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‘TITLE: Wethods for Detecting Qvarian Cancer
FIELD OF THE INVENTION

The invention relates to diagnostic and progaostic metheds for ovarian earcinuma.
BACKGROUND OF THE INVENTION

Unttt recently, the human kallikiein gene famdily was thought to consist of ouly 3 geney
pancreatic/renal kallilerin (BLX1, enceding for hKJ protein), human glandular kallikrein 2 (KLEZ, encoding
for HE2 profein) and hyman kallikeein 3 (KLKS3, encoding for bK3 progein or prostate-specific antigen, PSA).

The latier two kallikreins, PSA and BK2, are relatively prostatic-specific zod they have already found

ymportant applications as biomarkers for the dugnosis and monitoring of prostats cancer (1-6).

New members of the hawman kallikrein gene family have recently been discovered (1), This genc
family now vontaing at least 14 genes which are all encoding for serine p show signi k f
at both the DNA and amine acid level pnd they are al) localized at the chromosomal lozus 19413.3-¢13.4,
in tandem, without any inrervention from other non-kallilkeein genes. This aren of investigition has recenily

been reviewed (1).

The KLK6 gene (encoding for human kallikeein G, RKG) has been cloned independently by three
groups of investigators and was previously given the names zyme (7), protease M (3) and neurosin (9).
Receatly, uniform nomenclature for all pewly discovered and the uuditionsl_knllikmin genes has been
established (10). The KLEKS gone cneodes for a trypsin-Hike serine protease of 244 amino acids in lengih,
of which 16 amino scids constitute the signal peptide and § anino acids, the activation peptide. The mature
enzyme consists of 223 amine acids. It has been previously predicted that BXG is a secreted protein (7-9,11).
This was recently vertfied hy fnding hK6 protein in various biotogicat fluids, including cerebrospinal fluid,
nipple aspirate fluid, breast cyst finid, male and fenale serum, seminal plosma, amniotic fluid and breast
caneer eytosols (£2), Liule ot ab. (7) bave demonstruted that this enzyme has amyloidogenic potential in the
brain and mzy play a role in the development end progression of Alzheimers disease. Others have cloned the
same gene by the method of differential displey, and found that it is downrregulated in aggressive forms of
breast cancer (8). The same gene was cloned by Yamashiro et al. from the human colon adenocarcinoma, cefl
line COLO 201 {9).

Among the classical human kallikeins, PSA bas proven to be the masl valuable biomarker for
prostate cancer fmd is currently used for diagnosis ani moritoting of this disease {2-4). Another potential
prostatic biomarker, A2, has also been recently introduced (5, 6). Among the newly discovered kalltkzeins
(1), none of them has been examived as 2 serclogical marker for any malignancy since 1o methods curtently
exist to measure the secreted proteins with high sensitivity and specificity.

QOvarian cancer is a serfous disease which causes more deaths than any other cancer of the female
reproductive system (13). Since survival could be dramatically improved if the discase is diagnosed early
(14), there is great interest in the idesdification of hiomarkers that could zid in the eatly detection and

facilitate prading and/or staging (£5). Unforunately, the current seralogical markers for ovarian earcinoma,
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including CA125 (16-19), inhibin (20-23), OVXI (24) as well as many other markers {reviewed in 25) bave
shenwn some promise bot have not guined wide clipical acceptance. Another potential varian cavcer matker,
tysapliosphatidic acld appears 1o also have sume value for this parpose (263,

There is an urgent noed for discovety and validation of new biomarkers for ovarian carcinoma.
Early diagnosis of ovarian cancer, particulacly with serological analysis, may imprave clinical oulcomes
through administration of effective treatment.

SUMMARY OF INVENTION

A highly sensitive hKG immanoassay for the measurement of BKG in vatious binlogical fluids way
developed (Bxample I). Using this sensitive assay fhe K6 concentration in serum. was found io be
significantly increased in a large propordon of paticnts with ovarian cancer. In partiewlar, hK6 was found
fur be significanily increuned o ovarfan eancer patfents when eompared 19 normal non-cancer patients and
patients with benign disease. Thus, hK6 constitules s mew biomarker for diagnasis and monitoring of ovarian
cancer. hKS may be used to diagnose and mevitor late stage ovarian cevcer, and it may be used a5 2
blomarker before suegery or after relapse,

The present imvenfors also guantitated the amount of hEG in extracts of ovarian wmors and
determined that the amount of BK6 correlated with elinicopathoiogieal variables documented at the time of
surgical excision and with progression free survival and ovarall survivel. increased hK6 levels wers found
o he predictive of more agpressive turnor behavior over time, hIK6 positivity was found to be associated with
about a 2-fold inurease in the risk of both discase progression and of death.

hK6, and agents thut bind to hK6 may be used to detect ovatdan cancer and in partionlar they can
be used in the diagnostic evaluation of ovarian cancer, and the ideotification of subjects with a predisposition
o gvarian cancer.

The present invention relates to a method for diagnosing and monitoring ovasian cances in a subject
cormprising measuring b6 in a sampte from the subject. TK.6 may be measured using a reagent that detscts
or binds to hKG prefarably aotibinlios specifically reactive with hK6 or a part thereof.

I an aspect of the invention, a method is provided for detecting hK 6 associated with ovarian cancer
in a patient comprising:

(&) taking, a sample derjved from a patient;

(b) detecling or identifying in the sumple HK6; wud

(o} comparing the datected amonnt with an amount detected for & standard.

The inveniion also relates to 2 methed of screening a subject for ovariau canver comprising:
{x) obtaining a biological sample from a subject; (b) detecting the avount of hK6 in said sample; and (c)
compuring said amoant of hi<6 detected to a predetettined standard, where detection of 2 level of hKG
greater than that of  standard indicates fhe presence of ovirian cancer, in particulsr late stage ovarian caucer.

The terms “detecting” or "detect” include assaying, quantitating, imaging or utherwise establishing
the presence or absence of the tatget hK6, subunits thereof, or combinalivns of reagent buugd targeis, and

the like, or syaying fur, imaging, ascertabning, establishing, or atherwise detenmining oze or mors factual
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characteristics of ovarian cancer, metastasis, stage, ot similar conditions. The term encompasses diagnostic,
proghostic, and monitoring applications for hEG.

In an embodiment, the invention relates fo a method for delecting ovarian cancer in g subject by
quantitating hKG in 2 biological sample from the subject comprising (a) reacting the biological sample with
an antibody specific for W6 which is direatly or indirsctly labelled with a detectabis substance; and {b)
detecting the: dotectable substance.

The tnventien further relates to & method for dingnosing and monftoring evarian eareinoma in a
subject by quantitating K6 in a sample from a subject comprising (a) reacting o biologicl sumple frum the
subject with an antibody specific for hKEG which is dvectly or indirectly fabetled with a detectable substance;
(b} and detecting the detectable substance,

Embediments of the methods of the fnvention invelve (2) reacting a biclogical sample from a
subject with an antibody specific for hKS which is directly or indirectly labelled with an enzyme; (b) adding
a subistrate for (he enzynw whersin the subsirate is selected so that the subsirate, or a reaction product of the
enzyme and subsirate forms fluctescont complexes; (¢) quantitating X6 in the sample by measuring
1l of the fl and {d) compazing the quantitated levels to that of a standard. The

standard may correspond to levels abtained for ether samples [rom the subject patient, or control subjecis.
Tn an embodiment the quantitated levels ure compared to Jevels quantitated for subjects without ovarian
carcinonsa whersin an increase in hKG lavels compared with the control subfects is indicative of ovarian
carcinorza, in particular ate stage ovarian carcizoma.
A preferred embodiment of the iavention comprises the following steps
{#) incubating w biologicel sample with a ficst antibody specific for WG which i3 directly or
indirecily Jabeled with a detectable substance, and a second antibady specific for hEa which
is iramobilizad;

®;

separating the first antibody from the second antibody to provide 2 fivst antibody phase asd a
second antibody phase;
(e

detecting the defectable substance in the first or second antibody phase thereby guantitaling
BRG in the biological sample; and

(d} comparing the quantitated WS with levels for 2 standard.

The standard may correspond to levels quantitated tor samplos from healthy control subjects, from
subjects with benign disease, subjects with early stage disease, or from other samples of the subject. Increased
levels of BKG as compared to the standard may be indicative of ovarian cancer, in partionlar late stige ovanian
&ancer.

‘The invention also conternp lates the metheds deseribed herein using multiple markers for ovarian
cunver. Therefore, the invention contemplates @ method for anaylzing a biologieal sarple for the presence
of hK6 and other markers that are specilic indicators of ovadian cancer. Ofher markers include markers w
Lallikredns such as human statum cormeun chymowyptic enzyme (HSCCE), kallikrein 4, kallikrsin 3,
kallikeein 8, kalllkzein 9, kallfkrein 10, kallikeein 11; CA125, CA15-3, CA19-9, OVX, lysophosphatidic acid
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(LPA) and carcinoembryonic antigen (CEA). Preferably the other markers are mackers to kallikieios, [n o
prefecred embodiment, the markers are two or mare of hEKS, HK10, and CA 125. The methods described
herein may be modified by including reagents to detect the additional markers, ot nucleic acids for the
maclers.

The tnvention also relates to a method for imaging o tomor sssociated with hKS comprising

(2) incubating the tumar with an apent that binds to BES for » sullicient period of tse to permit

the agent to bind to hK6 associated with the turner, where the agent carries a lahel for tmaging
the tumor:

(b) detecting the presence of the label localized to the tarmor.

In accordance with an aspect of the investion &n in vivo method is provided comprising
administering to a subject an agent that has been constructed to tacpet one or more kallikrefns.

The invention thersfore contemplates an in vive method conprising administering to 2 mammal cne
or mors agant thar carries a label for imaging and binds to a kallikeein, prefecably hIC6, and then imaging the
mammal.

Accarding t a preferred agpect of the mvention, an in vivo method for imaging ovarian cancer is
provided cotnprising:

(a) njecting a patient with an agent that binds to kallikredn 6, the agent carrying a label

for imuging the ovarian cancer;

(b} allowing the agent lu incubale in vivo und bind to kullikrein 6 associated with the

qvarian cancer; and

{© detecting the presence of the [abel localized to the ovartan cancer.

In an embodiment of the invention the agent is an antibody which recognizes the kallikrein. Tn
another exbodiment of the invention the agent is ¢ chernieal entity whick recognizes the kallfkrein,

The agent carries o lahel to image the kalfikreins. Exumples of labels vseful for imaging e
radiolabels, fluarescent labels (e.g flucrescein and rhodamine), nuclear magnetic resomunce sctive Ibels,
‘positron cmifting isotopes detectable by a positron emission tomography ("PET"y scanner, chemiluminescers
such vs lucifeci, and enzymatic markers such as peroxidase or phosphatase. Short-range radiation emitters,
such as isolapes deloclable by short-range defector probes cen also be employed

“The invention also contemplales the localization or imaging methods described hersin vsing
multiple markers for ovacian cancer. For example, a method for imaging ovarian cancer may further comprise
injecting the patient with one or more of an agent that binds to human stratum corneum chymotryptic enzyme
(HISCCE), kallikrein 4, kallikrein 3, kallikrein 8, kakltkrein 9, kallikrein 10, kallikeola 11, CAL23, CA15-3,
CA19-8, OVIL, lysophosphatidic acid (LPA} or carcinosmbryonic antigen (CHA), preforably CA 125,

The inveation also relates to kits for carrying out the methods of the invention.

Other objects, featurcs and advantages of the present invention will become apparent from the
{ullowing detailed descriptton. It should be understood, howeser, that the dotailed description and the speeific

exaples while indicating praferrad emboditments of the invention wre given by way of lasiation only. sinee
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various changes and modifications within the spirit and seope of the invention will became apparent to thaze
skilled in. the axt from this detafled description.
DESCRIPTION OF THE DRAWINGS

The invention will now he described in relation to the drawings in which:

Figure I is 4 calibration curve for 2 hi6 proiein assay. The Muarescence of the zero stendard {~
18,000 arbitrary fluarescence units) was subtractet fierm all ather measorements.

Figurc 2 shows the results of high performance liquid chromatograpby separation of three biological
fluids and analysis of all fractions with the developed BE6 immunoassay. Tn all three fluids, = single
immwnorcactive peak around fractions 38 - 42 was detested, correspending t a molecular mass of ~ 30 kDa,

The column was calibrated with miolecular weight standards {shown on tap with arrows; masses ate in ¥Da).
The milk sample was diluied 10 times before injeetion into the HPLC colunn.

Figure 3 is a grapi showing ihe resulls of the analysis of varivus hurmen tissws cytoselic extracts for
HES proteit

Figure 4 is a graph showing the frequency distribution of hEG concentrations in the serum of 80
patieots with ovarian carcinoma. The level of 15 ig/L which wes used as a cutoff in Table 1 is indicated by
an arow. About 86% of ovarian cancer patients have serum K6 concentration higher than this cutoff value,

From ancther 298 serum samples with non-ovarian cancer, only 2 sera had veloes slightly higher than 15
wg/L (see Table 1),

Figurc 5 is a graph showing the correlation between hK6 and CAI25 concentration in 96 serum
samples from ovarian cuncer patients.

Figure 6 are graphs showing the analysis of K6 and CAL2S in serial setuo satrples from palisafs
with ovarian cancer. These data suggest that hK6 may have value for patient monitoring.

Figure 7A is & graph showing the distribution of kX6 in normal, to benign, to cancer patients.

Figura 7R is n graph showing the distribution of CA 125 in nommal, to benign, to cateer patients.

Fignre B js o graph showing the concentration. of hK#& in pre-surgical and post-sorgicsl serum
samples of ovarfan cancer patients.

Figure 9 is a graph showing the cotrelation between scrum bE6 end CA125 concentrations.

Figure 10 is 5 graph showing the sensitivity and specificity of serum BX6 concentrations,

Figure 114 is & graph showing hK6 concenlration versus stage of dvarian cancer.

Figure 11B is a graph showing BKG concentration vetsws grade af ovarian canoer.

Figure 12A 1s & graph showing the survival probability versus progression —free survival (PFS).

Figure 128 is a graph showing the suevival probability versus overall sopvival (Q8),

Figure 13(A) is o graph showing the frequency dstribution of hX6 spacific activity in ovarian
tumor extracts, The value of 35ng/mg of total protein correspunds to the Iimit that, acconding 1o Chi square
analysis, gives the best prediction of overall survival of the stndy papulation. (See Figure 13(B) for Chi
square phot.} Tumers with bES in cxcess of 35 ng/mg total protein were classified as b6 positive and those
with values less than or equai 10 35 ng/me total profein were classitied as hK6 negative. 30% of the tumors
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were elossified as positive by this eriterion. (B) Plot of hKS tumor specific activity versus Chi-square rtafistic
to delermine the Lumit between KD pogitive and bES vegative tumors that is most predictive of overall
survival. Maximum predivtive potential ocearred belween 28 to 46 ay hK6 tolnl extract protein with & peak
at 35 ng hK6/mg total extract protein.

TFigure 14 is a graph showiag a comparisen of hK6 concentration in extracts ixim rormal evarian
tisgues (“normal™y, and ovarian cancer (“cancer”). N dndicates the number of specitens in each group.
Horizontul bars represent the median hK§ specifiic activity (ng hK6/mg total cxiract protein) in each growp.
The Krustal Wallis test showed that extracted bR specific activity was significantly elevated in the ovarian
(umer prepasatioos (P<0.001).

Figure 15 is a praph showing the distritntion of 16 specilic activity (ng BE6ing total protein) in
tumor extracts from stage VL and stage TV ovarian cancer patients. N indicates the number of tumors
comprising cach group. Horizontal bars represent the median value of WKG tumor specific activity, The
Mann-Whitney test demonstrated that BES specifie activity was signiticantly elevated in timors from patients
with stapge VIV ovarian cancer (P=0.002).

Figure 16 shovws Kaplan-Mefer survival curves of the entire patient population under study:cffoet
of hKS status. Top: progression-free survival (PFS). Bottom: overall sucvival {OS). The palient nurmber in
<ach group (n) is indicated as is the statistical significance (P value) of the survival difference between hK6
prsttive and hK6 negative proups. The adverse effect of BKS positivity on both time to progression and
averall survival was significant.

Tigure 17 are graphs showing the effect of hKf;\ statns (positive or negative) vn progression —fros
survival (PFS) and an overall survival (OS) among patients with Grade T and IT ovacian tumor. The paiient
number in each group (n) is Indicated as is the statistical significance (P value) of the survival difference
hetwean HK6 positive and hK6 negative individuals, The adverse etfect of hK6 positivity both on tite to
progression and on overall survival was significant (P=5.002).

Tigure 18 fs a blot showing lmmunchistochemical lecalization of HKG in ovarian neoplasms of
varying malignant potential, cell type, and origin (epithelial versus mesenchymal). (A) Invasive papillary
serous ademocarcinomy, the comrmon malignant epithelial tumar of the ovary. Nete strong eytoplasmic
staining of many mmer cells, and absence ef uny staining of stroma ur vessels. (3) Serous cystadenotibroma,
a bepign, mived epithelial and fibrous oeoplasm. Tonumostaining is sbsent in the fibrous component, but
strongly posiiive in the cytoplasm of the epithelium lining the gysts. (C) Ovarian leiormyoma, 2 benign smonth
mugele wmor, Mote the absence of staining. (D) Mucinous epithelial tamor of low melfguant potential, an
sepithelial lumor of intetinediate grade. Note weak, diffuse cyloplasmic staining of neoplastic epithelium and
absent staining in supportive stroma (far left).

DETAILED DESCRIPTION OF THE INVENTION

As heeinbefors mentioned, the present invention provides a method for monitoring, diagnosing,
ar for the progoosiy of yvacisn varcinoma o & subjeet by detecting K6 in a biclogical sample from the
subject. In an embodiznent, the method comprizes teacting the sumple wifh an agent that binds to hIS,
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preferably an antibody specific for hKé which is directly or indirectly [abelled with a detestuble sebstance,
aud detecting the detectable substance.

The methods of the invention may bo used for the detection of either an over- or an under-
ahuadance of K6 relstive to » non- disorder state or the presence of a modified {e.g., less than full length)
hK6 which corvelutes with a disorder siate (e.g ovarian cencer), ot a progression toward a disorder state. The
methods described herein may be used to evalvate the probability of the presence of malignant or pre-
malignant cclls, for cxample, in a group of cells freshly removed from a host. Such methods can be used 10
detext tumprs, quantitate thefr growth, and help in the diagnosts and prognosis of disease. The methods can
be used {o detect the presence of caucer metastasis, oz weil ss contirm the absence or cemeval of all umer
tissue fotlowing sucgery, cancer chemothurapy, and/or radiation ésrapy. They cen furiher be used t monitor
cancer chemotberapy and tumor rexppearance.

The methods of the invention are particularky useful in the diagnosis of lage stage ovarian carcinoma
and fur the prognosis of ovarian careinoma discase progression and mortality. As illustrated berein increased
levels of b defected in serum compared ko a standard are indicative of uic stage discase, and focreased
levels of hKG in tamor tissues or exiracts thereof compared b a standard are indicative of incraused risk of
disense progression and mortality.

The terms “sample”, “biological sample”, and the like mean a material known 10 o suspected of
expressing or containing BK6. The test sample can be used directly as obtainad froms the source of following
a prdrmtn;::nl tn modify the characler of the sawple. The sample can be derived from any biologieal source,
such as tissues or extracts, including cells (e.g, tumor cells) and physiclagical flufds, such as, for example,
whole blood, plasma, serum, saliva, ocular lens fluid, cerebral spinal fluid, sweat, wrine, milk, ascites fluid,
synavial fluid, perftoneal fluid and the like. The sarple can be obtained from, anbwals, preferably mamsmals,
most preferably humans, "The sample can be treated prior o use, such us preparing plasma frora blood,
diluting viscous fluids, and the [tke. Methods of treatment can involve filtration, distiliation, exivaction,
concentration, inactivation of merfering componsnts, the addition of reagents, and the like, Proteins may
be isolated from the samples and utilized in the methods of the invention. In a preferted embodiment, the
biologicu! simple is serum or tumor tissue extracts, most preferably serum.

In emhodiments of the invention, the melbod described berein is adapted for disgnosing and
mionjtoring, and for the prognosis of ovarian carcinonta by detecting BK6E in biclogical samples from #
subject. 'I'hese applications require that the amount of hEG detected in a sample from a subject being fested
b compared to levels dotected far another sample or an carfier sample from the subject, or levels detected
ferr 2 contral sample. Levels for control samples frope healthy subjects or subjects with benign diseese may
be established by prospective and/or retrospective stalislical studies. Flealthy subjects who have no clinieally
evident discase or abnormalities may be selected for statistical studies. Diagnosis tmay bsmade by a finding
of stafistivally ditferent Iovels of hE6 compared to s contrel sample or previous levels detected for the same
subject.

The term “hKE™ refers to human kalfikrein 6, (2lso known s syme, protease M, and ncurosin) a
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trypsin-like serine profease of 244 amino acids in length, of which 16 aming acids coustitule the signal
peptide and F aminoe acids, the activation peptide (7, 8, and 9). The term includes all bomologs, naturally
occurring allelic variants, isoforms and precursors of human kallikicin 6 of GenBank Accession Nos.
ARG3988, AF149289, HSUG2801, D78203, and NMO02774. Tn genersl for ecxample, naturally occurring
ailelic variants of hurnan kaflikrein & will share significant homolegy (70-90%) to the sequences shown in
GenBank Accession Mos. AFQ13988, AF149289, HSUG2801, D78203, and NMUCZ774. Allelic variants iy
contain conservative amine acid substitutione from the KLES sequence or will contain a substitution of an
aming acid from a comesponding positinn in & hK6 homologue such as, for example, the murine kallikrien
6 homologue.

The tern "subject” refers to a warm-hlooded animal such as o mammal which iy s[ficted with er

suspected to be affiicted with avariah cancer. Preferably, “subject” refers to a human.

The anttbodies specifie for hEG used in the wethods of the invention may be obtained from
sctentific or commercial sourees. Alternatively, isolated native hKe or recombinant kK6 wmay be utilized to
prepare antihodies, mosoclonal gr polyckonal antibudics, and immunologically sctive fragoents (e.g. a Fab
or (Fabyy fragreent), an antibody heavy chain, an antihody light cheir, humznized arlihodies, & genetically
enginecred single chain F, moleculs (Ladner et al, U.S. Pat. No. 4,946,778}, or a chimeric antibody, for
exumple, an anttbody which containg the binding speeificity of a murine antibody, but in which the remaining
partions are of humes ogin. Anibodies including monoclena] and polyelunst antibodics, fragments and
chimeras, may be prepared using methods known i those skilled i the arct. Preferably, antibodies nged in
the methods of the invention are reactive against hKG if they bind with a K, of greater than or equal to 177
M. In a sandwich immunoassay of the Invention mouse polyclonal antibodics and rabbit palycloual
antibodies are utilized.

Antibodies specifically reactive with K6, or devivatives, such as ensyme conjugates or labeled
derivatives, may be used to detect hKS in varions biological sarp]es, for example they may be sed in sny
known immunoassays which rely on the binding intecaction between an antigenic determinant of a protein
and the. antihodies. Examples of such assays are radioimmunoassays, enzyme imemmoassays (e.g.ELISA),
mmunofludtescence, immunoprecipitation, ex agglutination, b tutt and histochemical tests,

An antibody specific far hEKG may be labeled with a detectable substance and [oualised or identified
in biclogical samples based upos the presence of the d ble sut Examples of d; ble subsia
include, but are not imited to, the following; radioisotopes (e.g., *H, ", 8, 21, '), flucrescent labels
{e.g., FITC, rheduming, knathanide phosphors), lumi labels such as luminal; enzymatic labels (2.g.,

horseradisl peraxidass, beta-galuctosidase, luciferase, alkaline phosphatnse, acetylcholinesterase), biotinyl
groups (which can be detected by marked avidin e.g., streptavidia containing « fluorescent macker or
enzymatic activity that can be detected by optical or calorimetric methods), predstermined polypeptide
epitopes wongnlsed by a secondury reporter (e.g, leucine zipper pair sequences, binding sites for secondary
antibodies, metal binding domains, epitope tugs). Indirect methods may alse be employed tn which the
primary antigen-antibody reaction is amplifiet by the introduction of u second untibody, having specificity
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for the antibody reactive against hK.6. By way of exmnple, if the antibedy buving speciltcity agaimst hK6 is
4 rablbit IpG anibody, the secand antibody may he goat anti-abbit gamma-globulin labelled with a detectable
substance as described herein,

Methods for conjugating or labzlting the antibodies discussed above may be readily accomplished
by one of ordinary skill in the art. (Seo for example Inman, Mathods In BEnzymology, Vol. 34, Atfinity
‘Techniques, Bngyme Purification: Part B, Jakoby and Wichek (eds.), Academic Press, New York, p. 30,
1974; and Wilchel and Bayer, "The Avidin-Biotin Complex in Bioanatytical Applications,”Anal. Bichem.
171:1-32, 1988 re methods for corfugating or labslling the antibodies with enzyme or ligand binding partner).

Time-reselved fluorometry may be used ta detect a signal. For example, the methed described in
Christoponles TK and Diamandis BP Anal Chom 1592:64:342-346 may be used with a conventional time-
Tesolved flugrometer.

Therefare, in accordanee with an embodiment of the invention, a method is provided whersina WK6
antihody is labellcd with an enzypie, a substrate for the enzyme is added wherein the substrate 15 selected s0
that the substrate, or & reaction product of the enzyme and substrate, forms fuorescent complexes with a
Tanthanids metul. A fanthanide metsl is added and K6 f5 quentitated in the semple by measuring flnorescence
of the fluorescent complexes. The antibodies specific for K6 may be direcily or indirsetly Lsbelled with an
enzyme, Enzymes are selected based on the ability of a substrate of the snzyme, or a zeaction product of the
enzyme and substrate, to complex with lanthanide metals such as europivmn aed terbinm. Examples of suitable
enzymes include alkaline phosphatase and B-galactosidase. Preferably, the enzyme is alkaline phosphatase.
The hE6 antibodies may alse be indirectly labelled with & enzyme. Pot example, the antibodies may be
conjugated to one partner of 2 ligand binding pair, and the enzyme may be coupled to the other partner off
the ligand binding pair. Represeatative sxamples include avidin-biotin, and riboffavinriboflevin binding
protein, Preferably the antibodies are biotinylated, and the enzyme is caupled ta streptavidin.

In the methad, antibody bound to hEG tn a sample is detected by adding a substrate for the enzyme,
The substrate is sclocted so that in the presones of a lanthanide metal (2.g. ewrapions, terbiom, samarium, and
dysprosium, preferably europium gnd ferbium), the substrate, or a reaction product of the enzyme and
substrate, forms a fluarescent complex with the Tanthanide metal. Fxamples of anzyes and substrates for
enzymes that provide such fluotescent complexes are described in U.S. Patent No. 5,3112,922 to Diamandis.
By way of example, when the antbody is dircetly or indivectly labelled with alkaline phosphatase the
substrate employed in the method mey be 4-methylumbeliiferyl phosphate, or S-fiucrosalicyl phosphate. The
fluerescence tntensity uf the corplexes is typically meassured using a tireresolved fluorometer .g. a
CyberFluor 615 Imunoanalyzer (Nordion International, Kanata, Omtatie).

The sample, an aotibody specific for hK6, or WKS may be immobilized. Examples of suitable

cartiers are ngerose, celtufose, dextran, Scphadex, Scp i car cellulose

palystyrens, filter paper, jon-exchange xesic, plastic (lm, plastic mbe, glass hewds, pofyemine-methy] vinyl-
cther-maleic acid copalymer, amino acid copalymer, ethylene-maleic actd copalymer, nylon, silk, ete. The
carrier ay be in the shape of, for exanaple, & tube, test plate, well, beads, disc, sphere etc, The immobilized
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antibody may be prepared by reacting the material with a suitable inscluble carrier using known chemical or
physical methods, for cxample, cyanagen bromide coupling,

In secordance with an embodiment, the present invention provides means for determining hE6 in
ablood sample or tumor tissue extract, preferably a serum sample, by measuring K6 by immumoassay. Tl
wifl be evident t a skilled artisan that » variety of immunoassay methods can be used w messure hES. To
general, an HKG immunoassey method may be competitive or noncornpetitive. Competitive methods typically
crmploy an immebilized or immobilizable antihody to WG {antt-hKeE) and a labeled form of bKS. Sample hK6
and [abefud 1K6 compete for bindismg to anti-kK6. After separation. of the resulting labeled 2K that has
hecome houm] i anti-hKS (bovad fraction) from. that which has remaimed inbound (unbound fraction), the
amount of the label in either bound or unhound fraction is measured and may be correlated with i amount
of hKG in the test sample in any conventional manner, e.g., by compatison to & standard curve.

Preferably a non-cotnpetitive method Is used for the determination of hIE, with the mest common
method being the "sundwich" method. In this assay, two anti-hK6 antibodies are employed. Onc of tho ant-
K antibodies i directly or indirectly labeled {(sometimes relerred ko as the “detection antibody™) and the
other is frumobilized or immobilizable (sometimes refened to as the “capture antibody"). The capture and
deteetion antthodies can be bl ly or ially with the test sample. Sequential methods

can be weomplished by incubating the capture antibody with the sample, and adding the detection antbody
at 2 predetermined time thereafter (rometimes refered (0 a5 the "forward" methad}; or the detection antibody
can be incobated with the sample first and then the capture antibody added (somelimes referred by as the
“reverse” method). Afier the necsssary incubation(s) have ocourred, to complete the assay, the capture
antthody is separated from the liquid test mixture, and the label is measured fn at least a pottion of the
separated capture avtihody phase or the remainder of the liquid test mixture. Generally it is measured in the
capture antibody phase since it comprises AKG bound by ("sundwiched™ between) the caplire uod detection
anttbodics.

In a typical twa-site immunometric assay for hiK6, one or both of the capture and detection
anttbodies are polyclonal antibadies. The label used in the detoction antibody can be selected from any of
thase knows conventianally in the wrt. The label muy be an enzyme or # chemiluninescent moiety, but it can
also be a radicactive isotope, a fluarophar, a detectable tigand (e.g., defectable by a secondacy binding by
a labeled binding partmer for the ligand), and the like. Preferably the antibody & labelled with an ensyme
which is detected by adding a substrate that s sclected o that a reacion product of the enzyme and substrate
forms flucrescent complexes. The capture antibody is selected so that it provides a means for being separated
from the remainder of the test mixtere. Accordingly, the capture sntibudy can be introduced to the sssay in
ap, already immobilized or wnsolvble form, of can be in a immobilizable form, that is, a farm wiich enables
immobilization to be accomplished subscquent to introduction of the capture antibody to the assay. An
immobilised captute antibody may comprisc an aotibedy covalently or noncovalently attached to a solid
phasesuch as 2 magnetic particle, a latex particle, 4 microtiter plate well, a bead, o cuvette, or other teaction
vessel. An example of an immeobilizable captore antibady is antthody which hus been chemically modified
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with & ligand mofety, ¢.g., a kapten, biotin, or the like, and which can be subsequently immobilized by contact
with an immobilizsd form of « binding paceaer for the ligand, e.g. an antibody, avidin, or the like. Inan
embadiment, the capture antibady may be immobilized using a species specific antibody for the caplucs
aniibody that s bound to the solid phase.

A particular sandwich immunoassay method of the inventica employs two antibodics reactive
against hKG, a second wtibudy having spocificity against an antibody reactive against hES lubelled with an
enzymatic label, and 2 fluorogenic subsirate for the cozyme. Fo an embediment, the enzyme is alkuline
phosphatase (ALP) and the substrate is S-(luorosalicy] phosphate. ALP cleaves phosphate out of the
fluarogenic substrate, S-flnorosalicyl phosphate, to preduce S-fluorosalicylic acid (FA). 5-Flucrosalicylic
actd can then form a highly fluorescent ternary complex af the focm FSA-Tb(34+3-EDTA, which can bo
guantified by mensuring the Th3+ fluarcseence in a tixe-reselved mode. Fluorsscenee fniensity is measured
using a time-resolved flucromeier ns described herein,

The above-deseribed immunoassay methiods und formars arc intended t0 be exemplary and are not
limiting since, in genetal, it will be understaod that any immunosssay methed or format can be used in the
present invention.

T'he methods ol the invention can be cattied out using 2 diagnestic kit for quantitating HK6 ja o
sample. By way of example, the kit may contain antibodies specific for hK6, antibodies against the antibodics
labelled with an enzyme; and a substrate for the enzyme. The kit may also contain microtitr plate weils,
standards, assay dilucat, wash buffer, adbesive plate covers, and/or instructions for carrying out 2 mathod of
the invention using the kit

Antibedfes specific for BKS muy also be used in imaging methodelogies in the management of
avatian cancer. The invention provides 2 methed for tmaging tumers associated with RK6 and optionally one
or more othier kallikreins, preferably kallikreins associated with ovarian cancer, including but not limited to
hK4, hKS, hK8, hK2, hK10 and hI{11.

“I'he invention zlso contemplates imaging methods described herein nsfng multiple matksrs for
ovarian cancer. For example, a method Tor imuging ovarian cancer may utilize an agent that binds to bKS and
one or more of an agent that binds to buman steatum corneum chymotryptic epzyme (HSCCED, kallikretn 4,
kallikrein 3, kalltkrein 8, kallikrein 9, kaflikrein 10, kallikrein 11, CAI2S, CA15-3, CA19.9, OVXI,
Tysophosphitidic ueid (LPA) or carcinoembtyortic antipen (CEA), preforably Ca 125. Prafecably each agent
is labeled 5o that it can be distinguished during the imaging.

In an embodiment fhe method is an in vivo method and & subject of patient is administered one ar
more agents that carey an imaging label and that are capable of tugeting or bieding 1o @ kellikrein, praferably
hKé6.  The agenf is allowed to ingubate in vivo and bind 1o the kallikrein(s) associated with 4 tumor,
preferably ovarian lumurs. The presence of the 1abel is locallzed to the ovacian cancer, and the logfiaed [nbel
is detected using imaging devices knawn io those skilled in the act.

The agent may be an antibody or chemical entity whicf recopnizes the kallikrain(s), Ta an aspect
of the inveniion e agent is a polyclonal antibody ar manaclonat antibody, or fragments thereof, or
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constructs thercof including but not limited to, single chain antibodies, bifunctional antibodies, molecular
Tecognition umits, and peplides ot catifivs that mimic peptides. The zotibadics specific for the kallikveing
used in the methads of the invention may be vbirined from scientific or commercial sources, or isolared
native kalfikrein or recombinant kallikroin may be ntilized to prepare antibodies etc as described hersin.

A agent may be a peptide that miwmics the epitope for an antibedy specific for 2 kaliikrein and binds
1o the kallikrein. The peptide may be produced on & commercial synthesizer using conventional solid phase
chemisiry. By way of example. a peptide may be prepared that includes cither tyrosine lysine, or
phenylalanine to which N2$; chelate is complexed (See 1.8, Patent No. 4,897.255), The anti-kalikreio
peptide conjugate is then cambined with a radiolabel (e.g. sodium ¥™Tc pertechnetate o sodivin *®Re
perthenate) and it may be used to locate a kallilkzein producing tunor.

The agent catrics & Jabel to image the kallikreins. The agent may be Iabelled for use in radionuclide
impging. In particulsy, the agent may be divectly or indirectly labelled with a radinisotope. Examples of
radioisotopes thut may be used i the present invention wre the following: *Ac, ' At, *Ba, ™'Ba, "Be, " Ei,
Nslli, szi, 76]3[, "Br, 813(, lvE'Cd, mCa, ”C, l"C, ”Cl, 'BCr, ”Cs‘, “Cu, E4C\J, s7C\1, mij, lssEu, ]&F, 1ﬁ(“rd,
a. OGa, $Ca, " Ga, P An. T, 'S, Vi, ", ey, 1, 1257, 199 1907, Wy 9 4 SR S,
“Fe, TLu, 0, ™05, B4, ¥, PP, K, ™Ra, “Re, ""Re, "FRb, *Sm, “Se, e, 'S¢, PS¢, "Ag,
zzNa‘ HNH, Wsr‘ SES' }ES, ”TTL'\, %TL“ ‘I‘Tm'l\ch ZIIITL m“’ l])sn? ll?msn' \len‘ Eﬁh\[b' IE')Yb, l’liy—h7 RRY. ‘KIY,
7 and ¥Zn, Preferably the radivisatope is 11, ¥, 2L, U, #2Tg, Py, 1¥0Re, MR, PP, Wsm, Tk, P11
"Br, or T, and 1 imaged with a photescanting device.

Procedures for labeling biological agents with the radicactive isotopes are generally known in the
art. US. Pat. Mo, 4,302,438 deseribes iritium labeling procedures. Procedures for indinating, ritium [abaling,
and ** § [abeling especially adapted for murine menoclonal antibodies sre described by Goding, 1. W (supra,
p 124-126) and the references cited therein. Other pracedures for iodinating biolngical agents, such as
antibodies, binding portions thercod, probes, or ligands, are described in the scientific literature ¢ see [unter
and Greenwood, Nuture 144:945 (1962), David et al., Biochensstry 13:1054-1021 (1974), and TLS. Pat. Nos,
3,867,517 and 4,376,110). Todinating procedures for agents ure described by Greenwood, F. et al., Biochem.
J. 89:114-123 (1963); Marchalords, T., Biochemr. ) 113:289-305 (1969); acd Mowison, M. et al,
Tmumnechemistry, 289-297 (1971), ®* To-labeling prosedures are described by Rhodes, B. ot al. in Burchiel,
S. et al. (eds.), Tumor kmaging: The Radioimmunochemtcal Detection of Cancer, New York: Masson 111
123 (1982) end the references cited therein. Labelling of antibocfies or fragments with technetiom-99m are
also described for example in T1.8. Fat. No. 5,317,091, U.8. Pal. No. 4,478,813, LLS. Pat. No. 4,478,818,
U.S. Pat. No. 4,472,371, U.8. Pat. No. Re 32,417, and U3, Pat. Mo. 4,311,688, Procedures suitable for 1!
Jnelabeling biological agents are described by Huatowich, D. T. et al,, I Iwroul. Methods, 65:147-157 (1983),
Hunatowich, D. et ul,, I. Applied Radiation, 35:554-357 (1984), and Buckley, R. G. et al, FER S, 166:202-
204 (1984).

An agent may also be labeled with a peramagetic isotope for purpases of up it vive method of the
invention. Examples of clements that are useful in ragnetic resonance imaging include gadolininm, terhinr,
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tan, iron, or isotopes thereof. {See, for example, Schacfer ef al,, (1988) JACC 14, 472-480; Shreve ot al.,
(1988) Magn. Reson, Med. 3, 336-340; Wolf, G L., (1984) Physiol. Chem. Phys. Med. MMR 16, $3-95;
Wesbey eral., (1984) Physiel. Chem. Phys. Med. NMR 16, 145-15%; Rubge et al., (1984) buvest. Radiol. 19,
408415 for discusstons on im vivo nuglear magnetic resonance imaging.)

In the case of a radiclabeled agent, the agent muy be administered to the patient, it is localized to
the tumor kaving a kallikrein with which the apent binds, sand ix detected or "inaged” in vivy using known
technigues such as radionuclear scanning using e.g., 4 gamma camera or emission tomography. {Ses for
oxample A. R Bradwell of a1, "Developments in Antibady Imaging”, Motoclonal Antibodies for Cancer
Detection und Therapy, R. W. Baldvin et al., {eds.), pp. $5-83 (Academic Press 1985)]. A positron emission
transaxial tomagraphy scanner, such as the seanner desiypated Pet VI located 28 Brookhaven National
Laboratory, can alse be used where the radiolabel emits positrons (e.g., ¢, 1, ¥ 0, and "> Ny,

Whole body imaging techniques using radivisotope Jabeled agents car be ured for locating both
primary tumors and tumors which have metastasized. Antthodies specific for kallikreins, or fragments theteof
having the spme epitope specificity, are bound (o a suitable radioisotope, or a combinaticn thereof, and
administered parenterally. For avarian cancer, administration preferably is intravenous, The bio-distribution
of the label can be monitored by scititigraphy, and zeeumulations of the fabel are celated fo the preseucs of
ovarian cancer cclis. Whole body imaging techniques are described in ULS. Pat. Nos. 4,036,945 and
4,311,683, Other examples of dgents usetul for diagnosis and therapeutic use which can be coupled to
aotibadies and antibody fragments include metallothinnein. and fragments (see, L8, Pat. No. 4,732,564).
‘These agents are useful in diapnosis staging and visalization of cancer, in pactioular ovarian cuncer, su that
surgical and/or radiation treatment protocols can be used more efficiently.

The invention also contemplates kits for carying oot the methods of the invention. The kits include
an anfibody or an antibody fragment which binds specifieally to an epitope of & kallikrein, and means for
detecting binding of the antibody te its epitope associated with tumer cells, either v3 concenirades (ncluding
Tyophilized compositions), which may be further diluted prior w use or at the concenirafion of use, where the
vials may includc one or more dosagas. Whens the kits are intended for in vivo use, single dosages may he
provided in sterilized continers, having the desired amount and concentration of agents. Containers that
provide a formulation for direct use, usually do nat require other reagents, us for exawplo, where the kit
contains a radiolabelled anttbady preparation for in vive imaging.

The following non-limiting exaoples are illustrative of the present invention:

Example 1
I fluorometric Assay of Hupmn Kaollikrein 6 {Zyme/Protease Newrosin)M:
Methods

Diffunisal pbosphate (DFP) was synthesized in the laboratory (diflunizal, obtained from Sigma

Chemical Co., St. Louis, MQ). The stock solution of DFP was (101 mol/L in 01 mol/E, NaOH, DFP stock

sulntions are stable «t 4°C for af least 6 months, Alkaline phosphatase-labeled goat antirabbit 13G (GARIg-
ALP) and sheep anti-mouss immunoglobulin G (Fe fragment-specific) were obtained from Jackson
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Immunoresearch, West Giove, PA. Warking selutions of GARIg-ALP were prepared by diluting the stuck
solution 3,000-fold in the assay buffer {described helow). White, opaque 12-well polystyrene microtiter
strips were obtained from Diynatech Labs., Alexandria, VA, The substrate buffer was a Tris buffer (0.1
mal/L, pH 8.1} contufuing 0.1 mol of NaCl and 1 mmol of MgCh per liter. The substrate working solution
{DFP, 1 mmul/L in substrate buffer) was prepared just before use by difuting the DR stock solation 10-fold
in the substate buffer. The wash solution was prepared by dissolving 9 g of NaCl and 0.5 g of
polyoryethylenssorbitan monolawrate (Tween 200 in 1 L of & 10 mmal/L Tris buffer, pH 7.40. The
developing solution eontained 1 1m0l of Tris base, 0.4 mol of NaOIT, 2 vunol of ThCl, and 3 mmnol of RDTA
per liter éno pEL adjustment). The agsay butter A was & 50 mmol/L Tris buifer, pH 7.40, cantaining 60 g of
BSA, 0.5 g of sadinm aside, 100 mL of mermal geat serum, 25 mlL of normal mouse serue, S g of hovine FgG
and 0.5 g of Tween 20 per lite. The assay buffer B was the same as assay buffer A except that mouge serum
was omitked,
Comacar, Samprus

Seyeral clinical samples were uved to examine the presence of bES. These included serum and
ucine samples from male and female individuals (healthy blood donors), breast cyst Hutds obtained by needle
aspiration, breast tumor cytosolic extracts, prepared as desctibed previously (7 1), amniotic fluids, milks from
Luctating women, seminal plasmas, nipple aspiratc fluids (NAFs) and cerebrospinal fluids (CSPs). In
addition, a panel of human tissue cytosolic extracts, propared as proviously described were tested
{Hassapoglidow, S. ef af Oncogene 1893, & I501-1503.). To esiablish optimal measuring conditions, all
samples were tested at various dilutions, The procedures are in aceardance with the ethical standards of the:
Helsinki Declaration of 1975, as ravised in 1983,

All tissues and fluld samples were stared at -80°C until use.
INSTRUMENTA'TION

A lime-resolved flvoramster, the CyberFluor 615 Immuooanalyzer (MIDS Nordion, Kanata, ON,
Canada) was used o messure To™* fluorescence in white microtiter wells, This procedure has been described
in detail elsewhete (Christopoules, TK, et ol Anal Chem 1892, 64:342-346, Feryuson RA et al, Clin Chem
19206 42: 675-684),

ROCEDTURES

Prodactinr and purification of recombinant AES protein. kuman 293 cells transfected with & plasmid
<ontatoing the 1.4-kb hK6 cDNA were subjected to selection by growth in G418 (400 mg/L) tor three weeks,
after which time stable transformants were isolated. One clope generated identifizble amounts of K6 protedn
in the culture medivgs, This cell line was cultared and the tissue culture superaatant was colleated and
concenfrated by using Centricon ultralilitation devires (Millipore, Walthara, MA 02454). Purification of hIK6
from the concentrated coll cultire supcrnatants was achieved by reversed-phase high pressure liguid
chromatography (C-8, Aquapore RE-300, 0.45 x 25 cm, Applied Biosystems, Foster City, CA) using 2 linsar
gradient of Q.1% trifluorcacetic acid/acetonitrile. Generally, the gradient incteased at z rate of 1%

ucelonitrile per min. Factions containing bKS were located by SDS-polyacrylarnide gel electrupharesis,
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colleeted, lyophylized and stoted at -20°C (Little SP ot al, T, Bil Chem 1997:272:251135-25(42).
Development of polyclonal antthodizs ageinst RE6. Furified recombinant 1K6 protein was used to
immunize rabbits and mice using standard procoduces (Campbslf Am, Production and purification of
enfibadles. In. Inmuncassay. Diamandis EP Christopoulos TK (eds)00. 95-115, Academic Press, San Diego,
1996). The rabbil and mice antisera wers used for the development of the immonafeorometric assay without
fuether purification.
Coating of microtiter plates with sheep anti-mouse inmunoglobulin, White polystyrene microtiter wells
wete coated by incubating overnight 500 ng / 100 JL pec well of the coating antibody dilited in 4 50 mmnl/L
Tris buffer, pIT 7.80. The wells wers then washed six times with the wash solution and blocked for 1 bouc
with 200 pLAwell of the blacking solution (10 2/ BSA in 50 mmol/L Tris, pEH 7.80). After another six
washes, the wells were ready to vse.
hEG calibration. WEE calibrators of 0, L, 5, 20, 50 and 200 pg/L were prepared by diluting recombinaat
purified hK8 protein in a 50 mmol/L Tris buffer, pHt 7.80, containing 60 g of BSA and 0.5 g of sodivm azide
per liter.
kK6 assay. Calibrators or samples (100 UL) were pipetted into the microtiter wells and 50 P of tha
polyclonal mouse anti-hK.6 antiserum, dilated 5,000-fold in assay buffer B, were added. The wells were then
incubuted with shuking at roorn temperature tor 2 hours and washed six thmes. To cach well, was added 100
HL of tabbit anti-hES antibody, dilated 1,000-fold fn assay buffer A, incabated for 30 niin as described
ahove, end then washed six fimes. To eack well, was added 100 pL of z goat anti-rabbit immuncglobulin,
o wlkuline phosphatase, diluted 3,000-fold in assay buffer A and incubated for 30 min, as
deseribed above. The wells were then washed six tires; 100 gl of § megl/L DIFP working substrate solution

was added, and the wells were incubated for 10 min, as deseribed above. 100 pIL of developing solution was
added to cach well, the wells were mized by mechanical shaking for I min and the flucresceuce was
messuced with the time-resvlved fluorometer. The calibration and data reduction were performed
automatically by the CyberFluor 615 Immunoanalyzer.

High performance liguid chromatography (HPLC): Vasious biologicul Tluidy bave been (ractionated on 2
gel filtration: column, ustng the procedures described elsewhere (Fu H, Diamandis EP, Clin Chem [993:
59:2108-2114; Diamandis, EF at ol Cliln Chem J297:43:1365.1371}). HPLC fractions were collected and
analyzed for hK6é with the developed immunofluorometric assay.

Reslts

ASSAY OPTIMIZATION

Twop tbodies agatnst binant HK6 protein were vsed, oos developed in nrice and

ane developed in Tubhits. The chosen assay configuration (indirect conting of the wells with a sheep anti-
mouse antibody and detection of the immunocomplex with o goat anti-rabbit immuneglobulin, conjugated
1o alkaline phosphatase) demonstrated good sensitivity (see befow) wilhout the need for wny purification or

‘conjugation of the primary anttbodies. The amounts of antibodies used, the diluents and incubation times

of the various aysay stops were oplinaized, Optimal condifions were selected based an the lowest achievable
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detection limnik and best assay [inearity and dynemic range. The final conditiong wre describert above,
CALIBRATION CLRVE, DETECTION LIMIT, PRECISION

A typical calibration curve of the proposed hKG assay is shown in Figure 1. The detection Hmit,
dofined as dhe ion of LK6 ponding to the Il of the zero calibrator plus twa standard

deviations, is < 0.5 pg/L. Within-run and befwecn-run precision was assessed at varions WES concentrations

between 2-50 pg/L and with various clinical samples. In all cases, the coafficients of variation (CVs) were
between 2 and 9%, consistont with the precision of typical microtiter plate-based immunoassays.
SPECIFICITY

hKG protein was detesied in various biological flwids. In order o ensurc that the
immuneflugrenetric assay measuces RKG with high seusitivity and specificity, separaled in a gel Gltration
colunn three biological fluids with relatively kigh hK& concentration, (namely one human milk from a
lectating woman, one cerebrospinal fluid and one serum sample from an ovarian cancer patient who was
Townd ty bave high levels of this biomsarker in serom) were separated {o and measured an a gel filwarion
calumn. The results are shown in Figure 2. In all three biclegical finids tested, a single immunorenctive
species of a molecular mass of - 30 kDa was delected, which is consistent with the molecular mass of AKS
protein. Higher molecular weight complexes were not detected suggesting that hK6 is preseat in these
biotogical flutds in its free form. Other sennm proteinases (e.g. PSA) are prosent in serum and other fluidys
mostly bound to proteinase inhibitors (Stenman U-H, ctal, Cancer Res. 1991: 51:222-226); Christenssor: A
et al Cur I Biochem 1990; 194; 755-763).
K6 I¥ BIOLOGICAL FLUINE AND TISSUE EXTRACTS

To obtain preliminary information an the presence of hiK6 in binlogios! Muids, vatious clinical
samples were analyzed, 8 shown in 'fablc 1. The highest concentration of hIK6 was found in milk of
lactaling women, followsd by ecvebrospingl fuid, nipple sspirate fluid and breast cyst thid. hKS was also
detected in male and female serum samples, in the majority of seminal plasmas and in & rolatively amall
percentage of ammiotic fluids and breast tumor cytosolic extracts. BK.6 prolein was not detected in urine,

A vumber of human tissue cytosolic extracts were also tested. Ths highest concentration of hK4
was detected in the salivary glands, followed by lung, colon, fallopian tube, placenta, breast, pituitary and
kidney. The following tissues tested negatve: skin, spleen, boe, thyrofd, heart, uwrarter, liver, muscle,
endametrium, testis, pancreas, seminal vesicle, vvary, adesnals and prostate (Figure 3).
Discussion

The present invenfors have developed polyclonal antibadies and an immusoffuoromettic procedurs
suttatrle for quantifying hK6 protein in bivlogicsl fivids and tizene extracts. Since a tich natutal source of
hKS6 protein is not known, recombinant hK6 prolein was used far the development of polyelonal rabbit and
mice antibodies. This recombinant protsin essures high purity without any contaminating protetns. ‘The
chosen assay configuration does not need any further purification or conjugation of the primary antibodies
uyed, and it 3 thus n convenient method for developing senshiive immunofluorometric procedures. The same
principle has been adopted previvusly for measuring the pS3 tmor suppressor in biological fluids
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{Hagsapoglidon § e al, Oucogene 1993: 8: 1301-1509),

The developed immunoassay for hK6 protein demonsirates good sensitivity, dynamic raogs and
linearity (Figure 1), It bas been further verified that this assay detects a single immunoreactive band in the.
biological finids examined. In serum, this proteinase is preseat in its free forry, stmilarly te observations with
hE2 messurernents ¢Black, MH et «l Clin Chemn [999; 45:790-709). However, this i3 in contrast to the
sitnation with PSA, which is known to be present in serum mainly bound to o-sutichymoteypsin (Stenman
U-H, et al, Cuncer Res. 1991: 51:222-276); Christensson A et al Cor 1 Biocherz 1999: 194; 755.763).

The survey of a refatively Lage oumber of binlogical fuidy bas indicaied that HKE protein is preveat
at relatively high concentrations in milk of lactating women and other breast secretions, including nipple
aspirate fluid and breast cyst fluid (Table 1). Previously, the presence of other kalfikreins, inclading PSA
and hX2, has been demoosteated in these biologieal flulds (Yre, H Diamandisy Clin Cham 1995: 41:54-58;
Sanfer BR ot al Canver Epidemial Biomarkery Prevent 1996 967-970; Diamandis Ep et al Breast Cancer

Res Trea} I99638:258-264; Bolck MH et al Br J Concer 2000; 82:361-367; Bleak MH et al Clin Chemn
1999:45: 70-799; yu H. and Digrnandis EP Clin Chew 1995:41:204-210; Black ME Dianardis EP, Breast
Caneer Res Treat 2000 59-1-14). Large amounts of BEE protein were detected bn cerebraspinal fluid, which
are consistant with the observation that b6 is expressed at high levels in brain tissue {Litde, supre), bES was
alse found 1o meale and feole sera snd seminal plasmas and i a small percentage of amniotic Quids and
breast tutnar cytosols. Previously, PSA end hK2 was demonstrated in these biological fluids as well (¥, #
Dicnandis; Clin Chem 1995: 41:74-58; Sauter ER et ol Cancer Epidemiol Biomarkers Prevent 1996 967-
970; Diamandis Ep et al Breast Camcer Res Trear 199638:259-264; Balck MH et al Br J Cancer 2000;
82:361-367; Rleak MH et o Clin Chem 199045 790-799; i H. and Digmandis EP Clin Chem
F995:41:204-210; Bluck MF Digmandis EP, Breast Carcer Res Trear 2000 59:7-14). It is interesting to
note that although seminal plasma contains extremedy high levels of PSA and hK2 (Diamandis EP Trends
Endocrinol Metab 1999: 25:14-26° RittenhouseHe ot al Crit Rev Clin Lab Sci 1998: 35:275-368), the assay
deseribed herein detoeted vory amell amotnts of WK in this biclogical fluid {Table 1). This further
demonstraies that. the homologous proteins PSA and EK2 do not have any major cross-reactivity with the.
developed bK6 assay. )

The assay developed here represents the fiest method for detecting hK6 protein in biclagical fhids.

"The results furtber demonsirate that BEG is a scereled protein, as predicted by Its deduced amino acid
sequence (Yousek GM et al Genomics 1999;62:251-259).

Example 2
Materials and Methods
TLnmunaflzoromenic assay for W6

The details of this immunofinorometric peyiy have besn described (See Bxaeple 1 and rof. 12), The
assay uillizes two hRéG-specific polyclonal antibodies, noe raised in mouse and the ather raisad in Tabbit, This
is a noo-competitive immunofluoromettic procedure which incatporates the principles of time-resolvad

fluorometry for detection, The assay measures hKG In the range of 0.5-200 pg/L with precision < 104%.
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Serum samples were analyzed without sample protrcatment,
Climical samples

Tor this investigation, leltover serum samples obtained from patients with various malignancies were
used {Table 2). Patients wece included with relatively high fumor burden (as ndicaied by tumor marker levels
aof at least 10-fold higher than the upper limit of normal) in order 1 increase the: chance of detecting possible
HKG elevations in serum. Al seriin samples wers stored at 20°C until analysis for a maximum e of ope
vear. The procedures are in accordance with the Ethical Standards of the Helsinki Declaration of 1$75, a5
revised in 1983.

Analysis of nemor markers

The tumor markers CAIZS, PSA, CEA and AFP were amdlyzed vn the Elccsys frmmumoassay
analyzer (Roche Diagnostics, Indianapolis, IN). CAL5.3, CAI9.9 and h(G were analyzed on the Immuno
I immurnoassay analyzer (Bayer Diagmestics, Tarrytown, NY) and calcitonin was messured with a
radiotmnmnoassay kit from Dissorin, aly. The upper lnit of notmal values for the tumor markers were 35
KWL (CAL25), 4 pg/L (F3A), 10 pg/l. (AFP), 5 pe/ll (CEA) 33 KUVL (CALS.3), 37 KUL (CALR.9), 10
TEVL (hCG) and 100 ng/L (calsitondin).

Results

A total of 378 serum samples were analyzed with the previously described immunufBuorometric
assay fot K6 (12). These samples were from efther normal individuals (male and female) or from patients
with various malignancies. The obtained data are shown in Table 2. While in none of the normal controls
and in only two sarples from patients with non-ovarian malignancies the hKS concentration was above 15
Kg/L (at arbitrary cutoff), the majaricy of patients with ovarian carcinoma (- 66%) had highly elevated b6
comeenttations in, their serum (15 Jg/L). The distribution of bIK6 values ip. serum. of ovarian cancer patients
is shown in Figure 4. As shown in Figure 5, the corrclation between bKS concentrations and CA125 Jevels
s poor and not statisticatly significant,

In Figure 6, data is preseniex] on fempovel changes of serial serum hK6 and CA125 coneentration
in four patients with ovarian cancer. The hK6 concentration shanges during the momitaring pedod, similacly
ta CAL25, suggesting that this new biomarker may have value for patient management.

Diseusslon

The data of Table 2 mmnmarizs the findings and demonstrate that among all cancer types tested
(normal males and fensales versus breast, thyroid, testicular, gastruiniesiinal, proséats, long and vvarien
cancer), cnly ovarian cancer patients show significantly elevated [svels of this biomarker in the eirculation.

Approximately 66% of patients had levels higher than 15 Ug/L, a cutoff that affords $8-100% specificity for
all other cancers zsted. Although these data are highly promising, regarding vafue of hK6 as a circnlating
biomarker for ovarian carcinoma, it should be taken into eansideration that all paticnts with ovartian cancer
had relatively high levels of CA125 (= 372 EU/L, which is approzimately 10 times higher than the upper
reference range}. The data of Fighre 6 indicate that serum levels of K6 change with time during ovarian

cancer monitoring, suggesting {hat this biomarker may be useful fur monitoring patienis after primary
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treatment.

As is evident from Figure 5, there is no significant corcelation between WK concentration and
CA1235, suggesting that these two biomarkers may be camplementary for the diagnosis and mapagoment of
vurian coareiroma.

In conelusion, the fiest evidence that serum TK6 concentration is signiffcantly increwsed in about
66% of ovarian cancer patient is provided. The fast seams to be specific for evarian cancer since ho Such
increases wete seen in various other malignancies. Therefore, HE6 represents a novel secum biomarker for
ovarian cancer which may be useful for diseasce diagnosis and monitoring.
Exawmple 3
Materials and Methods
Patient popolation

Included in this study were 97 appatently healthy women (ages 26 to 72 years; mean = 52, median
= 48 yeurs), 141 women with benign diseuse (ages 21 to 76 yewrs; roean = 46, medizn = 45 yeurs) ond 146
patients with histalogically proven primarg overian carcinoma (ages 28 fo 78 years; mean = 56, median = 57
vears), Of the benign. lesions, 50 were classified as endometeiosis, 22 as mucinosuoy, [0 as ovatian teratomas,
26 as dermoidea, 15 as corpus luteutn and 18 as szrosum. Tumors were staged according to the International
Pederation of Gynecolopy and Obstetdes (FIGO) criteria. Histologic ¢lassification was based on the World

Health Organization sod FIGO recor ions. The characteristics of the ovarian cimeer patients in krms
of stage, prade, histotype, residnal tumar post-surgery, debulking soccess and response to chemathesapy are
shown in Table 7, Serum samples from all patients were collected pre-surgically, before initiation of therapy,
and stored at -80°C uatil analysis. For [0S ovattan cancer patients, serun was also available post-surpgery.
This sample was obtained approximately 2-3 weeks post-surgery.

Sera were obtafned from four centres as follows: The Gynecologic Onceclogy Utit, University of
Turin, Italy (%7 normals, 14 benign, 21 cancers); Holland (40 cancers); Bolgium (13 benign, 85 cancors);
Repartment ef Clinical Chemistry, Helsinld (niversity Central Fospital, Finland (114 benign).

Patients wete montitored for survival and disease progression for & median duration of 25 months
(range 1-106 months). Follow-up information was available for 131 of the ovatian cancer patients. Sixty-
four {(49%5) of these relapsed and 28 (21%) dicd during the caurse of ths follow-up period.
Analysts of hE® and CAL2S

CAL25 was measured with a commerciaily available anfomated innunoassay method (Tmmulite
2000, Diagnostic Products Corporation, Los Angeles, CA). The upper limit of noroal for this wethad is 23
KU/L. The concentration of hK6 was measured with 2 procedure described hersin (12} with some
moedifieations.  This assiy employs 1 monoclonal enti-hE6 mouse antibody. coated directly on microtiter
wells (capturs antibody), 2 polyelonat rabbit detection antibody and an. alkslive phosphalase-conjugated goat
anti-rabbit antibody. Signal was quantified by time-resolved fluoromelry. The assay has 2 detection limit
of 0.1 pg/L and a dynamic tange up to 50 ug/L. Precision was <10% within the measurement range. The

serwim samples were analyzed in duplicate with inclusion of three quality control samples in every run.
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Statistical analysis

Ta analyze data, patients were divided into different groups accerding to clinical and pathological
purameters. The aualyses of differences between hK$6 serum concentration bofore and after surgery were
performed witl the non-paramefric McNemar test. The binomial distribution was used to compule the
sigaificance level of the McNemar test.

Recciver operating characteristic {ROC) curves were constructed for h6 and CAI2S serum
concentration by ploiting sensitivity versus (I-specificity) and the arcas under the ROC curves (AUC) were
calaulated. The non-eanser group included the normal individuals end the patients with benign disease.
Correlations between different variables were sssessed by the Spearman correlation eoefficient. The non-
parametric Maon-Whitney U test was used to determine differences between two proups and the non-
parametric Kruskal-Wallis test was used for the analysis of differences among more than two groups. These
{ests treated hK6 concentration in serurm 85 2 coptinugus variable. bKS serom covcentration was also
classilied as either hK6-positive (> 4.4 ug/l) ar hKS-negative (< 44 pg/L). The relationship of this
dichotomenus varizble with other clinicopathological correlates was estabiished with the Chi Square (%°) test
or the Fishers Exact test, as appropriate.

Kaplan-Meier progression-free survival and overall survival curves were constructed to demonsteate
the survival differences betwsen the hK6-positive and hK6-nogative paticnts. The log rank tost was used to
examine the significance of the differences among the survival curves.  The impact of serum hK6é
coneentration on patient overall survival (05) and on progression of the disease (progression-fres survival;
PES) way assessed with the hezards ratio, calculated by bath univatiate and multivariate Cox preportional
‘hazards repression madels. In the maltivariate analysis, the clinicel and pathological veriables thar may atfect
survival, including stage of disease, tamor prade, residual (umer and histologie type were ndjusted.
Results
Serom hKé concentration fn cancer and nox-cancer patients: The mean, median, range and selecied
frereentiles of serum hK6 conceniration among non-cencet {normal: n= 97), benign disease (= 141, prev
surgical (i = 146} and post-snrgical (n = 105) ovarian cancer patients is shown in Table 3, The mean and
median valucs between non-cancer (normal) and benign disease patients were not statistically significunt.
“The mea amd median bES values in pre-surgical avarian cancer patients were significantly higher than the
nop-cxucer and benign groops (p < D.001). The distribution of hKG concentration in the three groups of
patients {tniormal, berign, pre-surgical ovarian cancer) is further presented in Figure 7 along with the
conesponding CA12S values. Clearly, pre-surgical serum b6 concentration is not dilfrent between normal
and benige diseasc patients but is significantly elevated in a proportion of gvarian cancer patients (Figure
74). Conversely, CA125 values are progressivoly increased from normal, to benign, & cancer patients
(Figure 7B).

For dichotomous classification of this patieot pupulution as hK6-pusitive and KK6-negative, the hKS
contoffs of 4.2 Pg/L (90% diaghostic specificity) and 4.4 pg/l. (95% diaguostic specificity) were selected.

Changes of serum, RS concenugtion post-surgery: For 105 patients with ovarian canger, pre-surgical and
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post-surgical serun: samples were selected. As shown in Figure 8, 71 patients {68%) demonstruted 4 drop
o bKS concenination post-surgery, 27 (20%) had unclanged vafies and 13 (12%) had higher hK6 serum
fevels afler the aperation. By the McNerar tesy, the concentration drop post-surgery was statisticalty highly
significant {p < 0.001),

Corgelation between serym K6 and CAL2S concentration: The logarithmic plot of Tiguee  shows that there
is a weak correlatfon between serum hk 6 and CAT2S concentration (Spearman ceerelation r, = 0.44). While
the correlation is significant, there wre still many samples with quite variable values. For axample, at CA125
levels around 500 KIU¥L, hK6 concentration canges from. 2-40 pg/L while samples with hK6 levels around
6 pg/L may have CAI123 valves rangiog from 3 to > 5,000 KU/L.

Diagnostic seasitivity and specificity of serum hKS concentration: For this calculation, the variaus subgroups
of patients were considered, as shown in Table 4. Tn the nonecancer group, #ll petients who sre either normal
or have benign disease were included. When the whole patient group was analyzed, diagnostic sensitivity is
around 54% at 90% specificity and S0% st 95% specificity. The ceceiver operating charsetcristic (ROC)
curve of Figure 10 indicates a slight diagnostic advantage of CAL2S, in comparison to hEK6. Howover, the
two markers can worl in combination, sinee hK6 concentration could he elevated in 1 subset of patients with
relafively law CA125. In lhe subgraup of patients with CAT25 > 60 KU/L, the diagnostic scnsitivity of hEG
is 71 and 65% at specificities of $0 and 95%, respectively. In the subgroup of patents with low CAI25 (<
23 KU/L). about 13-17% of patients will stiil have clevated bKG, at hK& cut-ofifs of 4.4 (95% sperificity) or
4.3 pgf/L (90% speeificity), respectively. In the subgroup of patients with slightly elevared CAL25 (23-60
KU/L), the diagnestic sensitivity of BEE Is 15-26% at specificities of 93-90%, respectively (Table 4).

In Table 5, the additional contibution of hEG in identitying ovarian cancer pattents was calenlated
by using either CA125 alone or CALZS plus hK6. Among ull pafients with known stage (N = 124), hiK6
analysis increasss the sensitivity of CA125 by 12% or 13%, at 90% or $5% specificity cut-offs for both
markers. The contribution is stll signiffcant at ovarian cancer stages [/l (43 patients). The addition of hIKK6
increases the sensitivity of CAL2S alone from 30% to 42%, ot from 26% to 37%, at 90% or 95% specificity
cut-offs for both murkers, respectively.

Table 6 summarizes the sefative risk (RR) of having ovarian cancer, based on serum hK6

coneentcation. The relative risk increases exponentially with ihereasing hE6 concentration, reaching & value
of 20 when hKC6 is = 4.3 g/l The RR is still substantial (RR = 5.3) in multivariate anabysis, after adfusting
for CALZS levels.
Prognostie value of scrum hiC6: ¥ighcr ovarian cances stage and grade arc strongly associated with higher
serum hK6 concentration (Figuse 11 and Table 7). Furthermore, sexous adenotarcinomas ane more frequently
associated with high serom kK6 cancentration (positivity 68%) followed by endometeioid tumars (positivity
33%); mucinous tumars are rarely associated with high seram K6 (9%). Furthermore, high serum hK6
conecntration is assosiated with presence of residual nunor, suboptimal debulking and poar response ©
chemotherspy. Al these associations were highly significant (p < 0.001).

T univariaie Cox analysis, serum. K6 coneentration s associated with shorier propression-free und
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overal] survivil (Table 8). Fhese assootations remained statisticully significant in the muktivariate anulysis.

The prognastic vakie of CAI25 was 10 longer statistically sigrificant it fos multivariato analysis. Besidss
pre-surgical serum hK6, stage of disease was the only other parameter that was associated with both
progression-froe and overall survival in multivartate analysis {Table 6).

Similar data were obtained with Kaplan-Meier survival analysis Pigure 12). Paticnis with high pre-
surgical serum hK6 huve muck shorter progression-free und overail sucvival than patenis with fow pre-
operative 1KG levels. While virtually all patients with high serom hiC6 relapsed by 6 years, reore than 50%
of patients with low pre-operative serura bES were still in remission.

Discussion

The discovery of new gvarian cancer biomarkers for early diagnosis, prognosis, moniicring wnd
prediction ef thevapeutic response will likely contribute to improved elinical outeomess. The only well
aceepled ovarian sancer biomarker, CAI25, was discovered 26 years ago. A umber of other potential
ovarian cancec biomarkers have been identified but their clinical value s not established {27). A novel
ovarian cancer biomaker, human kallikrein ¢ (hK6), a member of the expanded bumun kallikrein gene
fanoily, i deseribedt herein.

The traditional ovarian cancer biomacker, CAL25, falls short of being able to diagnose cacly ovatlan
cancer. In addition fo its low sensitivity for carly disease, CA125 also suffers from low specificity 1.6,
elevated levels are scen in many benign abdominal discascs. Cutrently, it is widely accepted hat no single
cancer biomarker will provide all the necessary information for optimal cancer dingmosis and manogemenl.

"T'he current trend is ta focus on the identification of multiples bivorarkess wiich can he used in sonabination.
Such approaches have alrcady shown o have cliniczl potential in ovarian cancer (28,29).

Seram BK6 represents a novel biomarker for ovarian carcinoma. This biomarker is more specific
for ovarian cancet than CAI2S sitiee, i contrast to CAIZS, elevations were not seen in benign disenses
(Figare 7). The diagnostic sensitivity of kK6 is slightly less than the dingnostic sensitivity of CAL25 at the
stume specificity cut-offs (Table 5 and Figurs 19). However, hKG can increase tha diagnastic sensitivity of
CAL25 at all stages of the disease, including stage I/IN disease (Table 5), Despite the weak comrclation
between K6 and CA123 (Figure 9), there are siill patients with normal CA125 who have elevated b6 Jevels
(Tuble 4). Thus, CAI125 wnd 1K6 could be wsed in combiration o increase the diagnostic seositivity of sach
of 1k biomarkers alone.

Simaflacly to the simation with CA125, hK6 concentration is mare frequently elevated in serous

ovarian carci than in

joid and i carcipomas {Tablc 7). Serup hK6 concentration is
slso more frequently clevated in late stage and higher grade disease. Serum hEK6 concentration i & powerlid
predictor of patient outcomes. Paticnts with pre-operative WK6 conconfration above 4.4 pg/l have
significantly worse prognosis than patients with Jow pre-cperative bK6 (Table § end Figure 12). Serum hK6
concentration is & more powerfu] prognostic indicator that serum CAI2S. The prognostic value of CAL2S
disappears in tusltivariate analysis while seram hKG is an independent progrostic indicator, as shown in the

multivariate enalysis of Table 8. Scrom hi6 likely originates from tumor cells, since post-operatively, the
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levals are significantly decreused (Figure 8}, In the study in Exampie 4 examining the prognostie value of
BKG anzlysis in ovarian fumor exfracts, the averexpressivn of hE6 in tumor cells was verified by
immomoohistochemisiry and further provided evidence that intratumar LKG concentration is alse a strong

predietor of prognosi ingly, many other bers of the human kallikrein gene family, including the

enzymes hi4, BEKS, hi7, K8, hK9 and hIC10 have already shown to have prognostic significance in ovarian
cancer (34-41). Sorfne proteases not belonging to the kallikrein family have also been shown to have
prognastic significance fo ovarian cancer, including leypsin, hepsin and testisio {42-44). Yet, it has beon
known for years that many other proteolytic enzymes have prognostic value in many cancers (for reviews,
see 45 and 46). The biological mechanisms of protealytie enzyme involvement in cancer prognosis inclndes
their pbility to degrade llulor matrix, thus tacilitating invasion and ig (47-49). Lt scemns Tkely

that srulliple members of the hurman kallikeein gene family are disregulated in ovarian cancer. Tt is thus
possible that other members of this protaase family may emetgs as poteatial ovarian cancer bivmarkers. I
these proteases are invalved in cancer progression, they may be svitable candidates as therapeutic targets.

Table 7 chows preliminarily that pre-surgical sorum hES concentration may be a predictor of
response to cheotherapy i ovariun cancer patients. Among the non-responders, 81% had clevated pre-
surgical hK6 voncentration whils 19% of these patfents had lew hKé concentration. Among the patients who
had either complste or partiaf response to chemotherapy, 57% had low pre-operative K6 concentration (p
<0001,

In conclusion, serum hKé concentration represents 2 novel biomarker for ovavian careinoma. which
has potential utility as a diagnostic, prognostic and predictive tool. The combination of BES und CAL25
improves the diagnostic sensitivity of ovarian cancer at all stages, including eacly stags disease.

Esample 4

KLKS$ Qvarian Tissue

PATIENTS AND METHODS

Crvarian Cancer Patients. One hundred sighty patients with primary ovarian cancer were inciuded in this
study. Thesc patients underwent surgery for ovarian cancer at the Dopartment of Gynecology, University of
Turin, Italy. Patient agc ranged from 25 to 82 years with a median of 39 years. Clinical and patholegical
information docurmented at the time uf yurgery included clinieal stage of the cancer, grade and histology of
the tumor, and ameunt of remaining tumor.  Menopausal status was documented and response o
chemotherapy monitared. Turnors were staged according 1o the International Federation of Grynaecology and
Obstetrics (FIGO} criteria. Histologic classification was based on the World Health Organization and FIGO
tecammenduiions, Of the tumors included im this study, B0 were classified as scrous papilfary, 32 ag
undifferentiated, 27 as endometrioid, 13 as mucinous, 14 as clear call, 10 us mollerian and 4 43 other. The
size of the residual bemors ranged from O to 9 cm, with a median of 1.1 cm.

Patients were monitored for survival and disease progression (no apparent progression or
progressiony for a median doration of 62 months (ringe 1-92 months. Follaw-up information was available
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for 165 of the patients. %7 (54%) of thess relapsed and 61 (34%) died during the course of the follow-up
period,

Investigations were catded out in accordance with the ethical standards of the Helsinki Declaration
of 1975, as revised in 983, and were approved by the Institote of Obstetrics and Gynecolagy, Turin, Italy.
Preparation ef Tumor Cell Extracts. Tumor tissne was frozen in liquid nitrogen immediately afier sugery
wnd sicred ul —80°C nmiil extraction. 20 to 100 mg of frozen lissue was pulverized on dry ice to 2 fine powder
and added to 10 valumes of extraction huffer (50 mM Fris, pf{ 8.0, 150 mM NaCl, 5 mM HIDT'A, 10g/L of
NP-40 surfactant, T ;M phenylmethyl sulphonyl fluoride, 1g/L of aprotinin, 1g/L of leupeptin). The
resulting suspension was incubated oncice for 30 minntes during which time it was vortexed every ten
minutes. The mixture was then centrifuged at 14,000 rpox at 4°C for 30 minutes and the supematant (gell
exiraet) was collected and stored at—80°C vntil analysis, Profein consentration of the extract wus determined
with the bicinchoitinic acid method, with 2lbumin as standard (Pierce Chemical Co., Rockford, 1),
Measurement of hK¢ in Ovarian Cell Exiracts. The concentration of hK6& m tumor cell exiract was
quantificd with a highly sensitive and specific nen-competitive immunoassey for hK6 that has been
previously described and eviluated in detail {12). The assay incorporated two hE6-specific polyclonal
antibodies, one ratsed in mause and the other in tabbit, in a sequential tvo site immurometric format with
time resnlved flucrescence deteetion. Analysis of standards, fumar celf extracts and sontrol pools was cartied

out in duplicate in 96-well polystyrene nticrotiter plates with 200 U of i added o the &

The siandard curve using recombinas| hEG profein ranged from 0.5 pyfL io 200 pgll. Assay precision wis
beiter than 10%. Signat detection and data reduction were performed autorraticslly by the CyberFluor 615
Tmsuncanalyzer.

Localization of hK6 in Ovarian Tomeor Spech by I histochemistry. A rabbit polyclonal
antibody was ruised against hKG fullsize recombimant protein, produced in yeast cells,
Tmmuoohisiochemical staiming fior hK6 was performexd acourding to a standurd immonmoperoxidase method.
Bricfly, paraffin-embedded tissoe sections (4 pun) were fixed and dewayed, Endogenoys peroxidase activity
was blocked with 3% squeous hydrogen peroxide for 15 minutes. Sections were then trested with 0.4%
pepsin at plf 2.0 for 5 minutes at 42°C and blocked with 20% protein blocker (Signet Labs) for 10 minutes.
The primary antibody was then added at 1:40¢ difution for L hour at room temperature, After washing,
biotinylated anti-rabbit antibody (Signet) was added, diluted 4-fold in antibody dilution buffer {(BAKO).
Following iacubation and washing, streptavidin tagged horseradish peroxidase wag added for 30 minutes at
mom temperature.  After washing, detection was achieved with amino ethyl carbazole (AEC) for 5-10
minutes, The slides were counterstained with hematoxylin and then mounted with cover slips.

Statistical Analysls. Statistical analysis was pexformed with SPSS softwate (SPSS Inc. Richaond, CA). To
analyze dala, palients were divided info different groups according to clinical and pathological parameters.
Becavse the distribution of BRG mass per mg total protein (Le. specific aetivity) in the svariun. tuoor extrascts
was not Gavssian, the non-pacameteic Mann-Whitney U test was used to determine differences hetwesn two

groups and the non-parametric Kruskal-Wallis test was wsed for the analysis of differences amoug more thau
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two groups. These teats treated WS specific activity in the tumor extrsct (ng hKé/ng total protein) as a
continuaus variable. FKG tumor exteact specific activity was also clessified as eitber IK6-positive (> 35
ng/mg tatal profein; see Figure 7R for explanation) or hK6-nepative (< 35 mg/mg total protein). The

velationship of 1his dichotomons variable to other clini gical correlates was established with the Chi

Sujuare (™) test or the Fishar's Exact Test, as approprivte. The impact of tumor exbrict AK6 specific activity
oo patient survival agd on progressivo of the digease (progression-free survival) wis asyessed with the
hazards ratic calcalated by both univariate and nultivariare Cox propartional hazards regression madels (3€).
In the multivariate analysis, the clinical and pathological variables that may affect swrvival, including stage
of disease, wmor grade, residoal tumer, histelogie type and age were adjusted. Kaplan-Meler progression-
free survival and overall survival curves (31) were construcled 1o demonsirate the survival differences
between the hK6-posilive and hK6-negative patients. The log rank fest (32) was uged te exsmine the
significance of the differences among the srvival eurves, Following analysis of the entire patient data set
as & whole, the process was repeated on subgroups stratified separately by discase stage, by tumor grade and

by amount of twmor ining following surgery ing success). The iropact of tunoe hK6 level

(positive or negative) on survival and on disease progression was determined by untvariate and multivariate
madelz for each of the subproups.

RESULTS

Distribution of hK6 Spectfic Actlvity in Ovarian Tumor Extracts. The distribution of hX§ specific
activity in ovadian twmor extracts from the 180 patients (Figure 13A) rnged from 0.04 ng/mg totnl protein

1o 497 ng/mp of total protein with 2 mean of 33 ng/mg total protein and a median of 132 ng/mg iotal protein.
A value of 35 ng/mg total protein was identified by Chi square imalysis G = = {1.OU7) as the optimal

cuinoint to distinguish positive from negative trmors in terms of predicting overall survival (Figurs 13B).

Thirty percent of the tumors were hi6 positive by this criterion. BKS specific activity in tumor extracts was
treated both as a continuous variable and as  dichetomeus variable (€ 35 ngfing ol protein, > 35 ng/mg
total protein) in the analyses that follow.

HE§ specific activity (ng BE6/mg tetal protein) was sigoificantly elevated (P < 0,001 by the Kruskal

Wallis tast) in extracts of ovarias (vmor (mean 32.7, standard error 3.8, range 0.04 to 497) compared to
extracty prepared from nopmal gvarian lissues (mean 3.5, stendard emar 2.5, tange 0.035 o 20.8) er from
ovarian fissus with benign disease (mean 3.2, standard ervor 2.6, range 0.03 to 21.5) (Figure 14). Further
analysis showed there was no significant difference in kK6 specific activity ameng the ovaran tomors when
they were stratified by bistotype (i.c. scrous vs vndifferentiated vs endometrioid, ete) (data not shown}.
Relationships between bES Stitus and Other Clinfeopathological Varfables. Uhe distributions of varions
chudcopathalogical variables between hKé-positive and hK6-nspgative patients are summrarized jn Table 9.

The relationships between hK6 status and theys variahles wers sxamined with either the 5 Test or Fisher's
xact Test, as apprapriake. No relationship was observed between HEG status and tunr grade, menopausal
status and response to chematherapy, However, hEG-positive patients were more likely to have advanced
disease {(stage II-IV), serous tumar histology and greater residual tapaor (=1 om) (all P<0.05). hK6 tumor
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extract specific oetivity when trented as u continuous variable also assoviated proportionally with stage of
the diseass. Figure 15 shaws the distribntion of WG specific activity strafified by disesse stage.  hK6
specific activity was significantly higher in extracts from stage TITTY ovarian cancer ther in thase from sage
0 {P = 0.002 by the Mann Whitney U Test).

Untvariate and Multivariate Survival Amalysis. The impact of DIK6 specific activity, other
elinicapathologieal variebles and age on disense progression and en overall survival is presented in Table
10. I anivariabe analysis, hK6-positive patients had a sigificantly wereased risk of discase progrossion
{hazard ratio =1.71) and death (hazard ratio =1.88) (P<0.05). When hK6 specific activity was treafed as a
continuous variable, hazard ratios were closely similar to those of hK& negative tumors (arbitearily set at
1.00), althongh the slight increase in rigk of discase progression thazaed ratio = 1.003) was highly significant
at P =0.001. Kaplan-Meier survival curves demonstrated survival differences between hE6-positive and
RKG-mogative pationts. As Figue 16 shows, the probubility of progrossion-fiee und overall survival,
respectively, are lower in hKG-positive patients than in KK§-negative patients.

The adverse offects of hK6 positivity on progression free survival and on overall survival were fost
in multivariate snalysis. As shown in Table 10, when survival outcomes were adjusted for other
clinicopatholopical variables, hKG-positive and hE6-negalive patients kud statistically stmilar rates of dissase
progression and overall survival. Tumor grade also lost its univartate prognostic sigrificance in multtvariate
analysis, QOnly stage of disease and residval tuemor remaining after surgery maimtained their independent
effects on survival outcome in the multivariate analysis.

Uniyariste ard Multiveriate Survival Anolysis in Subgroups of Patients. The patients were divided into
ciffenznt subgrowps based on disease stage, louwr grade, ood debulkiog suecess (residual tumer). Ln zach
subgroup, the tmpact of hK6 positivity and negativity on diseass progression and an overall survival was
determiined by univatiate and by multivatiate Cox proportional hazard regression models. The results are
shown in Table 11. hK6 speeific activity (positive, negative) signifieantly impacted sarvivel in the subgroup
of putients with tumor grade Tor JI. Ui variaie analysis revenled that BE6-posilive patients wore about 9-
limes more likely to euffer disease progression and 3-times more likely to die than hK6-negative patients.
These survival differences remained significant even after the data were subjected to multivariats analysis.
The relative risk of both outcaries arising from HKS posiivity was now about 4-fold (P < 0.03). K6 statug
hud i yueh effect amony putents with Grade 1IF wmor, nor could any discernible effect be demonstrated
aracng patients with sarly stage disease and among those with geater than [ om of tumor retaining following
surgery. Univariate analysis revealed a 2-fold increase in risk of disease progression and of death in the
subgroup of patients with advanced disease (stage IIT and TV) who were hiG positive, but the effisct was lost
in the multivariate apatysis. The opposife occurred in the subsct of pafients characterized by optimal
debulking of the tamear at the time of suegery (remaining tumor less than L em in dizmeter). BK6 positivity
had no demonstrable adverse effect on dissare progression ar on survival by univarfate analysis, but did
become statistically sigaificant, ptving a 3.5 and 5.5-fold inerease in adverse eisk, respectively, when the data

were subjectec! io multivariate analysis. The cisrgonce of effeets in the muldvariate model when none are
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generated by the univarinte model happens when the adjusted wariables have no fmpact at all on the outcame.
I the case here, this means that stage of disease, tumar grade, tmor histolagy and paiient sge bad o
prognastic potential on disease propression and averall sucvival in this particolar subset of patients. Keplan-
Meter survival curves of tha subsct of patients with grade I o I ovarian tumor are shown in Figare 17, As
expected from the univariate analysis mentioned earlier, there was a significant difference in disease
progression and survival between hK6 positive and bKé pegative patients.
Immunwhistochemical Staining ot BK6 in Ovarize Tomers. Immuonohistochemical staining of hK6 in
paraffin embedded tumar sections was roughly propertional to hK6 specific activity in tamor extracts (data
not showe). The immunohistochemical localization of hKG protein in four ovarian tissues that contained
benign, borderline or maligoant tumer is depicted in-Figure 18. hE6 stalning was restricted to opithelial cells,
being ubsent in mesenchyml elements including fibrous snpporting stroma.  hES6 stained within the
¢eylaplusm of epithelial cells, but staining intensity was varizhle among and within fumor preparations.
DISCUSSION
Tncrcascd K6 synthasis was found o be predictive of more aggressive tumor behavior over time.

Considered apart trom other clinicopathological variables and age, K6 positivity across the entire patient
population under study was associated with ebout a 2-fold ineresse in the risk of both dissase progeession
and of death, This effect was last when autcomes were adjusted for the other clinicopathnlogical variables
and age in multivariate analysis of the entire patient population, but net when the muliivariate analysis was
restrieted to thosc patients with lower grade tumar and with loss residual umor remaining after surgery (<1
cm in dinmeter). Among the Tormer subgroup of putients, K6 positivity predicted abovt a 4-fold increase
in the risl of diseass propression and of death (P < 0.03} while consspondiug bezard mbios in the Latter
subgroup were 3.75 and 5.5, respectively (P < 0.02)}. The data show that hK6 positivity has independent
predictive potential in these two subgroups and gives insight into turner behavior over time that camnot be
gleaned from the clinical parameters und pathological comelates conventionally measured. Hencs hiK6 waring
could contribute to wors individualized sffective treatroent of such palionts.

hEKG was found to be frequently averexpressed in ovarian tumors compared to noumalignant ovarian
tissue. This overexpression tended to be higher in fumers from late stage disease than from early stage
disease. The histochemical studes suggest that hiKS is synthesized by the epithelial cells of the ovary and
is distributed diffussly within the cytoplasmic compartment.

Epithelial avarian cancer has otis of the worst progaoses arnong gynecologic malighancies, (argely
because over threc-quarters of the diagnoses are made at a time when the disease has already established
regional or distant metastases (33). Compounding the problem, wmer progression and aggressivensss
corelate varizhly with conventional clinical shd pathological markers. Thus there is an bmportant need for
additional diagnostic and prognostic warkers for this disesse and a number of potenial murkers have been
identified.

While the present invention has been described with reference to what are presently considered to
be the preferred expmples, it is o be understood thal, the invention is not [mited to the disclosed examples.
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Te the contrary, the invention is intended to cover various modifications und equivalent arrangements
included within the spinit and scope of the appeaded claims.
All publication, patents and patent applicationa are herein incorporated by reference fn their entirely
to the same extent as if each individual publication, patent or patent application was specifically and
5  individually indicated to be incorporated by seference in its entirety.

Below full citations are set out for the references referred to in the specifieation.
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Tahble 1 — Anndysis of BK6 protein io various {uids,

Table 1: Analysis of KKG protein in various fuids

(78)

PCTHCA01/01505

dample hEG, pg/l N* Positi ity rate

Range Mean (ST) Median [¢:3]

Milk! 398-7,638 {2,388 (1,607 253 p)] 10¢

Cerebrospinal fluid (CSF) | 41 - 2,053 | 605 (485) 525 2 100

MAF (normal)® - 914 - 1 (pacl)y 100

NAK (cancer) - 737 - 1 (pacl) 100

Biceast oyst fluid 3§-97 74 (25) 84 5(pools) | 100

Male serum 20-136 6.92.6) 6.7 12 100

chal; serum 0-8.1 4.1¢2.0} 44 i8 100

Sentinal plasma Q-17.7 6.8 ¢5.5) 5.0 16 a1

Amaiotic fluid 003 11¢2.3) 0 21 33

Breast mmor eytoagls 0-32 21(7.0} 9 38 17

Urine 0 0 0 10 0

1. Prom Jastating woren

2. MNumber of samples tesied

3. Mipplc aspirate fluid

4, NAF obtained from patients wilh braast cancor
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Table 2 Concentratios of human kallikrein 8 (hk6) in secom of normal individessaly and

patients with variens malignancies.

Table 2 Concesttration of Lwian Laltikein 6 Bké) in sevuns of norwal individuats

sl prartfents with various maligaanekes,

hKS,
Paticnt Group Nuwmber | Min | Max | Median | 95% Number of
of Percentile | Patients with
Samples hE6 > 15pafl,
(%)
Maormal males 41 MR 15 101 00}
Notmal females 40 35 V1A T0 LX) {0}
Breast cancer’ A LT [T ] 43 9.1 0@
Medullery thyrord carcinema™ F1] 0 | 13% 50 [1%3 00}
Testicular cancer K3 20 [322 93 .3 Ty
Gastrointestinal cancer’ 28 26 | 10.6 57 98 00y
Prostate cance AD | 168 4.1 9.5 Fesid
Lung cancer 18 261 74 32 6.7 oo
Cvarisn cancer” 0 10206 | 250 48 53(66)

1. With serum CA15.3 levels = 414 KUAL (upper ref. range 35 KU/L).

2. With ealcitonin levels = 1,135 ng/L (upper ref. mpge 100 ngfl).

3. With hCG levels 2 §9 INL (upper ref, range 10 {UAL} or AFP levels 2 110 pp/L (upper ref.
range 1O pgfl).

1.

- With CA 19.9 levels 2 620 KUJL tupper ref. range 37 KU/L) and CEA Jevels = 1.000 pg/L
Cupper ref. range § ugFL;).

- With 854 = 324 pg/L {upper ref, cange ¢ pg/l).

. With CA 125 2 372 KU/L (upper ref. range 35 KUAL).

o

o
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Table 2: Descripiive Statistics of seram hié in non-gancer (healihy), benign disease and
ovarian cancer patlents.

Percentiles

Variable Maan Range 5 25 g 75 85
+$E"
Non-Canear (N=87)
hK8 (pg/L) 204+0009 08a-B58 149 228 250 354 4dd
Benign Discase (N =
141) 31240074 1,30-6.16 180 250 3.00 360 488
hKE (nall)
Pra-Surgical Ovarian
Cancer (M=146)

hKS {ugft) 6E1+057 1.80-3800 219 312 440 745 2506

Post-Surgical Ovarian
Gancer [N=108)
hKg (ngrl) 387025 OB0-2182 182 286 820 420 772

& Standard errar
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Table 4: Gomparison of iy and ity of serum hKE cang ion af selected cul-
off polnts
Parameier Cut-0if Sensitivity Spacificity
(%) ©e)
Total pooulation {N = 384) 220 a5 18
RKE (ughy) 250 50 2g
4.20 B4 290
4.40 50 €5
) CA125 £ 23 KUL (N =182) 227 95 24
hKE (ugil) 240 @0 28
430 17 80
440 i3 o8
CA125 25-50 KU/L (N = 65) 2.2 95 10
hK8 (ug/t) 2.40 a0 18
4.00 26 90
4.20 15 £
CA 125 » 80 KUIL {N = 110) 2.20 85 16
hicE (ngll) 270 80 43
4.50 7t 80
558 65 la)
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Tahle 5: Diagnostic sensitivities for ovarian cancer with CA125 alone, hKE elone and CA125 +
bKE analysis at 80 and 85% specificity cut-offs for both markers

Sensitivity at Sensilivily at
90% specifichy  95% spacificiy

All patients with known stage (N=124)

CA125 80 56
hK& 58 53
CA126+hKE 72 69
Stage Vil patiants (N=43}

CA125 30 20
hKe 26 21
CA125+hKE 42 3
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Tabie 6: Relative sisi’ (RR) of ovarian cancer according 1e quarkiias of serum hiKe
Quartiles {nait)
FParameter 1 2 3 4
(0.89-260)  (261-3.20)  (3.30-427)  (4.28-33.00)
n=96 n=96 n=9 n=8%

hKG upadiusted ?
RR 1.00 1.41 3z 20,00
95 % canfidence intervals 0.71-2.79 1.43-8.85 7.70-48.48
pvalua 0.32 0,003 <Q.001
hiKB adjusted
RR 1.00 121 2.31 532
85% confidance intervals Q.56-2.62 1.05-5.02 2.5212.24
nvalue 0.62 0.038 < 0004

T Esfimated from unconditional Iogistic regrassion modsls.
© Multivariate models were adjusted with the CA125 quartiies,
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Table 7: Relationahip between hK6 status and ather variables inovanian canoer patlents *

Variable

Q2
G3

%
Histotype

Serous

Endometriold
Mucinous

Othars

X

Residua!l tumor (cm)
8]

1-2
>2

%
Debulking succass®
S0

op

%

Responae ta GTX*
NC/PD

CR/PR
NE

N, of patients (%4
Patients hK6 Negative  hK6 Positive  p Value

32
11
73

22

27 (84.4)
8 (72.7)
18(24.7)
3 (37.8)

31 {79.5)
7 (29.2)
19(306)

24 (324

17 (83.0)

52 {BB.4)
3{17.6)
8(17.1)

9(18.4)
53 {35.4)

4(18.0)
61(57.0)

5 (156}
3{22.3)
58 (75.8)
5 (52.5)

3(20.5)
17 (70.8)
43 {59 .4)

B0 [67.6)
5{33.3)
2{81)
0 {37.0)

24 (31.5)
14 (2.4}
29 (82.9)

40 (81.5)
28 (34.5)

17 (81.0}
46 {43.0)

<0.001*

< 0.001*

<0001

<0001

«0.001%

<0.001°

bKS cut-olt = 4.4 po/L {median)
2 test

B
b Fisher's Exact Test
f
d

©D, Optimal gebulking (-1 om); S0, Suboptimal debusking (>1 cm)
CTX, chernotherapy; NG, no change; PD, progressive disease; GR, complete respanse; PH,

pattial respanse; NE, nol evaluated

% Stalus unknown.
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‘Table 8: Univariate and mulivariate analysie of serum hKE in relation 1o progression-free and
overall survival

Progression-fras survival Overall survival
Vayiable HR §5% oI pVaiue  HR® 5% O _pvalye
Univariate analysis
hKE negative 1,00 1.00

positive 4,10 2.26-7.96 = 0.001 215 1.36-7.29 Q007
as a continucus variable 1,066  1.041-1.088 <0001 1078 1 g1 < oot
CA125 negativa®  1.00 1.00

posiﬁlls' 2.52 1.45-4.38 0.001 2368 1.03-5.42 0.041

as 3 continucus variable 1.001  1.000-1.002 <0001 1001 {.000-1.003 0.018
Grading (ordingl)  2.50 171364 < .00t 234 1.53-3.58 <0.00t
Residual tumor (ordinaly 1.23  1.131.84  <000f 131 121441 <000i
Histologic type® 248 1.37-4.54 0.003 425 1441253 <0.008

Mulivariate analysis

hKE negative 1.00 .00
positive  4.86 1102147 0036 5.08 1.0723.68 0038
as acontinuous variakie  1.047  1.007-1.089 0019 1.083  1.0OO7-1.12  0.025

CA12E negaiive®  £.00 1.00

positive®  2.86 069-11.74 (.14 247 0.38-63.17 038
Stage of disease (ordinal) 2.54 £.87-4.89 0.003 8.34 227177 <0.001
Grading {ordinal) 168 0.84-2.82 0078 1.66 0.66-3.68 G.31
Residual tumor  (ordinal) 1.08 0.42.2.26 015 .01 0.80-1.24 098
Histelogic type" 108 Q75156 065 118 084131 B8

& Hazard ratio (HR) estimated from Cnx proportional hazard regrassion mode!
Confidence interval of the estimated HR

© Beraus vs others

9 Cutolf = 98 KUIL (95% speolliolly; 53% sensitivity; 48" percenils).



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(86) JP 2004-511810 A 2004.4.15

WO 02/35232 PCTHCA01/01505

37

Table 9. Relationship between hKG status and other vauables in 180
avagian cancer patients.

No. of patients (%}
Variable Patients hE6 negative LKL positive Pvalue
Stage
I 44 38 (86.4) 6(13.6)
I 13 3 (6L.5) 5(38.5) 0.034°
m 110 T2 (054} 38 (34.5)
™ 13 7(33.8) 6 (46.2)
Grade
Gl 25 21 (84.0) 4{16.0)
G2 27 21(77.8y 6222y Q.33
G3 119 §4 (70.6) 35(294)
% a
Hisiotype
Serous 30 52(65.0) 28(35.0)
Undifferentiated 27 17(63.0) 1037.0)
Endemetriotd 32 27 (46.7) 5(53.3)
Mucinous 13 10(76.9) 3(13.1) 0.31°
Clear cell 14 15(78.6) 3{(21.4)
Mu]lerian 10 8 (80.0) 2(20.0)
Others 4 3(75.0) 1(25.0)
Residual tumor ¢cm)
a 80 67{(83.2) 13(16.3)
12 9 16(55.2) 13 (44.8) 0.002°
>2 64 40 (62.5} 24 (37.5)
X 7
Menopause
Pre/peri 50 32(64.00 18 (36.0 075"
Post 130 99 (76.2) 31{23.8)
Response to CTX"
NC/FED i5 11{73.3) 4{26.7) 0.59°
CR/PR 148 104 (70.3) 44207
NE 17
Lor? test.
® Fisher’s Exact Test

¢ CTX; chemotherapy, NC, no change, FD; progressive disease, CR; complete
tesponse, PR; partial response, NE; not evaluated.
. Status unkoown.
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I Claip:

1

A method for detecting TKS associaled with ovariun caneer in a subjeel comprising:
(a} takivg a sample derived from & subject;
(b) detecting or identifying in the sample BKG, and
(c) comparing the derceted smount with an amount detected for a standard.
A method as claimed in caim 1 which further comprises in slep {b} detecting one or more of human
stratum cogneum ehymotryptic enzyme (HSCCE), kallikrein 4, kallikretn 3, kallikrein 8, kallikrein &,
kallikeein 10, CA[35, CALS-3, CA19-9, OVX1, [ysophosphatidic acid (ILPA) or carcinoerbryonic
antigen (CEA).
A method as cluimed io clwim 1 which further comprises tr step (h) detestiog one or mwore ol CA 125,
kallikrein 9, and kallikrein 19.
A metbod for diagnosing and monitaring ovarian cancer in 2 subject by quantitating hKé in o sample
from the subject comprising:
(2} contacting a biological saraple from the subject with an antibody specific for K6 which is
directly or indirectiy lnbelled with a detectable substance:
(h) detecting the detectable substance to quantitate hK6 in the sanple;
(c) comparing the quantitated K6 to levels for a standard.
A method for the diagnasis and monitoring of ovarian cancer comprising
(8} incubating a biological sample with a first antibody specific for b6 which is directly or
jndirecily lubeled with a detectable substunce, and & vecond wnifbody spectfic for LK6 which
is immahilized;
(b) scparating the first antibody from the second antibody to provide a first antibody phase and a
second antibody phase:
(©) detecting the detectable substance in the fiest or sccond antibody phase thereby quantitating
hEG o the biologicak sumple; and
(d) comparing the quantitated NEK6 with levels for a standard.
A method as claimed in any of the preceding clatms wherein the biological saple is serom of tumor
tissue extracts,
A method as elnimed ip uny of the preceding claims whargin the biological snmple is serum.
A nethod as claimed in any of the preceding claims wherein the siandard 15 WG levels defected for non-
ovarfan cancer subjects or subjects with benign disease.
A method as cleimed in any of the preceding claims wherein detection of an amount 0f hKE greater than
that of & standard indirates Jate stage disease, or an ineecased risk of disease progression and mortality.
A method as claimed in claim 5 wherein in step (a) the first and s=cond antibodies are contacted
stmutianeously or sequentially with the biclogical sample.

. A method as claimed in any om af claios 4 to 10 wheretn the antibocdy is & monoclonal antibody, &

polyclonal antibody, immunalogically active sntibody fragments, homanized antibady, en antibody

JP 2004-511810 A 2004.4.15
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henvy chain, ah antibody light chain, a genetically snginceted single chisin T, molecule, or a chimeric
antibody.
A method as claimed in any one of claims 4 to (O wherein ths detectable substance is alkaline
phosphatase.
A method ag claimed in elaim [2 wherein the alkaline phosphatase is detected using a flueregenic
substrate.
A method as claimed in any of the preceding claims whersin hK6 is measured uging time-resolved
fluorescence.
A method for imaging a tumor associated with hES comprising
(#) incubating the tumor with an sgent that binds to K6 for 2 sutficicnt period of time o pertnit
the wgent 1o bind {o hKS associated with the tmmor, where the agent carries o (nkel for imaging
the tumer;
(&) detecting the presznce of e labe! localized to the tumor.
Aethod as claimed in claim 15 which further comprises in step (a) incubating with one or mere of an
agent that binds to huwan stratum corneum ehymotryptic enzyme (HSCCE), kallikeein 4, kalltkrein 5,
Teelltkrein 8, kallikeein 9, kallikrein 10, CAT2S, CATS-3, CA19-9, OVXT, lysophosphutidic acid (EPA)
or carcincembryonic antigen (CEA), prefecably Ca 125,

. Amethod as claimed in cfatm 16 wherein each agent is labeled so that it can be distinguished in step (b).

. An in vivo method for imaging ovarian cancet comprising:

(a) injecting a patient with an agent that hinds ta hK6, the agent carrying a label for imaging the
Gvarian ¢ancer;
() allowiny the agent to incubate in vivo and bind to WG associated with the ovarian cancer; and

() defucting the presence of the (abel localized te the ovariun canger.

. A method as claimed in claim [8 wherein the agent is an antibody which recognizes hEG,

20,

A methed as claimed in claim 13 or {9 wherein the label 45 & radiolabel, fluorescent label, nuclear
magnetic resonance active label, positron emiiting isotope detectable by a positron etrission tomogtaphy

("PET™) scanner, chemiluminsscer, or enzymatic marker,

. Akit for carrying out a rethod as slaimed io any of the previous elaims.

. A kit for earrying out 2 method as claimed in any of the previous claims comprising an antibody specific

for hKG labeled with av enzyme; and a substrate for the enzyroe.
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