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especially true for CRC. The prognosis in advanced stages of tumor is poor. More than one

third of the patients will die from progressive disease within five years after diagnosis,

corresponding to a survival rate of about 40% for five years. Current treatment is only

curing a fraction of the patients and clearly has the best effect on those patients diagnosed
15 in an early stage of disease.

With regard to CRC as a public health problem, it is essential that more effective screening
and preventative measures for colorectal cancer be developed.

The earliest detection procedures available at present for colorectal cancer involve using
tests for fecal blood or endoscopic procedures. However, significant tumor size must

20 typically exist before fecal blood is detected. The sensitivity of the guaiac-based fecal occult
blood tests is ~26%, which means 74% of patients with malignant lesions will remain
undetected (Ahlquist, D.A., Gastroenterol. Clin. North Am. 26 (1997) 41-55). The
visualization of precancerous and cancerous lesions represents the best approach to early
detection, but colonoscopy is invasive with significant costs, risks, and complications

25 (Silvis, S.E., et al., JAMA 235 (1976) 928-930; Geenen, J.E., et al., Am. J. Dig. Dis. 20'(1975)
231-235; Anderson, W.E., et al., J. Natl. Cancer Institute 94 (2002) 1126-1133).

In the recent years a tremendous amount of so-called colon specific or even so-called
colorectal cancer specific genes has been reported. The vast majority of the corresponding
research papers or patent applications are based on data obtained by analysis of RNA
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15 marker molecules which might be used in the diagnosis of CRC. Briinagel, G., et al., Cancer

Research 62 (2002) 2437-2442 have identified seven nuclear matrix proteins which appear

to be more abundant in CRC tissue as compared to adjacent normal tissue. No data from
liquid samples obtained from an individual are reported.

WO 02/078636 reports about nine colorectal cancer-associated spots as found by surface-

20 enhanced laser desorption and ionization (SELDI). These spots are seen more frequently in
sera obtained from patients with CRC as compared to sera obtained from healthy controls.
However, the identity of the molecule(s) comprised in such spot, e.g., its (their sequence),
is not known.

Despite the large and ever growing list of candidate protein markers in the field of CRC, to
25 date clinical/diagnostic utility of these molecules is not known. In order to be of clinical

utility a new diagnostic marker as a single marker should be at least as good as the best

single marker known in the art. Or, a new marker should lead to a progress in diagnostic

sensitivity and/or specificity either if used alone or in combination with one or more other

markers, respectively. The diagnostic sensitivity and/or specificity of a test is best assessed
30 by its receiver-operating characteristics, which will be described in detail below.

At present, only diagnostic blood tests based on the detection of carcinoembryonic antigen
(CEA), a tumor-associated glycoprotein, are available to assist diagnosis in the field of
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Whole blood, serum or plasma are the most widely used sources of sample in clinical
routine. The identification of an early CRC tumor marker that would allow reliable cancer
detection or provide early prognostic information could lead to a diagnostic assay that
would greatly aid in the diagnosis and in the management of this disease. Therefore, an
20 urgent clinical need exists to improve the diagnosis of CRC from blood. It is especially
important to improve the early diagnosis of CRC, since for patients diagnosed early on
chances of survival are much higher as compared to those diagnosed at a progressed stage
of disease.

It was the task of the present invention to investigate whether a new marker can be
25  identified which may aid in CRC diagnosis.

Surprisingly, it has been found that use of the protein NNMT can at least partially
overcome the problems known from the state of the art.

The present invention therefore relates to a method for the diagnosis of colorectal cancer
comprising the steps of a) providing a liquid sample obtained from an individual, b)
30 contacting said sample with a specific binding agent for NNMT under conditions
appropriate for formation of a complex between said binding agent and NNMT, and c)
correlating the amount of complex formed in (b) to the diagnosis of colorectal cancer.
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has been reported to be predominantly expressed in liver and is located in the cytoplasm.

NNMT has been cloned from cDNA from human liver and contained a 792-nucleotide

15 open reading frame that encoded a 264-amino acid protein with a calculated molecular
mass of 29.6 kDa. (Aksoy, S., et al,, J. Biol. Chem. 269 (1994) 14835-14840). Little is known

in the literature about a potential role of the enzyme in human cancer. In one paper,

increased hepatic NNMT enzymatic activity was reported as a marker for cancer cachexia
in mice (Okamura, A, et al,, Jpn. J. Cancer Res. 89 (1998) 649-656). In a recent report,

20 down-regulation of the NNMT gene in response to radiation in radiation sensitive cell lines
was demonstrated (Kassem, H., et al., Int. J. Cancer 101 (2002) 454-460).

As obvious to the skilled artisan, the present invention shall not be construed to be limited
to the full-length protein NNMT of SEQ ID NO:1. Physiological or artificial fragments of

25 NNMT, secondary modifications of NNMT, as well as allelic variants of NNMT are also
encompassed by the present invention. Artificial fragments preferably encompass a peptide
produced synthetically or by recombinant techniques, which at least comprises one epitope
of diagnostic interest consisting of at least 6 contiguous amino acids as derived from the
sequence disclosed in SEQ ID NO:l. Such fragment may advantageously be used for

30 generation of antibodies or as a standard in an immunoassay. More preferred the artificial
fragment comprises at least two epitopes of interest appropriate for setting up a sandwich
immunoassay.

In preferred embodiments, the novel marker NNMT may be used for monitoring as well as
for screening purposes.
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di agnostic netho accordlng to the present invention is used for screening
pur poses. |.e., is used to assess subjects without a prior diagnhosis of
The staging of cancer is the classification of the disease in terms of extent, progression, and

15 severity. It groups cancer patients so that generalizations can be made about prognosis and
the choice of therapy.

Today, the TNM system is the most widely used classification of the anatomical extent of
cancer. It represents an internationally accepted, uniform staging system. There are three
basic variables: T (the extent of the primary tumor), N (the status of regional lymph nodes)

20 and M (the presence or absence of distant metastases). The TNM criteria are published by
the UICC (International Union Against Cancer), Sobin, L.H., Wittekind, Ch. (eds), TNM
Classification of Malignant Tumours, fifth edition, 1997).

What is especially important is, that early diagnosis of CRC translates to a much better
prognosis. Malignant tumors of the colorectum arise from benign tumors, i.e. from

25 adenoma. Therefore, best prognosis have those patients diagnosed at the adenoma stage.
Patients diagnosed as early as in stage Tj;, NO, MO or T1-3; NO; MO, if treated properly have
a more than 90% chance of survival 5 years after diagnosis as compared to a 5-years
survival rate of only 10% for patients diagnosed when distant metastases are already
present.

30 In the sense of the present invention early diagnosis of CRC refers to a diagnosis at a pre-

malignant state (adenoma) or at a tumor stage where no metastases at all (neither proximal
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NNMT i s usedlt owtichgndssizedOREn as imdividuyal. dénlike tot inethodidmown frogt thgeart NNMT is
specifically measured from this liquid sample by use of a specific binding agent.

A specific binding agent is, e.g., a receptor for NNMT, a lectin binding to NNMT or an
antibody to NNMT. As the skilled artisan will appreciate the term specific is used to
indicate that other biomolecules present in the sample do not significantly bind to with the

15 binding agent specific for NNMT. A level of less than 5% cross-reactivity is considered not
significant.

A specific binding agent preferably is an antibody reactive with NNMT. The term antibody
refers to a polyclonal antibody, a monoclonal antibody, fragments of such antibodies, as
well as to genetic constructs comprising the binding domain of an antibody.

20 Antibodies are generated by state of the art procedures, e.g., as described in Tijssen
(Tijssen, P., Practice and theory of enzyme immunoassays 11 (1990) the whole book,
especially pages 43-78; Elsevier, Amsterdam). In addition, the skilled artisan is well aware of
methods based on immunosorbents that can be used for the specific isolation of antibodies.
By these means the quality of polyclonal antibodies and hence their performance in

25 immunoassays can be enhanced. (Tijssen, P., supra, pages 108-115). For the achievements
as disclosed in the present invention polyclonal antibodies raised in rabbits have been used.
However, clearly also polyclonal antibodies from different species , e.g. rats or guinea pigs,
as well as monoclonal antibodies can also be used. Since monoclonal antibodies can be
produced in any amount required with constant properties, they represent ideal tools in

30 development of an assay for clinical routine. The generation and use of monoclonal
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(1990) the whol grabgikio ge@sREgitBbAiY xmgease&$ua8suaagﬁewnqrme Aﬂ&tgarodﬁf@me I'n
?Cr:Tdr:Jtnloggr btegtessﬁéhpqy“%‘%:asﬁegn%ﬁ \A&’Leseﬁl ragc? m)gel soﬁg@l4 on of anfnzﬁno& es

By these means ‘E“ﬁ’l}l Y’lql‘}f”é‘?m‘ﬁbzlaw O‘@E?ﬁleé‘B’dYaé‘énaé‘ﬁHmﬁéh'b‘é‘e‘i hei r

performance in 25 i mmunoassays can be enhanced. (Tijssen, P., supra, pages

108-115). For th& ACRLENETRAL ulﬁwééﬂtmd&dnﬂ&%ﬁﬂﬁ ‘?s”ihcdb%é&Wn!hocgei y

ol yclonal apti bod ai s
gl sg pol ycl oftal sPﬁﬂb?%B‘i)‘P%ﬁge‘Ftrfﬁeruéhgﬁ?r?détﬁ)éléF%’éol’“éte or fP’é’F"émBP aglﬂf"ﬁ% pi gs,
as wel | as nonoeseohNNMinednipbai sush camditions medsenaidedpeciiedcsnarhokillsd artisan

anti bodi es can Qehouptigdeatheleforti eRIPIdBtiff REi4ppepride iltubRios tarditiops.oper ti es,
they represent ideal tools in 30 devel opnent of an assay for clinical

routine. The generation and use of nonoc|onal., WD 20041057336
PCT/ EP2003/ 014sésa finat step peepisiinede thegnathadndisciosed intherrsesentdr PR e pgopy of
present inventi complex iy eteasuredtand rcorrelated to the diagnosis of CRC. As the skilled artisan will

15 appreciate there are numerous methods to measure the amount of specific binding agent
NNMT-complex all described in detail in relevant textbooks (cf., e.g., Tijssen P., supra, or
Diamandis et al., eds. (1996) Immunoassay, Academic Press, Boston).

Preferably NNMT is detected in a sandwich type assay format. In such assay a first specific
binding agent is used to capture NNMT on the one side and a second specific binding
20 agent, which is labeled to be directly or indirectly detectable is used on the other side.

As mentioned above, it has surprisingly been found that NNMT can be measured from a
liquid sample obtained from an individual sample. No tissue and no biopsy sample is
required to apply the marker NNMT in the diagnosis of CRC.

In a preferred embodiment the method according to the present invention is practiced with
25 serum as liquid sample material.

In a further preferred embodiment the method according to the present invention is
practiced with plasma as liquid sample material.

In a further preferred embodiment the method according to the present invention is
practiced with whole blood as liquid sample material.



preferred enbodinent. As the skilled artisan wll appreciate now, that NNMI
has been identified as a marker which is useful in the diagnosis of CRC,
alternative ways may be used to reach a result 5 conparable to the

achi evenents of the present invention. For exanple, alternative strategies
to generate anti bodies may be used. Such strategies conprise anongst others
the wuse of synthetic peptides, representing an epitope of NNMI for

i muni zati on. woMobsysiad | vel y, DNA | nmuni zation al so knoy#rm@Seobassyacci nati on
maybe used. For neasurenent the liquid sanple obtained froman individual is
i ncubated with the 10 specific binding a’gge‘nt for NNMI under conditions
appropriate for formation of a binding agent NNMI-conplex. Such conditions

need not be sp%&hﬁ%es‘iw%ﬂe%& %ablﬁﬂo@%ym&mm &Q%Iedﬁﬁﬁéadtﬂ\féﬂlﬂnve

effort can easi| ent r te | ubat i condi tions

final step accoar%quhcg 1%%8'5‘?-@ Bfgl 35&’8"9‘ °P‘n5é°°g?‘é éeﬁfeser“ﬁ\fe?{fff%er‘fl the
amount of corrmnéwdmynmaydme@we%niﬂm@hmned to the diagnosis of CRC. As
the skilled artisan will 15 appreciate there are nunerous nethods to

measure the am’sk&ﬂ% %f?ﬁﬁc‘%ﬁ{zﬁ f &dﬁg ea;&eaggmmm'\w %EEBL %%(mﬁ’ies' 183%% igped 1 n

detail in rel evan ndi s et

al ., eds. (1996fentifiriopatwagy Poxeaelé?ﬁﬂeer Wéﬁgtes %bﬁ’teé‘ﬁ*’)‘e sq%ftsfletklawgnmmﬁr
detected in a sthepwéephintengen beye aypiishrglydieen dble ts deatrt prosedryNHMI in abodilydlmid i ¢

bi ndi ng agent 's%mBﬁeﬁveBQn&@QﬁﬂﬂHQnMWh&@ bteéheabié“t% RhfdBstARha ﬂ‘a@ Ek@éiincé gecific
bi nding 20 ag di rect i rect ‘éﬁiﬁa ctabl e

I I
P used on t ha NN s el Tond RERE b an v Cé{hg’ﬁrﬁ"%‘ieﬁ
found t hat NNMdiegapsive colengetelicantert rom a | i qui d sanpl e obtained from an
i ndi vidual sanple. No tissue and no biopsy sanple is required to apply the

mar ker NNMT jon Aﬁlﬁ)ogi'esa%%% ¥ {lng%advarﬂaé o EJ L kd | Sfﬁéﬁﬁgggd S%E‘E&hurteb% Mg{ hod

accordlngtot g present invention Is um ag P qud
sanpl e mat eri al detqcheolprectal eanesr cells ysitityin OWIW@%“PWEMHE BT di ng to
the present invention is practiced with plasma as liquid sanple materi al.

In a I urther prﬂie@{ab@daxﬁm&m NN s AR BPdq @aﬁfaﬁ{éédeMT %rés&? oPEl?s%rﬁPBr
RGNNSO

Measuring the level of protein NNMT has proven very advantageous in the field of CRC.

15 Therefore, in a further preferred embodiment, the present invention relates to use of
protein NNMT as a marker molecule in the diagnosis of colorectal cancer from a liquid
sample obtained from an individual.

The term marker molecule is used to indicate that an increased level of the analyte NNMT
as measured from a bodily fluid of an individual marks the presence of CRC.

20 It is especially preferred to use the novel marker NNMT in the early diagnosis of colorectal

cancer.

The use of protein NNMT itself, represents a significant progress to the challenging field of
CRC diagnosis. Combining measurements of NNMT with other known markers, like CEA,
or with other markers of CRC yet to be discovered, leads to further improvements.
25 Therefore in a further preferred embodiment the present invention relates to the use of
NNMT as a marker molecule for colorectal cancer in combination with another marker
molecule for colorectal cancer in the diagnosis of colorectal cancer from a liquid sample
obtained from an individual. Preferred selected other CRC markers with which the
measurement of NNMT may be combined are CEA, CA 19-9, CA 72-4 and/or CA 242.



-8 Furthernore stool can be prepared in various ways known to the skilled
artisan to result in a liquid sanple as well. Such sanple |liquid derived
fromstool also represents a preferred enbodinent according to the present
i nvention. Whereas application of routine proteom cs nethods to tissue
sanples, leads to the 5 identification of many potential marker candi dates
for the tissue selected, the inventors of the present invention have
surprisingly ReshspRPhg to detect protein NNMI in a bodigdeygblobdssssanpl e.
Even nore surprising they have been able to denonstrate that the presence of
NNMT in such |liquid sanpl e obtained from-&r individual can be correlated to
the diagnosis of colorectal cancer. 10 Antibodies to NNMI with great

advant age can used in establi.she recedures, e.q., to detect colorectal
cancer cells i élbﬁggntogu\tf.c rleaﬁe’%f opsf geéd ogﬁpe?fﬁccl?nrln%%sﬁy%g'g TR s R Y
Preferably, an bsfitBrpBeRd in shaiamr of ¢ kifs which goraprisesathy seecifi bindigggens2ad st or
absent) or quadikilibrgitreagent{ NyMFedatsopaiforth Shel ekt The1ptjent Avertioa SBeyforeMiasur i ng

t he | | of | : f ] fel f CRC.
S har el ofh, T OGP B i iSRRG R

t her I nventi on
relates to use @Fla“’ﬁlﬂ%’f@lg’?n%mﬁ’e?é“e&wﬁta‘# | ecul e in the diagnosis of

colorectal cancer froma liquid sanple obtained froman individual. The
term marker nol geuh&, bfSa WG bbsp d'és&(ﬂie_ﬁ%QtstrE@i@vexa%eiaﬁﬁg ensRiiRY atoof (sthe

anal yte NNMI as_ne s?‘rvgd frﬁm 2y Odlt|, {;I l&g . agglﬁg@v%ﬂ%% R ?E)Ct he
presence of CRCPEHN Vg MsHadid FryPhtePeHBd 18 qed PR Hovdr RarRSr N
in the early digiephosh slobef 2l of thesensisiiity/ pagificty pairhesuliiag frem cpntituensly YR

itsel f, represetit8ecBionaitigrshfiokibdver the @ffiaasgebbdatdwbsed] | enging field of CRC
di agnosi s. Conbi ni ng neasurenents of NNMI with other known markers, 1ike

CEA, or wth other. rkers of et to be discovered, |leads to further
i mpr ovenent X0 z@heﬁlf&@fpéff%mraﬂceagfeﬁﬁ'%/%aé?fyﬁ?%5@&1 Pl AR ECLREY B et
i nvention rel at @ﬂitxw QOrreCtbtsbSSéfY subjisiviinte sliracalhprelerant sublgmopd. idguestic adcarect al _
cancer in conbi fadshi@Nthwitdsts B0 1deorrdlly BfingulkR hRE BifferehtUon&ifb R0 Bealibjencer in
the diagnosis of, col.oneehal (SANSE! L O AabliUledS APlEos OBt Alhed Jefiom an
i ndi vidual . Preferr 'se]lecfe ofl?'uer Markers W ih SR el t1hes

malignant disease.

15 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 (number of true-positive test results)
(number of true-positive + number of false-negative test results)]. This has also been
referred to as positivity in the presence of a disease or condition. It is calculated solely from

20 the affected subgroup. On the x-axis is the false-positive fraction, or 1 - specificity [defined
as (number of false-positive results)/(number of true-negative + number of false-positive
results)]. It is an index of specificity and is calculated entirely from the unaffected
subgroup. Because the true- and false-positive fractions are calculated entirely separately,
by using the test results from two different subgroups, the ROC plot is independent of the

25 prevalence of disease in the sample. Each point on the ROC plot represents a sensitivity/-
specificity pair corresponding to a particular decision threshold. A test with perfect
discrimination (no overlap in the two distributions of results) has an ROC plot that passes
through the upper left corner, where the true-positive fraction is 1.0, or 100% (perfect
sensitivity), and the false-positive fraction is O (perfect specificity). The theoretical plot for a

30 test with no discrimination (identical distributions of results for the two groups) is a 45°
diagonal line from the lower left corner to the upper right corner. Most plots fall in
between these two extremes. (If the ROC plot falls completely below the 45° diagonal, this
is easily remedied by reversing the criterion for "positivity" from "greater than" to "less



measur enent of NNMI' may be conbi ned are CEA, CA 19-9, CA 72-4 and/or CA 242.
WO 2004/ 057336 PCT/ EP2003/ 014583 -9 Diagnostic reagents in the field of
speci fic binding assays, |ike i munoassays, usually are best provided in
the formof a kit, which conprises the specific binding agent and the
auxiliary reagents required to performthe assay. The present invention
therefore also relates to an i munol ogical kit conprising at | east one
speci fic bi ndivigaaimss for NNMI 5 and auxiliary reagens&ipdosbRagUr ement of
NNMT. Accuracy of a test is best described by its receiver-operating
characteristics (ROC) (see especially zwdPg, M H., and Canpbell, G, din.
Chem 39 (1993) 561-577). The ROC graph is a plot of all of the

sensi tivity/ spegjhi Gy v&?a' r(fuaflﬁt?\}él hPGodef & I%ﬁ?{lttb EHéng érﬂefé/c%mék e hiflRf

deci sion thresh-hol d over entire range of data obsServed. 10 The cli ni cal
per f or mance of Q’eloﬁeﬁﬂlra&f“é?q}? &*%"te“depends on its diagnostic accur acy, or the
ability to correctly classify subjects into clinically relevant subgroups.

Di agnostic accuoa@yonvémsgﬁaet% qhmfyttﬁ%agi.oﬁialakdu;a\éy&maﬁfa&&ﬁelsms QiespeRayi sh
two different conrﬁolrtnan e§ in Sy j,I%Ct Ostclrr}l\r/ne()stg!l%% 1 ou (%Qanundt' ns are
for exanpl e heaPth" Ysé %emb Den rsus Ilegnuénf i EEA5ET 18 I n
each case, tht ROERNtY CGEWPEQIS@WE‘ Wavap 0difiiderott e cengsverieshe depigion ons by
plotting the sewstolmakietitysoy.SfafidSratge betnret 1.0 i(drfeyt sépafaubﬁlefthemi elhes sothge of

deci si on threshg‘l, Ego a&dh% éﬁo?é;%a?ent biStriB @Bl diffdrdnte bé@v(re %Ii,; §1‘t£sltve
SgC

fraction [defin rue- 05|t|vetest resu
true-positive +V adfa ’?éd‘ﬁ’é ?WW%%C“FEB‘HP?I&?] é’P% been

referred to as ploskttp thetd)agowl pirthe pnetaty 0 €908 spacifiditydans en dre eotmggpldti Wris.is &t i s

cal cul at ed s@f elgpankita@i@, dcApiRe &bfeRidn@ héb B8 MEROOPIot B the Pétest dn® (dre=
fal se-positive fraction, or I - specificity [defined as (nunber of

fal se-positive re ults)/(nunber of true-negative + nunber of fal se-positive
results)]. It is an index of specificity and is calculated entirely fromthe
unaf fected sub@lieidg.utiBgodubendvalembrketeNNEMchat bteheasipassd il ve@ngatisnt tocnd iAar e

cal cul ated enti rghinaRRANA Gk Béstabhg})/ed%ﬂg dE'AeusﬁxﬁsaF 1;&&%&“ géaﬁ Qﬁpv% Wb sis

di fferent subgr IS | dent eva of

di sease in the ggﬁé’l%”e‘gé(ﬁgcﬁg‘} ﬁ?m@ﬁn’ %C@’efﬂ 3? 338r53§ Wt)plt saé’élﬁgﬁ IEaFw ty/ -
specificity paibewmdnsedopovetideied oatanmhmitsmghmtmgiefﬁmmnlei darlefomolpdtients in est

w th perfect T1-3; NO; MO, more progressed tumor, i.e., T4 and/or various severity of metastasis (N+

and/or M+), and healthy controls, respectively.

The diagnostic method based on measurement of NNMT alone in comparison to the
established marker CEA alone has been found to have an at least as good a diagnostic
20  accuracy (sensitivity/specificity profile) as demonstrated by the area under the curve.

The following examples, references, sequence listing and figure 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.

25 Description of the Figure

Figure 1 Figure 1 shows a typical example of a 2D-gel, loaded with a tumor sample

(left side), and a gel, loaded with a matched control sample (right side)

obtained from adjacent healthy mucosa. The circle in the enlarged section

of these gels indicates the position for the protein NNMT. The apparent

30 molecular weight and the isoelectric point of NNMT correspond to the



discrimnation (no overlap in the two distributions of results) has an ROC
pl ot that passes through the upper left corner, where the true-positive
fraction is 1.0, or 100% (perfect sensitivity), and the fal se-positive
fraction is O (perfect specificity). The theoretical plot for a 30 test with
no discrimnation (identical distributions of results for the two groups) is
a 45 diagonal line fromthe lower |eft corner to the upper right corner.
Most pl ots falwo tomosteed ween these two extremes. (If theedR@B2q0b/0lssbal | s

conpl etely bel ow the 45 diagonal, this i ﬁ easily renmedi ed by reversing the
criterion for "positivity" from"greater " han" to "l ess WD 2004/ 057336

PCTI EP2003/ 014583 -10 than" or vice versa.) Qualitatively, the closer the
plot is to the upper left tH&faﬁeﬂvame@efmmrandslse r@p&Liady. THE Frétedtyasabt t he

test. One convenient goal to ntj f n tlc .accuracy of a
| aboratory test is to exprdetsstgblllletabgdlesxm%or mé\%gx %ﬁl TESY ngl e nunber. The nost

common gl obal neasure is the area under the 5 ROC plot. By convention, this
area is always Big@te? (if iFigukes2 shotvs a opealcRAMplevies Westdrh @l eTHe SEloMs laalded t 0

make it so). Val ues range ‘@ﬁtm@ﬁgﬁe@ ﬁQHPEJI&G&aJSrﬁ Raf ﬁEs};Qan? ‘3?‘%& 2 vaI ues

of the two groups) and O I ona tween
the two groups of test aff’{‘fé‘g)t‘ssu g P%téanZ%’éJeﬁgF TRRPB 5% DaesPs Bipeqt 2

particul ar portion of the rgitwt cs Dukesdssubfret 39oiotnn cadPuksesitand eubjdsesldidgonal  or
the sensitivity at 90% speg] bk tBY. prbaéﬁceQﬂ NNMTQH'[&& @g%:&twas-lftﬂteﬂ thsfngda 10

guantitative, descriptive p%%ﬁ r?a?ra'b I al% Fgm Lanes & Tlnlﬁggﬁ{mr% t.o t he

perfect one (area = 1.0) .
been assessed in conparisd 1‘Eaéfda‘ﬁ’é$ i ané%ﬁ?ﬁi%ﬁif@ﬁn%c?wa ﬁeufe‘glﬂa‘ﬁﬁ gh%d
mar ker CEA uBl ng a recei vefarky&nataitainitg ¥ oktddryeight ploRiGtanduvdiigindidtedd. , and

Campbel |, G, din. Chem 3one1oR3RGkaals kne RSy AR g& bmDRAMBpeN

based on wel I -defi ned patl t cohor consi stl from
patients in T1-3; NO; MO“'MBYE B8 @%"’eﬂ’%‘% attheémsm éﬁi‘%ﬁ’rw 5PY ous
severity of netastasis (N-Ialm%hdsbelsn uld bﬂdletmedlmhig,elmm frolsdjagent perptal vel y.
The di agnostic method basadn@aumasrwsem@ovaéxpm&amminrtmeemafeifﬁﬂn to

the establiphed mrker Cofy Al aNGnlianRRclal Rt 12o0AYS: Alicll kRSt as good

a diagnostic ™ 20 accuracy (sensitivity/speci y profi enonstrat ed
by the area under the curve.

Abbreviations
ABTS 2,2'-Azino-di- [3-ethylbenzthiazoline sulfonate (6)] diammonium salt
BSA bovine serum albumin
20 cDNA complementary DNA
CHAPS (3-[(3-Cholamidopropyl)-dimethylammonio]- 1-propane-sulfonate)
DMSO dimethyl sulfoxide
DIT dithiothreitol
EDTA ethylene diamine tetraacetic acid
25 ELISA enzyme-linked immunosorbent assay
HRP horseradish peroxidase
1AA iodacetamid
IgG immunoglobulin G
IEF isoelectric focussing
30 IPG immobilized pH gradient
LDS lithium dodecyl sulfate

MALDI-TOF  matrix-assisted laser desorption/ionisation-time of flight



The foll ow ng exanpl es, references, sequence listing and figure are provided
to aid the wunderstanding of the present invention, the true scope of which
is set forth in the appended clains. It is understood that nodifications
can be made in the procedures set forth without departing fromthe spirit
of the invention. 25 Description of the Figure Figure 1 Figure 1 shows a
typi cal exanple of a 2D-gel, |oaded with a tunor sanple (left side), and a
gel , | oaded wwidrososBssched control sanple (right side) pcalipaoy@ckss r om

adj acent heal thy nmucosa. The circle in the enlarged section of these gels

i ndi cates the position for the protein NNM™ The apparent 30 nol ecul ar

wei ght and the isoelectric point of NNMI correspond to the WO 20041057336
PCT/ EP2003/ 014583 - 11 t hemsssbéatrametwval ues of 29.6 kDA and 5. 56,
respectively. Ty prot ei‘%eﬁ%? z’cht_trimg@l@gggnzlbl e by the sane nethod in healthy
mucosa. Figure 2 Figure 2 shows a typical exanple of a Western-Blot. The gel
was | oaded wi tHPtissue | yBURbdEN i om col orectal tunor tissue and adj acent
heal thy 5 contPAWE ti ssue pblyamlsmipadel ddatrophosasi®] ect 27: rectum ca, Dukes B;
subj ect 29: recgum ca, Du X j . 39: colon ca, Dukes A; and subj ect
40: col on ca5, kes B). ﬁésgg\dﬁ%%&%%egm in the sanples was tested using a
pol ydonal rabbi¥l anti- NNMPogeqtrigRoitanes contai ning tunor |ysates are
indicated with Ri§', |anes rgadiaishiidtyaas mal control tissue with "N'. The 10
mar ker | ane cong,Dasj ning a m).ecgl ‘?r I\Aﬁ}ght protein standard is indicated by
"M . The arrow {ndi cates fHE"BESTY8h*n the gel of the NNMI band. All
tunor sanpl es gave a strong signal at the position of NNMI, whereas al npost
no signal could be detected in the |ysates from adjacent normal control
tissue. This strong overexpression of NNMI in tunor tissue from15
colorectal cancer patients was shown in 14 out of 14 subjects tested.
Abbrevi ati ons ABTS 2, 2' - Azi no-di - [ 3-ethyl benzthi azoline sulfonate (6)]

di ammoni um sal t



e o e et i e e e

BSA bOV|ne serun1a|bun1n 20 cDNA conpl enment ary DNA CHAPS

(3-[ (3-Chol am dopr opyl ) - di et hyl ammoni o] - 1- propane-sul fonate) DVSO

di mret hyl sul foxide DTT dithiothreitol EDTA ethylene diam ne tetraacetic add
25 ELI SA enzyme-| i nked i munosor bent assay HRP horseradi sh peroxi dase | AA

| odacetam d 1gG i mmunoglobulin G I1EF isoelectric focussing 30 I PG

I mmobi | i zed pH gradient LDS |ithium dodecyl sulfate MALDI - TOF

natrix-assistjg)%@ﬁﬁ%ygesorptlon/|onlsatlon time of flighteppW¥eseQ4/ 057336
PCT/ EP2003/ 014583 -12- mass spectronetry MES nmesityl, 2,4, 6-trinethyl phenyl

0D optical density PAGE pol yacryl am de geﬂ3electrophore5|s 5 PBS phosphate
buffered saline Pl isoelectric point RTS rapid translation system SDS
sodi um dodecy! gulf@%e WO 2004/ 057336 PCT/ EP20031014583 -13- Exanple 1

I dentification NNV as aLEotentlaI col orectal cancer marker Sources of
ti ssue Identification of NNMT as a potential colorectal cancer marker

Sources of tissue

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

In total, tissue specimen from 10 patients suffering from colorectal cancer were analyzed.
From each patient three different tissue types were 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 served as matched healthy control

10 samples. Tissues were immediately snap frozen after resection and stored at — 80°C before
processing. Tumors were diagnosed by histopathological criteria.

Tissue preparation

0.8-1.2 g of frozen tissue were put into a mortar and completely frozen by liquid nitrogen.
The tissue was pulverized in the mortar, dissolved in the 10-fold volume (w/v) of lysis

15 buffer (40 mM Na-citrate, 5 mM MgCl,, 1% Genapol X-080, 0.02% Na-azide, Complete®
EDTA-free [Roche Diagnostics GmbH, Mannheim, Germany, Cat. No. 1 873 580]) and
subsequently homogenized in a Wheaton® glass homogenizer (20 x loose fitting, 20 x tight
fitting). 3 ml of the homogenate were subjected to a sucrose-density centrifugation (10-
60% sucrose) for 1 h at 4500 x g. After this centrifugation step three fractions were

20 obtained. The fraction on top of the gradient contained the soluble proteins and was used
for further analysis.

Isoelectric focussing (JEF) and SDS-PAGE

For IEF, 3 ml of the suspension were mixed with 12 ml sample buffer (7 M urea, 2 M
thiourea, 2% CHAPS, 0.4% IPG buffer pH 4-7, 0.5% DTT) and incubated for 1 h. The
25 samples were concentrated in an Amicon® Ultra-15 device (Millipore GmbH, Schwalbach,
Germany) and the protein concentration was determined using the Bio-Rad® protein assay
(Cat.No. 500-0006; Bio-Rad Laboratories GmbH, Miinchen, Germany) following the
instructions of the supplier’s manual. To a volume corresponding to 1.5 mg of protein
sample buffer was added to a final volume of 350 pl. This solution was used to rehydrate
30 IPG strips pH 4-7 (Amersham Biosciences, Freiburg, Germany) overnight. The IEF was



In order to identify tunor-specific proteins as potential diagnostic markers
for colorectal 5 cancer, analysis of three different kinds of tissue using
proteornics nethods was performed. |In total, tissue specinen from 10
patients suffering fromcol orectal cancer were analyzed. From each patient
three different tissue types were collected fromtherapeutic resections:
tunor tissue (> 80%tunor) (T), adjacent healthy tissue (N) and stri pped
mucosa from g AaRbssieal thy mucosa (M. The latter tworigeSssifisdsypes served
as matched healthy control 10 sanples. Tissues were inmedi ately snap frozen
after resection and stored at - 80C befor&- processing. Tunors were

di agnosed by hi st opat hol ogical criteria. Tissue preparation 0.8-1.2 g of
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X- 080, 0.02% Nadimetlydeed f@ERSRAGH r) EDTA-free [ Roche Di agnostics GribH,
Mannheim Gernmany, Cat. No. 1 873 5803) and subsequently honpgenized in a
Wheaton(r) glasgs.h LWZer, (20 x | opse fittin 0 i fitting). 3 m
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60% sucr ose) 5f ofrisHi, RH 885 0%9% glycerds 280 SD$>sfoe epduction; RT A5 Bine p- 130 mge
fractions were 20T/0bib) addor dlkgation dAA i( B mia+t20Pm@fiodabeangid el thi ral) twac addedi ned
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4-7, 0.5% DTT) Widadetatel brak tainedaverhight witthNoveg 5 Colimighll Blte WaimingcKih Havitrogened i n

an Am con Ul for agakirufl€ \defifany, Mak Nb p@ise2s@8Ho1)ScChwal bach, Germany) and the

protein concentration was determ ned using the Bio-Rad(r) protein assay

(Cat. No. 500-0006; Bio- ad Laboratori es GrbH, Mnchen, CGermany) follow ng
@ b hN M 3

the instructi o RN AL coprectal GARtChime corresponding to 1.5

ng of protein sanple buffer was added to a final volume of 350 |. This
sol ution was usggy, [Qieh@RY A aL& 30 Eﬁﬁh‘&ée‘%ﬁﬂ%ﬁ With ihd EREARIM Bl 9SEleNCeS,
Freiburg, Cermepyk oneLE) &tivany, Minttien). 15 Sddion: alf spots of the gel were excised by s 0>
picking robot and the proteins present in the spots were identified by MALDI-TOF mass
15 spectrometry (Ultraflex” Tof/Tof, Bruker Daltonik GmbH, Bremen, Germany). For each
patient, 4 gels from the tumor sample were compared with 4 gels each from adjacent
normal and stripped mucosa tissue and and analyzed for distinctive spots corresponding to
differentially expressed proteins. By this means, protein NNMT was found to be specifically
expressed or strongly overexpressed in tumor tissue and not detectable in healthy control
20 tissue. It therefore — amongst many other proteins - qualified as a candidate marker for use
in the diagnosis of colorectal cancer. .

Ex: e2
Generation of antibodies to the colorectal cancer marker protein NNMT

Polyclonal antibody to the colorectal cancer marker protein NNMT was generated for
25 further use of the antibody in the measurement of serum and plasma and blood levels of

NNMT by immunodetection assays, e.g. Western Blotting and ELISA.

Recombinant protein expression in E. coli

In order to generate antibodies to NNMT, recombinant expression of the protein was
performed for obtaining immunogens. The expression was done applying a combination of
30 the RTS 100 expression system and E.coli. In a first step, the DNA sequence was analyzed



perforrred usi ng the foIIovm ng gradient protocol: 1.) 1 minute to 500 V; 2.)
2 hto 3500 V; 3.) 22 h at constant 3500V giving rise to 82 kVh. After |EF,
strips were stored at -80 C or directly used for SDS-PAGE. Prior to

SDS- PACGE the strips were incubated in equilibration buffer (6 Murea, 50 niM
5 Tris/HC, pH 8.8, 30%glycerol, 2 %SDS), for reduction DDT (15 mn, + 50
ng DTT/10 mM), and for allcylation I AA (15 mn, + 235 ng iodacetam de/ 10

m) was addedyg ffiesald i PS were put on 12. 5% pol yacr yl sgprfig@féisssand
subj ected to el ectrophoresis at 1 Wgel for 1 h and thereafter at 17 Wgel.

Subsequently, the gels were fixed (50% methanol, 10% acetate) and st ai ned
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performed for obtaining i nmunogens. The expression was done applying a

conbi nati on of protem expression.

Purification of His-NNMT fusion protein was done following standard procedures on a
Ni-chelate column. Briefly, 1 1 of bacteria culture containing the expression vector for the
His-NNMT fusion protein was pelleted by centrifugation. The cell pellet was resuspended
20 in lysis buffer, containing phosphate, pH 8,0, 7 M guanidium chloride, imidazole and
thioglycerole, followed by homogenization using a Ultra-Turrax®. Insoluble material was
pelleted by high speed centrifugation and the supernatant was applied to a Ni-chelate
chromatographic column. The column was washed with several bed volumes of lysis buffer
followed by washes with buffer, containing phosphate, pH 8,0 and Urea. Finally, bound
25 antigen was eluted using a phosphate buffer containing SDS under acid conditions.

Production of monoclonal antibodies against the NNMT

a) Immunization of mice

12 week old A/] mice are initially immunized intraperitoneally with 100 ug NNMT. This is
followed after 6 weeks by two further intraperitoneal immunizations at monthly intervals.

30 In this process each mouse is administered 100 pg NNMT adsorbed to aluminum
hydroxide and 10° germs of Bordetella pertussis. Subsequently the last two immunizations
are carried out intravenously on the 3rd and 2nd day before fusion using 100 pg NNMT in
PBS buffer for each.



30 the RTS 100 expression systemand E.coli. In a first step, the DNA
sequence was anal yzed WD 2004/ 057336 PCT/ EP20031014583 -15 and

reconmendati ons for high yield cDNA silent mutational variants and
respective PCR- prinmer sequences were obtained using the "ProteoExpert RTS
E.coli HY" system This is a comercial web based service

(www. pr ot eoexpert.com. Using the recomrended priner pairs, the "RTS 100 E.
coli Linear Tevploede7séenerati on Set, Hi s-tag" (Roche D myverstws/esssd GrbH,
Mannhei m Gernmany, Cat.No. 3186237) systeq%to generate |linear PCR tenplates
fromthe ¢cDNA and for in-vitro transcription and expression of the

nucl eoti de sequence coding for the NNMI protein was used. For Western-bl ot
detection and | BitRtiopatidddnihgt i on, the expressed protein contained a

H s-tag. The best expressing variant was identified. All steps fromPCR to
expression and d tectl on were, carr.i ed out accordin Q the instructjons 10
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and Urea. Fi naI ant |‘%ﬁr§] was e usi‘ng a phosphate bu
cont ai ni ng SDS @F° Medivp Ay &7 toBr oducti on of nonocl onal antibodi es
agai nst the NNMI

After ca. 10 days the primary cultures are tested for specific antibody. NNMT-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
20 asagrowth additive.

¢) 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

25 100 pg monoclonal antibody per ml are obtained in the culture supernatant. Purification of
this antibody from the culture supernatant is carried out by conventional methods in
protein chemistry (e.g. according to Bruck, C., et al., Methods in Enzymology 121 (1986)
587-695).



a) | nmmuni zation of mce 12 week old A/J mce are initially inmunized
intraperitoneally with 100 g NNMI. This is followed after 6 weeks by two
further intraperitoneal imunizations at nonthly intervals. 30 In this
process each nmouse is adm nistered 100 pg NNMI adsor bed to al um num

hydr oxi de and 109 gerns of Bordetella pertussis. Subsequently the |ast two
i muni zations are carried out intravenously on the 3rd and 2nd day before

fusion using 3920 in PBS buffer for each. WO 2008314583
PCT/ EP2003/ 014583 -16- b) Fusion and cloning Spleen cells of the mce

i mmuni zed according to a) are fused with'rlrfl’el oma cells according to Galfre,
G, and MlIstein, C., Methods in Enzynology 73 (1981) 3-46. In this process

ca. 1*10s spl egghepagu,gf fvcloRf ahdPousl zed nouse are mixed with 2x107 nyel oma
cells (P3X63 5 Ag8- 653, I%ECC CRL1I580) and centrifuged (10 mn at 300 g and 4
C.). The cells are then washed once with RPM 1640 nedi um wi t hout fetal

cal f serum ( FC)) lmmynigationr i f uged again at 400 g in a 50 ml conical tube.
The supernatant is discarded, the cell sedinent is gently |oosened by

mx6d By pi pet 1o Rppaions SR Gthach i MBLlcndBh TR o2 20°

wi t hout 10 FCS s spyeniqte &feagdwaé)@@f aF Sesnfatie el htwes predatei Rack 1R 3@ of 4-5
m n. Aft er warsdsinmurized REMI nil 64 the ennkian ati dags 11@%45@553@ $0 ankilend Bidod pasdraven Wi t hi n

ca. 1 mn, m Xeﬂ)JﬂaﬂtﬁggHﬂi-ﬁNM'f kérl!lIEQSJdQOIngttﬁgr ei@ﬂehhwﬂ@% &ﬂ%r(bBPM exg:tﬁélgs"'i]-O%
FCS) and subsequedg’ly centrifuged for 10 mn at 400 g and

sedi nented cel | 8%t e taken up in RPM 1640 nedium contai ni ng iO% FCS and
sown i n hypoxant hi ne-azaserine sel ection nmedium (100 mol /|l 15 hypoxant hi ne,

1 g/hm az gseri NB) Puifitdvh oflied GirmkifoFi6Ev)in G) ﬁbﬁérr%%glﬁérﬂma)haéquéﬁﬁl ;Uécrﬂltafl&) added
to the nmedium a ca. 1 ays the primary cultures are
B AR RSk ool e

tested for speci OSitive primary cultures are cloned in
96-wel |l cell culture plates by neans of a fluorescence activated cell
sorter. In tH sOpewodwssofagphit serumiwas dibutddiwith@ valumtHOX akktart buffer &0 aed, Eb4.0)he

nedi um 20 as atps HMvky AfGed 15 with 2 M Tris-base. Caprylic acid (25 pl/ml of diluted sample)
was added drop-wise under vigorous stirring. After 30 min the sample was centrifuged
(13 000 x g, 30 min, 4°C), the pellet discarded and the supernatant collected. The pH of the
supernatant was adjusted to 7.5 by the addition of 2 M Tris-base and filtered (0.2 um).

15 The immunoglobulin in the supernatant was precipitated under vigorous stirring by the
drop-wise addition of a 4 M ammonium sulfate solution to a final concentration of 2 M.
The precipitated immunoglobulins were collected by centrifugation (8000 x g, 15 min,
4°C).

The supernatant was discarded. The pellet was dissolved in 10 mM NaH,PO4/NaOH,
20 pH?7.5,30 mM NaCl and exhaustively dialyzed. The dialysate was centrifuged (13 000 x g,
15 min, 4°C) and filtered (0.2 pm).

Biotinylation of polyclonal rabbit IgG

Polyclonal rabbit IgG was brought to 10 mg/ml in 10 mM NaH,PO,/NaOH, pH 7.5,
30 mM NaCl. Per ml IgG solution 50 pl Biotin -N-hydroxysuccinimide (3.6 mg/ml in

25 DMSO) were added. After 30 min at room temperature, the sample was chromatographed
on Superdex 200 (10 mM NaH,PO4/NaOH, pH 7.5, 30 mM NaCl). The fraction containing
biotinylated IgG were collected. Monoclonal antibodies have been biotinylated according
to the same procedure.



c) I nmmunogl obulin isolation fromthe cell culture supernatants The hybri doma
cells obtained are sown at a density of 1x105 cells per M in RPM 1640

medi um contai ning 10% FCS and proliferated for 7 days in a fernenter
(Thernodux Co., Werthein Main, Mddel MCS-104XL, Order No. 144-050). On
average concentrations of 25 100 pg nonocl onal antibody per nml are obtained
in the culture supernatant. Purification of this antibody fromthe culture
supernatant i §o58¢fkRsk out by conventional methods in PQ&@;,g,bjklgslggam stry
(e.g. according to Bruck, C., et al., Methods in Enzynol ogy 121 (1986)
587-695). WD 2004/ 057336 PCTI EP2003/ 014588 - - 17- Generation of pol ycl onal
anti bodi es a) | mrunization For inmmunization, a fresh enulsion of the protein
solution (100 pg/ r%@g&%ml ete Freund' s adjuvant at the
ratio of.1:1 waﬁg Lr?é 66 & pbITa B cE s 5 |mTun|zed vvlth 1 m of the
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7.5 by the addilibel2 with digotvgehin fcdidin@roaitdarhe ploesdagt. (0. 2 pm). 15 The

i mmunogl obulin in the supernatant was precipitated under vigorous stirring
by the drop-w se addition of a 4 M amonium sulfate solution to a final

concentrati on ofxa@iphl3 The precipitated i munogl obulins were collected by
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po yclona.l antlbody as generated in Examp

Tissue lysates from tumor samples and healthy control samples were prepared as described

in Example 1, “Tissue preparation”.

SDS-PAGE and Western-Blotting were carried out using reagents and equipment of
15 Invitrogen, Karlsruhe, Germany. For each tissue sample tested, 10ug of tissue lysate were
diluted in reducing NuPAGE® (Invitrogen) SDS sample buffer and heated for 10 min at
95°C. Samples were run on 4-12% NuPAGE® gels (Tris-Glycine) in the MES running
buffer system. The gel-separated protein mixture was .blotted onto nitrocellulose
membranes using the Invitrogen XCell II" Blot Module (Invitrogen) and the NuPAGE®
20 transfer buffer system. The membranes were washed 3 times in PBS/0.05 % Tween-20 and
blocked with Roti®-Block blocking buffer (A151.1; Carl Roth GmbH, Karlsruhe, Germany)
for 2 h. The primary antibody, polyclonal rabbit anti-NNMT serum (generation described
in Example 2), was diluted 1:10 000 in Roti®-Block blocking buffer and incubated with the
membrane for 1h. The membranes were washed 6 times in PBS/0.05 % Tween-20. The
25 specifically bound primary rabbit antibody was labeled with an POD-conjugated polyclonal
sheep anti-rabbit IgG antibody, diluted to 10 mU/ml in 0.5 x Roti®-Block blocking buffer.
After incubation for 1 hour, the membranes were washed 6 times in PBS/0.05 % Tween-20.
For detection of the bound POD-conjugated anti-rabbit antibody, the membrane was
incubated with the Lumi-Light®™™* Western Blotting Substrate (Order-No. 2015196, Roche
30 Diagnostics GmbH, Mannheim, Germany) and exposed to an autoradiographic film.



20 pH 7.5, 30 nM NaCl and exhaustively dialyzed. The dial ysate was
centrifuged (13 000 x g, 15 mn, 4C) and filtered (0.2 m. Biotinylation of
pol ycl onal rabbit I1gG Polyclonal rabbit 1gG was brought to 10 ng/m in 10 nM
NaH2PO4/ NaCH, pH 7.5, 30 mM NaC . Per m 19gG solution 50 d Biotin
-N-hydroxysuccinimde (3.6 ng/m in 25 DVMSO) were added. After 30 mn at
roomtenperature, the sanple was chromat ographed on Superdex 200 (10 nM
NaH2PO4/ NaCH, wadbodsd373330 mM NaCl ). The fracti on cont ai nedigep2dob/ossspy! at ed | gG
were col |l ected. Mnocl onal antibodi es have been biotinylated according to
the sanme procedure. WO 2004/ 057336 PCT/ EP2803/ 014583 -18 Di goxyenyl ation of
pol ycl onal rabbit 1gG Polycl onal rabbit IgG was brought to 10 ng/m in 10 nM

NaH2PO4/ NaOH, 3f..pMeNaCl | pH 7.5. Per | gG sol ution 50 VI
di goxi geni n- 3- car bon caproi c_aci d- h dro succi ni m de
ester (Roche Di fhe meagyr Wé?%%%i Wﬂsﬁfﬁ?’.a"f{@& X 054) (3.8

nmg/ M in DVBO were added. After 30 mn at roomterrperature t he sanpl e was
chr omat ogr aphedF&met&tmﬁbdﬁNMI)m%Qan( deturid Pat’ PRAANAHELI wds. developed. P Nadl ) .
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anti bodi es have een enln accor e sa
procedure. Exanpiaps iUel‘@é%‘tJ‘éﬁaﬁ Bith biofip gn Xl’ﬂ*?%‘no'éftpé‘it’c"ﬂin of NNMT in human
col orectal cancer tissue using poI ycl onal antibody as generated in Exanple

2. Tissue |ysat §gepthfAN-doHiaR be-FAREPstitd Phtdd Gtet lﬁeab&mﬂmiooﬁ@%h 1SN G-

prepared as des [F on"

West ern- Bl ot ti nw%c’h@k’??llaﬂ%mgﬁ?orég%atﬁgﬁgg‘ﬁ ﬁé’%[% ‘gﬁb%fg

| nvi trogen, Kar P:8%df€l anddrlpFiyeen %Aﬁelaewb%ﬂogsml@em‘l\@h etmesvig 09% t i ssue
lysate were di Nu@ed 190 Tweexd20C Wels W EREnEdbafel mfiztkmgwfthersla&msmb@ohm fer

and heated f 8 Nl 8.4 12 %N é@;‘ s
(Tris-dyeci ng ﬁﬁmﬁg ﬁ?ﬁ %H'BLC ?? n(aarr %ﬁmfﬁ &P arat e gcgr otein
m xture was bl O#P@d)aB%Aﬁ?rthm f N plates were washed three times w1th 0.9% N

0.1% Tween 20. For specific detectlon of bound NNMT, wells were incubated with 100 pl

of digoxygenylated anti-NNMT polyclonal antibody for 60 min at 10 pg/ml in 10 mM
phosphate, pH 7.4, 1% BSA, 0,9% NaCl and 0.1% Tween 20. Thereafter, plates were

15 washed three times to remove unbound antibody. In a next step, wells were incubated with
20 mU/ml anti-digoxigenin-POD conjugates (Roche Diagnostics GmbH, Mannheim,
Germany, Catalog No. 1633716) for 60 min in 10 mM phosphate, pH 7.4, 1% BSA, 0,9%
NaCl and 0.1% Tween 20. Plates were subsequently washed three times with the same
buffer. For detection of antigen-antibody complexes, wells were incubated with 100 pl

20 ABTS solution (Roche Diagnostics GmbH, Mannheim, Germany, Catalog No. 11685767)
and OD was measured after 30-60 min at 405 nm with an ELISA reader.

Example 5:

ROC analysis to assess clinical utility in terms of diagnostic accuracy.

Accuracy was assessed by analyzing individual liquid samples obtained from well-

25 characterized patient cohorts, i.e., 50 patients having undergone colonoscopy and found to
o be free of adenoma or CRC, 50 patients diagnosed and staged as T1-3, N0, M0 of CRC, and
50 patients diagnosed with progressed CRC, having at least tumor infiltration in at least

one proximal lymph node or more severe forms of metastasis, respectively. CEA as
measured by a commercially available assay (Roche Diagnostics, CEA-assay (Cat. No. 1 173

30 1629 for Elecsys® Systems immunoassay analyzer) and NNMT measured as described
above have been quantified in a serum obtained from each of these individuals. ROC-
analysis was performed according to Zweig, M. H., and Campbell, supra. Discriminatory
power for differentiating patients in the group T1-3, NO, MO from healthy individuals as



menbranes using the Invitrogen XCell I1'MBlot Mdule (Invitrogen) and the
NuPAGE(r) 20 transfer buffer system The nenbranes were washed 3 tines in
PBS/ 0. 05 % Tween-20 and bl ocked with Roti(r)-Block bl ocking buffer (A151.i;
Carl Roth GrbH, Karlsruhe, Germany) for 2 h. The prinmary anti body,

pol ycl onal rabbit anti-NNMI serum (generation described in Exanple 2), was
diluted 1:10 000 in Roti(r)-Block blocking buffer and i ncubated with the
nenbrane for Ivg 208&7338NnDr anes were washed 6 tines i n PRS/Em&aosiween- 20.
The 25 specifically bound primary rabbit anti body was | abeled with an

PCD- conj ugat ed pol ycl onal sheep anti - rabdPr | gG anti body, diluted to 10
mMJdnil in 0.5 x Roti(r)-Block blocking buffer. After incubation for 1 hour,

Eﬂe lrjmrrb;I ageOS} WBlRuMa DHaRk Sed hﬁﬂéﬁ ﬁe{ku%ﬁéaﬁ-f%ﬁd%%&‘é@@%ﬁ%gs goddfor Wl@ﬁra% 0{1 Sf
e boun conju ed anti.-r | i body, e menbrane was incubate
with the Luni -Lfﬁﬁag&%&%gﬁ@sﬁbk%‘?ﬁ%ﬂ% Substrate (Order-No. 2015196, Roche
30 Di agnostics GrbH, Mannheim Gernmany) and exposed to an autoradi ographic
film WO 2004/ 0BBdhalydil MRRAGIAA NIOEB may A& belexaplpul th thé fofdw-Lip bf pakients

measur enent of Wrgé?y human serum and pl asma sanpl es. For detection of NNMI
in human serum or plll sma, a sandwi ch ELI SA was devel oped. For capture and
detection of the antigen, aliquots of the anti-NNMI pol ycl onal antibody (see
5 Exanple 2) were conjugated with biotin and di goxygenin, respectively.
Streptavidin-coated 96-well maotiter plates were incubated with 100 |

bi oti nyl ated anti- NNMI pol yclonal antibody for 60 mn at 10 g/m in 10 mM
phosphate, pH 7.4, 1% BSA, 0,9% NaCd and 0. 1% Tween 20. After incubation,

pl ates were washed three tines with 0.9% NaC , 0.1% Tween 20. Wells were
then incubated for 2 h with either a serial dilution of the 10 reconbi nant
protein (see Exanple 2) as standard antigen or with diluted plasma sanpl es
frompatients. After binding of NNMI, plates were washed three tines with
0.9% NaCl , 0.1% Tween 20. For specific detection of bound NNMI, wells were
i ncubated with 100 I of digoxygenylated anti-NNMI pol ycl onal anti body for
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Tween 20. Thereafter, plates were 15 washed three tinmes to renove unbound
antibody. In a next step, wells were incubated with
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(Roche Di agnost Akssy, SCEtAL,gSBislyClieaaes (Nw4) usds/B1880 1629 for El ecsys(r) Systens

| munoassay anahygee), v Qetwégggam&qg (fif S35 Pigd i above have been
Egeymg)
1

quantified in a_serum obtai each of these individuals. ROC analysis
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power for diffeBeinigelati, gl faniee Ressarcn62t(RAO2248T:p44E1 - 3, NO, MO from heal t hy

i ndi vi dual s as V03RBAL A5 Z3B6ndtel A EBROGRMABEY? (1999) gpeasyr ed by the area
under the curvepwas Jioun etdglggg )aIt | east ? &gﬁngarB NMI' as conpared to
the establ i shed HEFKEP “CEA™ Pt P TR R AR T 2 PRat  NNMI may al so be
very hel pful i nGelfie G-gnd Milsteis, @©f MethedsEntyaol. 23 (1881)3ubgery. WO 2004/ 057336
PCT/ EP2003/ 014 58&ner, 2.E; ethl.,.9tm. §fDiRdFiceeness 2ALi3bqui st, D. A., Gastroenterol .

Ain. North Am 2B bl IH M ALaDP NaAKSRYer sk, (Befblesdd) 57 (1976) B - Chem 269
(1994) 14835- 14%§§era, M.A,, et al,, Ann. Surg, 183 (1976) 5-9

Kassem, H., et al., Int. J. Cancer 101 (2002) 454-460
Martell, R.E,, et al,, Int. J. Biol. Markers 13 (1998) 145-149
15 Bruck, C,, et al., Methods in Enzymology 121 (1986) 587-596
Moertel, C.G., et al., JAMA 270 (1993) 943-947
Okamura, A, et al,, Jpn. J. Cancer Res. 89 (1998) 649-656
Reynoso, G., et al., JAMA 220 (1972) 361-365
Silvis, S.E., et al., JAMA 235 (1976) 928-930
20 Sobin, L.H., Wittekind, Ch. (eds), TNM Classification of Malignant Tumours, fifth edition,
1997
Studier, F.W,, et al., Methods Enzymol. 185 (1990) 60-89
Sturgeon, C., Clinical Chemistry 48 (2002) 1151-1159
Tijssen, P., Practice and theory of enzyme immunoassays 11 (1990) the whole book,
25 especially pages 43-78; Elsevier, Amsterdam
UICC (International Union Against Cancer), Sobin, L.H., Wittekind, Ch. (eds), TNM
Classification of Malignant Tumours, fifth edition, 1997
Wanebo, H.J, et al., N. Engl. J. Med. 299 (1978) 448-451
WO 01/96390
30 WO 02/078636
Zweig, M. H., and Campbell, G., Clin. Chem. 39 (1993) 561-577



Anderson, WF., et al., J. Natl. Cancer Institute 94 (2002) 1126-1133 5
Bruck, C, et al., Methods Enzynol. 121 (1986) 587-695 Briinagel, G, et

al ., Cancer Research 62 (2002) 2437-2442 Carriquiry, L.A, and Pineyro, A,
Dis. Colon Rectum 42 (1999) 921-929 Dianandis, et al., eds. (1996)

I mmuunoassay, Academ c Press, Boston. Galfre, G, and MIstein, C, Mthods
Enzynmol . 73 (1981) 3-46 10 CGeenen, J.E., et al., Am J. Dig. Dis. 20 (1975

231-235 Col denberg, D.M, et al., J. Natl. Cgncer Inst. (Bethesda) 57 (1976)
11-22 Herrera, MA., et al., Ann. Surg. 1837(1976) 5-9 Kassem H., et al.,
Int. J. Cancer 101 (2002) 454-460 Martell, RE., et al., Int. J. Biol.

Mar kers 13 (1998) 145-149 15 Bruck, C, et al., Methods in Enzynol ogy 121
(1986) 587-596 Mertel, C G, et al., JAMA 270 (1993) 943-947 Ckanura, A,
et al., Jpn. J. Cancer Res. 89 (1998) 649-656 Reynoso, G, et al., JAVA 220
(1972) 361-365 Silvis, S.E., et al., JAVA 235 (1976) 928-930 20 Sobin, L.H,
Wttekind, Ch. (eds), TNM C assification ghateNpClagigant Tunours, fifth
edition, 1997 Studier, F.W, et al., Methods Enzynol. 185 (1990) 60-89
Sturgeon, C., dinical Chemstry 48 (2002) 1151-1159 Tijssen, P., Practice
and theory of ebzynemethodifondsaljagnads (fLolErtal tracertvoimprisingihe stdSospeci al | y

pages 43-78; El seV|aqr p@BﬁHﬁ{ qa%:ﬂ%&ﬁldga%eeﬁdn%ﬁhdmﬂ Agal nst Cancer),
1

Sobin, L,H, Wtte assification 'Mal i gnant Tunours,
fifth edition, 199 )V\aﬁeB@“% sagiplejyith a specific binding ageps for niepginamegte -

448-451 WD 01/96390 3%&@1%&&8@3(&%) ﬁhdeModdmon%ﬁﬁpx@@ﬁﬁ)ﬂé@dﬂfamﬁnom ofd n.
Chem 39 (1993) 561-577% onﬁ:f’(!ex between said binding agent and NNMT, and
c)  correlating the amount of complex formed in (b) to the diagnosis of colorectal

cancer.
2. The method according to claim 1, further characterized in that said sample is serum.

3. The method according to claim 1, further characterized in that said sample is plasma.

4. | The method according to claim 1, further characterized in that said sample is whole
blood..

5. Use of protein NNMT as a marker molecule in the diagnosis of colorectal cancer
from a liquid sample obtained from an individual.

6. Use of protein NNMT as a marker molecule in the early diagnosis of colorectal
cancer from a liquid sample obtained from an individual.

7.  Use according to claim 6, wherein the early diagnosis is made with sample derived
from CRC patients in the adenoma stage:

8.  Use according to claim 6, wherein the early diagnosis is made with sample derived
from CRC patients in stage Ti;-3; NO; MO



Patent Clainms 1. A nethod for the diagnosis of colorectal cancer conprising
the steps of a) providing a |iquid sanple obtained froman individual, b)
contacting said sanple with a specific bindPng agent for nicotinam de N
met hyl transferase (NNMI) under conditions appropriate for formation of a
conpl ex between said binding agent and NNMI, and c) correlating the anount
of conplex fornmed in (b) tq the djagnosis of ,colorectal cancer, 2. The

met hod accordi Ag t HsePhpraten NNMlasr2 maer smalscnledar cploresial canserginsepmripatiog
serum 3. The net kil Aocet dhdiert Moletulé forlcoldredtilnances Harthe daghasslof coléleertl

charactori sed i h ¢ ez DS ERPROO AR KOVAB o ot orei n e

as a marker nolecule in the diagnosis of colorectal cancer froma liquid
sanpl e obtained froman individual. 6. Use of protein NNMI as a marker

nol ecule in the early diagnosis of colorectal cancer froma liquid sanple
obtained froman individual. 7. Use according to claim®6, wherein the early
di agnosis is made with sanple derived from CRC patients in the adenona
stage. 8. Use according to claim®6, wherein the early diagnosis is nade with
sanple derived from CRC patients in stage Tj,-3; NO MO -23- Use of protein
NNMI as a marker nol ecule for colorectal cancer in conbination wth another
mar ker nol ecul e for colorectal cancer in the diagnosis of colorectal cancer
froma liquid sanple obtained froman individual. W 2004/ 057336

PCT/ EP2003/ 014583 -1 SEQUENCE LI STING <110> Roche Di agnostics GrbH F.

Hof f mann- La Roche AG



<120> Use of protein NMMI as a marker for colorectal cancer <130> 21548
<150> EP 02028715.7 <151> 2002-12-20 <160> 1 <170> Patentln version 3.2
<210> 1 <211> 264 <212> PRT <213> Honp sapi ens <220> <221> M SC_FEATURE
<223> Ni cotinam de N-nethyltransferase (Sw ss-PROT: P40261) <400> 1 Met Qu
Ser Gy Phe Thr Ser Lys Asp Thr Tyr Leu Ser H's Phe Asn 1 5 10 15 Pro Arg
Asp Tyr Leu G u Lys Tyr Tyr Lys Phe Ay Ser Arg H's Ser 20 25 30 Ala GQu
Ser An Ile | x@uodesi3ddi S Leu Leu Lys Asn Leu Phe Lys | lper/eBhosi@esdd Phe Cys
Leu Asp Gy Val Lys Ay Asp Leu Leu lle Asp Ile Ay Ser 50 55 60 dy Pro
Thr 1le Tyr A n Leu Leu Ser Ala Cys A u Sér Phe Lys Gu 65 70 75 80 Ile
Val Val Thr Asp Tyr Ser Asp G n Asn Leu G n Qu Leu Gu Lys 85 90 95 Trp
Leu Lys Lys Qu Pro Gu Ala Phe Asp FEQVERe} LR¥ON&al Val Thr 100 105 110 Tyr
Val Cys Asp Leu Gu gcxe%ﬁgn@\ggcy%lnb}ys Ay Pro Qu Lys Qu

F. Hoffmann-La Roche AG
<120> Use of protein NMMT as a marker for colorectal cancer
<130> 21548

<150> EP 02028715.7
<151> 2002-12-20

<160> 1

<170> PatentIn version 3.2
<210> 1

<211l> 264

<212> PRT
<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> Nicotinamide N-methyltransferase (Swiss~-PROT: P40261)

<400> 1

Met Glu Ser Gly Phe Thr Ser Lys Asp Thr Tyr Leu Ser His Phe Asn
1 5 10 15

Pro Arg Asp Tyr Leu Glu Lys Tyr Tyr Lys Phe Gly Ser Arg His Serxr
20 25 30

Ala Glu Ser Gln Ile Leu Lys His Leu Leu Lys Asn Leu Phe Lys Ile
35 40 45

Phe Cys Leu Asp Gly Val Lys Gly Asp Leu Leu Ile Asp Ile Gly Ser
50 55 60

Gly Pro Thr Ile Tyr Gln Leu Leu Ser Ala Cys Glu Ser Phe Lys Glu
65 70 75 80

Ile val val Thr Asp Tyr Ser Asp Gln Asn Leu Gln Glu Leu Glu Lys

Trp Leu Lys Lys Glu Pro Glu Ala Phe Asp Trp Ser Pro Val Val Thr
- 100 105 110

Tyr Val Cys Asp Leu Glu Gly Asn Arg Val Lys Gly Pro Glu Lys Glu
115 120 125



115 120 125 WO 2004/ 057336 PCT1EP2003/014583 -2 G u Lys Leu Arg G n Al a Val
Lys A n Val Leu Lys Cys Asp Val Thr 130 135 140 dG@n Ser A n Pro Leu Ay
Ala Val Pro Leu Pro Pro Ala Asp Cys Val 145 150 155 160 Leu Ser Thr Leu
Cys Leu Asp Ala Ala Cys Pro Asp Leu Pro Thr Tyr 165 170 175 Cys Arg Ala Leu
Arg Asn Leu Gy Ser Leu Leu Lys Pro Gy Gy Phe 180 185 190 Leu Val Ile Met
Asp Ala Leu Lys Ser Ser Tyr Tyr Met Ile Ay GQu 195 200 205 dn Lys Phe
Ser Ser Leu Pwoh@ws@sy Arg Gu Ala Val Qu Ala Al a 210c2EB20220458%al Lys G u
Ala Ay Tyr Thr Ile u Trp The Qu Val Ile Ser An 225 230 235 240 Ser
Tyr Ser Ser Thr Met Ala Asn Asn Qu Gy Léi Phe Ser Leu Val 245 250 255 Ala
Arg Lys Leu Ser Arg Pro Leu 260

Glu Lys Leu Arg Gln Ala Val Lys Gln Val Leu Lys Cys Asp Val Thr
130 135 140

Gln Ser Gln Pro Leu Gly Ala Val Pro Leu Pro Pro Ala Asp Cys Val
145 150 155 160

Leu Ser Thr Leu Cys Leu Asp Ala Ala Cys Pro Asp Leu Pro Thr Tyr
165 170 175

Cys Arg Ala Leu Arg Asn Leu Gly Ser Leu Leu Lys Pro Gly Gly Phe
180 185 180

Leu Val Ile Met Asp Ala Leu Lys Ser Ser Tyr Tyr Met Ile Gly Glu
195 200 205

Gln Lys Phe Ser Ser Leu Pro Leu Gly Arg Glu Ala Val Glu Ala Ala
210 215 220

Val Lys Glu Ala Gly Tyr Thr Ile Glu Trp Phe Glu Val Ile Ser Gln
225 230 235 240

Ser Tyr Ser Ser Thr Met Ala Asn Asn Glu Gly Leu Phe Ser Leu Val
245 250 255

Ala Arg Lys Leu Ser Arg Pro Leu
260





