Use of protein S100Al 2 as a marker for col orectal cancer The present
invention relates to the diagnosis of colorectal cancer. It discloses
the use of the.protein S100Al 2 (=Calgranulin C) as a narker nol ecul e
in the diagnosis of colorectal cancer. Furthernore, it especially
relates to a method for diagnosis of colorectal cancer froma stool
sanpl e, deri waxkebviesrean i ndi vi dual by nmeasuring 5 S100AE2cemosz d
sanpl e. Measurenent of SIO0Al 2 can, e.g., be used in the early
detection or diagnosis of colorectal cancer. Cancer remains a ngjor
public health chal |l enge despite progress in detection and therapy.
Anongst the various types of cancer, colorectal cancer (=CRC) is one

of the most frequent Cﬁgacoqggtélpgfoﬁgﬁ%gﬁn%mrfe@wl&ﬁa&m& earl i er

cancer can be detected nose etter 1s the overall surV| val

rate. This is %Epgr%seg! 1n¥enk/t>)n relat rto %R%ag?cﬁls o?coq%er?ea cancer It nstcl%ses g

stages of tunor
from progressi ¥€ Oéﬂ“é-‘@é@@n WW&!H*@‘&@“S}‘@&{‘F s g fnagher HPI&ijﬁlf'dﬁ ﬂyz dlagHOS'S
correspondi ng bicoboratil winvel Furthtrenood, itaigetibllyAd3tef wra tétivel fyedisgosiCufr r ent

e bost 'st PReh'cnfith Ror'sidol i, defiRaRhd ﬁ“gﬁ‘”g’gﬁ'ﬂ 5 Bakichgas
i cense. Wih siafin g seREERy et SRR o, 6 Eoed hE Sy

essenti al that detestien eff diggapsiscd cdere@d §ineg- and prevent ati ve measures for
col orectal cancer be devel oped. The earliest detection procedures
avai | abl e at pFeasrentempins a gwjo publicdiealthasheltangd devrite\psognesi imgdetestiansandor
fecal Dbl ood ortRRGRIGRRIE Y VEBGLNRS of HaveV@lorechl GRtdr i(camt) it bhdsf 20

size nust typigall ttf?&héﬁcﬁ@ir?x%%ef@ §+ th@cﬁd is detected. Wth regard

to detection o roma stool sanple e current state of the art

is the ay ﬁ' ac- l?ﬁ ag%e]; ganger 5 Clg:e cfleEectIQéllg gnotsedr #he betper sqge ov%raﬁn&rvxz?]ar‘gtg a

t remendous anoun

col or ect al can?@ﬁ 18§ff§eﬁ1w&"—'é%é%c a%Pfsws rﬂea&ésw tagﬂf’ét%@ﬂs RASfority
of the 25 corMesphadiongthird € greghtipapeilsdiofrom gregndssieeppierse atithonfivear e
based on data péaﬁsealftae&lagtayslsaa&lrey;&inamgfm RNAViGA PAtE8SboRt 400 fof iRSyedrh]

¢ol on (cancer) ch‘raﬁ‘ﬂr%até%Etﬁyénlﬁc.ﬂl ng ad aefrra‘én.non c}f'ﬂ?esp%?en% an%rklegr%} S Aty for Ml

tissue, respec roa may

di f f er entiPal tqy.téﬁpag}w{ltééﬁgnoaqjéganearYsty_go I8%anpl e for data
avai | abl e from nRNA-di spl ay techni ques, WO 01/96390 30shal |l be

ment i oned and WiddesEbi CRhpss RHYHF heelib iPaabledr dfdy pobrmsial b maraplfestiveor e
t han two hundr gteehinghad peleipative meaiues fdr desreatnldarichrebeclevelopeondi ng

pol ypeptides as such, as well as their use in the detection of CRC
However, it i sTigeadlealdetettivnl peolgdurtshatilablieaf premCds cdtedid @arlcavigtolvef

MRNA_ar e not ”Lsﬁﬁgot‘éﬁﬁfopk‘ec!ﬂ}B?ooh%\‘%hdo%opk*}#o&@&&eﬁBQE\Q} ngﬁf:a% Rlofbi- A

protein pcode a rar nount s. and
a protei enco%l%dr)4 ttygﬁalg'beﬁﬁ#gﬁc’fe %ﬁilﬁloﬁg %ﬁtcﬁﬁ%c{&‘?ly@%a“gg’ %éfftd""t?f
detect 5 and f{Rd fratn agtdol sampilesthe a&r@nbﬁate@fﬁh@rm the Audinstbaged fecirpealt| evel
and protein | ebebddes. due to reasons |ike nRNA stability, efficiency
of translation, stability of the protein, etc. There al so are recent

approaches i nvBSihk gatatNgart beredliaﬂcfo«as BR6@1 of bo-piled edléh patikiesn&ebal-ween

di 1 erent Ui ssugs, o Beh REH DA Ne AL ) Eessﬁe%gﬂgawgw%l%ﬂﬁr to

identify 10 can |dat§
di agnosi >of CRESHSP ‘Pﬁéf@eéfc PRRErSRY Pafent ap@&ﬁ@é‘ﬁ “IFQB? PP IRRIY)
2437- 2442, havealydesiiNA edresengntterociheelpn (rancer) issoe virai mdlffwhntdhswppear

to be nore abupdanidjatdnt bdtmal fishflRsREVEID I §prdached taPBERIMNMREEBIs
ti ssue. No dat gjﬁgé&qhgﬁwﬂp@gchsngqo 4 sanpl es obtained from an

i ndi vi dual are repor

di e

As an example for data available from mRNA-display techniques, WO 01/96390
30 shall be mentioned and discussed. This application describes and claims more than

two hundred isolated polynucleotides and the corresponding polypeptides as such,



15WD 02/ 078636 reports about nine colorectal cancer-associated spots
as found by surface-enhanced | aser desorption and ionization (SELD1).
These spots are seen nore frequently in sera obtained frompatients
with CRC as conpared to sera obtained fromhealthy controls. However,
the identity of the nolecule(s) conprised in such spot, e.g., its
(their sequemnp®oprizgrrmot known. 20Despite the | arge arCTersn7/@uion ng
| ist of candidate protein markers in the field of CRC, to date
clinical/diagnostic utility of these motecules is not known. In order
to be of clinical utility a new diagnostic rrarker as a si ngle mar ker
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30 sensitivity of about 87%the earlier tunor stages are not detected
with a sufficient sensitivity. The henopgl obi n- hapt ogl obi n conpl ex
assay was nore sensitive in the detection of earlier stages of CRC
This nore sensitive detection was acconpani ed by a poor specificity.
Si nce poor specificity, however, translates to a high nunber of
unnecessary serwomasy | nvestigations, |ike col onoscopycT/aree@ssas Wt h
a poor specificity also does not neet the requirenents of a generally
accepted screening assay. Cal protectinthas been described as an
alternative biomarker for the detection of 5 CRC from stool sanples
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20a) providing a stool sanple obtained froman individual, b)
contacting said sanple with a specific binding agent for S100Al 2
under conditions appropriate for formati on of a conplex between said
bi ndi ng agent and 5100Al 2 c) determ ning the amount of conpl ex forned
in step (b), and 25d) correl ating the anount of conplex determned in
(c) to the divemmomize’of col orectal cancer. As the ski |[HoFgEPZOTG0$3N

w Il appreciate, any such nmeasurenent of SIQOAI 2 is made in vitro.
The patient sanple is discarded afterwaesdds. The patient sanple is
solely used 30 for the in vitro method of the invention and no
material of the patient sapple is tran ferr d back into tht«:?1 atient's
body. Nei ther HBSSHIERSHEMGT SHEBRIINH IR RENoSEls ey ofiPRaoMs
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and S100A4¢2, disease. These results are in agreement with the more general role of calprotectin in
inflammation (Ryckman, C., et al,, J. Immunol. 170 (2003) 3233-3242). Hence, the
use of calprotectin in gastroenterology is not limited to the detection of CRC but
extends to other disesases, especially inflammatory bowel disease as reviewed by
Poullis, A., et al. (J. Gastroenterol. Hepatol. 18 (2003) 756-762).

25 A further alternative method to the guaiac test for detection of CRC in stool has
been published recently and consists in the detection of the colorectal cancer-
specific antigen, “minichromosome maintenance protein 2” (MCM2) by
immunohistochemistry in colonic cells shed into stool. Due to the small study size,
conclusion on the diagnostic value for detection of colorectal cancer is preliminary.

30 However, the test seems to have only limited sensitivity to detect right-sided colon
cancer {Davies, R.]. et al., Lancet 359 {2002) 1917-1919).

Recently, an assay for detection of pyruvate kinase M2 isoenzyme (M2-PK) has
been introduced into the market (Schebo Biotech, Gieflen, Germany). A
comparison of the guaiac assay to the immuno assays for hemoglobin and M2-PK
35 has for example been performed by Vogel, T. et. al., Dtsch. Med. Wochenschr. 130



c) determ ning the amount of conplex formed in step (b), and d)
correlating the amount of conplex determned in (c) to the diagnosis
of colorectal cancer. 30ln a further preferred enbodi nent the present
i nvention discloses a nethod for the diagnosis of colorectal cancer
conprising the steps of providing a stool sanple obtained from an

i ndi vi dual , codeertsiTmg sai d sanple with a specific bi mdrimeposgents f or
S100Al 2 under conditions appropriate for formati on of a conpl ex

bet ween sai d bi ndi ng agent and S100Al 2.5contacting said sanple with a
speci fic binding agent 35for a second narker sel ected fromthe group
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Such pr ocléssedPgeaﬁwnéwpbanéﬁwfphtféﬂ?aweevwmowe speci fi ¢ binding
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25bi ndi ng agent d) correlating the amount of conpl ex

formed in.(c) t the ectal ca r. The
prot ein ngOAI 5)0 1911% U "E‘fmb&meﬁ%oma 11 Z a‘e t he sequence

gi ven SEQ 30 Pb Nentaatmssm'eosm'ﬂﬂethaia §B€°@a|h"éﬂerlgc%&1ﬁ1f°r CABAL2 vadesi um
bi ndi ng protein ircoadirierstdpproptiate dor foahagioarvlilai qomplk deogerpsaid inding CGRP;
E:al cium lb: ntjl ng pr@grelamd $1004mmi otic flui g 1; Calgranulin C EN;RAlGE
extracel | ul ar in r ot .0 neut r ophi
S100 protein; Qo\ége%rTlnlnﬁ ebamoant%comﬁ?x ne rgteP'I(E er ot e| n encoded
35by t hi 23genedi s RrgBHAsCthe GMopHed 5‘$EYBIE’F S?FF‘IW“"(S‘f‘“p(Fb SiagprtsRfni ng
2 EF-hand cal ci umobiraetl eageenpti fs. S100 proteins are | ocal ized in the
cyt opl asm and/ or nucl eus of a w de range of cells, and involved in
Itot‘gg: ggg: f)‘tn' 22 43 due?lf:pelé T san {V]ll a(égrleﬁl\?gﬁ EQ&%&ﬁﬁ%&aét”??loﬁﬁlflgh'i%e yele
member s whi ch it T’Ich&t‘%’élsaé’ﬁ’ el é‘FiﬂS‘k@?ﬁ%ﬁaf%?b"rﬁi’é‘S‘PﬁéaﬂdzﬁSOIQY‘WF‘S
protein i3 propwsidntvirdsecthod of the thvemios pat hé matedall of ithenpade eamaidnts

signal tr anSdu%hs%e@%chmy%e%Glenk’g Sody QGhat REYurEhER 6F S106412 nor the
cyt oskel et al CO ssmentofSCI{@ype”R)rmecfaon%hé/}%rnllag%§anrgr%ult I;)gphl | activities.



The physiologically relevant structure of S100Al 2 is a Ca2+-binding
honodi mer. As S100AI 2 is also released fromcells, extracellul ar
functions have been described e.g., 10 regulation of inflammuatory
processes (Foell, D. et al. din. Chim Acta 344 (2004) 37-51).

Toget her with S100A8 (= calgranulin A) and Sl 00A9 (cal granulin B)
S100Al 2 is ewomssBd7® N granul ocytes, where the cal gr aMUVEPENTIOGT®I NS
constitute up to 50 % of the soluble cytosolic protein content. Upon
acute inflanmati on S100Al 2 is released-@nd it has been found in
different diseases including irritable 15 bow di seases, Morbus

Cr ohn, Kawasak s.di sea toid arthrit & and
Gl | B G hif it T afl AR QB kIRl B,

al ., Rheumat ol @5 abszeesshe Besesqesbf) relanecﬁntEHEatw ﬁfooé%?s'&?é‘d@"bf
the S100Al 2 r esqpls dheaslué messied gatBo0AIL mmdlthmﬂmmatmnassmugmc

i nflammatory axi, vaﬂlé-estabﬁhfngg%mlel[ dihfHosi@haAR GERks Bl eatisin@pstBpQRUICt S
(=RAGE). This rece tor can found in various tissue types

i ncl udi ng “e. g. T&AEBt hel i um and cel I's of the | mmne system (Hof mann,
MA et al., Cell 97 (1999 889-901 Sc al -4
din. Invest. 108 profped cpbrsimesyhe sl ;s sareing o e
inflammatory resppnieyid hehRuEBreinhwicnt kabardlestbarh e sieoldwsdmib duchi n
wound heal i ng, pkdteddd QEpRHOWMeR inttibaashigNihe sptiic il et Hof STROKL2. M A,

et al., supra; , A5 mb Nat .
Med. 9 (2003) él‘@%r})g%%& I}@PMn ﬂ'}ereﬁﬁ @fso rel?t‘?!vo{o Geneie}%dl f§r §1e &h H?LIS of
123- 135) 10Hencé"IS’_’E@tBlﬁf”fefﬁo&fPFs'ﬁ%@‘éStStPsl? oad range of effects Hovvever
no relation to tunor processes has been described to date. In a
preferred embod nmepreYidinga staglyamplaehtkesd foppmapdivideal sed in t he

screeni ng for GRC. pihesingssiddanple pablamrtpromesned lopidsgmplae di agnosti c

net hod accordi Ry tébntJaengSQIdOpese@m 11|qameat1p1@nmfmy shRifp birirdSHaRSot Umor

oad, efficacy of LSRRk @it ;ggémgm £ 9068 lwomgr{pﬂx' QWP Of

patients. |ncrease dirreCery” Rot Felfate
tumor burlen. Af t efaiddreding ager apd S 104K And term (few hours to 14 days)
i ncrease in S1G)Al @rreaying élrey enast aof jomghles afoonedofn {dnmor theedifgndesarh. | n
the long term fol | gysbyal efnc@@at i ents after surgery and/ or chenot her apy
(from3 nmonths to -9- 10 years) an increase of S100Al 2 can be used
as an indicator for tupor recurrencg n the col oreith%m IH,a )
preferred enbodineidist Prekeedirmbadyast of the insefonde amsiing frothe ARSFELENt

i nvention20i s useldredtlcaser @mprisigs thastppoés. |.e., it is used to assess
subj ects without a 5Sprior diagnosis of CRC by neasuring the |evel of
5100Al 2 in a stapol peenien and saqla @t@bddrigpn ireindividehl torebtsinragdodesed he
presence or absencg,@fs.kipfe; As the skilled artisan will readily

ZBB: gg: ?;?e ;nm) lr“:,fh ?ac{me‘ggfr.]atlidnl ?rocesseg hgt?’% stai(%glbe akeneg g%’%’i}lﬁ‘% z@er};t for

amount of stool saf9Pal? @dars@adtle'fs PREOPHEE Qi famatien ofa Sf"@FAIbZt“’ee“
conpri sed2s her ei n. sakuddfigagablyd §10@Al@mount of S100AI 2 is expressed in

terms of armuntc% of de‘%érmgthpsﬁo@metlpeffos&aﬂhmp (tg,a,ndt he rel ative

concentration of | di agnost i t t -onl
1! AT B (9%s ON1Y
be used for thé)scf® redrbl\lkm the ag'f%mpme‘floénrpa rmlnteomatltir:%copoe u %rtol ‘on’ but

also in an al ternafqlffféﬁtf’éF@F%frred enbodl rrent f or

30 In a further preferred embodiment the present invention discloses a method for the
diagnosis of colorectal cancer comprising the steps of providing a stool sample
obtained from an individual, contacting said sample with a specific binding agent
for $100A12 under conditions appropriate for formation of a complex between said
binding agent and S100A12, contacting said sample with a specific binding agent

35 for a second marker selected from the group consisting of hemoglobin/haptoglobin



surveillance of high risk individuals. Such a high risk individuals
preferably are 15 selected fromthe group consisting of individuals
with iron deficiency anema, first grade relatives of CRC patients,
patients with a famly history of CRC and patients with newy
detected polyps or a history of gastrointestinal neoplasia. For a
screeni ng asszomass7onl y t he AUC val ue is rel evant. ApquEresroosts cal
requirement in a screening setting is a good enough sensitivity at a
high and 20 clinically relevant |evel-of specificity. High
specificity is crucial because if this requirenment would not be

fulfilled, this uld result .in a high_nunmper of f sitive
results accorrpé?wvﬁ'if’ g@?“ﬁf?ﬁ%‘cgggedt“vp'f%ﬂf&ﬁa ?Pr?)tFad?fel?]‘hfl‘nggﬁﬂ_é B r ess
for the patiend. pyryvaistiense PYPK) vader epirbidinyapproptidte fdr dommatiop of a
specificity iscagfledttetwbdhaidbifidinddfdntand B9 YecoiLoRRE] do@lidh thasmesdipar ed
to CRC negati VerdoRdlek fophied fr SlopANGnd i bl 1B e sk of SN Und 26851
popul ation. As .the skil edpgrtl an w || X}F)pr_em ate_a . cut o fr-v ue
for S100AP2 i sMEAMAIPT ShetPREE I TS 0o Aodibancsie of sdorrddl<aPe I'n the
st ool sanpl e déntherepteferreshembodimeantithé methpd acchuwdaigtth yherpyesamt! inysoten @t i on.
Thef cli B: cal | ybdsed v aiu ddﬂ@hﬁm{iorFﬂmJbﬁslbmzi dhd&)fﬂfgﬁegﬁﬂiﬁlgs gt detong f
preferably congj, Yypltn e o]

557 30 to 65 yoares tﬁib %%bﬁg?@nvéf §§°“.A‘#_‘aa s sfé%‘lpﬁ%@mgg@%gﬁﬁg
establ i shed cufeBi 2y HegEonhpeter LoAdradrten ohvdpdode rAcf SY P Erethsr may
at | east Mar r asecorfdumarher andfi thg deisinivatior R 1AM omdodf NhEK e dpesetoind e
individual . - mhfker, résk@VeBCASdbVRANGERe sRNEL arfifaf GheaRdabirernOErB6mAS from

adenomas (pol yps) gt faeﬂmfhtgﬁgo@gwma@é NQURSd marke i 54 A BYmAfe GRBCET

is the classification o Isease In ter of extent, progression,
and severity. PHIugy Bﬂfbé“’?:‘a“ﬁﬁ‘é? Pt iPSNPEE Snﬁafﬁmalénﬁfpﬁfti“‘z"g’t ?'or'¥" can
be 5 made aboutliffprenipligitsof amatianfiesteshaimple ap fromivéffeaqny aliquiple ofi Hatientent

st ages 0f15CRC psedsed erobleamiplasapdctiat,. accordi ng to Dukes' stages A to
D. Today, the TNM systemis the nost w dely used classification of

the atnaéI om C_a:c I%hRdr Hefefr@) CRbodimbnt! ﬁprs&a%mﬁplans ippdcedsdntd QdAdvey .
accepted, uniforms ] e r - i | S:
(the extent  of AR PR ReniS) £ Gedpal 8, SRR FodB ARES. O
nodes) and M (tSh@elbﬁ@geﬁz%W&P B SBssifis Ripding ageah for 00l J8% Preseie” TNM
criteria are pinvtitioh¢rtrdiyre the rddt<€® ¢ nsthed fartthodiagnotinefonlosgal aster
Cancer), 2pobi ncorﬁprlgtngtﬁéigteg,mi nd, Ch. (eds): TNM d assification of

Mal i gnant Tunours, sixth edition, 2002). Once the TNM status is

det ermi ned t heypatdeidisy At SnPuRBRildtomdh sRARRLISt ages that are

denot ed by Rorrg)n numeral s . saapxghwr%r%ergolongg V- with IV 15 being the
~nost _advanced di séase stage. S ag]l ng gRd ‘Ul CC di sease st ages
correspond to EacHoBeRiEs s3d PEessd spAPE WED R EPICHIRvIGImEBIN for SUMA from
Sobin L.H and W tunéi evaditieds apprepuripreafor Tarblagoril of kndoetpieg| tatveen s TNM
staging apd U CC jisRSgent ht0N60Ab Geddi sease stage T staging N
staging M st agld)ng c§1tr89c%gothll a%no’hlg of complex formed in {c) to the diagnosis of

colorectal cancer.

The protein $100A12 (=Calgranulin C) is characterized by the sequence given SEQ
30 ID NO: 1.

S100A12 is also called CAAF1; CAGC; calcium binding protein in amniotic fluid;
calgranulin related protein; CGRP; calcium binding protein in amniotic fluid 1;
Calgranulin C; ENRAGE (extracellular newly identified RAGE binding protein);
neutrophil 5100 protein; $100 calcium binding protein A12. The protein encoded
35 by this gene is a member of the $100 family of proteins containing 2 EF-hand



MO Stage I Ti, T2 NO MO Stage I A T3 NO MO Stage 1B T4 NO MO St age
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calcium-binding motifs. §100 proteins are localized in the cytoplasm and/or
nucleus of a wide range of cells, and involved in the regulation of a number of
cellular processes such as cell cycle progression and differentiation. S100 genes
include at least 13 members which are located as a cluster on chromosome 1q21.
5 This protein is proposed to be involved in specific calcium-dependent signal
transduction pathways and its regulatory effect on cytoskeletal components may

modulate various neutrophil activities.

The physiologically relevant structure of S100A12 is a Ca”*-binding homodimer. As
S100A12 is also released from cells, extracellular functions have been described e.g.,
10 regulation of inflammatory processes (Foell, D. et al. Clin. Chim, Acta 344 (2004)
37-51). Together with S100A8 (= calgranulin A) and S100A9 (calgranulin B)
S100A12 is expressed in granulocytes, where the calgranulin proteins constitute up
to 50 % of the soluble cytosolic protein content. Upon acute inflammation
S100A12 is released and it has been found in different diseases including irritable
15 bowl diseases, Morbus Crohn, Kawasaki’'s disease or rheumatoid arthritis
(Burmeister, G. and Gallacchi, G., Inflammopharmacology 3 (1995) 221-230; Foell,
D. et al., Rheumatology 42 (2003) 1383-1389). When the signal cascade of the
S100A12 response was investigated it was linked to a novel inflammatory axis via
the receptor for advanced glycated endproducts (=RAGE). This receptor can be
20 found in various tissue types including e.g., endothelium and cells of the immune
system (Hofmann, M.A. et al,, Cell 97 (1999) 889 — 901; Schmidt, A. M. et al,, J.
Clin. Invest. 108 (2001) 949-955). Besides being involved in the inflammatory
response, the RAGE-pathway has also been described in wound healing, tumor
outgrowth or systemic amyloidosis {(Hofmann, M.A. et al., supra; Schmidt, A.M. et
25 al., supra; Yan, S.5. et al., Nat. Med. 9 (2003) 287-293; Hofmann, M.A. et al., Genes
Immun. 3 {2002) 123-135). Hence S100A12 might have a broad range of effects.

However, no relation to tumor processes has been described to date.

In a preferred embodiment, the nove] marker §100A12 is used in the screening for

" CRC. When used in patient monitoring the diagnostic method according to the

30 present invention may help to assess tumor load, efficacy of treatment and tumor
recurrence in the follow-up of patients. Increased levels of S100A12 are directly
correlated to tumor burden. After chemotherapy a short term (few hours to 14

days) increase in S100A12 may serve as an indicator of tumor cell death. In the long

term follow-up of patients after surgery and/or chemotherapy (from 3 months to



N2 MO Stage IV Any T Any N M 20Wat is especially inportant is,
that early diagnosis of CRC translates to a nuch better prognosis.

Mal i gnant tunors of the colorectumarise frombenign tunors, i.e.
from adenona. Therefore, best prognosis have those patients di agnosed
at the adenona stage. Patients diagnosed as early as in stage T5, NO
MO or TI-3; MN@:z0dA3477% treated properly have a nore thrawep®dhoedsance
of survival 5 years after diagnosis - 11 - as conpared to a 5-years
survival rate of only 10% for patients-%i agnosed when di st ant

net ast ases are already present. In the sense of the present invention

early di agnosi ? yeaTszrtCmcre%sF' 8P sﬁ)&ﬁ can ?gtps San mdlcat r"fICan{ngrt r%re‘é@er €

no net ast ases a pr oxi

present, i.e. e%ﬂ"ag‘é@“of Tis, NO MO or T1 4 NO, MO. Tis denotes
carcinoma in srtu It is preferred that CRC i s diagnosed when it has
not yet fully &r @vrpreﬁemdmghoctlhentbﬂmeilagrmhr rpatlepdt pagerdingi tohde Rrrgsent

vi scer al perl t edvedtion iisuspeiot wiahiaglpm@bseeu Beit isQis@id assek sibjdcldGlitiors ar e

i nvaded, .
10re 13 fo el ”’rﬁ“%. By shoan g@s@%&%&%ﬂ 0
the present i ny&riaighiteleveme re&rﬁo EBF’EFBF“’% pes o his derived
froman individual. The stool sanple is extracted and S100Al 2 js
speci fical |y mbathgekiliedrarimm Wi readily aprseciate insyeibicresaing Fase bas 19 astaken o
speci fi c bi ndi dat ageptopridte Amepe i & stoollsample grseslgBraferably a defirgd amaunt
receptor for Shoddbi2sample! 8Ckbd i tﬂ@lIxﬁwsutr@negag%hdbm@rao,apﬁsamrser&@
S100A 2, 1‘8r an a erab?ypt%%amel_ P?o{)ﬁﬁt&}azlls exp sse 1L'té%m? ' Paqn!rortllgt c?f%?t%btAlg'as at

| east an Qffinit 3 corresp Ecul e.
The specific brwarqﬁ@f%g%rrﬁ rarefaerwpgﬁnﬁgsoneﬁs@wzﬁr&lgﬁnof 1081/ mol or
even nore preferred of 109 1/nol for its target nolecule. As the
skilled arti safhédiagnostippmetdipe sy trek oplgrhgused for the screening of the general

asymptomatic population but also in an alternative preferred embodiment for
surveillance of high risk individuals. Such a high risk individuals preferably are

15 selected from the group consisting of individuals with iron deficiency anemia, first
grade relatives of CRC-patients, patients with a family history of CRC and patients
with newly detected polyps or a history of gastrointestinal neoplasia.

For a screening assay not only the AUC value is relevant. A quite critical
requirement in a screening setting is a good enough sensitivity at a high and
20 clinically relevant level of specificity. High specificity is crucial because if this
requirement would not be fulfilled, this would result in a high number of false
positive results accompanied by unnecessary follow-up procedures and distress for
the patients. In other preferred embodiments the level of specificity is set to 96%,
97%, 98% or 99%, respectively, as compared to CRC-negative individuals of the

25 clinically relevant screening population.

As the skilled artisan will appreciate a cut off-value for S5100A12 is established based
on $100A12-values as measured in the stool sample derived from individuals of a
healthy normal population. The clinically relevant normal population in a
screening setting preferably consists of clinically healthy individuals in the age of 55
30 to 65 years. An S100A12-value in a stool sample above an established cut-off value
may be considered indicative for CRC or may at least warrant further diagnostic

examination of the respective individual.



20 specific is used to indicate that other bionolecul es present
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15 achieved directly in the sanpling device the necessary handling
and transfer procedures are reduced. Several recent devel opnents have
focused on devices that facilitate the sanpling and handling of a
stool sanple. EP 1 366 715 discl oses a special collection tube for
collection of a stool sanple. This extraction tube essentially
conprises (amwaoo2@47¢ont ai ner body that is holl ow on trceEPmside;s open
at the top, and able to receive a buffer solution, (b) a top cap
provided with a threaded small rod for-1tell ection of fecal sanples,
said threaded small rod pr ot r udi ng axi aI |y inside the container body,
\(M;)e nat gle\“t glpnga_p%. | SpaEaéHR gyegrg aur&rva ra ﬁﬁﬁé%,tfor djlpa%terﬂt gfagr%l:sedb\ghdex’ and
i nsi de said coﬁetanwasmyresbeaégptet?nt 25 separate a top chanmber from a
bott om chanber inside said container bod said dividing partition
havi ng an axi aln thobeasesafithegintsenttinyetfanearht @nwsﬁscé?@@ refers $ai diagniesiegided
smal | rod, so asurhd? stagd whefe #ReBXRBSS alf QGiEIEr pﬂ&xﬁﬂldNﬂQﬁbrcﬂfbﬁiﬁb&\ﬂO)and
al L ow thespass gl el iaadefl, Raio SR MET, dbffbs BLRoAAK
bot t om chanber his extract on tu urt as a cont ai ner gy
that is open af™ he bottom and provi ded vvrth a 30 bottom cap which
can be applied movably to the bottomend of the container bod

that said extr Hdtpeisrediphat CBR indiaapewd vwhet Bbay Rpt 3 ﬁétlrr&rwrathgpug%rhﬁr i ng
tube to be i nsbowetdall atdahe el lthe-vivodrd @eripphauireis pérfcgartdomatotter organs

anal yzers, f ol bowuogtres 8R0MakedOf e, SRt diaBRst QMhdaapt ﬁl?gta%V fRdrh T Non8LoOf
sai d contlﬂl ner ‘ﬁ?ﬁdﬁf’ I\I@F Td%VNG% isclosed in EP 1 715 all ows for
an d

t he conveni ent of "a I'ned quantity of a stool sanple - 14

- and has the H ?nta e thg aftedr prtrhogrraﬁe ext tra.cf?r the A Libe
may be di rectI?ep B0 MFGCT REOLHB P P REIRT DF R ANFSHE T 500

anal yzer. A seéme shighnyl derigd oy gphpdyidesht Be Sﬁobéqm@,@amﬂ"ifﬁ&dd@dl ce
that is appropsitahe fsopecificallynviedanred frogathpl progssah etoblasadiplerisy Wk ofl ast ool
sanple is descg eQﬁE’bthln%/Q 3/ 068398. 5The stool sanple is preferably
used or processed directly after sanpling or stored cooled or nore

convent engly srtor g% o e @ila T
’ P AR toéﬂ@ﬁgea B ano atrrtﬁl *h sp i bl ent

centrif ugat | on
measur enent of aﬁﬁh@laﬁatrikaetransmpﬁm Yopkforits cquesporsting thigetpnaestls sk
st ool sanpl e i spetifebibdih@ihenyipréferitiiehs pe affifityCof DO NVehioh r @rgrembrefpodferd 00Al 2

under condi ti 091’510&991 PRE t@tar:get Rlolef: 04 m@tﬂeqramararasanmdt

ecﬁgaetﬂz term
SI Q0Al 2- conpl ex cond | 1 on ‘aﬂ
Ski 1 ed aPt b samedit Rou Gyoiri, BAL 108 BrrPRes Aot in st s 34 uon
appropri at e i néigméepbnhbiedrdpith dresbindimpragent Sptcrﬂilf‘)fs%]@%]écetffffmbﬁgﬂteo t he
met hod di scl oskekl bfbikdigy ohdsetlecilnvdat tharthé Ggeanaledale reshiitciaapindingi S
measur ed and C%w @t,esi lsto%l ttﬁ%, %@9 pe&tﬁrycﬁnlyqaﬁoféé akihGy DK ! t?rget

artisan wll uner.o

Srount of -t he BRIEEH? PoSsBPYa o o bRRgE st Pt e GPreg | n
detail indrel emanmumex'tebe&tsfﬁeeraswe@;asgorqucrfjcsrsen P., supra, or

D amandis et al. (eds.), |Inmunoassay, 20Academ c Press, Bost on
(1996)). Pref ehapdcific Sm@@éla@nt prefwblyat adintivpda regetivd with 91800p2 The teary
format. |n suchnds&afed tb b pafcsRBMtibddy, Ohoibiclofal ag@Rty, fiGgiieebfth
capture 5100A %H,%Qdéég%s ﬁ'%%ué"“o%@uoﬁ &%ﬁs.ﬁg%' Elh&gg'dﬁﬂt.ﬂ%f% ent,

which is | abel e or 1ndirect e ]S use on
the other si deant@sﬁhﬁrbambegr ttsnstbemnwgéaﬁaharseltﬁe §éEF°F"6 pinding
assessmerd of QRE dan beulrdr Apibodieare gmeraed gy state of the e procedirer egial

cancer cells l BesSritleld in Tifbsdal (qrr;s%trree,, PRtideAnd Qi sy Rk @inGAdassafsail Ni Ng

Dol et oo (SRegE! VS bhRa o S8 SrBlebhadytiio

qualitative (S Uantitative
anmount is det eFl}ﬁngqgl)arpWﬁ'gjzg§§rar§ of methods based on 1mrnunosorbents that can be



- 15 - As nentioned above, it has surprisingly been found that

S100Al 2 can be neasured froma stool sanple obtained from an

i ndi vidual sanple. No tissue and no bi opsy sanple is required to
apply the marker S100Al 2 in the diagnosis of CRC. Wereas application
of routine proteom cs nethods to tissue sanples, e.g. by 5 conparing
heal t hy and ewmerioarse ti ssue, |eads to the identifi catricomenhrovey
potential marker candidates for the tissue/di sease sel ected, these
mar ker candi dates only accidentally andzi-n rare cases are found in
the circulation. Surprisingly, the inventors of the present invention
have been able to detect protein S1Q0Al 2 j.n st ool sanpl e. They, have
been able to dé‘Fﬁf}ng’f rthg épef'lﬁét‘“’ltlaﬁ'én EERY esog}’é&ﬁﬁ,ﬂ’?"%e EWIE’U&
stool sanpl e olpbiaélorall ahtitdieannd futieei theial pecfarmapes o imebpraedyst et bre

di agnosi s of cehiheal Blssaal\CRpra, pabesheS18).50 been found that the
presence or absence of S100Al 2 in such stool sanple obtained from an
i ndi vi dual CantFBPthEQEﬂi@leﬂErﬁgast d:l%cio!&% aart§§ sﬂa&ﬂ? 9.%@6? %?E(ﬁo&i aﬁiﬂo@f@@cé al
cancer in_a pati.ent. resent i.nventio SQ. I es. t. 0
farls ase udi;?ge*br%%c AR et MR el 3o by Rrbanl Bodee b
provi ding a st differeshipgties  slstrals Aegtiter gigs-anvelhimanatienal ansipodiessaraleq ng
sai d sanpl e tobehkdl binee poockadeatibidfdiceh bappleced dy agomhaot iragirehi d
processed | _qul“gth%mn?pﬂ%zrnesa‘th\%}ppﬂﬂege'ngid@l RisNE dA@RPIeh Uf adbBALZ
under conditions .a rogﬂf ?ﬁte tor for mat i.on no& %lgﬁ%hieg(mté%o\gﬁ n, said
bi ndi ng agent éﬁ‘?i‘”’g GHAT 27e EREE i R R AT O '8 Lot & i n
(c) as ani020i ndpetedascording te Hie PEsE HYENtion isys| appbetRipferced fabpdimaat. ¢ he
skilled artisan will appreciate, a positive result for S100Al2 in a
stool sanpl e méstthqdilledecdes aill kaprevatannavh dbat DA thae heen HdentilmChy
However, a poOSimidadenyedt thearf imuBbeAX a8 ainfurieer SithizBlis ssafupinethe Hiagrosts b
considered a clga - Ul ;d,5Rt Qhy HO YBE '@Neadnlh { RGNt AEHRITIE to the

sophi sticated diagnostics., I'n a preferred, enbqdi nent. tive 25

val ue for 3100AF*2€"5'§5%3§&Fe6“%€P r‘ﬂ"&“t‘é’f’ogl‘e é’?ﬁﬁf é’r?t"sm@g@ﬁ S be

i ndi cat or15t hat detegedobat angrappropiiai¢ thedne apd fesd adla parkehel CRaved pelitrdns,

especi al |y a Viapprdpiiat€ ¥t @ehpriedTe@r dptien 60 Hens1goaRhjyol{piide) byoin a

col onoscopy. Prg %B@QJS%' préceBie) l}yllMﬁich@nl'dﬁ%tdthpﬁy,%Eﬂﬂ!allyﬁ'ﬁé%e@fofﬁan@@e_d

as an indicator, t] :5&7 C IonoE)a’gygy as é}he .next %E eﬂ) ]? (%Qeo 19;"%9\?&5“ c)

exami nati on of HUuSfogHosa TR Oreg Y RSP gd He® PPy

prot ei n 5100A Wistesn Bettivgmdbempsspisiatcarieous in the field of CRC.

Therefore, in a further preferred enbodi nent, the present invention

rel ates t2 use Fof mpasotesient, 81200A 2mak inobteinddefrommeh dnliMidual. gntafiguot of

di 3gn03 i SI of CQhOUisst baRhpl CARCES ustd GirBcdy. ftm&blys@rauheotwt}aismdsaﬁipmm aR

i ndi vidual . - o NE: T r ' -0, L t hat
q’(@cessed E!ieyu;lc? arﬁgglg sFlgaéle.rP g@&%’t& 4ol Qﬁﬁﬂe 40, | %ﬁ% Qfg’éﬁe

the presence of or an increg e analti/tre?l 3100
measur ed from £P6E BRUSIrAIy T astaol PPl pithiep B2 F H RS- i ndi vi dual

mar ks the presence of CRC, (Obviously the mar kgr S100Al 2 ma¥ bf-E )
measur ed by anylhappcestipg ak tbe feelfamplf starenptided RE an giiragtion RIS ed
used i n 5ithe aspespdfir theftasKRCshodl folflliaplesst thaed Hagic sdquir¢reatsalttshadd,
the pr esen{ i P“Ii{%@rta{egﬂel imﬁ&el oq]ﬁ&reaeftr&m&tssri%wqmtz&. ]?ceshblillﬂisfaﬁiﬁzet e e
measur ement o e -len ot ei :

Physi ol ogi cal fanétﬁ‘eIgfhs?u@fmlg’faﬁe%_’%m?%%'regl:es%t ‘eeSt%éggggéhgééﬁﬁéggt as a
marker for CRCdfiftioa pf ghet Melirg Ynre Brkgerrmbinapent fght hold additional

| mrunol ogi cal | Widgetsec patohtal, fan agieived bifferpheflé nabdnly borprlicable @ cheast
6, 7, 8, 4D, 1?specilfé bRImaf@r GR Rdrlal B Ses 3fin s @Eh L trition Bhftkr ARy kidkain

pol ypepti de. e of ,Ski )l DL gL, AONLAT SOOI AR NALIPER! BLPS
which are rel ed88d°B)PRs P& gr present, | i the extracel lutar matri
may be damaged,bednduded derrstabization| of ined i -BiRding perteiputitrend 6b RIS aded
or cl eaved i nt knswglo be aefiidiiding pateinh chesdsirhdiiedl baffdri geferably Mill contain
appreci ate, S1Q9M.2,0f fbHRHEEBA SrolehrWelk HBMing g0l BSERY 1B S



25 least two epitopes of interest and is appropriate for use as a
positive control in a sandw ch i mmunoassay. It is preferred to use
the novel marker SIQAI 2 in the early diagnosis of colorectal cancer.
However, as the skilled artisan will appreciate S100Al 2, alike other
markers, will also be of great advantage in the diagnosis and
fol |l ow up of wiatoh#miree al ready 30suffering from CRC at ronERcewiErCced
stages of tunor progression. The S100Al 2 concentration closely
correlates with tunor burden in CRC. Fhe-nmarker is therefore al so
suitable for the fO||OMFUp of CRC patients after treatnment. In a

preferred err‘nog1 he,novel rk S100Al usetd tﬂéﬁﬁl tool
fol l owup of p eoéﬁ and 3P Papk H’d‘ E% E G " %%ﬂ?arl Y,
e.g. at 3-nont Aiajrix. BIDWBWOBGWsMM&W@P@ﬁ eempleemgsargsnts have to bipdnt hi y
or yearly intecvdlighs fufficiehtprvagk assivoid angping oisCdhencdoen sagosbe

tunor recurr en§ fegd% rgﬁll(ﬁﬁa%gt%csagg or'%ﬂralté‘laq'g &3 Gs 8{ela§3r§ 1% a%%?é&ﬁ%% of
S100Al 2 above L rng, ue ar eh‘tfgnm der ed gl.lcatl ve for

CRC. Uor 3ot 00 PUEST AR PR RIS Bt PR ConBrs Speh 81 3P4 oA
further prefer pleeaitcent?odfrr#é)ntthq rebelatborie seledtedt gmt theagionp hodsiving of
assessing by amiuilBtribetit QcidBASaRNMBApAmpRad b@attion Wuffer & Rg. Gdedin the
col orectal can ok esﬁIt &rast%bllrsgrg 1¥a5 ?5w‘§ £RY, 16&9‘ t he cancerous | esion

t he net hod conprising the st provi ding a stool sanple

obtained from fta' dgﬁgg})ﬁ@%ﬂt t6 Lse aﬁnh d {zleglg(tr%g“og b%ﬁfe”% ?o.%(\%&a'?wﬁ‘@ﬂ%c' fic

bi ndi ng agent 1aor appr

f or mat i ontYof ataéﬁhﬁﬁ‘eeﬁt%bff‘mlé’r'ﬂ dexirg bt waftﬁ@wafgeﬁt%&ﬁame%fb*ﬂt cpllects)
determ ni ng the dafinedrdmayht oD sipdlesempler amddtringfers tie gir¢cBy istngha yollection
correlating t hereﬁn@aumth 1S stﬁtﬁmﬁlgeeﬁtr@tat)etbmf@eﬂud nﬂ)n(’é'a)eni Blode dsfeauﬁtrr@nce

or progressi on.9 ex?rgct%%eel%gbq?? tﬁgpr is'i)brt %%eusrgg toOJ d%&n%%o orgtg)t?‘|

st ool sanple i §7°e8 erre

used in the ea?"’ftb"‘tﬂéfgé‘tfjﬁi“a’n" otﬂﬂeaﬂ ‘PEFn‘B? Wfé%ﬂ?f%ﬁ&étoaewveﬁfw he
gast r oi ntlést i nadhiavedadirectlif e thoo kamrpling dewitd thesnecdsary botdiing bod raadfe part
of the gastroi Bie&lutdade rddu@al . Now that it has been shown that

S100AlI 2 nost |1 kely will be useful in the screening of patients for

col orectal cang&kml tetent aevvlepaseAts K&k Yodultatont RGicRBR emaatptheﬁtrﬁam 2in
a stool sanpl €a gjfaﬁéangldug of & tsto(L)Jl QSEPaI 6%%1 85&:}05&3 a%}aecna* coll%chgn gdegasnent

of other types stl nal  cance I pr et erred
embodi nent ~ t he{edivanf q FF\?@ntaFtBt? Fajsaparactiop tt*tfeﬁéreéaltxf coqprieral @) as
measur ed 20r om eorsdimo bodyahgliehdlowtdnehamsids spanit theftom agdslile © mteeszi nal

tunmor. Preferabhffer atm &) a%pna %%vﬁﬁdfw'itﬁmtlﬁ'eaﬁ'%&)%all&@mr%t)lle@mﬁt' &0

d h f
gtsg le_gatrpfeaz gegasf m;hes 5al ]dilftrgargp& %]H%Q Protrlvg%g %Ix“ﬁl nstde gte C§JIQSAI\I b% roma

embodi ment  25WA¥HS tﬂ’Pﬁt}’ if ePptlffbtorst%fgem ?fﬁ'tﬁéﬁ'ttﬁ'aﬁ biOH% ?fE(Céating
det ecti on of apgtiSdr@ovidesinianahtetmedire pogtem inerde eidontingr bdylg so as to
gastr oi ntx@st i Ngdparhte@lbp cﬁmeuﬁamqud@tbm &aRbeli {;t%lsadlcbaahtnboag%esent s

a signifi Cant Q 1%%1% ar%tt%r? havtng aff P%QTB%%T %gleftcg qlog lﬁr epa&%% ogéaﬂigtnr%ﬁdeﬁ from

stool . Conbi surenen own narkers,
li ke henogl ob| ffnttlrrot e e AgYn 85.eﬁcess feges iR 53¢ E?@ICBW‘??I eSrAHP Y she Pafsags; t h
ot her markers of thCREeaded paroobibe dinglt mdeinwdsaidltottde chrmbearelhid edrdgtion
respectively, tteefﬁmhtma& alcamlg&a;rtsapt]ﬁt is _péQ RSBASHITRA brddfde LR

Thereforeg,in a rther r nt i nve n
TLr Lo By’ T 2obllt A5G IURO TSN 05 LSBT
cancer in conbfhketsed e\’r’tﬁf’tCHO’bWée&t“ beotsed Grerdras fariRary %Ple&frﬂéfsmfba
col orect al cantwedrted fintb headpladnldsi gatefof eabmrtectnalyze85bdlmeieg rdmaysh

stool sanpl e obtfiduesh &ip HAAGuiARE ¥f didabntaiRirdbey TRISRE @6l R intEher -

18 - 1 366 715 allows for the convenient handling of a defined quantity of a stool sample



CRC markers with which the neasurenent of S100Al 2 may be conbined are
TIMP-1, calprotectin, tumor M2 pyruvate ki nase (M-PK), henogl obin
and/ or the henogl obi n- hapt ogl obi n conplex. As a further preferred
enbodi ment the present invention discloses the use of 5 protein
S100AI 2 as a marker nolecule for colorectal cancer in conbination

wi th one or noomootées marker nol ecul e(s) for col or ectralI/EEZOTE@H378

sel ected fromthe group consisting of henogl obi n/ hapt ogl obi n conpl ex,
henogl obi n, tissue inhibitor of netall-ogroteases 1 (TIM-1),

cal protectin, and tunmor M2 pyruvate |cinase (M- PK). 10In a

preferred enbodi gent,th resent Jnvention relates to the us a
mar ker conbi natapgﬁasc%ﬁﬁ(&a’gtﬁf tﬁ?h@%@r"ﬁ‘@’?&ﬁﬁﬁﬁ? ri&§r{gbe1:flﬂk-elgfe%{h{ he
assessnent of (ER@,dimﬁ@é‘?@%ﬂb%@ﬁ“r?é?k@ﬁ%‘“ﬁ*cé“%ﬁsured froma stool
sanpl e. In a preferred enbodi nent the present invention rel ates
to the use of & swemkexampbndfianephisticateiongt sagiphing devise thay ik appsolSBEIN 2 and
henogl obi n i n theeAismesspiRRbndiRaflifgREa stvd) @maAsis BRtrbedRNKENS/068308.
measured froma stool sanple. In a preferred enbodi nent the present

i nvention 4 el at®gs sl shitfle iSSre@fabld uSRI df SroceQuuDiRELy MOr GAPREF & fided he
mar ker S SlOOAI %ﬂg‘gﬁ t he her\golglrﬁ]blsrgj{' r&aé%tzgrpkl%génnsto%?sa l ?EX CEIInnbet I;]'g E556
assessnent of °C OHBPE SEVBBITY R Ket®S ar € “Peasuied from &, st Sl
sanpl e. 201 n a byr dewinge doliswed divneiiutianhdn rne BRIEPTAR, RtiFonmBated t o
t he use of a maekdfugapaliupahitans aonped bsliqey strhple fomslberquer®b@@ikéneand
tunmor M2 pyruvakgeki.n@seobMa- PK) in the assessnent of CRC, whereas
both markers are neasured froma stool sanple. In yet a further

preferred, ﬂboqnin”ma&ott&%@f,%ﬁe%{zheslo%r 1R it S ALt hel PEitkSEndlhg @ 25

mar ker conbi nati on _conpr.l ) rs S100Al 2, Tl MpP- nd
henogl obin in taﬁ@téfgég@éﬁéﬁ’?‘%fﬂm‘@ﬁﬁ“s WPé‘?Pé'ﬁ?c}%rﬁP”’?aI’i‘P%gP ﬁé‘?%@? &t e
measur ed from $183A3&komplemSech dopdifiests nged ot b epecifpds piner thel skilled Gispre nt
the present inuaikbiOkny ivaites cforttdf sl déntdy RBdhK eprgoRiei Maibaton
conprising the -g(ﬁ;ss S100AI 2, TIMP-1 and the

g

30henogl obi n/ hacpt5 obi n conplex in the assessnent of CRC, whereas

2007/ 134770PCT/EroBH FED AT (AL R SATE e prLimution
‘activator 1) NECPRYCLFRFRIEX SrPerwrhaiberEe e )th%¥%a&’°%s b‘{%}gﬁaﬂs Pol e
in cancer gr owskillahatispwdbabpreciowtthirbert nngerpes reethgdya ingasuis dheaequinbn  of
the extracel | ul @ineBtdiiobindiLagemt 91064 1230 MPIGHIEI U ibed i BétdiDinSreledant
VWP S, are callaghdlSalile Bl BY Sipdl, oMWiarianls o M), mhMEasay! OF M
tight 1: 1203t oi CAcL&mTDEPrLs%, Bo(s)tg;é(l%éﬁi Rth the activate orns of the
Preferably $100A12 is detected in a sandwich type assay format. In such assay a first
specific binding agent is used to capture $100A12 on the one side and a second
specific binding agent, which is labeled to be directly or indirectly detectable is used
on the other side.

25 Antibodies to S100A12 can also be used for assessment of CRC in other procedures,
e.g- to detect colorectal cancer cells in situ, in biopsies, or in immunohistological

staining procedures.

Preferably, an antibody to S100A12 is used in a qualitative (SI00A12 present or

absent) or quantitative (§100A12 amount is determined) immunoassay.



MWP's thereby inhibiting the catalytic activity of these enzynes. A
nunber of enzyne-linked i mmunoassays for the detection of TIMP-1
(Kodama, S., et al., Matrix 9 (1989) 1-6; Cooksley, S., et al.,
Matrix 10 (1990) 285-291; Cark, I.M, et al., Matrix 11 (1991)
76-85) and TIMP-2 (Fujinoto, N., et al., din. Chim 10 Acta 220
(1993) 31-45wdmvesiyeen descri bed. These assays have lreerPapphised t 0
body fluids, e.g. serum plasm, amiotic fluid, cerebrospinal fluid
and urine. No data can be found, in thd5art denonstrating the
presence of TIMP-1 in a stool sanple. No data are available in the
art, indicative for.the fact .that the presen Tyl MP-1.in a st.ool
Sampl e could ba* BRUITRIUE E Ly ey BEdo e 8 Pt e el
field of speci fiom Bitavdpampleaabiained from weniliidi saa e, tistre 3ad Pg bigpy pest
provi ded i n t heanipdyisreqhired tkapply tidrineRerSoo0an 2 Babe didppospd OREI ¢ bi ndi ng
agent and the auxiliary reagents required to performthe assay. The
present invent :mnream;spﬁtﬁbe o@}r_&lﬁinlé_q:lr&t.%ﬁﬁici fhefiBdd NiREd ©@Ipla .ty
conpri sing at . n r

auxi |1 ary T eagiine. I%&%%Eia%éaﬁﬁ?dugﬁ‘sgﬁggﬁ o, W0 EFAALE 3
di agnosti ¢ t esPOiERiaymAkE ‘6%‘5&%’%&‘3&*‘%&‘/‘5‘? 535 SelAc (e these mprkes qppdidates

char act eri st i cenlf R@Rlen(aieedds persicased yre Zwaid gn thel diculativg. Bapptedlns theG
CAin. Chem 39idvdA88)f 8 br&dhl)invertitey HRe begh aflb 1d Geraat Plottin SM00AI2 in@f t he

sensitivity/spegiflCi i i i I j ng the
deci sion thr esgigloslf“a‘b%zrg?}aftn{{gb&ﬁ? |HI|F téa %gnofn%tpag%%?qh%ﬁg&g% &érsgogﬁﬂ @e
clinical Berfortfice samplaolrtgfaeﬂetg%wnf‘g@ga JepRAfaEepid faige psngrindt i
accuracy, or thdomilicanicgr.to correctly classify subjects into
clinically relevant subgroups. Di agnostic accuracy neasures the
test's abilitylthes dorbeechind thlatshd preencs br dbyam 51 @A sedsthot jaopk of
the subjects ipyestd Gdkesh indisduacandid LPRfAr 8 theprexept ablsal éh and
di sease or 30beoé> QoG RYS Bkl ﬁet rdslex%e18\§e% ionI ﬂsoel%ﬁns G249 Hre h‘i)g' %ochx:
pl ot depicts t he oyerf’ap bet Ween __fwo |s%r| utions qby pf ott] ng
the sensilfi vi t PApding relotectal eapersicpmprising g stepel ¥ Fupidne? siepgEmple

deci si on t hr eshithided fr€on at individualxh)procsssivg prd faimpletty obtain atphmsessed liquid
true-positive fmasd bRnhaskisii@groddsed 1iqd sompldWitephe@ic tikdigr Rasifdri Ve
test resuts) &idoRKI Rl OlnahloHEaROS bl E: b RHIRSE a bk BEWORARL) Ve
test results)].. Thi's has al so been e erred to as_positivity in the
presence of a gind@gagenhpnd.3iqahts apd 9 ysingdheabsengs gt LEPLRPEP X S t he
af f ect ed 2§ubgr oulatoCfer theebsgncaxf ®ldrestat faecef.al se- positive fraction, or 1
- specificity [defined as (nunber of false- 5 positive results) /
(nunber of truas thegellddwetisen willnppecioé, afpatitbe rpols for SUBAL oW stos) amplet i s
an index of spggidiothi¥ss@MImbs thaliketaatR HatHa. HRMWYvel laQBkitivalue for
b S”bgfo‘a%{i’z ipehayss, tlhﬁ]oﬁfd%%‘co%ﬁ‘&nidaa' ?&a{%ﬂ%i &ilY§ b a%%riltons
are cal cul ated entit &y Separat ely, by using the test resurts from
two different &bt wdgeore sepbistptedsliagposties: [mprstererbempbadfmenta positive
preval en@é of dilscfasBiimi2tahmesanplfrem dsawhsappient usedhastanendR@Gr phaothe
represents a 1QxupfNsHouldvbd Yided REMHES in@és}i%ati@@si, lespR QIS PG Aghpuda

particul ar decision f.hreshold t with per t. di.scrim.n gn (no
bveriap n ¢ ho DHraPSerrBarrBnl o) e dop Pl i AP DA
passes t hr oughint héodl speple jseped s n drdicatapiat €0lpprscopy aeths gextisiepdn the
fraction is 1. (diagoostit)0@8mippemfoée patiestriswariauietly) , and t he

fal se-positive fraction is O (perfect specificity). The theoretical
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25 1.0 (perfect separation of the test values of the two groups) and
0.5 (no apparent distributional difference between the two groups of
test values). The area does not depend only on a particular portion
of the plot such as the point closest to the diagonal or the
sensitivity at 90% specificity, but on the entire plot. This is a
quantitative,WQHE¥BEPL i ve expression of how cl ose the HIEPRY7R4378 he
perfect one (area 30= 1.0). Cinical utility of the novel marker
S100Al 2 has been assessed in conparisonéto and in conbination with

t he established marker henogl obin using a receiver operator

characteristi Cs[‘h g*fnég#ger nle %V}fs‘ o 1M1 ﬁzB.Qheqﬁ'gggpc% or :Qi inelbdskd)-

Chem 39 (1993) | S ana ySi S een on s | e
derived from wef'fl-of Sispatlyis 40044 %Fse'i‘ffas‘(':‘ﬁ‘ﬁ P‘f’sa Pég“@*F‘sﬁﬂO Sﬂn?lﬁgﬂg'ﬂécﬁpl es
section. - 21 fronTdngndividephweiks memwf@%@bwsmmmOW may
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accuracy (sen5| I VI speC| city proflle) as denonstrated by the
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claims. It is Uhgeiledicabiihginaats oft1déAI2cat dlwite neasurddendnsd a ambiker for
procedures set dref fllie\W &B&L%thdgﬂ%z inAGheib. @mnaogiaup uétec@afbletfngm

I nvention Descrl t| on \ést
anal ysi's 10 Tumgre ﬁb&y WO 2 ?‘Ta%ts%g gbwl?%d C Onté%mus :fmm?/\écs"isé’kffll yzed

by ~ Western BlrewkengplirgptideOngefskflan tha att wse'éyeca@rmeabact PHRIgIRTIIEhOOR 2.
Reconbi nant pr atleis«d §xgls@s geeknt it the extadeliula SnabciHingy icalggeghd pratdering was
used as a posi tij¥e a0, Al couldBectint ﬁ@g‘i’eﬂ@@@r qvddnBrothe @Jghﬁﬁ‘ts As the
skilled artisan will appreciate, S100A12 or fragments thereof may also be present as
15 part of a complex. Such complex also may be used as a marker in the sense of the
present invention. In addition, or in the alternative the $100A12 polypeptide may
carry a post-translational modification, and such modified S100A12 may also serve
as a marker of CRC.

Artificial fragments of $100A12 may be used, e.g. as a positive control in an
20 immuno assay or as an immunogen. Artificial fragments preferably encompass a
peptide produced synthetically or by recombinant techniques consisting of at least
6,7, 8,9, 10, 12, or at least 15 contiguous amino acids as derived from the sequence
disclosed in SEQ ID NO:1. Preferably such artificial fragment comprises at least one
epitope of diagnostic interest. Also preferred the artificial fragment comprises at
25 least two epitopes of interest and is appropriate for use as a positive control in a

sandwich immunoassay.

It is preferred to use the novel marker $100A12 in the early diagnosis of colorectal
cancer. However, as the skilled artisan will appreciate S100A12, alike other markers,
will also be of great advantage in the diagnosis and follow-up of patients already

30 suffering from CRC at more advanced stages of tumor progression.

The $100A12 concentration closely correlates with tumor burden in CRC. The
marker is therefore also suitable for the follow-up of CRC patients after treatment.
In a preferred embodiment, the novel marker S100A12 is used in the follow-up of
patients suffering from CRC. By measuring CRC regularly, e.g. at 3-monthly, 6-



15 pattern of the reconbinant protein is caused by the 6xHi s-tag
conprised therein. Normal tissue was recovered fromthe patients when
the tunor was surgically renoved. M nol ecul ar wei ght marker; r.p.
reconbi nant protein; T:. tunor tissue; N nornmal tissue. Figure 2:
ROC plot 20 Plot of the receiver operator characteristics (ROC) for
t he assessnemo wi712875anpl es obtai ned from pati ents wWeCHEERRGIaSTS
conpared to 18 sanples obtained fromhealthy individuals is given.
Figure 3: Scatter plots of S100Al 2 congentrations in CRC patients

Ef fect of Ca2+-ions on the neasurenent of SIQOAI 2 in stool extracts.
25 The stool extr acts re diluted in the absence ure 3&%?
oresence  (fi GUPETAYel iteDysitiner PrmesecRTont b 5 aRbs BTN
are hi gher in reergpregphessesed.Ca2+-ions and are distributed over an

i ncreased dynam c range. Abbreviations
An increase or a re-appearance of S100A12 above the normal cut-off value are

considered indicative for CRC tumor progression or for tumor recurrence,
5 respectively, A further preferred embodiment therefore relates to a method of
assessing by an in vitro measurement a patient suffering from colorectal cancer
after surgery for removal of the cancerous lesion the method comprising the steps
of ) providing a stool sample obtained from said patient, b) contacting said sample
with a specific binding agent for 5100A12 under conditions appropriate for
10 formation of a complex between said binding agent and S100A12, c) determining
the amount of complex formed in step (b) and d) correlating the amount of
complex determined in (c) to a recurrence or progression of colorectal cancer.
Measurement of S100A12 from a stool sample is especially helpful and in a
preferred embodiment is used in the early detection of a CRC tumor recurrence

15 within the gastrointestinal tract.

The colon as well as the rectum both are part of the gastrointestinal tract. Now that
it has been shown that S100A12 most likely will be useful in the screening of
patients for colorectal cancer, it is very likely that the presence of S100A12 in a stool
sampie may also be used as a diagnostic aid in the assessment of other types of
20 gastrointestinal cancer. In a further preferred embodiment the present invention
relates 1o the use of S100A12 as measured from a stool sample in the assessment of
a gastrointestinal tumor, Preferably S100A12 as measured from a stool sample is
also used in the assessment a stomach tumor. Measurement of S100A12 from a
stool sample can be helpful and therefore represents a preferred embodiment
25 according to the present invention in the early detection of a gastrointestinal tumor

recurrence within the gastrointestinal tract.

The use of protein S100A12 itself, represents a significant progress to the
challenging field of CRC diagnosis from stool. Combining measurements of
S100A12 with other known markers, like hemoglobin or the hemoglobin-
30 haptoglobin complex, or with other markers of CRC yet to be discovered, leads and
may lead, respectively, to further improvements in the assessment of CRC.
Therefore in a further preferred embodiment the present invention relates to the
use of S1I00A12 as a marker molecule for colorectal cancer in combination with one
or more other marker molecules for colorectal cancer in the diagnosis of colorectal

35 cancer from a stool sample obtained from an individual. Preferred selected other



30ABTS2, 2' - Azi no-di - [ 3-ethyl benzt hi azoline sulfonate (6)] diamoni um

salt BSAbovi ne serum al bumin - 22 - cDNAconpl enmentary DNA

DVvBQdi net hyl sul foxi de DTTdi t hi ot hreitol EDTAet hyl ene di am ne

tetraacetic acid 5ELI SAenzymne-| i nked i mmunosor bent assay

ESl el ectrospray ionization FCSfetal calf serum | AAi odoacetam d

| gG nmunogl obv® 7/ HTYLC | qui d chromat ogr aphy MSnass SREEGRPROBEITY

MESnesityl, 2,4, 6-trinethyl phenyl PAGEpol yacryl am de gel

el ectrophoresi s PBSphosphate buffered s&l-i ne 15Pli soel ectric point

PCDhor ser adi sh per oxi dase RTSrapid transl ati on system SDSsodi um

dodecyl sulfat ®RC markers with which the measurement of S100A12 may be combined are
TIMP-1, calprotectin, tumor M2 pyruvate kinase (M2-PK), hemoglobin and/or the

hemoglobin-haptoglobin complex.

As a further preferred embodiment the present invention discloses the use of

5 protein S100A12 as a marker molecule for colorectal cancer in combination with
one or more other marker molecule(s) for colorectal cancer selected from the group
consisting of hemoglobin/haptoglobin complex, hemoglobin, tissue inhibitor of
metalloproteases 1 (TIMP-1), calprotectin, and tumor M2 pyruvate kinase (M2-
PK).

10 In a preferred embodiment the present invention relates to the use of a marker
combination comprising the markers §100A12 and TIMP-1 in the assessment of

CRC, whereas both markers are measured from a stool sample.

In a preferred embodiment the present invention relates to the use of a marker
combination comprising the markers $100A12 and hemoglobin in the assessment

15 of CRC, whereas both markers are measured from a stool sample.

In a preferred embodiment the present invention relates to the use of a marker
combination comprising the markers S100A12 and the hemoglobin/haptoglobin
complex in the assessment of CRC, whereas both markers are measured from a

stool sample.

20 In a preferred embodiment the present invention relates to the use of a marker
combination comprising the markers S100A12 and tumor M2 pyruvate kinase
(M2-PK) in the assessment of CRC, whereas both markers are measured from a

stool sample.

In yet a further preferred embodiment the present invention relates to the use of a
25 marker combination comprising the markers S100A12, TIMP-1 and hemoglobin in
the assessment of CRC, whereas all three markers are measured from a stool

sample.

In yet a further preferred embodiment the present invention relates to the use of a
marker combination comprising the markers S100A12, TIMP-1 and the
30 hemoglobin/haptoglobin complex in the assessment of CRC, whereas all three

markers are measured from a stool sample.



20Example 1 Identification of SIOOAl 2 as a potential col orectal
cancer marker Sources of tissue In order to identify
tunor-specific proteins as potential diagnostic markers for

col orectal cancer, analysis of three different kinds of tissue using
proteom cs 25methods is perfornmed. In total, tissue specinmen from 10
pati ents suf wariopmgsf7r7om col orectal cancer are anal yzedCT/EPOMWRRTH
patient three different tissue types are collected fromtherapeutic
resections: tunor tissue (>80% tunor) -qF), adjacent healthy tissue
(N) and stripped nmucosa from adj acent healthy nmucosa (M. The latter

two tissue typ Q . serve as, matched heal thy control sanples. Tissues
are i medi at el g'ﬁ’éaéﬁ‘tfsflﬁé’@ﬁmﬁ'f’ﬁeé‘ﬁaf"é@éﬁti on and stored at -80C before
processi ng. Tunors are di agnosed hi st gpat hol ogi cal crjteria. -

by 23
- Tissue pr epaﬁvafmetﬁioamiﬂwg%M%M%&)W@%ﬂéwrﬁﬁ?mb AoPEadror t ar
and conpl et el yctﬁnm!mmg Iy enzygpaticidegiatiatiog exfi theTdxgradellgarumatris. Thel nagralized i n
the mortar, di %&q dnhikitdrer MRpfsOArdl MR WERe (MiBIbrsOSF MIMB's Br lmm: er (40

M Na- ci t rat c qll_%xt rlljfo %wrnoe?rc comp%ﬁ)ﬂlfh'\}ﬁn% twatl\ﬁ fo az| ?th)?

Conpl et e(rs) ED a nos
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gl ass honogeni zer &20 X |l oose fitting, 20 x tight fitting). 3 m of
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(10-60% sucr 0s8) etfabyMdtrik 9 a1984), 56 Toxksiyy, SAfet &1 Mattixs10¢ £290Y 186129k St ep

contains the Sult 5. et oo 49) B LA SIFGBRC, 04 T g R, o
Sanpl e prlgpar a %2(?6&91%691%? h e A §>§f‘ sﬂ'fff E‘b"’? ﬁee@o%gfé%tt?atl on
of the sol ubl ebpdyotuidsne§. serami blﬁsmasara@@f@rfiﬁlfhéere‘zrgmgl Piig) anqRuer No
protein assay @étatcar\Nbe fonfd)-iNARO;rt BérorRadding alopratente fSTIMAFHIHN dMtadhen,
\%Ir HBHQY) 11;0|Cl)(r3\£\.4 Eﬁﬂaf%lﬁ!a'&%{vki%l'e%&e o, 1L<§1§a{12%lﬁp He @i ct ?‘g’pﬁg?f‘%ﬁciﬁf aer
(9 Murea, 2 n@ﬁ%ﬁmiﬁ Ifﬁ{ﬁf’%—ﬁl’-‘]‘&go CI—'P’%’ Etﬂi\tl‘éa—l) |s added and
|ncubated for 1.h. The sol utl%nl\ds concentrated to 250 pl in an

Ami con(r)I3Ul t r RieBEOshe Fraga Bethe Meld| foBraficcipting asmitalisaonnunegstriny ) |
For al kyl at i onutually 2860espprovided in thererfreqf p i, W}H{}Ocommesdleléﬂclﬁclbmlrﬁuf fer
(9 Murea, 4 nehodanciat anlEg, redf0tsnivhdided R perfoith 8he? assB0 TNa @rfsent

i ncubated for U tra
0 KD devi cols gwgtﬁﬁ,iq%ag;%ﬁu@agl;ym%n BOBLEN Kl oRAPAD 490 on gl
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urea |

concentrated i PEHC E‘gukﬁ ARy ?ﬁeﬁ%%‘” PeasiERAT A

repeat ed 2hr eestl0fvEs. For protease digestion the concentrated

solution is diluted to 2.5 Murea and incubated with 4 jig trypsin

~ (Proteomi cs gradeyacRoghe digagtiostestcs GtdpHdes2@ivinbihefsnyecer-npantingover

ni ght. The di geskdcRnstics (RICRRephyalADES) 914, 57d Ch¥ipbell, G., Clin. Chem. 39
{1993) 561-577). The ROC graph is a plot of all of the sensitivity/specificity pairs
resulting from continuously varying the decision thresh-hold over the entire range

25 of data observed.

The clinical performance of a laboratory test depends on its diagnostic accuracy, or
the ability to correctly classify subjects into clinically relevant subgroups. Diagnostic
accuracy measures the test’s ability to correctly distinguish two different conditions
of the subjects investigated. Such conditions are for example health and disease or

30 benign versus malignant disease.

In each case, the ROC plot depicts the overlap between the two distributions by
plotting the sensitivity versus 1 - specificity for the complete range of decision
thresholds. On the y-axis is sensitivity, or the true-positive fraction [defined as



form c acid and anal yzed. LC- ESI-MSMs-anal ysis The tryptic digest
(500 pl) is separated on a two-di mensi onal Nano- HPLC- Syst em
(Utimte, Fanbs, Switchos; LC Packings, ldstein, Germany) consisting
of a SCX 30 and a RP Pepnep C18 colum (LC Packings, |dstein,
Germany). The 11 SCX fractions (step elution with 0, 5, 10, 25, 50,
100, 200, 306vo 03472900, 1.500 nM NHA4Ac) wher e successicugepofaszher
separated on the RP colum with a 90 mn gradient (5-95%
acetonitrile) and online anal yzed usi ngddata dependent scans with -
24 - an ESI-M5 ion trap (LCQ deca XP; Therno El ectron, Mssachusetts,

USA; see Table . 2 for paraneters ach s e three r

perfornmed. The PURPerat EIeos N6 éeé‘élgii" He@?g&)l’?&tw?f" g t\t;\/gagse'
(Ther np El ect r orgatiibiss sestltstleThis has wisppeen seferepdithas pesitidivee Sreprisense eld i n
Tabl e 2. The r @Sfbedst BOcohdlisibs 10 cdldpidisblele dopahd ifftasd abgrobp ot the ©S

fromreplicate (uns, wheL ogma@m oThe sp&.@%ﬁ PR o o) 1 e

by aid of the partia kl Iven in
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the identified ipsoindéas sawdi':ttmeldnu rdbatategfentivslyrfeonp thedinalecise patistha®- f r om
the tunor sanplpRcateahe 8iPane dhldePotitie tﬁ@ﬁ&ﬁdﬁrﬁalcmﬁs&lkﬁt&ew EpiaRE] Bcent
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means, protein Si® oun
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protein S100Al Zpesficity)i T tthdoregical wrltttthBlaoW@Ir kigh 3101d$<(§mf1_@3}(mﬂfd]at a
in tunor ig SSUQimtnﬁﬁ@o%wysﬂlﬁﬁﬁﬁd:{%/gﬁﬁgg@sﬂ £304i3gchal-lin2 from tHelblve 16kt

VBN dat aacqul it oafe g BhpuBikwsa hiaQar £ eRALATRL Bise/BHE: At a

acqui sition M5 exclusl o
g the ROC plot falls completely elow the 45 inaeggrlilali Stgls is easfy remedied by

reversing the criterion for "positivity" from "greater than" to "less than" or vice
versa.) Qualitatively, the closer the plot is to the upper left corner, the higher the

20 overall accuracy of the test.

One convenient goal to quantify the diagnostic accuracy of a laboratory test is to
express its performance by a single number. The most common global measure is
the area under the curve of the ROC plot. By convention, this area is always > 0.5
(if it is not, one can reverse the decision rule to make it so). Values range between
25 1.0 (perfect separation of the test values of the two groups) and 0.5 (no apparent
distributional difference between the two groups of test values). The area does not
depend only on a particular portion of the plot such as the point closest to the
diagonal or the sensitivity at 90% specificity, but on the entire plot. This is a
quantitative, descriptive expression of how close the AUC is to the perfect one (area
30 = 1.0).

Clinical utility of the novel marker S$100A12 has been assessed in comparison to and

in combination with the established marker hemoglobin using a receiver operator

characteristics analysis (ROC; Zweig, M.H. and Campbell, G., Clin. Chem. 39

(1993) 561-577). This analysis has been based on samples derived from well-
35 defined patient cohorts as given in the examples section.



Repeat count 2 Repeat duration 0.25 mn Exclusion list size 25

Excl usi on duration 5 mn
ions 35 M ni nal

Da Bi owor ks Nunber of
mass tol erance 1.2 Da

Pr ecur sor

10

15

20

25

30

WO 2007/134779

PCT/EP2007/004378

-21-

The diagnostic method based on measurement of S100A12 alone in comparison to

the established marker hemoglobin alone has been found to have an at least as good

a diagnostic accuracy (sensitivity/specificity profile} as demonstrated by the area

under the curve.

The following examples, figures and sequence listing are provided to aid the

understanding of the present invention, the true scope of which is set forth in the

appended claims. It is understood that modifications can be made in the

procedures set forth without departing from the spirit of the invention.

Description of the Figure

Figure 1:

Figure 2:

Figure 3:

Abbreviations

ABTS

BSA

Western Blot analysis

Tumor and normal tissue of four CRC patients was analyzed by
Western Blot using a polyclonal antibody against human S100A12.
Recombinant protein expressed in E. coli as 6xHis-tagged protein
was used as a positive control. The difference in the migration
pattern of the recombinant protein is caused by the 6xHis-tag
comprised therein. Normal tissue was recovered from the patients
when the tumor was surgically removed. M: molecular weight

marker; r.p.: recombinant protein; T: tumor tissue; N: normal tissue.

ROC plot
Plot of the receiver operator characteristics (ROC) for the assessment
of 23 samples obtained from patients with CRC as compared to 18

samples obtained from heaithy individuals is given.

Scatter plots of S100A12 concentrations in CRC patients

Effect of Ca**-ions on the measurement of $100A12 in stool extracts.
The stool extracts were diluted in the absence (figure 3a) or presence
(figure 3b) of Ca**-ions. The detectable concentrations are higher in
the presence of Ca**-jons and are distributed over an increased

dynamic range.

2,2'-Azino-di- {3-ethylbenzthiazoline sulfonate (6)]
diammonium salt

bovine serum albumin

Exclusion mass width low 0.5 Da, high 1.5
lon intensity 100,000 counts



Fragment mass tolerance 1.4 Da XCAT > 2; 2.5; 3 (z =1; 2; 3) dCn
>0.1 Sp >500 Dat abases Sw ssprot; Humangp (assenbl ed by Roche

Bi oi nformatics) Table 3: Sequences found TKLEEHLEGQ VNI FHQYSVR
GHFDTLSKGELK 5The above two peptide sequences have been identified as
partial sequences of S100Al 2. Sequence (i) represents the am no acid
positions frowommmoracid 2 to amno acid 21 of SEQ | DCREPZDOENGEHTS
sequence (ii) represents the amno acid positions fromam no acid 23
to amno acid 34 of SEQID NO 1, respecirvely. Exanple 2

cDNA complementary DNA
DMSO dimethyl sulfoxide
DTT dithiothreitol
EDTA ethylene diamine tetraacetic acid
5 ELISA enzyme-linked immunosorbent assay

ESI electrospray ionization
FCS fetal calf serum
[AA iodoacetamid
1gG immunoglobulin G

10 LC liquid chromatography
MS mass spectroscopy
MES mesityl, 2,4,6-trimethylphenyl
PAGE polyacrylamide gel electrophoresis
PBS phosphate buffered saline

15 PI isoelectric point
POD horseradish peroxidase
RTS rapid translation system
SDS sodium dodecyl sulfate

20 Example 1

Identification of S100A12 as a potential colorectal cancer marker
Sources of tissue

In order to identify tumor-specific proteins as potential diagnostic markers for
colorectal cancer, analysis of three different kinds of tissue using proteomics

25 methods is performed.

In total, tissue specimen from 10 patients suffering from colorectal cancer are
analyzed. From cach patient three different tissue types are collected from
therapeutic resections: tumor tissue (>80% tumor) (T), adjacent healthy tissue (N)
and stripped mucosa from adjacent healthy mucosa (M). The latter two tissue types

30 serve as matched healthy control samples. Tissues are immediately snap frozen after
resection and stored at —80°C before processing. Tumors are diagnosed by
histopathological criteria.



10Ceneration of antibodies to the colorectal cancer marker protein
S100Al 2 Pol ycl onal antibody to the col orectal cancer marker protein
S100Al 2 is generated for further use in the neasurenent of S100Al 2 in
serum plasma, blood and especially in a stool sanple. Such
measurenents of 5100Al 2 e.g. are perfornmed by i munodet ecti on assays,
e.g. WesternwBlwewis4igp and ELI SA. - 26 - Reconbi nant PCOERI0NF/004378
expression in E. coli In order to generate antibodies to SI00Al 2,
reconbi nant expression of the protein-i28-performed for obtaining

i mmunogens. The expression is done applying a conbination of the RTS
100 expression EX&&? a%HQ E.coli. In a first step, the DNA 5 sequence
is anal yzed ang reco naati ons for hi gh yield cDNA silent nutational

variants and r ctive PCR-priner sequences aye obtaiped ysing,the
Y Br ot cotxper ¢ RFATE Pfquen by puh i AT g s ogTHRaE R R aRs e
servi ce (ww. ppisreteXpetisucs mplverized frythe oriee dissaived de thepOr fold rvelyaier s
the "RTS 100 E(w/@pbiilysisi tutfar (47 Rivp NalcRratee hadaMgQaR, 98 GendpblSX- 08y 0.0¢9R0C he

Di agnosti gs Gritl,,;40 Vapphedme @ﬁrmnyao(gf;@tag%s%@émﬂ_ SRRt O

generate linear, PCR't at m t he or . Jn-vjtro
S amser i pti on GREFBXSABNG: b3 aH01L T SHor el MEceatbine RE R gotor
t he 5100Al 2 pr bemegenices (&% dposebitinyedixetght Hiting). denled ttho homerindte trgr
purification, hitfecRdpr£a86k-Phatyekitrift@itioni( 56086 dlcfird)dg 1 hhe,s0esg.
expressing var kgl %ed_th E&In*ol(] 80 thef frac bR e dpﬁ;ﬁ' EQuGXBS ?oizséfo n
and det ecbl on %rfle ﬁal’l’l ed. og} ,accordi ng to gg ﬁ’i | nstrluctl ons of the
manuf act dfer . &refisRifapipiny Be opraEtns end g wed tor farther 2aplysisnecessary T7
regul atory regions (pronpter, ribosomal binding site and T7
termnator) i sStPRIpRIGPATHto8 &AM @SS vect or (1 nvitrogen,
Kar | sruhe, Germany, Cat. No. K 4300/01) follow ng the manufacturer's
instructions. EbgPrateppreasniionsf thy selnde mpteinGastion isdgtegwipianive Sio-t he
construct is tRalfsproteimedsay (CatNe. 5200k BiBIRa2 Lakdoitodds Grivtiidiianicheds. W ,
gt ?l -, Met hocj@f:lﬁﬂ%%?@lﬁlowiligahf% %%%Q%tioﬁp'og%)e %E}ié’@%irﬁ@ps{fopi WEkime
acteria.are cultivated in a ch for protein res .
Puri fi catI?on of IR g‘f@é%]gb? “\glﬁ’é Pfﬁ)ﬁe”b?gﬁ (raeldﬁai_og oﬁégﬁPﬁe%%%@ _Ds Tandar d
procedures on #ONPMIHEPQe@Hch] NARH) Brapdsd apd incybaied fgn & beFhegolation isr e

contai ni ng t hecexgitessitore50gctnonn fAaticonf eUlkh st SDOGACR (Millpoa Gumbdi,ei n
is pelleted bysgembichf W@ahingN. Fobhgkgaiboh @2 86U @le kendfRYSRRNGGI i N

| ysis buffer, nt ai ni Na .- sphat .pH 8 0 , 1
ng/ L Lysozyneglgyﬁm _nbur}@re?%wﬁ %B’Ege'?&éﬁ% s@? %ﬁﬁ%\?\p&t\jﬂ l%Eg%el I

di srupti R usi NgOH)Freheted fir Sdisandylsspaently jeommentiaedzy an | Maigg§oylira
material is peldid? éaichby 330 gh Fepaedngent § Miuigat added andchgdih eorsenpetedat ant

s applied to @& NanifRbe ONDUREOSHENNI WakRl bFbeatdN@r&Qlmbem 1 s -~
washed with several bed vol unes 30 of washing buffer (50 niV

ani Lgon 15 | sopauag s B P EnerAlhiIb BTG o PEM g aaune
b phosphat . PEIEEA VG A REEE (TP Pt PR Mo 500
mM | mi daZél e. Manmirim, Guogeanye ovaright. Therbgestionds stapited By aiddiss dgali Het t he
S100Al 2 a) | mrisahizatid end mblytedce 12 week old A/J mice are initially
i muni zed intraperitoneally with 1001. T

LC-ESI-MSMS-analysis

The tryptic digest (500 pl} is separated on a two-dimensional Nano-HPLC-System
(Ultimate, Famos, Switchos; LC Packings, Idstein, Germany) consisting of a SCX
30 and a RP Pepmep C18 column (LC Packings, Idstein, Germany). The 11 SCX
fractions (step elution with 0, 5, 10, 25, 50, 100, 200, 300, 400, 500, 1.500 mM
NH4Ac) where successively further separated on the RP column with a 90 min

gradient (5-95% acetonitrile) and online analyzed using data dependent scans with



SI Al 2. This is followed after 6 weeks by two further
intraperitoneal 5 immunizations at nonthly intervals. In this
process each nouse is adm nistered 100 pg S100Al 2 adsorbed to

al um num hydr oxi de and 109 gerns of Bordetella pertussis.
Subsequently the last two inmunizations are carried out intravenously
on the 3rd amd Dodhsday before fusion using 100 pg 810CGAHErINT/ B
buffer for each. b) Fusion and cloning 10Spl een cells of the mce

i muni zed according to a) are fused wit¥-nyel oma cells according to
Gl fre, , and MIstein, C., thods in Enzynol ogy 73 (1981) 3-46.

In this process *10 of t

m xed with 2x169 %ra 6 A'egn%ggawﬂ% %&? u§§A o
centrifuged (13abf fcatpa@cs@tesé) 60313?&}‘ 4@11313 thygegupsears Berformmed; ﬁéﬁr%@%d
once W th RPM afkGbcessatiwitirBisivbikoBill soffviard EthaimocBlédtros.gYiasackSE8) Uahl
centrifuged ag%hﬂ ;?F@Qe%rs%stkﬁlnaragﬁ Zﬁ'hqudﬂltﬁgllsti SgentifdiS epitReL AL ant

is discarded, the'.c | oosened by tapping, 1 ni
PEG (ol ecul ar Pigf fonhreﬁﬁf@{rew red f"ﬁ%c{ adt) is added and mi xed by

pi petting. After 1 mn ter ‘ﬁH t 37C., 5 mM RPM, 4
wi thout FCS is 588@&“&?18%%‘%‘ engified by gifl QW@?‘Q%W‘@"W%‘Y\?"AH q’be%‘l od of
4-5 mn. Afterwards 5 ni RPM 1640 20 contai ni ng 10% FCS i s added
drop-w se wi t hiD§testion of SHH0A12 3fiapatentidd 1BwHRF selorestilcamdet o 50 n with
medi um (RPM 1640+10% FCtrS% and subsequently centri fuged for 10 mn at
400 x g and 4CFom¢eh pasigntripnidentified proseingraad thelamberpfcorrapmdingparsidsedi um
cont ai ni ng 10%ﬁ|6€£8t}ﬁrldnﬁﬂmmpm afty peapart ho e azasbni reuls diae tiiljacent

medi um (1Q0 mﬂ?, ﬁ@&ﬁ@tﬁlahﬁﬁ n%f;;]ed %41931 rﬁ@c@éetﬁsmesy &lﬁmns,lﬁé%w%

FCS). 25Int erI

factor. After Ai%)“ofa ‘if@ tf’ é fx]%fuﬁs'i ?rgg(’%%émfereﬂsc?resaedfsma}“%or
specific anti bdidgee aslGOAL s dp@gtvhle ordesp piyangly ywxrrespadn belthy @nBplgHEY: i n
96-wel | cel | cutthetefrep! satorgst bny@hda prafing- quatifes eacentidateaandrker ddrede cel |
sorter. In this,p-Qg ,sggglopedapgaggeyeukl n 6 at 100 Um is added to

the nediumas a gro h additive. 30c) I nmmunoglobulin isolation from

the cell gulturg e%(}gfbb {‘ztéasmﬁ?éﬂywe} gﬁﬂ%n&ﬁlulx 2P 6P B mAfagerdOWN

at a densi't of cel nmedi um ¢ a 10%
FCS and prol i O s Feta) o Tht GURERG BFPO RIS Pty o

Viér t hei mf Mai n, Swubéawweslenmtmnh@od@rksmd form] LQB1§)-datgin tampey tigns:
concentrations of 100 pg nonocl onal anti body per m are obtained in

the - 28 - culture supernatant. Purification of this antibody from
the culture supernatant is carried out by conventional nethods in
protein chem stry (e.g. according to Bruck, C, etal., Methods in

Enzynol ogy 121 (1986) 587-596). Ceneration of polyclonal antibodies
5a) | nmmuni zation For imunization, a fresh enulsion of the protein
solution (100 pg/m protein 5100Al 2) and conpl ete Freund' s adj uvant
at the ratio of 1:1 is prepared. Each rabbit is inmunized with 1 n
of the enulsion at days 1, 7, 14 and 30, 60 and 90. Blood is drawn
and resulting anti-S100Al 2 serumused for further experinents as
10descri bed in exanples 3 and 4. b) Purification of 1gG

(i munogl obulin G fromrabbit serum by sequential precipitation with
caprylic acid and ammoni um sul fate One volune of rabbit serumis
diluted with 4 volunes of acetate buffer (60 nmM pH 4.0). The pHis
adjusted to 4.5 with 2 MTris-base. Caprylic acid (25 pl/m of 15

di luted sanple) is added drop-w se under vigorous stirring. After 30
mn the sanple is centrifuged (13,000 x g, 30 mn, 4C), the pellet

di scarded and t he supernatant collected. The of the supernatant is
adjusted to 7.5 by the addition of 2 M Tris-base and filtered (0.2
pm . The imunoglobulin in the supernatant is precipitated under

vi gorous stirring by



20 the drop-wi se addition of a 4 Mamonium sulfate solution to a
final concentration of 2 M The precipitated i munogl obulins are
collected by centrifugation (8,000 x g, 15 mn, 40). The
supernatant is discarded. The pellet is dissolved in 10 niV

NaH2PO4/ NaOH, pH 7.5, 30 mM NaCl and exhaustively dialyzed. The

di al ysat e i swemvisfreged 25(13,000 x g, 15 min, 4C) amrdrfEpdotrwed (0. 2
pm) . Biotinylation of polyclonal rabbit I1gG Polyclonal rabbit 1gGis
brought to 10 ng/m in 10 mM NaH2PO4/ Na8H, pH 7.5, 30 mM NaCl. Per ml
| gG solution 50 pl Biotin- N-hydroxysucci ni m de (3 6 rrg/m i n DI\/SO)
are added. After 3 oomt er at h le is

chr omat ogr aphed ongéﬂ%gﬂs&%&fﬁﬁ °t Ré&ffbﬁﬁff ﬂa‘?egrs 30 v
NaCl ). The fracttron—contatnng biotinytategtgGare cottected:
Monocl onal ant i b¥dMSdar o |ADEEMSPAL ed accoP ?ﬂ?%%oot%‘f?”rﬁe%‘&‘ﬁé
procedure. - 28acquisitignxydenyl ati on of pol yéngnal rabbit 119G
Pol ycl onal rabblt 1gGis bl’}QH&hEoqu 10 mg/ b in 10 nmM NaH2PO4/ NaOH,
30 mM NaCl, pH 7. 5. Per mt G 300 urlon 50 B'zs .

di goxi geni n- 3- Orrethyt-carHonyi— o Gi-Roeapiore
aci d- N- hydr oxysucci ni

b

—|—+

ni ni de @Flefﬂowl%%%e Diag@dstics, Mannheim |5
CGermany, Cat. Np. 1 333 054kl Boruimionl i n|PMEO) are added. Aftler 30

mn at roomtenperature, ”ﬁqﬁﬁéﬂ% skﬁﬂfhr(’Wﬁgﬁéﬂgﬁq s} Super{dex(r)

200 (10 mV NaH2POATNabH; SO—mviNae)—_—The fractTons—contjai ni ng
di goxi genyl at ed | Pigteki e ¢ Nugmbebef 900 nocl ohdf antibodies are label ed

w th di goxigenin accor di n Mipirtdh @ngatemsitpr 0¢ @eN.008 coubGExanpl e 3
Western Bl ot detection of Ssl,@ﬁb;mgsgtomg@r 12fd heal thy tissue,

respectively Ti §sU€ iysatesF romt J“rp%
harard ~c A I‘II\E mg;l\trjn‘ls 0 rance senll A0 T conn anar-alt 1 "
Sarrpl es are preJu.l \wv | US A\ | 9 U LI SAYAY | I_I\ II}JIV Ly T oSouUT U'Ju.l ut' On .

SDS- PAGE and Western-Bl ot tii
equi prent of 1% I nvitroggniCeKarl sruhe, GCey
sanpl e tested, 10 pg of ti spue | ysate are (15I5g5ed In reducing
NuPAGE(r) (I nvi troogen)y—SBS sanpte buffer ang—heated—or 10 mmjat
95C. Sanpl es ar¢ F‘%‘i‘f’s n 4-{12% NuPAGE(r) gel SW'(;':’PF‘F’S dycine) in fthe
MRS runni ng buffer system]| The gel - separ at e@jillp@hgpdemmhi@@n&oehebl otted
onto nitrocellulose nenbrdnes using the | nyBiimigantsel | 1r Bl gt
Modul e (I nvitrogen) 20 and the NuPACGE(r) transfer buffer system The
menbranes are washed 3 tinmes in_P S/O 05% T¥\een 20 and bl ocked with
Roti (r)-Bl ock bl ocking buffer ( eq‘ﬁ&fﬁs "P%B h anH Kar | sruhe,
Germany) for 2 h.—Fhe—ptiaary antibJu —pot-yel-onal—rabbtt
anti-S100Al 2 serym (generation descri bed FHE%%W@H%SVRl s dilluted
1: 10,000 in Roti ([r)-Bl ock ibl ocki ng buffer ansHomcubEked with the
menbrane for 1 h. The 25 menbranes are washed 6 tinmes in PBS/O 05%

Tween- 20. _The eC|f| al | und \/ rab it.gntibaod

with an PED cor}ﬁo bire i bt oRdhehich BB ook e dnel b R sdsbrsd
diluted to 10 2 §muenc5 (i} remsesEth }hesrrmacﬁi R?é‘k‘P‘ng&%‘EIFWE’P acidf fer
i ncubat i on f or arhinb, actdhzl e 68D dDeNOdAr smdnaglred 6i) trepressnts nhePBHING . 088%

Tween20. For dgl&ehl Q&D%Mad@wmm?mwm?mowes pe&RBPI t

anti body, the 30 nenbrane is incubated with e Lum - Li ght aus
Western Blotti %éi‘ebzs”ate (Order-No. 2015196, Roche Di agnostics
m

G nbH, Mannhei PQ’ and exposed to an auLoradl o% 0a()%hi c film
10 Generatmno ritibodies to the colorectal cancer marker protein 3100412

Polyclonal antibody to the colorectal cancer marker protein $100A12 is generated
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for further use in the measurement of S100A12 in serum, plasma, blood and
especially in a stool sample. Such measurements of S100A12 e.g. are performed by
immunodetection assays, e.g. Western Blotting and ELISA.



- 30 - Wen tunor and nornal tissue derived fromfour individuals
di agnosed with CRCis blotted as described, high expression of
S100Al 2 protein is detected in tunor tissue while no or nmuch | ess
S100Al 2, respectively, is found in normal tissue (Figure 1). 5Exanple
4 Processing of stool specinen a) Detergent extraction About 1 g of
stool per sampdmoirs47eol | ected by the patients in a spaEiTar28EWpi’s ng
device from Sarstedt, Germany, Order-No. 80.623.022, frozen and
stored at -70C. 10 For analysis, the st®ol sanples are thawed,
approximately 100 ng of stool sanple are diluted tenfold with a
phosphate buffer, pH 7.4, supplemented with M ni Conpl ete EDTA-free,
a protease inhi T‘{"@r‘"af}b‘%fﬁfeglier%&fa?’%’ﬁl’ A%  Germany (order-no.: 11 873
580): Na2HPO453. 4 mM 15KH2PO412. 3 mM NaN30. 1 9% Na2EDTAL. 07. mM Chi cken
al bumen1. 0 % NEMPHEt o By Bibpdey thal 004 Hp FEambiPE FREGHAR &t PP h at
room t enper at utie pufarhed bt dimivios ihakpgegs- dfte dxpressomeisndme dppliing 2
Wi t hout shaki ngo@bingtiofr-of MNeRES 16@BpFekdidHRtbm nd Bolil i a'fir s8dp, the DB X g,
the supernatant,|s CQEF%%E%%&'???J fe S0 th!ién‘?%c%‘iﬁ‘ﬂ i ,{rg%p{ xﬁﬁltgti(%lai ter
with a pore size' o p. e sa Tes ar e ali dquot ed and. st ored at
-70 C. An al i queriantsi 2pfj sespicbiee FEEPTERGo[eWERBY e1F soRfaef e the
quantitation ofPioBde RIF EdliSAY” Rstein. Thisds exvmaetciabwel basedpervive t he
measur te_m%‘_nt gf (Mt %{te_%eé}ﬁg.ciﬂ?hQfsinﬁﬁﬁéﬁ%f&dmﬁélgdbdlfaﬁh&%kir& heSTROSI 106 amﬁl es
an "optimzed extracti r" 1.s u a1 EQL» t r i nNg t he
stool sanples tRE BT gfgﬂp %r? %ﬁ?ﬁ‘r%tlroni ge‘%‘f rHelss%Fy (g‘?‘é’gaﬁ‘gﬁﬁ’gﬁ&a‘é Fﬁ’g a
pr ot ease 10nhi biMaphdgckerginy: GREHe- WW)ﬂ%C%WPFrF’éé‘Peﬁggﬁe‘?m FHany)
to the foll ow rgnbtif®NA and f8d in-viTFRItS0sciiptionndy/dlexprsidiod. @ B nndleptide
aci d0. 10 mol/1 stduesl <SHiRDfb¢ the S100A12 protein is used. For Western-blot detection and

later purification, the expressed protein contains a His-tag. The best expressing

variant is identified. All steps from PCR to expression and detection are carried out

15 according to the instructions of the manufacturer. The respective PCR product,

containing all necessary T7 regulatory regions (promoter, ribosomal binding site

and T7 terminator) is cloned into the pBAD TOPO® vector {Invitrogen, Karlsruhe,

Germany, Cat. No. K 4300/01) following the manufacturer’s instructions. For

expression using the T7 regulatory sequences, the construct is transformed into E.

20 coli BL 21 (DE 3) (Studier, F.W., et al., Methods Enzymol. 185 (1990) 60-89) and

the transformed bacteria are cultivated in a 1] batch for protein expression.

Purification of His-S100A12 fusion protein is done following standard procedures
on a Ni-chelate column. Briefly, 11 of bacteria culture containing the expression
vector for the His-S100A12 fusion protein is pelleted by centrifugation. The cell
25 pellet is resuspended in lysis buffer, containing 50 mM Na-phosphate, pH 8.0, 300
mM NaCl, 1 mg/mL Lysozyme, 2x Complete (EDTA-free) and DNase, followed
by cell disruption usinga French press (Model: IUL Basic Z). Insoluble material is
pelleted by high speed centrifugation and the supernatant is applied to a Ni-chelate
chromatographic column. The column is washed with several bed volumes
30 of washing buffer (50 mM Na-phosphate, pH 8.0, 300 mM NaCl, 20 mM
imidazole. Finally, bound antigen is isolated using an elution buffer containing 50
mM Na-phosphate, pH 8.0, 300 mM NaCl with a linear gradient of 20 to 500 mM

imidazole.



CaC120. 01 nol/1 5BSA0.50 % The stool sanples are thawed and 50 - 100
ng of each sanple are transferred to a fecal sanple preparation kit
(cat.-no.: 10745804 Roche, Germany). Optim zed extraction buffer is
added according to the weight of the stool sanples to give a 50- fold
dilution. The sanples are vigorously m xed on an orbital shaker for
30 10 m nut ew20dviasref erred to a 10 nml tube (Sarstedt pc@ErPwemyd37aand
centrifuged at 1200 g for 10 m nutes. The supernatant is filtered
using a 5 pmcut-off filter (Utrafree@)y- CL, MIIlipore, Germany),
aliquoted and stored for further analysis at -70 C. These st ool

extracts are Sﬁ(}éﬁg*ono@o Iéoaélonal%f{ﬂ?cﬂé?éa? 9%_’[68&??. . in this study.

Exanple 5 15E neasur enent human st ool
speci nen A sand ch ELI SA s devel oped for the determ nation of

S| C0Al 2 from sfl)oérfmunlgﬁf‘%? SHE rabbit antibodies are produced by

i muni zat i on wil? teeleobshiiInaire are|initipliyn emurdzed Oinfrapeiopradly et 190 1B,
coli. The puri 8icad1d. gGhif riachllemdohfiéirhe aadks Sl8r awsd Sfubthat imispati@ttalor

(Zjloggi(lr gg?ﬁb?é?ﬂ-ﬂﬁmﬁgkﬁl@% th?cgﬁl}[i]a\?}etléﬁhs G %ﬁp .egbea@r lofselhs iaﬁ'rﬂm%@réﬁe![ lool
extracts are dll?[ﬁ{ge%ﬁﬁm%adf%g?aﬁ?p?lémﬁ dSLﬁ“?elB E‘"ﬂﬁ‘ﬁ E%F%’thﬂ? pH
8.0, 2 mM CaCl PertussisbSubgeq@ntly Qle:l}asDMrimmnlza(wmme C@“@%@&'@Wﬁuﬂ@"%

sucrose) and Sthepkd oid 26aa3yIbefot fusdraudthgn ob gy Lot 2 HEFBSbufE fér@adhach
wel |. Subsequently the formation of the antigen-antibody conplex is
started by addbpglsﬁgamdmm n anti body m xture containing 0.5 25

/il bi of | | /m
T YRR S
Elg BgOOpHO71€k) bvihferdogSca. @*lcg%@lbeﬂls pichegammizgd oloudeiare ralcé:hylﬂa&xéd)

The pl ates areniyAcmbatiRdPbrss-SE-683nUres, CNASHE thntl Ndep@ifilgbd® ) Mint it 350
Mhereatt et *;35%&1 e S e ) b g Bl

Di agnost i’ BefFCilend ceptafugeipgsin aty 48”?‘%‘11‘1)%&’8‘0“’?’6‘?1 Weother 60

m nut es. Af ter Sltphmeenttls mrdmshq el sadimdnt Bgentlyllooaesth bnyriiug, fled PEEr
wel I, 100 pl ABhSlecuhk WEipaR,00070006, Dird@Rag tsiadded ol MIRA YY) plpaﬁng«\@ftér are

added and the E}T@Egﬁ 2 bt SRR E Sy &ggmﬁﬁpm E@bgihoﬁftss ?s@:g i; ﬁlsé.?t

measured at 40 nm usi n EC ra

I1). Reconbi naftot {PeT8Hg thign A KFieA o Eﬁ%@anfé creaify 1%anpl e
6 Anal yt28 st abirtdirigg 10% Fr¥ia addet daept wisSHTOAED 1 app ewixes theyrobghlynfilled
stabl e than herpgl @bwith nBdishqQRPMEXE40aC09% FIBRArsabsegithildcehfifuged for

extraction met hod; ﬁsgoro'xgeaqldi BcHBpe VAGRenSdi0Rhs %tthéﬁt@ ﬁnrﬁpﬁf A§4§d for
1 or 3 days at r omte%ratlgor . afu?vera e recov
s

hi gher and app84fém &7 &PV AR YPRED {}’éraéa@‘glnfes(‘?]ﬁ?}@Py of
henogl obi n. O mediemX@00srampldypemmadineo! pedmbazgsetipreindRPAH 1644-H10%0VIESAr e
henogl obi2s negaitérktekin § BiTiablUamKs added @R Hedidrh & sh@APaL@t.Ure stress N
Concentration Recovery after 1 d Recovery after

After ca. 10 days the primary cultures are tested for specific antibody. S100A12-
positive primary cultures are cloned in 96-well cell culture plates by means of a
fluorescence activated cell sorter. In this process again interleukin 6 at 100 U/ml is

added to the medium as a growth additive.

30 ¢) Immunoglobulin isolation from the cell culture supernatants
The hybridoma cells obtained are sown at a density of 1x10° cells per ml in RPMI
1640 medium containing 10% FCS and proliferated for 7 days in a fermenter
(Thermodux Co., Wertheim/Main, Model MCS-104XL, Order No. 144-050). On

average concentrations of 100 pg monoclonal antibody per ml are obtained in the



range of sanples RT 3d RT S100Al 2 20 21 - 67,663 ng/g 87 % ( 15 %9 73
% ( 20 %9 Henoglobin 18 0.32 - 10,364 ug/g 79% ( 23 A) 59% ( 30%
Exanple 7 dinical utility of S100Al 2 in col orectal cancer The
clinical utility of S100Al 2 is assessed by anal yzi ng stool sanples
obt ained from 15 wel | -characterized patient cohorts. For each patient
two stool sampdmsi¥em the sane bowel novenent are neaarEeLOZEBE7S he
concentrations are analyzed. The correlation of both concentrations

i s assessed by Pearson's correlation cadftficient revealing a close
correlation. To inprove the sensitivity of the assay the maxi num

concentration nmeasured in ope.of .th WO pairegd es i s used.for
further 20anal y¥iue Su?ﬁ’é'atﬁ?tag?fb{%fti“’é’ 5&#‘&&“@’1‘”"5@‘8}6?\?"2 uﬁtgrees\'f% rﬁ%%ngc'f; by
ROC anal ysi s acoordipuigy canvetieny methods in(pseigip shemistide & rerordirgdrpiret: of
the first two s3 46y, MeRbdsak EeRmoREEl2RXI98e)EsRdEccording to

Generation of polyclonal antibodies

5 a) Immunization
For immunization, a fresh emulsion of the protein solution (100 pug/ml protein
$100A12) and complete Freund’s adjuvant at the ratio of 1:1 is prepared. Each
rabbit is immunized with 1 ml of the emulsion at days 1, 7, 14 and 30, 60 and 90.
Blood is drawn and resulting anti-S100A12 serum used for further experiments as
10 described in examples 3 and 4.

b) Purification of IgG (immunoglobulin G) from rabbit serum by sequential
precipitation with caprylic acid and ammonium sulfate
One volurme of rabbit serum is diluted with 4 volumes of acetate buffer (60 mM,
pH 4.0). The pH is adjusted to 4.5 with 2 M Tris-base. Caprylic acid (25 pl/ml of
15 diluted sample) is added drop-wise under vigorous stirring. After 30 min the
sample is centrifuged (13,000xg, 30 min, 4°C), the pellet discarded and the
supernatant collected. The pH of the supernatant is adjusted to 7.5 by the addition
of 2 M Tris-base and filtered (0.2 pm).

The immunoglobulin in the supernatant is precipitated under vigorous stirring by

20 the drop-wise addition of a 4M ammonium sulfate solution to a final
concentration of 2M. The precipitated imﬁmnoglobulins are collected by
centrifugation (8,000 x g, 15 min, 4°C).

The supernatant is discarded. The pellet is dissolved in 10 mM NaH,PO,/NaOH,
pH 7.5, 30mM NaCl and exhaustively dialyzed. The dialysate is centrifuged
25 (13,000 x g, 15 min, 4°C) and filtered (0.2 pm).

Biotinylation of polyclonal rabbit IgG

Polyclonal rabbit IgG is brought to 10 mg/ml in 10 mM NaH,PO4/NaOH, pH 7.5,
30 mM NaCl. Per ml IgG solution 50 pl Biotin-N-hydroxysuccinimide (3.6 mg/ml
in DMSQO) are added. After 30min at room temperature, the sample is

30 chromatographed on Superdex 200 (10 mM NaH,PO,/NaOH, pH 7.5, 30 mM
NaCl). The fraction containing biotinylated IgG are collected. Monoclonal
antibodies are biotinylated according to the same procedure.



Exanpl e 4a. For dilution phosphate buffered saline pH 7.4, 1.0 nM
Cal 2, 1.2 mMMnitrilotriacetic acid, 0.1 % bovine serum al bumn is
used. The stool sanples of the 25 third study popul ation are
extracted according to Exanple 4b and diluted with the sanple
dilution buffer as given in Exanple 5. Despite different extraction
procedures, wWoe&EBSA procedure used for the neasurempat/Eeho7BhBRAl 2
is identical for all patient populations (cf. Exanple 5). - 33 -
First study popul ation: Stool sanples-f£2om 18 CRC-free patients, 10
patients di agnosed as adenonma positive by col onoscopy, and 23
patients di agnnsed w SS lassified as U CC stages |11
and |V are obt f&g@&enygfﬁgg\fp%)’c@ﬂﬁéﬁ’?f%‘% as described above in 5a
st ool sanpl e obtained fromeach of these |ndivi dual S, Fﬁ%}-"i‘naln}/ﬁ' S is
performed accofdlYqryak gbbradgsds brayehfito 10Jpgim

Di scri m nat or yNpGwepH 7.5r Pedli hF égrsplutior ﬁgubdtgpregﬂnm $-0-mthylGROngrUp

from heal thy i pdindéagebdd &idR- lﬁ&%ﬁﬂﬁ&ﬂmﬁ)ﬂe he @oeR DRgRktdBatdheMg | S

found to be 97 % for C%F%V

CRC + adegorra \C/;grmaﬁ@a 20%??%1 g%mgﬂr?déﬁ (%)oalr"ga g%?&er §t§mléht | t hy
controls, respEom V&Pﬁfatﬂ%éhepﬁg’iplel iy hroppiographpd 9, 8upsides’e AW (1§mM
Ca2+-ions on t NeHghéuaatHnaki7en3ohMNAGDNIRe fractonssbowiningsligokigengtatedt ed

in Figure 3. V\lgmré me&édonbn&}shma&ﬁ&d&a @re thibkiel! ®Eh HifoxRlems RARtdEng to
buffered sali ngmg 1. 4..q9:.1 % bovine serumal bumin in the absence of
both Cad 2 and ni otriacetic acid | ower concentrations of Sl COAl 2
are det ecbabl e 15!(rl gure 3a) as conpared to the S| COAl 2

concent r ati onsk ed in the presence of CaCl2 and nitrilotriacetic
acid (Fi gure 3Bjesterniiot dptggtion of PPyhlFiie canggs god hyplthissue) 1epactivaly t he
absence of Ca2+ | eads also to a reduced AUC of the ROC plot of 94%
for CRC vs. hediswhyysetemfroroltemehiaimplesanchheakiby famprebspewle afef reppasydstsem an
AUC of 97% is ak&e®eldtxahple CRCissuepetpitatigm”vs. heal thy controls is
considered the AUC is 2081 % w thout Ca2+ and 85 % in the presence of
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20. For detection of the bound POD-conjugated anti-rabbit antibody, the
30 membrane is incubated with the Lumi-Light™ Western Blotting Substrate
(Order-No. 2015196, Roche Diagnostics GmbH, Mannheim, Germany) and

exposed to an autoradiographic film.
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(fenal e/ mal e) processed stool sample is used for quantitation of S100A12 by ELISA.

25 b) Urea extraction
To improve the measurement of $S100A12 and other markers of interest in stool
samples an “optimized extraction buffer” is used. For the processing of the stool
samples the extraction buffer is freshly prepared by adding a protease inhibitor
cocktail (Mini Complete EDTA-free, Roche, Germany) to the following buffer:



Controls 252 63,0 +/- 8,0 151/101 - Healthy Controls (no evidence of
any bowel disease) 132 62,3 +/- 6,8 81/51 - Henorrhoids 28 60,1 +/-
7,1 13/15 - Diverticulosis 73 64,7 +/- 9,5 46/ 27 - Hyplastic polyps
14 67,9 +/- 9,9 8/6 - OOher G diseases 5

WO 2007/134779 PCT/EP2007/004378
-3] -
TRIS 0.10 mol/, pH 8.0
Citric acid 0.10 mol/l
Urea 1.0 moldl
CaCl, 0.01 moli
5 BSA 0.50 %

The stool samples are thawed and 50 - 100 mg of each sample are transferred to a
fecal sample preparation kit (cat.-no.: 10745804 Roche, Germany). Optimized
extraction buffer is added according to the weight of the stool samples to give a 50-
fold dilution. The samples are vigorously mixed on an orbital shaker for 30

10 minutes, transferred to a 10 ml tube (Sarstedt, Germany) and centrifuged at 1200 g
for 10 minutes. The supernatant is filtered using a 5 pm cut-off filter (Ultrafree®-
CL, Millipore, Germany), aliquoted and stored for further analysis at -70 °C. These
stool extracts are suitable for all biomarkers of interest in this study.

Example 5
15 ELISA for the measurement of S100A12 in human stool specimen

A sandwich ELISA is developed for the determination of $100A12 from stool.
Polyclonal rabbit antibodies are produced by immunization with recombinant full

length S100A12 expressed in E. coli. The purified IgG fraction of the antisera is
biotinylated or digoxigenylated to used to establish a sandwich ELISA using 96-well

20 streptavidin plates (Streptawell, HighBind, Roche, Germany). Stool extracts are
diluted 1:25 in sample dilution buffer (100 mM Tris, pH 8.0, 2 mM CaCl,, 1.5 %

—_— KCL, 0.3 % Triton X-100, 0.2 % Casein, 2 % sucrose) and 50 pl of sample or
standard are transferred to each well. Subsequently the formation of the antigen-
antibody complex is started by adding 50 pl of an antibody mixture containing 0.5

25 pg/ml  biotinylated polycional antibody PAB<S100A12>-Bi and 0.5 pg/ml
digoxigenylated polyclonal antibody PAB<S100A12>-Dig in assay buffer (PBS, pH

7.4, 0.1 % bovine 1gG, 0.9 % NaCl, 0.5 % Thesit, 1 % PEG 40.000, 0.1% bovine IgG,

0.025% bovine gamma globulin acetylated). The plates are incubated for 60
minutes, washed three times with 350 pl washing buffer per well (100 mM PBS, pH

30 74, 0.05% TWEEN-20). Thereafter 100 pl of 25 mU/ml MAB<Dig>-POD
conjugate {Roche Diagnostics, Germany) per well are added and incubated for

another 60 minutes. After three tirnes washing with 350 pl washing buffer per well,

100 pl ABTS solution (Roche Diagnostics, Germany) per well are added and the

plates incubated for 60 minutes. The absorbance is measured at 405/620 nm using



59,2 +/- 6,7 3/2 CRC (all sanmples) 186 66.1 +/- 11.9 93/93 CRC
(subcol | ective w o bl ood/ FOBT) 101 68,4 +/- 11,5 48/ 53 Table 6: ROC
analysis of a third study popul ati on Sanpl e panel N AUC % CRC sanpl es
all 186 94 CRC sanples w o blood/ FOBT 101 94 U CC stage | 39
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an ELISA reader (SLT.Spectra II}. Recombinant full-length S100A12 is used for
calibration.

Example 6
Analyte stability in urea extract

5 S100A12 appears to be more stable than hemoglobin in stool extracts prepared
using the extraction method described in 4b. When stool extracts are stored for 1 or
3 days at room temperature the average recovery for S100A12 is higher and appears
to show less scatter than the average recovery of hemoglobin. Of the 20 samples
used to assess the stability two are hemoglobin negative:

10 Table 4: Recovery after temperature stress
N Concentration Recoveryafter 1d | Recovery after
range of samples RT 3dRT
S100A12 20 21 - 67,663 ngl/g 87 % (£ 15 %) 73 % (+ 20 %)
Hemoglobin | 18 { 0.32-10,364 pg/g 79 % (£ 23 %) 59 % (£ 30 %)
Example 7

Clinical utility of S100A12 in colorectal cancer

The clinical utility of S100A12 is assessed by analyzing stool samples obtained from

15 well-characterized patient cohorts. For each patient two stool samples from the
same bowel movement are measured and the concentrations are analyzed. The
correlation of both concentrations is assessed by Pearson’s correlation coefficient
revealing a close correlation. To improve the sensitivity of the assay the maximum
concentration measured in one of the two paired samples is used for further

20 analysis. The diagnostic value of S100A12 is evaluated by ROC analysis according to
Zweig et al (supra).

The stool samples of the first two study populations are extracted according to
Example 4a. For dilution phosphate buffered saline pH 7.4, 1.0 mM CaCl,, 1.2 mM
nitrilotriacetic acid, 0.1 % bovine serum albumin is used. The stool samples of the

25 third study population are extracted according to Example 4b and diluted with the
sample dilution buffer as given in Example 5. Despite different extraction
procedures, the ELISA procedure used for the measurement of S100A12 is identical
for all patient populations (cf. Example 5).
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The positive effect of the presence of Ca**-ions on the determination of S100A12
from stool is illustrated in Figure 3. When the stool extracts are diluted in
phosphate buffered saline pH 7.4, 0.1 % bovine serum albumin in the absence of
both CaCl, and nitrilotriacetic acid lower concentrations of 5100A12 are detectable
(Figure 3a) as compared to the S100A12 concentrations measured in the presence
of CaCl, and nitrilotriacetic acid (Figure 3b). The smaller dynamic range of the
ELISA in the absence of Ca®* leads also to a reduced AUC of the ROC plot of 94 %
for CRC vs. healthy controls while with the improved buffer system an AUC of
97 % is observed. If CRC + adenoma vs. healthy controls is considered the AUC is
81 % without Ca®* and 85 % in the presence of CaCly and nitrilotriacetic acid,

respectively.

Second, enlarged, study population:

Stool samples are obtained from 10 patients diagnosed as adenoma positive by
colonoscopy, 50 patients diagnosed as CRC (9 classified as UICC stage I; 4 classified
as UICC stage 1I; 21 classified as UICC stage III; 13 classified as UICC stage IV, 2
classified as UICC stage I to III, i.e. not IV; and 1 CRC without staging) and 50
controls (7 from patients with other Gl-disease, i.e. not CRC; 16 from patients with
diverticulosis; 8 from donors classified as GI-healthy; and 19 from patients suffering
from hemorrhoids). $100A12 is measured as described above in a stool sample
obtained from each of these individuals.

ROC-analysis ts performed according to Zweig, M. H., and Campbell, supra.
Discriminatory power for differentiating patients in the CRC group from healthy
individuals as measured by the area under the curve is found to be 90 % for CRC
vs. controls, 86 % for CRC + adenoma vs. healthy controls and 66 % for adenoma



conbi ned by Bayes Logistic Regression (BLR). In the BLR algorithmfor
the 10 evaluation of marker conbinations a Gaussian prior is used
and inplenented in the BBR Software of Al exander Genkin, David D.
Lewi s, and David Madi gan (Large-scal e Bayesi an | ogistic regression
for text categorization, Technonetrics,). The follow ng settings are
used: no aut ewmiobmizieat ure sel ection, prior variance frcrat20at008795,
no t hreshol d-tuning, and input standardi zati on by normalization. For
the 15 nunerical process the default attings with a convergence

t hreshol d of 0.0005, 1000 iterations and no- accuracy node are

retai ned unchan The r sults

eval uat ed by 1(‘!8%%5‘?% Qrirog ftB' sd“ aceéihag%‘l’eP F@?’hmggs STgR. " n
each run, two- tdhiestetl 65106412 icmesarediieme oinelsahlle. respectively, are
selected as training set via the Matl abo R2006a in-built function
randsanpl e w t Whitlautly papulagibme 19022007 20 for the default random

nunber gener at %ﬁGOAT@(?s Hﬁ&h&d ah Qoﬁ]bxtemﬂehs‘ive@ﬂﬁhl ﬁﬁhyoﬁbpﬁaﬁﬁort (e} PatRge Set
to generate a claargcrt]g'nsstxcl ¢ ”[lab?ng d on }i %um er ofamlncaﬁ:y rﬁ[ %%tct%gzeg gé)%]er I Or

case- probaamlltles 'S erm ng%
to achi eve a speEpley 'élPE%fP?SfW@S%IGCr“dQ'B%’E ﬁ&ﬁé’&fki fenylti-cpner g hbst i
rul e i s then appfiénesd(undergdisg otchlenostdyiyy dorahe tdrerotl atliective s tdemitbd at

Elegzl ]E'O \r/l L g nggl Sﬁ;@aﬁbruo%%xof?& Eaxaegg? ahh%vgagfiéﬁtl ;{c?eléﬂ_lﬁg xsangﬁ.gny
tie I;S er(h ? Oég ?wel 15 SES all nom (3

patients w thodf ng are us assessnent .
For a scrleni ngxals@éﬁombe '%SWWI cp}lrétlvsU@fdﬁ therjew R@@leﬂmf CPlgfeFté‘ICé‘?Féht A
quite critical pasesines@ething populgion.alesamglesiedr kangeripgtiaatsgoodlierdagh

sensitivity at ggding hut%pf?cdrfltk CTﬁey dlaéﬂog.h of Q&Gieéth]cl:atn}ler' i® cﬁﬁﬂifﬂe@-lb
because a | ow specific §

posi tive resul t YSIGian a g}/?vvgangbthe {’1#%)20 jcal slta%mg (0] efjc% cancer %?IS%GT u?seesss and
di stress for t ey pat ihétrf!l§ht deBﬂr%d“Yedstterhfa?‘i”E’é%‘ ‘i‘?ﬁéOﬁU@'%PRJ%fsPaBT“t% he
eval uati ors as Welal guaisc-bdael BOBIB piescvdeting § s@t-coleqirewithous peari gunigi-basedf
95% and 98% r q3RAGE LNPiMectdNRIN pHRAE 1 aleRBreltatline 1o uaiblerr&rtmresamg

measured are C%rrTebelxc edt}yo l‘hls sugI colﬁ"g%e 3 wéﬂeﬁ/%cg%z t]{eﬁ:ewou%cﬁgpg ucc_§ a 91as

are very simlar #t

350veral | sensit® Ff\?lafl‘?”ia%ﬂtféf‘é‘éﬁl‘? of CRC can be significant I y

i nproved by - 37 - conbination of S100Al 2 wth other markers,
particul ariy atStee! speplef piei eBfaingsy Epmofs2ggugrolidieduaiso GA thesa| ldheThas a
sensi tivity of orfimet be coldridkepy elebGhatatby while the dénmgnibhientralsamplek er s

S100Al 2 and t heoQe @%ﬂale@nh@pa@aiepmh@ CREFBb@ioR %A el ﬁssanm@amu vity
SLO0A! 2. herrogI B8 HIFGBTSG! oty fRn B e Crietts Wi =R €360

i ncrease to 82%npyin.cwesforg W@Cdlat'ﬁ'ﬁ“ewélaﬁéeﬁ?ﬁbﬁlq:%\?@e ‘BfTa@f)é(i‘PF‘Pbl ty.
These marker coohiupabiaansl dngs eaoiegs. de toed 10eCRC patjents téthdut ipre-oreekeng t 0

detect CRGxy espRGAalrlY LGar@t early stages. As obvious from Table 7,
particularly a colorectal cancer at stage | is detected at a nuch

hi gher rate b s e n o
3130 errat ke)y/ s%cﬁug .ﬁea@@r%gsrdega n,%u an. mlai;anqj StEnchORRY KEE of

|
conbi nati ons. 2%"7?%@4%9 ¥ WO@?PW ff%’rg‘nééo sle“fﬁb?"};%i Rhr ker
conbi nati ons f dfantphel, detrecRiswiminftorCREwenMer Kifferaptistisigritienty Bnthr CGRDOAI 2
S100Al 2 and group from control individuals as measured by the area under the curve (Table 6) is

30 found to be 94 % for CRC vs. all controls and as well 94 % for CRC without FOBT
pre-screening vs. controls. Grouping the CRC patients by disease stage reveals an
area under the curve of 90 % for UICC-stage I and 96 — 97 % for UICC-stages 1l ~
V. No evidence for a bias by FOBT pre-screening is detected since the area under
the curve of these patients is identical to the area under the curve of the total CRC

35 population.
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Table 5: Patient characteristics of the third study population

Total number | Age (year) Gender
(female/male)
Controls 252 63,0 +/- 8,0 151/101
- Healthy Controls 132 62,3 +/- 6,8 81/51
{no evidence of any bowel disease}

- Hemorrhoids 28 60,1 +/- 7,1 13/15
- Diverticulosis 73 64,7 +/- 9,5 46/27
- Hyplastic polyps 14 67,9 +/- 9,9 8/6
- Other Gl diseases 5 59,2 +/- 6,7 312
CRC (all samnples) 186 66.1 +/-11.9 93/93
CRC (subcollective w/o 101 68,4 +/- 11,5 48/53
blood/FOBT)

Table 6: ROC analysis of a third study population

Sample panel N AUC %
CRC samples all 186 94
CRC samples w/o blood/FOBT 101 94
UICC stage | 39 90
UICC stage 11 33 97
ULCC stage 111 42 96

— UICC stage IV 29 97

5 Example §

Combinations of $100A12 with other stool markers

Combinations of $100A12 with other biomarkers from stool extracts are evaluated.
The markers hemoglobin, the hetero-complex of hemogiobin with haptoglobin,
Calprotectin, TIMP-1, M2-PK and CEA are measured using commercial ELISAs.
10 Assays for measurement of hemoglobin, hemoglobin/ haptoglobin and calprotectin
are obtained from R-Biopharm, Germany. The Calpro Calprotectin ELISA is
manufactured by Calpro SA, Norway, and is marketed outside of Germany as
PhiCal™ Test. The assay for measurement of CEA is obtained from Roche
Diagnostics, Germany. The assay for M2-PK is supplied by Schebo Biotech,
15 Germany, and the assay for TIMP-1 by R&D Systems, USA, respectively. While
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some of the assays are intended for measurements in stool extracts, for two assays,
namely CEA and TIMP-1, stool is not a commonly used sample material. Hence,
the assays have to be adjusted to the measurement of the corresponding analyte in a
sample representing an extracted stool specimen. The samples (stool extracts) are
5 prediluted 20-fold for CEA determinations, but otherwise the assay is run according
to the manufacturers recommendations. Similarly the samples are prediluted 3-fold

for the measurement of TIMP-1 without changing the assay procedure itself.

To test if a marker combination will improve the diagnosis of CRC, the markers are
combined by Bayes Logistic Regression (BLR). In the BLR algorithm for the
10 evaluation of marker combinations a Gaussian prior is used and implemented in
the BBR-Software of Alexander Genkin, David D. Lewis, and David Madigan
(Large-scale Bayesian logistic regression for text categorization. Technometrics,).
The following settings are used: no automatic feature selection, prior variance fixed
at 0.05, no threshold-tuning, and input standardization by normalization. For the
15 numerical process the default settings with a convergence threshold of 0.0005, 1600
iterations and no-accuracy-mode are retained unchanged. The results with the basic
algorithm get evaluated by 100 runs in a Monte-Carlo cross-validation design. In
each run, two-third of all cases and controls, respectively, are selected as training set
via the Matlab® R2006a in-built function randsample with starting value 19022007
20 for the default random number generator. The basic algorithm is applied on the
training set to generate a diagnostic rule. A threshold on the estimated posterior
case-probabilities is determined on the controls of the training set to achieve a
specificity of 95% or 98%, respectively. The diagnostic rule is then applied to the
other third of the data to estimate sensitivity and specificity at the given threshold.

25 To avoid any bias for hemoglobin or hemoglobin / haptoglobin only the 101 CRC
patients without prior FOBT prescreening are used in the assessment. For a
screening assay not only the AUC of the ROC plot is relevant. A quite critical
requirement in a screening setting is a good enough sensitivity at a high specificity.
High specificity is crucial because a low specificity will cause a high number of false

30 positive results accompanied by unnecessary follow-up procedures and distress for
the patients. Table 7 summarizes the AUC values of the evaluation as well as the
sensitivities at a preset specificity of 95% and 98%, respectively. When some of the
individual markers measured are combined by BLR the AUC values for the
diagnosis of CRC are very similar within the range of +/- 1%. On the other hand

35 overall sensitivity in detection of CRC can be significantly improved by
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combination of S100A12 with other markers, particularly at a specificity level of
98%. While S100A12 alone has a sensitivity of 67%, the marker combination
including the two markers S100A12 and the hemoglobin-haptoglobin complex
exhibits a sensitivity of 79% and the best marker combination, including three
5 markers, $100A12, hemoglobin-haptoglobin complex and TIMP-1, shows a further
increase to 82% in sensitivity at the same high level of specificity. These marker
combinations are considered very important in order to detect CRC, especially
CRC at early stages. As obvious from Table 7, particularly a colorectal cancer at
stage I is detected at a much higher rate by use of a marker combination. Use of the
10 marker S100A12 is key to the improved ROC obtained with these marker

combinations.
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henogl obi n / hapt ogl obi n conpl ex. 5. The nethod according to claim?2,”
wherein said second marker is TIMP-1. - 40 - 6. The method
according to claim2, wherein said second marker is M2-PK. 7. Use of
protein S100Al 2 as a marker nolecule in the diagnosis of col orectal
cancer froma stool sanple obtained froman individual. 58. Use of
protein S100Al 2 as a marker nol ecul e insghe early diagnosis of

col orectal cancer froma stool sanple obtained froman individual

9. Use of protein S100AI 2 as a marker nol ecul e for colorectal cancer
in conmbination with one or nore ot her ne€laiias nol ecul e(s) for
colorectal cancer selected fromthe group consisting of
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¢}  determining the amount of complex formed in step (b) and

d) correlating the amount of complex determined in (c) to the diagnosis of

colorectal cancer.

10 2. A method for the diagnosis of colorectal cancer comprising the steps of
‘a)  providing a stool sample obtained from an individual,

b}  contacting said sample with a specific binding agent for S100A12 under
conditions appropriate for formation of a complex between said
binding agent and S100A12,

15 A c) contacting said sample with a specific binding agent for a second
marker selected from the group consisting of hemeglobin/haptoglobin
complex, hemoglobin, tissue inhibitor of metalloproteases 1 (TIMP-1),
and tumor M2 pyruvate kinase (M2-PK) under conditions appropriate
for formation of a complex berween said binding agent and the second

20 marker,

d} detection the amount of complex formed in steps (b) and (c) and

S e) correlating the amount of complex determined in step (d) to the

diagnosis of colorectal cancer.

3.  The method according to claim 2, wherein said second marker is hemoglobin.

25 4. The method according to .claim 2, wherein said second marker is the

hemoglobin / haptoglobin complex.

5.  The method according to claim 2, wherein said second marker is TIMP-1:



<213> Honp sapi ens <400> 1 Met Thr Lys Len G n Gu Hs Len Gn Gy

.le Val Asn Ile
Lys.
Il.e
Ile Phe G n Gy
Gn Gn Phe Ile
Tyr H's Thr H's

Thr  Leu Ser
Ala Asn Thr

10

6.

Phe H s 151015 G n. Tyr Ser Val My Lys Ay H's Phe Asp
Ay Qu 202530 Leu Lys G n Leu Len Thr Lys G n Leu
Lys Asn Il e 354045 Lys Asp Lys Ala Val Ile Asp Qu
Len Asp Ala Asn 505560 G n Asp Gn Gn Val Asp Phe
Ser Len Val Ala Ile 6574y580 Ala Len Lys Ala Ala Hi s
Lys d u 8590

The method according to claim 2, wherein said second marker is M2-PK.

Use of protein S100A12 as a marker molecule in the diagnosis of colorectal

cancer from a stool sample obtained from an individual.

Use of protein S100A12 as a marker molecule in the early diagnosis of
colorectal cancer from a stool sample obtained from an individual.

Use of protein SI00A12 as a marker molecule for colorectal cancer in
combination with one or more other marker molecule(s) for colorectal
cancer selected from the group consisting of hemoglobin/haptoglobin
complex, hemoglobin, tissue inhibitor of metalloproteases 1 (TIMP-1), and
tumor M2 pyruvate kinase (M2-PK) in the diagnosis of colorectal cancer
from a stool sample obtained from an individual.
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<213> Homo sapiens

<400> 1

Met Thr Lys Leu Glu Glu His Leu Glu Gly Ile Val Asn Ile Phe His
1 5 10 15

Gln Tyr Ser Val Arg Lys Gly His Phe Asp Thr Leu Ser Lys Gly Glu
20 25 30

Leu Lys Gln Leu Leu Thr Lys Glu Leu Ala Asn Thr Ile Lys Asn Ile
35 40 45

Lys Asp Lys Ala Val Ile Asp Glu Ile Phe Gln Gly Leu Asp Ala Asn
50 53 60

Gln Asp Glu Gln Val Asp Phe Gln Glu Phe Ile Ser Leu Val Ala Ile
65 70 75 80

Ala Leu Lys Ala Ala His Tyr His Thr His Lys Glu
85 20



