Al l ergen Mcroarray The present invention relates to a nethod of assessing
if a subject is at risk of devel oping or has al ready devel oped ast hng,

conj unct iwptbs/wi670hi nitis. The invention 5further rel aPe3/GROAMSIFPEN Sets
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of serum I gE directed agai nst specific mte allergens and asthma. However,
a |large nunber of 30individuals worldwi de particularly those living in sonme
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A major risk factor is the development of immune responses to foreign antigens that
20  are characterized by the production of antigen-specific IgE. This notion was first
inferred from observations showing that the prevalence of asthma was closely related
to serum IgE levels. Overwhelming evidence has now confirmed the role of IgE in
atopic asthma while several studies have also revealed a link between IgE and non-
atopic asthma.
25
More controversial is the role of antigen specific IgE in determining the onset and
severity of the disease. Since the discovery that house dust mites were the major
source of allergens in the dust, several studies have linked the presence of serum
IgE directed against specific mite allergens and asthma. However, a large number of
30 individuals worldwide particularly those living in some regions of US and Scandinavia
are generally not exposed to mite antigens during their life. Interestingly, these
individuals do not show any decrease in the prevalence and the severity of asthma.
Therefore it is likely that other antigens either alone or in combination play a role in
the pathogenesis of the disease.
35



and a nonlinear relationship between exposure and response appears to
exist. 5To date studies attenpting to identify a |ink between specific |IgEs
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20  associated with atopy. As a result the association between total or specific IgE and

the pattern of asthmatic response remains unclear.

Therefore, while it is relatively straightforward to determine if a patient or subject

demonstrates an immune response to a particular antigen, there is no easy way to
25 determine if that same patient or subject is at risk of developing a more severe

disorder such as asthma, conjunctivitis or rhinitis. Surprisingly the Inventors have

now discovered that it is possible to predict the risk of developing such disorders.

Summary of the Invention

30 In afirst aspect of the present invention there is provided a method of identifying a
set of biomarkers, more particularly a set of antigens that are significantly associated
with asthma, conjunctivitis or rhinitis. The method comprises, (a) measuring in a first
plurality of samples isolated from a group of asymptomatic subjects the levels of IgE
reactivity to a plurality of antigens, (b) measuring in a second plurality of samples

35 isolated from a group of subjects characterised as having asthma, conjunctivitis or
rhinitis the levels of IgE reactivity to the plurality of antigens, (¢) identifying a subset

of the plurality of antigens which demonstrate significantly different levels of IgE



reactivity between the groups of subjects, wherein levels of IgE reactivity
to the subset correlate with a clinical diagnosis of asthma, conjunctivitis
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In one embodiment the levels of IgE reactivity are determined by contacting the
plurality of antigens with serum isolated from the groups of subjects and determining
20  the amount of IgE bound to each antigen using an anti-IgE antibody. In particular
embodiments the anti-IgE antibody is a labelled antibody. In other embodiments the
anti-IgE antibody is unlabelled and is detected using a labelled antibody. The
labelled antibody may comprise a fluorescent label. In preferred embodiments the
amount of IgE bound to each antigen is determined using fluorescence detection.
25
In certain embodiments the plurality of antigens are bound to at least one solid
support having a plurality of addresses each of which has a distinct antigen disposed
thereon. In one embodiment the solid support comprises a plurality of separately
identifiable beads. In another embodiment the solid support is a microarray. When
30 the solid support if a microarray the antigens may have a spotting concentration of

from 0.008mg/ml to 3mg/ml.

In a second aspect the invention provides methods of assessing if a subject is at risk
of developing or has developed asthma, conjunctivitis or rhinitis. In certain

35 embodiments the method comprises measuring in a sample isolated from the subject
the levels of IgE reactivity to a set of biomarkers. Preferably the biomarkers are

antigens pre-determined to correlate with a clinical diagnosis of asthma, conjunctivitis



In a second aspect the invention provides nethods of assessing if a subject
is at risk of devel oping or has devel oped asthma, conjunctivitis or
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have a spotting concentration of from 0.008mg/ml to 3mg/ml. Preferably the amount

of IgE bound to each antigen in the set of biomarkers is determined at substantially

25  the same time.

In a third aspect, the invention provides an antigen microarray for use in determining
the risk of developing or in the diagnosis of asthma, conjunctivitis or rhinitis. The
microarray comprises a set of biomarkers correlated with asthma conjunctivitis or

30  rhinitis. In certain embodiments the microarray comprises the antigens F95, G1, G3,
G4, G12, G14, G15 and G18 and optionally one or more antigens selected from the
group consisting of antigens C2, D1, D2, D3, D70, D71, D72, D73, E1, E3, E81, E82,
F4, F16, F25, F35, F49, F84, G2, G5, G6, G8§, 16, K87, M1, M3, M4, M5, M6, T4, T6,
T7,T9, T14, T901, W1, W6, X902, X903, X904, X905, X907 and X910.

35
In a fourth aspect of the invention there is provided kits for use in determining the risk

of developing asthma, conjunctivitis or rhinitis. In other embodiments the kits may be
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Mann- Wi t pey agsséription of figures
Figure 1: Table 1 lists the 103 antigens that were arrayed and utilised as the primary
antigen set for screening. The allergen identifiers correspond with the ImmunoCAP®
Allergen product codes, for example, available from Phadia AB.
25
Figure 2: Table 2 illustrates the stratification of the study population described in the
Examples according to age, sex and the occurrence of a number of atopic diseases

including asthma.

30  Figure 3: Table 3 exemplifies the association analysis of clustered reactivity profiles
to the 103 allergens. The three clusters were analyzed for differences in the
frequency of sex, conjunctivitis, eczema, rhinitis, asthma as well as asthma -
persistency, -severity and age of onset. Associations were assessed using the x° test
in SPSS or as in the case of the age of onset by using Kruskal-Wallis rank sum test

35  of equality.



S5Figure 5: K-neans clustering of serumreactivity profiles of 872 sera
(colums) against the arrayed 103 allergens (rows). The specific sera
reactivi twopaty®weer® wi t hi n each cluster (node) are visuCrgBELp11RiISeERe S5a -
Node O; Figure 5b - Node 1 and Figure 5c - Node 2;. Serumreactivity
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(col ums) @?%QUFEAEMWW%%@' gnificant selected 51 allergens (rows). The

specific ns within each cluster (node) were
visual i sed, Figure 6a - Node 3; 15Figure 6b - Node 4; Figure 6¢c - Node 5.
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| ayer 80 | sguie 0f.boxes 1- 51), hidden (circles 1-8) and output (asthma

cl asses in black boxes) |layer respectively. Figure 9a: ANN

predi ct ed- by- observed performance chart. The box plots represent 30t he
predi ct edmeudoKpnemahildsitdringsﬁéamm fe@ctiviti peofil gL 8QaBegaqb§1|umas; hma (grey)

and non- asth tic vvhlt a t the kn C|n| st at us
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sanpl ?SS %tupengb (WO%C@ FlguPenGCash HH%I §er{191rr%¥2:tivit§%rofiles to individual
allergens are classified as either positive (white boxes - class score 1-5) and

negative (black boxes - class score 0).

Figure 7: Associations between cluster and variables distribution were assessed
20  using the Pearson’s X2 test, after Bonferroni correction for multiple comparisons.
Figure 7a tabulates the results across all 103 antigens, Figure 7b tabulates the

results across the 51 antigen sub-set.

Figure 8: lllustrates the generalised architecture and performance of the RBF based
25  ANN asthma classifier. The RBF network consists of three layers: Input (boxes 1-
51), hidden (circles 1-8) and output (asthma classes in black boxes) layer

respectively.

Figure 9a: ANN predicted-by-observed performance chart. The box plots represent
30 the predicted-pseudo-probabilities for the RFB output category; asthma (grey) and
non-asthmatic (white) plotted against the known clinical status asthmatic (1)
asthmatic (2) for combined training and testing samples. Figure 9b: The ROC curve
calculated on the combined training and testing samples, asthma (black), non-
asthmatic (grey).
35



Figure 10: Illustrates ANN asthma cl assifier consistency performance The
ANN- predi cted asthma status of the hold out sanples was assessed on a
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or serum Henolytic, lipenmic .or icteric sanples or s | es _conpri sing

addi ¢ ves PPy T SUAGPEATG 0ESel DUEFPs SaetttteRisset P uch as EDTA- |
hepari n- gertkratetiat @ised frgcekesingendiagagssl to be suitable for use. O her
bodily fluids such as |ynph, 5colostrum mlk, saliva, tears, urine or
fractions of such fluids may be utilised. In other enbodinments the sanple
nmay be defoideatifyrdisease epédificpdtterisat isdiedtihecesstiyrte obtain saroples frp@ratat ant  or

i que% edle%g)tl tlw(cj) gsfgurB)sl o‘? ’sut];)jgtr:tse—xoa}lrernglrc(?up])c cr) rgaﬁm}, Iassys/rlﬁgtopr%a%g Sséllbjects and a

second group of symptomatic subjects.

Preferably the symptomatic subjects have been clinically diagnosed with asthma,

conjunctivitis, rhinitis or a combination of these. However, it will be apparent to the
30  skilled person that the methods of the invention may also be applied to other,

particularly allergic, disorders or diseases such as dermatitis, eczema, inflammation,

urticaria, bronchoconstriction and the like.

In order to obtain results or data, generally any sample will normally comprise or be
35  expected to comprise one or more Immunoglobulin E antibodies (IgE) or binding
fragments thereof. The sample isolated from a patient or subject is preferably a

whole blood sample. Such a blood sample may, for example, be a venous or



The patient or subject is a manmal and may be a human or an ani mal such as,
by 10way of non-limting exanple, a cat, dog, rabbit, nouse, guinea pig,
ferret, muokey/iohopse, cow or canmel. In a first step of PCh&BEIING302t he
| evel s of IgE reactivity to a pl urality of antigens are nmeasured in sanples

i sol at ed froli;%%he slub ect in_each gro 15 Sﬁg ects may be assigned to a
parti cul aFeyYrBLpBPE gnadr o8 Of pUE BXqmRle: RS Pormat i ¢) or
may be assérgﬁedﬂér@olganqoapsémucwwtergrsaumlésoirlsemplw doeﬁinsmg,adﬂmr/esexanpl e, to

avoid stafisti or,.scientific. bi .. 20l oql E E), directed

Fronr e ahediaeiy fouPlyT SeSBl sk topciRer FRed SUaLes EDTA e A o 1 ¢ om a

subj ect asittaies, n@kisopnoHgaTitodeesuitable iy et Cakerdyvalty ﬂmmsddh%dymph,t hat
directed to | ar ndthat will

allerg ar i

onl y TEaceoREi Tk SSve 8k Fend SriEitins oahatis M Bpuufrre Moe (ol oB). A

subj ect nmayehavbodipeaisfth€ shgpletniaynty @ertvbamronﬂ@cal tutugecell ddtuRefddibvi ty i s

used to refer tto tth I .vgl ﬁé) bi nldi]np beti\ﬁeﬁ artl cul ar antibody and its

| i gand t oSYRSTAR'aN 9 @ CONPPERP'E IR E¥RM %‘Pelbﬁ)é’ bresent invention

the anti bodies are specific IgEs and the Ilgands are ant i gens Generally a

specific 0 a _specific anti The | evel | eac |V|ty may

b6 et i nedf RO obT bR EPRRFTang i Hedt Himet S Ak gaahpcbis

assi ghed @Whassn&elimi@ny akampsle, &odt, @O’@mﬂtﬁt m&@é@uﬁmebﬁ:ﬂg]@erk&,smoﬁH’Wn 0 35

| U ni; CI slbel(%fromo 35to0 0.7 IUnl; Cass 2 being fromO0.71 to 3.5
n

| U nt; O 39§eP PP HE M om 3. 51 to 175IU/nTL Class 4 being from17.51 to
50 Unl and CIassSbelngfromSO 0l to 100 U mM . 35Alternatively, the IgE

reactivity t ar cuI e consi der e.either

boor 11 ve! [reCsheBEp el tie, B8 TP eadfRIcS BEFul o RSP o < ne
response mgeas@edwdsaneged lswet@ltr&ﬁmthewnbmmmeabﬂngmbr eshol d the response is
positiﬁ/e/present. Cenerally a level of > (greater than) 0.35 U nL
indicates a positive result, in other words that a specific IgE has bound

to its |i gabidctsintayitse dd3eynadte b@dmcalatg@ep paomtplamtysusf(og.mgmpaﬁnaaicroesul t of

interaction between a ific E)in l.igand, in this case
an ant| geRETal 6" AEdE o anet P aPafriabhetaElRy nader i RE cont ext o
t hi s i nveeakarple, thheoidatatisaddl er geentitedizs. a specific type of antigen that can
trigger an allergic response which is nediated by IgE anti body. The net hod
and preparations of this invention extend to a broad class of such
al | ergensinndndgicgiie i $gBfdiratiee t@eands arspbéfid arsgercis inogn@matly tetegeds. These
can include all t?e : : : o
in"a sample from a subject and is only produced when a subject becomes sensitised
to that allergen. IgE which is directed towards a particular antigen and that will only
react with that antigen is generally known as a specific IgE (slgE). A subject may
have specific IgE to more than one allergen.
25
Reactivity is used to refer to the level of binding between a particular antibody and its
ligand to form an immune complex. In the context of the present invention the
antibodies are specific IgEs and the ligands are antigens. Generally a specific IgE
will bind to a specific antigen. The level of reactivity may be defined in IU/ml or
30 alternatively in terms of ranges which may be assigned Class Score values. For
example, Class 0 being less than 0.35 IU/ml; Class 1 being from 0.35 to 0.7 1U/ml;
Class 2 being from 0.71 to 3.5 IU/ml; Class 3 being from 3.51 to 17.5 IU/ml; Class 4

being from 17.51 to 50 IU/ml and Class 5 being from 50.01 to 100 1U/ml.

35 Alternatively, the IgE reactivity to a particular antigen may be considered to be either
positive/present or negative/absent, for example below a threshold the response is

deemed negative/absent and above the threshold the response is positive/present.



10specific allergens that can cause an | gE nediated response in allergic
subj ects. Allergens may be reconbi nant or prepared from natural sources and
may conprweelu/®iergl e epi tope or a nore conpl ex m xturePOaXGB2Q117050300r nOr e
epitopes froma single antigen or two or nore individual allergens. The
terms '"allergen’ and 'aniigen' ar ral.ly referred to interchangeabl

15 The teprndanye et ol idunthi SFHE nded bt PaSP e Bs Ui hBPE Phan 1 wo.
I n Ejhehco:wg&»gtthalfa §dr@rb§ifif:i|g5??s_as@_ ewitto atb Iigdi‘rejdilﬂi%erﬁé iarﬁl_rb,ody-hﬁ’iig?umb_er _011:_ sanpl es
used shou e a nu r sufficient to groduce statijistica sj gni fi cant
Fesul ts. PUPPEXGPITRLPS? roully INRACIortRet et ? RO der " astePliig o t her

t hat t her &s ligandpinabis lca@sédah antidedt aearetheasardd @itina soichispasyalii ¢ | gE from a
synptommati ¢ subject or that there is a correlation between the antigen and
specific IgE froma synptomati c subject; in other words whether or not
there is EnthiaI’ctkntbettor']fﬁlﬂﬂir\\vaﬁﬁdn(;meaé;rﬁaﬂeglg@rnmeaﬁﬁigtsb@ciﬂnﬂgﬁeDt@'}ti@'énasthma,
conjunctiyitis or rhinitis. 25 Prefera i.n,_qrder_to. identi n
corterati it o gt rsporirnGraBatedtefbefeE eRuebs e Bl 1o
exanpl Iei bed P&%@Braﬁ@nsﬁﬂﬂh&%@miidﬁh bxtbad to pbehe rckig i Suthagdrgb@®and n total .
General ly_on

| e f h i ndividual bj ect i d i h
xper | menloaPees g R n R b & st SClREE: TS5 PN r oup ey be
appr okl nmaggdgficeiorjens tHidtan saussherIgE hkiiated ragpessainallemRosublectsot al , 500

wil | come from asgnBtomatibc Sltlb} ects gfqi | st t50? will come from %rg)torrati o
subj ect s. “HIRBVRTY PP "GAMPHE" 81 RIEPATEE "GAE"TKIY PRECTHAMIHBAEFMPHE? t he
nunber of siaglejepitdSe andimeaFUreSiexTRyktvahyvidgpendi mgrespidpdsSiromrdsiiglef factors
such as patient recruitnent.. for exanpl nd will npt pecessarily be
equal . ThARIGEDRE WiE ABEPreROgh P GeRR T Fafins Vstaef e SEHAIN erepe of
suf fi ci engemsratyeefdr@dac tirah&igeablgt abl i sh a correl ation. Preferably the
plurality of antigens will be a set conprising a | arge nunber of antigens,
for exanple greater than 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, nore
parti cul arhy tegme'pluedlity’ Ramuséd Bere0i0 deflitdd as380, oB3MOre BN twaA50 or 500. 5 The
| evel s of IgE reactivity are determ ned by contacting each individual
sanple (conprising specific IgE) separately with a plurality of antigens
subst ant i &l thy contepicofathd first @spdcsftties imvention, theeuarbet bt sapiipleacdedsgpealdf i ¢ | gE
fromthe Bg %lu%btepgﬁfﬁ(lzigntqg %Po%u%g steeq’ff}sctn:aﬁl}}1 gib%ﬁé‘ént ';'Leosults. For a particular
20  antigen, the results should determine either that there is no correlation between the

antigen and specific IgE from a symptomatic subject or that there is a correlation

between the antigen and specific IgE from a symptomatic subject; in other words

whether or not there is a link between particular antigens and the presence of

asthma, conjunctivitis or rhinitis.

25
Preferably in order to identify any correlation, a large number of individual subjects
should be tested, for example, between 30 and 1000 in total, preferably 50 and 1000
in total. Generally only one sample from each individual subject is analysed in each
experiment or study.

30

The number of samples taken from each group may be approximately equal, that is,
where 1000 samples are used in total, 500 will come from asymptomatic subjects
whilst 500 will come from symptomatic subjects. However, it will be clear to one
skilled in the art that the number of subjects and samples may vary depending on a
35  number of factors such as patient recruitment, for example, and will not necessarily
be equal. Thus, the number of subjects and samples utilised should be of sufficient

number to accurately establish a correlation.



The nethod may be generally characterised as conprising two separate steps:
(a) neasuring in a first plurality of sanples isolated froma group of
asynpt omewpeosutopeet s the | evels of IgE reactivity to aPplGBRi103039p
antigens and (b) nmeasuring in a second plurality of sanples isolated froma
group of subjects characterised as having 15asthma, conjunctivitis or
rhinitis the levels of IgE reactivity to the plurality of antigens. For the
avoi dancepafferdblyliie plutalityi dflanbigers! véifibe baeotempiising @ thrgendrigerasft that this

separation lnto separ at te i riificial separation for the
our poses ORISR PEsleprogtar st i el 401 50606 G S0 ® iRee s,

di f f eri ngpatitylailygreber graauis0of 200280800 B50,M0s4spbes00ar e t aken. Thus, in
the | aboratory (a) and (b) may be generalised in terns of a single step

repeated for each sanple fromeach group, that is, (ab) neasuring in a
sanpl e i Smh@teﬁdlsfdftgﬁ @astilty @ détbenihey By sorahctingBatke aciividual yarhglea plurality

O e ! e meRR g spe e RED sfrarath iR S BbllB L APt RBRE RN oo ond fhe

second pl palalleltay\d@bmmimigemeeamht Sfemich gpedfivgEdmm theysanigld thiahier ef or e equal
t he nunbe re etitions, n. It will therefore be apparent that steps (a)
and (b) OfAFY PRUESut in any order, either in parallel or in sequence,
or asl(lepeats of step (ab) as necessary until all of the 30sanples are

t est ed. t he | evel activity to a r.a antigen
e vans o B s anabe pSusta R, Gk 26 b g Brd skl sk, o 9°"°
35Ant i - | gEleaﬁﬁririgOﬁlkaéﬁstrp&ﬂl@IttyW§dm;ilé‘sélsblgb_edifﬁm a@m@fofeuwaﬁtommunogl obul i ns.
Tt or oS FU Rl TR SATDAY el B PP TrE, o' o°"
aR_t i body mn?@é@alﬂpb@lﬁmﬁ@é I],cs?lamdrfﬁmﬁ Q@Ed)up dils&bfﬁﬂgf%méracmulma§?dv||®g
c |me i bo af fi Uri nti i et nore
RS ERIR b TV A S A R S B e R o o Rl
anti-1gE anti bodi es may be conventl onal or recorrbl nant antibodi es and nmay
i st I h t f f .at t | i ght

chain 5 oFoRnRaldySaaitidbublhatBbe SeBl Giore % BIPELT 1oainS henFaion 2ast Sone
conpl errentn&ft\/\tcyserl)ete&e gieps ngarfa@lfl@ai s(aEEB)lorh B)rlthﬁwd irp@'ﬂtsldﬂg@ttdrer to ]E)i nd a
tar get an ant n.t e an S ndi n ecificit
Vbt hots o SSaRth ERertil e SErs oth hESaPE LS oY itk el B Cxarml & i ¢
ﬁODOI Y| owaich alind i;dg@?eeaqeaaleerﬁem&ed ,thé Imenraaor?eé)@ide(d) nmayrtsalgeneratmadas ad

unan, nouse r i ,__Shee cane or horse i.nmuni se
nTe et A hoip BlebeBegihror B3 ran R Tba i U, i T T oot e
i nmuni sedrr@asun‘&ig ih @ sample isolated from a subject the levels of IgE reactivity to a plurality

of antigens.

25  For ‘n’ samples, step (ab) would be repeated at least ‘n’ times. When the first
plurality of samples comprises X’ samples and the second plurality of samples
comprises ‘y’ samples, x+y will therefore equal the number of repetitions, n. It will
therefore be apparent that steps (a) and (b) may be carried out in any order, either in
parallel or in sequence, or as repeats of step (ab) as necessary until all of the

30 samples are tested.

Preferably the levels of IgE reactivity to a plurality of antigens are measured by

means of an immunoassay using an anti-IgE antibody.
35  Anti-IgE antibodies react with the IgE isotype of human immunoglobulins. Therefore,
in certain embodiments the amount of IgE bound to each antigen is determined or

quantified using an anti-IgE antibody. The anti-IgE antibody may be a polyclonal,

10



then collected and treated to obtain the anti body, for instance by

i munoaffinity chromat ography. 15 Monocl onal anti-IgE anti bodi es may be
produced W9 2neftooef® known in the art. The general et hhodoragprofignsoivaki ng
nonocl onal anti bodi es using hybri dona technology is well known (see, for
exanpl e, Kohl | stein

. Nat ur 6 495-497. (1975 Kozbor et
al, | mnm°88§°ﬁ%ééd§peﬁq'c7@Ti©%°r CEB‘i‘%f'Ce%”%BP Y githoggh F‘ﬁ'” 38 t‘?)él onal
Ant i Eogl eSnt&m)dle€mf dset hbay @dw(_;ulﬁlyaﬂod%cldnbséntlbbdles fn(allgﬁ'ﬁ)erallﬁ\beantl ;il gE
anti bo y, re rei shou cons an e ndi ng
r egi on. S o R e R PV
lgM | gD ah(gmagltcdnﬁistrbfla&ﬁrtgleicﬂm butlv@ﬁld geesritely b@tﬁist%ﬂbﬂb@ﬁ%ﬂ@hﬂéhdidﬁese
ant i bodi es a e aI nvi saged Ba”if’c%a{ﬁti di rrent ﬂ&znts of an
anti - I9E 8n? B%Vdf PNEDL "H[—‘:Qe&B eGRp g P AR IGASHONH CYRR F"B‘SB@ i ch
retains tbetebmnmhlgmgguswe@:u)m nslréqumﬁ ii beleatd bind g Fargat dushdy amaytifen wsed. Such
fragnents 'nEI ude ted to antibody fragnents, such as Fab,

Fab', F( awhb ”é%’“l‘é\?gﬁfa?? 8'83'”%?8‘1[*?' ¥e capable of binding to an epitope. 30

The term"anti-1gE antibody” also extends to any of the various natural and

artificia ntib S an der ved tei,ns which arge avail abl e,
and tht o Mgt 2P ko 380G bl aie ki BiR% Fi Eal PRSI o/ oo
ant i boai esolymmahmuesaené|dbgebdemen@$dme¢maﬁmdmmﬁas amunm zed

mai n 35ant i bodi es. ant i bodi es,

anti bodi es, rm}er}gta nti br(])dl es s|| n(gat g ]

ant i body F‘P&@% 8|9 ANERP: B{B)1 Y21 QR HOTEE 1Y erHHWﬂHsteéj Wilh, Fraﬁ Heht s

I(: non- f:ovabemoudeesm Mtﬁbologsxjawale Dﬂmaumrftdnbménmmmts@btaasnansngl e fhgi 3
V NIl ecuj, es ni | 0 | Merl| C. or r rrc anti no
[t agnent s n6n celierd tnd Eoet 2 in e AAPSdto: N bl BEYABEE not i mply”

any parti ctromataraghyn, and i ncl udes anti bodi es obtai ned through

non- cponventi onal processes, such as phage display. Antibodies of the

i nvent1on can be of any isotype (e.g. IgA 19gG IgMi.e. an a, y or heavy
chai n) anMoﬁaModibEl\aan%EKarﬁth@mea)rng@/rbeapréd&ddaovhdethodjé Ig’idwrclharhenart'l'lfhe i nvention

therefore extends,t e use of anti bodi.es, and b| fragnents
whtch havestadnaodel ol BBipo riogen RSy S Pedia et ibingk: L on.
18T|h_e ter mwelpmwhl(s@d oy éi?ﬂl@& KOhIerﬁ?a raehl ) s&rg &3, LNatmrta;ﬁSGr@@ﬁW t Oht he
ability o _ 0 r fr t her. nd. t arget with a

gr eat er aiwﬁﬁ??{}’i’ aeg)él(t? Bﬁ“H8§9¥E day; rﬁ%é?%@tggl .%8@@?‘956? exanmpl e, the

bi ndi 2@ oMoaoclamdl iAbtikydid¢arad Caigge Thempy.ofen Rayiss dacl(1985). a binding affinity
which is at least 10, 50, 100, 250, 500, or 1000 tinmes greater than the
binding affinity for a non-target epitope. In certain enbodi nents, binding
affinity An anti-IgE antibody, as referred to herein, should consist of an epitope-binding

region, such as CDR. The antibody may of any suitable class, including IgE, IgM,
IgD, IgA and, in particular, 1I9G. The various subclasses of these antibodies are also

25  envisaged. In particular embodiments, fragments of an anti-IgE antibody or
polypeptides derived from such an antibody which retains the binding specificity of
the anti-IgE antibody may be used. Such fragments include, but are not limited to
antibody fragments, such as Fab, Fab', F(ab")2 and Fv, all of which are capable of
binding to an epitope.

30
The term "anti-IgE antibody" also extends to any of the various natural and artificial
antibodies and antibody-derived proteins which are available, and their derivatives,
e.g. including without limitation polyclonal antibodies, monoclonal antibodies,
chimeric antibodies, humanized antibodies, human antibodies, single-domain

35 antibodies, whole antibodies, antibody fragments such as F(ab')2 and F(ab)
fragments, Fv fragments (non-covalent heterodimers), single-chain antibodies such

as single chain Fv molecules (scFv), minibodies, oligobodies, dimeric or trimeric

11



15is determ ned by an affinity ELI SA assay. In alternative enbodi nents,
affinity is determ ned by a Bl Acore assay. Alternatively, binding affinity
may be dewermiwts7dy a ki netic nethod. In particul ar enpo@iGERNtiZS0IN
anti-lgE antibody is a | abelled antibody. By way of 20non-Ii rri ting exanple

| abel I'i ng be by conju atlo 0 nzy, S er ox e or a
chen | unt ABLEARTreger B SaRls. 66 Eh Rir St RpeR 4285 ol m 2 mass
tag. by pérh@llarﬁﬂ‘fgﬁdbﬁ@hic&dbb@n%ﬁdﬂeslcgﬁalﬂédlhhﬁ@% riod-donlériehbled and is
detected using a 25further cal.led a secondary anti body,
Wb o may PEEETREBef b oe SBpIagea noFea o) el ayarLh GHb BB T SOUR ant: - | o
anti body {(e&g.agaugGakpl iednm WHRAGY ek ) AtrhAPEBlet K 8G @@al nst | gE
and whi ch(|% get gct?ﬂ!‘}4 usi ng :ﬁﬁabel I e)(Lj secondar{}DSOantl body?l) such as an
ant i - fbuséamp@) light déit-ai n enbodi nents, one or nore | uninescent or
fluorescent noieties may be bound to avidin/streptavidin, which in turn may

be bound to biotin chemcally conjugated to an anti body. In certain further
enmbodi nentBe Iﬂve&ttqndber@ﬁqf@ﬁéﬁendwocdﬁw%aharﬂelgﬁamkb@m%ared bingindescent or

f 1 uor esceql o ohie Wik 1YL BihdifYs R ﬁ@i;[%{;t% |Gt ?cﬁ%@@ﬂm {he p?é‘éeﬁf‘i’nb&ﬂ%}ﬁ or other

protein COI’]] ugate. In 3b5preferre odinents a tyram de signal
anplification systemis utilised that uses the catalytic activity of

hor sejqadi §he Rﬁho'ébéj(ﬁ‘ﬁz%ll Hﬁﬁ’%"d& @blgéﬁﬂ %Béé?ﬂcﬂ%%f §fb3t'r1%3éb||| y%?%'n'a‘nﬂgoﬁzf an

anti body. Suitable |abels an s are known in the art and
woul d be apiRaesit thezﬁe@fﬁ@b@réuto pé@rga*rwfsalrealtef ity itham ibpingsrisotinerent s t he

| abel | ed BRLdRRE OTRIChaRRICA T BIRIASSEH oriBOR) o PifpRREARSIARS, Idspr esoent

| abel s are nown in e art can I nc non-limting
exanpl e, W aRAadipgadinity8BichAp agast|1Qop0.598, 23, §ﬁ9,c<zfén099 Hmeﬁ gra%ﬁ%rdhan

Texas- Redypqf; J&’I%é#ﬂﬁl B@ondar Q\Oeﬂﬂgbé‘elnd(%rrﬂa}ﬁaémﬁfcﬁj’lm&rlltgOélﬁtﬁf?&bﬁmt}ﬂ
fluorescein derivati cascad
15 is determined by an affinity ELISA assay. In alternatlve embodiments, affinity is

determined by a BlAcore assay. Alternatively, binding affinity may be determined by

a kinetic method.

In particular embodiments the anti-IgE antibody is a labelled antibody. By way of
20  non-limiting example labelling may be by conjugation to an enzyme such as a
peroxidise or a chemiluminescent or fluorescent compound, such as Alexa Fluor 555

or a mass tag.

In other embodiments the anti-IgE antibody is unlabelled and is detected using a
25  further antibody, commonly called a secondary antibody, which may be labelled as

described.

In a preferred embodiment, the anti-IgE antibody is an unlabelled mouse monoclonal
antibody directed against IgE and which is detected using a labelled secondary

30 antibody, such as an anti-mouse IgG. In certain embodiments, one or more
luminescent or fluorescent moieties may be bound to avidin/streptavidin, which in
turn may be bound to biotin chemically conjugated to an antibody. In certain further
embodiments, lectins (Protein A/G/L) can be linked to a luminescent or fluorescent
molecule which may also be attached to an antibody or other protein conjugate. In

35 preferred embodiments a tyramide signal amplification system is utilised that uses

the catalytic activity of horseradish peroxidase (HRP) to generate high-density

12



10 The detection method nay be by any suitable nmethod known in the art such
as by optical detection including fluorescence neasurenent, colourinetry,

fl ow cyt owetzoy/1oedvem | um nescence and the like. O her nmPChaR01SHIsde

el ectrochem cal, radioactive pi ezoel ectric nethods and the |ike. Yet other

(5PRy . surpHlieS B oy <P Porepny oeelied SRR nEROVT feebonce

spect r oscapywouldBelddparens ® thpekillédsdiogry and the |ike. The skilled person
wi || appreciate that detection may be perforned using a conbination of
detection nethods. 20Particularly, detection of binding is by

measur enem patiduentdniboddfieras thematnsisd antibaiygoalpriséoa flexasgdnelabel.
chem Iesum nescent |ight produced by a chem | um nescent conpound. Wil st many
of the’ antigens that a population is exposed to will be conmmon between 25

one geogr Alébr'oﬁﬁéteﬁl@gﬂegébrﬂ%e%@b O] ,knb\hﬂrﬁthg%)‘t Bfd B thbiede By vedit drgens t hat
are common In sone re rare in oth Therefore, for each analysis

or each tf‘%“’{”ﬁ'égﬁé@rﬁeﬁ A@X?ngpbﬂ%d“e@f't'@bﬁfé RrivgesrkthiBy B, sel ect ed

fromthe megds-REE VT ENhoddHhihg e hodBmheSRAGAIVeCHIEFOHAD RifkBlestEI ON OF
country and may vary. A suitable gl urality of antigens, specifically 103

anti gens, d?%valt'tﬁ%r??ﬁ‘ﬁd@d)“ﬂ% Qvalr&ys: one 30skilled in the art will be able
to sefjgct appropriate antigens and suitable antigens and anti gen

preparati ons are widely commercially_available. Whilst each individual
sanpl e wi he gelgetion rP?thBQ mayLedyernyseifablamatyod knpwn i g at gychrasddt i vity to

the pl urabptcsl @éte@tlb'fn'u§k§hﬁlﬂn@{\ﬂ&d?é§beﬂ§§hwe%%‘@fr@nfi'&:@loﬁhﬂéﬂr]&lbbv vty ed at
35substantial ]y the sane ti exa | ural ity of

. B
anti gens ebffpikimisascsoceard Genke- ég}er@e@?%{qﬂn@qdq@@@r@ngmé@{s 1000 separate

assays W HddidRtieeipidz86le8tHE niibdshPdrtes el Sy Qlotel nftidtbdsenabicefisn sreasured.
Nbasurlng such a [arge nunber of reactions one by one, whil st possible, is

gener &l 1y 'Hﬂ'tngf’é%st?eot%s%f?&eﬂﬁﬂ”@”tr&ﬁ@%% (AR FE'@ﬁ'ﬁe RIABUA MAOI50RE and

persons t;smﬁah@é&z PIA§HSN filiedRbbd bpait@sstyadr ISELDPhREE SpédDsBdpy ar ge
nunbers of antigens, preferably the Splurality of antigens are bound to at

| east oneRdied §u5b‘6§'§'”%%rﬁﬁ“ will aepredate V‘%fjetﬁﬁt&r‘e@%}é e REEYMSA whi ch has a

di stinct, usinga coRBMHatibs of dbdtBAMElhsd0sed thereon. The use of a solid
support is advantageous since it enables parallel processing of a |arge

nunber of antigens whilst mnimsing the tine and effort required.
20  Particularly, detection of binding is by measurement/detection of a luminescent

signal, for example, chemiluminescent light produced by a chemiluminescent

compound.

Whilst many of the antigens that a population is exposed to will be common between
25  one geographical region and another, there may be particular antigens that are
common in some regions but rare in others. Therefore, for each analysis or each
time the method is performed, suitable antigens may be selected from the most
prevalent antigens in a specific geographical region or country and may vary. A
suitable plurality of antigens, specifically 103 antigens, is identified in table 1. One
30 skilled in the art will be able to select appropriate antigens and suitable antigens and

antigen preparations are widely commercially available.

Whilst each individual sample will generally be assessed separately, the levels of

reactivity to the plurality of antigens within each sample are preferably measured at
35  substantially the same time. By way of example, if the plurality of antigens comprises

50 antigens, for a group of 1000 subjects, 1000 separate assays will be carried out

and the results of 50,000 reactions measured. Measuring such a large number of
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10The solid support nmay be any material known in the art, for exanple, a
glass carrier, synthetic carrier, silicon wafer or nenbrane. Suitable

mat er i al sworeelwides7pl asti cs, gl asses, silicon, ceram cs GCTHBRAN/S0IRl yner s

i ncl udi ng pol ystyrene, polycarbonate pol ypropyl ene, pol yet hyl ene,

cellul ose and nitraqcell surface its the form or
et of - sebfiorttonediane. Wi pattEipt gphriely bitTeseTe Fad BouBaE s ranbr anc,
15fi bre, g\@huhcarpehioehtofrtmb argf perkonsttulzempleead and the like. Use of the term
"bound” is intended to nean that a substance, in this case an antigen, is
retained, immobilised or substantially attached to a surface at the

nol ecul ar They &b fallitate paraliél puglessing ofatgMiunitsers oharttigead, @néfetadycther

interaction e nmobi | i s t hod used shoul.d be r oduci bl e,

oot | cabl Bt ErGeRE BE baiiTto T Pen e EEeSER9uts ApRFaRRST | ¢

hydr Ophoba@dresm&bbEWhl@h Irnlagb oﬁmuhowgélmpbcua@cbnagém@iamseﬂ thexraon.mehat ai n t he
ability of t e forma conmp anti bo

none |1 i ¢ Psft OB EBPar RSt TR S el APEese U acighos ve
adsorpti onumaérfoﬂmhtugerisameldt fainirdising,the tivialad effod ugajuirsd. t o chem cal |y
activated 25surfaces, photochem cal cross-coupling and the like. The term
"address" is used to refer to a distinct feature of a solid support or

defi negl Imn@%blmmmpoﬁnmlde%rfyuwerél khbah |raﬂhb@w$foae3mplbféglaa@t:{argen to be

identified blin e Iev rea pecific antigen to
e det er nPHEIE AR GRS st e ThEeas PuitablPatetabd iR , “of  beads
each bei nglasepasiatel, xaenadmstarfdr@dﬂuep(tlymmamwihg aﬂyﬁykéhesﬁ)lyo‘étbdnatﬁ e

dd | RF t A i na.
gt mRgnEePgseporelbiae. Eiibss B0 ina RissEnd e e R e o
embodi meninsthé fems ot patt, WEBMEI shsetammr@pflalardr avcrofftheplber tray, mamnioansay” as

used regn e a I spots presented for binding of

| gE Eﬁtiﬁ%ﬁuwg'Fﬁﬁﬁ gr%ﬁ% g?qFﬁﬁ Sﬁ@%ﬁi i nvention conprise at |east
two, at Ieast nine, at least fifty, at Ieast one hundred, at |east five
hundr ed op | east pne hou ZE%dggots N _soie enbodgg;nts t he m croarray
nmay conpr §%°5 © @gﬁtofﬁ ‘doBen grean JeAt Goyibsignces, BB eR%S &R f f er ent  and
di stinct spies, |sTJatemerjp|hsncb‘aﬂ§Seb©r amb@ardlenysaﬂtacheﬁ tdbh sorfacgbmttie 100/ cn to
about 1000/ cn? o r eat Spo refers t reagent or. ents, in
Chis. i not Besoe” g s Braudh &Rl ot Sehiesl b dmereigun ol ted at a
parti2ul amradsisasisn melthddhlsedIshSMIarbeeeﬁoﬁlhtylsleCaipllbalﬂ@td amigeasioft he array
surface. Typicall iS.ch ed b e of one or nore
Tospect 11 SMRisrbrbedet Bte. WiPRIS Rufrophetier Haenah Pit BER PEafnell €00

ant i gens, agtbmajion,3pdtnsaintain the abmtymflfﬂa draig20 @b farmra (djn&mat with ad0- 500 pmin
di aneter or,.150-250 pm.i n di aneter be appli.ed he surface
of " sol | SRR PY e B el iRE s RonEany RR oA Fr i Gosh frEo Sro
in order ba)ssf\@remsarptlan rafinity HaSys biadmgscovakent eodpting teeetemically aotivatedidi ng

fl uorgscenc nlcroarra sndlie
?? su acesgpmotocheml cross-couplin I{he like.

The term “address” is used to refer to a distinct feature of a solid support or defined
location on a solid support that allows a specific antigen to be identified enabling the

level of IgE reactivity to that specific antigen to be determined.

30
In one embodiment the solid support is a plurality of beads each being separately
identifiable by means of an address. Suitable addresses include RFID tags, mass
tags, fluorescent tags, optical encoding, digital magnetic tags, spectrometric
encoding and the like.

35

In other embodiments the solid support is a microarray. The term "microarray" as

used herein, refers to an ordered array of spots presented for binding of IgE
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known. GCenerally an inmage is constructed by scanning the slide in two

di nensi ons under a | aser spot. An inmage can be acquired in about one

m nut e, WO 2bhie108678l ysis is conplicated in terns of thePCREGERROANEDINZI S
processes. These processes can be conpl ex because of both the | arge anount

of data generated . and the gnalysis 20algorithns required t r.oduce an
Unambi guonlBRRleS MR ol IhePRRC R RN EQ SRS 7 GAR B AL EpD s

M Cr 0- Spokt ledst fifthedtledst evé burkirgd tae Rfasefvel Hubatddwr ap ki @fectdlo@sand

WO 2003/ 091712, the inventors .realised that it is SS| o read the

{1 ior oscontas ot S PO AL e Tisea Tt b eorberist BEERbE0 B0 A0 B oy "and
taki ng a nMe@c0u, e 000@00tdiferént ket estinctepo Thagpetstraebs piod dénsita osi ngl e
neasuremept rath t han scannj across and illumnating a fraction of each
spot s vef}grln Q%PH&OQ/?{“&P@@P“EM@W d’rl%eag‘?“f'i mage of each spot pixel by

pi xel . This approach enabl es LEDs, which are |ow cost |ight sources, to be
used as the illu uorescent n |l e receives the

| En'n tion sog@r/&%e. Each {hl. { flec% |

same opt i £afPENESY 48 §A9eBUSERIFHD T FISINEBRCEH R APCTTIANIOER A YE'9Es used as
the il unprephiation sdaposieed dtaveresulartaderedetie tiiohsitned dphgsisal igdation,emdi Ng
requiring,no furtger signal anal ‘y.si (arat.hed; t{t}an a 400 Ei xel image per
spot whi cHeraRYis éc%oh&'?a@é?éﬁo NGB pEORRL R g YebeRs? el ¥ M Cover al |
nmeas ur@nespecificlacleafles(ecqpartientar b{;ﬁlhs,%@@t@?ﬂegﬁg@t@,@nﬂi@éﬁ, etc.). Spots | i
ci rcumst ance e a S ant a cayse of additiona i ntroduced in
Che aner amay betoe 1l A 3P Famer el atne®t B 1B0REF uilihoa: rors s
}:. he use ogilamewrpmngédzsggeglv Be gﬁ%l%ﬂ\td)ﬁmﬂfaaéﬁﬂé s@mﬁoﬂt atéspﬁﬁn@ti onal

at ent publication n t other enbodi nents the assay is
car 1 ed” ot eaIAR o8O b EIRT 1o anelion BBElo 8 SRR & step of 1 he
met hod conprises, (c) identifying a subset of the plurality of antigens
whi ch, dempnstrate. sigpni ficantly different |evels, of, LgE reactivity between
he o1 by g st mera e otTouia Ftrer S Sigbes R, MEEATRYS elfboct
corr el at eknavirhh @emdrally areimagdiedagomstractedl bastinning werjidwittiveidirmensionsr hi ni ti s.

| evel s of | eactivity be t he r.gups of

10Significantly different. E e

subj oot s AU BIatscEp T AbTAGE AY Peegnitd i 2poutans mAtie, Brdng A AR
Stati sti calcoapdi b?/tsdj th tefmd bﬂhd&hagesatalymyprbleesseﬁ.drﬁeeeﬁﬁio@éfésrt_%nibl‘e g_ne or
nore antigens is/are copnected, i.e. coLrrel ate t clinical diagnosis
0 oot oo Baak et o or PARGHS Prod afouft Ot bftgeBeimel 41t BaBrelts ey oo

di vi de@l i algoritatnslreqéiteditopraziuas e sinbabigdowsmehsurb@ent ¢faled intdgrated evel s to
specific antigens, 'Lhe forrel at i Qn between I gE reactivity and health status

tl
i s then aﬁ'gp?)gré’ﬁ’ BSFPOr BSTEFOB'CY earning al gorithm By way of non-liniting
exanpl e, suitable nmethods include supervised and/ or unsupervised clustering

LR N R O B A R A
net wor ks satlsédidat it lsgpossible to read the fluorescence by illuminating the entirety of each
25 spoton an array and taking a measurement of the fluorescence of the entire spotin a
single measurement rather than scanning across and illuminating a fraction of each
spot several times in order to build up an image of each spot pixel by pixel. This
approach enables LEDs, which are low cost light sources, to be used as the
illumination source. Each fluorescent molecule receives the same optical energy as it
30  would do if a coherent light source was used as the illumination source. However,
the detector yields a single reading requiring no further signal analysis (rather than a
400 pixel image per spot which requires complicated image processing to calculate
an overall measurement). Use of a coherent light source may in some
circumstances be a disadvantage, because of additional noise introduced in the

35  signal arising from the interference effects.
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A substantial nunmber, for exanple at |east 50% 60% 70% 80% 90% or

greater) of subjects in a particular cluster or class may have a first

heal t h stwobusiizmotb78 subst anti al nunber of patients in ORETEFB20DVS0I2her

cl asses may have a different health status. 25 Differentials in the

reactivit IuraI|t of .antigens in a first graup of subjects

o ati ve S bertiadprds e Senmitiofer iR R isto i d5tedi e | vel “of

reactivi tmtémathatBhl ;g&iHSathBWVOEO(D&e:KBmS i Qe’tmtﬂ@eremtfodrments the

predicti ng/ det.erm.ni n&‘t heal t h st at us h‘éﬂ'? Cﬁl out cone or treatnent outcone
i

in a subj Bt S P QU YSNG Qre R Mdcro P&d and which are correl ated

with a clinical condltlon represent an idealised pattern of reactivity that

is repres ive subjects of di ere t. health statu result such
i seack: st P88 phine RS opRer b Bha)VpE Sauhmeri i Ruplal ot  det er mi ne
heal t h st abtigens @lhiohi deaongtratiersiaiifitanty diffiérennievéls oblgEubheivtty b&aSen trabl e

met hods are exepplified belo nd_| ude.cluster analysjs to assign the
ot a1 nt 0ODHER B Do mnefat e oy obuiedofad 14 PsrupRd Stk v 5° Do

i denti fi calinicahdiafnesisostimafcoajuhtpitoriiiaitst he plurality of antigens which

are correlated or linked with a clinical diagnosis of asthma,
conjunctivitis or rhinitis. The IgE reactivity to the subset of antigens

may beo use@ntf@arplryep@errentaew@rrlgE iréagivips eftivben e gr@arstdf\shbjyrctfs@niayabqoart i cul ar
clinical ondr ti used for I | cation of
! Subsot Sreanngd g aletie G pBRTSl rir B SR P PEAPS RGeS T
exenpl i fi eet ray bérasee»ﬁp@etdmmeaf orsae@tm@e alned;@w |s/'zﬁl‘tﬁccﬁrmbctgd,ﬁ$ conprising the
antigen sub%tg " tedln t ab e A %pﬁ @nt t hat the
conposi ti BA" B CanY %%PHW'%PQS”%%% %s vrmr |C°81é‘|88tr'1‘6“3 'RE¥Sconposition of the
plurality of antlgens that are used. It will be further apparent t hat
subse ant i Ol i nked wi.t. .clinical diagnosis onbi ned. For
oxanpl, *FPr ST sudigpisaiend Gudedisto et s SR tebedml ke conpr i ses
30 ant i gerenctivitysenslsng spbaific bhtkjedsalie n@rraaﬂidrgmmémlgmmmﬂoehd\een t he
Ssubset s, ned ,subset wil | r| S 50. an S is likely
Chat -t her BeR TS SuBHR S G  SITBL e SRR S BER B e t ot a
nunber of |iramhgggaraplensmtablenmthedk |ﬁdb6@éupbm\yiséd§a|hﬂod LﬂSSpéﬁQBld tinetesingn of t he
number of t:hﬁ}eng i n each supset r noi nrati or. n this ont ext,
use of th@ TR E TS ?ﬂS“RfP rsrfa SFHENGRC “ﬁéerﬁ@ga?e@
t oget d@er, nérghb(ﬂxaﬁalk/es adpbit oaadr megrana, attficiamdungl neaveksrand mamkay
The secon he.i nvent e ssess a
Subj oo 18 ABEE Gl BumbPt i RETplec) st BB Eh e aohaT SRR it  vi 11 s
or rhini ts&bjeéfélm mmaﬂammwn @ est heaystaep acffrst(r@)althire’@mrandga in a sanpl e
isolated fro §, subject the | evel s of 4%Ereact|V|ta/ a8 { of
gu bstan ial number’of patients’in one or more other classes may have d| eren
bi omar ker
health status.
25
Differentials in the reactivity of IgE to the plurality of antigens in a first group of
subjects relative to another group of subjects can thus be identified. The level of
reactivity to such antigens may be used as biomarkers for predicting/determining
health status, clinical outcome or treatment outcome in a subject. The reactivity
30 levels identified and which are correlated with a clinical condition represent an
idealised pattern of reactivity that is representative of subjects of different health
status. As a result such disease specific patterns or profiles may be compared to

predict/determine health status, clinical or treatment outcome in a subject.

35  Suitable methods are exemplified below and include cluster analysis to assign the

data into subsets or clusters.
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251 n the context of the present invention at |east a proportion of the
bi omarkers will be derived froma subset of antigens correlated with a
clinical wWpagnewieoof asthma, conjunctivitis or rhiniti #CTRB2bEVE@EDIY t he
antigens have been identified according to the first aspect of the

i nvention., Thu

such antigens .are al.read no o correlate with a

L e and B ot Slad Bt R B8 fenitsR ROt ot DoUReL Y #005% PR it a2 Lsed
\r/]vrefr ethSOplgfﬁrﬁoftaatigéhgeMﬁmarte, coh_@ratﬁ(@mked @Ph ardilhigiﬁ_rd,iakg‘nb_eis E)eaah@nwi ty to

| C as enonst.r at .a atlstic ) nifrcant .lin W a sease or
o sor e GimiTls of Py, TRUGR bes ) oih s insor &bk bR etadldoas s or
det er m ni p@patechgenatalisee |padfileoor rasetivix Bl pafrtictithr icinitd eoedipiar theembal section
bel ow and, according to.the_first .aspect_.of the jpnvention. 35 By use of the
oo O bRl ot Embinon: The SRS or byiett of &Y Bels el aES Phene
pr e- det er sudgreslclinicat diagedsid i@ ewkinplifieddh $@as@enmefiasegotien belbwl Mher est. More
particularly at |east 15% 20% 25% 3Q0% 35% 40%. 45% or 50%
P or ot | oelaRs coTRagrd Belartaes sastarelnind ARG Bo b IHes SOREENAto5 A of t he
bi omar ker theatoenposidde besany peeticular stbsdtalilbtieeandtidn the dorapestttonodt tick sor der  of
i nterest. odi nment

I n . certain e [ 1, .of the biomarkers (1009 re
oot o ARG eP G RIRS A TR, B utls it SRhaydsst ot Bhds
Simlaitnked wiihfd @ihgaceiaedsienny bleomgined e 86t éxanple, i first setof a subject is
i ndi cative of .theer]cI gss e ershig o& t he sug%e%)t rﬁnd their reilpeictive
heal th st SQTIR7S€&;4%aNLpeRsAngha grgond SHRRE ChEy™ BT ATSHY "EnY? sui t abl e
means, f otheexamiccartigesd atdoginmarathetlOomtheaiibsastd careiinedowset Wile conpari son
may be quali tati%)eéruguanti tative o E reactivi t%/ﬂto t he subset

€

_ f blo&h.t_tThe I.I
of “anti geiY"REP B0 [JOBF At i§ Ky st e BYIRe3Rs G9TYOrAYY may be used
f or conpabétsesn subdetasgirtratthée sl narbkr blearftigend ira eonpeindéd subsat may i ni cal

conditjion arison of .the biomarker profile of subj ect may. be
T5conphar ohe (HREH 4 PEPUPE L BIRTOE Sn iR gt S PR OF e oal 1 y. 1 n
one exanplrethisfenzanuae osthe teren pambinstioacinyly Cesgps thaigheattiyehgbrer@aat i vity
| evel to g}@ﬁ]eci fic arg)ﬁi geq.wi th a g{anera%]i sed IrﬁE reactivity level to a
specific §EriOf FAPHLPRYUONED SERIFCN" BE SEMEITICRa ke | gE reactivity to
a specific antigen may have an absolute or normalised value. The difference
bet ween ttﬂ I‘?E reacti vi Lﬁ/ 'torﬁgSBeCi i C antbi 9e of a Zﬁsub' ec{. agd a
ref erence ﬁ‘?& ond G5ped A JredRyerigy PRY'dgs £4ustag B{JasfSSF%I”% AYBSC 850l ut e
di f f e2@ncesk ofpivtbiepingoe bag dévdlapedarstimeareanjusaivitigror eihiés. sui t abl e nmeans
including algorithns. In certain enbodinents in a sanple froma subject,
| evel s of IgE reactivity above 253.51 IllIm to at |east 75% of the set of
bi omar ker $hé nditteat @endrisas thelxtesoflip peibasgingiik e@lsymble iskested dlonogaithias devel oped
asthma, co '.uq?tivitis P'Erhi niti[s. .
subject the levels of IgE reactivity 1o a set of biomarkers.
25 In the context of the present invention at least a proportion of the biomarkers will be
derived from a subset of antigens correlated with a clinical diagnosis of asthma,
conjunctivitis or rhinitis. Preferably the antigens have been identified according to the
first aspect of the invention. Thus, such antigens are already known to correlate with
a clinical diagnosis. Hence, the term “pre-determined to correlate” as used herein
30 refers to an element, for example an antigen, the reactivity to which has
demonstrated a statistically significant link with a disease or disorder of interest prior
to its use in the method. Suitable methods for determining such a correlation are
exemplified in the experimental section below and according to the first aspect of the
invention.
35
By use of the term proportion is meant that at least 10% of the biomarkers are

antigens pre-determined to correlate with a disease or disorder of interest. More
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I n other enbodi nents the | evels of reactivity may be above 0.71 111 mn
above 3.51 ItYrnl, above 17.51 Illlm or above 50.01 IUmM. It wll be
appar ent wbavititees7e wi | | be 30variances in | gE reactivi PETABRLTIASpIASE t O
antigens. Therefore, preferably a posi ti ve reaction to at |least 75% at

| east 809 ast l easy 9 2% .93% . 94% 95%
00 020 PEBOHEGOSH RS 15 5vente: 2t A b Ao of Sk NP HAIVEl 6t hat t e

Slﬁlbj ect i Bealsil%%)ﬁ(l% e$%/e7|0d<p 76%, 180%, as%ﬁb@%&ﬁl 0834 brthe b@ﬁf@rkﬁﬁ@ble?/prm s or

rhinitis |t arent that t e m articul ar

[ i s hor aofRuanedls RIS ARaE Ot plsoriaphElered Iy el ni cal “cond tion

and but V\/embbdlmehfsea"ll digiesiemaretd J100%.) akdemrealctearmirdiao puirplakesitrod di agnosi s

or prelctjona %IVI'[ | evel of 17.51 1 Wr nmay indicate a positive

resul t 9'38?1%3%{ 54T BitegSthegati ve result for anot her. I n
particul ar enbodi ments the set of biomarkers will corrprise from9 to 51

anti gens ete ned t cor S order

"t ev oot . PR SErdie tshuehe e feat i etiofs SEDS e R WEPG sease or
di sorder tie dlagsen@sbersinip lofithe ﬁlbﬁelcganﬂhgﬁ redpictiviethealld stald&0, Sitaddrity b7 2, D73,
G5, Go, caForeas Mt Aol by ISR g, RS Re Rk SSTaICSTs 17, To

T14 IRQOlmeWods oWllineXabe. Ngféi’corﬁﬁ%ﬂéon A0 be aRtdtivangquatlitflive lodleathi fi cat i on
of these antigens is exenplified in the experinental section below In
particul ar enbodi nents at |east antigens F95, 4, G3, 4, Gl2, Gl4, Gl5 and
Gl8 are pTké eyEatehytivitn ¢d MMbs&Mnﬁb@em @deave p'refpareeia@tdfwmofto the first

t of the.j t | | f E i det db
oot T Rty M s utsar S s S i BRI S bR TPl ool at od 11 om

a subj ect padiculghedliarcai ct‘Unﬂglohheo&fmtlmn (ﬁffthdz @Enbﬂwn@rdme efarsubjstt h@?ﬂbeUSI ng an
anti 1 E anti bog\é\/t ZOTP?e det ecI ntp guE IIantl | €es II ndi cat es at t he
sensi saP?’BPF‘rB a8 A GEEA TP RANBIUATAICH R C ri"ﬁ? ¥y THOUHEX

p_osihtl ve &@Sﬁn’maﬂé@TM petfomadt bym@armb?abnlagE maalgﬂg)?ie\&l a)lataream“gl veI y

w t hout s t ons R ter vel o allergic disease. It
o en: SR ol RRE e oo e ST e e B o
but the sya;tmr@rm‘nejew IgB rbadtieity vespdifitentigén wgahave amdbsasuts bat ed vvith
regard to_the q{{]\z%uas ect..of the inve

b
Soltd suppBFEs R dRiopte Bebaet it CEnbeThOL I T S R BOTEHA ovi dec
an an20 gesubjedtaadarreferdrioe paéils er daia aeﬂméylb@aémss@cﬁb\ﬁ&m trgangks,a subj ect is

at risk Of sdo(?lYtgld?f%renr%es pat %rsn r%gc\)/genltld% or comparison or other suitable means

including algorithms.

In certain embodiments in a sample from a subject, levels of IgE reactivity above
25 3.51 IU/ml to at least 75% of the set of biomarkers indicates that the subject is likely

to develop or has developed asthma, conjunctivitis or rhinitis.

In other embodiments the levels of reactivity may be above 0.71 [U/ml above 3.51
IU/ml, above 17.51 IU/ml or above 50.01 IU/ml. It will be apparent that there will be
30  variances in IgE reactivity and response to antigens. Therefore, preferably a positive
reaction to at least 75%, at least 80%, at least 85%, at least 90% or at least 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% of the plurality of antigens
indicates that the subject is likely to develop or has developed asthma, conjunctivitis
or rhinitis.
35
It will also be apparent that there may be particular threshold levels of reactivity that

are indicative of a clinical condition and but which differ between antigens. Hence for
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asthma, conjunctivitis or rhinitis which conprises the antigens F95, G,
&3, A, Gl2, Gl4, Gl5 and G118 and optionally one or nore antigens sel ected
from t he Wyoaop/wosT8i sti ng of antigens 02, D1, D2, D3, DPOT/dB2011/37302 D73,
El, E3, E81, E82, F4, F16, F25, F35, F49, F84 X, &, &, &B,16, K87, M,
MB, M4, , Mo, T4, T6, T¢, 35T9, T14, T90 9 X904,
X005, - xo0HeaPoRs1 6! SRRPTAN MPRrUT? tRpEywarveLptl ot (Hietrediuite ng to the
first or agosite aspetsrsnehntidged burveirgbive result foabnatheér. not for use in
assessing if a subject is at risk of devel oping or has devel oped ast hng,
conjunctivitis or rhinitis are preferably explicitly disclained. In a
fourth aspﬂﬁdrti@ﬂértdhﬂaddwmi therset betmemaikersanmbdmeds&f(;br? 9ct§3r5prainsgm;| I(i) t he
antigens 5F9 : Gl8 an ii) optionally one or
nor e aRtT ﬁ%‘"%@%[‘}frreiﬁk‘"‘wé% %15?836 ?ﬂsor%?rzor "WoeSLEl T E3, ES1, EB2, F4,
F16, F25, F35, F49, F84, X, G5, GB (8, 16, K87 M NB M4, Mb, Mo, T4,

d X910. The

T6, T7, T T14, T901 907
To i ons | PAYCHa! Tigety e teteRindt Brcore e i A aoeadR o s o e st
accordi ngmt:tmdéfaatl E!rfSSGZ @"ld [Hﬁb@ﬂ:d?(BﬂYECDQZG?73 rE1lEBhE8‘meaF@,tH1ﬁDkOI a
mcCr rr t t TS A
ol ool Elo B ER Kbt Pod 161 (2 [ RAPRE! o b WB1g MFNBlaa 6D <11 ™
3uffe[(_$, (534 uentigs, M‘Ptl\l’l@(’mam (l_B Er, 9 TFWB,HSQ,O’lS‘ﬁ/GQVWSaKQOZ t)@(ﬁl 399’4,, |
etectl on ette tructi on manua
NORIRTIaE i e o ﬁ’%@%@iﬂ?%@ﬁ?ﬁ?%ﬁ&% Fso TR orm of eota
E_n am cremerrmenaaldemm o7 fex2) Ihmhtw%rembdmemsamq%%t am(t@th dDZ:ngggct,. D;BusDt7 r11e
t t , , , , , ,
o Ty B G 18 T B S S e Y 107 ros’ Pos. ol oo o
A, &G, ZOGB &8, Gl2, G14 Gl5, G18, 16, K87, M MB, M4, Mb, Mo, T4, T6,
T7. T T14,,. T901,

, X 4. X905, . X9 X .
Alter bt a%%%mdﬁwpvwe@a%fq 158 PI5] egpocL o %‘8&%"@?‘&%8“%%9&@8%%02, DL D2,
D3 D70 [BattivilyfRay ¥ detefohinedEBy c&ﬂéchnﬁ&%elglﬁﬁb,htygif?gtldﬁﬂﬁ ;orb&mark&t®, F84, F95,
VB e THih gerimisOatedtionts sySEghandyEtersiin 56 Attt ONGB bou betadien 7 ang

X910. | n anfigehtBingspesiti-IgE ahbisodynventi on, and as exenplified in the
experinental section, there is provided use of the nmethod of the first and
second aspects, the mcroarray of the third aspect or the kit of the fourth
aspec?( f oThagstesttorng IgE aatiudizsaedicatss thiat theensitisation process has been

initiated. Along with symptoms and a positive case history it confirms a clinical
diagnosis alternatively without symptoms it may predict later development of allergic
disease. ltis often seen that specific IgE antibody responses precede the symptoms,
but the symptoms develop later over time.

25
Again, and as stated with regard to the first aspect of the invention the antigens are

bound to a solid support.

Thus, in a third aspect of the invention there is provided an antigen microarray for
30 use in a method for assessing if a subject is at risk of developing or has developed
asthma, conjunctivitis or rhinitis which comprises the antigens F95, G1, G3, G4, G12,
G14, G15 and G18 and optionally one or more antigens selected from the group
consisting of antigens C2, D1, D2, D3, D70, D71, D72, D73, E1, E3, E81, E82, F4,
F16, F25, F35, F49, F84, G2, G5, G6, G8, 16, K87, M1, M3, M4, M5, M6, T4, T6, T7,
35 T9,T14,T901, W1, W6, X902, X903, X904, X905, X907 and X910. Antigen

microarrays that are not used according to the first or second aspects of the invention
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30devel opi ng or has devel oped asthma, conjunctivitis or rhinitis. In a
sixth aspect of the invention there is provided the use of the nethods,

m croarr aye 20r1/%id76 of the previous aspects for screeni RgTGEPOUNSI2USeS ul
in the treatnment of asthma, conjunctivitis or rhinitis. 35 For exanple, the
met hod ma rls the steps of:. (a) neasuri in first sanple isolated
froma sull BalTeketiocyse B GRorgs i a2pRort 5l 19l Buflopd §f b3y Rers. *(b)
measur i ngde\rel@eﬁ@som@b,s:amph@tivits@ratim'ds Breqtretehablys ejlieity disbi@inheaivel s of
reactivity to a set of biomarkers and (c) conparing the |l evels of IgE
reactivity to determ ne any differences characterised in that a proportion
of the bi prafdueth aspect oamteiugmﬂnﬂorpﬂ%deé@rmbﬂ@aj kit coaiprieingt(e the drigan<| i ni cal

(Rl Ghibb b bR U056t ad b and Dot} ol el B daod e 1"

phar maceuCechl, Dz, Of, 0g0, D¢, [SH;O]TG Bargs, Esnpyshe4l akerJsr 6a%.tHAe, sane

subj ect f o) th t anges in
the 1 evel EobE Mb G RE R kpiln, R EMF; VBT e o 3o B L €Y E0%00

i ndi cat i vive, Xa02,axqu3( xewlm%mmmm@w maiarmlgenkr gy ibs pedvidesien ar has
clinical nlntetrarrent a conjunctivitis .or

hin ¢, PRPLRR R aeg i BEme B8 Flondp Bt TRt o esR phisats Suf

t r eat nent trrquepsman‘@rofarmlcrtdzhrvéyht&brosng)ﬂoené thirdtasp&etielf thebigveriipar ent t hat

bet ween or at each stage of the nethods according to the 15 first, second,
fifth and sixth aspects, optional washing, drying and/or incubation steps

may be i ngletdeits mahmchEs hother bayipéd ehts, dfrtaxampld, ¥n antHgEiantibdpakashg st eps’
s .of .the . net hods, ,for

bet ween ope.or pore st

concent r BPUFRATHE RorArEBodSh 6ie- PHTEYACHRE Sr ST, SQEER eSS ne ser um

al bum n (ﬂi&ﬁbptﬁb’re&@&&bﬁ,,plpateattﬂ)@ﬁldstrlﬁdmbn examnplsantahalike. viRrkbiegabdf the microtitre
pl at e, . Suc roteins eC| i c adsorption 200of othe roteins and
ey b5 beABIdEDR 4 PvREd R P SR T A T ACIT o FISh TELHB! 1t or 1 or o

w th the sefigidand styinddfrdgieta@ssay. The i nventions may be better appreciated
by reference to the follow ng description and exanpl es which are intended

to be illustrative of the nethods of the invention. 25 Exanpl es Popul ati on
case st udYhus the kit may comprise an array consisting of antigens C2, D1, D2, D3, D70, D71,

D72, D73, E1, E3, E81, E82, F4, F16, F25, F35, F49, F84, F95, G1, G2, G3, G4, G5,
20 G6, G8, G12, G14, G15, G18, I6, K87, M1, M3, M4, M5, M6, T4, T6, T7, T9, T14,

T901, W1, W6, X902, X903, X904, X905, X907 and X910. Alternatively the kit may

comprise an array comprising antigens C2, D1, D2, D3, D70, D71, D72, D73, E1, E3,

E81, E82, F4, F16, F25, F35, F49, F84, F95, G1, G2, G3, G4, G5, Gb6, G8, G12,

G14, G15, G18, 16, K87, M1, M3, M4, M5, M6, T4, T6, T7, T9, T14, T901, W1, W6,
25 X902, X903, X904, X905, X907 and X910.

In a fifth aspect of the invention, and as exemplified in the experimental section, there
is provided use of the method of the first and second aspects, the microarray of the
third aspect or the kit of the fourth aspect for assessing if a subject is at risk of

30  developing or has developed asthma, conjunctivitis or rhinitis.

In a sixth aspect of the invention there is provided the use of the methods,
microarrays or kits of the previous aspects for screening compounds useful in the
treatment of asthma, conjunctivitis or rhinitis.

35
For example, the method may comprise the steps of: (a) measuring in a first sample

isolated from a subject the levels of IgE reactivity to a set of biomarkers; (b)
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Fam lies with progeny suffering fromatopic asthma were included in this
study. All asthmatic patients were atopic. Atopic asthmatic sibling pairs
(si bs) amsonpilwieser e 30col | ected over a period of 4 yeRCT/GBRAIMAISY302r om
pedi atric and pneunol ogic centers. To avoid phenocopies, all patients

fulfilled the follow n riteria .Sardinian origin for at |least 3

bener at | oREAIreind Sebond e isdiatefliom SRyt ey effeecBitons. cach
subj ect weet of bloatarkervadd (ajicsemﬁﬂragﬁﬂ@tlek&ly\@ngBBemﬂajlrtbﬁlbnf:udir:iewrphyzi cal .
exam nat 1 Q| erm.,.ssSl Qn. S SKe to acc S persana eal t records, an

bl 00d sanfiTBERGEs haafiPiteran Mt FoRRaian ol o omer s e IBR T Rod consent
f or m appr ostechmibyd tdéorietatalvit tahdlisigalciagniosisest aéthrmiag bekguristinitis ar thnitisocal e
nunber_8 protocol 24/ Comtato Etico/02, authorization nunmber 4737). Asthna

was disagnosed by a pul nonary physician, in accordance with American
Thor aci ¢ Bosrieadrybatimémtrth@fifsi garhvlb mMEyde Yakeuitin @BubjBst privatouedateelty

spirometry: forced expirataqr | ume at the 1st s (FEV S expressed in
Pt eral m Wi @ PR SAGPUREA 2h bl e G LS B G TR drien Tam B8 Y004 | g
clinical bitgéaryloaird tedawasntfwithngplasiateutkavardriy. Any Etenges eviab sevascor di ng
to the Wrld |th Organi zafio uidelines (dobal. Initiative.for Asthma).
The use o et Witk eaMsd ooy siitay SRS ataioh e MechR arr oy wns
det ect®d pyarprselticaborsdtugist Fsibé BEhaOcIbwaTBplicatval iafte wddteegesis by st andard
met hods. Patients . w th history of, early onget re interviewed by a
Tophys: oi ahtoun P BiTpEhflpeo ARy SibieshE Sot Btk RES s fon of
puberty (&6a yeatrreht refinee Raapliriigors sstject. of a total of 872 sera, including
440 parents and their progeny (432 individuals). Wthin the study group,
428 children and 58 parents (55.73% of the 15 total) were di agnosed with
ast hma, 3#%hpad ®ptappéraft thathaiveéder dtafagh stageroethel rastbods actoasingitonthast hmat i ¢

t hough, so of th suffered fraomato related disorders such as rhinitis,
Coni ohtt | et RecStiaE dad SxpphilR AR s eRb vy Do Heei R B htt ont 1 1 o
ast hma di agyposiiscludbie Sthedaéthody @ay alsuloptierdhily mclalkel idockin&lepd vetwaerent of a
m croarray-based i n say, The m croarray inmmunoass rocedure consi sted
of T oar | pHER BSOS dlre MEERS<Bt frsnde Rt CoER R SR REn o
anal ysi s) noRtreqractinig ppotedl, sddhcasisoviriyse2n @litgenie (BSA) drivaseinsieyddead, éat ed
aller gense)gann%lg E[c‘;jl 'leqll vevéﬁsrc%%tr%rcrcﬁiyrglpﬁeltgdsatlzr! grro (lannssblg&dnon-specific adsorption

20  of other proteins and may be beneficial in reducing ‘background’ artifacts which can

interfere with the sensitivity of an assay.

The inventions may be better appreciated by reference to the following description

and examples which are intended to be illustrative of the methods of the invention.
25

Examples

Population case study

Families with progeny suffering from atopic asthma were included in this study. All

asthmatic patients were atopic. Atopic asthmatic sibling pairs (sibs) and trios were
30 collected over a period of 4 years, mainly from pediatric and pneumologic centers. To

avoid phenocopies, all patients fulfilled the following criteria: Sardinian origin for at

least 3 generations and age at visit >6 years.

At the recruitment sessions, each subject was interviewed, disease status was
35 ascertained by physical examination, permission was asked to access personal
health records, and blood samples were collected. Each participant signed an

informed consent form approved by the local ethics committee (Azienda Sanitaria
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reconbi nant nol ecul es) were printed onto al dehyde-activated gl ass

m croscope slides in duplicates at scranbled positions to mnimze the

ef fect ofwprouewsi’ng errors. The array al so i ncl uded po®CTiGB0HMBINRgat i ve
controls, blanks and an internal dose response curve. 30 To reduce the

st andard 0 n i ec se. .the inter-hatch variabilj and i ncrease
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slides we!®Blocked with PBS cont ai ni ng 2% BSA for 1 h at room
15t enperature. Slides were then incubated with individual serum sanpl es

100 pl 60 t | th d
houbot bl smaEeaiyERAR o Tt B2 e B ol dE i ek BT e human
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Measur eneasthma diagnosis. These data are tabulated in Table 2.

20  Development of a microarray-based immunoassay
The microarray immunoassay procedure consisted of four phases (‘printing’,

processing, scanning, quantification and analysis).

Preparation of Microarray

25  To generate the array selected allergens (natural extracts, purified allergens and
recombinant molecules) were printed onto aldehyde-activated glass microscope
slides in duplicates at scrambled positions to minimize the effect of processing errors.
The array also included positive and negative controls, blanks and an internal dose

response curve.

30
To reduce the standard spotting time, decrease the inter-batch variability and
increase the number of chip processed per test, 2 chips (“allergochip”) were printed
onto a single microscope slide. Each microarray batch included 120 slides, with a
total number of 240 allergochips (the execution time was 14 hours).

35

The analysis of the study group required a total of 480 printed slides, corresponding

to 960 chips and the overall printing procedure was divided into four batches. Each

22



25The processed slides were scanned using a fluorescence-detecting scanner
ScanArray TM Gx and the inages were generated with the ScanArray T™
sof t war e Woavild®de7by Perkin El nmer Life Sciences |Inc. Al lPCThaB2eivwden2wer e
scanned under identical settings: 90% | aser power and 60% photomul tiplier

gain. 30Quantificati f bound .l gE The fluore nge sjgnal was acquired
Ui b aaBisapteEst 1Dl aBeoe b Turhbiodse CRb A RIS R AL ool bes of
i ndi vi duahi@psiiope hides (CELIABSHEdteap@simphigh hepdait rebots (Megedgridv@orapanty ol to
identify aiﬁg&%lﬁg%)above background. Duplicate neasurenents of individual

al I ergens ilized. 35 Concentrations (11J/m) of allergen- bound IgE
were determned by interpolation with an internal calibration curve printed

onto each,m croarray. 7Th Lhration. cur consi sted o ecr.easi ng
orounte. ofTers BBl SHed o 36 L ed BURngsd Gorsi Rtar T st ARG a) ¢ ha
capt ur e nysbinsta Ale@ehsyradidst thoRIsgogiadmaweretifitallyl rocdtistigtegiah PBON. To
assign U val ues.to th al.i bration curve, the aver signal s col |l ected
2ttt er BHEAdfrstR st B e Rty A Sl riapdnd eSS R han
external Red eft@nbst spOled entg enesedyedn the follaviogspayngbufde SBSrpH.€d Wit h
replicates, of t anti - n | gE angd, i a PRI i

concent r aBVohg %%?%%%e FEE%( W%rﬁg@&mggm%@g @%%6%?6@%% 10. 0,
50. 0 1o ) 20 The1%).gned sppdtingastheehtfationfdriracabll@yge rmgeasom.eddpl At ed wi th
the cali bra;i on curve to 10obtain the U nml value, and translated into a

Cl ass ScoW@'Bly plotting the data in a standard reactivity scale. C ass
Score values: (CLASS O (less than 0.35 IUm); CLASS 1 (0.35-0.7 U nl);
CLASS 2 (Q.71-3. 5§J U/mlsl' CLASS 3 (3.51-17.5 11U nl); CLASS 4 (17.51-50

LU m): CMASBalay EFOGESSI Umi ). 15The serum IgE reactivity was anal yzed
usi ng a f Pueteestidgsoere acked a4th P BISh@intdinie® LHOBSA &F 1asatrosmbst rat um a

m crogrray of 103 | ergens, representative . af 11 distinct allergen classes
chosel anbHERe it dRB RETT PeRTistPriyd b R SR sargs LOGiHE S es 1
Sout her n- geniifids &EB700eTo ABAaRDOUBU SgBfthe slidegwera ticuvatby with @fdekcesdafhe
reactivit rofile ner.at ed, by incubating th ra with the array

| rminoas sty Uie Pengaar 28U digtied raaRs: hrtn aFi R drelhl- SRBB s each

serum r eagiiriutéd 3t 37r Of foll@ved byharl D3ulskticr Msihamitmotsetl g6 HRPA cehjugated on f or each

al | ergen) i gpus r i H?)SSftitware L | eTr.ee was, used for
vi sual i zi ﬂﬁtﬁpag( lhlgzngl”— Qj? efgm? g1_|nutes at 37 Ealr\l/g%naelly mcub\g’?ed with
20  tyramide-Alexa 555 (TSA™ Kit #42 *with HRP—streptavidin and Alexa Fluor® 555
tyramide™ *50-150 slides™) (Invitrogen) diluted 1:200 (100ul), for 15 minutes at 37°C.

Slides were dried at 37°C before measuring the fluorescence signal.

Fluorescence Measurement

25 The processed slides were scanned using a fluorescence-detecting scanner
ScanArray™ Gx and the images were generated with the ScanArray™ software
provided by Perkin Elmer Life Sciences Inc. All the slides were scanned under

identical settings: 90% laser power and 60% photomultiplier gain.

30  Quantification of bound IgE
The fluorescence signal was acquired using ProScanArray Express™ version 3.0
software. PMC reading values of individual spots were corrected against the internal
negative control to identify signals above background. Duplicate measurements of
individual allergens were utilized.

35
Concentrations (IU/ml) of allergen- bound IgE were determined by interpolation with

an internal calibration curve printed onto each microarray. The calibration curve
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25 Profile partitioning attenpts were nmade using different nunbers of
clusters to identify the condition that nmaximze intra cluster simlarities
and i nt erwol2osf®i67di f f erences. For this purpose we anal Pe@aB2hE/SDI3t er ed
profiles with several performance indicators, as provided by the Machaon37,

38 software, .to validate the statistical . signiflicanc ] e )

oar it onbisid SrisereRaar s Wstaperi el Bt 488 M st er i ng
conf i gur ed.oRougrhi)ahat daptuee myklestaasisnyfate IgBUpikelientd itheeblperidgpsdigve

oones o onfa et TR R R e g RSB o™t
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clusters étﬁagﬁga@t%eﬁ%eggnquu égﬁa}g”ﬂbm ficantly differed fromthe study
popul ati on taken as a whole. 5Cl ustering analysis W used k-neans
clustering, to grou e into distinct c]uster t he basis of

sim ar ;?Eés'sﬁ:'mgzéﬁei @3‘?3%?&9%@% i rr;ﬁsg wﬁﬁsﬁ%%a"tgr%ggwwwﬁs an
unsupr vi sedin thé eu/ail valee aargidrdrisiated inBla QRS bels mojiegihe dad a2 T1 Xed,
user - defi ned nHrrber. ﬂkg ?f (f' uséaq%rs, such t%otre &}I?uz)tf%@y&&_e internally
similar b eXeEPHANISHS HI3S SO v ek 0diest Hireds en sera, the
Eucl i deanCdASBan©e35s0. il /adl); OLASStZ (0C7 WaS IUSEY.CLBSES ¢.51-tiebalingns wer e
carried OﬁLp% 4n¢jrzi r;[ifoe %hﬁ (ﬁu %% %@Lq@ ﬁ@ﬂmt hin each cluster and to
provi de t %tl 113058 lg&% Y-8 @ vergence. This analysis
showed that convergence to an optinmal solution was achieved within 10000
iterations of the El orithm 15 A nunber of statistical test re utilised
havi b di {PEFEHE REVERLY (s BRaeet g o fliprSestned maindsesy AL parti ti ons
t hat genemgb@draidsisd &sgbdifaaim aingbiobiranot 108 dlictdedsechrbsamatracii 10t her. They

i ncluded: 20(1),The Silhouette Validation nmethod defines.th oncept of

1 houot t €50 BIERRPesrrnapSt b e HaRg R S Uy e8Py R A good
partiti onatogicptissaessinrSsihdrs-Gentral Ewgbps.s that are tight (i.e. objects

wi thin each cluster are close to each other) and well separated (i.e.
clusters are far fromeach other), while a bad partitioning generates

cl ust2) s Analysis afsseruinreaetiVityopriofites(t 0 t he poi nt where they may be

parti al | Y rBS el SRR oai@hf i i he sSShRE BY ihfunBlsgay o2t t e e

were analyzed using k-means clustering after encoding each serum reactivity profile
with 103-dimensional vectors (1 dimension for each allergen) using Cluster 3.035
software while MapleTree was used for visualizing the clustering results.

25
Profile partitioning attempts were made using different numbers of clusters to identify
the condition that maximize intra cluster similarities and inter cluster differences. For
this purpose we analyzed the clustered profiles with several performance indicators,
as provided by the Machaon37, 38 software, to validate the statistical significance of

30  each partitioning attempt. Under the condition k=3 (i.e. k-means clustering configured
to obtain three clusters) four out the five performance indicators, as computed by

Machaon scored the highest values.

The clusters generated using k-means clustering at k=3 were analyzed to search for
35  associations with age, sex, and the presence of a pathological condition (asthma,
rhinitis, etc.), its persistency and/or severity, onset age, etc. Statistical tests such as

Pearson’s X2 and Kruskall-Wallis non-parametric test were run within the SPSS
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difficult to assign sonme sanples to a specific cluster. The nmat hemati cal
nodel of the silhouette for the i-th object, S(i), is:-(4),b(0) where a(i)
Is the aweoaga/wigei mlarity of i-th object to all ot hePCPlEjB20119050392t he
sanme cluster; b(i) is the m ninmm of average dissinilarities of i-th object

to all ts in ther oses ster. sfrom 1
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|
i ndex to & F{ tHng)gPlﬁ?tfPé' t@'f‘ﬂ‘s?se? Wg'er esul t. 35(2) Dunn's Validity |ndex.

Simlar to the Sllhouette nmet hod, this technique is al so based on the
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i ndex D, & wHed, k,-méans(dus{tetd&jtb@&ﬁhpﬁeeréﬁitd) dreﬁnct cll\f@l%ﬁﬁowd(heiba@js)ofi s the
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A number of statistical tests were utilised having different k values (from 1 to 14 and

20) to identify the partitions that generated clusters that significantly differed from

each other. They included:

20 (1) The Silhouette Validation method defines the concept of silhouette as an indicator
of cluster tightness and separation. A good partitioning process results in clusters
that are tight (i.e. objects within each cluster are close to each other) and well
separated (i.e. clusters are far from each other), while a bad partitioning generates
clusters much closer to each other (to the point where they may be partially

25  overlapping) and objects within clusters may be more scattered, thus making it

difficult to assign some samples to a specific cluster. The mathematical model of the

- Bl)-al)
silhouette for the i-th object, S(i), is: " nlaf o) where a(i) is the average

dissimilarity of i-th object to all other objects in the same cluster; b(i) is the minimum
of average dissimilarities of i-th object to all objects in the other, closest, cluster. S(i)
30 ranges from -1 (misclassified object) to 1 (optimal partitioning result for the object).
The arithmetic average of the S(i) for all the clustered objects provides the overall
performance of the entire clustering process. The closer the index to 1, the better the

clustering result.

35  (2) Dunn’s Validity Index. Similar to the Silhouette method, this technique is also

based on the concept that a good partitioning generates compact and well-separated

25



C (4) Cindex. The Cindex is defined as follows:sr-Considering a single
cluster, and assune that all of its objects are organized into pairs. Say
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pairs in a given cluster. Then S is the sum of distances of those | pairs. This can be

20  seen as a measure of compactness of the cluster. Considering the entire set of
objects (i.e. all the clusters), another sum of distances Smin is computed by taking
the | smallest distances that can be found amongst all possible pairs (i.e. both within
and between clusters). Similarly, Smax is computed as the sum of the | largest
distances out of all pairs. Given such definitions, a small value of C is an indicator of

25  agood clustering result.

(5) Isolation index. This technique is based on the assumption that if an object
belongs to a cluster, its nearest neighbours are likely to belong to the same cluster as

well. This property should be maximized in a good clustering result. To capture this

Z ) \where xi is

30  concept mathematically, the following expression is introduced: *
the i-th object, vk(xi) is the fraction of nearest neighbours of xi that have been
correctly assigned to the same cluster, and n is the total number of objects in the
dataset. For a good clustering result, a high value of Ik is desired for each object in
each cluster.

35
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different atopic diseases including asthma, rhinitis and conjunctivitis. In
particul ar asthmatic individuals contributed to 83% of the reactivity
profil es wbD20luwt@d 1. This percentage showed a renar kalpCa/GRatesoiocal
significant difference (p< 1E—8) conpared to that of the asthmatic
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al l ergens that showed the nost significant differences in the two groups.
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test:10) Towlensifytyraidstshanhgremiaiiiel irethie ¢l seum reRctvity 8@aprdastsas the
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i ndi vi duabsrcwntbbe e 4 rameatkablagladistical sigsifi@at difféleacs (o 148 nurrber of
aIIergens ese he.reac aIu s for ea | Lergen ranged
rom 01 oc8nbaER o BFaghe aebitiuh FRFAEILY S5t aoin 8REE 1E St e s
conveza ed to ordi nal before perform ng the analysis. 15 This analysis
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25  reflected the exposure of family members to a common set of allergens that were
included in the microarray. These allergens though having a powerful sensitizing
ability were not relevant for asthma but contributed to the formation of the reactivity

profiles and therefore could mask additional associations.

30 Identification of asthma relevant allergens
Asthmatic and non-asthmatic individuals were compared for the reactivity against
each allergen using the Mann-Whitney test to identify those allergens that showed

the most significant differences in the two groups.
35  The study sample fulfilled the requirement to utilize the Mann-Whitney test: i) the
asthmatic and non-asthmatic group were regarded as independent, ii) the sera

reactivity values can be regarded as an ordinal random variable; iii) the number of
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the percentage of asthmatic individuals to 88 %and a further increase in
the statistical significance. These two remai ning clusters al so showed
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individuals (69%) while cluster 5 contained a high percentage of asthmatic patients

25  (82%). The distribution of rhinitis and conjunctivitis (but not eczema) in the clusters
closely mirrored that of asthma in agreement with other observations that have
established a link amongst these atopic diseases. As anticipated we did not observe
in cluster 3, 4 and 5 any enrichment in members of the same family nuclei thus
indicating that the corresponding profiles are intimately associated with the asthma

30 clinical status rather than to allergen exposure. The two clusters that contained the
highest proportion of asthmatic individuals (cluster 4 and 5) were characterized by
overlapping IgE recognition profiles. The profiles of cluster 4 showed a specific
reactivity against nine additional allergens mainly of food and grasses origin. Notably
cluster 4 but not cluster 5 showed a significant association with asthma severity thus

35 unraveling an unsuspected link between disease severity, on one side and the
complexity and the specificity of the IgE response on the other one. Further data is

presented in Figures 7a and b.
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To eval uate the actual inprovenent that was achi eved by reduci ng the nunber
of allergens to be considered by the classifier (by neans of the
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To evaluate the actual improvement that was achieved by reducing the number of
allergens to be considered by the classifier (by means of the Mann-Whitney test, as
illustrated in previously), a separate RBF was trained on the complete set of

25 allergens, and then its results compared with the RBF operating on the filtered set.

The sample was first randomized (see Treatment of the sample section) and the size
of the training sample used was about 60% of the entire population, while the
remaining individuals were left for validation purposes (testing 10% and holdout of

30  30%). The training subset was selected using randomization criterion that ensured
the representativeness of the sample with respect to the entire population. This was
to ensure that the RBF replicates a behaviour that is representative for the whole
population. The whole supervised training process was repeated 10 times, each time
on a new, previously untrained network, and each time with a new randomised

35  subset of the original population. This was to observe any variation in performance,

that may be linked to variability in the representativeness of the training sample.
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Anal yze, Neural Networks, Radial Basis Function Variabl es: Dependent
Vari abl es: asthma

25Covar i awe=9021 098, D02, D03, D70, D71, D72, D73, EO01, E03, EO8 PCEGI2) HN40F026
, F25, F35, F49, F84,
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score allergens as covariates. The specified relative numbers of case partitions used

consisted of training 6 (60%), test 1 (10%), holdout 3 (30%). Figure 8 illustrates a

schematic of the RBF network which consists of three layers: Input (boxes 1-51),

hidden (circles 1-8) and output (asthma classes in black boxes) layer respectively.

10

Treatment of the sample data

To avoid sample order bias, the sera were randomised first. Randomisation was

accomplished by using the RAND variable in Matlab, random numbers from 1 to 827

were obtained, and used to flag each sera. An alphabetical order was then used to

15  resample the original sera order.

Settings Utilised
To have an estimate of the real efficiency of the neural network, the neural network
was run ten different times. And the overall efficiency of the Network is given as the

20  mean of these ten different trials.

Analyze, Neural Networks, Radial Basis Function
Variables:
Dependent Variables: asthma
25 Covariates:C2,D001,D002,003,070,D71,D072,073,E01,E03,E081,E082,F04,F16
,F25,F35,F49,F84,
F95,G01,G02,G03,G04,G05,506,G08,G12,G14,G15,G18,106,K87,M01,M03,M04,M0
5,M06,T04,T06,T07,T09,T14,T901,W01,W06,X902,X903,X904,X905,X907,X910,
Rescaling of Covariates: None
30 Partitions: Specify relative numbers of cases
training 6 (60%), test 1 (10%), holdout 3 (30%)
Architecture:
Number of Units in Hidden Layer
Activate Find the best number of units within a range
35 Range

Activate: Automatically compute range

30



Network Structure Select: Description, D agram Synaptic weights Network
Performance Sel ect: Mddel summary, O assification result, Roc curve,

Pr edi ct eawbyotidwhbsrer ved chart Activate Case processi ng $ORGH2911840392Save
predi cted val ue or category for each dependent variable Save predicted
pseudo- pr obabi i t\%’t'f 0 ecg.chqu_ﬁxﬁndent vari abl e 15Nanes of Saved Vari abl es
Sel ect Aut omat N EB?] o fr A5 hmes OK Export: Activate: Export
synapti ¢ wei ghNoesdlizewadisl BagisXbctibhl € 200pti ons User - M ssing Val ues

Sel ect: Excludg Resufts 25A m c¢ro-array imunoassay, containing 103 of the
nost common al ﬁg?%émmgaﬁiggaﬂmts

Automatically compute the amount of overlap to allow
5  Output:
Network Structure
Select: Description, Diagram, Synaptic weights
Network Performance
Select: Model summary, Classification result, Roc curve, Predicted by
10 observed chart
Activate Case processing summary
Save
Save predicted value or category for each dependent variable
Save predicted pseudo-probability for each dependent variable
15 Names of Saved Variables
Select Automatically generate unique names
OK
Export:
Activate: Export synaptic weight estimates to XML file
20  Options
User — Missing Values

Select: Exclude

Results
25 A micro-array immunoassay, containing 103 of the most common allergens was used
to investigate the IgE serum reactivity of 872 individuals belonging to 283 families in

which all the progeny (1 to 3) was affected by asthma.

The individuals enrolled in this study included the two parents and all the

30 descendents (mostly children below the age of 27 (75% of children are below 27).
Information concerning a detailed clinical history of asthma (age of onset, severity
and persistency) as well as the concomitant presence of other atopic diseases was

collected from each individual.
35  For each serum sample the immunoassay was calibrated to measure the
concentration of specific IgE binding to each of the arrayed antigens ranging from

0.35 IU/ml to 100 Ul/ml. The reactivity values in Ul/ml were converted into class
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binary attributes (i.e. asthmatic vs non-asthmatic), while the Kruskall-Wallis test was
performed on discrete numeric variables (such as the age of asthma onset).
30
The results of this analysis indicated that the three clusters were significantly different
in term of frequency of asthma, conjunctivitis, eczema, rhinitis and sex. Most
strikingly cluster 1 showed an impressive (83%) significantly higher proportion (x2
=33.480, p = 2.16E-08) of asthmatic individuals than the other two other clusters and
35 the entire study sample. The statistical significance was not affected after applying

the Bonferroni correction for multiple comparisons.
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The array was designed without a detailed knowledge of the allergen exposure of the
study population and without any a priori assumption on the role of particular
allergens in eliciting an IgE response associated with asthma. It is therefore not

20  surprising that some allergens are rarely recognized while others show similar

percentages of reactivity in asthmatic and non-asthmatic individuals.

The reactivity against these allergens contributes to the formation of the profile and
could represent a source of “background noise” that masks some associations. To
25  address this problem we attempted to identify in the array the allergens that most
contributed to the association with asthma by filtering the results with the Mann-
Whitney U test at a threshold of p<0.05 to discard those allergens that did not show

differences in the IgE reactivity between asthmatic and non-asthmatic individuals.

30  The analysis generated a list of 51 relevant allergens that were utilized to generate
new profiles and perform clustering association analysis at k = 3. Association studies
performed on the new clusters (cluster 3, 4 and 5) revealed a further strengthening of
the link between IgE recognition profile and asthma. Cluster 4 showed a high
similarity to cluster 1 in term of both its structure and composition though the

35  statistical significance of the association with asthma and the corresponding reactivity
profile further increased (x2 =35.145, p = 9.18E-09), (Fig. 2B). The other two clusters

differed substantially from those generated with the complete set of allergens. This
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population study sample.

Prediction utilising reference profiles
The unusually strong association linking the reactivity profiles of some clusters and
25 asthma prompted us to generate an artificial neural network (ANN) classifier
designed to discriminate between asthmatic and non-asthmatic individuals on the
basis of their reactivity profile. This was developed using a radial basis function
(RBF) that supports a teaching-by-example training procedure (a.k.a. supervised
training / supervised learning).
30
Each profile example used in the supervised training contained information
concerning the reaction values for the 51 filtered allergens, and the health status of
the individual respect to the condition of asthma (the expected classification result).
The profiles used for training the RBF (the training set) consisted of 60% of the entire
35  study serum samples. An additional 10% of profiles were reserved to assess the
predictive accuracy during training (the test set). The remaining individuals, i.e. 30%

of the entire population, where left out and used for assessing the performance of the
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constructed from an asthmatic patient used in the stidy.

Peripheral blood mononuclear cells were obtained from a 150 ml heparinised blood
sample obtained from the patient. Briefly, the cells were prepared by Ficoll-Paque

25  density gradient centrifugation.

RNA was prepared by the guanidinium isothiocyanate method of Davis et al., 1986.
Several independent cDNA synthesis and PCR ampilification reactions were carried
out using a RNA PCR kit (Perkin-Elmer).
30
In brief, the protocol was identical to that used by Steinberger et al., 1996. Total
RNA (20-60 pg) was mixed with 10-20 pmol of oligonucleotide primers specific for the
constant region of the epsilon chains (C1, 5-GCT ACT AGT TTT GTT GTC GAC
CCA GTC; C2,5-CGA CTG TAAACT AGT CAC GGT GGG CGG GGT G) and for
35  the light chains (Ck1a, 5-GCG CCG TCT AGA ACT AAC ACT CTC CCC TGT TGA
AGC TCT TTG TGA CGG GCA AG; Ck1d, 5-GCG CCG TCT AGA ATT AAC ACT
CTC CCCTGTTGAAGCTCT TTG TGA CGG GCG AAC TCAG; C2,5-CGC CGT
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synthesized according to (Kabat et al., 1987). Oligonucleotide primers specific for the
25  variable region of the heavy chains and variable and constant regions of the k- and -

chains were synthesized according to Persson et al.(1991) and Kang et al. (1991b).

Construction of an IgE Combinatorial Library

The PCR products coding for IgE Fds and light chains were ethanol-precipitated, gel-
30  purified, and cut with Spel/Xhol and Sacl/Xbal, respectively (Boehringer Mannheim).

The digested PCR products were ethanol-precipitated and gel-purified.

For the construction of the IgE combinatorial library, light chains were first ligated into

the Sacl/Xbal site of pComb3H and transformed into Escherichia coli XL-1Blue to
35  vyield a light chain library of 3 x 10" independent clones.
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2 h. The phage were removed, and the wells were washed with Tris-buffered saline
containing 0.05% (v/v) Tween 20 once. Phage were eluted with 0.1 M glycine-HClI,
pH 2.2, containing 1 mg/ml bovine serum albumin, and the eluent was neutralized

20  with 2 M Tris. Freshly grown E. coli XL-1Blue were then infected with the eluted
phage. An aliquot was used to determine the titer of infected E. coli. The culture was
grown in SB medium containing 50 pug/ml ampicillin and 10 ug/ml tetracyclin. By
infection with helper phage VCS M13, filamentous phage were produced for the next
round of panning. The panning was repeated four times. During the subsequent

25  pannings, additional washing of the wells was done and individual clones were then

analyzed for the production of antigen specific Fabs by ELISA.

Sequence Analysis of the cDNAs Coding for IgE Fds and Light Chains

Clones were checked for the production of antigen specific Fabs by ELISA and for
30 the correct insertion of cDNAs coding for heavy chain fragments and light chains by

restriction analysis before sequencing. Plasmid DNA was prepared from recombinant

E. coli XL-1 Blue using Qiagen tips (Hilden, Germany). Both DNA strands were

sequenced.
35  Production of Soluble Recombinant Fab Fragments with antigen specificity
For the production of soluble Fab fragments, DNA was isolated from several

independent clones after the fifth round of panning. The plasmid DNA was digested
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manuf actuper's instructions. Approximtely 200 m of E. coli supernatant
containinE B thti gen specific Fabs were centrifuged at 20,000 x g and
subsequently fil tered t hrough folded filters (I\/acherey Nagel , Duren,

Ger many)

0. bris fr I on ernatants were
aopt tet ¢ BCateatey b Anioas Saxditluh Fen BT o Betel eltiiished  oxt ensi vel y
W th phosplsaﬁ@obpdrfﬂededtumlwalsacauptedlto@a ApmabLeink(”c)m@hmmbeDu@leé)ect ed by
phot o at 28 nmin wash fractions ecific Fabs
here BT ut Bertision BB AP e R S Aot AR b AT R 8071 5% T s,
pH 9. 25 supernatant containing antigen specific Fabs were centrifuged at 20,000 x g and

subsequently filtered through folded filters (Macherey-Nagel, Diiren, Germany) to

remove debris from the solution.

20  The supernatants were applied to the column at 4°C, and the column was then
washed extensively with phosphate-buffered saline until no protein could be detected
by photometry at 280 nm in the wash fractions. Bound antigen specific Fabs were

eluted with 100 mM glycine-HCI, pH 2.7, and neutralized in 3 M Tris, pH 9.

25
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Cl ai s 1. A nethod of identifying antigens associated with asthna,
conjunctivitis or rhinitis 5conprising: (a) neasuring in a first plurality
of sanpl esoi2el/ime@d from a group of asynptomatic subj ecPeTidBe0i103e302 of | gE
reactivity to a plurality of antigens; (b) measuring in a second
plurality of sanples isolated froma group of subjects characterised as
havi ng asthma, conjunctivitis or rhinitis the levels of 10IgE reactivity to
t he pl uraCidinisof antigens; (c) identifying a subset of the plurality of
antigens which denonstrate significantly different levels of IgE reactivity
bet ween the groups of subjects; wherein |evels of IgE reactivity to the
subset corr&ha&tieoddftidenafyirg dritigahs aisaginesi \sitrodstiaah havhjunciviisurahinitist i S or
rhinitis. 15 2. The nethod of claim 1l wherein the levels of reactivity to
the pluraf?Ty"'¥1% anti gens are neasured at substantially the same tine in
each i ndi vi duala)s@sgsliéng in a first @uraliip@f s@hples isofated ormadradesei n the fir st

and/or second plurality of .s | es 20c¢ rises, from30.t0,800 sanples. 4.
The met hod of BPATEMHe SIS RelRvele IO stk A R0 25 AridsBRs compr i ses
from 30 to 400(nmidagernsy in2bsecond plurmityhefdamplests@ated ronhe g@iup of he anti gens
are sel ected as ,bein i

t he nost preval ent antigens.in spegi fic region. 6.
The met hod of  SYRICH? HearArREP 3 HAVIAASTENS: SPRRNER{ls & RS fie IPUSiS B vi 1y ar e
deternd ned by r@veactvitpgp theelyrhlity af adtigend; antigens with serumisol ated from
t he 30groups of .subj.ects and determ ning .the amount of | ound to each
anti gen using Lfﬂ'%ﬁ'%'ﬁ“—”lggaﬁelﬁ’ﬁﬁ ‘%&%P'“raﬁﬁeﬁtﬁgﬁgﬁﬁs Crbge'ﬁ?’%%ﬁ?% wherein the
anti -1 gE anti bsigyificantia diffelertlle@isaoitigib ativigTRtwddnethegtdupd odbulgéas;m 6
wherein the antj-| anti pody is. uyn elled and is detected uysing.a
el | ad amt - bisheretieGEls PR en i ARE b 3080 R I HROPHS) | e
anti body conpr bgsshraa fdonfuneshandr rhialiel .
15
2. The method of claim 1 wherein the levels of reactivity to the plurality of antigens

are measured at substantially the same time in each individual sample.

3. The method of claim 2 wherein the first and/or second plurality of samples

20  comprises from 30 to 800 samples.

4. The method of claims 1, 2 or 3, wherein the plurality of antigens comprises from 30

to 400 antigens.

25 5. The methods of claim 4 wherein the antigens are selected as being the most

prevalent antigens in a specific region.
6. The method of any preceding claim, wherein the levels of IgE reactivity are
determined by contacting the plurality of antigens with serum isolated from the

30  groups of subjects and determining the amount of IgE bound to each antigen using
an anti-lgE antibody.
7. The method of claim 6 wherein the anti-IgE antibody is a labelled antibody.

35 8. The method of claim 6 wherein the anti-IgE antibody is unlabelled and is detected

using a labelled antibody.
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10. The nmethod of claim9 wherein the amount of |IgE bound to each antigen
is S5determ ned by fluorescence detection. 11. The nmethod of any preceding
cl ai m whewei2oitftees7pl ural ity of antigens are bound to at PCEaER20018030! i d
support having a plurality of addresses each of which has a distinct
antigen dpsposed., thereon. 12, The thod of claim 1] wherein the

2ol 1 3 suphotte EateR oL 887 or ferdts S aRSad) cofusher o AurESthds. | 13,
The met horbef claim 11 wherein the solid support is a mcroarray. 14. The
met hod of claim 13 wherein the antigens have a spotting concentration of
fromO0.008ng/ mMto 3ng/ m . 15. A nethod of assessing if a subject is
at risk oﬂOdHMﬁhemb@gfdémhasméﬁmemefmdnﬁﬂﬁﬂgEgngn@Qm@uﬁgiﬁg%iks orhrh:nit:s
conprising:, (a asuring in a s e isolate rom sai d subject the |evels
of 1gE reaﬁ?ﬁv%?ggYﬁ“%e§ CSPeﬁfﬁﬁgrkers; characterised in that the

bi omarkers are antigens has pre-determned to correlate with a clinical

di agnosi s, of _asth onjunctivitis or rhinitis and wherein levels of |IgE
5 aacti vi LyTEBREoS oI prprey o Wherktyfo s S ANEE TP SBIEHE ker o

i ndi cat esatlbagt ohbaoldifigpott hasingiakstlinglity of dedreses e2ich bawhidrwek aptiginaist hna,
conjunctivitis por rhipitis. 16. The method of claim 15 wherein the set of
bi ormar ker 8" $¥@§dEP6 Mine to fifty one antigens. 30 17. The nethod of
claim@6 wherein the set is selected fromthe group consisting of antigens

02, D1, , D70 71, Dr2 D73, El . E3, E81, E82, F4, F16, F25, F35,
F49, F84!3?%'91g':% 'Eﬁtz?d @g‘f'a@sa wherepsihe ggiid %%{pogf?f“péi?ﬁa@fﬁﬁ" Y&'s, 16, K87, M,
MB, M4, MNeepdvbiclylidentifiéble béadsl9, T14, T901, WL , Ws, X902, X903, X904, X905,
X907 35and X910. 18. The nmethod of any one of clains 15 to 17, wherein the
| evel s of IgE reactivity are determ ned by contacting the set of biomarkers
W th serund.i®elméwdd bf cains &l dhegh) teetsonsuppettes aimicrogrrdyhe anount of | gE
bound, t o each antigen using an anti-IgE anti body. 519. The nethod of claim
18 whetein the anti-IgE antibody is a | abell ed anti body.
14. The method of claim 13 wherein the antigens have a spotting concentration of

from 0.008mg/ml to 3mg/ml.

15. A method of assessing if a subject is at risk of developing or has developed
20  asthma, conjunctivitis or rhinitis comprising:
(a) measuring in a sample isolated from said subject the levels of IgE
reactivity to a set of biomarkers;
characterised in that the biomarkers are antigens has pre-determined to correlate
with a clinical diagnosis of asthma, conjunctivitis or rhinitis and wherein levels of IgE
25  reactivity above 3.51 IU/ml to at least 75% of the set of biomarkers indicates that the

subject is likely to develop or has developed asthma, conjunctivitis or rhinitis.

16. The method of claim 15 wherein the set of biomarkers comprises from nine to fifty

one antigens.

30
17. The method of claim 16 wherein the set is selected from the group consisting of
antigens C2, D1, D2, D3, D70, D71, D72, D73, E1, E3, E81, E82, F4, F16, F25, F35,
F49, F84, F95, G1, G2, G3, G4, G5, G6, G8, G12, G14, G15, G18, 16, K87, M1, M3,
M4, M5, M6, T4, T6, T7, T9, T14, T901, W1, W6, X902, X903, X904, X905, X907

35 and X910.
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20. The nmethod of claim 18 wherein the anti-IgE anti body is unlabelled and
is detected using a | abelled anti body. 1021. The nethod of claim 19 or 20
wher ei n twe 2babwid7ed anti body conprises a fluorescent | &b@&IGB20RAS503Dhe
met hod of claim 21 wherein the ambunt of |gE bound to each antigen is

det erm ne fl uorescence detecti ny one of
e 1578 heymtiRns 3 & s el 15 a1 7 whsieil i, SO BT lo Sayif Bre %54, “The
met hod of detemhifre@ By vhetaeting thé eetsfbicthskgrp aith sefinfistiatddofednt 8§id subject  25.

The nethod f cla|n1%4 wher ei e ant.i ave a.spot tration

o Mo oS st Ta A o 162 Bout Bk SEAR ol en R DR A e SRRGRE! £on (e

anount of I gE bound to each antigen in the 25set of bionmarkers is

det ernmi ne subst i,all Groarray for
use 1 1P detrtheRgoR RECRM 1B bREREVER apliie artaeiy (e LR Pat: not e,
conjunctivitis or rhinitis the which conprises the antigens F95, d, G3,

A, Gl2, nal |. ne. or ant i gens sel ect ed 30
From the G1ous BRRBRSt Fg B Rl BR anistor Biidey = islattiot 850 * oo, <73,
El , E3, EB8diecte82sing4, labdiied ahBbodyF35, F49, F84, X, &5, &5, 8,16, K87, M,
M3, M4, Mb, M, T4, T6, T7, T9, T14, T901, W, W5, X902, X903, X904, X905,
X907 and X910. 28. A kit conprising: 35(i) the antigens F95, GlL , &3, (4,
Gl2, (@4, 2GIFheaneth6d 3f clbim )9 6p20 whékelnthe ebedd amibedptodpiidegens 02, D1, D2,
D3, D70, prl D7§ bq3 El, E3, E81, E82, F4, F16, F25, F35, F49, F84, &,
G, B, cRBscepsfabelt ng, M4, MB, MB, T4, T6, T7, T9, T14, T901, W, V&,
X902, X903, X904, X905 X907 and X910; (iii) an anti-IgE antibody. 529. The
kit of claj n ntigens 02, D D3,, D70, D71, D72, Dr3, El,
£ 1’ eotemiad gt Spte Pabadiihe Syl orugh boggd togach aBidénsS o5 Gn. Gp|
Gl2, Gl4, dé&ikmin&d By fliborekéhce Mbtectih. M4, M, M5, T4, T6, T7, T9, T14, T901,
W, X902, X903, X904, X905, X907 and X910 on a mcroarray. 1030. Use of
t he hod of clains 15 to 26, the mcroarray of claim27 or the kit of

cl ai ns 282artheXfiethod obssess dtQldirhs 45 $01RR @bbrairsthatantigete @& bdevetoapi ng or has

devel opedsce)a]%tsrlljrggbrtconj unctivitis or rhinitis.

24. The method of claim 23 wherein the solid support is a microarray.
20
25. The method of claim 24 wherein the antigens have a spotting concentration of

from 0.008mg/ml to 3mg/ml.

26. The method of claim 24 wherein the amount of IgE bound to each antigen in the

25  set of biomarkers is determined at substantially the same time.

27. An antigen microarray for use in determining the risk of developing or in the
diagnosis of asthma, conjunctivitis or rhinitis the which comprises the antigens F95,
G1, G3, G4, G12, G14, G15 and G18 and optionally one or more antigens selected
30  from the group consisting of antigens C2, D1, D2, D3, D70, D71, D72, D73, E1, E3,
E81, E82, F4, F16, F25, F35, F49, F84, G2, G5, G6, G8§, I6, K87, M1, M3, M4, M5,
M6, T4, Te, T7, T9, T14, T901, W1, W6, X902, X903, X904, X905, X907 and X910.

28. A kit comprising:
35 (i) the antigens F95, G1, G3, G4, G12, G14, G15 and G18;
(i) optionally one or more of antigens C2, D1, D2, D3, D70, D71, D72, D73,
E1, ES3, E81, E82, F4, F16, F25, F35, F49, F84, G2, G5, G6, G8, 16, K87, M1,
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M3, M4, M5, M6, T4, T6, T7, T9, T14, T901, W1, W6, X902, X903, X904,
X905, X907 and X910;
(iii) an anti-IgE antibody.

5 29. The kit of claim 28 comprising antigens C2, D1, D2, D3, D70, D71, D72, D73, E1,
E3, E81, E82, F4, F16, F25, F35, F49, F84, F95, G1, G2, G3, G4, G5, Gb6, G8, G12,
G14, G15, G18, 16, K87, M1, M3, M4, M5, M6, T4, T6, T7, T9, T14, T901, W1, W6,
X902, X903, X904, X905, X907 and X910 on a microarray.

10 30. Use of the method of claims 15 to 26, the microarray of claim 27 or the kit of
claims 28 and 29 for assessing if a subject is at risk of developing or has developed

asthma, conjunctivitis or rhinitis.
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