 arry TS, Wieel er DI, Yenelyanova A, Sei drman
JD, Roaslaﬂ@mthﬂdnchswm:JJfSuL‘gyPébhoﬁlf26©6ﬂ$epp$©@9)951QEOtI@BQFm‘?and

cytokeratin 118/ 19 Barak V, G&oike.H Pan n R
di n Bi 8Eh¥ 4 BIH‘P'S%?IE‘% 85oPagysins (SR coéglrflk%r% 5582'5%18 al .
Cancerof@§ar29@95A@ﬁcé@éd6997h é@ﬁ?i@ogengalbtkE&mn&p@Kb@EH oet a
Br J Cancer 2001; 84:643-650; Youse et al., Tunor Bid | ZOO%t
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aut oantf bodreS-Tunctron as tunour ers. Preferred exanples are
kal I'i | aeenst 1atpaﬂél(KEKtﬂzelBA:l—Itnba:Hk&E):s( ofi entriQenshi smaidisstERL

Cancer Left. 2005 J 16; 224( ) 1-2 Di_aman o] f din
Chem 20529¢D8 %ﬁ‘daigt@?ei‘i‘% SEaye aﬁaof“na §F‘%ﬂ%ﬁe§l} %L%% g;/l (Prezas
P, Arlﬁa@ﬂervﬁk59é9ﬁ di8easanki ihaihAs H@h&%&hﬁh@@mﬂngfﬁﬁmﬁdﬂnﬂw
Talieri M Diamandis EP, Kruger A, Mgdolen V. Bial Chem 2006 Jun;

387 6) £BOT- ate DhanmndilycEp, o¥oddétecRPtLGeTEY) REGhoHHE: /-%S a5

CV. The_new huma kal g a i ans i

carci n888ﬁ83 gr e%dghé gg@rsl %%ﬁlﬁbtg‘ég% 8‘95)1% Of1EL1(2) 54- 60
REVIem@%atoﬁ@b26ﬁ8tﬁ32aaﬁECEMGB&QOﬁh&&&éB@rotbin- Aﬂhékﬁﬁg (Hudel i st

G et al., Breast Cancer Res Treat. 2004 A ( 81 9 Ger ke, V.
& Mbssansigenphysfersgi-Car Ré\ﬂggﬁs a%éﬂeélz%\a%f ? erm

annex'd?fszeﬁis.eg geRes/callde i@ atalopls e ame Iﬂ@'ﬂlﬁi’d fo tihe: annexin
fam | or ﬁ the correspondi ng autoanti bodi es function as

t un®ur inmekedsn . Pr é‘helseeaileé;m%resﬂharcél @nvexXien er iR B §Ipeehigi g ed
J.M G, Ferngndez

t r
Ni et o, t€ &5 QPRBEHN 3saysP % lr]‘l:'“csae,n aJ %na o%%ho ogy 2004tsl[\|0\‘(E
164(1) ant3yé9s Bblﬁhﬂﬂboﬂ:ﬂﬂa IMesek,l 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 aQainst two or more
different tumour markers is generally more sensitive than
25 the detection of autoantibodies to single markers and gives
a much lower frequency of false negative 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



10D.E., Yin, A, Krause, MC , Gordano, T.J., Beer, D .G, Hanash,
S.M 200WQeHBE308Eci ences 98(17): 9824-9829) and annexPEI/&B20R7/003486
(Fernandez-Madrid, F., Tang, N, Alansari, H, Ganda, J.L., Tait,
L., Amrikia, K C, Mroianu, M,-WHAg;- X. & Karvonen, R L. Cancer
Research 2004 64: 5089-5096); 15 ot-fetoprotein (AFP) (Stiller D, et
al ., Acta Hi stochem Suppl. 1986; 33: 225-31); GRP78 (Block TM et

al ., Pé%%&@%'wf@ﬁ@iﬁcét UBlas208helam 2618; 102(BpaTé8- 84; aHsu WM et
al., Int Cancer. 2005 Mar 1;113(6):920-7); Manmagl obi n

( Zehenbhelo@kcabtmatrker Pf na CReAPAZ003TRES; 30( 1iFea869- 76; Zehent ner

BK, Carter D .C1 i O : .249-57); rat (Callan
LS. etsgqup ﬁ%l%gF ’Cﬁ%gﬁb %ggggéaﬁgéF%;%§§: 42; PZatt NAF et alé,
l\/tﬁl Celh) Bpgébﬁﬂing9%oges;ﬂnBQéldif)Eetéﬁtza)‘Liutioﬁs ofbeaaddhiesh
chaorioni ¢ gonadotropin, b-HCG (Ayala AR et al., Am J Repr,d,l. nol .
1085 ABFORRS, 03) SROVERS Chbobhe 39.4PYL88° aFoPoDlide S o0d Lpr s
2003 Doc BESI105) S3Eh T e BT (o brastockert B Gure AO,

; -2): -7); - BR- age D, 0] t E, AQ
Scenl an MJ, (Kar bachagtinggehe, tralt ﬁa%@l@ Glillyl,%ig‘?ehfiw. t{“;’o@f)

I dentification of 10t -speciti tatiye . tra 4. Aty f

i n breast tngﬁesggsngoﬁgggggﬁgécpég%ﬁﬁé %%cé gbgagﬁcggﬁ%ggﬁ¥fﬁﬁg$;.
Ean_cer Res ﬁﬂari§éﬂ$§5@55s§é¥:ific fold wine (Easafl dGN tGhoel eBC to2 GG1)
ivin, a novel i1nhibitor_ of 15 apoptqsis protein famly. J Bi Ch
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ymovarn” A& EESBE BoBEpSp U 00y e ot Sanc i o
the same antigen,
(ii) detecting the amount of specific binding between
the antibody and the antigen for each amount of antigen
15 in each set of antigens used in step (i},
(b) plotting or calculating a separate curve of the amecunt
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 antigens.

25 In one embodiment of this method each of said two or
more antibodies will be a bioclogical marker of a disease
state or disease susceptibility, however it is 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 or may not be a

disease marker, in the same test sample.



20 MJUC2 (glycoprotein) Giffiths B, Matthews DJ, West L, Attwood J,
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Hum Cenet, 54: 277-85. Endostatin-(Sbardker L, Schrader M Kanse SM
Jurgens M Forssmann WG Prei ssner KT (1997) Isol ation and
characterisation of the circulating formof human 30 endostatin. FEBS

Lett, 420 (g;3)¢ 5 35 032084BCLHBRR07£8@3488evadl -
Bcl-2 (Tsuj%ﬁg%%riﬁg%}oc% ¥§?§%@§%) Anal ysis of the structure,
t ranscanipiisodhes preternapeodatt prefeBtlin, thRetgeiie SENpéRved in

human fol |l i cul ar nphoma. . PNAS USA, .83 (14):. 5214-8). Wi
NP RRed AT N R RROUAT ChE CRPSR4 5T, PLPHIRD DO306) >Tha Ceshitssi on
of Bl RGF phet gl prandniRW:igeAoBoHREgkrATS chynphorespketikedi aakh
Lynphoma 47 (6%: 1110-6), 10 Heat shock proteins (the term heat ,shock
pr & ei asfferenbdanbhgrncarl fheotpeter 1Ro CARPThEREIShEER FRILEST YFor

whi ch r p in nt.i Lesyhuncti t I SR S)
el udr g Bat Rt Sakhl CafyePR raBlG T Fhaant Kootantenm TR °
Yoshi nuoacSptOsaimnafRy, edhanabégkn( 199husl5 thepdessirod neft legate
shock protein-70 and c-nyc pratein in human breast-cancer - an

i mmnoﬁF%?%Eﬁ%nPEaﬁgé?{}g%. Oga 152858 S6RES ,Orz%l(gﬁl)a%e%a- 63); HSP27
(Di ffeéﬁBEE?EiE%ME?%QBe@f upbRh@BeskYySlaldfi RvandrHeR2Ze Lyipes of
anapl astic thyroid carci nomas because of tunor-specific
allghaBankjsedll in gerat2entCRYAB) SsiCEENEENHARNR PR ENeESr t ner W
Hauser P, -Kainz ffl | £ : erb%%%r 'S M Wagner
L. Cel FO%%?SE%V&AXSgrBS%egF’I%B A&Pu%r%ﬁ;g%d( 31 f[%’gf)vl\;%)'aatg!eCRYAB
(Sei t z48dgkneachi BgmEdeVWehmehel baddeolderchg, shrondingy ME Meigedleglly

ELRTRCTET N ML M ST A e

sample dilutions in respect of any or all of the antigens

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_more 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 marker
proteins.

25 Cross titration assays according to the invention may
be adapted for use in the detection of autoantibodies to
essentially any tumour marker protein for which a suitable
antigen may be prepared, as a single marker assay or as a
component of a panel assay. In particular, the method may be

30 adapted to detect/measure autoantibodies immunologically

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



No55 (Fossa A, Siebert R, Aasheim HC, Mael andsno GM Berner A, Fosse
SD, Snel avol2@Bogesder nack G (2000) Identification 30 of PGI/GBRI0ZO0FBE
protein No55 as a tunour-associated auto-antigen in patients with
prostate cancer. Br J Cancer 83 (6)31743-9). WO

2008/ 032084PCT/ GB2007/ 003486 - 37 - Uroki nas-type Pl asm nogen
Activator (uPA) (Booyse FM Gsikowi cz G Feder S, Schei nbuks J (1984)

| sol at | and ch racterisa n._of oki.na t ype asm nogen
activ %%#h%ﬁ%%ﬁ? “%ﬁ“ﬁo%?r# £5 9 Fgﬁ#éé hgnggeeé?tﬁﬁkial cells
i ndi Std:@ﬁblé§ﬂ9@1bdi§n§r@ﬁtﬂgbﬂaty urokl nase. J Biol Chem 259 (11):

7198-205); Tetranectin (plasm nogen binding protein) (O emensen |
10 Petersen LC, Kluft C (1986)Purification and characterization of a

novel , ! S NrateR8bLe Q%E@thGFRr belRwhi-ameRuman
plasmaE %??§%%c§r0§£%u?heeg?ogggn?gb r 37-333 )Q 15 grolactln

(Risddl 210{1ba# EsNRV\ﬁr@yk@ﬂ@r n5$W-(52Q33) Rmh@r@s@paeat Bén,(2001)
dent t d f t
dent | (LR1L20 SCc2sRRYogl BLAl BLIN A LI gl sk ancenhar

Martin TJ, Raisz LG Slavkln HC Term ne JD, Rodan GA, Veis A (1988)

CEteopontln - Structure and bIO|O%I0a| activity. CBA Faqu datlo
SynposHHC136Bae8, 506K -KFéf & - Mt 9B2ler by JBafiRnsT e

and de bye% § no-aci d sequence for human Osteopontin. Nuclel 25
Aci ds es 9 T% 3306-3306); Human Epididynm s Specific Protein (HE4)
Kixchoff C, Habben I, lvell R Krull N (1991) A major human

epi di dym s-speci fi DNA encodes pratei.n C l ogy to
30 ext&XEeIFumﬁF prgﬁépﬁﬁggdl ﬁ%b?&org: |0Y¢%%%4 §%¥§JE§$Pon 45
(2): 380334} 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: 1887-1893};

ras (or Ras) (Capella, G. et al. (1991) Environ Health
Perspectives. 93: 125-131};

20 BRCALl (Scully, R. et al. (1997) PNAS 94: 5605-10);
BRCAZ (Sharan, S. 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. (1995) PNAS 92: 3046-50);

CA125 (Nouwen, E. 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. 1990 Oct;62(4):668-70; Devine
30 PL, et al., Anticancer Res. 1992 May-Jun;12 (3) :708-17) ;



WO 2008/ 032084PCT/ GL32007/ 003486 - 38 - Tunour Asscociated Trypsin
| nhi bi t o'W TWEI03208Huht al a M., Kahanpaa K, Seppala M HaPCT/&BR{07/003486
Stenman UH (1983) Excretion of a tunour associated trypsin-inhibitor
(TATI) in urine of patients with Gyrial ogi cal Malignancy. Int J
Cancer 31 (6): 5711-714, 1983; Inhibin (Chari S, Hopki nson CRN,
Fritze E, Sturm G Hirschhauser C. (1977) Partial-Purification of
| nhi bi r Sti cu ar r acgt CEA Floerg j &kaxd (Suppl
10212) ?8513%55?@6%?ﬂ lrig'( \?a%gglvc,(l?iggﬁ, Ao R |
Bi ophy £ofimun( SBARgh&i3p-93®06 Sep; 38(9): 602-10); 15Cox-1 and Cox-2 (Xu
Z, Choudhary S, Voznesensky 0, Mehrotra M W.odard M Hansen M
Her schman H, Pilbeam C. Cancer Res. 2006 Jul 1;66(13):6657-64,
Cer vel loq yMi nMapbahion iG aMilgbn) dBast (meftyer of.J 20000 @Bin Chen,
12(28):5113-5121). It be wll appreciated that the invention is not
20 bnt épded7td)8E24WX)ed to the detection of autoantibodies to the
specific tunour markers |listed above by way of exanple only.
Assay net hods according to the invention based on detection of anti
t unour Omker (datgaanty bedi esl ({1083 nglbiEBhechker Ok9pahePclhssaid) :
form rra%hbi enployed in a variety of different clinical situations.
I n part3i 718 ', the nethod may be used in the detection or diagnosis
of cancer in synptomatic or asynptonatic human subjects, in assessing
the prognosis of a patient diagnosed with cancer, _in Erg ictin

o

30

r edponsEESOteramnceny Mo toramkgl 997 JrieRpP ess- of - c@ ' Orpjégﬁer
neopl a itC.. %Csa%s%é.n' 39:9??1@541?9{'8 deiggﬂ ng early neopl astic or
early ci nogeni ¢ clhange in an asynptomatic WD
2008/ 032084PCT/ GB2007/ 003486 - 39 -

PSMA (prostate specific membrane antigen; Israeli, R. 5. et

al., Cancer Res. 53: 227-230, 1993);
15

PSCA (prostate stem cell antigen; Reiter, R. E. et al.,

Proc. Nat. Acad. Sci. 95: 1735-1740, 1988);

EpCam (epithelial cellular adhesion mglecule; Szala, S. et

20 al., Proc. Nat. Acad. Sci. 87: 3542-3546, 19380);

HER2-neu (also known as c-erbB2)} (Coussens, L. et al.,

Science 230: 1132-1139, 1985);

25 EDC6, which is an alternative name for the extracellular

domain of HERZ.

CAGE (Jager D, et al., Cancer Res. 1999 Dec 15;5%9(24):6197-
204; Mashino K, et al., Br J Cancer. 2001 Sep 1;85(5):713-

30 20);



human subj ect, in screening a popul ation of asynptomatic human

subj ect sWn2mB/da08€i t her to identify those subjects whoPGFEB2T/003486
i ncreased risk of devel opi ng cancer or to diagnose the presence of
cancer, in predicting the response 330f' a cancer patient to
anti-cancer treatnment (e.g. vaccination, anti-growh factor or signal
transduction therapies, radiotherapy, endocrine therapy, human

anti boe%t{ﬁQSE?P%nscr@ﬁBPihﬁr, apy) q1i.0 ERALtORbAg WBe;Bagpgnae -of;a
cancer pafirent to anti-cancer treatnment (e.g. vaccination, 10

anti - geewtth Saceoradr, sNgBalglt Jatfeduc 00 ;t RéRapPES-53adi-oflher &gyrm
endocrine therapy, ,human _anti body .t herapy c her a 0.t

det ect f'SHtBPeF@E#r eht Hlsggaggnie l&%&r"%ﬁt I}%%%I gt?s%)%gydfdaegrnlbggﬁé)fas

havi ngtﬁénEgEo}é@Qabﬁﬁ gREENgOFe rahiichaneer cotreatspeniditng reduce the
anount of 15 cancer present, or in the selection of an anti-cancer

t hel apputeagtibadépfe TUBRELOGr Gt F HIREToMagKeLSgnalP B EHddstt i on

t her api i e rd her , Nt - targatarent
chenot ﬁggﬁlﬁggg g%? Eggkslkr??cg%gglrst i%?l}ltzlér ng“%éi éﬁggpgﬁhgﬁbﬂnt ors have

gener akliy ahseryadSBhatoheve $luaf Paddmeder Q960 Sieared (Ut dat i ¥t es

show a_positiy orrelation with di.sease stat see, al 9/ 58979,
t he coﬁP@Htgpgg &Hﬁcﬁ@r"e SYROKETSY dtnégdslhe |n(%5a)§/19re ’erc’zog“&n\é\%‘?'l—bnce,

when t'%%r'if?t had @hekher Mrenticar ivedesed N, n seliidriaeal TrRpEdmadtitormd . 25
increased Fevels of anti-tumpur marker autoantibodies, as conpared to

sul® ablke dopurgl Bathed .g@RéitalIap it3dken dd 3 ildd)catd™h of the cancer
di sease_state, . unl ess.at i j-nd} C ei Whan the kw,

i mmno&gz;g?fgrg}:ém&s?él;%r{qﬁg%%adgwng}s’i ?ngq{eg%{'cgr%cnea( In a human

i ndi vi dualarceohher. syipt @iridiemr Z20ATphdvet (& )f:dr2 Tafitler ), the
presence of an el evated | evel of autoantibodies, as conpared to
"normal " control WD 2008/ 032084PCT/ GB2007/ 003486 - 40 - individuals,

is usugldy faken @aaan ndigation tdatcdhedndinisualphas cancer. The
"normal ™ control individuals will preferably be age-nmatched controls
nol5havi;ré@ (@ny 1ditdg@éi;s of cancer based on clinical, inmaging and/or
5 biochemcal criteria. A particularly useful application of the
method is in testing of hunman subjects who al ready mani fest cancer

synpt o 1081 ks akien 1) idi cal ., iBEgl Garanel Gt 0Gl othedd 3a650;
O e Shielod OSSRl IR BT, £44 0, 2 gl gupgnls of
ot |- o B e L et o, el ot her 2y
endocr ittes tiedrlapyse hunemiahy | Hodywhhel aplye eheresPerabyy, the
presemgzéganrkﬁgé?ggeauAé%f&noés tumour markers. Preferred
examples are kallilreins 1 to 15 (KLK 1-15/Hk1-Hk13)
(Obiezu CV, Diamandis EP. Cancer lLett. 2005 Jun
16;224 (1) :1-22; Diamandis EP, 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, Holzscheiter L, Schmitt
M, 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 1n carcinogenesls. Trends Endocrinol Metab.

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



15 autoanti bodies, as conpared to "normal " control individuals, my
be t akenvé3208/082084 cati on of whether or not the indivi deENGB2O070REBY
to respond to the anti-cancer treatnment. The "nornmal" control
individuals will preferably be age-R3dtehed controls not having any
di agnosi s of cancer 20 based on clinical, inmaging and/or biochem cal
criteria. For each of the treatnents |isted above, a relationship

bet weegy t he: L evek, 9L aut ognt bhodizes eeeRatedaheseoReEONscand 1200 y
success of treatnent can be established by observation of the outcone

of suchugr@at&bn28indpat Fenks, wHosé Mossanti-Bodyhysdodegigeli s

nonitored,thro ug,tr n . revi & tmalli

rel ati%’ﬁgh?‘ﬁsngggghé%'bggggggﬁl) (ﬁ%%e ie% t%@l"%ﬁ‘%@] i Ego?@%giccess f or
each tgeatPeRLlly 8ogk¥€Brpabi enly hasderowfathessmeexicl futidantidyody
status. \Wen the imunoassays are used.in ,nnnitoritn%lnahe %gg!gguo ress
of Tanekichr tBEhEPLHESPPRSETE & 1R A &5 O T h & Sor

nce of
an ele%g&ﬁgrg?VebrgkeéEEQQQ%bQ%QE%ﬁar%saﬁ@ﬂﬁ@&ﬁﬁll%n@'Z“KH&ﬂrero,
control ™, I's taken as an indication of WO
20081032M84PCTFEBRABOALBO3HEE .-~ Mbrgarhe predamedediocdnders in the
patient. The "no | control” e | 5. of t 1:hodi nt
in con%PBFagﬁﬁi'vfaggal’sgl&tgf’era'b 'yl%‘agp\lé)-%yn% C edj,'aéri'ot éévjiq%gd gﬁ%ﬂﬁf
di agnogics patneaneger 2bazed san19l:i rixaly; iBwgilgwnds .of. 5 Miseheni cal
criteria. Alternatively, the "normal_control™ be, a _“base-line"

| Ml BsEabl YéRed?f-or KERESSar & -Cul rarCiRRdadift: drder t rfrﬁi' "

" base- LEna | euely M el Xl dhoddod eval: ofsautoend] hadies
presen én’either a first diagnosis of cancer or a diagnosis of
recurr anhegdnc HT-10 wae medele ZAMadmict edde dbove tthe Fakan$ifer | Rvel

woul d be taken as an _jndication that, the unt,, of er, pr in
the pafitéRtanad 'ilhcrépzfslgd, e Ja]?fgfl’de ‘ga'seM ]%alow ’heMb’agtz%q?'ne

woul d Be taken@nean imndi caldfe# Rdsddectammgy  of4 cabees-poe6ent in
t he patient has decreased. The "base- 15 |ine" value may al so be, for

exawple, the |level before a new treatnment is commenced. A change in
the | evel_  of aut.oanti |\es pestaken, as L 0di; cat beReRf the
ef fecti¥ gcsospr(?ftetlhne ﬁ?%r)apglgpﬁhge di r'ect‘?oan of ai_’%e "change" (i.e.
i'ncreasyy dagrgsgsy): A25H AL ng a positive response 20 to treatnent
wi || be dependent upon the precise nature of the treatnent. For any
given treatnent the direction of the "change" in autoantibody |evels

i ndi catdgig e pasidi Wey s esl 41 Mpypbsc eadi | ycdet ecined, PobSedanpl e
by nonitoring autoantibody |evels in conparison to other 8' i nical or
- 20 18;102(3):779~84; Hsu WM, et al., Int J Cancer. 2005 Mar

1;113(6):920-7);

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(1):38-
42; Pratt MA, et al., Mol Cell Biochem. 1998 Dec;183(1-
2):119-25);

30



-25 biochem cal indicators of response to the treatnment. Wen the

i mrunoas ¥y 2008/68208ked i n screeni ng a popul ati on of asynftloaE2I0E/0¥d#an
subjects this may be to identify those subjects who are at increased
ri sk of devel opi ng cancer, individudbs—having an el evated | evel of 30
aut oanti bodi es, as conpared to "nornmal™ control individuals, are
identified as being "at risk"” of devel oping cancer. The "normal"

cont r Ohett N0 ViE&W Ak 8o WM bhi BY g&ﬁé@@’cyop@nagemat chodlaVeR, et al.,

2008/ 032084PCT/ GB2007/ 003486 - 42 - controls not identified as _having
any prii $Reprednizoudedel 6BBAgARENYRY 8 3An}4SrgAi f FESHPTYE dVat ed
risk of, deygl gpi nnggggeri 49 ﬁé%@%'(@ﬁ:h%ﬁ—%? may be where age
itself " Ts a najof Frs fac?or. en the I nmunoassays are used in
screening a popul ati on of asynptomatic human subjects this may be to
di agnose_cancer in those subjects who_have al ready. devel a
caﬁber?"%n@??*@%ﬁléKHQVPﬁgPaneglééateH E@W@Pogfﬁﬁﬁp8 ﬁrigggges as
conmpar gg-t g3 ppLaml Sggontrol individuals 10 being scored as having
cancer or sone form of neoplastic change. The "normal " control
individuals will preferably be age-matched controls not identified as

havi ng_any. pr edi Siti vel opi ncer. ok _any;si gli.dj-cants

eIeva?%gn¥$s£ g?gggvgro%?ﬁégggﬁcgf.ek%ge§§ép FgﬁlF§ Fﬁfs %Eﬁhy bé

where aggeitsekhutR a,najldr Loi, skhacty@r.. (A00a&n natiewdliy i dalte dhnerins

control” may be a, "base-line" |evel esta%Lish d for Lhe§ParticuIar
I

patd entiEAERT SPESL F1FhBUtBALES tRENSCEGR lﬁ&y%ﬁgﬁoﬁoﬁne 4551%E, t he
| evel Q%SQHéOBgte glgeehegi%@sgatrewﬂ%gt be RalRAltWasdesty iestad and

20 found to ha evel § not el evated above a "nornal control"
popul aCaonerARgsi Atrdase ERebedflter agai nst this baseline neasurenent
woul d be taken as an indication of the presence of cancer in that
i ndi vidual. Thus the individual could through such a baseline test
beconert behr (RMBoEOLM, OGokes 3T f(Bowne autwdant ishedyweledsuridnemr of
When the i munoassays are used in nonitoring the res on% %%wﬁﬁqancer
patd enBPPBLARLE- PAREEATY Fagdent (Je.BgLPlvéé)&Hhat%"’c?n,wgrfti %&r St /
factor or signal transduction therapies, radiotherapy, endocrine
t her apy, human anti body

Survivin (Rmbrosini G, Adida C, Altieri DC (1997) A novel

anti-apoptois gene, survivin, expressed in cancer and
lymphoma. Nature Med, 3 (8}: 917—21);'

20
MUC2 {glycoprotein)
Griffiths B, Matthews DJ, West L, Attwood J, Povey 3,
Swallow DM, Gum JR Kim Y8 (1990) Assignment of the
polymorphic intestinal mucin gene MUCZ to chromosome-1lpls.

25 Ann Hum Genet, 54: 277-85.

Endostatin (Standker L, Schrader M, Kanse SM, Jurgens M,
Forssmann WG, Preissner KT (1997) Isolation and
characterisation of the circulating form of human

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



30 therapy, chenotherapy), the presence of an altered | evel of

aut oant i BORIRWE/03f08Lr treatnment is taken as an indi cati oPCT/GRE007MEE436
patient has responded positively to the treatnment. WO

2008/ 032084PCT/ GB2007/ 003486 - 43-- 38 base-line | evel of

aut oanti bodi es taken before treatnent is conmenced nmay be used for
conpari son purposes in order to determ ne whether treatnment results
in an pncrea ; easeqi ubgant y C ge in the
S e T M T B e

ef f ect svenessrof thentheimpy. Thd dirteihonreftiuche oéhBege (ithe.

_ s aeiBpy, et
w11 DR pERtenToapoR LESpr SerdechLRhs bYBPhBRE T PRASIURE "B any

given treptmeptstpp;direction of the 10 "change” in autoantibody
| evel s indicating a positive result may be readily determ ned, for
exahpl e by nonitoring autoantibody |evels in conparison to other

clinic Fochem gal vhndigat s af, Legporse cho the 7iyl €3l e I, The
met hodétk)]fj\e? hg‘h?negﬁt ﬁ%nﬂﬁéy used in preedi cting 15 and/ or mghni toring
respong$2006) anhé ndikpirdaal ono ods 8ERCI7apleptany kncwmBaAt i11c feder

treatnent. This includes, for . exanpl e human antibody ther wher ein
monocl BRAFKHR ﬁo#%@?ﬁﬁgﬁa -aﬁrﬁuﬂf&mlés &apg% gﬁ‘fjﬂ@eé T ned it hrlglg)g—ﬁ)e’nt . a
non-limting specific exanple being treatnment with the anti-growth

factor 20 anti body HerceptinTM (Baselga, J., D. Tripathy et al . J
di 10 Ondekt, shaek) pregeipss, (theodprTheasr §508de PO R IAEt Yraluse

aut oant i bod opse enha I, e NR-Ri fecti wengss1of
treat ngﬁ{leﬁx??;?t ??l &i aﬁry'#%ﬂ%ﬁz&%et lte:%gllgect&t H:l%é%;ll odi es. Using the
met hodtat tberbppentiion 2mticarnits bpossisblfenta icor rrel drenoes gendeno

any anti-cancer treatnent, includin i bo t her apy,.. w.t h natural
| evel s 18F188EBInPHE0d es eﬁﬁqldjrgltv(?%d{%%\t]é)r {ﬁyﬁélcg"c}u&g’e Tor ¥
treatmpptii 8, apysRakhent OF Wi ORpatizeRinkbel K S(lomw edge nmay

then in turn be used to predict how other 30 patients (or the sanme
pal$ enExpmeshéovasd deatepdumadd nucdairetd) amd |CTBEDFHP tD1 He! sane

treatnﬁg@gys%g%é%ggép%%gggPCEG?%%%R&%%&%%%%H@ﬁ%%'l\@EﬁH§f“Uap J

i mruno sed i det éction of recurrent disease,” the presence
of an icneneasedll, eval (@f) AW odiseR 7 n(ihef patrieim] @ oRpEred
to a "g%rgﬁgh%%wg;§;éaff§ééggg]égééylf %ﬁ(gﬁééggéggg égfggﬁf has
carcinomas because of tumocr-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
Stiess Chaperones. 2005 Autumn;10(3):171-84}; and CRYAB
(Seitz S, Korsching E, Weimer J, Jacobsen A, Arnold N,
Meindl A, Arnold W, Gustavus D, Klebig C, Pgtersen I,
25 Scherneck S. Genes Chromosomes Cancer. 2006 Jun;45{6):612-

27} .

No55 {Fossa A, Siebert R, Aasheim HC, Maelandsmo GM, Berner

A, Fossa SD, Smeland EB Gaudernack G (2000) Identification
30 of a nucleolar protein No55 as a tumour-associated auto-

antigen in patients with prostate cancer. Br J Cancer 83

(6): 743-9).



5 recurred. The "normal control™ may be | evels of autoantibodies
present WO aWB03WE4 i ndi vi dual s, preferably age-mat ched HSt/GRPTAP48hY
di agnosi s of cancer based on clinical, inmaging and/ or biochem cal
criteria. Alternatively, the "normaB7centrol"” nay be a "base-line" 10
| evel established for the particular patient under test. The
"base-line" |evel may be, for exanple, the | evel of autoantibodies
present during a period of rem ssion from di sease based on clinical,
i mgi ng and/ or biochem cal criteria. 15The assay nethod of the
i nvent UonkimgsbeyappPledminooke detéveten SRPAANYBeOHES &t types of
cancer, of which_ex | esar r 2Dl cel -l st ate,
| ung, BQﬁ%Pgé?FcGangg§$5r?angggﬁggigksTﬁgqggég§sQﬁgggﬁ%%% gﬁ%ﬁt
exi sti pgapethedssatisar egnang ratd nagkeveivbeaptesmiang@h exdriptagox n
t he case of grinary br east cancer innunoaSS% s .f,or. aut.canti bodi es

e

cout d BY¥Rused4t BOR) eFEORY PHICIERS POMBP0FEY toNa P &Sildris on
manmogL 4y ‘é’ﬂhgnigﬂgbﬂaf IRRC A %99 RRLKAPRER. FUNICL WHerdr23P
carry out Breagt Imaging or to repeat inmaging earlier than planned.
In the (&lini @12BhRE08%;assay net hods of the invention are expected to
be nore objective and reproduci ble conpared to current imaging
techni ques (i.e. mammography and ultrasound), the success of which
can bgT@@%ﬁbe%dquad@afmdg&ml eiirmwl @'I'ronmmbe acaliémuesfbdr?vﬁ ng
regard to the particular clinical application. A panel of, ant.igens
f G0 deBeSET6ATORCautaati bodildh &g i 1HeAEH 53 ish IS Wt (e Db2)
I's particyl gx'bkr%lus%fllil ¥ SN TIDES RYferC HIG8g1AND biding-Lan
optionally b€ stpplée nte&rmnth ot her markers Having a known
associ girogeini tfirotth & ypeanrt indid swa cdlederanesrtin stige bfBiorhgrartIkul ar
cancer,@éo §%7d %gﬁted. For exanple for breast cancer the panel m ght
I ¥ =i'Ac

addi ti d € MUC 1 5 and/or c-nyc and/or BRCA1 and/or BRCA2
and/ or PSA and/ or

15 Prolactin (Riddle O, bates RW, Dykshorn SW (1933) The
preparation, identification and assey of prolactin - A
hormone of the anterior pituitary. Am J Physiol 105 (1):
191-216);

20 Osteopontin (Butler WT, Martin TJ, Raisz LG, Slavkin HC
Termine JD, Rodan GA, Veis A (1988) Osteopontin - Structure
and biological activity. CBA Foundation Symposia 136: 203-
. 206; Kiefer MC, Bauer DM, Barr PJ (1989) The CDNA and
derived amino-acid sequence for human Osteopontin. Nuclei

25 Acids Res 17 (8}): 3306-3300);

Human Epididymis Specific Protein (HE4) Kirchoff C, Habben
I, Ivell R, Krull N {1991) A major human epididymis-specific
cDNA encodes a protein with sequence homology to

30 extracellular proteinase-inhibitors. Blology of Reproduction

45 (2): 350-357);



manmagl obi n and/ or EpCam and/ or EGFR and/ or cytokeratins and/ or

NY- ESO- 1 V¥ a¢08/03N%4 BR- 1 and/ or annexi n 11A and/ or survi PEHGRAYY 8486
for bl adder cancer the panel m ght optionally include MJC 1 and/or
c-nmyc, for colorectal cancer 10 ras3&nd/ or APC and/or MJC2, for
prostate cancer PSA and/or BRCA 1 and/or BRCA2 and/or p62, for

ovari an cancer BRCAl1 and/or BRCA2 and/or CAl 25 and/or beta-HCG and/ or

kal I'i kf.gh9$, a ndr{B51hungneanest lirxirn)anghakagur wityi n
and/olrgf p%gﬁ1§%é?%?f%%%§ve$?g énd/or cytoke#atin% gnd/or 1-nyc and 15

or CEAzinaitpsa MKIC Seppdlar My ebotélinH, f SEehupat §8el(LBar ExFESt1APP
d/ ta_ HCG and/ 8 d/.or .p62_and/ kv N Ther:
sl or e, 5 4L 5 9078 a0l o SUotbnsoT e

ot her néu‘are not
necessgstiynesseithabynecological MaltiBaaease @htboegshocwancdr (6) :
sui tabl e panel s could be 20 selected fromthe foll ow ng: p53 and MJC
1 i t h7 bpt7bhal 1PERR- neu and/ or c-nyc, and/ or BRCAL and/ or BRCA2
and/ or PSA and/or NY-ESO- 1 and/or NY-BR-1 and/or EpCam and/ or
manmagl obi n and/ or survivin and/or .25 annexin 11A and/or

cyt okerahinsnandheriEpCalppp5s8sand CRY- mEe iWizeh Bepitawral GHER2- neu

and/ or _MJC1 and/ or BRCA [ ar BRCA2 _and/.Qr_  PSA_an -ES
and/orﬂﬁﬁ§%ﬁgiuﬁﬁ5/§r Eéegﬂyaﬁafgﬁa%ﬁﬁﬁﬁél6§F%§§ﬁd gi%éﬁiﬁgiiﬁéﬁ%/or
annexi AuhiA eBdE9EueYokarabichs .and/ror FhpCaMindQopid &fd @REANL with
optional c-erB2 and/or MJC 1 and/or c-nyc and/or BRCA2 and/or PSA

aldy or 2N¥) ESB13-3Ad)ér NY-BR-1 - 46 - and/ or EpCam and/ or
manmmagl obi n and/ or survivin and/ or annexin 11A and/or cytokeratins
and/ or EpCam p53 and BRCA2 with optional HER2-neu and/or MJC 1

and/ or veéngatand/(¥anBREAL AddXer CRSA &nd/Acrt aNBiESOil A/WBIYNYEBR-1 5

and/ or EpCam and/ or myagl qbi n.a or. survivin and/or annexin 11A
and/ or (E}RBREAA rnéogﬁdﬁggF%%é%ﬁrqﬂéﬁéﬁﬁeu and MUC 1 with optiona
p53 and/or c-myc, and/ or BRCAL and/ or BRCA2 and/or PSA and/ or

NY- ESO- 1 and/or NY-BR-* and/or EpCam and/or nmanmagl obi n and/ or
suri vin an@berliengnfexi-? 1¥A dnd/ drovdhadierSat iRF RIS EgOam

HER2- ngu ang C-yc . w th j onal 3 nq&ﬁf and/ory BREAL~ and/ or
BRCA2 3R8FS rﬁsﬁ¥aﬁ8P3Fr%$&Es - E%%HP@r “BR-1and/ or 'EpCam and/ or
mamragtabice rareésQr 29Weviddln igred (ar3 jareeki -6 4;1 Aeandd oro ¢yt dtenbalns
and/ or EpCam_ 15 HER2- neu and BR%%%g i.th ozotj %p. %P#\PY)NDO 1
and/ or Genjf@TaRd Soi>2BRERS NI V- {1 %r %@% h:giiﬁo Y- BR- 1
and/ or EpCam.apd/ qf; 17 QB And/iofe St i Mivbrandhori angexi n 11A
and/ or cytokeratins and/or EpCam ' i .

20 intended to be limited to the detection of autoantibodies 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 variety of
different clinical situations. 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



HER2- neu and BRCA2 with optional p53 and/or MJC 1 and/or c- 20 C
and/ or BRENOBAOBY PSA and/ or NY-ESO-1 and/ or NY-BR- 1 HAHGBR00EAE484
and/ or mammagl obi n and/ or survivin and/or annexin 11A and/or
cytokeratins and/or EpCam Such panéPs—nmi ght al so include p53 and/or
c-nyc and/ or NYESO-1 and/or BRCA2. 25In the case of colorectal cancer
sui tabl e panels could be selected for exanple fromthe follow ng: p53
and rasymai hs @Y benal 1 HER2raedingdiopodRCaandhobtVe®yRptphatand APO
wi th optional HER2-neu and/or Ras and/or MJC2; Ras and Agg,wi 1;Ch

opt i onzimeys 3s @RSk S HER2OAEATaRYEBRTMIC2 19608EEN FARERS SHPYRC TSI so

i nclud nd/ o : : n o] t ate rgancer
suitab é§E§ﬁ§|%éc%ﬁ§§%§88§e é8¥e8kf8%9§%§§%ﬁ3 F?@E&?hgrfgﬁlomﬁng: WO
2008/ 03RHGAPET/ €B20DTL0684860f ¢@ncepS3iandrREACHing Ghei RSP OBREAL

and/ or BRCA2 and/ or HER2-neu and/or p62; HER2-neu.,and PSA with
optd on@f $532BRAF oP2BREAE gﬁdf‘BngﬁéﬁﬁeEnEFSFtB@EF ®sifoh panel s

m ght @lse;igehude pamh-andkeh PcAcandhokikallli kreinesiuction In the
case of ovarian cancer suitable panels could be sel ected for,_exanmple
from t beetabiosi ngadiothegspyang@ndACEEngi thediivYon AUMRERAN P O4Yd/ or

o B PR R Lo ona

i ncl udeanpeexpasiand kor aGAGEcandkar t4ehtnESln (tchey .casewandimy,

Céﬂferaggagggg%tga%gtioga%rb%ignal 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 amcunt 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 99/58979, 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 symptomatic or

asymptomatic for cancer), the presence of an elevated level

of autoantibodies, as compared to “normal” control



sel ected from 5)53 and NY-ESO-1, optionally with further narkers;
HER2, annEX2498/033084i n, survivin, recoverin, WC 1, c-ny%‘?T"ﬁ%?o'”@ﬁ@G
beta HCG CACGE and 4-5. 20Where the nethod of the invention is used
to performa "panel assay" based on4%wo or nore tunour marker
antigens derived fromdifferent proteins, at |east one of the
antigens in the panel nust be tested in a cross titration assay

accor dijpgiteqthbesi NYentiseal IRasetedn alsesin Agdifcatimrorthads by e
dilutions of the test sanple a&ai nst multiple different, ampunts of
the anihgéfidgatopmsa co@deds of NG t PRESH "¢ HIFEE O o F ot t est

sanpl ew%@gggggemqy dl%rnegfq[%gea{?i]é{:c‘?%@ c%fn.ttrr&ﬂs?‘rﬁdtgmifﬁ Mg the

panel i3 acco e cross titration assay t he
i nvent iddagandia sdricencsr 3G add rat icdn.ncwrales Imans kredl/ad M at ed for

each individual antigen i,n the panel. WD . :

5008/ 0 B30SREETFaB e GFisms B ReLriculatly, useful application of
cont enphat gsrhbat id GMoSSdiidqatd omagsaysfojedead adid cnlofady | east
one anti-tunour marker antibody may be used in conbj na]'; on with an
assay desiifesd condETedyRRtARAste Ghe RAFRShOHF I (bt TPAIWRE ch

may be a?xdr/%lra%%%c%rerﬂfih@a%.l algd 4.0 Ihhe Anddgen ysedsd fs¢ hen GrdSSng or
V) in the s

titration assa ane patient sanple. Thus assays for
ant i - t wendr rEnkern alitagamnds bodescarmeassays for tunmour marker

proteins may be rformed in parallel on a single,patient npl e.
10tR a furt é‘@%%ﬁ“@di%r}oﬁ Y inftirfo e %tzﬁg%d%?t%%% 1|:1?1€1enti on
may be Jseddde e Selardd OrpHii éit Y | artec@in¥@E Ctfeatmentiseeiq. a
particular patient. In this enbodinent a sanple of bodily fluid taken
f r om t hequdtriadritori,s anstegresihgiac aner o} i gam!l oF r#BF e aht Pyens,
each cqrrespandi ng. to. iffe r i i der .
I e e =
to eachmfrddie difdmsiems rapypurtinariessgiot ebfisan Thkevgtednyehebf of

i rmune response” to a given tunour ‘marker projein or proteins.is
i ndPcat@t AP HHROPreTeS AHHPdTeY Ne® a\n‘i‘)?ﬁfﬁa]gf conCrol! P& VPabdLs,
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 based on clinical, imaging and/or biochemical criteria. For
each of the treatments listed above, a relationship between
the level of autoantibodies compared to controls and likely
success of treatment can be established by observation of
the outcome of such treatment in patients whose autocantibody
.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 immunoassays are used in monitoring the
30 progress of cancer or other neoplastic disease in a patient,
the presence of an elevated level of autocantibodies, as

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



20 cancer-associ ated autoanti bodi es specific to that tunour narker
protei n ¥ WBEROSi ng the i munoassay; where aut oant i b¥elf/E&82097/803486
guantified, the greater the | evel of cancer-associated

aut o- anti bodi es, the stronger the-i #dure response. The tunour marker
protein or proteins identified 25 as eliciting the strongest inmmne
response or strong responses in the patient (i.e. the highest |evel

of autpgptjbedigs: b ehnake themnhsebagtedtlo Them teradsicontfroarf
anti-cancer vaccine for use in the patient. The utility of the method
of themamvbatlencls ast a3gopnFibedies @EesEhtod o &Y unour

aut oant i hodi es | t i t Akl 5 f. for this
purposé?gtgﬁgg?l?é nggggﬁg§g§§%%¥gagfaghdigggsga&ﬁgﬁgfﬁhhetection of
WO 20084833684 BCH-CGBaARZA0B3486 ond@linderdantiimeedinas arel/ e used as

a biol ogical marker for disea st at e/.di sease,susceptibiljty. The

i nvent 6’#@%&%%9\0%@&&9%%2@% %léfﬁaé’nt %&ees &%mg% &0 By t he
use of .a.,Cpass bihhkathon«2PARRAN ds@ sdatietiedaficaaniidqtimsi dul gt | ent
5 sanppég. I't is therefore reasonable to conclude that sinjlar

advant geés ewit! indergaesdd byhenehase-dinme 1&vsss #a% Rii dPfappr oach
to detect aytoantibqdi t hat i i.cal i19R8S

ot her ?ﬁ&ﬁpgﬁncéb? $%g%§bfﬁgéuﬁgﬁgﬁgggggfggéﬁ%%%%giﬁgL%%e%%tect?in of
any 10 fawseantiinbadys iwhioth cseroes as @ disgrogiicalo frard@rr fent Laficitase

state or disease susceptibility, in i sease. which s hee own
( o0 carvase Maisown) MY B CHSSHE eﬂ%’%%% So%‘ﬁ’ﬁfbeodlye‘f)‘”fk%dh%‘%e%&on@
Gt her appld.catd ans :fsithe et hath Oft Hhedinentd reaied o iskesnbuin ar e

not limted to, detection of autoantibodies that are biol ogical
mar ker £hef pattieinimze dirsszens eduothereForaek AqF L3 He Utk Of dhe

arthri;qis, y.stem c .l upus .eryt hemat ous, . O Y bididkunt of
cirrho asse(%é@e, Wm%ﬁmtea‘{%@r%sl di't i%ﬁﬁe@ig?l%s%mt 0'S
thyr oi didc®n 2R RUHOIIMATWIE: gast Téit shde. decpeasidi ouBhandensa)
aut oi mmune adrenalitis (e.g. Addison's disease), aut ojdrgujge 2 new
hy BBparditrteyr i wrdivsmmadltaoh $mitfer df ARy, t pﬁe‘ie i"aberES)? of
nyast heni a graui %.sa%ﬁ&ér&e@(ﬂ ng Rf cpatdenin senp!l esvéproki dney or
hepati c disease l'ea ing to ‘ _
autoantibodies would be taken as an indication of the
effectiveness of the therapy. The direction of the “change”
{i.e. increase vs decrease) indicating a positive response
20 to treatment will be dependent upen the precise nature of
the treatment. For any given treatment the direction of the
“change” in autoantibody levels indicating a positive result
may be readily determined, for example by monitoring
autoantibody levels in comparison to other clinical or
.25 biochemical indicators of response to the treatment.

When the immunocassays 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



25 insufficiencg or failure of either organ, and for screeninﬁjof
patient SHAPYELYWESt-transpl antation to detect the presBREEBEI7/003486
anti bodi es directed against either the diseased tissue (which has
been left in-situ post-transplantatifén)” or agai nst the transplanted
tissue. 30In a further aspect the invention provides a nethod of
detecting an antibody in a test sanple conprising a bodily fluid from
a mamebharosgbpect idehedindsaisd hantinbodyyi predisPosidiirectted to a
forei gn substance introduced intq said manmal.i an subj ec t he net hod
conpr i SPRELOPINGaFaBERAr QP Ye SHIR TG H S 167 Ak ﬁﬁ#ﬁé?gnt

di luti ae%fe%aaﬁgd ch8sbrSamahe Widdpia ol WRldriks afaadlﬁef QfrRitle alUNt S

of an 5 antigenspecific for said antibody, (b) detecting the anpunt

of spedicked fhiisdengabetrweénkt Hecamtri.body and the antigen for each

conbi nation_of test sanple_and. antigen used i en. . , (c)
pl 6tting orW@gpcﬁﬁgtﬂﬁ§5303§5§p§tgi%u#@gggﬁf}Eﬁﬁﬁﬁ%ﬁﬁﬁgfb of specific
bi ndi ngopensits ohhe fageymipteiaaniid gemaforsudaetdi [tHiisomaf Hesto sanpl e
used in step (a), wherein the presence in_ the test saqggf f qptiquy
react i Pé2@NORSt FENSRL 46n THOSE iSMIRS Tas P T e @ lcs H%Vae ope

gener all >éa§c%Q§p§ﬁd%i%aiu@rI%i G GMEE Pl 1advdi@astidwn dif ferent 15
concentrations of the test sanple. In this aspect of the

i nvent aartoné ibodds st jatsr aompa nest Hod dlrogynaddy s tussld indieidimk®e t he

[ ne response of, a mammal i an._subj ect nd ef er abl

s[]ﬁ?ecp,elpé’ &S g R AYdES acr‘—f‘élec%rntorfo %(%ed%lonﬁnb ogtgi%eog ject. 20In
one enedingent ke Merengn swsitange Immy el Iheridleyief aganty iseich
as for exanple a drug or prodrug, human anti baody therapy or vaccine.

The neslsdmgitohies iGadmalen nedy Istenisldd 9 a8 s tthether _
adm ni Z)é:re%'s%%s ft 13l REY ARG 3AP Uard b2 Patdifnts {dd ggaEsm@n | mmune

respon eading to the production of antibodies specific for an
epi t ope levatlkel trievkapeiltderedgenitng crarecennpdregxofpbl el fyellyis

vehicle, excipient, carrier etc. admnistered With the therapeutic
agent . ey be wherergge, g et Iﬁ*arpcfrhilél%ﬁ%%aa‘%%ﬁt of the

i nvent ixdn 39 SR% &, SWHA et 1 N1y REEUsd | Ag bdde-Dieet se
nature of the therapeutic agent is not
level established for the particular patient under test.
The “base-line” level may be, for example, the level of
autoantibodies present when the patient was first tested and
20 found to have levels not elevated above a “normal control”
population. Any increase thereafter against this baseline
measurement 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 autcantibody measurement.
When the immunoassays are used in monitoring the
response of a cancer patient to anti-cancer treatment (e.g.
vaccination, anti-growth factor or signal transduction
therapies, radiotherapy, endocrine therapy, human antibody
30 therapy, chemotherapy), the presence of an altered level of
autoantibodies after treatment is taken as an indication

that the patient has responded positively to the treatment.



limting to the invention. In non-limting enbodi nents the WD

2008/ 03281 MO0 E88007/ 003486 - 51 - nethod of the i nverRGBRBHUY/E86
used to assess inmune response to synthetic small nol ecul es,
natural |y occurring substances, nat43atly occurring or synthetically
produced bi ol ogi cal agents, or any conbination of two or nore of the
5 foregoing, optionally in conbination with excipients, carriers or

del i ver %a%%ﬂlq{)rﬁé-level of M1 0Nea SBE At 1 S8Tbelk & Mbe £ hiee NEtdwthefit t he
I nvent1 on my e used to assess the i mmune response to a non-t ar get

porti drs aforandrierdpral ilve aiEen YT VaREPRELSEy PRBRCEEF 9Bl 048 HotPi on
IS nmeanpt, a _conpanent r L. stered_th LC,agent or
vacci r?ge WW@ i ‘ﬂ-‘%h%&g a%%eo%?&%?% ﬁlg%%%ﬁ% i %ﬁ aaélté ntflrl ég%%%é n%?

cont ridude g eot | autenithasapeul éeehst | VAt ghangei hnt heechgeebf 0f

vaccine, is not intended to elicit production,of antibodj in the
hoS8t . als-oRRE ¥RRATRSF gERUPA e ore iy D2 %?e%%ﬁf?an?ne§§n%$§, to

fact | i@t pydddesteoncnl tReraber apenti aiagentonr oyachentonangay be
designed to assist wth delivery,” uptake or targeting of the

t her apeuté ¢ oyered vaces ndecExasp! ekndicatitng” AoRCBAF§EE" TRBPPI SRS

include, but are not.limte 20, 1] r r S n
attacg%% F%@?Eﬁ%ﬁ%i%ﬁ%iréeege %%%% tp%ﬁé%e%??dgggéégé ggeg?gtkﬁ
| abel syhdistésiment agsFetCany given tpeanmeher teebddicmentoof ofhitbe

aspect of the invention, the foreign subst ance naé be a@.infectig%s
agént ,“change’d in5aRbAgREiPBARt ePVA)SVEPASCAFLPEr AsPPEIYE TOTR

| nventjon w1 Lobas {yrbbeL-ndenst eod wihipnel siepeaiterig fol | owi ng
non-1inting experifrental exanples: 30 Exanple 1 - general protocol
for OpahtednSebodyahdvahsi jrncCGoneehspat ton otBSAAC)1NiCedt PEn of

antigen, in an, autoantibody assa WO 2008/ 084P 007/ 003486 -
52 - Sahprlemyfa uﬁBaFcﬁgPﬁgrOin¥?8€ﬁgsﬁag%bg%%rg%&%%@ggé'reconbinant
expr essi on, tf8l j,ewhpe anakpgouaveRthodsmbg tfese ideperidied ing WO

99/ 58978. o .

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 factoxr

20 antibody Herceptin™ (Baselga, J., D. Tripathy et al., J Clin
Oncol., 14(3), 737-744, 1896}. The presence of a natural
autoantibody response may enhance or inhibit the
efféctiveness 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.



5 Briefly, cDNAs encodi ng the marker antigens of interest were cloned
i nto theWETWS/0§2884 or (I nvitrogen) which has been nodi f PEHGBREHEBEE
a biotin tag and a 6xhistidine tag to aid in purification of the
expressed protein. The resulting 404¢lenes are grown in a suitable
bacterial host cell (in inclusion bodies), the bacteria |ysed and
denatured and the expressed antigens recovered via N ckel chel ate

af finity caf S%égﬁi&ﬁ@ﬁoaggggg{§£§%%¥eévﬁﬁ|é@kéc%i@ﬂ]éﬁﬁrSham

foll owi ng manufacturer' s proto e expressed antigens 15 were
r enat wrethiwent alysessén tppropesabecboffan dndreheedi ebdesdf of
expressed protein assessed b DS- PAGE, western .blot_agd A and
quanti%%ﬁ%é#?ﬁ? 189 %?o?%@egagk?%gs %?h%?ﬁ?gﬁegtgPea, nPEhgﬁtigens
used igodtesfo) | oW Pgkexagpl 85 YWeaecHt epar eHabydiseesbi hast
expression fromthe 20 nodified pET21 vector and were therefore

expr esseetizred usi Bre pr oPENAS EBRAPEPST N2 UNPR- L&V RILAaPtbi ot i nyl ati on
tag (deri T C Lha S s ; GanBan
R e N T o
pr ot ei Agd-mateciasd fwbt osviR§3anB0038g6osinyof VE0568 HERRI( €nbB- 2)

isoforma:, NP, 004439,30 1. .Antigens were diluted to appropriate
concen?%%ﬁ}%%%fi+@®ginﬁ4EHﬁéBﬁagéOBB?WéFa h&htdFFdfed serially to

form aAj?@g}.:ﬁéQﬂvéi%jraa{:hgn“ﬁ@@ﬁﬁl( seattablemd). bANki gease-luhiedns were
WO 2008/ 032084PCT/ GB2007/ 003486 - 53 - dispensed at 50pl/well into

t H® r olsvel astabtbahatlcSpirt EBepparéliguéardragiestpMacen &¢sit- usi ng

a Tecap, Fvolyzer, 1 obathg RiPRLY! BY, SEBL QltarBhd! CEntPnRaveed and
autoantibodies present during a period of remission from
disease based on clinical, imaging and/or 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 Eancei immunoassays
for autoantibodies could be used to alert clinicians to
biopsy small lesions on mammograms which radiographically do
not appear suspicilous or to carry out breast'imaging or to
repeat imaging earlier than planned. In 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 HER2-neu {c-—

erbB2) is particularly useful for many types of cancer and



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

aut onat eW(prages2dgesher then tapped dry on tissue paper.PGU/GBRHET/BE3486
were bl ocked with high salt incubation buffer 10(HSB, PBS + 0.5M Nad
+ 0.1% casein) at 200 pl/well for 9G5mi-ns (store covered at 4C) 4.
During bl ocking incubation, serumsanples were defrosted, vortexed
and serially diluted in a sem log 15 series from1/30 to 1/10,000 in
HSB at cRACBLLeBRANAVUER s Réfentdd WAlal @THeeT el hanithd apped
dry on tissue paper: Diluted serum sanples were dispensed at
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wells o mcrotitre plate. HRP-conjugated rabbit” anti-nouse Ig
( 1/ 100@mnidA okSBY -B&9-di spen'sed N¥RRcorandfor \Wonexin 11A and/or

2008/0%%3%%@%E/%ﬁ%g%égog%ﬁg%déé%%f cancer the panel might

optionélly include MUC 1 and/or c-myc, for colorectal cancer
10 ras and/or APC and/or MUC2, for prostate cancer PSA and/or
BRCA 1 and/or BRCA2 and/or pé62, for ovarian cancer BRCAl
and/or BRCA2 and/or CAL25 and/or beta-HCG and/or kallikreins
and/or APC and for lung cancer livin and/or survivin and/or
EpCam 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 p62 and/or
survivin. There are other preferred embodiments in which
p53 or HER2-neu are not necgssarily 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
BRCA1 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/ox

25 annexin 11A and/or cytokeratins and/or EpCam;
p53 and c-myc with optional HER2-neu and/or MUCL and/or
BRCA1 and/or BRCAZ2 and/or PSA and/or NY-ESO-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 BRCAL 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



wel I s containing anti-antigen antibody. Plates were then incubated at
room t enpvo eeos@3eur w th shaking. 8. Plates were washeBCHEBRIDTHIHFRG
6. 5 9. Pre-prepared TMB substrate was added at 50pl/well and plate

i ncubated on bench for 10 min. Pl ateds were gently tapped to mx. 10
10. Optical density of wells was determ ned at 650 nmusing a
standard pl ate reader protocol. Table 1: standard plate | ayouts

e LR e

Serum ahn&xiin 1080aadfbgerylokegladinSemmd/@r EpHCarg000 anti gen 10

pg/ mt g@%“ghgtsﬁckﬂ %gggooptional HER2-neu and/or MUC 1 and/ox c-—
nyc and/or BRCAl and/or PSA and/or NY-ESO-1 and/or NY-BR-1

5 and/or EpCam and/or mammaglobin and/or survivin and/or

annexin 11A and/or cytokeratins 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 optional p53 and/or MUCl and/or
BRCA1l 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
annexin 11A and/or cytokeratins and(or EpCam;

15 HER2-neu and BRCAlL with optional p53.and/or MUC 1 and/or c-—
myc 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
annexin 112 and/or cytokeratins and/orx EpCam;

HER2-neu and BRCA2 with optional p53 and/or MUC 1 and/or c-

20 myc and/or BRCAl 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 p53 and/or c-myc and/or NY-
ESO-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 HER2-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 3 pg/m Serumat 1 in 30 antigen 3 pg/m Serumat 1 in 100
antigen 3v(guogio3Be+ um at 1 in 300 antigen 3 pg/nm Ser unPEE/GB20M01B60
antigen 3 pg/m Serumat 1 in 3000 antigen 3 pg/m Serumat 1 in
10000 antigen 1 pg/m Serumat 1 i-n430-antigen 1pg/ml Serumat 1 in
100 antigen 1 pg/nl Serumat 1 in 300 antigen 1 pg/ml Serumat 1 in
1000 antigen 1 pg/m Serumat 1 in 3000 antigen 1 pg/m Serumat 1 in

10000 aptigen %giog«q nﬁ%ré%rﬂaat gkd fﬁ. 2 ﬂ%@itp@ IRy dvl Beraumat 1

In 100 antlgen erum at
and/ox p62;

HER2-neu and PSA with optional p53 and/or BRCALl and/or BRCAZ2
and/or p62.
5 Such panels might also include PSMA and/or PSCA and/oxr
kallikreins.
Tn 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/orx
BRCAZ and/or APC.

Such panels might also include annexins and /or CAGE and/oxr
4-5.

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

HER2, annexins, livin, survivin, recoverin, MUC 1, c-myc,l-
myc, CEA, 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 according 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 titration 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.



antigen 0.03 pg/m Serumat 1 in 1000 antigen 0:03 pg/ml Serumat 1
in 3000 avoegesn3dsHD3 pg/ M Serumat 1 in 10000 anti gen BCLGBEUNTH003486
Serumat 1 in 30 antigen 0.1 pg/m Serumat 1 in 100 antigen 0.1
pg/mM Serumat 1 in 300 antigen 0-14gglm Serumat 1 in 1000 antigen
0.1 pg/mM Serumat 1 in 3000 antigen 0.1 pg/m Serumat 1 in

The invention also contemplates that a cross titration
assay for detection of at least one anti-tumour marker
antibody may be used in combination with 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 autoantibodies 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
invention may be used in the selection of an anti-cancer
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 to each
of the different tumour marker proteins. The “strength of
immune response” to a given tumour marker protein or
proteins is indicated by the presence'and/or the amount of

20 cancer-assocliated autoantibodies épecific to that tumour
marker protein detected using the immunocassay; where
‘autoantibodies are quantified, 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 vaccine 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 purpose. Cancer

is just one example of a disease wherein detection of



10000 antigen 0.03 pg/n Serumat 1 in 30 antigen 0.03 pg/m Serum at
1 in 100vamboogeseols 03 pg/ml Serumat 1 in 300 antigen OPOBGBUOM003486
Serumat 1 in 1000 antigen 0.03 pg/m Serumat 1 in 3000 antigen 0.03
pg/nm Serumat 1 in 10000 antigen-0461-pg/nm Serumat 1 in 30 antigen
0.01 pg/mM Serumat 1 in 100 antigen 0.01 pg/m ' Serumat 1 in 300
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 rheumatoid arthritis, systemic lupus
erythematous (SLE), primary biliary cirrhosis (PBC),
autoimmune thyroiditis (e.g. Hashimoto's thyroiditis),

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

25 insufficiency or failure of either organ, 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-transplantation) or
against the transplanted tissue.

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

fluid from a mammalian subject, wherein said antibody is



antigen 0.01 pg/m Serumat 1 in 1000 antigen 0.01 pg/m Serumat 1
in 3000 avoeesi3dsHl pg/m Serumat 1 in 10000 WO PCT/GB2007/003486
2008/ 032084PCT/ GB2007/ 003486 - 55 - carbonate buffercarbonate

buf f er car bonat e buffercarbonat e buf 68r ear bonat e buf f er carbonate
buffer Antigen titration curves were constructed using nean val ues of
duplicates for each sanple across the range of serumdilutions. A

val ue gs?%ée?égan%ng 3 réFénl gﬁglst%ceori\m%oae%hf &Eltei adiipg for each
serumdiTution was calculate y subtracting a background | evel
(ser unmatmdl 18n 090baadt nothat ngéhpdf comptrheinglue obt ai ned for

bi ndi n o no_antigen for each serumdilution. Ehis .t e o]
cor oot} 0P SRBREEPAE: FPECAPRARAo M BACHOSE: Db FaRST ettt L o2
Exanpl ga2d- t 8t eshinpNeofriaut gaptivbadiey of PLfFerynlr easturcancd afhe
fol l ow ng data were obtained tron1a,%|lot study to 15 assess the
serksi t apEigeandreepEbauérki PRy antabesNel of cross titration

aut 0aniEpody8speys LEBAN DL I TR eARl ndREehelhREn tHie study
i ncl ud serumfro wonen with n eV|&ence of c¢ancer and

pr e- openat budysendnthanphés genofiol4 eavie cowbt.hapdiomaof Wresds tsagudeer .
Nor mal and cancer 20 sanples were age matched. The assay was carried

out ac®Bfdif 198ntHée§rgBoé%FPgﬁ€én in exanple 1 using the antigens

P53 andc¢- BYertIng Ber BBl c3aRRliey GORRphektREIuR@d Jdfo e redmad

frfgntgg gpgg¥fic binding versus the amount of antigen for each
dilution of test sample used in step (a), wherein the
presence in the test sample of antibody reactive with the
antigen used in the assay is indicated by a genexally S
shaped or sigmoid curve for at least two different

i5 concentrations of the test samﬁle. 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 saiq subject.

20 In one embodiment the foreign substance may be a
therapeutic agent, such as for example a drug or prodrug,
human antibody therapy or vaccine. 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 embodiment of the invention

30 may be synthetic or naturally occurring.

The precise nature of the therapeutic agent is not

limiting to the invention. In non-limiting embodiments the



25 because they denonstrated sustained and extrenely high | evel s of
aut oant i oolgoosiosadssng across a range of serum and anti gePCT/GB2007/003486
concentrations. Figure 1 gives exanples of curves obtained when
the cross 30 titration assay was used to neasure p53 and c-nyc

aut oanti bodies in serum It can be seen that for some WO
20081032084PCT/ (B2007/ 003486 - 56 - sanples (e.g. sanples 17179 and

18781) ran titration e.obt ai_ ned wi e.
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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 agent/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.

Iﬁ 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 following non-limiting experimentél examples:

30 Example 1 - general protocol for Optimal Serum and Antigen

Concentration (OSAAC) titration of antigen in an

autoantibody assay




Nor mal PBC p53 JO01 17179 18781 25 18237 19502
WO 2008/032084 PCT/GB2007/003486

- 52 -

Samples of tumour marker antigens may be prepared by
recombinant expression, following analogous methods to those

described in WO 99/58978.

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 affinity
columns ({Hi-trap, commercially available from Amersham,
following manufacturer's protocel). The egpressed antigens

15 were renatured by dialysis in appropriate huffer and the
yield of expressed protein assessed by SDS-PAGE, western
blot and ELISA and quantitated prior to storage. Unless
otherwise stated, all antigens used in the following
examples were prepared by recombinant'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 follows:

P53: B003596 |

c-myc: V00568

HER2 (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



18927 19622 p53 +ve pool Total 1/14(7% 7/14(50% 30 c-nyc

10

15

20

25

- 30

WO 2008/032084 PCT/GB2007/003486

- B3 -~

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
{HSB, PBS + 0.5M NaCl + 0.1% caseln) 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
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 50ul/well into all
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.

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
(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



JO01 17179 18781  J041 18237 18964 WD 2008/ 032084PCT/ GB2007/ 003486
- 57 - pW302wenpoed Total 2/ 14 (1499 5/ 14 (369 5 Tabl e ZpCPGBRUTOIIFE
of AAb nmeasurenents in normal and breast cancer sera. A sanple was
judged to be positive if the nonspegific binding corrected val ue was
hi gher than the nean + 25D of the nornal sanples tested in at |east
;folantlgen concentrations AND two serumdilutions.- 10 Exanple 3

nal ysi sy C ¥+, 0f a
assays cdﬁ%d%edtng%ﬁ% %ﬁE%ngﬁﬁ%égﬁl%ﬁtg AuF%%E??bgg§%(%h%?
neasurfm@ﬁ%&t@&r@tpﬁmémrhEMpoﬁot4lmbnen WSthnshabnngary breast cancer
(PBC) using both a cross titration assay (OSAAC) and an antigen only

titration nmethod in which autoanti body neasurenents were only
perforgred a1 fres were washed as in step 6.

5
9. Pre~prepared TMB substrate was added at 50pl/well and
plate incubated on bench for 10 min. Plates were gently
tapped to mix.
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 9 10 11 12
A [ antigen 10 pg/mt | antigen 10 pg/mi | antigen 10 pg/ml | antigen 10 pg/ml antigen 10 ug/m! | antigen 10 pg/mi
Serum at 1in 30 | Serum at 1 in Serumat1in Serum at 1in Serum at 1 in Serum at 1in
100 300 1000 3000 10000
B | antigen 3 pg/mil antigen 3 pg/ml antigen 3 pg/ml antigen 3 pg/ml antigen 3 pg/ml antigen 3 pg/ml
Serumat 1in 30 | Serumat1in Serum al 1 in Serum at 1in Serum at 1in Serum at 1in
100 300 1000 3000 10000
C | antigen 1 pgimi antigen 1yg/ml antigen 1 pg/mi antigen 1 pg/m! antigen 1 pg/ml antigen 1 pg/mi
Serumat1in 30 | Serumat1in Serumattin Serum at 1in Serum at 1in Serum at 1 in
100 300 1000 3000 10000
D | antigen 0.3 antigen 0.3 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 pg/ml
Hgfmi pg/mi pg/mi Hgfml pg/mi ' Serum at 1in
Serumat1in 30 | Serumat1in Serum at 1 in Serumn at 1in Serumn at 1in 10000
100 300 1000 3000
E | antigen 0.1 antigen 0.1 antigen 0.1 antigen 0.1 pg/mi | antigen 0.1 pg/iml | antigen 0.1 ug/ml
Pafmi pgiml pgfml Serum at 1in Serum at 1in Serum at 1 in
Serumat1in30 | Serumattin Serumat 1in 1000 3000 10000
100 300
F | antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 antigen 0.03 pg/mi
Hg/mi Hgfmi Lgfml pg/imi Hg/ml Serum at 1 in
Serumat 130 | Serumattin Serum at 1 in Serumatfin Serum at 1in 10000
100 300 1000 3000
G | antigen 0.07 antigen 0.01 antigen 0.01 antigen 0.01 antigen 0.01 antigen 0.0 pg/mi
pg/ml pgfmi ygfml” Hgiml ‘ pg/ml Serum at 1in
Serum at1in30 | Serum at1in Serum af 1 in Serum at 1in Serum at 1in 10000
100 300 1000 3000




20 serumdilution of 1/100. Sanples were deened to be positive if

t hey excewoleabsosdosoff | evel s at both 10 and 3 gg/nml on POT/&BREIOGHNG436
titration curve. Table 2 bel ow shows a direct conparison of the two
met hods: Antigen Antigen titratiengfet-hod OSAAC Assay 25 p53
sensitivity 5/14(36% 7/14(50% specificity

H l carbonate huffer I carbonate buffer | carbonale buffer l carbonate buffer 1 carbonate buffer icarbonate buffer ]

10

15

20

25

30

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 of non-
specific binding for each serum dilution was calculated by
subtracting a background level ({(serum at 1/10,000 and no
antigen) from the value obtained for binding to nc antigen
for each serum dilution. This was then used to correct for

non-specific binding in each set of duplicates.

Example 2 - detection of autoantibodies in primary breast

cancer

The following data were obtained from a pilot study to
assess the sensitivity and reproducibility of a panel of
cross titration autoantibody assays (OSAAC) 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. Normal and cancer

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
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
titration assay was used to measure p53 and c-mycC

autoantibodies in serum. It can be seen that for some



13/ 14(93% 13/14(93% c-myc sensitivity 3/14(219% 5/14(36% 30
speci f i civ@ 20020320686%) 12/ 14(86% WO 2008/ 032084 PCT/ GBRODGH03483 86
58 - Table 3: Conparison of the Antigen Titration nethod of

cal cul ating AAb sensitivities at enkg ene serumdilution conpared
with OSAAC assay. 5 It can be seen that by using a series of antigen
titration curves in which both antigen concentration and serum

T e e b O et
whi ch eptyasbbhgeneeanobntiakcdonicd tBevapsédconcentrated sera
giving the strongest signals as expected. However in other
samples (e.g. samples 19150 and 18057), the curves were
5 essentially flat but with increasing signal as the serum
concentration increased. This was deemed to be due to non-
specific binding of serum immunoglobulins and was
compensated for by the non-specific binding correction as
described above.
10
Autoantibody levels were expressed as the optical density
{650nm) due to binding to the test antigen 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
showed levels above cut-off in at least 2 serum dilutions

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

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

table 2.
20
Antigen . Positive serum samples
Normal PBEC
P53 J001 17179 18781
25 18237 19502
18927 19622
p53 +ve pool
Total 1/14 (7%) 7/14 (50%)
30
c-myc Joo1 17179 18781

J041 18237 18964



The cross titration assay (OSAAC) for autoantibody neasurenent has
been showvo t@slososuperi or to an assay based on anti gen PECT/GBRO0GK03486
against a single serumdilution in 15 terns of sensitivity for the
detection of primary breast cancer.5This is the case for both p53 and
c-nyc autoanti bodies and there is no reason to assune that this wll
not be true for a range of antigens. Wthout being bound by theory,
the applicant considers there are a nunbe;s30.9t pgagons for the
observed hi gher sensitivity of assays based on cross titration of
antigen and test sanple. (i) The assay format has a much broader

dynam c range. -25This proyides scope to d t |l ow affinity
ant i bodi es t?&gh antigenxégﬁcéiggétions as mg?ﬁaaégﬁ%gh abundance
anti bodi es whi ch woul d ot herwi se hook at high antigen concentrati on.
30 (ii) Low abundance antibodies that may be nasked by high LeveI% of
nors- spehie c2 bi hes higl ehhybet ddrbcheasareMsit e infO5REN Pt PER2S WD
2008/ 032084p 2004/ = 09us bl L oT K t i6r khar hantor
defi ni ﬁ%n%egg%%%' aszzp%%ﬁ??%ewfgbwg&%ga%O+B§S§b§?%§%ﬁorl(r%a:t

popul agpesifoe Bindeast cArantigdnvedneentsabiighsrandal $&eumesn +

dilutions) applied here neans that the technician,can b nor e
confi dé®P Phathg BBEW??VEaWQ§§§rgﬁ§%FSi%naaFr383535%W9v§?%¥§%EXanple
4 - debggLbRProtiBALRNY bieaskreanaglusebashy antigen

cross-titration Sera fromwonen with primary breast cancer (PBC, n=8
(6PBC sera were the sane between all antigens and 2 PBC sera were 15
specifj,c to.ei PS3. or, _t » @l i
oV GencBabLEnti crafidTyBle, 08 FHE SRNBLELNINY A0 MHER MMCLIBE
assay wesspetieraedonnaduplyisc aiompasicng wd thm dinfriigm dr tofa ttilve gdraca
protocol described in Exanple 1. Briefly set of mcrotitre plates
were coated with antigen

Autoantibody (AAb) measurements were performed on 14 women

15 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 belew 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 (93%) 13/14 {93%)
c-myc sensitivity 3/14 {21%) 5/14 (36%)

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



20 proteins: reconbi nant p53, ECD6 (al so known as the HER2 external

domai n) , wao 208086 3' fragnent. The ECD6 anti gen conprPGESB2AUINEB486
acids 1 to 647 of the full length HER2 (erbB-2) am no acid sequence
shown under accession NM 004439 fus®gl +o0 an N-term nal biotinylation
sequence and a G 25 termnal H's tag. The ECD6 3' fragnent antigen
conprises am no acids 361 to 647 of the full length HER2 (erbB-2)

arm no gty seavenae, Shown dudato agcesslonrN00da%hoergingused o

an N Ion sequence and a Gtermnal H's tag. 30 WO
2008/Qﬁ@QﬁﬂB&ﬁh@BZQQY/i&ﬁﬂ&ﬁivxﬁihs adjodly ong SeBunMiidutsonM A
"no antigen" control_ of buffer only was included as the bottomrow of
each plaRaremhd’igt | GEHE B3P %t | owed to adsorb for 48 hours after
which time the plates were washed and bl ocked for 90 min with PBS 5
contai ning casein (0.1%wv) and NaQ (0.5M. During the bl ocking

i nBubatt arem l@&etsetﬁn sehrdtal by ershng | 2r98Fons ar anpiepRr E4TFATLABes,

at dilutions of 8 0 0 n 0.
FoIICNQQEY§%ﬁH%£f q% %% Q%?l%ﬁlngo%&?ﬁggat% ésgnaegg%ggded to the
ant i gedorcoat eeh ol e asreé d*rétliebdmdet]iG@Ohl@hBﬂO.sedel@@VlL".YZ@Od 2t100

and 1:50 added across the_plates left-1o-right) and_ i ed for 90
mn. THRATenss ngeed ofPe i HSTEY VﬁEepBPFB?ﬁgH é§m83§8 gBI% Exanpl e

1. (Plate, L ayout i SySUnTRI ;5 Eehi Bnip Ehﬁﬂ&@nzhoﬁﬁbhﬂeathbhrablon
curves mere constructed using nmean val ues of duplicates for each

salpl evactieds the range of serumdilutions. A value corresponding to
the | evel autoanti body 20 response was achi eved by subtracting
non- speci fi ¢ background (the serum response agai nst 0.16nM anti gen).

F@SU't@heF@96§§eﬂia£&wﬂohiagaayomosnna¢sfameaahowmtuboﬁwgure 3to 7.
25 It can be seen that for sone sanples % sanples 20642 %pd %9620
for ECDE3suseraniehaf PEeRathons ﬁ@r@eoﬁpgﬁ &@FnitCth 3 & S5t

fﬁ“gfﬂ%ﬁaégglﬁgﬁafgt¥5990ﬁthﬁ&h@@ggs%l%bgga%%r%%.%ﬁ&%&h@% jlHowever
15 +terms of sensitivity for 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 reasons for the observed higher sensitivity of assays

based on cross titration of antigen and test sample.

(1) 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.



EA0220 for ECD6 3" fragnent), the curves were essentially 30 flat but
w t h i ncveagimsgsmsgnal as the serum concentrati on i ncr eBEEGB200NI083484 S
deened to be due to non-specific binding of serum i mrunogl obulins.

WO 2008/ 032084PCT1GB20071003486 - -6%9- -Positive cut-offs were

calcul ated as the mean + 2SDs of the normal popul ation. Sanples were
deened to be positive if they showed | evel s above cut-off in both
runs and at either 5 160nM or 50nM anti gen concentrations. Table 4
denonstrates that a serumdilution of 1:100 currently used for

aut oantibbdy Tilet ettriiogens atl taniay § coptdafilning saddinrlen ashe tabl e

shows that there_ i,s inter-antigen varjation Qf the qptial,..s

di lution. ThEORIA&S Iag\?érle %é’eﬁsiaztéqlﬂ % &waé%éa%stlé{/o fen
serum was di byt 8da5t5Q. iy emsdhereprasidns fald theda 3
fragnent where 1:50 had a 0% sensitivity. This was in part due to

i nér eased si gadltdgaisiserEdde B hareadrans ithathehforiRiEdmsesan

i-nile%ged (e g SR &3 MWL 1 h1FAGZA0)a dobiti e bR SAddidiOP is

a true positive.

10 Example 4 - detection of primary breast cancer sera by

antigen cross-—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 ECDé 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, ECD6 (also known as the HER2
external domain), or an ECD6 3’ fragment. The ECD6 antigen
comprises amino acids 1 to 647 of the full length HERZ
(erbB-2) amino acid sequence shown under accession NM_004433
fused to an N-terminal biotinylation sequence and a C-

25 terminal His tag. The ECD6 3' fragment antigen comprises
amino acids 361 to 547 of the full length HER2 (erbB-2)
amino acid seguence shown under accession NM 004439, 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



1: 800 1:400 1:200 1:100 1:50 p53 0% 25% 37. 5% 37. 5% 37. 5% 37. 5% ECD6
25% 37. SWG M HE3H0% 75% PCT/GB2007/003486
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nM, 1.6 nM¥, 0.5 nM, 0.16 nM. A "no antigen" control of
buffer only was included as the bottom row 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

containing 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
the blocking buffer, these were added to the antigen-coated
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

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
response was achieved by subtracting ﬁon—specific background

(the serum response against 0.l16énM antigen).

Results '

Representative titration curves are shown in Figure 3 to 7.
It can be seen that for some samples (e.g. samples 20642 and
20620 for ECD6), a range of titrations were obtained with
the most concentrated sera giving the strongest signals as
expected. However in other samples (e.g. samples MVV272 and
EAO220 for ECD6 3’7 fragment), the curves were essentially
flat but with increasing signal as the serum concentration
increased. This was deemed to be due to non-specific

binding of serum immunoglobulins.



ECD6 3 37.5% 37.5% 37.5% 37.5% 12. 5% 0% Table 4: Sensitivity of the
aut oant i wolgosamsmy4 agai nst the 8 PBC sanpl es anal ysed fRCT/eBetv7/003486
antigen. A sanple was judged 20 to be positive if the non-specific
bi ndi ng corrected val ue was hi gher ®har the nean + 2SD of the nornal
sanpl es tested at either of two antigen concentrations. Table 5
sumarises the specificity of the assay where serum25 is diluted to
different concentrations. No difference in assay specificity was
observed using the sanples analysed in this assay. WO

2008/ 083984 PG3/ GBROOTIFH0B486 cabRulatedSesulthBi hegnort 25Ds of the

normal population. Samples were deemed to be positive 1if
they showed levels above cut-off in both runs and at elther
5 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
10 ECD6 was 75% when serum was diluted 1:50. This was the
opposite for the ECD6 3’ fragment where 1:30 had a 0%
sensitivity. This was in part due to increased signal
against ECD6 3’ fragment in the normal samples analysed
(e.g. samples MMV272 and EA0220).
15
Serum Dilution

1:1600  1:800 1:400 1:200 1:100 1:50
p33 0% 25% 37.5% 375% 375% 37.5%

ECDé6 25% 37.5% 50% 50% 50% 75%

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

Table 4: Sensitivity of the éutoantibody assay against the 8
PBC samples analysed for each antigen. A sample was judged
20 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
25 is diluted to different concentrations. No difference in
. assay specificity was observed using the samples analysed in

this assay.



1: 1600 1:800 1:400 1:200 1:100 1:50 p53 100% 100% 100% 100% 100% 100%
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Serum Dilution
1:1600  1:800 1:400 1:200 1:100 1:50
p53 100% 100% 100% 100% 100% 100%

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

ECD63 100%  100% 100% 100% 100% 100%

Pable 5: Specificity of the autoantibedy assay with the 10
PBC samples. 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 twe antigen

concentrations.

In Table 6 the optimum serum dilution is compared for the 6
PRC 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.
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.

Optimum Dilution per Antigen

Serum P53 ECD6 ECD63 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



100% 100% 100% 100% ECD6 3' 100% 100% 100% 100% 100% 100% Tabl e 5:
Speci f i cW@2@B/082084 aut oanti body assay with the 10 5 PBOPGHGBRW3/003486
sanpl e was judged to be positive if the nonspecific binding corrected
val ue was higher than the nean + 2SP3of- t he normal sanples tested at
either of two antigen concentrations. 10 In Table 6 the optinmum serum
dilution is conpared for the 6 PBC sera that were anal ysed agai nst

al | anpdedse - Td?‘@tﬂ@élnl'ﬁ%éﬁf—yﬂﬁﬂiriélﬁb@ndkiutﬂenhbgherié di PBCi on
where an autoantlbody response can be detected. B exa

ser um 29628 @@@@be@etﬂﬁtuW%éet@nilzéédaﬁﬁaénﬁ§sﬁé san Fg§n515nﬁere
aut oan{, bodi es), a n 5 etgcte u S
neededt?%og % ugg%uﬁi%g ? gg? anE§ aﬁ?gakféggéégggo %%%%bt

The Opémn@&tdaﬁuiﬁo@yfﬁéspbhseaagagaetmemtdemhéﬁétoEéDbeoI 5@D§03fhat
all_positive autoantlbody responses could be identified. 20 Opti nmum

Di Put | BFRgRE ANt i gen

Table 7 summarises the increased overall assay sensitivity
for detection of primary breast cancer when using the cross
titration method to detect autoantibodies against each of

10 the tested antigens.

Cross Titration Serum 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 6 PBC

serum samples analysed against all antigens.

20 Conclusions

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’ autcantibodies
25 and there is no reason to assume that this will not be true

for all tumour marker autoantibodies. 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
"poth low affinity autoantibodies at high antigen

30 concentrations as well as high abundance autoantibodies



Ser unP53ECD6 ECD6 3' Optimum Di | uti on 20593 206411: 501: 50

206201: 1eapin0s/68044 1600 20639 206281: 8001: 501: 50 20642 IPCIOGB2M00W4800
WD 2008/ 032084PCT/ GB2007/ 003486 - 63 - Table 6: Optinal
inter-individual dilution of the 6 PBC-serum sanpl es that were

anal ysed against all antigens. Wiere the |lowest dilution is displayed
that was required to detect an autoanti body response agai nst either

P53, ERBcRwECPE 3thdrimasmepbk kabhe gh SupiRfens emrides irdrieased
overal | assay sensitivity for detection of prinmary breast cancer when
usi ng Theaddbsioni LtarPoRamst ROESEH Gettdet AMoAMIBENE agai nst

6. 79@3 5 0R HbORR Db SERa ot e MRl Hid! 1B Be HkD

specific binding can be detected at low serum concentration.

31l patents, patent applications, and published
references cited herein are hereby incorporated by reference
in their entirety. While this invention has been
particularly shown and described with references to

10 preferred embodiments, it will be understood by those
skilled in the art that various changes in form and details
may be made without departing from the scope of the

invention encompassed by the claims.



Specificity Table 7: Overall assay sensitivity and specificity
using 15 both ECD6 and ECD6 3' fragnment if the cross titration assay
is used instead of serumdiluted at 1:100 for the 6 PBC serum sanpl es
anal ysed agai nst all antigens. 20_Cgmclkusi ons The OSAAC assay for
aut oanti body neasurenment has been shown to be superior to antigen
titration alone in ternms of sensitivity for the detection of primry
br east Eancer. This is the case for p53, ECD6 and ECD6 3'

aut oan¥s es 25 and there is no reason to assune that this will not
be true for all tunour marker autoantibodies. It would appear that

this is due to the fact that this assay format has a jjuch broader
dynami & -r anBeretthpd pfodrdesting scopeersedetale K&t KUSGRSS finity

aut oant},0adhespal ; i,dlinaal kagha3qHORALALLRLT 808 ARMlda as hi gh

abundance "aut oant I bodi es i ch woul d otherw se hook at high
ant3d gepompntehhyatiebrctingaddi windd bicdyappear & egds siabipd & hath 4 @an
abundance au

t panti bodi es that may gg sk%ﬂ j | ev. :
nonspethPi E2BFndPMG-Cafi BB detEcte Ozftlm‘iLlyo _élg)réu%%gﬂncsganjte&r Ea?r_ﬁonna.llﬁn
Al patgptgctPahgnirhappliincatiiensntamddgubls shed Jlefgreric esmidedt
herein are hereby incorporated by reference in thelrkﬁgtlr tg@ VWi | e
this i BvéhsEaAeha§abee/paitseadiea sig cemdim ldnd Yae S8V B Sk
refereg&&g &geéo preferred enbodi nents, it will be understood by
those SKIFI&d in the art that various changes in formand details may
beloradgap phept rdegattiongxf meme ks Seope tofditlve ionemi grrighcorppassed
by thes%%%&gsénd carrying out the following steps (i)} and (ii) in

respect of each test sample dilution:

{i) contacting the test sample dilution with a

plurality of different amounts of an antigen specific
15 for said antibody,
(ii) detecting the amount of specific binding between
the antibody and the antigen for each amount of antigen
used in step (i),
(b) plotting or calculating a separate curve of the amount
20 of specific binding versus the amount of antigen for each
test sample dilution used in step (a), and
(c) determining the presence or absence of said disease
state or disease susceptibility based upon the amount of
specific binding between said antibody and said antigen for

25 each test sample dilution and amount of antigen tested.

2. The method of claim 1 wherein the presence or absence

of said disease state or disease susceptibility is

determined based upon the collective values of the amount of
30 specific binding £for all the test sample dilutions and

antigen amounts tested.



- 65 - Clains 1. A method of detecting a di sease state or disease
susceptibility in a manmmal i an subject, said nethod 5 conpri sing
detecting an antibody in a test sanple, wherein the test sanple
conprises a bodily fluid fromsaid nmal i an subj ect and wherein said
anti body is a biological nmarker of a disease state or disease
susceptibility, which nmethod conprises: 10 (a) preparing two or nore
different dilutions of said test sangle and carrg out the

P eB

fol l owtng stpdgihodret (F+31Pnlres crheretachh ©§5hHFedi | uti on:
(i) COQB%#ﬁééwaf&ai&S&léégyéeséaketbQHdM&éQse phukabtiyiof i fikerent

amount s an antigen specific 1lsfor said antibody, "(ii) detecting
t he andbeterminspeey fécabiading bhemeenveheobh@ibedylanét?ﬁe(§htf9én

f h t of t d t
cal cul G TS T ot o BErob B e e naShiBant Y o5 s bR. Br H e
versusqchPpeemnount of antigen for each test sanple dilution used |n

step (a), and (c) determ ning the presence or absence of said
di sease state or disease susceptibility based upon the anount of

specif)c b'fﬁ%r&k&ﬁ%&E§8c59a9n§”§%bEQXlﬁné fAbdeant kgen phakedectagh

test sanple dil'ufion and anoun antigen tested. 2. The met hod of
cl ai m daiiesettbodre pnesbackest abspheelief indidatiedebyetsrate or

di tipil t d based th I
VAl osbBFEEREE oL 5RO 301 LHet PEPRnBFng  PRP L PUERE CE% “Canpl e

dhkwtip@§sengw@n&igeereﬁeuaaiuteehedof tn66tes8. skheleet hod of claim
1 or 2 wherein the presence or absence of said di sease state or

di sease susceptibility is determ ned by evaluating the curves
ELonES LSRN oF hotbe e EICanntons o Ioigmenuply |
mherelaombﬁlﬁtﬁgeachodilyafduadtEhomyaimamMeluestsg@nﬁhé iwhengdincat ed
by thesgggsgggfbg&yalgegeggl %g%c%qa%a%kgg of Hgs%%g¥se%%£éﬂbr

15 disease susceptibility, which method comprises:

(a) preparing two or more different dilutions of said test
sample and carrying out the following steps (i) and (il) in
respect of each test sample dilution:
(i)} contacting the test sample dilution with a
20 plurality of different amounts of an antigen specific
for said antibody,
(1i) detecting the amount of specific binding between
the antibody and the antigen for each amount of antigen
used in.step (i), ‘

25 (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 antibody reactive with the antigen
used in the assay is indicated by a generally S shaped or

30 sigmoid curve for at least two different dilutions of the

test sample.



10 least two different dilutions of the test sanple. 5. A nethod of
detecting an antibody in a test sanple conprising a bodily fluid from
a manmmal i an subj ect wherein said anti body is a biological marker of a
di sease state or 15 di sease susceptbbitity, which nmethod conpri ses:
(a) preparing two or nore different dilutions of said test sanple and
carrying out the followng steps (i) and (ii) in respect of each test

sanpl & di | Uty Oony i 86L4NHgt BeatRsimeagphetdel Hhic@bowyt h a
20p|uﬁ%]it;ﬁ%$q§???%$e$§ %ﬁ%ﬁg%s of a% an?igen specific for saio‘g,y

ant i baidy,an (awjoamt Beedwng t he anount of specific binding between the
anti body and the antigen for each anmount of antigen used in.step (i),
25 (b) plotting or calculating a separate curve of the anmount of
speci f ¢ bifgi nge et 8 USE t BEagOBNIhekeant tpenafibbasadhotigstissanpl e
dilution used in step (a), wherein the presence in the test sanple of
an®i bowge bkt i for wh t RURher afitf kB8R BE8HSLR-t he assay is indicated by
a generally S shaped or 30 signoid curve for at least two different
dilutions of the test sanple. - 67 - 6. The nmethod of any preceding
cl ai m&her ef'ne thetaodi bddglasmaid abeoanni bbeyantigen cPR@IHRSEFod of

laim6 wh ' h t tibody i . ific_f ; k
o1 of o1 FEROSE AREETELHOAC Bt "cP i M7 SHREEBICt G AAET SRl oM S8 a

t ut houghaBreker protein or an antigenic fragnent or epitope thereof.
10 9. The nethod of claim8 wherein the tunmour nmarker protein is
séllected fromthe group consisting of MJUCL, MJC1l6, c-mnmyc, EGFR, p53,

ras, aggakqﬁ%ﬁﬁgtﬁéggbegygiﬁeﬁ’wﬁééeigEﬁhecéﬁ%p%m MRl brdein

CAGE, m cyfokeratin, ecoverin, kallikréin,
annexi hg AEPecbeHiCEr omGRRES g r6Ab2 s onmaustragloloifn MUCAf,, MUC16, c-myc,

Lot ranBeRn. PR ol SEFY nERCeteopEEn, THEs. PRRRT MeSshEgrH, UrHenti .
cox-1 aRfoCcoX-Rv-Es0O-1, 4-5, CAGE, PSMA, PSCA, EpCam, cytokeratin,
15 recov;rin, kallikrein, annexin, AFP, b-HCG , GRP78, CAlZ5,
mammaglobin, raf, NY-BR-1, survivin, MUCZ,
endostatin, Becl-2, BIRC7, HSP70, No55, uPA, tetranectin,
prolactin, osteopontin, HE4, TATI, inhibin, vimentin, cox-1
and cox-2.

290
10. Use of the method of any one of claims 7 to 9 in the

diagnosis, prognosis or monitoring of cancer.

11. Use of the method of any one of claims 7 to 9 in
25 screening a population of asymptomatic human subjects to
identify those subjects who are at increased risk of
developing cancer, wherein the samples to be tested using
the method are samples of bodily fluid taken from the
subjects, and wherein subjects having an elevated level of
30 autoantibodies, as compared to normal control individuals,

are identified as being at risk of developing cancer.



20 10. Use of the nethod of any one of clains 7 to 9 in the

di agnosi s, prognosis or nonitoring of cancer. 11. Use of the nethod
of any one of clains 7 to 9 in 25 screening a popul ation of
asynptomati c human subjects to idenggfy those subjects who are at

i ncreased risk of devel opi ng cancer, wherein the sanples to be tested
using the nethod are sanples of bodily fluid taken fromthe subjects,

and wherei n_subjects havi an_el evated | evel of 3 ut qanti bodi es,
as conpared’$® Pbr HBF @8%388|0ﬁnaPViaaa|§, Sh@lpﬁeﬁt% 'gdlgs bei ng at

ri sk ofieteyel Opi B9rE8NaBbplast 8 brlgary?ec@&cﬁﬂ%g@ﬁﬁ@oéhﬁhgéninon?
of clainse 7 to 9 |n.detecF|ng early neoplastic or early carcinogenic
changean 2 aympsynpt beahinahusuhl sebj evherahar &he SREPIENPLe X0 be

tested,_using the nethod i S Le_of di Ly, fl.yi f.romthe
subj ccreTtad Sntp TR IR E S rReeah o i 18 b gy, GHEER Ralde
autsoantibadiles, sasjeotpanad whemetAnkheoptresknicediofi dualed eviat eidaken

as an jndication of early neoplastic or early carcino eniccahange in

the subfgel. ofp2y8oagkébhiliffe @St REUPEES ;oOHQIHPHC|gP§§ to 9 in

scr ee”iﬂgi@iﬂﬁayé?t i QN+ @keaSUBPHAMRLES AYTRR S¥Dieaslly hedpdertdify

t hose subjects who have devel oped a cancer, wherein the sanples to be
t est edousénglyheaneihodeaie shapibesiof thedispificli-d t aken fromthe
subj ects, and wherein subjects 15 having an el evated | evel of

aut oanti bodi es, as conpared to normal control individuals, are

dimgnosed agsbayingha @ameed. orflényUs@eobft g ataishad tef Sary one of
clainms 7 to 9 in 20 testing a popul ation of synptomatic hunman
subj ecESTEBNLBENEI PYPHASEE O8uBe AEYTRFETRAVE NopedpIe ah &t

wher ei . t t us,i r )| 6heHed
bodiIygg%ﬂ?éf?ggéﬁg?r%ﬁ?ﬁﬁg%gugﬁgbﬁggghggﬁﬁﬂgﬁggﬂa?&%ﬁ%%?ﬁ haviﬁglgn
el evat edel symplef aot banttielsteides,siag chepareddac a2% memydlec @it r ol

i ndi vi dual s, e.di osed._as having.,a cancer. ,15. Use of .t.he nethod

of anbeaéiﬁf%éPéangggepo §°th%§hﬁggﬁ@ﬁ SVh@ﬂﬂwﬁ%%ﬁ%%%ﬂsqgﬂ%ﬁﬁsor

otfer AgeRhgshhCelevated level of autoantibodies, as compared to '
normal control individuals, are diagnosed as having a

cancer.

14. Use of the method of any one of claims 7 to 9 in
20 testing a population of symptomatic human subjects to
identify those subjects who have developed a cancer, wherein
the samples to be tested using the method are samples of
bodily fluid taken from the subjects, and wherein subjects
having an elevated level of autoantibodies, as compared to
25 normal control individuals, are diagnosed as having a

cancer.

15. Use of the method of any one of claims 7 to 9 in
monitoring the progress of cancer or other neoplastic

30 disease in a patient, wherein the sample to be tested using
the method is a sample of bodily fluid taken from a human

patient, and wherein the presence of an elevated level of



30 disease in a patient, wherein the sanple to be tested using the
method is a sanple of bodily fluid taken froma human patient, and
wherein the presence of an elevated |level of - 69 - autoanti bodies,
as conpared to a normal control, +segaken as an indication of the
presence of cancer in the patient. 16. Use of the nmethod of any one
of claims 7 to 9 in the 5 detection of recurrent disease in a human
pat i ent, reyil Qush v, di %QO@&%&%@% ng GaRGE!, cYhteBipatseptkBasas
under gone anti-cancef treafnent to reduce the amount of cancer
presendn el e i ddeo§anpe epresbece esf edansenginhthpephédeht.a sanpl e
of bodily fluid taken fromthe patient, and wherein 10 the presence
of an increased | evel of autoantibodies in the patient, as conpared
to a npgmalyLont# otheifictBE@NoBSaRY bRdi 68t t0AikBay dbsease has
recurred. 17. Use of the nethod of any one of claing 7 to 9 in the 15
asSesstetgcoionprofnostyriedh dhneere wWAefelHIBRePE&AENE PESBaONEsYed
using the d is = bogi fLul Kk f n

pat | ertt S SR cre Ay EED P athe b ' RHLTEbE e, ST oHeT

aut oanshbpediesceasteeapacetd to asdoceatheortwoht € takerras an

i ndication of the prognosis of the 20 patient fromtheir cancer, .18.
Use ofp¥%%e%%th%@eg?lgn§h8néa8P38IEPnEg7%?8t§diHsﬁpgd% S Stﬁggpéﬁse
to anti-cances Lfegbaeny, raheretBkbhersanpkact pake shest eddushegetine
method is a sanple of bodily 25 fluid taken froma human patient, and
WHeY ei theoppaséson of ahelhevepsefl A8VeanPrbediteanitdbesii@spaty &he
wth a evi pusly establish e L.onshi twe I | s _Qf
autoan??%%%?gs %%dCP?QSFgaoggcén%%%#g?rggﬁ%e%&’igguggﬁ%Fba%rgyide an
i ndi cath@ncoftivhethaer tiheepati aat wekhrrespond to 30 such anti-cancer
treatnment. - 70 - 19. Use according to claim18 wherein the
anti-cancer treatnent is vaccination, anti-growh factor or signal
transdysti ongllerapynd i ARe AP an B REIRCTd Mes tdiekapy , e agid body
t herapy or chenotherapy. 5 20. Use of the nethod of any one of

cl nsagsessfenh ofinptrogineglshéroaspenserof Widnean tdencanpdat itént to

anti cancer treatnent, erein t%g.sanple t beji t j 4 e

met hodg?sl’:ﬁsgﬁﬁp]lélaﬂ & B P &5t it Z’S"p@%%ﬁl% en
from a human patient, and wherein the presence of an
elevated level of autoantibodies, as compared to a normal
control, is taken as an indication of the prognosis of the

20 patient from their cancer.

18. Use of the method of any one of claims 7 to 9 in
predicting response to anti-cancer treatment, wherein the
sample to be tested using the method is a sample of bodily
25 fluid taken from a human patient, and wherein comparison of
the level of autoantibodies is 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

30 such anti-cancer treatment.



10 and wherein a change in the | evel of autoantibodies after
treatnment is taken as an indication of whether or not the patient has
responded to the treatnment. 21. Use according to claim20 wherein
the treatment is 15 vaccination, antig-growth factor or signal
transduction therapy, radiotherapy, endocrine therapy, human anti body
t herapy or chenotherapy and a change in the | evel of autoantibodies
after eat t diga h t as
respon%%d p§§?t?$§?§85§8t é ?Eggﬁngﬁtkh%g %g %P%é%#gﬁh %gc%brdlng to
cl ai m 6rabenent 1hevantihedyons antdvgoamthbddy tehrarcactsdmnstli ¢ of or
associ ated with, an g t oi nmune 25 23.. The net hod accordln% to

SO I R LR TSN et L R LR S R e S

syst enhft b R4S @ﬁ&&%g}%@%n@ﬁbﬁhmabgmry biliary cirrhosis (PBC),
aut oi mmune thyroiditis, Hashinoto's thyroiditis, autoimune

gasiritis, pernicious anaenia, aut0|nnune adrenalitis Addison s 30

di seas aut y. t
nyasthggla g§;§r§%et%%$%ﬁﬁﬁﬁﬁgc£# §ﬁg%ﬁ?g§accor ngjﬁg?c a|n16
wher ei fohhiecahhgboaty mss@nna@t@&nblhmﬁwnchawmmﬂemaﬂuanuﬂtanantl—

associated wth kidney or hepatic_diseas dlng to .insufficiency or
fail ur 62BFeEi LRERTHRGAN. WEereqn %ﬁ 3& %f % 4

wher ei ﬂefcﬁsda%' Qog)émbied'orfe%to%qltyo‘ﬂﬁﬁﬂ%i an 1a t% nm%s%tl%ﬂl ssue
transplanted into the mammal i an subject. 10 26. A nethod of detectlng

anl@nt ebddyhiemeant eschaagel éncdingr lsivied @fb@mﬂqFﬂﬁthﬁ#ﬁﬁmﬂﬂier
manal Lan sublect . whetel .sald saptibody,l S diieqad L g dongian

0 sal |an SUjeC

CO”DFI@h@gentwhbéhr@%@@&@e@pﬁmrm&%strk&t@aﬁnpfeparlng two or nore
different dilutions of said test sanple and carrying out the
following steps (i) and (ii) in respect of each test sanple dilution:

(i) copyactpag Lhe tesh Etrg)lﬁaqln# Yy o dith 6\:1‘&1 urald doeaf idi fferent

anount s of an anti gen sﬁ€C|f|c 20for said antibody, (ii) detecting
t he5 anvaptioktipeci find ibigwmiwid Fetomsen drhes igma bdosaraiiatieorant i gen
For ea%ﬁe%@%‘ﬁrr,“ r%]:il%ri]:rhl q:a?)yl]l,seeql .org:rsj:[ne t(he)rapy, human antibody
therapy or chemotherapy and a change in the level of
autoantibodies after treatment is taken as an indication
that the patient has responded positively to the treatment.
20
22. The method according to claim 6 ﬁherein the antibody is
an autoantibody characteristic of or assbciated with an

autoimmune disease.

25 23. The method according to claim 22 wherein the autoimmune
disease is rheumatoid arthritis, systemic lupus erythematous
(SLE), primary biliary cirrhosis (PBC}, autoimmune
thyroiditis, Hashimoto’s thyroiditis, autoimmune gastritis,
pernicious anaemia, autoimmqne adrenalitis, Addison’s

30 disease, autoimmune hypoparathyriodism, autoimmune diabetes

or myasthenia gravis,



(b) plotting or calculating a separate curve of the amobunt 25 of
specific binding versus the anmobunt of antigen for each test sanple
dilution used in step (a), and mherelg the presence in the test
sanpl e of anti body reactive with tTie’ ntigen used in the assay is

i ndicated by a generally S shaped or signoid curve for at. |east two
different dilutions 30 of the test sanple. - 72 - 27. A nethod
accordi?yy t dChed aiaﬁm@ivwmerm\in@etuaahﬁmaﬁ shbyreth tReaahthbody is

28. Arretho or tocam26 or aim 27 wher ei the5f reign
2 bt amih TCSSRARE oPa el 05 SENE ASa0hentrl: ookt RaFk D

wher ei not Nesgherapeid é£s @984 di Sgar 8" UsuPr Q8L HHeyObraRhi Pady of
therapy. 10 30. A nethod according to claim26 or claim27 wherein the

forei grPJstthJ% a¥&E s a vacci ne. 31. A nethod according to claim28
or gl aim29 wherein the foreign substance is a non-target portion of
a therapeutic 15 agent or vaccine. 32. A method according to claim
31 wher&h n te mEthedt getcpodinonto schaixti b. wBOr83n Ahgethodbody is

according tao claim?26.or claim?27 wherein the foreign substance i s an
o f oot 1Dt A S bt e nnrersat | OF heb e neraespianssy® o

net hod Jg{tcdaﬂ@g:tma}.gngjy\pa@rsﬂgj@cgntl bodies in a test ,25 sanple
conprising a bodily fluid froma mamalian subject V\/nerel n at | east

one of said anti bodi es |s a bi ol ogi cal marker of a disease state or
0 sgaoeusoelllhds L SEDLTRLNRS SOOPLaESly o LEcPLERRILYS (1o
t he foldmwimigisteps k(mdlhpdflmic)l fﬁomesQ&&:ﬁm@il&ﬁcbubﬁeéttsawnbmm
dllutlcggld antibody is directed to a foreign substance introduced
into said mammalian subject, the method comprising:
(which method comprises:

15 }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
plurality of different amounts of an antigen specific

20 for said antibody, |

(i1} detecting the amount of specific binding between
the antibody and the antigen for each amount of antigen
used in step (i),

(b} plotting or calculating a separate curve of the amount

25 of specific binding versus the amcunt 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

30 of the test sample.



- 73 - (i) contacting the test sanple dilution with two or nore sets
of antigens, wherein each one of said sets of antigens is specific
for one of said antibodies to be detected in the test sanple and
wherei n each set of 5antigens conprigés -a plurality of different
anounts of the same antigen, (ii) detecting the anount of specific
bi ndi ng between the anti body and the antigen for each amount of

anti gen2iin eachnsethmf sauddgeinsy usetlidiSt®P whdrei® €A whhdiNgn Or
cal cul ati 9 a _separate curve of the anpunt of specific binding versus
t he anDﬁHg BFtanfi Gem G ‘each test sanple dilution with each set of
antigens used in step (a), wherein the presence in the test sanple
of antibody reactive with any one of the sets of antigens used in the
15 assay8is Rnaethrdd aggoxdjegertal loyaSnsRéped arlading @V dvteiraden fdre at

|l east two. different.diluti,ons the test sanple with that set of
ant?%enggrgign Sggét nﬁ%tﬁ&daa§@8F8Pﬁaiﬁ5 E95h-34 wherein at | east
one of 20 said two or nore anti bodies is an autoanti body. 36. A

met hod ggcording to claim35 wherein at | east one of said two or nore

anti bodfés i & BRTRGF0ARCOEEEIs feciclirdy @8 shersddr ther Kéregarstudiie
25 agent is a drug, prodrug, or antibody therapy.
10 30. A method according to claim 26 or claim 27 wherein the

foreign substance is a wvaccine.

31. A method according to claim 28 or claim 29 wherein the
foreign substance is a non-target portion of a therapeutic

15 agent or wvaccine.

32. A method according to claim 31 wherein the non-target

portion is biotin.

20 33. A method according to claim 26 or claim 27 wherein the
foreign substance is an infectious agent such as fungus,

bacteria, virus or parasite.

34. A method of detecting two or more antibodies in a test
25 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
30 sample and carrying out the following steps (i) and (ii) in

respect of each test sample dilution:
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20

25

- 73 -

{1} contacting the test sample dilution with two or
more sets 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,

(il) detecting the amount of specific binding between
the antibody and the antigen for each amount of antigen

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

(a),

sample dilution with each set of antigens used in step

wherein the presence in the test sample of antibody

reactive with any one of the sets of antigens used in the

assay is indicated by a generally S shaped or sigmoid cuxve

for at least two different dilutions of the test sample with

that

35.

said

36.

said

set of antigens.

A method according to claim 34 wherein at least one of

two or more antibodies is an autcantibody.

A method according to claim 35 wherein at least one of

two or more antibodies is an autoantibody specific fox

a tumour marker protein.



