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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention is in the general area of medical genetics and in the fields of
biochemical engineering, immunochemistry and oncology. More specifically, it relates to the
MN gene -- a cellular gene considered to be an oncogene, known alternatively as MN/CA9,
CA9, or carbonic anhydrase 9, which gene encodes the oncoprotein now known alternatively
as the MN protein, the MN/CA IX isoenzyme, MN/CA IX, carbonic anhydrase IX, CA IX or the
MN/G250 protein.

[0002] More specifically, the instant invention is directed to new MN/CA IX-specific antibodies
prepared in MN/CA IX-deficient mice (knock out mice) and to uses of those new antibodies.
Significantly, some of the new MN/CA IX-specific antibodies, preferably monoclonal antibodies
and immunoreactive fragments thereof are directed to non-immunodominant epitopes on CA
IX proteins and polypeptides, rendering such antibodies and immunoreactive fragments,
among many diagnostic/prognostic and therapeutic uses, useful in highly specific double
antibody sandwich assays to detect MN/CA IX antigen, particularly soluble MN/CA IX antigen
(s-CA 1X) found in body fluids.

[0003] This invention is also directed to the soluble MN/CA IX antigen (s-CA IX) itself, and
assays to detect or to detect and quantify it. Further this invention concerns the coexpression
of CA IX and HER-2/neu/c-erbB-2 ("HER-2"), and diagnostic/prognostic and therapeutic
methods in parallel with and/or alternative to those targeting HER-2. Particularly preferred are
assays to detect both the HER-2 ectodomain ("p100") and the CA IX extracellular domain
(50/54 kilodaltons) in the same body fluid sample from a cancer patient. Backup therapeutic
methods targeting CA IX can be used for patients not responding to HER-2 therapy. Such
integrated diagnostic/prognostic and therapeutic methods with HER-2 and CA IX as targets can
provide clinicians with more comprehensive resources to help cancer patients, such as,
metastatic breast cancer patients.

BACKGROUND OF THE INVENTION

[0004] As indicated above, the MN gene and protein are known by a number of alternative
names, which names are used herein interchangeably. The MN protein was found to bind zinc
and have carbonic anhydrase (CA) activity and is now considered to be the ninth carbonic
anhydrase isoenzyme - MN/CA IX or CA IX [Opavsky et al. 1996]. According to the carbonic
anhydrase nomenclature, human CA isoenzymes are written in capital roman letters and
numbers, while their genes are written in italic letters and arabic numbers. Alternatively, "MN" is
used herein to refer either to carbonic anhydrase isoenzyme IX (CA IX) proteins/polypeptides,
or carbonic anhydrase isoenzyme 9 (CA9) gene, nucleic acids, cDNA, mRNA efc. as indicated
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by the context.

[0005] The MN protein has also been identified with the G250 antigen. Uemura et al,,
"Expression of Tumor-Associated Antigen MN/G250 in Urologic Carcinoma: Potential
Therapeutic Target, " J. Urol., 154 (4 Suppl.): 377 (Abstract 1475; 1997) states: "Sequence
analysis and database searching revealed that G250 antigen is identical to MN, a human
tumor-associated antigen identified in cervical carcinoma (Pastorek et al., 1994)."

[0006] CA IX is a cancer-related carbonic anhydrase identified by Zavada, Pastorekova,
Pastorek (U.S. Patent 5,387,676) using the M75 monoclonal antibody first described by
Pastorekova et al. [(Virology 187: 620-626 (1992)]. That antibody was employed in cloning of
cDNA encoding CA IX [Pastorek et al., Oncogene, 9: 2788-2888 (1994)], in assessment of CA
IX expression in tumors and normal tissues [Zavada et al., Int J Cancer, 54: 268-274, (1993)
and many other references], in study of CA IX regulation by cell density [Lieskovska et al.,
Neoplasma, 46: 17-24, (1999), Kaluz et al., Cancer Research, 62: 4469-4477, (2002)] as well
in demonstration of CA IX induction by hypoxia [Wykoff et al., Cancer Research, 60: 7075-7083
(2000), and many other references]. All these studies supported the assumption made in the
original U.S Patent 5,387,676 that CA IX can be used diagnostically and/or prognostically as a
preneoplastic/neoplastic tumor marker and therapeutically as a target, and showed that the
M75 monoclonal antibody is a valuable CA IX-specific reagent useful for different
immunodetection methods and immunotargeting approaches.

[0007] Zavada et al., International Publication Number WO 93/18152 (published 16
September 1993) and U.S. Patent No. 5,387,676 (issued February 7, 1995), describe the
discovery and biological and molecular nature of the MN gene and protein. The MN gene was
found to be present in the chromosomal DNA of all vertebrates tested, and its expression to be
strongly correlated with tumorigenicity.

[0008] The MN protein was first identified in HeLa cells, derived from a human carcinoma of
cervix uteri. It is found in many types of human carcinomas (notably uterine cervical, ovarian,
endometrial, renal, bladder, breast, colorectal, lung, esophageal, and prostate, among others).
Very few normal tissues have been found to express MN protein to any significant degree.
Those MN-expressing normal tissues include the human gastric mucosa and gallbladder
epithelium, and some other normal tissues of the alimentary tract. Paradoxically, MN gene
expression has been found to be lost or reduced in carcinomas and other
preneoplastic/neoplastic diseases in some tissues that normally express MN, e.g., gastric
mucosa.

[0009] In general, oncogenesis may be signified by the abnormal expression of MN protein.
For example, oncogenesis may be signified: (1) when MN protein is present in a tissue which
normally does not express MN protein to any significant degree; (2) when MN protein is absent
from a tissue that normally expresses it; (3) when MN gene expression is at a significantly
increased level, or at a significantly reduced level from that normally expressed in a tissue; or
(4) when MN protein is expressed in an abnormal location within a cell.
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[0010] Zavada et al., WO 93/18152 and Zavada et al., WO 95/34650 (published 21 December
1995) disclose how the discovery of the MN gene and protein and the strong association of MN
gene expression and tumorigenicity led to the creation of methods that are both
diagnostic/prognostic and therapeutic for cancer and precancerous conditions. Methods and
compositions were provided therein for identifying the onset and presence of neoplastic
disease by detecting or detecting and quantitating abnormal MN gene expression in
vertebrates. Abnormal MN gene expression can be detected or detected and quantitated by a
variety of conventional assays in vertebrate samples, for example, by immunoassays using
MN-specific antibodies to detect or detect and quantitate MN antigen, by hybridization assays
or by PCR assays, such as RT-PCR, using MN nucleic acids, such as, MN cDNA, to detect or
detect and quantitate MN nucleic acids, such as, MN mRNA.

[0011] MN/CA IX was first identified in HelLa cells, derived from human carcinoma of cervix
uteri, as both a plasma membrane and nuclear protein with an apparent molecular weight of
58 and 54 kilodaltons (kDa) as estimated by Western blotting. It is N-glycosylated with a single
3kDa carbohydrate chain and under nonreducing conditions forms S-S-linked oligomers
[Pastorekova et al., Virology, 187: 620-626 (1992); Pastorek et al., Oncogene, 9: 2788-2888
(1994)]. MN/CA IX is a transmembrane protein located at the cell surface, although in some
cases it has been detected in the nucleus [Zavada et al., Int. J. Cancer, 54: 268-274 (1993);
Pastorekova et al., supral.

[0012] MN is manifested in HelLa cells by a twin protein, p54/58N. Immunoblots using a
monoclonal antibody reactive with p54/58N (MAb M75) revealed two bands at 54 kd and 58 kd.
Those two bands may correspond to one type of protein that most probably differs by post-
translational processing.

[0013] Zavada et al., WO 93/18152 and/or WO 95/34650 disclose the MN cDNA sequence
(SEQ ID NO: 1) shown herein in Figure 1A-1C, the MN amino acid sequence (SEQ ID NO: 2)
also shown in Figure 1A-1C, and the MN genomic sequence (SEQ ID NO: 3) shown herein in
Figure 2A-2F. The MN gene is organized into 11 exons and 10 introns. The human MN cDNA
sequence of SEQ ID NO: 1 contains 1522 base pairs (bp). The MN cDNA sequence of SEQ ID
NO: 70 contains 1552 bp [EMBL Acc. No. X66839; Pastorek et al. (1994)].

[0014] The first thirty seven amino acids of the MN protein shown in Figure 1A-1C (SEQ ID
NO: 2) is the putative MN signal peptide [SEQ ID NO: 4]. The MN protein has an extracellular
(EC) domain [amino acids (aa) 38-414 of Figure 1A-1C (SEQ ID NO: 5)], a transmembrane
(TM) domain [aa 415-434 (SEQ ID NO: 6)] and an intracellular (IC) domain [aa 435-459 (SEQ
ID NO: 7)]. The extracellular domain contains the proteoglycan-like (PG) domain at about
amino acids (aa) 53-111 (SEQ ID NO. 8) or preferably at about aa 52-125 (SEQ ID NO: 98),
and the carbonic anhydrase (CA) domain at about aa 135-391 (SEQ ID NO: 9) or preferably, at
about aa 121-397 (SEQ ID NO: 101).

[0015] Zavada et al, WO 93/18152 and WO 95/34650 describe the production of MN-specific
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antibodies. A representative and preferred MN-specific antibody, the monoclonal antibody M75
(Mab M75), was deposited at the American Type Culture Collection (ATCC) in Manassus, VA
(USA) under ATCC Number HB 11128. The M75 antibody was used to discover and identify the
MN protein and can be used to identify readily MN antigen in Western blots, in
radioimmunoassays and immunohistochemically, for example, in tissue samples that are fresh,
frozen, or formalin-, alcohol-, acetone- or otherwise fixed and/or paraffin-embedded and
deparaffinized. Another representative and preferred MN-specific antibody, Mab MN12, is
secreted by the hybridoma MN 12.2.2, which was deposited at the ATCC under the designation
HB 11647. Example 1 of Zavada et al., WO 95/34650 provides representative results from
immunohistochemical staining of tissues using MAb M75, which results support the designation
of the MN gene as an oncogene.

[0016] Immunodominant epitopes are considered to be essentially those that are within the
PG domain of MN/CA IX, including the repetitive epitopes for the M75 mab, particularly the
amino acid sequence PGEEDLP (SEQ ID NO: 11), which is 4X identically repeated in the N-
terminal PG region (Zavada et al. 2000). The epitope for the MN12 mab is also
immunodominant.

[0017] The M75 mab was first reported in Pastorekova et al., Virology, 187: 620-626 (1992)
and is claimed specifically, as well as generically with all MN/CA IX-specific antibodies,
polyclonal and monoclonal as well as fragments thereof, in a number of U.S. and foreign
patents, including, for example, Zavada et al., U.S. Patent No. 5,981,711 and EP 0 637 336 B1.
[See also, Zavada et al., U.S. Patent Nos. 5,387,676; 5,955,075, 5,972,353; 5,989,838;
6,004,535; 6,051,226, 6,069,242; 6,093,548, 6,204,370; 6,204,887, 6,297,041; and 6,297,051,
and Zavada et al., AU 669694; CA 2,131,826; DE 69325577.3; and KR 282284.] Those
Zavada et al. U.S. and foreign patents are herein incorporated by reference.

[0018] CA IXis a highly active member of a carbonic anhydrase family of zinc metalloenzymes
that catalyze the reversible conversion between carbon dioxide and bicarbonate [Pastorek et
al. (1994); Opavsky et al. (1996); Chegwidden et al. (2000); Wingo et al, (2001)]. It is one of 14
isoforms that exist in mammals and occupy different subcellular positions, including cytoplasm
(CATL, 11, 11, V), mitochondrion (CA VA, VB), secretory vesicles (CA VI) and plasma membrane
(CALV, IX, XII, XIV). Some of the isozymes are distributed over broad range of tissues (CA |, I,
CA V), others are more restricted to particular organs (CA VI in salivary glands) and two
isoforms have been linked to cancer tissues (CA IX, Xll) [reviewed in Chegwidden (2000),
Pastorek and Pastorekova (2003)]. Enzyme activity and kinetic properties, as well as sensitivity
to sulfonamide inhibitors vary from high (CA I, CA IX, CA XIl, CA 1V) to low (CA Ill) [Supuran
and Scozzafava (2000)]. Several isoforms designated as CA-related proteins (CA-RP VIII, X,
Xl) are acatalytic due to incompletely conserved active site. This extraordinary variability
among the genetically related members of the same family of proteins creates a basis for their
employment in diverse physiological and pathological processes. The catalytic activity is of
fundamental relevance for the maintenance of acid-base balance and exchange of ions and
water in metabolically active tissues. Via this activity, CAs substantially contribute to respiration,
production of body fluids (vitreous humor, gastric juice, cerebrospinal fluid), bone resorption,
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renal acidification etc. (Chegwidden 2000).

[0019] CA IX isozyme integrates several properties that make it an important subject of basic
as well as clinical research. First of all, expression of CA IX is very tightly associated with a
broad variety of human tumors, while it is generally absent from the corresponding normal
tissues [Zavada et al. (1993); Liao et al. (1994); Turner et al., 1997; Liao et al., 1997; Saarnio
et al.,, 1998; Vermylen et al., 1999; Ivanov et al. (2001); Bartosova et al. (2002)]. This is
principally related to tumor hypoxia that strongly activates transcription of CA9 gene via a
hypoxia-inducible transcription factor binding to a hypoxia-response element localized just
upstream of transcription initiation site in CA9 promoter [Wykoff et al. (2000)]. Since tumor
hypoxia is an important phenomenon with dramatic implications for cancer development and
therapy [Hockel and Vaupel (2001)], CA IX bears a significant potential as an intrinsic hypoxic
marker with a prognostic/predictive value and as a promising therapeutic target [Wykoff et al.
(2000); Wykoff et al. (2001); Beasley et al. (2001); Giatromanolaki et al. (2001); Koukourakis et
al. (2001)]. In favor of the proposed clinical applications, CA IX is an integral plasma
membrane protein with a large extracellular part exposed at the surface of cancer cells and is
thus accessible by the targeting tools, including the specific monoclonal antibodies.
Furthermore, CA IX differs from the other CA isozymes by the presence of a unique
proteoglycan-related region (PG) that forms an N-terminal extension of the extracellular CA
domain and allows for elimination of cross-recognition with other isozymes [Opavsky et al.
(1996)]. Moreover, CA IX has been functionally implicated in cell adhesion and due to high
catalytic activity it has been proposed to contribute to acidification of extracellular
microenvironment [Zavada et al. (2000); Ivanov et al.,(1998)]. Therefore, targeting the CA IX
protein for abrogation of its function is expected to have therapeutic effects. In addition to
potential clinical exploitation of CA IX, there is an increasing interest to resolve many basic
molecular and functional aspects of CA IX, because the knowledge on its precise role in cancer
cells, on the contribution of different domains/sequence motifs, and concerning its regulation is
still fragmentary.

[0020] So far, most of the basic CA IX-related studies were performed using a single mouse
monoclonal antibody M75 that recognizes the N-terminal PG region of CA IX [Pastorekova
(1992), Zavada (2000)]. This antibody proved to be highly specific and perfectly suitable for
certain purposes including immunohistochemical analyzes of cancer tissue sections [Liao et al.
(1994); Ivanov et al. (2001) and references therein], targeting hypoxic tumor cells in animal
models [Chrastina et al. (2003)], CA IX immunodetection in vitro, and molecular
characterization [Pastorek et al. (1994); Lieskovska et al. (1999); Kaluz et al. (1999); Kaluz et
al. (2002), Olive et al. (2001)]. On the other hand, CA IX-specific monoclonal antibodies with
epitope specificity different from that of M75 have not heretofore been available for
approaches that are based on capture-detection principle or for study of mutated variants of
CA IX. There had been many significant obstacles to producing such antibodies previously.
The instant invention solves the problems involved in producing antibodies to the non-
immunodominant epitopes of CA IX and discloses a variety of clinical and experimental uses
for such antibodies.
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SUMMARY OF THE INVENTION

[0021] In one aspect, the instant invention concerns new CA IX-specific antibodies generated
in CA IX-deficient mice, particularly to monoclonal antibodies and immunoreactive fragments
thereof, that are directed to non-immunodominant epitopes on the CA IX extracellular domain.
A representative CA IX-specific antibody generated in CA IX-deficient mice as described in
Example 2 is the V/10 mab, produced by the V/10-VU, which hybridoma was deposited on
February 19, 2003 under the Budapest Treaty at the Belgian Coordinated Collections of
Microorganisms (BCCM) at the Laboratorium Voor Moleculaire Biolojie-Plasmidencollectie
(LMBP) in Gent, Belgium.

[0022] In view of the protocols specifically detailed herein, the CA IX-specific antibodies
generated in the CA IX-deficient mice are directed to the PG or CA domains, ones of skill in the
art realize that the analogous methods to those detailed herein alone or in combination with
conventional methods known in the art can be used to produce CA IX-specific antibodies or
immunoreactive antibody fragments to other domains of CA IX as shown in Figure 4, for
example, the TM or IC domains.

[0023] In another aspect, the new CA IX-specific antibodies generated in CA IX-deficient mice
and particularly monoclonal antibodies and immunoreactive fragments thereof not directed to
immunodominant epitopes of CA IX can be used clinically - diagnostically and/or prognostically
to detect precancer and cancer (preneoplastic/neoplastic disease) and therapeutically to treat
precancer and cancer (prenoplastic/neoplastic disease). The new CA IX-specific antibodies
generated in CA IX-deficient mice to non-immunodominant epitopes can be used
diagnostically/prognostically or therapeutically alone or in combination with CA IX-specific
antibodies not generated in CA IX-deficient mice, such as the M75 monoclonal antibody. The
antibodies of this invention directed to other than the PG domain of CA IX are particularly
useful to detect the soluble form of the CA X antigen (s-CA IX) found in body fluids with CA I1X-
specific antibodies directed to the PG domain. Preferably such assays include CA IX-specific
antibodies directed to the PG and CA domains, but such antibodies directed to other domains,
as for example, the IC or TM, in combination with such antibodies to any of the other domains,
or as long as such antibodies do not have the same, overlapping and/or closely neighboring
epitopes that would cause steric hindrance or blocking of each other's binding could be
suitable for such assays. Optimizing assays for different MN target antigens would be within
the skill of the art. Double-antibody sandwich assays using the CA-1X-specific antibodies of this
invention are particularly preferred for diagnostic/prognostic assays to detect or detect and
quantify the soluble form of CA IX (s-Ca IX) in body fluids.

[0024] The CA IX-specific antibodies generated in CA IX-deficient mice, particularly those not
directed to immunodominant epitopes CA IX, alone or in combination with other such CA IX-
specific antibodies or with CA IX-specific antibodies directed to immunodominant epitopes,
such as the M75 monoclonal antibody, can also be used to detect or detect and quantitate
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different deletion variants of CA IX protein.

[0025] The CA IX-specific antibodies of this invention generated in CA IX-deficient mice,
particularly those directed to non-immunodominant epitopes, can be used individually or in
combination with other such CA IX-specific antibodies in cancer research,
diagnostics/prognostics for precancer/cancer, in making cancer treatment decisions, in the
developing new forms of cancer treatment, and in anti-tumor vaccines. For example, the CA
IX-specific antibodies generated in CA IX-deficient mice directed to various domains of CA IX,
for example, to the CA, TM or IC domains, can be used also to detect and/or identify deletion
variants of CA IX. More particularly, for example, the CA IX-specific antibodies generated in CA
IX-deficient mice, particularly those not directed to immunodominant epitopes, can be used
alone or in combination with CA IX-specific antibodies for many uses, among which are the
following.

a) In basic and pre-clinical research

[0026]

« Study of the structure-function relationship in CA IX molecule;

+ Study of the mechanism of release of soluble CA IX from cancer cells, determination of
its biological activity and exploring its possible patho-physiological aspects;

» Study of the signal transduction pathways upstream and downstream of CA IX;

« Study of CA IX role in tumor growth and metabolism;

» Study of CA IX role in response to treatment by drugs, radiation, inhibitors etc.;

b) In cancer screening, detection, diagnosis and prognosis

[0027]

» Detection of CA IX (and its putative variants) in tumor specimens for tumor diagnosis,
prediction of treatment outcome and prognosis of disease development;

» Development of sensitive test(s) for detection of soluble CA IXin body fluids;

» Development of screening approaches based on CA IX detection and monitoring of
cancer relapse or metastasis after treatment;

« Imaging of tumor and metastases;

c) In tumor therapy
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[0028]

« Preparation of humanized antibodies, single-chain fragments, diabodies, minibodies,
bispecific antibodies and other form of antibodies for therapeutic purposes;

* Unconjugated antibody-based therapy to hinder cancer expansion and/or progression
either by blocking CA IX activity, or by antibody-dependent cell cytotoxicity, or by
complement-mediated cytotoxicity;

« Bispecific antibody-based therapy directed to tumor lysis by cytotoxic T cells;

» Therapy by antibody coupled with enzyme converting prodrug to active anticancer drug;

» Radioimmunotherapy by antibody conjugated with radioisotope;

* Therapy by antibody coupled with toxin;

» Therapy by antibody coupled with chemotherapeutic drugs;

e Therapy by antibody combined with conventional therapeutic drugs (or different
inhibitors of cancer-related pathways), bioreductive drugs, or radiotherapy to increase
treatment efficacy;

« Combined therapy with antibodies to other cancer-related antigens, or with cytokines;

o Gene therapy with plasmid/vector-coupled antibody for targeted delivery; and

d) For anti-tumor vaccination

[0029]

« Production of anti-idiotypic antibodies with internal image of CA IX for use as a vaccine.

[0030] The soluble CA IX (s-CA IX) found in vertebrate body fluids, preferably mammalian
body fluids, more preferably human body fluids, has a molecular weight of from about 10
kilodaltons (kd) to about 65 kd, preferably from about 15 kd to about 54 kd, more preferably
from about 20 kd to about 54 kd; still more preferably said s-CA IX has a molecular weight of
either from about 15 kd to about 35 kd or from about 45 kd to about 54 kd, more preferably
either from about 20 kd to about 30 kd or from about 50 kd to about 54 kd, and most
preferably said s-CA IX has a molecular weight predominantly as a twin protein having a
molecular weight of about 50/54 kd as approximated from Western blotting.

[0031] The s-CA IX found in body fluids and in the culture medium of tumor cell lines, e.g.,
HT29, is primarily seen on Western blots as a twin band of 50/54 kd. The other major form of
CA IX is the cell associated, transmembrane protein seen on Western blot as a twin bond of
54/58 kd. The s-CAIX found in body fluids and tissue culture (TC) media is considered to be
the CA IX extracellular portion released by proteolytic cleavage from the transmembrane (TM)
and intracellular (IC) domains. The s-CA IX is predominantly a twin band of 50/54 kd on
Western blot, is considered to represent only the extracellular part of CA IX, comprising the
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proteoglycan-like (PG) domain and the carbonic anhydrase (CA domain (see Figure 4). The
complete cell-associated CA IX, predominantly a twin band of 54/58 kd on Western blot, further
comprises a transmembrane (TM) region and an intracellular (IC) anchor.

[0032] The s-CA IX also exists in other smaller forms, preferably 20-30 kd, which is
considered to comprise the CA domain or parts thereof. Higher molecular weight species of the
s-CA IX of about 62 kd have been seen in the body fluids of cancer patients, but such species
are considered to be rare and perhaps aberrant, as conjoined with other molecular species, in
view of the theoretical molecular weight of the CA IX extracellular (EC) domain being about
50/54 kd.

[0033] The s-CA IX is considered to be a diagnostic/prognostic marker of many different
cancers. A preferred diagnostic/prognostic use for s-CA IX is considered to be to monitor
patients after surgical removal of a tumor, and to make decisions about the optimal method for
therapy. The CA IX-specific antibodies that are directed to the non-immunodominant epitopes
of this invention alone or in combination with CA IX-specific antibodies to the immunodominant
epitopes, such as that of the M75 mab or V/18 mab, are considered important to detect all
forms of s-CA 1X, which are at low concentrations in body fluids.

[0034] Preferred samples in which to assay MN antigen by, for example, Western blotting or
radioimmunoassay, are tissue and/or cell extracts. However, MN antigen, particularly in a
soluble form, as the extracellular domain, can be detected in body fluids, which can include
among other fluids: blood, serum, plasma, semen, breast exudate, gastric secretions, fecal
suspensions, bile, saliva, tears, sputum, mucous, urine, lymph, cytosols, ascites, pleural
effusions, amniotic fluid, bladder washes, bronchioalveolar lavages and cerebrospinal fluid. It is
preferred that the MN antigen be concentrated from a larger volume of body fluid before
testing. Preferred body fluids to assay would depend on the type of cancer for which one was
testing, but in general preferred body fluids would be urine, serum, fecal suspensions, mucous,
gastric secretions, bile, breast exudate, pleural effusions and ascites.

[0035] A preferred immunoassay format to detect s-CA IX in vertebrate, preferably
mammalian, and more preferably human body fluids is a double antibody sandwich assay,
using CA IX-specific antibodies directed to different regions of CA IX. A preferred combination
of CA 1X-specific antibodies would be, for example, the M75 mab to the PG domain and the
/10 mab to the CA domain.

[0036] The s-CAIX that can be detected or detected and quantitated can be bound by CA IX-
specific antibodies to the EC domain of CA 1X, preferably to the PG or CA domains, such as the
M75 mab or the V/10 mab, respectively. The smaller form of the s-CA IX with a molecular
weight of about 20 to about 30 kd, is considered to lack the PG domain, so that form would
preferably be detected and quantitated by CA IX-specific antibodies directed to CA domain,
preferably to epitopes that are substantially separated on that domain, which separation may
well depend on the conformational nature of the epitopes and the protein/polypeptide 3-D
structure, that may differ from that of the full-length CA 1X or EC domain thereof.
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[0037] One method of detecting or detecting and quantifying s-Ca IX protein/polypeptide in a
vertebrate body fluid comprise the steps of

1. (a) contacting said sample with one or more antibodies which specifically bind to CA IX
protein or to CA IX polypeptide which comprises at least 16 amino acids; and

2. (b) detecting or detecting and quantifying binding of said antibody in said sample. In
such a method, one or more of said CA IX-specific antibodies is or are labeled. Such
methods can be in standard formats, as for example, Western blots, enzyme-linked
immunosorbent assays, radioimmunoassays, competition immunoassays, dual antibody
sandwich assays, immunohistochemical staining assays, agglutination assays, and
fluorescent immunoassays. Such method can be diagnostic and/or prognostic for
cancerous or precancerous diseases, wherein said disease is associated with abnormal
expression of CA IX protein, selected from the group consisting of mammary, urinary
tract, kidney, ovarian, uterine, bladder cervical, endometrial, vaginal, vular, prostate,
liver, lung, skin, thyroid, pancreatic, testicular, brain, head and neck, gastrointestinal, and
mesodermal precancerous and cancerous diseases.

[0038] Such methods might be particularly directed to precancerous and cancerous diseases
of breast, colon, rectum and of the urinary tract, as of the kidney, bladder, urethra. Renal cell
carcinoma (RCC) and metastatic breast cancer, and precancer leading thereto, are considered
particular targets for the diagnostic/prognostic assay methods that detect or detect and
quantify s-CA IX in body fluids.

[0039] Another aspect of this invention concerns the coexpression of CA IX and HER-2/neu/c-
erbB-2 ("HER-2") in precancers and cancers. As reported in Example 11, below, a significant
correlation of expression of the two genes has been observed. Trastuzumab or herceptin is a
humanized mab to HER-2 used to treat HER-2-positive cancers, particularly breast cancers,
more particularly metastastic breast cancer [Horton, M.B., Cancer Control, 9(6): 499-507
(2002)]. Herceptin can be given alone to a patient but can enhance the effectiveness of several
chemotherapeutic agents. However, a significant proportion of HER-2-positive cancers do not
respond to herceptin [Kuter, I. (2001)]. It would be advantageous to test cancer patients for
both HER-2 and MN/CA IX expression to enlarge the clinical perspective, therapeutic
resources and diagnostic/prognostic parameters to pick the optimal therapeutic combinations
for the most promosing treatment outcomes.

[0040] As explained herein, CA IX is considered to be a hypoxia marker, and hypoxia
indicates radiation resistance, and indicates how chemotherapy might progress. For example,
drugs like bleomycin have an obligate requirement for oxygen in order to be toxic. When a
clinician selects a chemotherapeutic drug or is deciding whether to use radiation with another
modality, such as herceptin, whether the tumor cells are expressing CA |X indicating hypoxic
conditions, should be a factor in the therapeutic decision.
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[0041] Also disclosed herein are therapeutic methods for targeting CA IX expressing cells.
Antibodies, preferably mabs, and often preferably immunoreactive antibody fragments, are well
as bispecific, chimeric, humanized variants, intrabodies, among other variants, alone or
conjugated to toxic agents, can be used. Further CA inhibitors provide another option to the
clinician.

[0042] Particularly significant are assays for s-CA IX which are analogous to those for HER-2,
which sheds its ectodomain ("p100") into body fluids (See. for example, Carney et al., U.S.
Patent No. 5,401,638). Such tests could be performed on even the same patient body fluid
sample with labeling that could be selected for detection by the same automated system.

[0043] So, in one aspect, this invention concerns methods of sequentially or simultaneously
detecting or detecting and quantitating s-CA IX and the HER-2 ectodomain in patient body
fluids, particularly from breast cancer patients. In another aspect, the invention concerns
testing the body fluids of a cancer patient particulalry a breast cancer patient, that are HER-2
positive but nonresponders to herceptin, and treating the subset that are CA IX-positive with
CA 1X-specific antibodies, perferably mabs or fragments thereof or appropriate antibody
variants, preferably fully humanized, alone or conjugated to a toxin, or alternatively with CA
inhibitors, or with such CA IX-specific antibodies and/or CA inhibitors with rationally selected
conventional therapies, including, for example, approprate chemotherapeutic agents and in
some cases radiation.

Abbreviations

[0044] The following abbreviations are used herein:

5-FC

- b-flyorocytosine
5-FU

- 5-fluorouracil
a

- predicted target domain
aa

- amino acid
ATCC

- American Type Culture Collection
bp

- base pairs
BLV

- bovine leukemia virus
BSA

- bovine serum albumin
BRL
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- Bethesda Research Laboratories

ACA
- deletion variant of MN/CA IX protein lacking the CA domain expressed in transfected
MDCK cells
CA
- carbonic anhydrase
CAM
- cell adhesion molecule
CARP
- carbonic anhydrase related protein
CAT
- chloramphenicol acetyltransferase
Ci
- curie
CIS
- carcinoma in situ
cm
- centimeter
Cmv
- cytomegalovirus
cpm

- counts per minute
C-terminus
- carboxyl-terminus
CTL
- cytotoxic T lymphocytes
°C
- degrees centigrade
DEAE
- diethylaminoethyl
DMEM
- Dulbecco modified Eagle medium
ds
- double-stranded
EDTA
- ethylenediaminetetraacetate
EGF
- epidermal growth factor
EIA
- enzyme immunoassay
ELISA
- enzyme-linked immunosorbent assay
EMSA
- electrophoretic mobility shift assay



EPO
- erythropoietin
ER
- estrogen receptor
ex
- antigen in cellular extract
F
- fibroblasts
FACS

- cytofluorometric study
FCS

- fetal calf serum
FITC

- fluorescein isothiocyanate
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- full length MN/CA 1X expressed in MDCK (madin Darby Canine Kidney) canine renal

epithelial cells stably transfected with the wild type cDNA

fl
FTP
- DNase 1 footprinting analysis
GST-MN
- fusion protein MN glutathione S-transferase
GVC
- ganciclovir
H
- Hela cells
HBS
- HIF-binding site
H-E
- haematoxylin-eosin
HEF

- human embryo fibroblasts
HelLa K

- standard type of HelLa cells

HeLa S

- Stanbridge's mutant HeLa D98/AH.2

H/F-T

- hybrid HelLa fibroblast cells that are tumorigenic; derived from HeLa D98/AH.2

H/F-N

- hybrid HelLa fibroblast cells that are nontumorigenic; derived from HeLa D98/AH.2

HIF

- hypoxia-inducible factor
HPV

- Human papilloma virus
HRE



- hypoxia response element

HRP
- horseradish peroxidase
HSV
- Herpes simplex virus
IC
- intracytoplasmic or intracellular
IF
- immunofluorescence
IFN
- interferon
IHC
- immunohistochemistry
IL-2
- interleukin-2
Inr
- initiator
IP
- immunoprecipitation with the Protein A Sepharose
IPTG
- isopropyl-beta-D-thiogalacto-pyranoside
kb
- kilobase
kbp
- kilobase pairs
kd or kDa
- kilodaltons
KS
- keratan sulphate
KLH

- keyhole limpet hemacyanin
LCMV

- lymphocytic choriomeningitis virus
LTR

- long terminal repeat
M

- molar
mA

- milliampere
Mab or mab

- monoclonal antibody
MCSF

- macrophage colony stimulating factor

ME
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- mercaptoethanol
MEM

- minimal essential medium
min.

- minute(s)
mg

- milligram
ml

- milliliter
mM

- millimolar
MMC

- mitomycin C
mmol

- millimole
MLV

- murine leukemia virus
N

- normal concentration
ND

- not done
NEG

- negative
ng

- nanogram
nm

- nanometer
nt

- nucleotide
N-terminus

- amino-terminus
ODN

- oligodeoxynucleotide
ORF

- open reading frame
PA

- Protein A
PBS

- phosphate buffered saline
PCR

- polymerase chain reaction
PEST
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- combination of one-letter abbreviations for proline, glutamic acid, serine, threonine

PG
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- proteoglycan-like region

PGK
- phosphoglycerate kinase
pl
- isoelectric point
PMA
- phorbol 12-myristate 13-acetate
POS
- positive
Py
- pyrimidine
RACE
- rapid amplification of cDNA ends
RCC
- renal cell carcinoma
RIA
- radioimmunoassay
RIP
- radioimmunoprecipitation
RIPA
- radioimmunoprecipitation assay
RNP

- RNase protection assay
RT-PCR

- reverse transcriptase polymerase chain reaction
SAC

- Staphylococcus aureus cells
S. aureus

- Staphylococcus aureus

sC
- subcutaneous
SDRE
- serum dose response element
SDS

- sodium dodecyl sulfate
SDS-PAGE
- sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SINE
- short interspersed repeated sequence
SP
- signal peptide
SP-RIA
- solid-phase radioimmunoassay
SSDS
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- synthetic splice donor site

SSH
- subtractive suppressive PCR
SSPE
- NaCl (0.18 M), sodium phosphate (0.01 M), EDTA (0.001 M)
SV40
- simian virus 40
TBE
- Tris-borate/EDTA electrophoresis buffer
TC
- tissue culture
TCA
- trichloroacetic acid
TC media
- tissue culture media
TC
- tissue culture
tk
- thymidine kinase
™
- transmembrane
TMB
- tetramethylbenzidine
Tris
- tris (hydroxymethyl) aminomethane
pCi
- microcurie
Mg
- microgram
pl
- microliter
UM
- micromolar
VEGF
- vascular endothelial growth factor
VSV
- vesicular stomatitis virus
w
- vaccinia virus
WB

- Western blotting
WHO

- World Health Organization
X-MLV
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- xenotropic murine leukemia virus

Cell Lines

[0045]

AGS

-- cell line derived from a primary adenogastric carcinoma [Barranco and Townsend,
Cancer Res., 43: 1703 (1983) and Invest. New Drugs, 1: 117 (1983)]; available from the
ATCC under CRL-1739;

A498
-- RCC cell line (ATCC HTB-44)
BL-3
-- bovine B lymphocytes [ATCC CRL-8037; leukemia cell suspension; J. Natl. Cancer
Inst. (Bethesda) 40: 737 (1968)];
C33
-- a cell line derived from a human cervical carcinoma biopsy [Auersperg, N., J. Nat'l.
Cancer Inst. (Bethesda), 32: 135-148 (1964)]; available from the ATCC under HTB-31;
C33A
-- human cervical carcinoma cells [ATCC HTB-31; J. Natl. Cancer Inst. (Bethesda) 32:
135 (1964)];
C4.5
-- CHO wild-type, parental to Ka13, the same cell line as that described in Wood et al., J.
Biol. Chem., 273: 8360-8368 (1998);
COS
-- simian cell line [Gluzman, Y., Cell, 23: 175 (1981)];
Hela
-- from American Type Culture Collection (ATCC)
HelLa K

-- standard type of HelLa cells; aneuploid, epithelial-like cell line isolated from a human
cervical adenocarcinoma [Gey et al., Cancer Res., 12: 264 (1952); Jones et al., Obstet.
Gynecol., 38: 945-949 (1971)] obtained from Professor B. Korych, [Institute of Medical
Microbiology and Immunology, Charles University; Prague, Czech Republic];

HelLa D98/AH.2 (also HelLa s)

HT29

-- Mutant HelLa clone that is hypoxanthine guanine phosphoribosyl transferase-deficient

(HGPRT") kindly provided by Eric J. Stanbridge [Department of Microbiology, College of
Medicine, University of California, Irvine, CA (USA)] and reported in Stanbridge et al,,
Science, 215: 252-259 (15 Jan. 1982); parent of hybrid cells H/F-N and H/F-T, also
obtained from E.J. Stanbridge;

A cell line derived from colorectal carcinoma. (ATCC No. HBT-38; DSMZ ACC299);
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Ka13
-- CHO mutant cell functionally defective for the HIF-1a subunit, the same cell line as
that described in Wood et al. (1998), supra;

KATO Il
-- cell line prepared from a metastatic form of a gastric carcinoma [Sekiguichi et al.,
Japan J. Exp. Med., 48: 61 (1978)]; available from the ATCC under HTB-103;

MDCK
-- The MDCK cell line was derived from a kidney from an apparently normal adult female
cocker spaniel by S.H. Madin and N.B. Barby in 1958. (ATCC CCL-34),

NIH-3T3
-- murine fibroblast cell line reported in Aaronson, Science, 237: 178 (1987);

QT35
-- quail fibrosarcoma cells [ECACC: 93120832; Cell, 11: 95 (1977)];

Raj
-- human Burkitt's lymphoma cell line [ATCC CCL-86; Lancet, 1: 238 (1964)];

Rat2TK-
-- cell line (rat embryo, thymidine kinase mutant) was derived from a subclone of a 5'-
bromo-deoxyuridine resistant strain of the Fischer rat fibroblast 3T3-like cell line Rat1;
the cells lack appreciable levels of nuclear thymidine kinase [Ahrens, B., Virology, 113:
408 (1981)];

SiHa
-- human cervical squamous carcinoma cell line [ATCC HTB-35; Friedl et al., Proc. Soc.
Exp. Biol. Med., 135: 543 (1990)];

XC
-- cells derived from a rat rhabdomyosarcoma induced with Rous sarcoma virus-induced
rat sarcoma [Svoboda, J., Natl. Cancer Center Institute Monograph No. 17, IN:
"International Conference on Avian Tumor Viruses" (J.W. Beard ed.), pp. 277-298
(1964)], kindly provided by Jan Svoboda [Institute of Molecular Genetics, Czechoslovak
Academy of Sciences; Prague, Czech Repubilic]; and

CGL1
-- H/F-N hybrid cells (HeLa D98/AH.2 derivative);

CGL2
-- H/F-N hybrid cells (HeLa D98/AH.2 derivative);

CGL3
-- H/F-T hybrid cells (HeLa D98/AH.2 derivative);

CGL4

-- H/F-T hybrid cells (HeLa D98/Ah.2 derivative).

Nucleotide and Amino Acid Sequence Symbols

[0046] The following symbols are used to represent nucleotides herein:
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Meaning

adenine

cytosine

guanine

thymine

uracil

inosine

AorC

AorG

AorT/U

CorG

CorT/U

GorT/U

AorCorG

AorCorT/U

AorGorT/U

WiolT <Ix <luisixnZi—cH 60>

CorGorT/U

N/X

AorCorGorT/U

[0047] There are twenty main amino acids, each of which is specified by a different
arrangement of three adjacent nucleotides (triplet code or codon), and which are linked
together in a specific order to form a characteristic protein. A three-letter or one-letter
convention is used herein to identify said amino acids, as, for example, in Figure 1 as follows:

Amino acid name

3 Ltr. Abbrev.

1 Ltr. Abbrev.

Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic Acid Asp D
Cysteine Cys C
Glutamic Acid Glu E
Glutamine Gin Q
Glycine Gly G
Histidine His H
Isoleucine lle |

Leucine Leu L
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Amino acid name 3 Ltr. Abbrev. 1 Ltr. Abbrev.
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val Vv
Unknown or other X

BRIEF DESCRIPTION OF THE FIGURES

[0048]

Figure 1A-C provides the nucleotide sequence for a MN cDNA [SEQ ID NO: 1] clone isolated
as described herein. Figure 1A-C also sets forth the predicted amino acid sequence [SEQ ID
NO: 2] encoded by the cDNA.

Figure 2A-F provides a 10,898 bp complete genomic sequence of MN [SEQ ID NO: 3]. The
base count is as follows: 2654 A; 2739 C; 2645 G; and 2859 T. The 11 exons are in general
shown in capital letters, but exon 1 is considered to begin at position 3507 as determined by
RNase protection assay.

Figure 3 provides an exon-intron map of the human MN/CA IX gene. The positions and sizes
of the exons (numbered, cross-hatched boxes), Alu repeat elements (open boxes) and an
LTR-related sequence (first unnumbered stippled box) are adjusted to the indicated scale. The
exons corresponding to individual MN/CA IX protein domains are enclosed in dashed frames
designated PG (proteoglycan-like domain), CA (carbonic anhydrase domain), TM
(transmembrane anchor) and IC (intracytoplasmic tail). Below the map, the alignment of amino
acid sequences illustrates the extent of homology between the MN/CA 1X protein PG region (aa
53-111) [SEQ ID NO: 8] and the human aggrecan (aa 781-839) [SEQ ID NO: 10].

Figure 4 schematically represents the MN protein structure. The abbreviations are the same as
used in Figure 3. The scale indicates the number of amino acids.

Figure 5(A) shows the alignment of amino acid sequences of the human CA IX (HCA IX) and
the mouse CA IX (MCA IX) proteins deduced from the corresponding cDNAs [Pastorek et al.
(1994), EMBL Accession No. X66839; Ortova Gut et al. (2002), EMBL Accession No.
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AJ245857]. Homologous amino acids are written on a grey background. Figure 5(B) is a
schematic illustration of CA IX variants used for immunization and/or immunodetection
purposes as described herein. The positions of the amino acids related to CA IX domain
composition and to regions involved in variants are indicated below. Arrangement of antigenic
sites for the antibodies (Y), assumed from the competitive assay, is shown above the scheme.
The percentage of amino acid homology between human and mouse CA IX proteins is written
inside the linear model of the full-length human CA IX protein, that is composed of signal
peptide (SP), proteoglycan-like region (PG), carbonic anhydrase domain (CA), transmembrane
anchor (TM) and intracytoplasmic tail (IC).

Figure 6 provides a checker board map of antigenic sites delineated on the basis of the
competitive binding ELISA. Antigen-coated plates were incubated with fixed amount of biotin-
labeled antibody and increasing amount of non-labeled competitor antibody. Results are
expressed as a percentage of absorbance measured in the absence of the competitor
antibody.

Figure 7 shows the relationship between CA9 and other breast tumour markers in malignant
breast specimens as evaluated by chi-square and Mann-Whitney tests. Figure 7(A) illustrates
the percentage of breast marker-positive tumours in subgroups of CA9-positive versus CA9-
negative specimens. The significance of the association between expression of CA9 and
individual markers is given above the appropriate columns. Concordance of data corresponds
to the percentage of specimens showing equal positivity/negativity for both CA9 and the
particular other marker. Figure 7(B) illustrates the range of 5% to 95% quantile and median of
expression of marker-specific PCR products detected in marker-positive tumours from CA9-
positive and CA9-negative subgroups, respectively, with values of significance above the
relevant columns.

Figure 8 shows the strategy for the targeted disruption of the mouse Car9 gene. Figure 8A --
Targeting strategy: top, genomic structure of Car9 locus showing exons 1-9; middle, pCar9-
neo targeting vector of 6.8 kb with pgk-neo cassette replacing 14 bp in exon 1, bottom,
structure of the gene after homologous recombination. The 4.0 kb Xbal (X) and 6.5 kb EcoRI
(E) fragments present in the wild type allele are shown above, and the 2.0 kb Xbal and 8.3 kb
EcoRI fragments present in the mutated allele are shown below. Positions of the restriction
sites for BamHI (B), Hindlll (H) and the probes used to distinguish between the wild type and
the mutant alleles after digestion with EcoRI are indicated. Figure 8B --The position of the
primers on the Car9 genomic locus is schematically illustrated.

Figure 9 provides a statistical analysis of the numbers of cells in stomachs of Car9*’* versus

Car9™ mice. As quantified by the Mann-Whitney rank test, the mutant mouse stomachs
showed significantly increased total numbers of cells on one hand (A) and decreased numbers

of H*/K*-ATPase positive parietal cells (B) and pepsinogen-positive chief cells (C) on the other
hand. Regression analysis revealed significant correlation between total cells numbers and
numbers of parietal cells in gastric units (D) and significant difference between the slopes of

regression lines corresponding to gastric units of Car9*"* and Car97 mice, respectively.
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Figure 10 shows the results of ELISAs for CA IX antigen. HT29 cells were grown in 5 cm Petri
dish, supplied with 5 ml of media, and exchanged 2 days before harvest. The extract from cell
monolayer in this culture contained 5 mg of total protein. Extracts from the tumours were
prepared directly from the excisions, without previous cultivation in vitro. Media from the
cultures of tumour fragments were harvested after 2 days. A = purified CA IX protein
(described in Zavada et al, 2000); B = TC media; C = extracts from cells and tumours; O =
purified CA 1X; » = A498 cells; m = HT29 cells; patients No. A =38; ¥ =50; ¢ = 59.

DETAILED DESCRIPTION

[0049] The following references are cited herein or provide updated information concerning
the MN/CA9 gene and the MN/CA IX protein. All the listed references as well as other
references cited herein are specifically incorporated by reference.

= Aboagye et al., Anticancer Drug Des., 13(6): 703-730 (Sep. 1998)

« Airley et al., Clin. Cancer Res., 7: 928-934 (2001)

e Airley et al., Brit. J. Cancer, 86 (Suppl. 1): S13-833 (2002)

» Arteaga, C.L., Breast Cancer Res., 5(2): 96-100 (2003)

e Bartosova et al., J. Pathol., 197: 1-8 (2002)

» Beasley et al., Cancer Research, 61: 5262-5267 (2001)

* Bergstein, I., Breast Cancer: Molecular Genetics, Pathogenesis, and Therapeutics,
Bowcock AM (ed.), Humana Press: Totowa, pp. 143-169 (1999)

e Brizel et al., Cancer Res., 56: 941-943 (1996)

e Brizel et al., Int. J. Radiat. Oncol. Biol. Phys., 38: 285-289 (1997)

e Carneyetal., U.S. Patent No. 5,401,638

* Chapman, J.D., Radiother. Oncol., 20(Suppl. 1): 18-19 (1991)

¢ Chegwidden et al. (eds.), "The Carbonic Anhydrase Inhibitors - New Horizons," EXS
(Basel) Vol. 90 (2000)

« Christianson and Cox, Annu. Rev. Biochem., 68: 33-57 (1999)

» EXS (Experientia Supplementa) (Basel) Vol. 90 [Birkhauser; Boston, MA (USA): 2000]

e Chiaetal, J. Clin. Oncol., 19: 3660-3668 (2001)

¢ Chrastina et al., Int. J. Cancer (in press) (2003)

e Clark M., Immunol. Today, 21(8): 397-402 (Aug. 2000)

» Dachs et al., Nature Medicine, 3: 515-520 (1997)

¢ Dalbadie-McFarland et al., PNAS (USA), 79: 6409 (1982)

» Davis et al., Cancer Metastasis Rev., 18(4): 421-425 (1999)

e Ebert et al., J. Biol. Chem., 270(49): 29083-29089 (1995)

e Evans et al,, Cancer Res., 56: 405-411 (1996)

» Eyetal, Biochemistry, 15: 429-436 (1978)

* Fleming et al., J. Clin. Invest., 96: 2907-2913 (1995)

e Forsythe et al., Mol. Cell. Biol., 16: 4604-4613 (1996)
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Fyles et al., Radiother. Oncol., 45: 149-155 (1998)

Gavilondo and Larrick, Biotechniques, 29(1): 128-132,134-136 and 183 passim (July
2000)

Gibadulinova et al., Acta Virol., 42: 369-374 (1999)

Giatromanolaki et al., Cancer Res., 61(21): 7992-7998 (2001)

Glennie et al., Nature, 295: 712 (1982)

Goldyne et al., Adv. Exp. Med. Biol: 314: 317-327 (1991)

Gray et al., Br. J. Radiol., 26: 638-648 (1953)

Gumbiner, B., Cell, 84: 345-357 (1996)
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[0050] Previous attempts to produce CA IX-specific antibodies with specificity different from
the M75 monoclonal antibody had been unsuccessful apparently due to the fact that human
CA IX differs from the mouse homologue predominantly in the N-terminal amino acid sequence
containing the M75 epitope. This sequence appears to be strongly immunogenic possibly
because the immunized mice recognize it as non-self, while they do not direct a humoral
response to the other, more conserved parts of the human CA IX molecule.

[0051] Disclosed herein are detailed methods in Examples 1 and 2 on how to generate from
CA IX-deficient mice, hybridoma cell lines producing monoclonal antibodies specific for
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different extracellular regions of human CA IX protein. Provided herein is detailed
characterization of those monoclonal antibodies, assessment of their reactivity in various
immunodetection methods, and the relative position of the epitopes. Further provided are
various clinical, diagnostic/prognostic, therapeutic and experimental utilites for those
monoclonal antibodies.

Pr ration of CA IX Deficient Mice and New CAIX- ific Anti i enerated from
Said CA IX-Deficient Mice

[0052] Example 1 details how the MN/CA IX-deficient mice were generated. The knock out
mice were used to generate new CA |X-specific monoclonal antibodies (mabs), some of which
were directed to other than the CA IX immunodominant epitopes.

[0053] It was one object of the inventors to generate monoclonal antibodies (mabs) directed
to epitopes different than that to which the M75 mab is directed and/or to generate antibodies
with the same epitope specificity as the M75 mab, but with different biological properties. To
generate such mabs, the inventors used the knock out mice with the targeted disruption of
Car9 gene (coding for mouse MN/CA IX protein), as described herein and in Ortova-Gut et al.
(2002) because the knock out mice recognize the entire human MN/CA IX protein as a foreign
molecule and may potentially develop humoral responses to epitopes localized in various
regions of the human MN/CA |X protein.

[0054] In contrast, the wild type mice (wt mice) that express mouse MN/CA IX protein direct
the immune response to the N-terminal part of human MN/CA IX because the N-terminal part
of the human MN/CA IX protein differs more from the mouse protein than other domains of the
human MN/CA IX protein. The wt mice preferentially produce antibodies to epitopes close to or
overlapping the epitope to which the M75 mab is directed.

[0055] Initial experiments immunizing the MN/CA I[X-deficient mice with mouse cells
transfected with human MN/CA IX cDNA were not successful, as all the mabs produced were
directed to the N-terminal domain of the human MN/CA IX protein, as is the M75 mab. If mabs
to epitopes in other regions of the MN/CA IX protein were to be produced, a different
immunization protocol was determined to be necessary at about amino acids (aa) 53-111 (SEQ
ID NO. 8) or preferably at about aa 52-125 (SEQ ID NO: 98).

[0056] There were a number of challenges to overcome. During hybridoma generation, there
were several technical problems that required specific solution. First, it was a suitable
immunization procedure that had to be invented to assure production of required antibodies.
For that purpose, we used different types of immunogens including the recombinant variant of
CA IX protein containing the central carbonic anhydrase domain, but lacking N-terminal PG
domain (see Example 2 below that shows, which immunization scheme led to production of
MN/CA |X-specific antibodies). The other technical problem was development of appropriate
screening system that would allow for selection MN/CA 1X-specific antibodies and elimination of
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the non-specific ones, as explained in Example 1.

[0057] The inventors produced a recombinant variant of human MN/CA IX protein containing
only the central carbonic anhydrase domain of MN/CA IX (the CA IX domain), but lacking the
N-terminal PG domain as well as the transmembrane and intracytoplasmic regions. The cDNA
coding for the CA IX domain was fused to glutathione-S-transferase (GST), expressed in
bacteria and purified by affinity chromatography using glutathione S-Sepharose (Pharmacia).
The GST-CA IX protein was inoculated as a third immunization dose either bound to the
sepharose or eluted from the matrix. The improved immunization protocols, new fusions, yields
of hybridomas and numbers of MN/CA IX specific clones are summarized in the tables of
Example 2.

[0058] Ten new fusions were made and more than 8000 clones were grown and screened. All
MN/CA [X-specific hybridomas were subjected to the freezing-refreezing procedure and
consequent subcloning (at least 100 subclones for each clone) in order to select the
hybridomas of optimum viability and stable antibody production. That very significant effort
resulted in the generation of 11 hybridomas synthesizing MN/CA-IX-specific monoclonal
antibodies.

[0059] The new MN/CA I[X-specific mabs were analyzed to determine their isotype and
extensively tested for their reactivity by different immunodetection methods as described in
Example 2. Knowledge of the mab isotype is important because the constant region of IgG is
closely associated with its biological activity. Various isotypes carry out different effector
functions, including complement activation and antibody-dependent cell mediated cytotoxicity.
Most of the new antibodies were of IgG2a isotype. Those were able to recognize and bind to
the full-length MN/CA 1X protein in all tested methods, i.e. ELISA, Western blotting,
immunoprecipitation and immunofluorescence. There were also two IgM and two 1gG1
antibodies that did not react in immunoprecipitation because of their inability or decreased
capacity to bind via Fc fragments to Protein A Sepharose. However, those antibodies showed
MN/CA IX-specific reactivity in ELISA, Western blotting and immunofluorescence. The results
indicate that the new antibodies recognize both native and denatured MN/CA IX protein and
are potentially useful for different immunodetection approaches.

[0060] To determine the domain specificity of the new antibodies, the inventors used the full-
length MN/CA X antigen as well as the antigen lacking the CA domain to test the Mab
reactivity in both immunoprecipitation and immunoflourescence. Monoclonal antibodies VII/20,
VII/28, VII/32, VII/38, V/10 and V/12 immunoprecipitated the full-length MN/CA 1X protein, but
failed to react with the ACA deletion variant. Similar reactivity was observed in the
immunofluorescence experiments, indicating that those antibodies are specific for the CA
domain of MN/CA IX.

[0061] Mab VII/13 with predicted anti-CA specificity reacted well with the full-length MN/CA IX
upon Western blotting. On the other hand, it did not show any reactivity in immunoprecipitation
or immunofluorescence. The inventors consider that that mab may be directed to a cryptotope
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that can be exposed only after the full denaturation of the antigen, whereas it remains hidden
in the native or only partially denatured protein.

[0062] Among four of the new mabs with the proposed specificity to the N-terminal PG domain
of MN/CA IX, three (IV/6, 1V/14, IV/11) were of isotypes that are not applicable for
immunoprecipitation, because they do not bind to protein A. Antibody 1V/18 was able to
immunoprecipitate the full-length MN/CA IX protein but not the ACA deletion variant. On the
other hand, it reacted well with both types of antigen in immunofluorescence. Surprisingly, Mab
IV/11 exhibited cytoplasmic reactivity with FL and ACA in immunofluorescence experiments.
That result might be explained by its specificity to an immature intracytoplasmic form of the
protein.

[0063] Predicted domain specificity of the new monoclonal antibodies corresponds to their
capacity to compete with the M75 mab for binding to MN/CA IX as determined in competitive
ELISA using biotinylated M75 mab and individual mabs in samples of hybridoma medium.
Preliminary data indicates that the inventors have successfully generated seven new
monoclonal antibodies whose epitopes are different from that of the M75 mabs. Another four
new mabs seem to be directed to epitopes overlapping the M75 mab's epitope, but have a
different isotype than the M75 mab does.

Study of in vitro biological activities of the new monolonal antibodies

[0064] The most intriguing and significant feature of the monoclonal antibodies is their ability
to interfere with tumor cell growth, which ability can be exploited in anti-tumor therapy.
Biological activity of the monoclonal antibodies may be related either to their isotype or to their
capacity to engage the receptor molecule and block the signal transduction pathway. Isotype
determines the Fc-receptor-dependent mechanisms that contribute substantially to the action
of cytotoxic antibodies against tumors (e.g., antibody-dependent cell-mediated cytotoxicity,
ADCC and complement-mediated cell lysis). Several mouse monoclonal antibodies of 1gG1
and 1gG2a isotypes and specificity against different antigens (including HER2/neu, CD20,
PSCA) have been shown to stimulate ADCC. Some antibodies may have also a "direct" activity
due to receptor-ligand blockade or triggering the pro-apoptotic response (e.g. trastuzumab, a
humanized IgG1 antibody to HER2/neu, and its "parent" mouse antibody).

[0065] As a first step to evaluation of the therapeutic potential of the new monoclonal
antibodies specific for MN/CA [X, the inventors are analyzing the effects of the mabs on tumor
cell growth and invasion in vitro. The cells are being cultivated in different conditions (including
normoxia, hypoxia, serum-starvation, low glucose) and treated with various concentrations of
the purified mabs. Proliferation of the treated cells will be measured by MTS assay, and the
extent of apoptosis will be determined by TdT labeling and FACS analysis. In addition, the
capacity of the new mabs to influence in vitro invasion of the tumor cells through the matrigel
membranes will be analysed. The mabs may be combined therapeutically with
chemotherapeutic agents. Such a combination has been shown to be effective for trastuzumab
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that was also developed from a typical mouse monoclonal antibody. Therefore, the additive
effect of the drugs and MN/CA IX-specific antibody treatment to select mabs with the potential
therapeutic efficacy is being investigated. Humanized, partially or compeletely, versions of such
mabs can be prepared.

[0066] Those monoclonal antibodies that react with the CA domain of MN/CA X will be
subjected to additional analysis to evaluate their potential capacity to inhibit the enzyme activity
of MN/CA IX. The enzyme activity is thought to be highly relevant for the biological role of
MN/CA IX. Therefore, the "anti-catalytic" antibodies may become useful tools to elucidate the
real significance of CA activity of MN/CA IX in tumor biology and may possibly act in the
modulation of tumor growth.

[0067] Also, the inventors are evaluating the capacity of the MN/CA IX-specific antibodies to
induce ADCC in vitro. Most of the new antibodies are of IgG2a isotype and two of them are
IgG1 isotype - both isotypes have been shown to be effective in complement and cell-mediated
lysis.

Generation of monoclonal antibodies to mouse MN/CA IX protein

[0068] The inventors perceive that investigators involved in the pre-clinical research of tumor
hypoxia and anti-hypoxic therapeutic approaches would like to use specific antibodies for
detection of the mouse MN/CA IX as a marker of hypoxia in experimentally induced mouse
tumors. The M75 mab is not suitable for that purpose. The M75 mab recognizes the rat and
pig proteins, but not the mouse homolog, because its epitope is not preserved in the primary
structure of the mouse MN/CA IX.

[0069] Availability of the cDNA encoding the mouse MN/CA IX protein allows production of a
sufficient amount of a recombinant antigen that can be used for the immunization of the
MN/CA IX-deficient mice and generation of corresponding monoclonal antibodies. Such mabs
to the mouse MN/CA IX protein may be very useful for future studies of tumor progression
utilizing animal models. In addition, the anti-mouse mabs may represent useful tools for pre-
clinical examinations of therapeutic targeting of MN/CA IX-positive tumors without the need for
immunodeficient animals xenografted with the human tumor cells.

[0070] Whether some of the new mabs against human MN/CA IX cross-react with the mouse
protein is being investigated. Especially those directed to the CA domain are good candidates
because the mouse and human MN/CA IX proteins differ mostly in the N-terminal PG-like
regions, but show high sequence homology in the CA domain. Therefore, the reactivity of anti-
human mabs to the mouse antigen (both recombinant and extracted from the cells transfected
with the mouse cDNA) is being tested.

[0071] Example 1 provides the details on how the CA IX-deficient mice (mice with null
mutation of Car9) were prepared by targeted gene disruption. Example 1 also reports on the
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identification of a Car9 cDNA and gene encoding the mouse CA IX, phenotypic consequences
of a targeted disruption of Car9 gene and their impact on understanding the physiological
significance of CA IX.

[0072] CA IX is a highly active enzyme with adhesion, functionally implicated in acid-base
balance and intercellular communication. It is normally present in the basolateral membranes
of gastrointestinal epithelium and ectopically expressed in many carcinomas. The CA IX
deficient mice revealed much about its physiological relevance.

[0073] Mice homozygous for the mutation developed gastric hyperplasia of the glandular
epithelium with numerous cysts. The first changes were observed in the newborn animals,
indicating involvement of CA IX in the development. The hyperplasia of the stomach corpus
became prominent at the end of gastric morphogenesis in four-weeks-old mice. Loss of CA IX
led to overproduction of mucus-secreting pit cells and reduction of both pepsinogen-positive

chief cells and H*/K*-ATPase-positive parietal cells. It was concluded that phenotypic
consequences of the Car9 null mutation demonstrate important and non-redundant role of CA
IX in morphogenesis and homeostasis of the glandular gastric epithelium via the control of cell
proliferation and differentiation. More detail concerning those points can be found in Example 1
and in Ortova-Gut et al., Gastroenterology, 123: 1889-1903 (2002), the latter showing
captioned photographs.

[0074] One of skill in the art with the instant disclosure enabling the production of CA IX
specific antibodies to the CA domain, could analogously make CA IX-specific antibodies to the
other CA IX domains. For example, instead of using the recombinant CA domain of CA IX
fused to GST as the booster in the protocols of Example 2 below, one of skill in the art would
know that using a recombinant TM (SEQ ID NQO: 6) domain or a recombinant IC (SEQ ID NO:
7) domain of CA IX would produce antibodies primarily directed to the respective domain used
as the booster. Conventional variations of such methods, for example, using synthetic
proteins/polypeptides of the selected domain are within the skill of the art.

[0075] One of skill in the art could also make antibodies to other regions of CA IX by
conventional methods known in the art. For example, peptides from a CA IX region could be
conjugated to a carrier, for example, to keyhole limpet hemacyanin (KLH), to prepare
antibodies, either polyclonal or monoclonal, to the selected peptide. Such antibodies could be
screened by conventional means to determine whether the resulting antibodies are specific to
the selected domain. Anti-peptide production services are commercially available, for example,
from Aves Labs, Inc. in Tigard, Oregon (USA).

Immunodominant Epitopes in PG Domain and In Neighboring Regions

[0076] Figure 4 schematiclly shows the basic structure of the full-length CA IX. As indicated
above, the extracellular domain comprises the PG and CA domains as well as some spacer or
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perhaps hinge regions. The CA IX immunodominant epitopes are primarily in the PG region at
about aa 53-111 (SEQ ID NO: 8) or at about aa 52-125 (SEQ ID NO: 98), preferably now
considered to be at about aa 52-125 (SEQ ID NO: 98). The immunodominant epitopes of CA
IX may be located in regions neighboring the PG region. For example, the epitope for aa 36-51
(SEQ ID NO: 21) would be considered an immunodominant epitope.

[0077] The main CA IX immunodominant epitope is that for the M75 mab. The M75
monoclonal antibody is considered to be directed to an immunodominant epitope in the N-
terminal, proteoglycan-like (PG) region of CA IX. The epitope of M75 has been identified as
amino acid sequence PGEEDLP (SEQ ID NO: 11), which is 4x identically repeated in the N-
terminal PG region of CA IX [Zavada et al. (2000)]. Closely related epitopes to which the M75
mab may also bind, which are also exemplary of immunodominant epitopes include, for
example, the immunodominant 6X tandem repeat that can be found at amino acids (aa) 61-96
(SEQ ID NO. 12) of Figure 1A-1C, showing the predicted CA IX amino acid sequence.
Variations of the immunodominant tandem repeat epitopes within the PG domain include
GEEDLP (SEQ ID NO: 13) (aa 61-66, aa 79-84, aa 85-90 and aa 91-96), EEDL (SEQ ID NO:
14) (aa 62-65, aa 80-83, aa 86-89, aa 92-95), EEDLP (SEQ ID NO: 15) (aa 62-66, aa 80-84,
aa 86-90, aa 92-96), EDLPSE (SEQ ID NO: 16) (aa 63-68), EEDLPSE (SEQ ID NO: 17) (aa 62-
68), DLPGEE (SEQ ID NO: 18) (aa 82-87, aa 88-98), EEDLPS (SEQ ID NO: 19) (aa 62-67)
and GEDDPL (SEQ ID NO: 20) (aa 55-60). Other immunodominant epitopes could include, for
example, aa 68-91 (SEQ ID NO: 22).

[0078] The monoclonal antibodies MN9 and MN12 are considered to be directed to
immunodominant epitopes within the N-terminal PG region SEQ ID NOS: 19-20, respectively.
The MN7 monoclonal antibody could be directed to an immunodominant epitope neighboring
the PG region at aa 127-147 (SEQ ID NO: 23) of Figure 1A-1C.

[0079] An epitope considered to be preferred within the CA domain (SEQ ID NO: 9) is from
about aa 279-291 (SEQ ID NO: 67). An epitope considered to be preferred within the
intracellular domain (IC domain) (SEQ ID NO: 7) is from about aa 435-450 (SEQ ID NO: 68).

[0080] SEQ ID NO: 69 (aa 166-397 of Figure 1A-1C) is considered to be an important
antigenic component of the CA domain. There are several antigenic sites within the CA
domain. As can be seen in Figure 6, there are four groups of the CA IX-specific monoclonal
antibodies prepared in CA IX-deficient mice such that they are directed to the CA domain;
three of those groups are within SEQ ID NO: 69.

S-CA IX

[0081] Examples herein show that in addition to its previously described cell-associated form
of CA1X (p54/58), there is a soluble form of CA IX. As described below in Examples 3-9 s-CA
IX has been observed in tissue culture media from tumor cell lines, such as HT29. Futhermore,
we have found s-CA IX in the blood serum and urine of cancer patients.
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[0082] Preferred soluble forms of CA IX proteins/polypeptides according to this invention are
those proteins and/or polypeptides that have substantial homology with the CA IX protein
having the deduced amino acid sequence as shown in Figure 1 [SEQ. ID. NO 2]. For example,
such substantially homologous soluble CA IX proteins/ polypeptides are those that are reactive
with the CA IX-specific antibodies of this invention, preferably the Mabs M75, V-10 or their
equivalents.

[0083] It can also be appreciated that a protein or polypeptide produced by a neoplastic cell in
vivo could be altered in sequence from that produced by a tumor cell in cell culture or by a
transformed cell. Thus, CA IX proteins and/or polypeptides which have varying amino acid
sequences including without limitation, amino acid substitutions, extensions, deletions,
truncations and combinations thereof, fall within the scope of this invention. It can also be
appreciated that a protein extant within body fluids is subject to degradative processes, such
as, proteolytic processes; thus, soluble CA IX proteins that are significantly truncated and CA
IX polypeptides may be found in body fluids, such as, sera. The phrase "CA IX antigen" is used
herein to encompass CA IX proteins and/or polypeptides.

Assays

[0084] Assays according to this invention are provided to detect and/or quantitate soluble
forms of CA X antigen in vertebrate samples, preferably mammalian samples, more preferably
human samples. Soluble forms of CA IX antigen may be detected by immunoassay, for
example, Western blotting or radioimmunoassay, among other techniques.

[0085] Preferred samples in which to assay soluble forms of CA IX antigen, as the
extracellular domain, are body fluids, which can include among other fluids: blood, serum,
plasma, semen, breast exudate, gastric secretions, fecal suspensions, bile, saliva, tears,
sputum, mucous, urine, lymph, cytosols, ascites, pleural effusions, amniotic fluid, bladder
washes, bronchioalveolar lavages and cerebrospinal fluid. It is preferred that the soluble CA IX
antigen be concentrated from a larger volume of body fluid before testing. (Examples 3-11
below are representative.) Preferred body fluids to assay would depend on the type of cancer
for which one was testing, but in general preferred body fluids would be urine, serum, mucous,
gastric secretions, bile, breast exudate, pleural effusions and ascites.

[0086] The assays of this invention are both diagnostic and/or prognostic, i.e.,
diagnostic/prognostic. The term "diagnostic/ prognostic" is herein defined to encompass the
following processes either individually or cumulatively depending upon the clinical context:
determining the presence of disease, determining the nature of a disease, distinguishing one
disease from another, forecasting as to the probable outcome of a disease state, determining
the prospect as to recovery from a disease as indicated by the nature and symptoms of a
case, monitoring the disease status of a patient, monitoring a patient for recurrence of disease,
and/or determining the preferred therapeutic regimen for a patient. The diagnostic/prognostic
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methods of this invention are useful, for example, for screening populations for the presence of
neoplastic or pre-neoplastic disease, determining the risk of developing neoplastic disease,
diagnosing the presence of neoplastic and/or pre-neoplastic disease, monitoring the disease
status of patients with neoplastic disease, and/or determining the prognosis for the course of
neoplastic disease.

[0087] The present invention is useful for screening for the presence of a wide variety of
neoplastic diseases as indicated above. The invention provides methods and compositions for
evaluating the probability of the presence of malignant or pre-malignant cells, for example, in a
group of cells freshly removed from a host. Such an assay can be used to detect tumors, and
help in the diagnosis and prognosis of disease. The assays can also be used to confirm the
absence or removal of all tumor tissue following surgery, cancer chemotherapy and/or
radiation therapy. It can further be used to monitor cancer chemotherapy and tumor
reappearance.

[0088] We have used the method of Western blot in experiments reported in the examples
below to confirm the presence of soluble CA IX protein in human urine and serum. This
method is time-consuming and laborious. However, the presence of soluble forms of CA IX
antigen can be detected and/or quantitated using a number of well-defined diagnostic assays.
Those in the art can adapt any of the conventional immunoassay formats to detect and/or
quantitate soluble CA IX antigen. A preferred diagnostic format for the method of this invention
is the dual antibody sandwich assay. Many other formats for detection of CA IX antigen and CA
IX-specific antibodies are, of course available. Those can be Western blots, ELISAs (enzyme-
linked immunosorbent assays), RIAs (radioimmunoassay), competitive EIA or dual antibody
sandwich assays, among other assays all commonly used in the diagnostic industry. In such
immunoassays, the interpretation of the results is based on the assumption that the antibody
or antibody combination will not cross-react with other proteins and protein fragments present
in the sample that are unrelated to CA IX.

[0089] Suitable detection means include the use of labels such as radionuclides, enzymes,
coenzymes, fluorescers, chemiluminescers, chromogens, enzyme substrates or co-factors,
enzyme inhibitors, free radicals, particles, dyes and the like. Such labeled reagents may be
used in a variety of well known assays, such as radioimmunoassays, enzyme immunoassays,
e.g., ELISA, fluorescent immunoassays, and the like. See for example, U.S. Patent Nos.
3,766,162; 3,791,932; 3,817,837;and 4,233,402.

[0090] Methods to prepare antibodies useful in the assays of the invention are described
below. The examples below detail representative assays according to this invention.

[0091] Representative of one type of dual antibody sandwich ELISA assay for soluble CA IX
antigen is a format wherein a microtiter plate is coated with antibodies made to the
extracellular domain of CA IX proteins/polypeptides or antibodies made to whole cells
expressing CA IX proteins, and to this is added a patient body fluid sample, for example, serum
or urine. After a period of incubation permitting any antigen to bind to the antibodies, the plate
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is washed and another set of anti-CA 1X antibodies which are linked to an enzyme, is added,
incubated to allow reaction to take place, and the plate is then rewashed. Thereafter, enzyme
substrate is added to the microtiter plate and incubated for a period of time to allow the
enzyme to work on the substrate, and the adsorbance of the final preparation is measured. A
large change in absorbance indicates a positive result. In a preferred embodiment of the
invention, the first monoclonal antibody of a dual antibody sandwich assay is selected from the
group consisting of the monoclonal antibodies designated M75 which are secreted by the
hybridoma VU-M75, and a second enzyme-linked monoclonal antibody is selected from the
group consisting of monoclonal antibodies directed to an epitope other than that to which the
M75 monoclonal antibody is directed, more preferably to an epitope other than the
proteoglycan domain.

[0092] Itis also apparent to one skilled in the art of immunoassays that CA IX proteins and/or
polypeptides can be used to detect and/or quantitate the presence of soluble CA IX antigen in
the body fluids of patients. In one such embodiment, a competition immunoassay is used,
wherein the CA IX protein/polypeptide is labeled and a body fluid sample is added to compete
with the binding of the labeled CA IX protein/polypeptide to antibodies specific to CA IX
protein/polypeptide.

[0093] In another embodiment, an immunometric assay may be used wherein a labeled
antibody made to a CA IX protein or polypeptide comprising the extracellular domain is used.
In such an assay, the amount of labeled antibody which complexes with the antigen-bound
antibody is directly proportional to the amount of soluble CA 1X antigen in the sample.

[0094] An exemplary immunoassay method of this invention to detect and/or quantitate
soluble CA IX antigen in a vertebrate sample comprises the steps of:

1. a) incubating said vertebrate sample with one or more sets of antibodies (an antibody or
antibodies) that bind to soluble CA IX antigen wherein one set is labeled or otherwise
detectable;

2. b) examining the incubated sample for the presence of immune complexes comprising
soluble CA IX antigen and said antibodies.

[0095] Another exemplary immunoassay method according to this invention is that wherein a
competition immunoassay is used to detect and/or quantitate soluble CA 1X antigen in a
vertebrate sample and wherein said method comprises the steps of:

1. a) incubating a vertebrate sample with one or more sets of CA IX-specific antibodies and
a certain amount of a labeled or otherwise detectable CA IX protein/polypeptide wherein
said CA IX protein/ polypeptide competes for binding to said antibodies with soluble CA
IX antigen present in the sample;

2. b) examining the incubated sample to determine the amount of labeled/detectable CA IX
protein/polypeptide bound to said antibodies; and
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3. ¢) determining from the results of the examination in step b) whether soluble CA IX
antigen is present in said sample and/or the amount of soluble CA IX antigen present in
said sample.

[0096] Once antibodies (including biologically active antibody fragments) having suitable
specificity have been prepared, a wide variety of immunological assay methods are available
for determining the formation of specific antibody-antigen complexes. Numerous competitive
and non-competitive protein binding assays have been described in the scientific and patent
literature, and a large number of such assays are commercially available. Exemplary
immunoassays which are suitable for detecting a serum antigen include those described in
U.S. Patent Nos. 3,984,533; 3,996,345; 4,034,074; and 4,098,876.

[0097] A hybridoma that produces a representative CA IX-specific antibody, the monoclonal
antibody M75 (Mab M75), was deposited at the ATCC under Number HB 11128 as indicated
above. The M75 antibody was used to discover and identify the CA IX protein and can be used
to identify readily CA IX antigen in Western blots, in radioimmunoassays and
immunohistochemically, for example, in tissue samples that are fresh, frozen, or formalin-,
alcohol-, acetone- or otherwise fixed and/or paraffin-embedded and deparaffinized.

Immunoassay Test Kits

[0098] The above outlined assays can be embodied in test kits to detect and/or quantitate
soluble CA IX antigen. Kits to detect and/or quantitate soluble CA IX antigen can comprise CA
IX protein(s)/polypeptides(s). Such diagnostic/prognostic test kits can comprise one or more
sets of antibodies, polyclonal and/or monoclonal, for a sandwich format wherein antibodies
recognize epitopes on the soluble CA IX antigen, and one set is appropriately labeled or is
otherwise detectable.

[0099] Test kits for an assay format wherein there is competition between a labeled (or
otherwise detectable) CA IX protein/polypeptide and CA 1X antigen in the sample, for binding to
an antibody, can comprise the combination of the labeled protein/polypeptide and the antibody
in amounts which provide for optimum sensitivity and accuracy.

[0100] AKkit for use in an enzyme-immunoassay typically includes an enzyme-labelled reagent
and a substrate for the enzyme. The enzyme can, for example, bind either a CA IX-specific
antibody of this invention or to an antibody to such an CA IX-specific antibody. Test kits may
comprise other components as necessary, for example, to perform a preferred assay as
outlined in Example 8 below. Such test kits can have other appropriate formats for
conventional assays.

Preparation of CA 1X-Specific Antibodies
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[0101] The term "antibodies" is defined herein to include not only whole antibodies but also
biologically active fragments of antibodies, preferably fragments containing the antigen binding
regions. Descriptions of preparing CA IX-specific antibodies such as M75 suitable for use in
immunoassays according to this invention have been described (Zavada et al. US Patent No.
5,387,676). Such antibodies may be prepared by conventional methodology and/or by genetic
engineering. Antibody fragments may be genetically engineered, preferably from the variable
regions of the light and/or heavy chains (Vy and V), including the hypervariable regions, and

still more preferably from both the Vy and V| regions. For example, the term "antibodies" as

used herein comprehends polyclonal and monoclonal antibodies and biologically active
fragments thereof including among other possibilities "univalent” antibodies [Glennie et al.,
Nature, 295: 712 (1982)]; Fab proteins including Fab' and F(ab'), fragments whether

covalently or non-covalently aggregated; light or heavy chains alone, preferably variable heavy
and light chain regions (Vy and V| regions), and more preferably including the hypervariable

regions [otherwise known as the complementarity determining regions (CDRs) of said Vy and
V| regions]; F; proteins; "hybrid" antibodies capable of binding more than one antigen;

constant-variable region chimeras; "composite" immunoglobulins with heavy and light chains of
different origins; "altered" antibodies with improved specificity and other characteristics as
prepared by standard recombinant techniques and also by oligonucleotide-directed
mutagenesis techniques [Dalbadie-McFarland et al., PNAS (USA), 79: 6409 (1982)].

[0102] There are conventional techniques for making polyclonal and monoclonal antibodies
well-known in the immunoassay art. Immunogens to prepare CA IX-specific antibodies include
CA IX proteins and/or polypeptides, preferably purified, among others.

[0103] Anti-peptide antibodies are also made by conventional methods in the art as described
in European Patent Publication No. 44,710 (published Jan. 27, 1982). Briefly, such anti-peptide
antibodies are prepared by selecting a peptide from an CA IX amino acid sequence as from
Figure 1, chemically synthesizing it, conjugating it to an appropriate immunogenic protein and
injecting it into an appropriate animal, usually a rabbit or a mouse; then, either polyclonal or
monoclonal antibodies are made, the latter by the Kohler-Milstein procedure.

[0104] Besides conventional hybridoma technology, newer technologies can be used to
produce antibodies according to this invention. For example, the use of the polymerase chain
reaction (PCR) to clone and express antibody V-genes and phage display technology to select
antibody genes encoding fragments with binding activities has resulted in the isolation of
antibody fragments from repertoires of PCR amplified V-genes using immunized mice or
humans. [Marks et al., BioTechnology, 10: 779 (1992)]. Descriptions of preparing antibodies by
recombinant techniques can be found, for example, in U.S. Patent No. 4,816,567 (issued
March 28,1989).

Preparation of Monoclonal Antibodies
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[0105] Monoclonal antibodies for use in the assays of this invention may be obtained by
methods well known in the art. The production of hybridoma VU-M75 which secretes MAb M75
is exemplary and described below. MAb M75 serves to identify CA IX proteins/polypeptides in
various laboratory diagnostic tests, for example, in tumor cell cultures or in clinical samples.

[0106] Monoclonal antibodies specific for this invention can be prepared by immunizing
appropriate mammals, preferably rodents, more preferably rabbits or mice, with an appropriate
immunogen, for example, CA IX proteins/polypeptides attached to a carrier protein if
necessary.

[0107] One obstacle to overcome in detecting s-CA IX antigen in body fluids was the
extremely low concentration of s-CA IX in blood serum and in urine, of the order of 10-100
pg/ml. To detect such an antigen, it is necessary to use two different monoclonal antibodies,
directed to non-overlapping epitopes of CA IX. However, until now only one suitable
monoclonal antibody, M75, was available for use to detect the CA IX protein. Recently, the
inventors overcame this obstacle by using knockout mice with the targeted disruption of Car9
gene to generate a series of monoclonal antibodies specific for various antigenic sites of CA IX
protein as described in Example 2. While Mab M75 is specific for the proteoglycan (PG)
domain of the CA IX protein, MAb V-10 (one Mab generated by the knockout of Car9) is
specific for the carbonic anhydrase (CA) domain. By optimizing combinations and dilutions of
two monoclonal antibodies, the inventors were able to obtain extremely sensitive and specific
reactions.

[0108] MADb M75. Monoclonal antibody M75 (MAb M75) is produced by mouse lymphocytic
hybridoma VU-M75, which was initially deposited in the Collection of Hybridomas at the
Institute of Virology, Slovak Academy of Sciences (Bratislava, Czechoslovakia) and was
deposited under ATCC Designation HB 11128 on September 17,1992 at the American Type
Culture Collection (ATCC). The production of hybridoma VU-M75 is described in Zavada et al.,
WO 93/18152.

[0109] Mab M75 recognizes both the nonglycosylated GST-CA 1X fusion protein and native
CA IX protein as expressed in CGL3 cells equally well. The M75 MAb recognizes both native
and denatured forms of CA IX protein [Pastorekova et al. (1992)].

[0110] The monoclonal antibodies useful according to this invention to identify soluble CA IX
proteins/polypeptides can be labeled in any conventional manner, for example, with enzymes
such as horseradish peroxidase (HRP), fluorescent compounds, or with radioactive isotopes

such as, 1291, among other labels. A preferred label, according to this invention is 2%, and a
preferred method of labeling the antibodies is by using chloramine-T [Hunter, W.M.,
"Radioimmunoassay," In: Handbook of Experimental Immunology, pp. 14.1-14.40 (D.W. Weir
ed.; Blackwell, Oxford/London/Edinburgh/Melbourne; 1978)]. Also preferred is the method of
labeling the antibodies using peroxidase.
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[0111] Described herein is the soluble form of CA IX protein (s-CA IX) shed by tumor cells in
tissue culture, and detected in the urine and serum of cancer patients. The s-CA IX shed from
tumor cells into culture medium is somewhat shortened. In one embodiment of the invention,
the s-CA IX protein is shortened to 50 and 54 kDa, compared with the cell-associated CA IX
protein (p54/58). This size corresponds to extracellular part of CA IX molecule, which is
composed of PG (proteoglycan-like) and CA (carbonic anhydrase) domains which have been
cleaved off from the remainder of the molecule, the TM (transmembrane segment) and IC
(intracellular tail) of CA IX (see Figure 4). The p50/54 form of s-CA IX contains both PG and CA
domains, since it reacts with both MAb M75, specific for PG and with MAb V-10, specific for the
CA domain.

[0112] The high frequency and marked enhancement of CA IX expression in superficial
bladder cancer, combined with the relative absence in normal transitional epithelium, and the
fact that CA IX is a transmembrane protein found in tumor patient urine, suggests that
measurement of shed protein in the urine could be a potential marker of recurrence.

[0113] The s-CA IX could be recombinantly, synthetically or otherwise biologically produced,
as for example, by proteolytic cleavage or purification from tissue culture medium of an
appropriate cell line that expresses MN/CA IX, and could be used therapeutically and/or
diagnostically/prognostically. One theory would be that such s-CA IX could be used to
sequester the unknown ligand to CA 1X, which is considered to activate the signal transduction
that results in oncogenic effects. Another therapeutic use for the s-CA IX would be as a
vaccine.

[0114] The s-CA IX could be used diagnostically/prognostically, for example, to detect MN/CA-
IX-specific antibodies in body fluids, or as a calibrator or control in assays to detect comparably
sized forms of the naturally occurring s-CA IX in a patient's body fluids. For each of the
identified uses, preferably the prepared form of s-CA IX is substantially the CA IX extracellular
domain (SEQ ID NQ: 5) having a molecular weight of about 50/54 kd.

[0115] Since CA IX is known to be expressed on the luminal surface of the bladder when
bladder cancer is present [Turner et al., Br. J. Cancer, 86: 1276-1282 (2002], and since CA IX
is a transmembrane protein, it could be hypothesized that measurement of shed protein in the
urine could be a marker of recurrence. Such "shed protein" is now known to be s-CA IX,
predominantly as the extracellular domain of CA IX (SEQ ID NO: 5).

Coexpression of C-erbB-2 and CA IX

[0116] Example 11 discloses how CA IX was distributed in normal, benign and malignant
breast tissues and compared with expression of breast tumour markers including oestrogen
receptor (ER), c-erbB2, c-erbB3 and CD44. Tissue specimens were analysed using
immunohistochemistry and/or reverse transcriptase-polymerase chain reaction (RT-PCR). CA
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IX was detected by IHC in 12/26 (46%) malignant tissues, 4/36 (11%) benign lesions, but not in
10 normal breasts. Staining was mostly confined to plasma membranes of abnormal epithelial
cells, but in five cases was found in adjacent stroma. Semiquantitative RT-PCR detected CA9
mRNA in 25/39 (64%) malignant tumours, 11/33 (33%) benign lesions, but in none of three
normal breasts. Comparative RT-PCR analysis of malignant tissues revealed a relationship
between CA9 positivity and c-erbB2 overexpression (p=0.05). Moreover, C/49-positive
specimens displayed significantly higher median level of c-erbB2 than CA9-negative ones
(p=0.02). No significant association was found with the other markers. The results of this study
support possible importance of CA IX for breast carcinogenesis and indicate its usefulness as a
breast tumour marker and therapeutic target.

[0117] Disclosed herein is the significant association of the ectopic expression of CA IX and
the overexpression of HER-2/neu/c-erbB-2. Some of the features associated with high HER-
2/neu/c-erbB-2 expression, such as invasion and metastatic capability, may also be mediated
by coexpression of CA IX.

[0118] A significant proportion of Her-2/neu/c-erbB-2-positive cancers do not respond to
treatment by herceptin, a humanized monoclonal antibody against Her-2/neu/c-erbB-2 [Kuter,
I. 2001]. Inhibitors of the coexpressed CA IX could provide alternative therapeutic approaches.
Such inhibitors include, for example, polyclonal and/or monoclonal antibodies, including
immunoreactive fragments, and mono- or bispecific variants, and related anti-anti-idiotype
antibodies. Each of those antibody variants and fragments thereof can be used alone and/or
conjugated to cytotoxic agents. [See, for example, Zavada et al., U.S. Patent Nos. 5,955,075
(Sept. 21, 1999) and 6,051,226 (April 18, 2000), and Zavada et al. EP 0 637 836 B1 (July 7,
1999).]

[0119] Another class of CA IX inhibitors are the carbonic anhydrase (CA) inhibitors. [See, for
example, Chegwidden et al. (2000); Hockel and Vaupel (2001) (April 2001) (Feb. 21, 2001);
Supuran and Scozzfava (2002); Teicher et al. (1993) and Maren, T.H. (1995).] Inhibition of CA
activity has been shown to reduce invasion of some tumor cell lines [Parkkila et al. (2000)], and
CA inhibitor treatment may be beneficial as an adjunct to cancer chemotherapy, synergizing
with chremotherapeutic agents in animal models. [Teicher (1993); Parkkila (2000)]. CA
inhibitors, e.g., acetozolamide or sulfonamides, have been shown to reduce tumor
invasiveness or block turmor growth, respectively [Parkkila et al. (2000); Supuran et al.,
(2001)]. Further, CA isoenzyme antagonism has been observed to augment the cytotoxic
effects of various chemotherapeutic agents, including platinum based drugs [Teicher et al.
(1993)].

[0120] The classic, clinically important CA inhibitors are aromatic/heterocyclic sulfonamides.
Exemplary are acetazalamide, methazolamide, ethoxzolamide, dichlorophenamide,
dorzolamide and brinzolamide. A large number of derivatives to enhance desired
pharmacological/physicochemical prospective such as water solubility are new being
developed [Supuran and Scozzafava (2002)].
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Hypoxia and Therapy

[0121] Tumor hypoxia occurs as a consequence of an inadequate supply of blood borne
oxygen due to the disorganized and chaotic vascular network that develops in tumors [Hockel
and Vaupel (2001)]. Tumor hypoxia has been considered to present a therapeutic problem
since hypoxic cells are radiation resistant [Gray et al. (1953); Hall, E.J. (1988)], and recent
measurements of tumor oxygenation in the clinic have shown clear correlations with outcome
of radiotherapy [HOckel et al. (1993); Nordsmark et al. (1996); Brizel et al. (1997); Fyles et al.
(1998); Sundfor et al. (2000)]. The role of tumor hypoxia for the outcome of chemotherapy is
less clear, but there are a number of reasons why hypoxia may be important. For example,
drugs like bleomycin have an obligate requirement for oxygen in order to be toxic. Chronically
hypoxic cells tend to be out of cycle and resistant to cell cycle phase specific drugs. Finally,
since hypoxic cells lie far from a functional vascular capillary, many chemotherapeutic drugs
find it extremely difficult to diffuse that distance in sufficient concentrations to be toxic [Jain et
al. (2000)].

[0122] Clinical observations have suggested hypoxia can cause cellular changes that result in
a more aggressive phenotype [Hockel and Vaupel (2001)]. Such hypoxia-related malignant
progression may result in increased potential for local invasiveness and metastatic spread
[Brizel et al. (1996), Hbckel et al. (1996) Sundfor et al. (1998)]. Results from experimental
systems support the notion that these changes are indeed hypoxia-mediated [Young et al.
(1988), Graeber et al. (1996).

[0123] There is a need to identify those patients most likely to respond to adjuvant therapy
directed towards hypoxic cells. Such therapeutic approaches could include methods to improve
tumour oxygenation such as Carbogen [Powell et al. (1997)], the use of bioreductive drugs
[Stratford and Workman (1998)] or hypoxia-mediated gene therapy approaches [Dachs et al.
(1997)]. Currently, the method that has received most widespread use to measure tumour
oxygenation is the Eppendorf polarographic oxygen electrode [Kallinowski et al. (1990)].
However, it has limited use in that it is invasive and can only be used on relatively superficial
tumours. Nevertheless, this method of pO, measurement has generated many clinical

therapeutic correlations and any subsequent methods of hypoxia measurement must be
compared to it.

[0124] Bioreductive drug markers provide an alternative approach for assessing the level and
extent of tumor hypoxia. This was first articulated by Chapman and colleagues [see Chapman
(1991) for review] who used the 2-nitroimidazole, misonidazole. Related compounds such as
pimonidazole [Raleigh et al. (1998)], EF-5 [Koch et al. (1995)], NITP [Hodgkiss et al. (1997)]
and SR4554 [Aboagye et al. (1998)] have subsequently been developed. They are all
structurally similar and will identify intracellular levels of oxygenation at which it is known that
cells will be resistant to radiation [see e.g., Evans et al. (1996)]. Pimonidazole is at the most
advanced stage of clinical evaluation [Kennedy et al. (1997); Varia et al. (1998)] and recently a
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clinical comparative study has been made between Eppendorf measurements of pOy and the

extent of pimonidazole adduct formation in carcinoma of the cervix [Nordsmark et al. (2001)].
In this latter study, there was a trend for tumors with relatively high pO» readings to show lower

pimonidazole binding, however, there was no significant correlation seen between these two
assays of hypoxia.

[0125] Another method to assess the presence of hypoxia in human tumors is to take
advantage of the phenomenon of hypoxia-mediated gene expression. Up regulation of a
variety of genes in hypoxia is mediated by activation of the transcription factor HIF-1 (hypoxia-
inducible factor-1). The HIF-1 protein is stabilized under hypoxic conditions and binds to
genetic enhancer sequences (HREs, hypoxia responsive elements) that exist in the promotor
regions of genes including erythropoetin [Maxwell et al. (1993)], VEGF [Forsythe et al. (1996)],
GLUT-1 [Ebert et al. (1995)] and CA IX [Wycoff et al. (2000)]. The expression of these genes in
human tumours could potentially be determined at the time of tumour biopsy and thus provide
an inexpensive, minimally invasive means of measuring tumour hypoxia. If validated, this
approach could facilitate the rational selection of patients into various treatment arms of clinical
trials and allow appropriate application of therapeutic strategies directed towards hypoxic cells.

[0126] Recently the expression of GLUT-1 (glucose transporter-1) and CA IX (carbonic
anhydrase IX) has been measured in carcinoma of the cervix and correlated with Eppendorf
measurements of pOs and these immunohistochemical measurements have in turn also been
related to therapeutic outcome [Airley et al. (2001); Loncster et al. (2001)]. A study was done
as reported in Airley et al. (2002) to relate the expression of the hypoxia-regulated genes
GLUT-1 and CA9 to the presence of bound pimondazole adducts in carcinoma of the cervix.

[0127] CAIX, which, along with CA XIl, was initially characterised as a hypoxia-inducible gene
due to its overexpression in VHL defective cell lines, catalyses the reversible hydration of
carbon dioxide to carbonic acid, providing a means of regulating pH in tumours [Wykoff et al.
(2000)]. CA IX may therefore work to help counteract the intracellular acidic conditions found in
oxygen deprived regions of tumours. These acidic conditions being promoted, to some extent,
by the hypoxia-mediated over-expression of Glut-1, in turn allowing increased anaerobic
glycolysis. The initial validation of CA IX as a marker of hypoxia in advanced carcinoma of the
cervix [Loncaster et al. (2001)] has been accompanied by a range of studies which relate the
presence of this enzyme to poor outcome in breast [Chia et al. (2001)] non-small cell lung
[Giatromanolaki et al. (2001) and head and neck cancers [Koukourakis et al. (2001)].

[0128] The Airley et al. (2002) study concluded that further evidence was provided that
hypoxia-regulated membrane proteins such as Glut-1 and CA IX may be used clinically to infer
the presence of hypoxia in tumors, which allow the rational use of new modalities, such as
bioreductive chemotherapy and/or hypoxia-regulated gene therapy.

[0129] Airley et al., Brit. J. Cancer, 86 (Suppl. 1): $13-S33 (2002) states: "Hypoxic cells are
known to be radioresistant and chemoreistant, thus, a reliable surrogate marker of hypoxia is
desirable to ensure that treatment with radiotherapy or hypoxia-directed therapies, such as the
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use of bioreductive drugs, may be rationally applied. Recently, the HIF-1-regulated proteins
Glut-1 and CA IX were validated as intrinsic markers of hypoxia by comparison with p0,
measured using the Eppendorf oxygen electrode, which is believed to measure both acute and
chronic hypoxia."

[0130] Swinson et al., Br, J. Cancer, 86 (Supp. 1): S13 (2002) states: "The presence of
activated epidermal growth factor receptor (EGFR) and HER2 reception has been postulated
to augment the cellular hypoxic response by increasing synthesis and enhancing the
transciptional activity of HIF-1 ... [citing to Laughner et al. (2001)." The HIF-1 transcription
factor upregulates CA 1X and other enzymes involved in cellular pH homeostatis, as well as
vascular endothelial growth factor (VEGF) and enzymes involved in anaerobic metabolism
such as glucose transporter-1.

[0131] Swinson et al., J. Clin. Oncol., 21(3): 473-82 (Feb. 1, 2003) evaluated CA IX as a
hypoxia marker and its prognostic significance in non-small cEll lung cancer (NSCLC).
Standard immunohistochemical (IHC) techniques with the M75 mab were used to study tumor
sections from 175 resected NSCLC cases. Membranous (m) CA IX (P=0.005), cytoplasmic (c)
(p = 0.018) and stromal CA IX (p < 0.001) expression corelated with the extent of tumor
necrosis (TN). Perinuclear (p) CA IX (p = 0.035) was associated with poor prognosis. Swinson
et al. concluded that mCA 1X is a marker of tumor cell hypoxia, and that pCA IX is
representative of an aggressive phenotype. The absence of CA IX staining close to
microvessels indicates that the tissues are relatively well oxygenated.

[0132] Vaupel and Hoeckel, "Predictive power of the tumor oxygenation status,” Advances in
Experimental Medicine and Biology, 471: 533-539 (2000) point out that tumor hypoxia not only
indicates decreased radiocurability but is generally associated with malignant progression of
disease. So far data indicate that tumor hypoxia and clinical aggressiveness in terms of
resistance to therapy and tumor dissemination are interrelated.

Anticancer Drugs and Antibodies that Block Interaction of MN Protein and Receptor

Molecules

[0133] MN protein is considered to be a uniquely suitable target for cancer therapy for a
number of reasons including the following. (1) It is localized on the cell surface, rendering it
accessible. (2) It is expressed in a high percentage of human carcinomas (e.g., uterine
cervical, renal, colon, breast, esophageal, lung, head and neck carcinomas, among others),
but is not normally expressed to any significant extent in the normal tissues from which such
carcinomas originate.

[0134] (3) It is normally expressed only in the stomach mucosa and in some epithelia of the
digestive tract (epithelium of gallbladder and small intestine). An anatomic barrier thereby
exists between the MN-expressing preneoplastic/neoplastic and MN-expressing normal
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tissues. Drugs, including antibodies, can thus be administered which can reach tumors without
interfering with MN-expressing normal tissues.

[0135] (4) MAb M75 has a high affinity and specificity to MN protein. (5) MN cDNA and MN
genomic clones which encompass the protein-coding and gene regulatory sequences have
been isolated. (6) MN-specific antibodies have been shown to have among the highest tumor
uptakes reported in clinical studies with antitumor antibodies in solid tumors, as shown for the
MN-specific chimeric antibody G250 in animal studies and in phase | clinical trials with renal
carcinoma patients. [Steffens et al., J. Clin. Oncol.,, 15: 1529 (1997).] Also, MN-specific
antibodies have low uptake in normal tissues.

[0136] Data as presented in Zavada et al., WO 00/24913 are consistent with the following
theory concerning how MN protein acts in normal tissues and in preneoplastic/neoplastic
tissues. In normal tissues (e.g., in stomach mucosa), MN protein is considered to be a
differentiation factor. It binds with its normal receptor S (for stomach). Stomach carcinomas
have been shown not to contain MN protein.

[0137] Ectopic expression of MN protein in other tissues causes malignant conversion of cells.
Such ectopic expression is considered to be caused by the binding of MN protein with an
alternative receptor H (for HeLa cells), coupled to a signal transduction pathway leading to
malignancy. Drugs or antibodies which block the binding site of MN protein for receptor H
would be expected to cause reversion of prenoplastic/neoplastic cells to normal or induce their
death.

Design and Development of MN-Blocking Drugs or Antibodies

[0138] A process to design and develop MN-blocking drugs, e.g., peptides with high affinity to
MN protein, or antibodies, has several steps. First, is to test for the binding of MN protein to
receptors based on the cell adhesion assay as described in Zavada et al., WO 00/24913. That
same procedure would also be used to assay for drugs blocking the MN protein binding site. In
view of the alternative receptors S and H, stomach epithelial cells or revertants (containing
preferentially S receptors), HelLa cells (containing the H receptor and lacking the S receptor)
would be used in the cell adhesion assay.

[0139] To identify the receptor binding site of MN protein, deletion variants of MN protein
lacking different domains can be used to identify region(s) responsible for interaction of MN
protein with a receptor. A preferred MN binding site is considered to be closely related or
identical to the epitope for MAb M75, as the amino acid sequence PGEEDLP (SEQ ID NO: 11)
which is 4X identically repeated in the N-terminal PG region of CA IX, or at least closely related
copies within the 6-fold tandem repeat of 6 amino acids (aa) of aa 61-96 (SEQ ID NO: 12) as
shown in Figue 1A-1C in the proteoglycan-like domain of the MN protein. Smaller deletion
variants can be prepared within that relevant domain, e.g., fusion proteins with only small
segments of MN protein can be prepared. Also, controlled digestion of MN protein with specific
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proteases followed by separation of the products can be performed.

[0140] Further, peptides comprising the expected binding site can be synthesized. All of those
products can be tested in cell adhesion assays, as exemplified below. [See, e.g.,
Pierschbacher and Ruoslahti, PNAS, 81:5985 (1984); Ruoslahti and Pierschbacher, Science,
238:491.]

[0141] Molecules can be constructed to block the MN receptor binding site. For example, use
of a phage display peptide library kit [as Ph.D®-7 Peptide 7-Mer Library Kit from New England
Biolabs; Beverly, MA (USA)] as exemplified in Examples 2 and 3 of Zavada et al. WO
00/24913, can be used to find peptides with high affinity to the target molecules. Biologic
activity of the identified peptides will be tested in vitro by inhibition of cell adhesion to MN
protein, by effects on cell morphology and growth characteristics of MN-related tumor cells
(HelLa) and of control cells. [Symington, J. Biol. Chem., 267: 25744 (1992).] In vivo screening
will be carried out in nude mice that have been injected with HeLa cells.

[0142] Peptides containing the binding site of the MN protein will be prepared [e.g. MAPs
(multiple antigen peptides); Tam, J.P., PNAS (USA) 85: 5409 (1988); Butz et al., Peptide Res.,
7: 20 (1994)]. The MAPs will be used to immunize animals to obtain antibodies (polyclonal
and/or monoclonal) that recognize and block the binding site. [See, e.g., Brooks et al., Cell, 79:
1157 (1994).] "Vaccination" would then be used to test for protection in animals. Antibodies to
the MN binding site could potentially be used to block MN protein's interaction(s) with other
molecules.

[0143] Computer modeling can also be used to design molecules with specific affinity to MN
protein that would mediate steric inhibition between MN protein and its receptor. A computer
model of the MN binding site for the receptor will contain spatial, electrostatic, hydrophobic and
other characteristics of this structure. Organic molecules complementary to the structure, that
best fit into the binding site, will be designed. Inorganic molecules can also be similarly tested
that could block the MN binding site.

[0144] The use of oncoproteins as targets for developing new cancer therapeutics is
considered conventional by those of skill in the art. [See, e.g., Mendelsohn and Lippman,
"Growth Factors," pp. 114-133, IN: DeVita et al. (eds.), Cancer: Principles and Practice of
Oncology (4th Ed.; Lippincott; Philadelphia, 1993).] In its broadest sense, the design of
blocking drugs can be based in competitive inhibition experiments. Such experiments have
been used to invent drugs since the discovery of sulfonamides (competitive inhibitors of para-
aminobenzoic acid, a precursor of folic acid). Also, some cytostatics are competitive inhibitors
(e.g., halogenated pyrimidines, among others).

[0145] However, the application of such approaches to MN is new. In comparison to other
tumor-related molecules (e.g. growth factors and their receptors), MN has the unique property
of being differentially expressed in preneoplastic/neoplastic and normal tissues, which are
separated by an anatomic barrier.
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Other CA IX Detection Methods

[0146] Diagnostic nucleic acid can be labelled, directly or indirectly, by methods known in the
art, and can be used in conventional Southern or Northern hybridization assays. Such assays
can be employed in identifying transformants or for in vitro diagnosis, such as to detect MN
mRNA in tissues as a measure of oncogenic activity. The presence of MN mRNA or precursors
thereto for most tissues being indicative of oncogenic activity, whereas the absence or a
reduced level of MN mRNA in stomach and gallbladder tissues in comparison to the levels of
mRNA found in the counterpart normal tissues is considered indicative of oncogenic activity.
DNA which encodes MN proteins can be obtained by chemical synthesis, by screening reverse
transcripts of mRNA from placental or other cells, or by screening genomic libraries from
eukaryotic cells, among other methods.

[0147] MN-specific antibodies can be bound by serologically active MN proteins/polypeptides
in samples of such body fluids as blood, plasma, serum, lymph, mucous, tears, urine, spinal
fluid and saliva; however, such antibodies are found most usually in blood, plasma and serum,
preferably in serum. Correlation of the results from the assays to detect and/or quantitate MN
antigen and MN-specific antibodies reactive therewith, provides a preferred profile of the
disease condition of a patient.

[0148] The presence of MN antigen or antibodies can be detected and/or quantitated using a
number of well-defined diagnostic assays. Those in the art can adapt any of the conventional
immunoassay formats to detect and/or quantitate MN antigen and/or antibodies.

[0149] Many formats for detection of MN antigen and MN-specific antibodies are, of course
available. Those can be Western blots, ELISAs, RIAs, competitive EIA or dual antibody
sandwich assays, immunohistochemical staining, among other assays all commonly used in
the diagnostic industry. In such immunoassays, the interpretation of the results is based on the
assumption that the antibody or antibody combination will not cross-react with other proteins
and protein fragments present in the sample that are unrelated to MN.

[0150] Representative of one type of ELISA test for MN antigen is a format wherein a
microtiter plate is coated with antibodies made to MN proteins/polypeptides or antibodies made
to whole cells expressing MN proteins, and to this is added a patient sample, for example, a
tissue or cell extract. After a period of incubation permitting any antigen to bind to the
antibodies, the plate is washed and another set of anti-MN antibodies which are linked to an
enzyme is added, incubated to allow reaction to take place, and the plate is then rewashed.
Thereafter, enzyme substrate is added to the microtiter plate and incubated for a period of
time to allow the enzyme to work on the substrate, and the adsorbance of the final preparation
is measured. A large change in absorbance indicates a positive result.

[0151] Itis also apparent to one skilled in the art of immunoassays that MN proteins and/or
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polypeptides can be used to detect and/or quantitate the presence of MN antigen in the body
fluids, tissues and/or cells of patients. In one such embodiment, a competition immunoassay is
used, wherein the MN protein/polypeptide is labeled and a body fluid is added to compete the
binding of the labeled MN protein/polypeptide to antibodies specific to MN protein/polypeptide.

[0152] In another embodiment, an immunometric assay may be used wherein a labeled
antibody made to a MN protein or polypeptide is used. In such an assay, the amount of labeled
antibody which complexes with the antigen-bound antibody is directly proportional to the
amount of MN antigen in the sample.

[0153] A representative assay to detect MN-specific antibodies is a competition assay in which
labeled MN protein/polypeptide is precipitated by antibodies in a sample, for example, in
combination with monoclonal antibodies recognizing MN proteins/polypeptides. One skilled in
the art could adapt any of the conventional immunoassay formats to detect and/or quantitate
MN-specific antibodies. Detection of the binding of said antibodies to said MN
protein/polypeptide could be by many ways known to those in the art, e.g., in humans with the
use of anti-human labeled IgG.

[0154] An exemplary immunoassay method of this invention to detect and/or quantitate MN
antigen in a vertebrate sample comprises the steps of:

1. a) incubating said vertebrate sample with one or more sets of antibodies (an antibody or
antibodies) that bind to MN antigen wherein one set is labeled or otherwise detectable;

2. b) examining the incubated sample for the presence of immune complexes comprising
MN antigen and said antibodies.

[0155] Another exemplary immunoassay method according to this invention is that wherein a
competition immunoassay is used to detect and/or quantitate MN antigen in a vertebrate
sample and wherein said method comprises the steps of:

1. a) incubating a vertebrate sample with one or more sets of MN-specific antibodies and a
certain amount of a labeled or otherwise detectable MN protein/polypeptide wherein said
MN protein/ polypeptide competes for binding to said antibodies with MN antigen present
in the sample;

2. b) examining the incubated sample to determine the amount of labeled/detectable MN
protein/polypeptide bound to said antibodies; and

3. ¢) determining from the results of the examination in step b) whether MN antigen is
present in said sample and/or the amount of MN antigen present in said sample.

[0156] Once antibodies (including biologically active antibody fragments) having suitable
specificity have been prepared, a wide variety of immunological assay methods are available
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for determining the formation of specific antibody-antigen complexes. Numerous competitive
and non-competitive protein binding assays have been described in the scientific and patent
literature, and a large number of such assays are commercially available. Exemplary
immunoassays which are suitable for detecting a serum antigen include those described in
U.S. Patent Nos. 3,984,533; 3,996,345; 4,034,074; and 4,098,876.

[0157] Antibodies employed in assays may be labeled or unlabeled. Unlabeled antibodies may
be employed in agglutination; labeled antibodies may be employed in a wide variety of assays,
employing a wide variety of labels.

[0158] Suitable detection means include the use of labels such as radionuclides, enzymes,
coenzymes, fluorescers, chemiluminescers, chromogens, enzyme substrates or co-factors,
enzyme inhibitors, free radicals, particles, dyes and the like. Such labeled reagents may be
used in a variety of well known assays, such as radioimmunoassays, enzyme immunoassays,
e.g., ELISA, fluorescent immunoassays, and the like. See for example, U.S. Patent Nos.
3,766,162; 3,791,932; 3,817,837; and 4,233,402.

Immunoassay Test Kits

[0159] The above outlined assays can be embodied in test kits to detect and/or quantitate MN
antigen and/or MN-specific antibodies (including biologically active antibody fragments). Kits to
detect and/or quantitate MN antigen can comprise MN protein(s)/polypeptides(s) and/or MN-
specific antibodies, polyclonal and/or monoclonal. Such diagnostic/prognostic test kits can
comprise one or more sets of antibodies, polyclonal and/or monoclonal, for a sandwich format
wherein antibodies recognize epitopes on the MN antigen, and one set is appropriately labeled
or is otherwise detectable.

[0160] Test kits for an assay format wherein there is competition between a labeled (or
otherwise detectable) MN protein/polypeptide and MN antigen in the sample, for binding to an
antibody, can comprise the combination of the labeled protein/polypeptide and the antibody in
amounts which provide for optimum sensitivity and accuracy.

[0161] Test kits for MN-specific antibodies preferably comprise labeled/detectable MN
proteins(s) and/or polypeptides(s), and may comprise other components as necessary, such
as, controls, buffers, diluents and detergents. Such test kits can have other appropriate
formats for conventional assays.

[0162] AKkit for use in an enzyme-immunoassay typically includes an enzyme-labelled reagent
and a substrate for the enzyme. The enzyme can, for example, bind either an MN-specific
antibody of this invention or to an antibody to such an MN-specific antibody.

Preparation of MN-Specific Antibodies
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[0163] The term "antibodies" is defined herein to include not only whole antibodies but also
biologically active fragments of antibodies, preferably fragments containing the antigen binding
regions. Further included in the definition of antibodies are bispecific antibodies that are
specific for MN protein and to another tissue-specific antigen.

[0164] Antibodies of the invention may be prepared by conventional methodology and/or by
genetic engineering. Chimeric antibodies that are humanized to reduce antigenicity are
preferred for in vivo use. Antibody fragments may be genetically engineered, preferably from

the variable regions of the light and/or heavy chains (V4 and V), including the hypervariable
regions, and still more preferably from both the Vy and V| regions. For example, the term

"antibodies" as used herein comprehends polyclonal and monoclonal antibodies and
biologically active fragments thereof including among other possibilities "univalent" antibodies
[Glennie et al., Nature 295: 712 (1982)]; Fab proteins including Fab' and F(ab'), fragments

whether covalently or non-covalently aggregated; light or heavy chains alone, preferably
variable heavy and light chain regions (Vy and V| regions), and more preferably including the

hypervariable regions [otherwise known as the complementarity determining regions (CDRs) of
said Vy and V| regions]; F. proteins; "hybrid" antibodies capable of binding more than one

antigen; constant-variable region chimeras; "composite" immunoglobulins with heavy and light
chains of different origins; "altered" antibodies with improved specificity and other
characteristics as prepared by standard recombinant techniques and also by oligonucleotide-
directed mutagenesis techniques [Dalbadie-McFarland et al., PNAS (USA), 79: 6409 (1982)].

[0165] Bispecific Antibodies. Bispecific antibodies can be produced by chemically coupling two
antibodies of the desired specificity. Bispecific MAbs can preferably be developed by somatic
hybridization of 2 hybridomas. Bispecific MAbs for targeting MN protein and another antigen
can be produced by fusing a hybridoma that produces MN-specific MAbs with a hybridoma
producing MAbs specific to another antigen. For example, a cell (a quadroma), formed by
fusion of a hybridoma producing a MN-specitic MAb and a hybridoma producing an anti-
cytotoxic cell antibody, will produce hybrid antibody having specificity of the parent antibodies.
[See. e.g., Immunol. Rev. (1979); Cold Spring Harbor Symposium Quant. Biol., 41: 793 (1977);
van Dijk et al., Int. J. Cancer, 43: 344-349 (1989).] Thus, a hybridoma producing a MN-specific
MADb can be fused with a hybridoma producing, for example, an anti-T3 antibody to yield a cell
line which produces a MN/T3 bispecific antibody which can target cytotoxic T cells to MN-
expressing tumor cells.

[0166] It may be preferred for therapeutic andf/or imaging uses that the antibodies be
biologically active antibody fragments, preferably genetically engineered fragments, more
preferably genetically engineered fragments from the Vy and/or V| regions, and still more
preferably comprising the hypervariable regions thereof. However, for some therapeutic uses
bispecific antibodies targeting MN protein and cytotoxic cells would be preferred.

[0167] There are conventional techniques for making polyclonal and monoclonal antibodies
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well-known in the immunoassay art. Immunogens to prepare MN-specific antibodies include
MN proteins and/or polypeptides, preferably purified, and MX-infected tumor line cells, for
example, MX-infected HelLa cells, among other immunogens.

[0168] Anti-peptide antibodies are also made by conventional methods in the art as described
in European Patent Publication No. 44,710 (published Jan. 27, 1982). Briefly, such anti-peptide
antibodies are prepared by selecting a peptide from an MN amino acid sequence as from
Figure 1, chemically synthesizing it, conjugating it to an appropriate immunogenic protein and
injecting it into an appropriate animal, usually a rabbit or a mouse; then, either polyclonal or
monoclonal antibodies are made, the latter by a Kohler-Milstein procedure, for example.

[0169] Besides conventional hybridoma technology, newer technologies can be used to
produce antibodies according to this invention. For example, the use of the PCR to clone and
express antibody V-genes and phage display technology to select antibody genes encoding
fragments with binding activities has resulted in the isolation of antibody fragments from
repertoires of PCR amplified V-genes using immunized mice or humans. [Marks et al.,
BioTechnology, 10: 779 (July 1992) for references; Chiang et al., BioTechniques, 7(4): 360
(1989); Ward et al., Nature, 341: 544 (Oct. 12, 1989); Marks et al., J. Mol. Biol., 222: 581
(1991); Clackson et al., Nature, 352: (15 August 1991); and Mullinax et al., PNAS (USA), 87:
8095 (Oct. 1990).]

[0170] Descriptions of preparing antibodies, which term is herein defined to include
biologically active antibody fragments, by recombinant techniques can be found in U.S. Patent
No. 4,816,567 (issued March 28, 1989); European Patent Application Publication Number (EP)
338,745 (published Oct. 25,1989); EP 368,684 (published June 16, 1990); EP 239,400
(published September 30, 1987); WO 90/14424 (published Nov. 29,1990); WO 90/14430
(published May 16,1990); Huse et al., Science, 246: 1275 (Dec. 8, 1989); Marks et al.,
BioTechnology, 10: 779 (July 1992); La Sastry et al., PNAS (USA), 86: 5728 (August 1989);
Chiang et al., BioTechniques, 7(40): 360 (1989); Orlandi et al., PNAS (USA), 86: 3833 (May
1989); Ward et al. Nature, 341: 544 (October 12,1989); Marks et al., J. Mol. Biol., 222: 581
(1991); and Hoogenboom et al., Nucleic Acids Res., 19(15): 4133 (1991).

Representative Mabs

[0171] Monoclonal antibodies for use in the assays of this invention may be obtained by
methods well known in the art for example, Galfre and Milstein, "Preparation of Monoclonal
Antibodies: Strategies and Procedures,” in Methods in Enzymology: Immunochemical
Techniques, 73: 1-46 [Langone and Vanatis (eds); Academic Press (1981)]; and in the classic
reference, Milstein and Kohler, Nature, 256: 495-497 (1975).]

[0172] Although representative hybridomas of this invention are formed by the fusion of
murine cell lines, human/human hybridomas [Olsson et al., PNAS (USA), 77: 5429 (1980)] and
human/murine hybridomas [Schlom et al., PNAS (USA), 77: 6841 (1980); Shearman et al. J.
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Immunol., 146: 928-935 (1991); and Gorman et al., PNAS (USA), 88: 4181-4185 (1991)] can
also be prepared among other possibilities. Such humanized monoclonal antibodies would be
preferred monoclonal antibodies for therapeutic and imaging uses.

[0173] Monoclonal antibodies specific for this invention can be prepared by immunizing
appropriate mammals, preferably rodents, more preferably rabbits or mice, with an appropriate
immunogen, for example, MaTu-infected HelLa cells, MN fusion proteins, or MN
proteins/polypeptides attached to a carrier protein if necessary. Exemplary methods of
producing antibodies of this invention are described below.

[0174] The monoclonal antibodies useful according to this invention to identify MN
proteins/polypeptides can be labeled in any conventional manner, for example, with enzymes
such as horseradish peroxidase (HRP), fluorescent compounds, or with radioactive isotopes

such as, 2%, among other labels. A preferred label, according to this invention is '2%I, and a
preferred method of labeling the antibodies is by using chloramine-T [Hunter, W.M.,
"Radioimmunoassay," In: Handbook of Experimental Immunology, pp. 14.1-14.40 (D.W. Weir
ed.; Blackwell, Oxford/London/Edinburgh/ Melbourne; 1978)].

[0175] Representative mabs of this invention include Mabs M75, MN9, MN12 and MN7
described below. Monoclonal antibodies of this invention serve to identify MN
proteins/polypeptides in various laboratory diagnostic tests, for example, in tumor cell cultures
or in clinical samples.

Epitopes

[0176] The affinity of a MAb to peptides containing an epitope depends on the context, e.g. on
whether the peptide is a short sequence (4-6 aa), or whether such a short peptide is flanked by
longer aa sequences on one or both sides, or whether in testing for an epitope, the peptides
are in solution or immobilized on a surface. Therefore, it would be expected by ones of skill in
the art that the representative epitopes described herein for the MN-specific MAbs would vary
in the context of the use of those MAbs.

Epitope Mapping

[0177] Epitope mapping was performed by the Novatope system, a kit for which is
commercially available from Novagen, Inc. [See, for analogous example, Li et al., Nature, 363:
85-88 (6 May 1993).] In brief, the MN cDNA was cut into overlapping short fragments of
approximately 60 base pairs. The fragments were expressed in E. coli, and the E. coli colonies
were transferred onto nitrocellulose paper, lysed and probed with the mab of interest. The MN
cDNA of clones reactive with the mab of interest was sequenced, and the epitopes of the mabs
were deduced from the overlapping polypeptides found to be reactive with each mab.



DK/EP 3031910 T3

Therapeutic Use of MN-Specific Antibodies

[0178] The MN-specific antibodies of this invention, monoclonal and/or polyclonal, preferably
monoclonal, and as outlined above, may be used therapeutically in the treatment of neoplastic
and/or pre-neoplastic disease, either alone or in combination with chemotherapeutic drugs or
toxic agents, such as ricin A. Further preferred for therapeutic use would be biologically active
antibody fragments as described herein. Also preferred MN-specific antibodies for such
therapeutic uses would be humanized monoclonal antibodies and/or bispecific antibodies.

[0179] MN-specific antibodies can be administered in a therapeutically effective amount,
preferably dispersed in a physiologically acceptable, nontoxic liquid vehicle, to patients afflicted
with preneoplastic/neoplastic disease. The MN-specific antibody can be given alone or as a
carrier of an anti-tumor drug. Among the various antiproliferative, antineoplastic or cytotoxic
agents that may be linked to the MN-specific antibodies are antimetabolites, such as the
antifolate, methotrexate, or the purine or pyrimidine analogs mercaptopurine and fluorouracil.
Others include antibiotics, lectins such as ricin and abrin, toxins such as the subunit of

diphtheria toxin, radionuclides such as 2''Astatine and '3'lodine, radiosensitizers such as
misanidazole or neutron sensitizers such as boron containing organics. Such agents may be
attached to the antibody by conventional techniques such as glutaraldehyde cross-linking.

[0180] MN-specific antibodies can be used to target cytoxic cells (e.g. human T cells,
monocytes or NK cells). Cytotoxic cells can be attached to MN-expressing tumor cells through
Fc receptors on the cytotoxic cells, which bind the Fc portion of a MN-specific antibody, or via a
bridging antibody of dual specificity, that is, a bispecific antibody specific for MN protein and for
the cytotoxic cell.

[0181] The cytotoxic cell can be targeted by allowing the bispecific antibody to bind the cell.
After targeting, the cells can be administered to the patient. Therapy with targeted cells can be
used as an adjunct to surgical therapy, radiation therapy, or chemotherapy.

Anti-ldiotype MN-Specific Antibodies as Tumor Vaccines and Anti-Anti-ldiotype
Antibody Sera as Inmunotherapeutic

[0182] MN-specific anti-idiotype antibodies have therapeutic utility as a vaccine for neoplastic
disease associated with abnormal MN expression. MN-specific anti-anti-idiotype sera also have
therapeutic anti-tumor efficacy. Those therapeutic utilities are demonstrated by research done
with the MN-specific G250 MAb, and anti-idiotype antibodies thereto (Ab2), and further anti-
anti-idiotype sera (Ab3) as demonstrated by the studies described below.

[0183] Uemura et al., Biotherapy (Japan) 10(3): 241-244 (1996) (English summary) define an
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anti-idiotype antibody (Ab2) as "an antibody directed against an antigenic determinant located
within a variable region of the immunoglobulin molecule. Ab2 mimicking the normal antigen
(so-called internal image Ab2) may be used as a surrogate antigen for vaccination to trigger
the host's immune system specifically against the nominal antigen."

[0184] Uemura et al., id., having previously isolated six internal image murine Ab2s directed
against the G250 MAb -- NUH31, 51, 71, 82 (IgG1) and NUH44 (lgG2a), explores the
application of monoclonal Ab2 as tumor vaccines. Uemura et al. investigated in view of
"previous results that RCC tumor-associated-antigen-related idiotype vaccination induced
antigen-specific humoral as well as cellular responses, the antitumor efficacy of anti-anti-
idiotype antibody (Ab3) sera obtained from mice immunized with different internal image Ab2
that... mimic the RCC-associated antigen ... G250 [MN] .... Nu/nu BALB/c mice carrying small

established NU12 human RCC xenografts (G250+, 20 mm?3) rr receiving an s.c. injection of 2 x

10° SK-RC-52 (G250+) RCC cells were treated by i.p. injection of 0.2 ml Ab3 sera. This
treatment resulted in complete tumor rejection and significant tumor growth inhibition as
compared to control groups (p<0.01)." Uemura et al. concluded that "immunization with Ab2s
elicits powerful anti-tumor effects in immunocompetent animals.”

[0185] Uemura et al., J. Urol., 159(5)(Suppl.): Abstract 724 (May 1998), describe MN as an
immunotherapeutic target for renal cell carcinoma (RCC). The therapeutic potential of the MN-
specific MAb G250 was evaluated in combination with IFN/IL-2/MCSF (interferon, interleukin-2,
macrophage colony stimulating factor) and Ab2 (NUH82)-induced mouse serum (Ab3-82).
Ab2s are monoclonal anti-idiotype antibodies raised against MAbG250 which have been shown
to be useful as tumor vaccines for RCC.

[0186] Uemura et al., id. reported that mice with NUR-2 RCC xenografts were treated by peri-
tumor injection of MAbG250 and/or cytokines or 0.2 ml of Ab3 sera with/without MCSF. The
tumor volume in MAbG250 treated animals was significantly lower than in the controls. IFN or
IL-2 treatments was similarly effective, but MCSF resulted in no significant tumor inhibition. The
IFN/IL-2/MAbG250 therapy increased significantly the anti-tumor effects as compared to
MADbG250 or cytokine monotherapy. Further, Ab3-based (Ab2-induced) immunotherapy
resulted in tremendous tumor monotherapy growth inhibition as compared to MAbG250 or the
other cytokine combination therapies.

MN-Specific Intrabodies -- Targeted Tumor Killing Via Intracellular Expression of MN-
Specific Antibodies to Block Transport of MN Protein to Cell Surface

[0187] The gene encoding antibodies can be manipulated so that the antigen-binding domain
can be expressed intracellularly. Such "intrabodies" that are targeted to the lumen of the
endoplasmic reticulum provide a simple and effective mechanism for inhibiting the transport of
plasma membrane proteins to the cell surface. [Marasco, W.A., "Review -- Intrabodies: turning
the humoral immune system outside in or intracellular immunization," Gene Therapy, 4: 11-15
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(1997); Chen et al., "Intracellular antibodies as a new class of therapeutic molecules for gene
therapy,"” Hum. Gene Ther., 5(5): 595-601 (1994); Mhashilkar et al., EMBO J., 14: 1542-1551
(1995); Mhashilkar et al., J. Virol.,, 71: 6486-6494 (1997); Marasco (Ed.), Intrabodies: Basic
Research and Clinical Gene Therapy Applications, (Springer Life Sciences 1998; ISBN 3-540-
64151-3) (summarizes preclinical studies from laboratories worldwide that have used
intrabodies); Zanetti and Capra (Eds.), "Intrabodies: From Antibody Genes to Intracellular
Communication," The Antibodies: Volume 4, [Harwood Academic Publishers; ISBN 90-5702-
559-0 (Dec. 1997)]; Jones and Marasco, Advanced Drug Delivery Reviews, 31 (1-2): 153-170
(1998); Pumphrey and Marasco, Biodrugs, 9(3): 179-185 (1998); Dachs et al., Oncology Res.,
9(6-7); 313-325 (1997); Rondon and Marasco, Ann. Rev. Microbiol., 51: 257-283 (1997)];
Marasco, W.A., Immunotechnology, 1(1): 1-19 (1995); and Richardson and Marasco, Trends in
Biotechnology, 13(8): 306-310 (1995).]

[0188] MN-specific intrabodies may prevent the maturation and transport of MN protein to the
cell surface and thereby prevent the MN protein from functioning in an oncogenic process.
Antibodies directed to MN's EC, TM or IC domains may be useful in this regard. MN protein is
considered to mediate signal transduction by transferring signals from the EC domain to the IC
tail and then by associating with other intracellular proteins within the cell's interior. MN-specific
intrabodies could disrupt that association and perturb that MN function.

[0189] Inactivating the function of the MN protein could result in reversion of tumor cells to a
non-transformed phenotype. [Marasco et al. (1997), supra.] Antisense expression of MN cDNA
in cervical carcinoma cells, as demonstrated herein, has shown that loss of MN protein has led
to growth suppression of the transfected cells. It is similarly expected that inhibition of MN
protein transport to the cell surface would have similar effects. Cloning and intracellular
expression of the M75 MADb's variable region is to be studied to confirm that expectation.

[0190] Preferably, the intracellularly produced MN-specific antibodies are single-chain
antibodies, specifically single-chain variable region fragments or sFv, in which the heavy- and
light-chain variable domains are synthesized as a single polypeptide and are separated by a
flexible linker peptide, preferably (Glys-Ser)3 [SEQ ID NO: 116].

[0191] MN-specific intracellularly produced antibodies can be used therapeutically to treat
preneoplastic/neoplastic disease by transfecting preneoplastic/neoplastic cells that are
abnormally expressing MN protein with a vector comprising a nucleic acid encoding MN-
specific antibody variable region fragments, operatively linked to an expression control
sequence. Preferably said expression control sequence would comprise the MN gene
promoter.

Antibody-Mediated Gene Transfer Using MN-Specific Antibodies or Peptides for
Targeting MN-Expressing Tumor Cell

[0192] An MN-specific antibody or peptide covalently linked to polylysine, a polycation able to
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compact DNA and neutralize its negative charges, would be expected to deliver efficiently
biologically active DNA into an MN-expressing tumor cell. If the packed DNA contains the
HSVik gene under control of the MN promoter, the system would have double specificity for
recognition and expression only in MN-expressing tumor cells. The packed DNA could also
code for cytokines to induce CTL activity, or for other biologically active molecules.

[0193] The M75 MAD (or, for example, as a single chain antibody, or as its variable region) is
exemplary of such a MN-specific antibody. Example 5 discloses heptapeptides (SEQ ID NOS:
107-109) that bind to the enzymatic center of the CA domain of the MN protein and, selected
peptides or proteins comprising such heptapeptides would also be expected to bind to a
binding side on the extracellular domain of the MN protein.

Imaging Use of Antibodies

[0194] Further, the MN-specific antibodies of this invention when linked to an imaging agent,
such as a radionuclide, can be used for imaging. Biologically active antibody fragments or
humanized monoclonal antibodies, may be preferred for imaging use.

[0195] A patient's neoplastic tissue can be identified as, for example, sites of transformed
stem cells, of tumors and locations of any metastases. Antibodies, appropriately labeled or
linked to an imaging agent, can be injected in a physiologically acceptable carrier into a patient,
and the binding of the antibodies can be detected by a method appropriate to the label or
imaging agent, for example, by scintigraphy. Exemplary are studies with the G250 Mab.

[0196] Steffens et al., J. Urol., 159(5)(Suppl.): Abstract 562 (May 1998), describe a Phase /1|

study with 1311.¢G250 MADb in patients with metastasized RCC. MAb ¢G250 is a chimeric MAb
in which constant regions of the mouse immunoglobulin have been exchanged for human
immunoglobulin regions. [Oosterwijk and Debruyne, World J. UroL., 13: 186 (1995).] Uptake of
the ¢cG250 MAD in primary RCC was shown to be as high as 0.52 percent of the injected dose

per gram of tumor tissue (%ID/g). The study concluded that "1311.¢G250 is a promising
candidate for radioimmunotherapy and a phase I/l activity dose escalation study was initiated

to determine the safety, maximum tolerable dose (MTD) and therapeutic potential of 131).
cG250."

[0197] Bander et al., Proceedings Am. Urol. Assoc., 155(Suppl.): 583A (Abstract 1088) (May
1996), describes renal cancer imaging with the MN-specific MAb G250, which detects MN
present in 85-90% of renal cancers but does not detect MN on normal kidney cells. Bander et

al. reports that 48 patients were entered in clinical trials with 1311.G250 MAD.

MN Gene -- Cloning and Sequencing
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[0198] Figure 1A-C provides the nucleotide sequence for a full-length MN cDNA clone [SEQ
ID NO: 1]. Figure 2A-F provides a complete MN genomic sequence [SEQ ID NO: 3]. The
nucleotide sequence for a proposed MN promoter is shown in Figure 2A-F at nts 3001 to 3540
[SEQ ID NO: 24].

[0199] Itis understood that because of the degeneracy of the genetic code, that is, that more
than one codon will code for one amino acid [for example, the codons TTA, TTG, CTT, CTC,
CTA and CTG each code for the amino acid leucine (leu)], that variations of the nucleotide
sequences in, for example, SEQ ID NOS: 1 and 3 wherein one codon is substituted for
another, would produce a substantially equivalent protein or polypeptide according to this
invention. All such variations in the nucleotide sequences of the MN cDNA and complementary
nucleic acid sequences are included within the scope of this invention.

[0200] It is further understood that the nucleotide sequences herein described and shown in
Figures 1 and 2 represent only the precise structures of the cDNA, genomic and promoter
nucleotide sequences isolated and described herein. It is expected that slightly modified
nucleotide sequences will be found or can be modified by techniques known in the art to code
for substantially similar or homologous MN proteins and polypeptides, for example, those
having similar epitopes, and such nucleotide sequences and proteins/ polypeptides are
considered to be equivalents for the purpose of this invention. DNA or RNA having equivalent
codons is considered within the scope of the invention, as are synthetic nucleic acid sequences
that encode proteins/polypeptides homologous or substantially homologous to MN
proteins/polypeptides, as well as those nucleic acid sequences that would hybridize to said
exemplary sequences [SEQ. ID. NOS. 1, 3 and 24] under stringent conditions, or that, but for
the degeneracy of the genetic code would hybridize to said cDNA nucleotide sequences under
stringent hybridization conditions. Modifications and variations of nucleic acid sequences as
indicated herein are considered to result in sequences that are substantially the same as the
exemplary MN sequences and fragments thereof.

[0201] Stringent hybridization conditions are considered herein to conform to standard
hybridization conditions understood in the art to be stringent. For example, it is generally
understood that stringent conditions encompass relatively low salt and/or high temperature
conditions, such as provided by 0.02 M to 0.15 M NaCl at temperatures of 50°C to 70°C. Less
stringent conditions, such as, 0.15 M to 0.9 M salt at temperatures ranging from 20°C to 55°C
can be made more stringent by adding increasing amounts of formamide, which serves to
destabilize hybrid duplexes as does increased temperature.

[0202] Exemplary stringent hybridization conditions are described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, pages 1.91 and 9.47-9.51 (Second Edition, Cold
Spring Harbor Laboratory Press; Cold Spring Harbor, NY; 1989); Maniatis et al., Molecular
Cloning: A Laboratory Manual, pages 387-389 (Cold Spring Harbor Laboratory; Cold Spring
Harbor, NY; 1982); Tsuchiya et al., Oral Surgery, Oral Medicine, Oral Pathology, 71(6): 721-725
(June 1991).
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[0203] Plasmids containing the MN genomic sequence (SEQ ID NO: 3) -- the Ada clone and
the XE1 and XE3 subclones -- were deposited at the American Type Culture Collection (ATCC)
on June 6,1995, respectively under ATCC Deposit Nos. 97199, 97200, and 97198.

Exon-Intron Structure of Complete MN Genomic Region

[0204] The complete sequence of the overlapping clones contains 10,898 bp (SEQ ID NO: 3).
Figure 3 depicts the organization of the human MN gene, showing the location of all 11 exons
as well as the 2 upstream and 6 intronic Alu repeat elements. All the exons are small, ranging
from 27 to 191 bp, with the exception of the first exon which is 445 bp. The intron sizes range
from 89 to 1400 bp. The CA domain is encoded by exons 2-8, while the exons 1, 10 and 11
correspond respectively to the proteoglycan-like domain, the transmembrane anchor and
cytoplasmic tail of the MN/CA IX protein. Table 1 below lists the splice donor and acceptor
sequences that conform to consensus splice sequences including the AG-GT motif [Mount,
Nucleic Acids Res. 10: 459-472 (1982)].

TABLE 1
Exon-Intron Structure of the Human MN Gene
Exon Size Genomic SEQ ID NO S'splice SEQ ID NO
Position** acceptor
1 445 *3507-3951 25 AGAAG gtaagt 46
2 30 5126-5155 26 TGGAG gtgaga 47
3 171 5349-5519 27 CAGTC gtgagg 48
4 143 5651-5793 28 CCGAG gtgagc 49
5 93 5883-5975 29 TGGAG gtacca 50
6 67 7376-7442 30 GGAAG gtcagt 51
7 158 8777-8934 31 AGCAG gtgggc 52
8 145 9447-9591 32 GCCAG gtacag 53
9 27 9706-9732 33 TGCTG gtgagt 54
10 82 10350-70431 34 CACAG gtatta 55
11 191 10562-10752 35 ATAAT end
Intron Size { Genomic Position { SEQ ID NO 3'splice SEQ ID NO
* acceptor
1 1174 3952-5125 36 atacag GGGAT 56
2 193 5156-5348 37 ccccag GCGAC 57
3 131 5520-5650 38 acgcag TGCAA 58
4 89 5794-5882 39 tttcag ATCCA 59
ccecag
5 1400 5976-7375 40 GAGGG 60
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Intron Size | Genomic Position § SEQ ID NO J'splice SEQID NO
** acceptor

6 1334 7443-8776 41 tcacag GCTCA 61

512 8935-9446 42 ccctag CTCCA 62

8 114 9592-9705 43 ctccag TCCAG 63
tcgcag

9 617 9733-10349 44 GTGACA 64
acacag

10 130 10432-10561 45 AAGGG 65

** positions are related to nt numbering in whole genomic sequence including the &'
flanking region [Figure 2A-F]

* number corresponds to transcription initiation site determined below by RNase
protection assay

Mapping of MN Gene Transcription Initiation and Termination Sites

[0205] Zavada et al., WO 95/34650 describes the process of mapping the MN gene
transcription initiation and termination sites. A RNase protection assay was used for fine
mapping of the 5' end of the MN gene. The probe was a uniformly labeled 470 nucleotide copy
RNA (nt -205 to +265) [SEQ ID NO: 66], which was hybridized to total RNA from MN-
expressing HelLa and CGL3 cells and analyzed on a sequencing gel. That analysis has shown
that the MN gene transcription initiates at multiple sites, the 5' end of the longest MN transcript
being 30 nt longer than that previously characterized by RACE.

MN Proteins and/or Polypeptides

[0206] The phrase "MN proteins and/or polypeptides" (MN proteins/polypeptides) is herein
defined to mean proteins and/or polypeptides encoded by an MN gene or fragments thereof.
An exemplary and preferred MN protein according to this invention has the deduced amino
acid sequence shown in Figure 1. Preferred MN proteins/polypeptides are those proteins
and/or polypeptides that have substantial homology with the MN protein shown in Figure 1. For
example, such substantially homologous MN proteins/ polypeptides are those that are reactive
with the MN-specific antibodies of this invention, preferably the Mabs M75, V/10, MN12, MN9
and MN7 or their equivalents.

[0207] A "polypeptide” or "peptide" is a chain of amino acids covalently bound by peptide
linkages and is herein considered to be composed of 50 or less amino acids. A "protein” is
herein defined to be a polypeptide composed of more than 50 amino acids. The term
polypeptide encompasses the terms peptide and oligopeptide.
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[0208] MN proteins exhibit several interesting features: cell membrane localization, cell
density dependent expression in HelLa cells, correlation with the tumorigenic phenotype of
HelLa x fibroblast somatic cell hybrids, and expression in many human carcinomas among
other tissues. MN protein can be found directly in tumor tissue sections but not in general in
counterpart normal tissues (exceptions noted above as in normal gastric mucosa and
gallbladder tissues). MN is also expressed sometimes in morphologically normal appearing
areas of tissue specimens exhibiting dysplasia and/or malignancy. Taken together, these
features suggest a possible involvement of MN in the regulation of cell proliferation,
differentiation and/or transformation.

[0209] It can be appreciated that a protein or polypeptide produced by a neoplastic cell in_vivo
could be altered in sequence from that produced by a tumor cell in cell culture or by a
transformed cell. Thus, MN proteins and/or polypeptides which have varying amino acid
sequences including without limitation, amino acid substitutions, extensions, deletions,
truncations and combinations thereof, fall within the scope of this invention. It can also be
appreciated that a protein extant within body fluids is subject to degradative processes, such

as, proteolytic processes; thus, MN proteins that are significantly truncated and MN
polypeptides may be found in body fluids, such as, sera. The phrase "MN antigen" is used
herein to encompass MN proteins and/or polypeptides.

[0210] It will further be appreciated that the amino acid sequence of MN proteins and
polypeptides can be modified by genetic techniques. One or more amino acids can be deleted
or substituted. Such amino acid changes may not cause any measurable change in the
biological activity of the protein or polypeptide and result in proteins or polypeptides which are
within the scope of this invention, as well as, MN muteins.

[0211] The MN proteins and polypeptides of this invention can be prepared in a variety of
ways according to this invention, for example, recombinantly, synthetically or otherwise
biologically, that is, by cleaving longer proteins and polypeptides enzymatically and/or
chemically. A preferred method to prepare MN proteins is by a recombinant means.

Recombinant Production of MN Proteins and Polypeptides

[0212] A representative method to prepare the MN proteins shown in Figure 1 or fragments
thereof would be to insert the full-length or an appropriate fragment of MN cDNA into an
appropriate expression vector. In Zavada et al., WO 93/18152, supra, production of a fusion
protein GEX-3X-MN (now termed GST-MN) using a partial cDNA in the vector pGEX-3X
(Pharmacia) is described. Nonglycosylated GST-MN (the MN fusion protein MN glutathione S-
transferase) from XL1-Blue cells.

[0213] Zavada et al., WO 95/34650 describes the recombinant production of both a
glycosylated MN protein expressed from insect cells and a nonglycosylated MN protein
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expressed from E. coli using the expression plasmid pEt-22b [Novagen Inc.; Madison, WI
(USA)]. Recombinant baculovirus express vectors were used to infect insect cells. The
glycosylated MN 20-19 protein was recombinantly produced in baculovirus-infected sf9 cells
[Clontech; Palo Alto, CA (USA)].

Preparation of MN-Specific Antibodies

[0214] The term "antibodies” is defined herein to include not only whole antibodies but also
biologically active fragments of antibodies, preferably fragments containing the antigen binding
regions. Monoclonal and polyclonal antibodies use encompassed by that term as the context
indicates. Further included in the definition of antibodies are bispecific antibodies that are
specific for MN protein and to another tissue-specific antigen. Von Mehren et al., Annu. Rev.
Med., 54: 343-369 (2003) explains the use of mabs for cancer therapy and clearly delineates
preferred fragments thereof.

[0215] Size is critical to the design of antibody fragments used for tumor therapy; smaller
fragments often have diminished affinity and antigen specificity. A class of molecules of about
25 kDa, single-chain FV (scFv) molecules, composed of peptide-linked Vi and V| domains, are

large enough to be effective targeting vehicles while providing the basis for the construction of
larger antibody-based reagents. However, the scFv molecules are small enough to allow their
rapid renal elimination, and therefore are attractive candidates for radiolabelling. They can also
be dimerized into larger molecules for slower systemic clearance and greater avidity for target
cells, making them potentially useful in tumor therapy.

[0216] Zavada et al., WO 93/18152 and WO 95/34650 describe in detail methods to produce
MN-specific antibodies, and detail steps of preparing representative MN-specific antibodies as
the M75, MN7, MN9, and MN12 monoclonal antibodies. Bispecific Antibodies. Bispecific
antibodies can be produced by chemically coupling two antibodies of the desired specificity.
Bispecific MAbs can preferably be developed by somatic hybridization of 2 hybridomas.
Bispecific MAbs for targeting MN protein and another antigen can be produced by fusing a
hybridoma that produces MN-specific MAbs with a hybridoma producing MAbs specific to
another antigen. For example, a cell (a quadroma), formed by fusion of a hybridoma producing
a MN-specific MAb and a hybridoma producing an anti-cytotoxic cell antibody, will produce
hybrid antibody having specificity of the parent antibodies. [See, e.d.. Immunol. Rev. (1979);
Cold Spring Harbor Symposium Quant. Biol., 41: 793 (1977); van Dijk et al., Int. J. Cancer, 43.
344-349 (1989).] Thus, a hybridoma producing a MN-specific MAb can be fused with a
hybridoma producing, for example, an anti-T3 antibody to yield a cell line which produces a
MN/T3 bispecific antibody which can target cytotoxic T cells to MN-expressing tumor cells.

[0217] It may be preferred for therapeutic and/or imaging uses that the antibodies be
biologically active antibody fragments, preferably genetically engineered fragments, more
preferably genetically engineered fragments from the Vy and/or V| regions, and still more
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preferably comprising the hypervariable regions thereof. However, for some therapeutic uses
bispecific antibodies targeting MN protein and cytotoxic cells would be preferred.

Humanized or Fully Human Antibodies to Various CA IX Domains

[0218] For clinical use, whether diagnostic/prognostic or therapeutic, but preferably for
therapeutic use, it is preferable to use humanized or more preferably fully human CA IX
specific antibodies. Such antibodies could be made to any of the CA IX domains, the
extracellular domain, including the PG and CA regions, the TM and/or IC domains. It may be
preferred to downregulate CA IX abnormally expressing cells by contacting them with CA IX-
specific antibodies directed to the extracellular domain, and more specifically to either the PG
and/or CA regions. One might also interfere with the signal transduction of CA IX by contacting
the IC domain with antibodies specific thereto.

[0219] References that are representative of those explaining how one of skill in the art can
prepare humanized and fully human antibodies by antibody engineering, including the use of
transgenic mice include the following: Clark M., Immunol. Today, 21(8): 397-402 (Aug. 2000);
Davis et al.,, Cancer Metastasis Rev., 18(4). 421-425 (1999); Gavilondo and Larrick,
Biotechniques, 29(1): 128-132 and 134-136,138 passim (July 2000); Zou and Rajewsky,
Science, 262(5137): 1271-1274 (Nov. 19, 1993); Sandhu, J.S., Crit. Rev. Biotechnol., 12(5-6):
437-462 (1992); Vaughan et al., Nat. Biotechnol., 16(6): 535-539 (June 1998); Hoogenboom
and Chames, Immunol. Today, 21(8): 371-378 (Aug. 2000); Holliger and Bohlen, Cancer
Metastasis Rev., 18(4): 411-419 (1999); Owens and Young, J. Immunol. Methods, 168(2): 149-
165 (Feb. 10, 1994); and Gura, T., Nature, 417(6889): 584-586 (June 6, 2002).

Epitopes

[0220] The affinity of a MAb to peptides containing an epitope depends on the context, e.g. on
whether the peptide is a short sequence (4-6 aa), or whether such a short peptide is flanked by
longer aa sequences on one or both sides, or whether in testing for an epitope, the peptides
are in solution or immobilized on a surface. Therefore, it would be expected by ones of skill in
the art that the representative epitopes described herein for the MN-specific MAbs would vary
in the context of the use of those MAbs.

[0221] The term "corresponding to an epitope of an MN protein/polypeptide" will be
understood to include the practical possibility that, in some instances, amino acid sequence
variations of a naturally occurring protein or polypeptide may be antigenic and confer
protective immunity against neoplastic disease and/or anti-tumorigenic effects. Possible
sequence variations include, without limitation, amino acid substitutions, extensions, deletions,
truncations, interpolations and combinations thereof. Such variations fall within the
contemplated scope of the invention provided the protein or polypeptide containing them is
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immunogenic and antibodies elicited by such a polypeptide or protein cross-react with naturally
occurring MN proteins and polypeptides to a sufficient extent to provide protective immunity
and/or anti-tumorigenic activity when administered as a vaccine.

MN-Specific Intrabodies -- Targeted Tumor Killing Via Intracellular Expression of MN-
Specific Antibodies to Block Transport of MN Protein to Cell Surface

[0222] The gene encoding antibodies can be manipulated so that the antigen-binding domain
can be expressed intracellularly. Such "intrabodies" that are targeted to the lumen of the
endoplasmic reticulum provide a simple and effective mechanism for inhibiting the transport of
plasma membrane proteins to the cell surface. [Marasco, W.A., "Review -- Intrabodies: turning
the humoral immune system outside in or intracellular immunization," Gene Therapy, 4: 11-15
(1997); Chen et al., "Intracellular antibodies as a new class of therapeutic molecules for gene
therapy,” Hum. Gene Ther., 5(5): 595-601 (1994); Mhashilkar et al., EMBO J., 14: 1542-1551
(1995); Mhashilkar et al., J. Virol., 71: 6486-6494 (1997); Marasco (Ed.), Intrabodies: Basic
Research and Clinical Gene Therapy Applications, (Springer Life Sciences 1998; ISBN 3-540-
64151-3) (summarizes preclinical studies from laboratories worldwide that have used
intrabodies); Zanetti and Capra (Eds.), "Intrabodies: From Antibody Genes to Intracellular
Communication," The Antibodies: Volume 4, [Harwood Academic Publishers; ISBN 90-5702-
559-0 (Dec. 1997)]; Jones and Marasco, Advanced Drug Delivery Reviews, 31 (1-2): 153-170
(1998); Pumphrey and Marasco, Biodrugs, 9(3): 179-185 (1998); Dachs et al., Oncology Res.,
9(6-7); 313-325 (1997); Rondon and Marasco, Ann. Rev. Microbiol.,, 51: 257-283 (1997)];
Marasco, W.A., Immunotechnology, 1(1): 1-19 (1995); and Richardson and Marasco, Trends in
Biotechnology, 13(8): 306-310 (1995).]

[0223] MN-specific intrabodies may prevent the maturation and transport of MN protein to the
cell surface and thereby prevent the MN protein from functioning in an oncogenic process.
Antibodies directed to MN's EC, TM or IC domains may be useful in this regard. MN protein is
considered to mediate signal transduction by transferring signals from the EC domain to the IC
tail and then by associating with other intracellular proteins within the cell's interior. MN-specific
intrabodies could disrupt that association and perturb that MN function.

[0224] Inactivating the function of the MN protein could result in reversion of tumor cells to a
non-transformed phenotype. [Marasco et al. (1997), supra.] Antisense expression of MN cDNA
in cervical carcinoma cells has shown that loss of MN protein has led to growth suppression of
the transfected cells. It is similarly expected that inhibition of MN protein transport to the cell
surface would have similar effects. Cloning and intracellular expression of the M75 MAb's
variable region is to be studied to confirm that expectation.

[0225] Preferably, the intracellularly produced MN-specific antibodies are single-chain
antibodies, specifically single-chain variable region fragments or scFv, in which the heavy- and
light-chain variable domains are synthesized as a single polypeptide and are separated by a
flexible linker peptide, preferably (Glys-Ser)s.
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[0226] MN-specific intracellularly produced antibodies can be used therapeutically to treat
preneoplastic/neoplastic disease by transfecting preneoplastic/neoplastic cells that are
abnormally expressing MN protein with a vector comprising a nucleic acid encoding MN-
specific antibody variable region fragments, operatively linked to an expression control
sequence. Preferably said expression control sequence would comprise the MN gene
promoter.

Antibody-Mediated Gene Transfer Using MN-Specific Antibodies or Peptides for
Targeting MN-Expressing Tumor Cells

[0227] An MN-specific antibody or peptide covalently linked to polylysine, a polycation able to
compact DNA and neutralize its negative charges, would be expected to deliver efficiently
biologically active DNA into an MN-expressing tumor cell. If the packed DNA contains the
HSVik gene under control of the MN promoter, the system would have double specificity for
recognition and expression only in MN-expressing tumor cells. The packed DNA could also
code for cytokines to induce CTL activity, or for other biologically active molecules. The M75
MADb (or, for example, as a single chain antibody, or as its variable region) is exemplary of such
a MN-specific antibody.

[0228] The following examples are for purposes of illustration only and are not meant to limit
the invention in any way.

EXAMPLE 1

Preparation of CA IX-Deficient Mice

MATERIALS AND METHODS

Cloning of mouse Car9 CDNA

[0229] Mouse cDNA was obtained by RT PCR using primers derived from a human Car9
cDNA (EMBL Accession No. X66839; SEQ ID NO: 70). The template total RNA was prepared
from C57BL/6J mouse stomach by acid guanidium thiocyanate-phenol/chloroform isolation
[Siebert et al. (1993)]. First strand synthesis was carried out under standard conditions using
SuperScript 1l reverse transcriptase (Life Technologies, Germany). The set of the human
primers was as follows: sense ATC CAC GTG GTT CAC CTC AG (SEQ ID NO: 71) and
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antisense CTT TGG TTC CCC TTC TGT GC (SEQ ID NO: 72); corresponding to the human
cDNA fragment 760-1345 [SEQ ID NO: 73] of Figure 1A-1C. PCR reactions were carried out in
30 cycles (94°C, 30 sec, 55°C, 40 sec, and 72°C, 60 sec). Entire ¢cDNA including open reading
frame, 3'- and 5'-untranslated regions, was obtained by the 3' and 5' RACE (rapid amplification
of cDNA ends). The 3' and 5' RACE kits (Life Technologies) were used as recommended by
the manufacturer. Two gene-specific primers were used in 3' RACE: sense S1 - CAG GAG
AGC CCA GAA GAA AA (SEQ ID NO: 74); sense S2 - TGAAGG GTC TCT GAC CAC AC (SEQ
ID NO:"75).Three gene-specific primers were used in 5' RACE: antisense A1 - AGC TGT AGG
AGG AAG GCG AT (SEQ ID NO: 76); antisense A2 - TGA CAG CAAAGA GAA GGC CA (SEQ
ID NO: 77); antisense A3 - CAG GGA AGG AAG CCT CAATC (SEQ ID NO: 78). All resulting
amplicons were cloned with the TA Cloning® KIT (Invitrogen, Netherlands) and sequenced on
Applied Biosystems automatic sequencer. The cDNA sequence was deposited in EMBL
(Accession No. AJ245857; SEQ ID NO: 79).

Cloning of mouse Car9 gene

[0230] A mouse embryonic stem (ES) cell 129/Sv BAC library (Genome Systems, USA) was
screened with the full size Car9 cDNA. BAC DNA was analyzed with various restriction
endonucleases and hybridized with the murine Car9 cDNA. Selected positive clones resulting
from EcoRI (6.5kb) and Kpnl (1.4kb) digestion were subcloned into pBluescript KS and
analyzed by automatic sequencing. The genomic sequence was deposited in the GenBank
(Accession No. AY049077; SEQ ID NO: 80).

Generation of Car9 deficient mouse

[0231] The EcoRI-Hindlll fragment (5,9 kb) derived from the subcloned genomic EcoRI
fragment and encompassing the first 6 exons of the Car9 gene was used for the construction
of the pCar9-neo targeting vector. The pCar9-neo vector was constructed by standard
recombinant techniques in a pBluescript KS lacking BamHI restriction site. EcoRI-BamHI
restriction fragment (1.5kb) was used as a 5' genomic arm containing the promoter and a part
of the first exon. BamHI-Hindlll restriction fragment (4.5kb) was used as a 3' genomic arm
extending from the end of the first exon to the exon 6. Using this approach, the sequence of
14bp region situated between the two BamHI sites was deleted from the first exon and
replaced by the phosphoglycerate kinase-neomycin phosphotransferase (pgk-neo) cassette.
Linearized targeting vector was introduced into E14 ES 129/Ola cell line by electroporation.
Targeted ES cell clones were enriched by selection with G418 (400 ug/ml) and identified by
Southern blot analysis using EcoRI-Xbal fragment as an external 5' probe and Hindlll-EcoRI
fragment as an external 3' probe (see Fig.8). Cloned ES cell lines were injected into C57BL/6J
blastocysts to produce C57BL/6J-129/0la chimeric mice. Chimeras were created from two
different ES clones possessing the pCar9-neo inserted by homologous recombination. The
129/0la contribution in adult chimeric offspring was determined by coat color. Southern blotting
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with the above-described probes was used to recognize those mice that carried the targeted
allele. Animal experiments were approved by the government office LAGETSI, Berlin, under
the license number G 0224/00.

Analysis of the Car9 mRNA expressed from the targeted gene

[0232] Isolation of RNA from Car9** and Car97- mouse stomach, RT PCR and 5' RACE were
performed and analyzed as described above using the following primers: (i) primers for the
5'RACE: 900A antisense - GAT ACA TCC AAA CCT GGG ATC TCAA (SEQ ID NO: 81); 800A
Antisense - TCC TGC AGA AAG GCA GCC AAAACT G (SEQ ID NO: 82); 700A antisense -
CAG GGAAAC GGT GAC CAT TGACTG T (SEQ ID NO: 83); (ii) primers for RT PCR: A (MNG
sense) - GAC ACC CCA GTC AGC TGC ATG GCC T (SEQ ID NO: 84); B (NeoV) - CAT TCT
CAG TAT TGT TTT GCC AAG TT (SEQ ID NO: 85); C (Neo sense) - CGAAGG AGC AAAGCT
GCTATT GGC C (SEQ ID NO: 86); D (MNA antisense) - TGT GCT CAG GAG CCT CGG GAG
TCG A(SEQ ID NO: 87); E (EXST sense) - AGT CAA GGT TCC CAC GGG GAT GAA (SEQ ID
NO: 88); F (1403A antisense) - AAG GAG GCT GTA TAA CAG GCA GGA C (SEQ ID NO: 89).

Preparation of the rabbit anti-mouse CA IX polyclonal antibody

[0233] Full length Car9 cDNA was subcloned into the bacterial expression vector pGEX-4T-1.
GST-mCAIX bacterial recombinant protein was produced in transformed E. coli strain
DH5[[alpha]] cells following induction with 1 mM IPTG for 5 hrs and isolated from the bacterial
cell lysate by affinity chromatography using Glutathione Sepharose 4B (Amersham Pharmacia,
Sweden). Rabbits were inoculated intramuscularly with 1 mg of the GST-mCAIX fusion protein
and complete Freund's adjuvant. The next three injections at monthly intervals were given with
0.25 mg of the protein and incomplete adjuvant. To remove GST-specific antibodies, immune
sera were purified using Glutathione Sepharose-bound GST protein and tested for the
reactivity to mouse CA IX. Selected serum was employed in 1:500 dilution in
immunohistochemical analysis described below and in immunoblotting. Briefly, protein extracts

were prepared from the stomach mucosa of Car9*'* and Car9” mice as well as from the
mock-transfected and Car9 cDNA-transfected NIH3T3 cells using lipofectamine (Life
Technologies). Total protein concentrations-were determined using BCA kit (Pierce, USA) in all
samples and aliquots containing equal amount of total proteins were analyzed as described
elsewhere [Pastorekova et al. (1997)].

Analysis of blood gases, electrolytes and serum gastrin

[0234] Awakened mice were gently warmed for 10 min under a red light lamp to increase
peripheral blood circulation. Blood (1.5-5.5 ml) from the tail vein was collected from several
animals in heparin-, EDTA-treated tubes or non-treated tubes and analyzed for gases,
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electrolytes and pH using automated laboratory analyzers (Boehringer Mannheim, Germany)
according to manufacturer's recommendations. The gastrin levels were measured using a
specific antibody raised against human gastrin 17 as described [Hocker et al. (1996)].

Histochemical and immunohistochemical analyses

[0235] Tissue specimens from Car9*™* and Car9”’~ mice were cut from stomach, duodenum,
jejunum, ileum, colon, liver, pancreas, kidney and lung. The specimens were fixed in Carnoy's
fluid (absolute ethanol + chloroform + glacial acetic acid in 6:3:1 ratio) for 24 hr at 4°C or in 4%
neutral-buffered formaldehyde for 24-48 hr at room temperature. The samples were then
dehydrated, embedded in paraffin wax in a vacuum oven at 58°C, and sections of 5 pm were
placed on gelatin-coated microscope slides. For the histochemical analysis, the sections were
stained with hematoxylin/eosin and with diastase-resistant periodic acid Schiff (PAS). The
immunohistochemical analysis was carried out using the following primary antibodies: anti-CA
IX rabbit polyclonal serum (described above, diluted 1:500), anti-PCNA rabbit polyclonal
antibody, anti-E-cadherin rabbit polyclonal antibody, anti-a catenin rabbit polyclonal antibody
and anti-B catenin rabbit polyclonal antibody (all from Santa Cruz Biotechnology, Santa Cruz,
CA, final concentration 5ug/100u), polyclonal sheep anti-human pepsinogen Il antibody

(Binding Site, UK, diluted 1:2000), and polyclonal rabbit anti-a subunit of porcine gastric H*/K*-
ATPase (Calbiochem-Novabiochem, Germany, diluted 1:50). The immunostaining of tissue
sections was performed by the biotin-streptavidin complex method, employing the following
steps: (1) Pre-treatment of the sections with undiluted cow colostral whey for 40 min and
rinsing in phosphate-buffered saline (PBS). (2) Incubation for 1 hr with the first antibody

(except overnight incubation with anti-H*/K*-ATPase antibody) in PBS containing 1% bovine
serum albumin (BSA). (3) Treatment with cow colostral whey for 40 min and rinsing in PBS. (4)
incubation for 1 hr with biotinylated swine anti-rabbit IgG (Dakopatts, Copenhagen, Denmark)
or donkey anti-sheep/goat IgG (Binding Site) diluted 1:300 in 1% BSA-PBS. (5) Incubation for
30 min with peroxidase-conjugated streptavidin (Dakopatts) diluted 1:500 in PBS. (6)
Incubation for 2 min in DAB solution containing 9 mg 3,3'-diaminobenzidine tetrahydrochloride
(Fluka, Buchs, Switzerland) in 15 ml PBS + 5u 30% HyO,. The sections were washed three
times for 10 min in PBS after incubation steps 2, 4, and 5. All the incubations and washings
were carried out at room temperature and the sections were finally mounted in Permount
(Fisher Scientific, Fair Lawn, NJ). The stained sections were examined and photographed with
Nikon Eclipse E600 (Tokyo, Japan) microscope.

Morphometric analysis and statistical evaluation of data

[0236] Stomach specimens from 10 wild type and 10 CA IX-deficient mice at the age of 26

and 35 weeks were stained for pepsinogen C and a subunit of H*/K*-ATPase. Both total and
immunostained cells were counted in 50 longitudinally cut glands per mouse. Mann-Whitney
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rank test was applied to compare the numbers of cells in the Car9*’* versus Car9” mice.
Relationship between the total numbers of cells and the numbers of parietal cells within the
gastric units was analyzed in both groups of animals by regression analysis and the strength of
the linear relationship was estimated by the Pearson's correlation coefficient R. Slopes of
regression lines were compared by T test. P values of <0.05 and <0.01 were considered as
significant and highly significant, respectively, for each of two tests.

RESULTS

Identification of Car9 cDNA

[0237] Cloning and characterization of the cDNA and gene encoding the mouse CA 1X was the
first step towards generation of CA IX-deficient mice. Mouse Car9 cDNA fragment was isolated
by RT PCR using primers derived from the human cDNA [Pastorek et al. (1994)] and the
template RNA isolated from the stomach of C57 BL/6J mouse. The full-length cDNA was
obtained by rapid amplification of cDNA ends in both 5'/3' directions. It encompasses 1982 bp
composed of 49 bp 5' untranslated region, 1311 bp open reading frame and 622 bp 3
untranslated sequence (deposited in EMBL database under the Accession No. AJ245857; SEQ
ID NO: 79).

[0238] The Car9 cDNA has a coding capacity for a 437 amino acid protein (deposited in EMBL
database under the Accession No. CAC80975 (Q8VDE4); SEQ ID NO: 90) with a theoretical
molecular mass of 47.3 kDa. The mouse protein shows 69.5% sequence identity with its
human homologue and has a similar predicted domain arrangement [Opavsky et al. (1996)].
Amino acids (aa) 1-31 (SEQ ID NO: 91) correspond to a signal peptide. The N-terminal
extracellular region of the mature protein (aa 32-389) (SEQ ID NO: 92) is composed of a
proteoglycan-like region (aa 48-107) (SEQ ID NO: 93), and a carbonic anhydrase domain (aa
112-369) (SEQ ID NO: 94). The C-terminal region (aa 390-437) (SEQ ID NO: 95) consists of
the transmembrane anchor (aa 390-411) (SEQ ID NO: 96) and a short cytoplasmic tail (aa
412-437) (SEQ ID NO: 92). Most of the sequence differences between the mouse and human
CA 1X were found within the proteoglycan-like (PG) region, while the CA domain revealed the
highest conservation. However, out of the five key amino acids involved in the enzyme active

site (His*, His%®, Glu1%, His'® Thr19) [Christianson and Cox (1999)] all are preserved in

human CA IX, but one is altered in the mouse isoenzyme (Thr'®—Ser). Despite this
substitution, the mouse CA IX bound to a sulfonamide agarose suggesting that it may possess
an enzyme activity.

[0239] Availability of Car9 cDNA allowed the analysis of the expression pattern of Car9 mRNA
in mouse tissues. A ribonuclease protection assay (RNP) was carried out with a riboprobe of
170 bp designed to detect the 3' part of the region encoding the CA domain. As expected on
the basis of the distribution in human and rat tissues, the highest level of Car9 mRNA was
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detected in the mouse stomach. Medium level of Car9 mRNA was found in the small intestine
and colon, while the kidney and brain showed very weak expression. The liver and spleen were
negative. Noteworthy, the RNP signal was also present in the mouse embryo at the age of
embryonic day E18.5, but not in embryonic stem cells and in the E10.5 embryo. This may
suggest a role for CA 1X in the development of the mouse gastrointestinal tract.

Organization of Car9 gene

[0240] In order to isolate the Car9 gene and determine its organization, the full-length Car9
cDNA was used for screening of a mouse embryonic stem cell 129/Ola genomic library in
pBAC108L. Obtained was one BACM-355(G13) clone that contained complete Car9 genomic
sequence as confirmed by restriction mapping and Southern blot analysis of a mouse wild type
genomic DNA. Three overlapping genomic fragments derived from this clone were subcloned
into pBluescript Il KS.

[0241] Analysis of the genomic sequence (GenBank Accession No. AY049077; SEQ ID NO:
80) revealed that the Car9 gene covers 6.7 kb of the mouse genome and consists of 11 exons
and 10 introns. Distribution of introns and exon-to-protein domain relationships are similar to
the human counterpart [Opavsky et al. (1996)]. The Southern hybridization pattern indicated
that Car9 is a single copy gene. The EcoRI-Hindlll fragment encompassing 5.9 kb and
spanning the promoter region and exons 1-6 was used for a construction of the targeting
vector.

Targeting of the Car9 gene and generation of Car9-= mice

[0242] To disrupt the Car9 gene in the mouse embryonic stem cells, a pCar9-neo targeting
vector was constructed using the above-described genomic fragment. The first exon was
interrupted by a replacement of a 14 bp region (at position 268-282) with a pgk-neo cassette in
a reverse orientation (Fig.8A). Since the deleted region corresponded to a part of the PG
domain of CA IX, insertion of a pgk-neo cassette caused a disruption of this domain and a
separation of the sequence encoding the signal peptide from the rest of the protein. Moreover,
deletion of the 14 bp was designed to cause a shift of the reading frame in the murine Car9
mRNA and prevent its correct translation.

[0243] After electroporation and selection of E14 embryonic stem cells by G418, eight clones
that had undergone homologous recombination were identified. Two of them were chosen for
further manipulations. As confirmed by the Southern blotting with the 3' and 5' external probes,
both targeted clones were shown to be without unintended rearrangements at the Car9 locus.

Using these two lines of mutant ES cells, chimeric and Car9*" mice that were healthy and
fertile were generated. The intercrossing of the heterozygous mice resulted in all three
genotypes with Mendelian distribution among the offspring, as demonstrated by Southern blot
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analysis from the tail genomic DNA samples. [Southern blot showed the genotyping of the
offspring from a heterozygous mating. DNA from tails of 3-weeks old mice was digested with
EcoRI and hybridized with the 3' probe. The bands corresponded to wild type (6.5 kb) and
mutated (8.3 kb) allele, respectively.]

[0244] RT PCR analysis with the gene specific primers revealed that homozygous Car9”" mice
expressed mRNA that was lacking exon 1. In contrast, both mutated and wild type transcripts
contained exons 2-11. Furthermore, pgk-neo-derived primers in combination with exon 1-

specific primers allowed for PCR amplification of the genomic DNA from Car9” mice
confirming that the cassette was successfully introduced into the Car9 locus. Corresponding
RT PCR amplicons from mutated RNA were absent, bringing additional evidence that the &'
end of Car9 mRNA is missing. It was deduced from the 5' mRNA sequence obtained by RACE
analysis that this was due to unexpected splicing of mutated Car9 transcript leading to deletion
of the 5' untranslated region as well as the sequences coding for signal peptide, large part of

PG-like domain and majority of pgk-neo cassette. Thus, the Car9™" mice expressed chimeric
mRNA that contained 77 nucleotides derived from the pgk-neo cassette linked via the 3' part of
PG domain-related sequence (starting from nt 283) to the rest of Car9 cDNA. There were two
potential translation initiation codons. The first AUG codon was out of frame. The second one
would potentially lead to translation of the truncated protein that could not be properly
processed due to the lack of signal peptide. Absence of this putative translation product in the
mutant stomach was demonstrated by Western blotting analysis performed with the rabbit
polyclonal antiserum raised against the full-length recombinant mouse CA IX protein. [Western

blot analysis of the protein extracts from the wild type Car9** and mutant Card™” mouse
stomach epithelium were performed. Extracts from NIH3T3 cells transfected with the full length
Car9 cDNA and from mock-transfected NIH3T3 cells served as controls. The blot was
processed with anti-CA IX rabbit antiserum raised against a full-length recombinant GST-mCA
IX protein.]

[0245] The CA IX-deficient mice showed no deviations from their wild type litter mates in
growth, behavior, reproductive potential, health and life span. No morphological and
histological abnormalities were observed in their lung, spleen, liver, kidney, jejunum, ileum and
colon.

Gasfric phenotype of CA IX mutant mice

[0246] Histopathological examination of stomach specimens from Car9”" mice regularly
revealed remarkable hyperplastic changes when compared to stomachs of their heterozygous
and wild type litter mates. While no changes were visible in mutant mice during embryonic
development, an increase in mucosal thickness was seen at postnatal day P0.5. The
hyperplasia became prominent in 4 weeks-old animals, but it did not progress with the age and
remained similar in 1.5 years old mice.
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[0247] In adult Car9”" mice, the hyperplastic changes affected only the glandular stomach
epithelium, while the squamous epithelium of the non-glandular forestomach remained normal.
The most pronounced hyperplasia concerned the corpus region. Mucosal folds were more
prominent in the homozygous mutant mice than in their wild type littermates, and the pit-to-
gland ratio increased to 1:3 or even 1:2 from the usual 1:4 in the wild type and heterozygous

animals. These hyperplastic changes in the Car9”’- mouse mucosa were accompanied with
numerous pathological cysts lined with a single layer of low cuboidal epithelial cells. No
morphological signs of dysplasia were observed in any of the stomach sections from 2 to 3
mice checked at monthly intervals up till 1.5 years of age and normal structure of the
subepithelial lamina propria was seen at all age points.

[0248] Presence of hyperplasia in Car9”- mouse mucosa was confirmed by the morphometric
analysis of stomach sections that revealed a highly significant (P=0.0007) difference between

the total numbers of cells counted per 50 gastric units in 10 Car9*"* mice compared to 10

Car9™- mice (see Fig. 9A). Based on median values, the mucosa of CA IX deficient mouse
contained approximately by 30% more cells than the control epithelium.

[0249] Interestingly, small duodenal adenomas with slight to moderate dysplasia were

observed in three of 15 Car9”" mice. It cannot be excluded that their appearance was also

associated with loss of CA IX, which is normally expressed in the proximal small intestine.

Cell proliferation, death and adhesion in hyperplastic mucosa

[0250] To explore possible mechanisms that underlie gastric hyperplasia in Car9”" mice,

preformed were immunohistochemical analyses of the stomach sections obtained from both
mutant and wild type mice. First, an antibody raised against the mouse CA IX to analyze its
distribution in the wild type stomach was employed. Strong CA IX-specific staining in the corpus

but not in the forestomach of adult Car9*’* mice, consistently with the reversal presence of

-

phenotypic changes only in the corpus, but not in the forestomach of the Car9”" mice. Positive

staining of the Car9*'* stomach corpus was distributed in all epithelial cells, but its intensity was
strongest at the basolateral surfaces of mature glandular and superficial pit cells. Noteworthy,
immunohistochemical staining revealed lack of CA IX in stomachs of E15.5 and E17.5
embryos, but showed that it is weakly expressed in the stomach of the newborn mice.

[0251] Because hyperplasia may involve an increase in cellular proliferation and/or decrease
in apoptosis, the determination of whether one of these two processes, or both were
responsible for the observed gastric phenotype was considered important. Studied was the
expression of PCNA, a marker of proliferating cells and observed characteristic staining pattern

restricted to the proliferative zone in the Car9*"* mouse mucosa. In contrast, the proliferative

compartment was considerably expanded in Car9”" mice as suggested by the widely spread
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staining signal. Total number of PCNA-positive cells in mutant epithelium was markedly
increased. On the other hand, annexin V staining and TUNEL DNA fragmentation analysis

performed to assess the extent of apoptosis did not reveal any differences between the Car9™

and Car9*"* mouse stomachs in proportion of apoptotic cells, thus indicating that hyperplasia
could not be attributed to an impaired cell death.

[0252] Further immunohistochemical stainings were carried out to analyze possible
relationship between gastric epithelial hyperplasia and expression of adhesion-related
molecules, including E-cadherin, S-catenin and a-catenin. These analyses were based on the
importance of cadherin/catenin-mediated pathways for proper development and organization
of epithelial tissues [Gumbiner, B. (1996)] and on the observations supporting possible role of
CA IX in cell adhesion and communication [Zavada et al. (2000), Pastorekova et al. (1997)].
We found that gastric mucosa of the wild type animals expressed E-cadherin predominantly at
the basolateral surfaces of mature epithelial cells located in the deep glands and surface pits,
in a fashion reminiscent of normal CA IX distribution. In contrast, E-cadherin-positive staining of

Car9”" mouse stomach was slightly weaker throughout the mucosa and its regional
arrangement was less apparent. However, total E-cadherin level determined by Western
blotting in mutant stomach did not differ from the wild type control. Expression of a- and 8-
catenins showed similar pattern: both catenins were mostly present in mature epithelial cells of

Car9*™* mice, while their staining signal in Car9™" mice was weaker and disorganized. The data
indicate that loss of CA IX may result in perturbation of normal cell-cell adhesion albeit without
pronounced effect on the expression level of the studied adhesion molecules.

Aberrant cell lineage distribution in the corpus of Car9- mouse stomach

[0253] The above observations led us to examine the spatial distribution and proportion of the

major cell types in the stomach epithelium of the Car9™”" mice in comparison with the Car9*/*
controls. To detect the mucus-producing pit cells, sections of the glandular stomachs were
stained with a diastase-resistant periodic acid of Schiff (PAS). PAS staining of the wild type

stomach corpus was strongly positive in the surface pit region. In contrast, Car9™" mice showed
a markedly different staining pattern, with the intense PAS signal mostly expanded from the
surface to the base of the corpus mucosa, although there was some inter-individual variation in
the extent of the PAS positive area. This could probably occur as a result of abundant
production and aberrant migration of the mucous cells that consequently populated
inappropriate areas of the gastric epithelium.

[0254] Numbers of parietal cells were assessed by the morphometric analysis following

immunohistochemical detection of a subunit of H*/K*-ATPase that served as a parietal cell
lineage marker. As it is shown on Fig. 9B, stomachs of Car9-/- mice contained significantly
reduced proportion of parietal cells when compared to the wild type controls (P=0.0051).
Regression analysis revealed significant positive correlation between the numbers of parietal
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cells and the total numbers of cells in gastric units from both wild type and CA IX-deficient
mouse stomachs (Pearson's correlation coefficients R?=0.68 and R2=0.61, respectively).

Slopes of the regression lines of gastric units from Car9™" and Car9*"* mice, respectively, were
significantly different (P<0.0005) and CA IX-deficient gastric units showed clear tendency
toward diminished production of parietal cells with increasing hyperplasia (Fig. 9D). Altogether,
these data support the view that loss of CA IX resulted in the perturbed differentiation of
parietal cells.

[0255] To determine the position and number of functional chief cells, we performed an
immunohistochemical staining for a pepsinogen C, a chief cell lineage-specific marker [Karam
et al. (1997)]. Cells containing pepsinogen granules were confined to the basal area in both
normal and CA IX-deficient mouse gastric epithelia. However, morphometric analysis has

revealed a marked depletion of chief cells in corpus mucosa of Car9”" mice. As demonstrated
on Fig. 9C, decrease in percentage of chief cells was highly significant (P=0.0001).

[0256] Abnormal composition of the Car9”- mouse gastric epithelium suggests that loss of CA
IX has affected a cell-lineage allocation by redirecting the differentiation program towards the
formation of pit cells at the expense of parietal and chief cells.

Systemic acid-base and electrolyte status

[0257] Based on the abundant expression in normal gastric mucosa and relationship to other
carbonic anhydrases acting in alimentary tract, CA IX has been proposed to participate in
maintenance of acid-base balance. Its basolateral localization indicated that it could be
involved in electrolyte exchange within the mucosa and/or with the submucosal region rather
than in production of gastric acid that is directly linked to the catalytic properties of highly active
CA Il isoenzyme [Parkkila et al. (1996)]. Therefore, systemic acid/base and electrolyte status of

the Car9” mice were examined. Blood samples taken from the adult mutant mice were
compared to the samples from the age-matched wild type controls with respect to blood pH
and content of plasma electrolytes. We have also measured the serum level of gastrin, as it
may predict changes in gastric acid secretion. However, no statistically significant differences
were found in any of the examined parameters (Table 2), suggesting that elimination of CA IX
resulting in gastric hyperplasia did not lead to any gross physiological defects.

TABLE 2

Plasma electrolytes, blood pH and serum gastrin were measured in two separate
measurements from the blood of Car9** and Car9”- animals.

Genotype {pH HCO5 cl K* Na®* Serum
gastrin
(mM) (mM) (mM) (mM) (pg/ml)
7,30 £ 24,35 + 1395 +
Car9*’* 0,035 1,95 119+2 38+06 i4,5 60+4
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Plasma electrolytes, blood pH and serum gastrin were measured in two separate
measurements from the blood of Car9*'* and Car9”- animals.
Genotype ipH HCO5 cr K* Na* Serum
gastrin
(mM) (mM) (mM) (mM) (pg/ml)
7,32+ 24,15 + 1415+
Car9™- 0,015 0,55 118 +6 49+04 i35 59 + 12
DISCUSSION

[0258] Morphogenesis of gastric mucosa in mouse is a complex process initiated during late
gestation by a series of events. These include formation of primordial buds around embryonic
day E18, precursor cell differentiation from postnatal day P1 to P7, elongation of buds due to
increase in number of precursors and their progeny from P7 to P15 and finally, assembly of
gastric units and compartmentalization of cellular migration-differentiation programs between
P15 and P21 [Karam et al. (1997)]. Accomplishment of this complex process results in self-
renewing epithelium in which cell proliferation is confined to the stem and precursor cells in the
middle portion of the unit. Their progenitors bi-directionally migrate and simultaneously
differentiate to supply the surface and the base of the unit by functional mature cells [Wright,
N.A. (2000)]. Maintenance of a dynamic equilibrium between cell differentiation and
proliferation ensures the proper mucosal functioning and integrity.

[0259] Expression of CA IX is firstly detectable at low level in mouse newborn stomach at day
P0.5, during the early phase of gastric unit morphogenesis, and its abundance increases
towards the adult age. The protein occupies membranes of epithelial cells throughout the adult
mucosa of gastric body, but its level is higher in mature superficial pit cells and deep glandular
cells.

[0260] Consistently with expression pattern and coincidentally with the course of gastric unit
morphogenesis, targeted disruption of a Car9 gene encoding CA IX leads to manifestation of
the gastric hyperplasia. First mild changes in the thickness of the gastric mucosa appear in the

newborn Car9” mice as early as at day P0.5. This is the time when expression of CA IX
initiates in the wild type stomach. Absence of CA IX results in partial elongation of buds
probably as a consequence of excessive cell proliferation, while the normal bud elongation
occurs later, between days P7 and P15. Hyperplastic changes are clearly visible in the 4-
weeks' mutant mouse mucosa, when the unit morphogenesis is finished, but do not progress
with the age. Deregulated proliferation affects the mucosa without any evident morphological
alterations of the cells and without any significant changes in the cell death.

[0261] Interestingly, no additional phenotypic changes were observed in other tissues that
normally do express CA IX, except the rare cases of duodenal adenoma. This could be due to
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redundancy provided by related carbonic anhydrase isozymes [Parkkila et al. [1996)] similarly
as it has been suggested for disruption of Tcf-7/2 gene resulting in changes only in the small
intestine but not in the colon, where this gene is highly expressed [Korinek et al. (1998)].

[0262] The hyperplasia of Carg™’- gastric corpus mucosa is accompanied with increased pit-to-
gland ratio and aberrant distribution of mucus-producing pit cells as well as significant
reduction of parietal and chief cells. These alterations indicate that loss of CA IX may directly
affect lineage repertoire and partially disturb positional instructions that normally direct upward
migration of pit cell precursors and their descendants. Alternatively, elimination of CA I1X may
affect differentiation of parietal cells that are the important source of instructions affecting other
cells lineages [Karam et al. (1997)]. Hence, disbalance in production of pit and chief cells may
be secondary to changes in parietal cell population.

[0263] Phenotype of mice with the targeted disruption of Car9 gene is reminiscent of other

genetically modified models, including the mice lacking a/f subunits of H*/K*-ATPase [Spicer et
al. (2000), Scarff et al. (1999)], Kvlg1 voltage-gated potassium channel [Lee et al. (2000)], and
the mice overexpressing TGFa [(Sharp et al. (1995)]. These models show some similarities,

but differ from Car9”’- model in specific aspects. Mice lacking either of two subunits of H*/K*-

ATPase are hypergastrinemic and achlorhydric, consistently with the established role of H*/K*-
ATPase in production of gastric acid. Both models contain normal numbers of parietal cells but
these have aberrant secretory membranes. Number of chief cells is reduced in mice deficient
in 8 subunit but not in a subunit. The Kvig1-deficient mice display mucous neck cell hyperplasia
and production of vacuolated, nonfunctional parietal cells leading to hypergastrinemia and
hypochlorhydria.

[0264] In contrast, there are no significant changes in serum gastrin levels in mice
overexpressing TGF a despite expanded mucous pit cell population and depletion of mature
parietal and chief cells. These findings are in accord with our observations. Because changes
in levels of serum gastrin usually reflect perturbed gastric acid secretion, both studies indicate
that CA IX and TGF a may not be directly involved in the production of gastric acid but may
have other important functions within the gastric mucosa.

[0265] Based on all available facts, CA IX appears to contribute to balance between
differentiation and proliferation in gastric mucosa via negative control of cell proliferation and
as a possible regulatory component of migration-associated differentiation program. Loss of
CA IX therefore leads to uncoupling of proliferation control from differentiation and migration
signals and, consequently, to disruption of normal mucosal integrity and architecture.

[0266] Molecular pathways underlying the proposed CA IX function are not known. As a cell
surface molecule, CA IX may be involved in reception and/or processing of maturation signals
impeding the proliferation. In addition, it may serve as an acceptor of instructions that direct
differentiation, spatial assignment and allocation of cell lineages. Taking into account
phenotypic similarities with additional transgenic models, list of possible candidates acting in
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the CA IX-related putative signal transduction pathway may involve mesenchymal transcription
factor Fkh6 [Kaestner et al. (1997)], Shh protein expressed in the epithelium of glandular
stomach [Ramalho-Samos et al. (2000)], pS2 trefoil protein [Lefebvre et al. (1996)], NF-k B2
transcription factor [Ishikawa et al. (1997)], and/or modulator of cadherin function IQGAP1 [Li
et al. (2000)]. However, genetic modifications of these genes lead to phenotypic changes
beyond that observed with CA IX, involving more distinct alterations in differentiation program
and/or physiological defects, such as development of dysplasia, or systemic changes in
electrolyte status. Therefore, it is possible that they act upstream of CA IX or occupy
independent signaling traits.

[0267] In fact, CA IX possesses several features predisposing it to function in a signal
transduction. The PG-like region located at the N-terminus of human CA IX homologue was
shown to possess the cell adhesion capacity in vitro [Zavada et al. (2000)]. Via this region, CA
IX located at the basolateral membranes may influence transmission of adhesion signals
between mucosal cells and/or between mucosal and mesenchymal cells. In support of this
view, stomach mucosa of mice lacking CA IX shows disorganized distribution of critical
adhesion-related molecules E-cadherin, a-catenin and S-catenin, although their levels are not
markedly altered. Moreover, assuming from the homology with other carbonic anhydrases,
large enzyme core of CA IX forms wide and deep pocket that may potentially serve as a
receptor site. This idea is quite plausible given the capability of CA domain present in RPTP
and y to bind contactin, a neural cell-specific regulator of adhesion and differentiation [Peles et
al. (1995)].

[0268] Functional involvement of the carbonic anhydrase activity of mouse CA IX in stomach
mucosa is unclear, first due to lack of precise knowledge concerning its efficiency in catalyzing
reversible conversion between carbon dioxide and carbonic acid and second because of

absence of any systemic acid-base and gastrin imbalance in Car9™" mice. The latter may be

also related to the presence of other CA isoenzymes whose activity may compensate for
deficiency of CA I1X. A highly active cytosolic CAll is present in surface epithelial cells where it
produces bicarbonate and in parietal cells where it provides protons for secretion of gastric
acid [Parkkila et al. (2000)]. Another isoenzyme, salivary CA VI, is swallowed into the stomach
in order to buffer mucosal surface by removal of excessive acid in the form of carbon dioxide
[Id.]. In addition, CA IV is expressed in the endothelial cells of the submucosal capillaries and
mitochondrial CA V in parietal cells and G cells [Fleming et al (1995), Saarnio et al, (1999)].
However, significance of individual isoenzymes and their interplay in gastric morphogenesis
and physiology is largely unknown also because the corresponding animal models are not
available. The only exception is heritable CA Il deficiency induced in mouse by chemical
mutagenesis. Those mutant mice suffer from renal acidification, growth retardation and
calcification of blood vessels, but no gastric phenotype has been reported [Lewis et al. (1998)].

[0269] Thus, Car9”" mice represent the first animal model of carbonic anhydrase deficiency
constructed by the gene targeting. Moreover, phenotypic consequences of the targeted
disruption of Car9 gene demonstrate important and nonredundant role of CA IX in control of
cell proliferation/differentiation and protection of integrity of the stomach mucosa. CA IX is
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clearly required for the normal gastric morphogenesis and coordination of the dynamic
homeostasis within the gastric epithelium. These conclusions are in accord with the high level
of CA IX in normal human stomach mucosa and its diminished expression observed in gastric
tumor cell lines and tumors in vivo [Pastorekova et al. (1997)].

[0270] In summary, the analysis of CA IX null-mutation in mice revealed the biological
importance of this protein and provided a useful model for clarifying its role in the
morphogenesis of stomach mucosa. As can be seen in Example 2, the CA IX-deficient mice
were also integral to the aspects of the invention herein concerning a new series of monoclonal
antibodies.

EXAMPLE 2

CA IX-Specific Monoclonal Antibodies Generated from CA IX - Deficient Mice

MATERIALS AND METHODS

Cell culture

[0271] Hybridoma cell lines were grown in DMEM medium supplemented with 10% FCS
(BioWhittaker, Verviers, Belgium), 2 mM glutamine and 40 pg/ml gentamicin (Lek, Slovenia) at
37°C in 5% CO5 in air. The same cultivation conditions were applied to following cell lines that

were used either as a source of CA IX antigen or as negative controls: mouse NIH 3T3
fibroblasts permanently transfected with the full-length human CA9 cDNA (NIH 3T3-fICA IX)
and corresponding mock transfected NIH 3T3-neo controls [Pastorek et al. (1994)], MDCK
cells transfected with the full-length CA9 cDNA (MDCK-fICA 1X) and corresponding MDCK-neo
controls, human HT 29 colon carcinoma cells as well as human Hela cervical carcinoma cells
naturally expressing CA 1X, and C33a cervical carcinoma cells negative for CA IX.

[0272] For the immunization purposes, the cells grown for 24-48 h were washed twice in PBS,
scraped, collected by centrifugation and re-suspended in appropriate volume of PBS. For the
final booster, NIH 3T3-fICA IX cells were extracted with OCG extraction buffer composed of
0.5M NaCl, 0.5% octyl-beta-D-glucopyranoside (Chemical Institute SAV, Bratislava, Slovakia),
0.1 mM PMSF) for 30 min at 4°C, scraped, centrifuged for 5 min at 13 000 rpm and dialyzed
against PBS for 48 h at 4°C.

Cloning and preparation of recombinant GST-CA IX proteins
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[0273] The cDNA fragments encoding PG and CA extracellular domains of CA IX (see Figure
5) were either individually or together amplified by specific primers using a full-length CA9
cDNA as a template. The fragment coding for PG domain (aa 52-125) (SEQ ID NO: 98) was
obtained with PG3 (sense) 5'-TAG AAT TCG GCT CTT CTG GGG AAG AT-3' (SEQ ID NO: 99)
and PG4 (antisense) 5'- ATA CTC GAG GGG TTC TTG AGG ATC TCC-3' (SEQ ID NO: 100)
primers, and the fragment coding for CA domain (aa 121-397) (SEQ ID NO: 101) was obtained
with CA5 (sense) 5'-TAG AAT TCG ATC CTC AAG AAC CCC AG -3' (SEQ ID NO: 102) and
CA6 (antisense) 5-AAT CTC GAG ACT GCT GTC CAC TCC AGC -3' (SEQ ID NO: 103)
primers. The combination of primers PG3 and CA6 was employed to produce cDNA fragment
encoding PG+CA domains (aa 52-397) (SEQ ID NO: 104.

[0274] The resulting PCR products were cloned into pGEX 4T-1 bacterial plasmid via EcoRl
and Xhol restriction sites inserted in the primer sequences. Fusion proteins GST-PG, GST-CA,
GST-PG+CA were expressed in E. coli strain DH5a using the standard procedure
[Gibadulinova et al. (1999)]. The full-length fusion GST-fICA IX protein generated earlier was
produced in parallel. The proteins were purified by affinity chromatography using Glutathion-S
Sepharose (Amersham Pharmacia) and eluted with 10 mM GSH (reduced glutathion).
Obtained proteins were utilized either as antigens for MAb testing or as immunogen (GST-CA)
for immunization.

Immunization

[0275] For immunization, CA IX-deficient mice generated and characterized by Ortova Gut et
al. (2002) were used at the age of eight to ten weeks. The mice were injected intraperitoneally

(i.p.) with 5x108 NIH 3T3-fICA IX cells in 0.5 ml PBS. Three weeks later, the mice received

either the same i.p. injection of NIH 3T3-fICA IX cells or i.p. injection of 5x108 HT-29 cells in 0.5
ml PBS. After another three weeks, mice were boosted alternatively as follows: (i) i.p. with 100
pg of GST-CA protein bound to Glutathion-S Sepharose in 0.5 ml PBS, (ii) intravenously (i.v.)
with 100 pg of eluted GST-CA protein in 200 pl PBS, (iii) i.p. with 5x108 NIH 3T3-fICA IX cells in
0.5 ml PBS, (iv) i.v. with 200 pl OCG extract of NIH 3T3-CA IX cells. Splenocytes were
harvested three days later and fused with the Sp2/0 myeloma cells.

Production of Mabs

[0276] The fusion of splenocytes from immunized mice with Sp2/0 cells was carried out
according to Lane et al. (1986). Hybridomas were selected in DMEM-HAT medium. The
supernatants were screened for the specific reactivity towards CA IX by ELISA as described
below. Positive hybridoma cultures were cloned by limiting dilution using Terasaki microplates.
Clonal hybridoma cells lines were expanded, subjected to freezing-refreezing and repeatedly
tested for reactivity to CA IX. Large quantities of antibodies were purified from hybridoma
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culture medium using affinity chromatography on Protein A Sepharose Cl-4B (Amersham
Biosciences AB, Upsala, Sweden) as described by Ey et al. (1978).

ELISA screening

[0277] Screening of positive hybridomas was performed by a sandwich ELISA. Microplate
wells were coated overnight at 37°C with RIPA extract (specified below) of NIH 3T3-fICA I1X
cells, diluted 1:10 in PBS, and in parallel with analogous extract of NIH 3T3-neo cells as a
negative control. Then the coated wells were incubated with undiluted culture media from
individual hybridomas. Peroxidase-labeled pig anti-mouse IgG (Sevapharma, Praha, Czech
Republic) was used as detector. M75 MAb was employed as positive control.

[0278] For the differential ELISA screening, the wells were coated with the following antigens:
10 ng/well of GST-fICA IX, 10 ng/well of GST-CA IX, RIPA extract of HelLa cells diluted 1:10 in
PBS, RIPA extract of HT-29 cells diluted 1:10 in PBS, and then assayed as above.

Determination of isotypes

[0279] MAD isotypes were determined by ELISA using affinity purified rabbit anti-mouse 1gG1,
1gG2a, IgG2b, IgG3, IgM and IgA antibodies (Mouse Monoclonal Antibody Isotyping Reagents,
Sigma, St. Louis, USA) according to instructions of the manufacturer.

Immunofluorescence

[0280] Cells grown on glass coverslips were fixed in ice-cold methanol at -20 °C for 5 min.
Non-specific binding was blocked by incubation with PBS containing 1 % BSA for 30 min at
37°C. Then, the cells were sequentially incubated with primary antibodies diluted in PBS with
0.5 % BSA (PBS-BSA) for 1 h at 37°C, washed three times with PBS-BSA for 10 min, incubated
with anti-mouse FITC-conjugated horse antibody (Vector Laboratories, Burlingame, USA.)
diluted 1:300 in PBS-BSA for 1 h at 37°C and washed as before. Finally, the cells were
mounted onto slides in mounting medium with Citifluor (Agar), analyzed by a Nikon E400
epifluorescence microscope equipped with objectives PlanFluor 20x, 40x and photographed.
Images were acquired by Nikon Coolpix 990.

Immunoblotting

[0281] Cells grown in confluent monolayer were rinsed twice with cold PBS and solubilized in
ice-cold RIPA buffer (1% Triton X-100, 1% deoxycholate, 0.15 M NaCl, pH 7.2) containing
COMPLETE cocktail of protease inhibitors (Roche Diagnostics GmbH, Mannheim, Germany)
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for 30 min on ice. The extracts were collected, cleared by centrifugation at 15 000 rpm for 10
min at 4°C and stored at -80°C. Protein concentration in extracts was quantified by BCA
protein assay reagent (Pierce, Rockford, lllinois, USA).

[0282] Total cellular extracts (50 pg of proteins/lane) were resolved in 10 % SDS-PAGE gel.
The proteins were then transferred onto PVDF membrane (Amersham Pharmacia Biotech,
Little Chalfont Buckinghamshire, England). After blocking in 5% nonfat dry milk with 0.2%
Nonidet P40 in PBS, the membrane was probed with MAbs (undiluted hybridoma medium),
washed and treated with secondary anti-mouse HRP-conjugated swine antibody diluted 1:5000
(SEVAPHARMA, Prague, Czech Republic). The protein bands were visualized by enhanced
chemiluminiscence using ECL kit (Amersham Pharmacia Biotech).

Cell biotinylation

[0283] Cells in monolayer of 70%-80% confluence grown in a 10 cm dish were washed with
ice-cold buffer A (20 mM sodium hydrogen carbonate, 0.15 M NaCl, pH 8.0). Immediately
before use, 1 mg of NHS-LC-Biotin (Pierce) was dissolved in 50 yl DMSO, mixed with 4 ml
buffer A, added to cells and incubated for 60 minutes at 4°C. After the biotinylation, the cells
were washed 5 times with buffer A and extracted as described above.

Immunoprecipitation.

[0284] Tested MADb in a volume of 1 ml culture medium was bound to 25 yl 50% suspension of
protein-A Sepharose (Pharmacia, Uppsala, Sweden) in RIPA buffer for 2 hrs at RT. Biotinylated
cell extract (200 ul) was pre-cleared with 20 pl of 50% suspension of protein-A Sepharose and
then added to bound MAb. Immunocomplexes collected on protein-A Sepharose were washed
according to Williams et al. (1985), boiled 5 minutes in Laemmli loading buffer and separated
by SDS-PAGE gel (10%) electrophoresis. Afterwards, the proteins were transferred onto PVDF
membrane and revealed with peroxidase-conjugated streptavidin (1:1000, Pierce) followed by
ECL.

Biotinylation of MAbs

[0285] Purified MAbs were labeled with NHS-LC-Biotin (Pierce) according to the instructions of
the manufacturer. Briefly, 2 mg purified IgG dissolved in PBS, pH 8.0 were incubated with 100
Mg NHS-LC-Biotin for 2 h on ice. Free biotin was removed using microconcentrator (PALL
Gelman Lab., Wien, Austria) or gel filtration.

Competitive antibody-binding ELISA
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[0286] Extract of NIH 3T3-fICA IX cells was adsorbed on microplate wells at a concentration
corresponding to 50% of maximal binding of labeled MAbs. Coated plates were washed and
saturated with 10% FCS in PBS. Serial tenfold dilutions of purified MAbs in 30 pl and a constant
amount of biotinylated MAb in 30 yl were added and incubated overnight at 4°C. The plates
were washed and peroxidase-labeled streptavidin (Pierce) was used as a detector.

RESULTS

Generation and basic characterization of monoclonal antibodies to CA IX

[0287] To avoid an epitope preference caused by the significant difference in the N-terminal
sequences of the mouse and human CA IX proteins and produce monoclonal antibodies
directed also to other protein regions (Fig.5), we prepared the new CA IX-specific monoclonal
antibodies with the CA IX-deficient mice constructed in Example 1 [Ortova Gut (2002)]. It was
hypothesized that those mice that do not express their own CA IX protein would recognize the
entire human CA IX molecule as non-self and direct their humoral response to different
portions of the protein.

[0288] We examined five immunization protocols based on different combinations of human
cells that naturally express high level of CA IX (HT 29), mouse cells with ectopic
overexpression of CA IX (NIH 3T3-fICA IX) and finally, recombinant protein composed of
glutathion-S transferase fused to CA domain of CA IX (GST-CA). Three protocols led to
successful production of CA IX-specific MAbs (Table 3).

TABLE 3

Overview of immunization protocols, fusions and yields of CA IX-specific
hybridomas.

Fusion jiImmunization Total No. {Non- MN-specific hybridomas
No.  ischeme? Of clones ispecific® {Initial |sybclonedd) Stable

No.€

1.NIH 3T3-fICA IX
i.p.
2.NIH 3T3-fICA IX
i.p.
3.NIH 3T3-fICA IX
i.p.
1.NIH 3T3-fICA IX
i.p.
I, 1 §2.NIH 3T3-fICA IX 1700 50 60 6 0
i.p.

50 0 1 0 0
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Overview of immunization protocols, fusions and yields of CA IX-specific
hybridomas.
Fusion {Immunization Total No. {Non- MN-specific hybridomas
No.  ischeme? Of clones Ispecific® Initial |gubcloneqd]Stable
No.¢

3.HT-29i.p.

1.NIH 3T3-fICA IX

i.p.

I\ iszlH 3T3-fICA IX 800 40 5 5 4
3.0CGexNIH-CA

IXi.v.

1.NIH 3T3-fIGA IX

i.p.

V, VI §{2.NIH 3T3-fICA IX 1220 17 9 6 2

i.p.

3.GST-CA IX i.p.

1.NIH 3T3-fICA IX
VI, Vi P

IX, X |2.HT-291p. 4400 16 83 12 5

3.GST-CA IX i.p.

Altogether 8170 123 158 29 11
4Brief description of the immunization scheme including order of injections, type of
immunogen and route of administration (i.p. - intraperitoneal, i.v. - intravenous)
Immunogens:

NIH 3T3-fICA IX - mouse NIH3T3 fibroblasts stably transfected with the wild type
CA9cDNA

OCGexNIH-CA IX - extract from NIH 3T3-fICA IX cells obtained using OCG
detergent

HT-29 - human colorectal carcinoma cells naturally expressing MN/CA IX

GST-CA IX - recombinant bacterial CA domain of MN/CA IX fused to GST
bNon-specific hybridomas producing the MAbs against non-CA IX mouse or human
cellular proteins of unknown identity

°®MN-specific hybridomas that were successfully subcloned

dHybridomas with optimum viability and stable productivity of MN-specific Mabs

[0289] Altogether, we performed 10 fusions and screened 8170 hybridomas. Initially selected
158 hybridomas producing CA-IX reactive antibodies in ELISA. screening were reduced to 29
hybridomas after subcloning and finally to 11 viable and stable clones after freezing-refreezing.
Seven of these antibodies were of IgG2a isotype, two antibodies were IgG1 and two were of
IgM isotype (Table 4).
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TABLE 4

Summary of the isotypes and reactivity of the new CA IX-specific monoclonal

antibodies in comparison with M75

Antigen N, HT, G HT, HL, M {HT, HL, M? M, HT
Mab Isotype ELISA Blotting {Precipitation {Fluorescence
M75 lgG2b + + + +
IV/6 IgM + + nd +
IvV/18 lgG2a + + + +
IV/14 IgM + - nd nd
IV/11 lgG1 + - - +
V/10 lgG2a + - + +
V12 lgG2a + - + +
VI3 lgG1 + - - -
VII20 lgG2a + - + +
VII/28 lgG2a + - + +
VII/32 lgG2a + - + +
VII/38 lgG2a + - + +
Reactivity of the new Mabs including M75 for comparison was examined using the
following antigens:
N - extract from transfected mouse NIH 3T3-fICA IX cells expressing human CA IX
protein in parallel with corresponding NIH 3T3-neo as negative control
HT - extract from human HT-29 cells naturally expressing high level of CA IX
HL - extract from human Hela cells naturally expressing CA IX in dense culture
G - recombinant GST-fICA IX fusion protein
M - transfected MDCK-fICA IX cells compared to MDCK-neo controls

[0290] The antibodies were first tested in ELISA against the full-length CA IX antigen
expressed in mouse and human cell lines. All antibodies bound to extracts of NIH 3T3-CA IX
cells and HT-29 cells, but not to control NIH 3T3-neo cells and C33a CA IX-negative human
cervical carcinoma cells. They also recognized GST-CA IX protein, but not the GST only,
supporting their specificity for CA IX (Table 5).

TABLE 5

Target domains of the CA I1X-specific monoclonal antibodies based on the reactivity
to truncated forms of CA IX

Antigen {PGCA PG(G)] ACA (M) JACA (M) { APG (M)

(G) Target

— domain

Mab ELISA Precipitation jFluorescence
M75 + Nd + PG
IvV/18 + Nd + PG
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to truncated forms of CA IX

Target domains of the CA IX-specific monoclonal antibodies based on the reactivity

Antigen {PGCA PG (G) ACA (M) (ACA (M) | APG (M)

(G) Target

— domain

Mab ELISA Precipitation {Fluorescence
V10 + - - - + CA
V/12 + - - - + CA
VII/20 + - - - + CA
VI1/28 + - - - + CA
VII/32 + - - - + CA
VI1/38 + - - - + CA
Domain-specificity of the monoclonal antibodies was determined with the following
antigens:

PGCA (G) - N-terminal portion of CA IX molecule containing both PG and CA
domains expressed as GST-PGCA fusion protein

PG (G) - PG domain expressed as GST-PG fusion protein

CA (G) - CA domain expressed as GST-CA fusion protein

ACA (M) - truncated variant of CA IX protein expressed in MDCK cells from
transfected cDNA with deletion in a region encoding CA domain

APG (M) - truncated variant of CA IX protein expressed in MDCK cells from
transfected cDNA with deletion in a region encoding PG domain

[0291] Indirect immunofluorescence demonstrated that all the examined antibodies bound to
an antigen localized at the cell surface of transfected polarized epithelial cells MDCK as well as
of HT-29 human colon carcinoma cells that naturally express CA IX. [The cells were grown to
confluence, fixed by methanol and incubated with representative monoclonal antibodies
followed by FITC-conjugated anti-mouse antibodies. All the antibodies revealed plasma
membrane CA |X-specific staining in both cell lines used. Cells with omitted primary antibody
and treated only by the secondary antibody served as a negative control.] Distribution of the
staining signal was identical to distribution of CA IX visualized by M75.

[0292] Noteworthy, only two of the new Mabs, namely IV/6 and IV/18, and the old Mab M75
reacted in immunoblotting with naturally expressed CA IX derived from HT-29 and HelLa cells,
respectively, and with CA IX ectopically expressed in MDCK cells. The antibodies of IgG2
isotype were all able to immunoprecipitate CA IX from the extract of both HT-29 and Hela
human cells labeled by biotinylation. [The cells were grown to confluence, labeled by biotin,
and extracted with RIPA buffer. CA IX was immunoprecipitated from the cell extracts as
described in Materials and Methods, separated by SDS-PAGE, and blotted. Blots were
incubated with peroxidase-conjugated streptavidin and developed by ECL. ] They also
immunoprecipitated the CA IX protein ectopically expressed in MDCK cells.

Determination of target domains by antibody binding to recombinant variants of CA IX
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[0293] The initial tests proved the reactivity of the new monoclonal antibodies towards human
CA IX. To reveal the target protein domains, we selected the antibodies with the best
properties and performed additional series of analyses using recombinant variants of CA IX
protein produced in bacteria and variants of CA IX protein expressed from truncated cDNAs
transfected to NIH 3T3 and MDCK cells, respectively. [[Immunofluorescence detection of CA IX
and its deletion variants APG and ACA expressed in transfected MDCK cells was used. The
cells were grown to confluence, fixed by methanol and incubated with new monoclonal
antibodies followed by FITC-conjugated anti-mouse antibodies. The antibodies revealed
plasma membrane CA IX-specific staining only in the cells expressing CA IX variant containing
their target domain.] The results summarized in Table 5 indicate that one of the newly
produced antibodies, namely 1V/18, is directed to PG domain, simlar to M75.

[0294] The other six antibodies (i.e. V/10, V/12, VII/20, VII/28, VII/32 and VII/38) target the CA
domain, as also confirmed by their capacity to immunoprecipitate the full-length CA IX protein,
but not its deletion variant lacking a large portion of CA domain. [CA IX was
immunoprecipitated from extracts of MDCK cells expressing the full length CA IX protein and its
ACA variant, respectively. The cells were grown to confluence, labeled by biotin, and extracted
with RIPA buffer. CA IX was immunoprecipitated from the cell extracts as described in Materials
and Methods, separated by SDS-PAGE, and blotted. Blots were incubated with peroxidase-
conjugated streptavidin and developed by ECL.] In fact, these reagents represent a proof-of-
concept that CA |X-deficient mice are suitable for generation of monoclonal antibodies that
recognize the regions outside the immunodominant PG domain.

Mapping of antigenic sites by competitive binding

[0295] In order to determine relative positions of the antigenic sites, recognized by the
monoclonal antibodies within their target domains, we performed a competitive-binding assay.
Biotin-labeled purified antibodies were allowed to bind in the concurrent presence of increasing
amount of the non-labeled competitive antibodies. Extent of binding of the labeled antibody in
the presence of the non-labeled competitor was expressed as per cent of the binding in the
absence of the competitor. Examination of all different pairs of the MAbs including the
homologous ones and their classification according to the extent of competition allowed for
elaboration of a basic map indicating principal relationships between the antibodies, their
clustering and relationships between the clusters (Fig. 6). The map shows that the M75 and
IV/18 antibodies recognize overlapping antigenic sites in a separate region, consistent with
their proven specificity for the PG domain of CA IX protein. The antibodies targeting CA domain
form three clusters. Two pairs of the MAbs, namely V/12 versus VII/20 and V/10 versus VII/32,
respectively, showed significant mutual competitions indicating their overlapping epitopes within
two separable antigenic sites. However, strong one-sided competition between one member of
each of two antigenic site-related clusters, i.e. V/10 (label) and V/12 (competitor), indicated that
the two sites partially extend over each other via the epitopes corresponding to V/10 and V/12
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MAbs. MAb VI1/38 belongs to a distinct site within a CA domain of CA IX.

[0296] The map of antigenic sites provides important information that can be further utilized to
propose non-competing pairs of antibodies that would be suitable for sensitive
immunodetection of CA IX antigen using capture-detection approaches.

DISCUSSION

[0297] Due to a strong association with cancer tissues and proposed functional involvement in
tumor progression, carbonic anhydrase 1X has become an interesting object for both basic and
clinical research, as evidenced by the growing number of CA IX-related papers [summarized in
Pastorek and Pastorekova (2003)]. Most of these papers were based on the utilization of a CA
IX-specific monoclonal antibody M75 [Pastorekova et al. (1992)]. The M75 MAb has facilitated
acquisition of many important data, but certain aspects of CA IX could not be touched without
additional detection tools, including the monoclonal antibodies directed to M75-independent
antigenic sites.

[0298] We describe herein the generation of such antibodies using a mice deficient for CA IX
as donors of immune splenocytes for fusion and hybridoma production. This strategy has been
chosen in order to eliminate the epitope preference possibly related to a high regional
homology between the mouse and human proteins particularly in the sequences outside the
M75 target domain [Ortova Gut et al. (2002)]. Our assumption that the mice lacking CA IX
would recognise also these regions as a non-self has been approved by the production of six
monoclonal antibodies directed to CA domain of CA IX. Interestingly, the immunization protocol
that led to successful generation of the anti-CA antibodies involved the injection of a
recombinant CA IX variant containing only the CA domain as a key third dose component.
Instead, injection with the full-length CA IX antigen extracted from the transfected NIH 3T3 cells
resulted in production of antibodies out of which MAb 1V/18 competes with M75, and two other
antibodies (IV/6 and IV/14) also appear to bind to the PG region, similar to M75. This
experience suggests that even in the absence of endogenous mouse CA IX protein that would
normally compromise the immune recognition of highly homologous regions of human CA IX
(including the CA domain) by the immunized mice, the M75 MAb-binding PG domain behaves
as strongly immunodominant. The reason for the apparent immunodominance could reside in
both N-terminal exposition and the amino acid sequence of the PG domain that is highly acidic
and composed of four perfect and two imperfect hexameric repeats [Opavsky et al. (1996)].
These repetitions potentially offer multiple binding sites (and may influence also relative affinity
of MAbs) and the very N-terminal position of this region may allow for its spatial protrusion from
the presumably globular CA domain in the extracellular portion of CA IX [Pastorek et al.
(1994)].

[0299] These attributes of PG domain may also explain the finding that anti-PG MAbs
recognize denatured CA IX protein in immunoblotting, while anti-CA MADbs fail to do so. It is
possible to speculate, that relatively short PG domain with repetitive motifs constitutes a linear
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antigenic region that does not suffer from denaturing, while a presumably globular structure of
the large CA domain carrying putative conformational epitopes can be completely disrupted.
This idea is consistent with the finding that both anti-PG and anti-CA are able to
immunoprecipitate native CA 1X antigen extracted with mild detergents as well as the antigen
on the surface of transfected MDCK cells that were fixed by methanol. Such antigen apparently
possesses intact epitopes irrespective of whether they are linear or conformational.

[0300] As delineated by the competitive immunoassay performed with the repertoire of the
new MAbs, CA domain contains three distinct antigenic sites, two of which partially overlap.
While it is possible to propose relative mutual positions of these sites, it is difficult to predict
their localization on CA domain. Based on the extent of the deletion that was associated with
the loss of binding of these MAbs we can at least conclude that the CA antigenic region spans
the amino acids 166-397 (SEQ ID NO: 105) of CA IX. However, it cannot be excluded, that the
deletion lead to disconnection of the antigenic site(s) partly located also on the amino acids
135-166 (SEQ ID NO: 106) that remained preserved in the ACA deletion variant.

[0301] Characteristics of the new CA IX-specific monoclonal antibodies allow us to foresee
their clinical applications. In the basic research, these antibodies represent important specific
reagents for study of functional contribution of PG and CA domains, respectively. Each of these
two extracellular domains of CA IX has been associated with different aspects of tumor
progression: enzymatically active CA domain is thought to contribute to acidification of tumor
microenvironment and PG domain (absent from other CA isoforms) is believed to determine its
participation in adhesion-related processes. Using the MAbs generated as disclosed herein in
CA 1X-deficient mice, it will be possible to differentiate between biological effects exerted by
these domains expressed separately in the form of deletion variants or mutants of CA IX.

[0302] Nevertheless, the main potential of the new MADbs is in their clinical applications. Many
clinical studies of different tumor tissues have recently demonstrated predictive and prognostic
value of CA IX, especially related to its tight connection with tumor hypoxia [Loncaster et al.
(2001); Chia et al. (2001); Giatromanolaki et al. (2001); Koukourakis et al. (2001); Hui et al.
(2002)]. In this respect, it is obvious that the new MAbs can be utilized for detection and/or
targeting of CA IX-expressing cancer cells in different settings (as reviewed in von Mehren et
al, 2003). Future experiments designed to examine the biological activity of these MAbs will
also show, whether they could be of any significance for antibody-mediated anti-cancer
therapy, analogously to well-known MADbs directed to HER-2/neu/c-erbB2 and EGFR
oncoproteins. Also importantly, the availability of non-competing antibodies specific for distinct
antigenic sites on two separate extracellular domains offers an opportunity to elaborate a
sensitive assay that could be particularly important for detection of CA IX in body fluids of
cancer patients. As disclosed herein and detailed in Example 3 below the extracellular portion
of CA IX is shed from tumor cell surfaces and can be detected in body fluids, particularly blood
and urine of cancer carriers by immunoprecipitation. Development of a fast and reliable micro-
assay based on combination of the antibodies described in this work could potentially allow for
non-invasive monitoring of cancer patients.
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[0303] In summary, the anti-human CA IX monoclonal antibodies generatea using CA IX-
deficient mice and characterized in this paper, represent important tools for improvement of
our knowledge on structure-function relationship in CA IX molecule, for better understanding of
CA IX role in cancer development, for elucidating its clinical implications and for clinically
relevant detection of CA 1X in biological materials.

EXAMPLES 3 - 10

[0304] The following materials and methods were used in the Examples 3-10 below.

MATERIALS AND METHODS

Cell and tumor cultures and media

[0305] The cell line HT29 (DSMZ ACC299), derived from colorectal carcinoma, and A498
(ATCC No. HTB-44) from renal clear cell carcinoma, were grown in D-MEM supplied with 10%
FCS (Gibco), unless otherwise stated. In Example 8, the HT29 cells were cultivated in
Dulbecco's MEM medium (Biowhittaker, Verviers, Belgium) supplemented with 10% FCS
(BioWhittaker) and 160g/ml gentamicin (Lek, Slovenia). The A549 lung carcinoma cells were
grown in DMEM (Sigma) supplemented with 10% FCS (Globepharm), L-glutamine (2uM),
.penicillin (50 IU/ml), and streptomycin sulphate (50 pg/ml). Cell cultures were maintained in a
humidified atmosphere with 5% CO» at 37°C. For short-term cultures of tumors, fresh tumor
excisions were cut in 1 mm pieces, rinsed with PBS, suspended in D-MEM with 10% FCS
(about 50 -100 mg of fresh weight of tumor fragments in 5 ml of the medium) and incubated in
5 cm Petri dishes at 37°C in a 5% CO, incubator. Cell lysis buffer: PBS with 1% Igepal CA-630

(Sigma), 0.25 % deoxicholate and proteinase inhibitors [Zavada et al. (2000)].

Effect of reoxygenation of hypoxically induced CA IX protein tissue culture

[0306] Studies of gene expression were performed on A549 lung carcinoma cells approaching
confluence in normal growth medium. Parallel incubations were performed on aliquots of cells
in normoxia (humidified air with 5% CO») and hypoxia. Hypoxic conditions were generated in a

Napco 7001 incubator (Precision scientific) with 0.1% Oj, 5% CO,, and balance Na.

Reoxygenation experiments were performed by exposure of cells to hypoxia for 16 h followed
by a return to normoxia for the indicated time.

Patient serum and urine
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[0307] All patients routinely underwent ultrasound and CT before surgery to obtain information
for the standard staging protocol. Serum and urine from these patients were obtained before
surgery and 5 days after it. In some patients a sample of tumour tissue after nephrectomy was
used for short-term RCC cultures. In all these patients the diagnosis was confirmed by the
histological finding of RCC. 18 patients acted as controls, these had been admitted to the
hospital for other urological conditions then RCC (infectious disease, urinary stones, other
urological tumours, etc.). The study was approved by the Departmental Ethics Committee.
Sera of healthy blood donors were kindly provided by Dr. Eva Ham

g

ikov

a

, Institute of Haematology and Blood Transfusion, Prague.

Blood Plasma from nude mice with xenograft of HT29 cells

[0308] Male nude mice CD-1 nu/nu (Charles River, Germany) were injected subcutaneously in
the flank with 5x105 HT29 cells at 6-8 weeks of age. Approximately 2-3 weeks after injection,
heparinized plasma samples were prepared; blood was drawn from either the eye or by heart
puncture prior to mouse dissection and xenograft removal.

Immunological reagents and methods

[0309] Monoclonal antibodies: M75 specific for PG region of CA IX has been produced by
Pastorekova et al. (1992); V-10 specific for CA domain generated as described in Example 2.
The isotype of MAb M75 is IgG 2b and of V-10 is IgG 2a. The IgG was purified from hybridoma
TC fluid by affinity chromatography as before protein A Sepharose CL-4B column (Amersham
Pharmacia Biotech, Uppsala, Sweden). Purity of the M75 was checked by SDS-PAGE [(Zavada
et al. (2000)].

[0310] M75 was labeled by 129 using chloramines T method as described by Hunter (1978).

Free 125 was removed by the size exclusion chromatography on Sephadex G50 column
(Amersham Pharmacia Biotech). Specific activity of the radiolabeled antibody was determined
after the precipitation of the antibody together with BSA carrier protein by trichloroacetic acid.

[0311] To determine the immunoreactive fraction, 10 cpm of '2°-M75 in 100 pl of PBS
containing 3% BSA and 0.05% Tween-20 were added to wells of 96-well plates coated with
increasing amounts of antigen extracted from HT29 cells and incubated for 2 hours at 37°C.
The bound radioactivity was measured after washings and lysis with 2M NaOH, using the
Clinigamma counter from Pharmacia LKB (Uppsala, Sweden). Nonspecific binding was
determined in the presence of 100-fold molar excess of unlabeled M75 and subtracted from



DK/EP 3031910 T3

the total binding. The results were analyzed as described by Lindmo et al. (1984).

[0312] For the concentration of immune complexes formed by the MAbs with CA IX antigen
from TC media or cell extracts Protein A-Sepharose (Sigma # P-9424) was used; the MAb-CA
IX complexes from human sera or urine were adsorbed to anti-mouse IgG-Agarose (Sigma #A-
6531). Alternatively, we used Magnetic beads anti-mouse 1gG (Immunotech-Coulter # 1181).
The immunoperoxidase conjugate M75-Px was prepared using the Peroxidase labeling kit
(Roche Diagnostics #1829696, GmBH, Mannheim, Germany.

[0313] Immunoprecipitation of s-CA IX from mouse blood plasma and cell culture medium was
performed as follows: A confluent monolayer of HT29 cells was washed with PBS and fresh
medium was applied (15ml per 10 cm dish). After 18 h incubation, the medium was harvested
and filtered through a 0.22 pm-pore-size filter. Samples of cell culture medium and heparinized
plasma were preincubated with protein A-Sepharose CL-4B (Pharmacia Biotech) to remove
potentially competing calf and mouse IgG prior to immunoprecipitation with M75.
Immunoprecipitation was performed from 1ml of heparinized plasma (diluted 1:2 with PBS) and
from 3 ml of cell culture media by incubation with 50 pl of suspension of protein A-Sepharose
with bound M75 Mab for 2 h at room temperature with gentle rotation.

[0314] Immunoprecipitation of s-CA IX from human sera and urine was carried out as follows:
to 0.75 ml of serum or 10 ml of urine (both clarified by centrifugation) was added 2 pg of M75
IgG for 60 min. at room temperature. Following this, each sample was supplied with 50 pl of
50% pre-washed anti-mouse IgG Agarose beads and the suspension was agitated on a rotator
for 4 hours or overnight at + 4 °C. Then the beads with bound mouse IgG and immune
complexes were centrifuged (1200 rpm/2 min.), the pellet was resuspended in 1 ml PBS-T
(phosphate burred saline with 0.05% Tween 20, Sigma) centrifuged as above and the beads
were heated in 60 pl of Laemmli sample buffer at 100 °C for 5 min. blood sera. The
precipitates, when analysed by Western blots developed with M75-peroxidase conjugate and
ECL, in addition to s-CA IX p50/54 were showing strong non-specific bands of 92 and 125 kDa.
These cross-reactive proteins were present also in control human sera.

[0315] We were able to eliminate the non-specific bands by using two different monoclonal
antibodies. For immunoprecipitation MAb V-10 specific for the CA domain was employed, while
M75-peroxidase conjugate, specific for PG domain, was used for developing the blots. Only the
lanes loaded with precipitate obtained with M75 show, in addition to CA1X bands at 50 and 54
kD, also the cross-reaction with human serum proteins of 92 and 128 kDa. The lanes
employing new non-M75 MAbs for immunopreciipitation showed no cross-reaction visible on
the scan or the film.

[0316] A second problem encountered with CA IX immunoprecipitated from human sera was
that Western blots looked dirty or obscured by smears and clouds. We suspected that this was
due to a partial denaturation of M75-IgG during conjugation with peroxidase, using HPLC we
found that M75 IgG which had been conjugated with activated peroxidase under conditions
recommended by the manufacturer formed oligomers several times larger than corresponding
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to 5 Px molecules for 1 1gG. Therefore, we reduced the Px:IgG ratio 3x and obtained the
conjugate yielding a clear background on Western blots with immunoprecipitate from human
sera.

Immunohistochemistry

[0317] CA IX immunostaining using monoclonal antibody M75 in Example 9 was as described
[ for example in Wykoff et al. (2000)]. Slides were viewed by two observers. The CA IX score
was derived from the product of (i) the percentage of tumor cells staining for CA IX and (ii) the
average intensity of that staining on a scale of 1 (least intense) to 3.

ELISA

[0318] The "sandwich" was composed of these layers in MaxiSorp strips or plates (NUNC,
Denmark): (1) immobilized phase: MAb V-10 1gG, 5ug/ml in 50 mM carbonate buffer pH 9.6,
was adsorbed 3 h at room temperature; (2) test antigen dilutions in PBS with 1% FCS were
adsorbed overnight at +4 °C; (3) M75-Px conjugate 1:5000 in PBS with 1% FCS, was allowed
to bind for 2 hr. at room temperature; (4) orthophenylene diamine (OPD, Sigma) 1 mg/ml in
100 mM phosphate/citrate buffer pH 5.0 + 1 pl/ml of 30% HxO» (Sigma), was allowed to react

30 min. in the dark at room temperature. After each step the strips or plates were washed 4x
with PBS-T.

Immunoblots

[0319] SDS-PAGE and Western blotting were as described before [Zavada et al. (2000)].
Whole cell protein extracts were prepared from tissue culture cells by 10 s homogenization in
denaturing conditions [Wiesener et al. (1998)]. Aliquots were separated by SDS-polyacrylamide
gel electrophoresis and transferred to Immobilon-P membranes (Immobilon™-P, Millipore,
Bedford, UK). CA IX was detected using the mouse monoclonal anti-human CA IX antibody
M75 (1:50) as described [(Pastorekeva et al. (1992)]. For Examples 3-7 and 10, HRP-
conjugated goat-anti-mouse immunoglobulin (DAKO) (1:2000) was applied for 1 h at room
temperature (RT). ECL Plus (Amersham Pharmacia) was used for visualization. For Example
8, the cells (cell monolayer and sediment of tumor homogenates, respectively) were extracted
by RIPA buffer (1% Triton X-100, 0.1% sodium deoxycholate, 1mM PMSF, 20 ug/ml trypsin
inhibitor, 1 mM ethylenediaminetetraacetic acid in PBS) for 30 min at room temperature. The
extracts were then centrifuged (15 min at 13,000 rpm) and concentration of proteins was
determined by BCA assay (Pierce) according to the manufacturer's instruction. The extracts
(aliquots containing 30g of proteins) were directly analyzed. Culture medium and plasma were
first concentrated by immunoprecipitation with M75 Mab as described above. Samples were
separated by electrophoresis on a 10% SDS-PAGE gel, blotted onto the membrane as
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described above. The membrane was incubated with '2%|-labelled M75 Mab and then exposed
to X-ray film.

EXAMPLE 3

Cell-associated and soluble CA IX in cell cultures

[0320] Western blot analysis was performed to determine CA IX in culture media (soluble CA
IX) or in cell extracts (cell-associated CA IX), as described above. As previously described,
various human tumor cell lines, when grown to a high density, produce CA IX seen on Western
blots as a "twin" protein p54/58 [Pastorekova et al. (1992); Zavada et al., (1993)]. Present
results are consistent with these reports: cell extracts from the colorectal carcinoma cell line
HT29 show 54 and 58 kDa bands of CA I1X on the Western blot. Media from these cell cultures
also contain CA IX, but the soluble form is somewhat shorter, with 2 bands of 50 and 54 kDa.
The total content of CA IX in cell extracts is about 10x higher than in the medium, as
determined by ELISA (Fig. 10).

EXAMPLE 4

CA IXin tumor extracts and in media of short-term cultures of RCC

[0321] The study included 50 patients (28 men and 22 women, mean age 63.2, range 36-79)
with newly diagnosed RCC. Western blots of the extracts from RCC tumors resemble blots of
tumor cell cultures. They also contain two bands of 54 and 58 kDa, and the proportion of CAIX
per total protein is somewhat lower than in HT29 cells (Fig. 10). All of the 6 RCC tumor extracts
were strongly CA IX positive. Control kidneys and a non-RCC tumor, an angiolipoma, do not
contain any CA IX.

[0322] Shedding of s-CA IX was examined in short-term cultures: fresh tumor excisions from
the patients were cut in 1 mm pieces and grown in short-term cultures in DMEM with 10% FCS,
as described above. The medium from a suspension culture of tumor fragments was harvested
after 2 days and analysed by Western blotting and ELISA (Fig. 10). Again, both the
concentration and M, of s-CA IX were comparable (two bands of 50 and 54 kDa) with cultures

of the tumor cell line HT29.

EXAMPLE 5



DK/EP 3031910 T3

Recovery of CA IX 50 and 58 kDa bands from diluted

HT29 cell extract or TC medium

[0323] The concentration of CA IX in blood serum and in urine of RCC patients is too low to be
detected without previous concentration. Therefore, we first tested how efficiently CA IX can be
immunoprecipitated from cell extracts or TC media of HT29 cells.

[0324] Immunoprecipitation was performed as described above. The result was somewhat
puzzling. Original HT29 cell extract or TC medium contained 2 bands of CA IX. However, after
addition of M75 antibody followed by PA-Sepharose beads and a low speed centrifugation, no
CA IX was detected in the supernatant and all of the CA IX antigen was present in the pellet.
Surprisingly, it was seen only as a single band of 54 kDa, no matter whether it was from cell
extract (cell-associated CA 1X) or from the medium (soluble CA 1X). The other band
disappeared. When the pellets were mixed with corresponding supernatants, the lost bands
appeared again in their original intensity. For the re-appearance of the lost band, it was
sufficient to add FCS to a final concentration of 1-2%. This observation suggests that FCS (or
various other proteins) is providing some sort of steric support for CA 1X on Western blots. In
this experiment, the p54 band did not disappear after adding the MAb and Protein A -
Sepharose and centrifugation, most likely because on migration in PAGE it overlaps with
denatured heavy chain of M75 IgG. Since this observation, we have added 1.5% FCS to
Laemmli sample buffer for extracting of CA IX from the immunoprecipitates and for diluting the
samples before gel electrophoresis and Western blotting. We conclude that the sensitive
detection of CA IX antigens on Western blots requires the presence of other "contaminating”
proteins which do not cross-react with CA IX.

EXAMPLE 6

CA IXin blood serum of RCC patients

[0325] As described in Examples 3-5, there were no problems with detection and quantitation
of CA IX protein in extracts from cells or tumors and in culture media. The concentration of CA
IX was sufficient for direct analysis by Western blotting or by ELISA. Control cell extracts or
media showed no false positivity or non-specific bands.

[0326] The difficulties emerged when we started to test human blood sera. The concentration
of CA IX was too low and the concentration of normal blood serum proteins was too high to
allow direct gel separation. Therefore, we prepared immunoprecipitates from control and
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patients’ sera using M75, followed by anti-mouse IgG agarose beads. The precipitates, when
analysed by Western blots developed with M75-peroxidase conjugate and ECL, in addition to
the s-CA IX p50/54 bands showed strong non-specific bands of 92 and 125 kDa. These cross-
reactive proteins were present also in control human sera.

[0327] Fortunately, we were able to eliminate the non-specific bands by using two different
monoclonal antibodies, as described above. For immunoprecipitation MAb V-10 specific for the
CA domain was employed, while M75-peroxidase conjugate, specific for PG domain, was used
for developing the blots.

[0328] We tested 30 samples of sera from RCC patients, 14 sera of patients with tumors other
than RCC, 6 sera of non-tumor patients suffering from various urological diseases and 42 sera
of healthy blood donors. Sera evaluated as positive were found mainly in the RCC group. Out
of total 30 RCC sera, 12 scored as "positive" (40%). The RCC group included 1 sarcomatous
RCC, which was CA IX positive. Among 14 non-RCC tumor patients, 1 was positive (papillary
carcinoma).

[0329] There does not seem to be a clear correlation between tumor size and the presence or
concentration of CA1X in the serum. All sera evaluated as "negative," including sera of healthy
blood donors, did in fact show an extremely weak 50 kDa band of s-CA IX, which became well
visible only after prolonged exposure of the blots.

[0330] For Western blot analysis of soluble CA IX protein in blood sera of RCC patients and of
control individuals, each lane was loaded with immunoprecipitate corresponding to the original
0.6 ml of the serum. Sera samples were from three healthy blood donors: a patient (100) who
had stones in the urether; patients with non-RCC tumors: (39) papillary carcinoma from renal
cells, (103) urothelial tumor of renal pelvis, (121) sarcomatoid renal carcinoma; all other

samples, RCC (the largest are No. 68, 2350 cm3; No. 36,1466 cm?; No.50, 725 cm3; and the

smallest, No. 102, 9 cm?; No. 112, 14 cm®).

[0331] To obtain more support for presumed origin of blood s-CA IX from the tumors, we
tested several paired sera from RCC patients before and after nephrectomy. Indeed, in 3
cases the sera after operation contained much less of s-CA IX than corresponding pre-
operation sera. One exception was patient No. 68, showing an increase of s-CA IX level - but
this patient underwent only a palliative operation. Only a moderate decrease of s-CA IX was
seen in the patient No. 104, in his case the post-operative sample was taken only 1 day after
nephrectomy, whereas in all other patients the post-operative samples were obtained 7 days
after operation.

EXAMPLE 7

CA IXin urine of RCC patients
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[0332] The RCC patients (see Example 6 above) excrete s-CA IX protein in urine. For obvious
reasons, we could afford to concentrate the antigen from 10 ml of urine (or from larger
volumes if needed), and load 1 lane on the gel with an aliquot corresponding to 8 ml. For the
Western blot analysis, the non-tumor patients Nos. 45 and 48 had stones in the urether; non-
RCC tumor patients No. 28 and 57 had angiolipoma and No. 39 had a papillary carcinoma. All

other samples were from patients with RCC (largest tumors were No. 36,1466 cm?®; No. 50,
725 cm3; the smallest, No. 44, 1 cm3; No. 60,12 cm?; and No. 38, 14 cm3).

[0333] Our results show that a relatively high percentage (19/27 = 70%) of the patients
excrete CA IX in urine. The M, of the s-CA IX protein is about the same as in blood (see

Example 6). In some of the urine samples, there is an additional band of intermediate size. In
two strongly positive samples (No. 50 and 54) there is an additional band of 62 kDa. Control
specimens of urine from 25 healthy persons, 2 non-tumor and from 3 non-RCC tumor urology
patients were all CA IX negative.

[0334] As shown in Examples 3 and 4, shedding of CA IX is moderately efficient. Two days
after media exchange, the medium contains about 10% of the total amount of CA IX compared
with the cell monolayer (Fig. 10). On the other hand, the concentration of s-CA IX in the blood
of RCC patients, even if they carry very large tumors, is approximately 1000 x lower than in TC
media (Table 6). This shows that s-CA IX is rapidly cleared from the blood. There may be
several mechanisms of clearance. We have demonstrated one of them: excretion in the urine
without any major degradation. Concentration of the s-CA IX in urine corresponds
approximately to the antigen in blood. Possibly, some of CA IX could be degraded to smaller
fragments; we are aware of the existence of CA IX-related polypeptides of 20-30 kDa lacking
the PG domain. But their sensitive detection and quantification will require optimizing the
conditions of assays, probably double antibody sandwich assays using CA IX-specific mabs to
the CA domain. Two urine samples - Nos. 50 and 54 contain a larger protein of 62 kDa,
reacting with MAb M75. Significance of this larger protein is not clear; it was not found in the
blood or in tumor extract from the same patient.

[0335] The data on CA IX concentration in biological materials tested in Examples 3-7 are
summarized in Table 6 below.

TABLE 6

Concentration of CA IX in biological materials
HT29 cell extract* 4 mg/g total protein
Fresh RCC extract 0.5 - 2 mg/g total protein
Normal kidney extract not detectable
HT29 TC medium* 100 ng/ml
RCC TC media 100 ng/ml
Sera of RCC patients 20 pg - 3.6 ng/ml
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Concentration of CA IX in biological materials

Control sera 5- 25 pg/ml
Urine of RCC patients 20 pg - 3 ng/ml
Control urine 0-2pg/ml

’5 cm Petri dish corresponds to 5 ml of medium or to 0.5 mg total protein ectracted
from cell monolayer.

[0336] There is a wide range of concentrations observed. The results for cell and tumor
extracts and for TC media are based on ELISA. The CA IX concentration in blood sera and in
urine was determined by densitometric reading of films exposed with Western blots and
calculated by a comparison with included calibration with HT29 medium, titrated in ELISA. All
the blots must be taken only as approximate, due to high biological variability (density-
dependent expression of CA IX in cell cultures, volume of fluids consumed by the patients
before providing the urine for CA IX determination). Western blots are only a semi-quantitative
method and there exists no clear-cut borderline between "normal" and "elevated"
concentrations of the antigen.

EXAMPLE 8

Soluble Form of CA IX in medium of HT29 culture and in serum of nude mice with a
xenograft of HT29 cells

[0337] The appearance of soluble CA IX in the medium of HT29 culture and in the serum of
nude mice with a xenograft of HT29 cells were compared [Chrastina et al. in press (2003)]. In
this experiment, we used athymic nude mice xenografted with HT29 human colorectal

carcinoma, as described above. Western blotting using 125|-M75 mab showed the level of CA
IX in xenograft and in HT29 culture in vitro. Soluble CA 1X shedded to culture medium and to
blood plasma was first concentrated by immunoprecipitation and then subjected to Western
blotting analysis.

[0338] Western blot analysis showed that in vivo expression of CA IX in the HT29 xenograft
was lower than in culture, possibly due to presence of CA IX-negative stroma surrounding the
tumor parenchyma as well as to in situ heterogeneity of expression in the tumor cells as
mentioned above. In addition, a subpopulation of CA IX molecules with the size corresponding
to the extracellular portion of the protein (s-CA 1X) was detectable in both culture medium and
blood circulation as a result of antigen shedding from the cell membrane.

EXAMPLE 9
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Expression of CA IXin bladder cancer sections

[0339] The expression pattern of CA IX in superficial and invasive bladder cancers has been
compared by immunohistochemical methods [Turner et al., Br. J. Cancer, 86:1276-
1282(2002)]. The expression of CA IX was enhanced in bladder cancer specimens, greater in
superficial than invasive tumors, confirming CA IX as a possible marker to detect urinary tract
tumors.

[0340] Formalin-fixed, paraffin-embedded tissue specimens collected by standard surgical
oncology procedures were obtained from the Pathology Department, John Radcliffe Hospital,
Oxford, UK. Samples of normal bladder were taken from cadaveric organ donors at the time of
nephroureterectomy.

[0341] CA IX expression was evaluated by immunochemistry in 22 cases on serial sections
(Table 7), as described above. These 22 cases were selected to represent the range of stage
and grade in human bladder tumors, and in two samples of normal bladder. In 17 cases, CA IX
was expressed maximally on the luminal surface of tumors and around regions of necrosis in
invasive tumors. In addition, while both superficial and invasive tumors showed luminal
enhancement, this was much more marked in superficial tumors. CA IX was not detected in
normal bladder specimens, nor was it detected in samples from the patient with isolated CIS.

[0342] The high frequency and marked enhancement of CA IX expression in superficial
bladder cancer in this experiment, combined with the relative absence in normal transitional
epithelium, and the fact that CA IX is a transmembrane protein, suggests that measurement of
shed protein in the urine could be a potential marker of recurrence.

TABLE 7
Expression of CA IX protein in human bladder cancer

Patient Tumor stage/grade CA IX immunostaining
1 CIS -ve
2 Ta G1 luminal
3 Ta G1 luminal
4 Ta G2 luminal
5 T1 G1 luminal
6 T1 G2 luminal
7 T1 G2 luminal
8 T1 G2 luminal
9 T1 G2 luminal
10 T2 G2 luminal and perinecrotic
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Expression of CA IX protein in human bladder cancer

Patient Tumor stage/grade CA IX immunostaining

11 T2 G2 luminal and invasive tumor

12 T2 G3 luminal

13 T2 G3 luminal

14 T2 G3 luminal but sparse

15 T2 G2, CIS in separate biopsy jperinecrotic CIS-ve

16 T2 G2, CIS in separate biopsy {perinecrotic CIS weakly positive

17 T2 G2 luminal and perinecrotic

18 T2 G3 luminal and perinecrotic

19 T2 G3 invasive tumor

20 T2 G3, CIS in separate biopsy {luminal and perinecrotic CIS -
ve

21 T3 G3 -ve

22 T4 G3, CIS in separate biopsy {luminal, CIS weakly positive

* In serial sections expression of CA IX was assessed by immunochemistry using

monoclonal antibody M75.

EXAMPLE 10

Temporal relationship of CA IX expression to hypoxia and reoxygenation

[0343] Hypoxically-induced CA IX protein was shown to be present in tissue culture for 72
hours, even after reoxygenation, further supporting its potential usefulness as a biomarker
[Turner et al., (2002)]. Previously hypoxic induction of CA IX in invasive bladder cancer cell
lines had not been detected [Wykoff et al. (2000)], which is consistent with the observation of
the low level of CA IX expression in invasive tumors. There appears to be no currently
available cell lines derived from superficial human bladder tumors. For those reasons, the
A549 lung carcinoma cell line, which shows marked hypoxic induction of the CA9 gene, was
chosen for this experiment. Western blot analysis of expression of CA IX protein in A549 lung
carcinoma cells was performed after growth under hypoxic conditions and then subsequent
reoxygenation. Levels of CA IX protein detected remained constant for at least 72 h, indicating
that the protein may persist in tissues for a relatively long period of time.

Example 11
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Comparison of CA IX Expression in Normal, Benign and Malignant Breast Tissues with
ER, C-erbB-2 (HER-2/neu), C-erbB3 and CD44 Expression

MATERIALS AND METHODS

Tissue specimens

[0344] Breast tissue specimens were obtained from 111 patients (mean age 50.4 years,
ranging from 19 to 82) during surgical treatment (KP) at the Department of Obstetrics and
Gynaecology Il, School of Medicine, Comenius University, Bratislava, in 1998-1999. The
patients had not received anti-tumour treatment before surgery. Portions of all tissues were
fixed in formaldehyde, embedded in paraffin wax and processed for routine histopathology.
The specimens were divided into two overlapping groups, so that the tissues of 36 patients
were analysed by IHC only, the tissues of 36 patients were subjected to both IHC and RT-PCR,
and the tissues of 39 patients were used for RT-PCR only. IHC was performed using the
paraffin-embedded specimens. For RT-PCR, fresh tissues were snap-frozen in liquid nitrogen
and stored at -80°C until used for RNA extraction.

Histopathology

[0345] Histopathological evaluation of tissues was performed independently. The diagnosis
was assessed separately for the sections subjected to IHC and for the specimens
corresponding to tissues analysed by RT-PCR. The tissues were classified according to the
WHO classification (World Health Organization 1981) and categorized as normal (derived from
distant areas of surgical tumour specimens), benign (fibrocystic change, fibroadenoma and
other types) and malignant (carcinomas in situ and invasive carcinomas).

Immunohistochemistry

[0346] The tissue sections were immunostained by the biotin-streptavidin complex method
using the monoclonal antibody M75 to the N-terminal domain of CA IX and applied in 1:10
dilution for 1 h at room temperature, as described previously [Pastorekova et al. 1997]. Briefly,
the procedure was performed as follows: (1) Pretreatment with undiluted cow colostral whey
for 40 min and rinsing in phosphate-buffered saline (PBS). (2) Incubation for 1 h with M75
monoclonal antibody in PBS containing 1% bovine serum albumin (BSA). (3) Incubation for 1 h
with biotinylated goat anti-mouse 1gG (Dakopatts, Copenhagen, Denmark) diluted 1:300 in 1%
BSA-PBS. (4) Incubation for 30 min with peroxidase-conjugated streptavidin (Dakopatts)
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diluted 1:500 in PBS. (5) Visualization for 2 min in diaminobenzidine solution (Fluka, Buchs,
Switzerland). The sections were washed three times for 10 min in PBS after steps 2, 3, and 4.
All the incubations and washings were carried out at room temperature. The sections were
counterstained with haematoxylin, mounted in Permount [Fisher Scientific, Fair Lawn, NJ
(USA)], examined and photographed with a Nikon Eclipse E600 (Tokyo, Japan) microscope.
The level of staining was scored in a blinded manner, taking into account intensity of signal,
pattern and extent of staining under low and high magnification. Sections of normal human
intestine were used as positive controls. For the negative control, M75 antibody was
substituted with PBS. The staining intensity was scored using a scale of 0-3 as follows: 0, no
reaction; 1, weak reaction; 2, moderate reaction; 3, strong reaction. The staining pattern was
evaluated as cytoplasmic or membranous and positivity was assigned only to those specimens
that showed the plasma membrane staining. The extent of staining was evaluated as focal if
occasional single cells or small groups of cells were positive, or diffuse, if continuous or
extensive areas were stained.

RNA extraction and reverse transcription of cDNA

[0347] Extraction of total RNA from the frozen breast specimens was done by disrupting the
tissues in Trizol solution (GIBCO, Life Technologies). RNA was precipitated by ethanol,
dissolved in water treated with diethylpyrocarbonate (DEPC, Sigma) and reverse transcribed
with SuperScriptll reverse transcriptase (GIBCO, Life Technologies) using oiigo(dT)42.1s. (500
pg/ml). 5 pl RNase-free sterile water containing 1 pg of total RNA was added to a reaction
mixture composed of dNTPs, each at 0.5 mM concentration (Pharmacia), and reverse
transcriptase buffer containing 6 mM MgCly, 40 mM KCI, 1 mM DTT, 0.1 mg/ml BSA and 50
mM Tris-HCI, pH 8.3. The mixture in a final volume of 20 pl was heated for 10 min at 70°C,
cooled quickly on ice, supplemented with 200 U of reverse transcriptase, incubated for 1 h at
42°C, heated for 15 min at 70°C and stored at - 80°C until used.

PCR amplification

[0348] PCR reaction was performed with an automatic DNA thermal cycler (BIORAD) using
the cDNA-specific primers for CA9 as well as for Bo-microglobulin (82-m) which served as an
internal standard. The nucleotide sequences of the primers, with relevant positions and
database accession numbers in parentheses, were as follows:

CA9 (X66839): MN1 5' CCGAGCGACGCAGCCTTTGA 3' (1188-1207) (SEQ ID NO: 107), MN2
5 TAGTCGACTAGGCTCCAGTCTCGGCTACCT 3' (1443-1414) (SEQ ID NO: 108); Bo-
microglobulin (AF072097): B2M1 5' CATCCAGCGTACTCCAAAGA 3' (860-879) (SEQ ID NO:
109), B2M2 5' GACAAGTCTGAATGCTCCAC 3' (1024-1005)(SEQ ID NO: 110).
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[0349] To compare the expression of CA9 with breast tumour markers ER, c-erbB2, c-erbB3
and CD44, we used the same templates for parallel semi-quantitative RT-PCR reactions using
the following primers:

Oestrogen receptor (M12674).ER1 5 ACTCGCTACTGTGCAGTGTGCAATG 3' (776-800)
(SEQ ID NO: 111), ER2 5 CCTCTTCGGTCTTTTCGTATCCCAC 3' (1014-990) (SEQ ID NO:
112); c-erbB-2 (M11730): EB2-1 5' AGTTTCCAGATGAGGAGGG CGCATGCC 3' (1994-2020)
(SEQ ID NO: 113), EB2-2 5' TTCTCCCCATCAGGGAT CCAGATGCCC 3' (2384-2358) (SEQ ID
NO: 114); c-erbB-3 (M34309): EB3-1 5' GGTGCTGGGCTTGCTTTTCAGCCTGG 3' (222-247)
(SEQ ID NO: 115), EB3-2 5' ACCACGCGGAGGTTGGGCAATGGTAG 3' (512-487) (SEQ ID
NO: 116); CD44 (M59040.1): CD44-1 5 GGGTCCCATACCACTCATGGA TCT 3' (725-748)
(SEQ ID NO: 117), CD44-2 5' GGGAAAGGTTGGCGATCAGGAA TA 3'(1444-1421) (SEQ ID
NO: 118).

[0350] The reaction mixture was composed of 1/40 of cDNA template obtained from 1 ug of
RNA, 15 pmol of each upstream and downstream primers for both the analysed gene and Bo-
m, 0.2 mM of each dNTP (Pharmacia), 1 U of Tag DNA polymerase (Boehringer Mannheim)
and PCR buffer (10 mM Tris-HCI pH 8.3, 50 mM KCI and 1.5 mM MgCly,) in a total volume of
25 [l. Following an initial denaturation at 95°C for 1 min, the amplification program was set as
follows: denaturation at 95°C for 20 s, annealing at 65°C for 30 s, and extension at 72°C
during 40 s for a total of 30 cycles, and finally 5 min at 72°C. In these conditions, amplified
products were obtained in the exponential phase for the two sets of primers, and the yield of
PCR products obtained by co-amplification was similar to those obtained by individual
amplifications in separate tubes. In addition to tumour samples, negative and positive controls
were systematically processed in parallel.

Semi-quantitation of RT-PCR products

[0351] 20 ul of RT-PCR products were run on a 1.8% agarose gel. Quantification of PCR
products was done using Scion Image software. The amount of CA9-specific PCR product was
expressed as a percentage of the internal standard. The specimens were classified as 0 when
amount of CA9 product was less than or equal to 10% of internal standard, as 1 for 11-50%, 2
for 51-80% and 3 for more than 80% of $o-m. Similar semi-quantitation in relative percentages

of gene-specific products was used for the other markers without further categorization of data.

Statistical evaluation

[0352] Association between expression of CA9 and expression of ER, c-erbB2, c-erbB3 and
CD44 in breast tumours was evaluated by chi-square test of independence (or by Fisher's
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exact test) using data obtained in a parallel RT-PCR analysis of the same specimens. Mann-
Whitney rank test applied to positive specimens was used to compare expression levels of
individual markers in CA9-positive versus CA9-negative subgroups of malignant tissues. A
significance level of p <0.05 was used in both tests.

RESULTS

Immunohistochemical analysis of breast tissues

[0353] The set of 72 breast specimens subjected to IHC analysis of CA IX expression
consisted of 10 normal tissues, 36 benign lesions and 26 malignant tumours (Table 8). The
benign lesions included 20 specimens with fibrocystic changes, six fibroadenomas and 10
specimens of other type (two hyperplasias, two adenoses, four fibroses, one adenoma, one
benign phylodes tumour). The malignant tumours included five ductal carcinomas in situ, two
lobular carcinomas in situ, 13 invasive ductal carcinomas, two invasive lobular carcinomas,
three tubular carcinomas and one mucinous carcinoma.

[0354] All 10 normal breast tissues were negative for membrane CA IX, with only few
occasional cells with weak cytoplasmic staining found in one specimen of lactating breast. In
benign lesions, a positive membrane signal ranging from weak to strong was detected in four
of 36 (11%) specimens (Table 8). All positive lesions were classified as fibrocystic changes.
Among negative specimens, one fibroadenoma and three lesions with fibrocystic changes
showed weak cytoplasmic staining in a few epithelial cells, while other benign lesions did not
stain at all.

[0355]
abnormal epithelium, mostly in areas of apocrine metaplasia. [E.g., weak diffuse cytoplasmic
staining seen in apocrine metaplastic epithelium.] Weak signal of a diffuse cytoplasmic pattern
was observed in three specimens. The four moderately to strongly positive specimens showed
focal membrane staining. [E.g., strong focal membrane staining of epithelial cells seen in

In sections with fibrocystic changes, the staining signal was mainly confined to

benign hyperplastic epithelium.] In one case with fibrocystic change and sclerosing adenosis,
strong CA 1X-specific staining was detected in sub-epithelial fibroblasts and endothelium.
Table 8

Summary of the immunohistochemical staining of CA IX in the normal, benign, and
malignant breast tissues
Total Positive specimens* Expression Level
Type of tissue No. No. % Mean Range
Normal breast 10 1 10 0.10 0-1
Benign lesions 36 4 1" 0.39 0-3
Fibroadenomas 6 0 0 0.17 0-1
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Summary of the immunohistochemical staining of CA X in the normal, benign, and
malignant breast tissues
Total Positive specimens* Expression Level
Type of tissue No. No. % Mean Range
Fibrocystic 20 4 20 0.65 0-3
changes
Other types 10 0 0 0.00
Malignant tumours 26 12 46 1.42 0-3
In situ 7 4 57 1.28 1-2
Invasive 19 8 42 1.47 0-3
*Positivity was assigned only to specimens with membrane staining

[0356] Out of 26 malignant breast tissue specimens, plasma membrane expression of CA IX
protein was detectable in 12 carcinomas (46%) (Table 8). The positivity was observed mainly in
the abnormal epithelium. The majority of weakly stained specimens showed a focal
cytoplasmic pattern, while moderate to strong staining was mainly of focal membrane type.
Interestingly, in four invasive ductal carcinomas out of six strongly positive malignant cases,
staining was observed in stromal fibroblasts and occasionally also in endothelial cells. Indeed,
there were two specimens with strongly positive stroma and negative carcinoma cells. [E.g.,
strong specific positivity was present in stromal fibroblasts and endothelial cells, but absent in
the area of invasive ductal carcinoma in a tumour specimen.] In one specimen of ductal in situ
carcinoma with sclerosing adenosis, strong positivity was found in adenosis, whereas the in
situ area was negative. The last strongly positive tumour tissue specimen was classified as
mucinous carcinoma and was found to express CA IX focally in membranes of abnormal
epithelial cells. On the other hand, both lobular carcinomas in situ and one of two invasive
lobular carcinomas showed only weak cytoplasmic staining, while the other lobular carcinoma
specimen was completely negative.

[0357] Comparison of CA IX expression with basic clinicopathological parameters of the
analysed malignant tumors did not reveal any significant relationship with the age, nodal
status, tumor size and grade.

Table 9

Summary of the RT-PCR analysis of CA9 gene expression in the normal, benign
and malignant breast tissues
Total Positive specimens Expression level

Type of tissue No. No. % Mean Range
Normal breast 3 0 0 0.0
Benign lesions 33 1" 33 0.39 0-3

Fibroadenomas 9 5 56 0.56 0-3

Fibrocystic 20 6 30 0.40 0-1
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Summary of the RT-PCR analysis of CA9 gene expression in the normal, benign
and malignant breast tissues
Total Positive specimens Expression level

Type of tissue No. No. % Mean Range
changes

Other types 4 0 0 0.00
Malignant tumours 39 25 64 1.03 0-3

In situ 3 1 33 0.33 1-3

Invasive 36 24 67 1.08 0-3

RT-PCR analysis of breast tissues

[0358] The specimens utilized for RT-PCR analysis included three normal tissues, 33 benign
lesions and 39 malignant tumours (Table 9). The benign tissue specimens consisted of 20
lesions with fibrocystic changes, nine fibroadenomas and four lesions of other types (one
adenosis, one epitheliosis, one intraductal papilloma and one non-specific autoimmune
alveolitis). The malignant tissues involved three ductal carcinomas in situ, 32 invasive ductal
carcinomas, two invasive lobular carcinomas, one tubular carcinoma and one mucinous
carcinoma.

[0359] All three normal tissue specimens were negative for CA9 transcript, while the specific
RT-PCR product was detected in 33% of benign lesions. Nine benign lesions were evaluated
as weakly positive, one lesion showed moderate positivity and only one benign lesion showed
strong positivity. On the other hand, 64% of malignant tumours expressed CA9, of which 14
tissues were weakly positive, nine were moderately positive and three were strongly positive
(Table 9). [The CA9 specific PCR product of 255 bp was detected using pBo-
microglobulindrelated PCR product of 165 bp as a standard.] As above, there was no
significant association between CA9 expression and any of the clinicopathological parameters.

Concordance of IHC and RT-PCR data

[0360] Comparison of IHC and RT-PCR data obtained from specimens of 36 patients
analysed simultaneously by both methods revealed 69.4 % concordance of the results. There
were 19 IHC-negative/RT-PCR-negative, six IHC-positive/RT-PCR-positive, 10 [HC-
negative/RT-PCR positive patients, and one IHC-positive/RT-PCR-negative. The discrepancies
could partially result from differences in methodology, which accounted for at least some RT-
PCR-positive/IHC-negative data. Indeed, weak cytoplasmic staining was observed in six
specimens evaluated as negative in IHC, but found to be positive in RT-PCR. In addition, there
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was an objective problem connected with breast tumour heterogeneity and related to the fact
that the two methods were performed using different portions of tissue obtained from the same
patient. This problem could be relevant especially in the cases with focal CA IX expression in a
small area, present in the first portion of the breast specimen but lacking from the second. In
support of this assumption was differential histological evaluation of five paired specimens, in
which CA IX negativity was observed in the portion of tissue containing less severe
morphological changes such as hyperplasia, while the positivity was associated with the
presence of more striking abnormalities such as carcinoma in situ.

Relationship of CA9 to breast tumour markers

[0361] In order to understand the molecular context of CA9 gene expression and to learn
more about its possible significance in breast cancer, we have performed simultaneous semi-
quantitative RT-PCR analyses of four additional markers. They included the genes encoding:
(1) oestrogen receptor (ER), a known predictor of response to endocrine therapy; (2) type 1
receptor tyrosine kinase c-erbB2 (HER-2/neu), associated with lack of endocrine response,
aggressive phenotype and poor prognosis; (3) c-erbB3, a catalytically-inactive ligand-binding c-
erbB2 homologue, proposed as a favourable predictor of endocrine response in ER positive
tumours; and (4) an adhesion molecule CD44, a promising indicator of metastatic potential
[Osborne et al. (1996); Revillion et al. (1998); Knowlden et al. (1998); Kaufmann et al. (1995)].

[0362] For the statistical analysis, 39 malignant specimens were divided into two groups. The
CA9-negative group contained 14 specimens with expression of CA9 below 10% of internal
control and the CA9-positive group consisted of 25 specimens expressing CA9 mRNA at any
level above 10%. In both groups, specimens were categorized as either positive or negative for
expression of each of the four markers. The cut-off value of 10% of internal control was used
for ER, c-erbB3 and CD44. The cut-off value of 100% of internal control was estimated for the
overexpression of c-erbB2 as a value corresponding to the mean expression level in c-erbB2-
positive benign lesions multiplied by two. Using this criterion, 25.6% of malignant breast tissues
in our collection were found to overexpress c-erbB2, in agreement with the data from literature
[Revillion (1998)]. Association between CA9 and each marker was tested by the Chi-square
test (or the Fisher's exact test in the case of c-erbB2) and concordance in negativity/positivity
evaluation was calculated (Figue 7A).

[0363] Expression of CA9 in malignant breast tissues showed no significant relationship with
ER (p=0.86), c-erbB3 (p=0.35) and CD44 (p=0.15), but there was a positive association
between CA9 and c-erbB2 (p=0.05). Nine of 25 (36%) specimens positive for CA9 mRNA
overexpressed c-erbB2, while only 1/14 (7%) CA9 negative tissues were classified as positive
for c-erbB2 overexpression.

[0364] To test whether expression levels of the markers differ between CA9-negative tissues
and CA9-positive tissues, Mann-Whitney rank test was performed including only the marker-
positive specimens. In the group of 14 CA9-negative cases, there were eight ER-, one c-
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erbB2-, eight erbB3- and eight CD44-positive specimens. On the other hand, there were 15
ER-, nine c-erbB2-, 18 erbB3- and 19 CD44-positive specimens among 25 CA9-positive cases.
The distribution of expression values for individual markers was of similar shape and differed
between CA9-positive and -negative tissues. Although three of the markers, namely ER, c-
erbB2 and c-erbB3, showed a higher median of expression in the CA9-positive group of
specimens, a significant difference (p=0.02) was found only for c-erbB2 (Figure 7B). Median
expression of c-erbB2 was 57% higher in the CA9-positive than the CA9-negative group of
tissues. This result further supported the association between CA9 and c-erbB2.

DISCUSSION

[0365] Development of breast cancer is driven by accumulation of numerous molecular
changes. This process does not follow a linear progression model, but is highly complex and
variable [Bergstein, 1. (1999)]. Its understanding and identification of relevant components is
essential not only for better stratification of patients for treatment, but also to allow for the
development of more effective therapeutic strategies targeted to aberrant cellular pathways.

[0366] According to Example 11, ectopic activation of a cell surface carbonic anhydrase IX
appears to be one of the molecular alterations contributing to breast tumourigenesis. Neither
mRNA nor the protein was found in normal breast tissues. CA IX expression was observed in
relatively low percentage of benign lesions, while the incidence and level of CA IX in the
malignant tumours were considerably higher, as documented by both IHC and RT-PCR
analyses performed on two partially independent series of specimens. A similar scenario, with
relatively early onset and increased CA IX expression in malignant tissues, was earlier
observed in other types of carcinomas derived from the uterine cervix, oesophagus and colon
[Liao et al (1994), Turner et al. (1997), Saarnio et al. (1998)]. On the other hand, lack of
expression in preneoplastic disease and its association with malignant conversion was
demonstrated in renal cell carcinomas and lung carcinomas [McKiernan et al. (1997),
Vermylen et al. (1999), Liao et al (1997)]. The cause of a different timing of activation in
different tissues is unclear, but it may be connected with regulatory pathways involved in the
development of diverse type of tumours. For example, high and homogeneous expression of
CA IX in renal cell carcinomas appears to be linked to inactivation of von Hippel Lindau tumour
suppressor protein, leading to elimination of its negative control over CA IX [lvanov et al.
(1998)].

[0367] Present immunohistochemical analysis revealed that the majority of CA IX-positive
breast lesions contained staining signal in abnormal epithelial cells. The expression pattern
was very variable, most probably reflecting the heterogeneity of breast tumour cells: the
protein was localized in the plasma membrane and/or cytoplasm, and the stained area varied
from focal to diffuse. Noteworthy, there were two cases, in which strong specific positivity was
detected also in stromal cells and two cases with strong staining present in stroma but absent
from the area of carcinoma. Such a distribution of CA IX has been observed before in
malignant colorectal tumours, where desmoplastic connective tissue occasionally showed
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prominent immunostaining [Saarnio et al. (1998)]. These peculiar findings are difficult to
explain but suggest existence of microenvironmental factors influencing CA IX expression. It is
well known that mutual cross-talk between epithelium and adjacent stroma plays an important
role in modulating the process of neoplastic transformation [Heber et al (1996), Goldyne et al.
(1991)]. Activation of CA IX in stroma may therefore represent a consequence of aberrant
paracrine communication between abnormal epithelial cells and surrounding fibroblasts.
Alternatively, expression of CA IX in the tumour stroma might be connected with genetic
aberrations recently observed in stromal cells in mammary carcinoma [Moinfar et al. (2000)].

[0368] The expression pattern of CA X may be also affected by microenvironmental stresses,
whose critical contribution to the development of tumour phenotype has become an
increasingly accepted phenomenon [Blancher and Harris (1998)]. Indeed, Wykoff et al. 2000
have recently demonstrated an intimate connection between hypoxic stress and induction of
CA IX. They have shown that upregulation of CA IX occurs at the level of transcriptional
activation via HIF-1 transcriptional complex, the critical mediator of hypoxic responses, and
they have proposed that CA IX may be a useful marker for tumour hypoxia.

[0369] Hypoxia is one of the major drives to tumour progression [Blancher and Harris (1998)].
It leads to activation of genes involved in the development of tumour metabolic pathways
including aerobic glycolysis and neovascularization. CA IX appears to participate in hypoxia-
induced oncogenic metabolism via extracellular acidification and maintenance of normal
intracellular pH, thus contributing to conditions required for the spread and survival of tumor
cells [Wykoff et al. (2000)]. From the clinical point of view, hypoxia is associated with poor
prognosis, aggressive phenotype and resistance to anti-cancer therapy [Blancher and Harris
(1998)]. This may explain our finding of an association between ectopic expression of CA IX
and overexpression of ¢c-erbB2, an oncogene encoding a receptor tyrosine kinase that serves
as a marker of aggressive breast tumours with poor outcome [Revillion et al. (1998)].

[0370] Signal transduction mediated by activated oncogenes may induce the expression of a
tumour metabolic phenotype independently of hypoxia, or may amplify the hypoxic response
[Blancher and Harris (1998)]. It was shown that inactivation of c-erbB2 was associated with
decreased expression of an important hypoxic target vascular endothelial growth factor [Petit
et al. (1997)]. By analogy, this observation may offer clues to a functional link between c-erbB2
and CA IX. It is possible that some of the features associated with high c-erbB2 expression,
such as invasion and metastatic capability, are also mediated by coexpression of CA IX. In fact,
a significant proportion of c-erbB2-positive cancers does not respond to treatment by
herceptin, a humanized monoclonal antibody against c-erbB2 [Kuter I. (2001)]. Thus it is
conceivable that inhibitors of the associated expression of CA IX could be of further therapeutic
value. This assumption is supported by the evidence that inhibition of CA activity reduces
invasion of some tumour cells lines [Parkkila et al. (2000)] and that treatment by CA inhibitor
may be beneficial as an adjunct to cancer chemotherapy [Teicher et al. (1993)].

[0371] In conclusion, this example has shown that expression of CA9 gene is associated with
breast cancer in a manner similar to some other types of carcinomas, with respect to both



DK/EP 3031910 T3

incidence and/or expression pattern. The data shown here highlight the need for further large-
scale analyses, specifically directed to a possible prognostic/predictive value of CA9 in breast
cancer and a significance of its relationship with c-erbB2. In general, our work adds to
accumulating evidence supporting the view that CA9 activation is a common event in
carcinogenesis and is a new therapeutic target.

EXAMPLE 12

Accessibility In Vivo of MN Protein Expressed in Tumor Cells and in Stomach

[0372] Lewis rats (384g) carrying a BP6 subcutaneous tumor (about 1 cm in diameter)

expressing rat MN protein were injected intraperitoneally (i.p.) with 125-M75 Mab (2.5 x 108
cpm). Five days later, 0.5-1g pieces of the tumor and organs were weighed and their
radioactivity was measured by a gamma counter.

[0373] Table 10 summarizes the results. The highest radioactivity was present in the tumor.
Relatively high radioactivity was found in the liver and kidney, apparently reflecting the
clearance of mouse IgG from the blood. The stomach continued a relatively low level of
radioactivity, indicating that the M75 Mab had only limited access to MN protein exposed in the
gastric mucosa.

TABLE 10
Distribution of radioactivity of 1251-M75 in rat organs and in the tumor

Organ cpm/g

Kidney 2153 2184

Spleen 653 555

Liver 1993 1880

Lung 1183 1025

Blood 1449

Heart 568 477

Stomach 1184 1170

Testis 812 779

Tail 647

Tumor 3646 4058 3333 8653 3839

Budapest Treaty Deposits
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[0374] The materials listed below were deposited with the American Type Culture Collection
(ATCC) now at 10810 University Blvd., Manassus, Virginia 20110-2209 (USA). The deposits
were made under the provisions of the Budapest Treaty on the International Recognition of
Deposited Microorganisms for the Purposes of Patent Procedure and Regulations thereunder
(Budapest Treaty). Maintenance of a viable culture is assured for thirty years from the date of
deposit. The hybridomas and plasmids will be made available by the ATCC under the terms of
the Budapest Treaty, and subject to an agreement between the Applicants and the ATCC
which assures unrestricted availability of the deposited hybridomas and plasmids to the public
upon the granting of patent from the instant application. Availability of the deposited strain is
not to be construed as a license to practice the invention in contravention of the rights granted
under the authority of any Government in accordance with its patent laws.

Hybridoma Deposit Date ATCC #
VU-M75 September 17, 1992 HB 11128
MN 12.2.2 June 9, 1994 HB 11647
Plasmid Deposit Date ATCC #
Ada June 6, 1995 97199
XE1 June 6, 1995 97200
XE3 June 6, 1995 97198

[0375] Similarly, the hybridoma cell line V/10-VU which produces the V/10 monoclonal
antibodies was deposited on February 19, 2003 under the Budapest Treaty at the International
Depository Authority (IDA) of the Belgian Coordianted Collections of Microorganisms (BCCM)
at the Laboratorium voor Moleculaire Biologie-Plasmidencollectie (LMBP) at the Universeit
Gent, K.L. Ledeganckstraat 35, B-9000 Gent, Belgium [BCCM/LMBP] under the Accession No.
LMBP 6009 CB

[0376] The description of the foregoing embodiments of the invention have been presented
for purposes of illustration and description. They are not intended to be exhaustive or to limit
the invention to the precise form disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The embodiments were chosen and described in
order to explain the principles of the invention and its practical application to enable thereby
others skilled in the art to utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated.

[0377] All references cited herein are hereby incorporated by reference.

Preferred embodiments

[0378]



10.

11.

12.

13.

14.

15.

16.

17.
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. 1. A monoclonal antibody generated from MN/CA I|X-deficient mice wherein said

antibody binds specifically to MN/CA IX protein or MN/CA IX polypeptide.

. 2. The monoclonal antibody of embodiment 1, wherein said MN/CA IX-deficient mice

have a null mutation in Car9.

. 3. The monoclonal antibody of embodiment 1 which specifically binds an MN/CA IX

domain, wherein said domain is selected from the group consisting of the carbonic
anhydrase (CA) domain, the proteoglycan-like (PG) domain, the transmembrane (TM)
domain, and the intracellular (IC) domain.

. 4. The monoclonal antibody of embodiment 1 which specifically binds an MN/CA 1X

domain, wherein said domain is selected from the group consisting of the carbonic
anhydrase domain and the proteoglycan-like domain.

. 5. The monoclonal antibody of embodiment 1 which specifically binds the carbonic

anhydrase domain of MN/CA IX protein.

. 6. The monoclonal antibody of embodiment 5, wherein said carbonic anhydrase domain

has an amino acid sequence substantially homologous to SEQ ID NO: 9 or SEQ ID NO:
101.

. 7. The monoclonal antibody of embodiment 5, which has an epitope within the carbonic

anhydrase domain that has the amino acid sequences of SEQ ID NO: 7 or SEQ ID NO:
69 or an amino acid sequence substantially homologous to SEQ ID NO: 67 or SEQ ID
NO: 69.

. 8. The monoclonal antibody of embodiment 1 which specifically binds the proteoglycan-

like (PG) domain of MN/CA IX protein.

. 9. The monoclonal antibody of embodiment 8, wherein said proteoglycan-like domain

has an amino acid sequence selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 98, and amino acid sequences substantially homologous to SEQ ID NO: 8 and
SEQ ID NO: 98.

10. The monoclonal antibody of embodiment 1 which specifically binds the
transmembrane domain of MN/CA IX protein.

11.The monoclonal antibody of embodiment 10, wherein said transmembrane domain
has an amino acid sequence substantially homologous to SEQ ID NO: 6 or has the
amino acid sequence of SEQ ID NO: 6.

12. The monoclonal antibody of embodiment 1 which specifically binds the intracellular
domain of MN/CA IX protein.

13. The monoclonal antibody of embodiment 12, wherein said intracellular domain has
amino acid sequence of SEQ ID NO: 7 or an amino acid sequence that is substantially
homologous to SEQ ID NO: 7.

14. The monoclonal antibody of embodiment 12, that binds the epitope represented by
SEQ ID NO: 68.

15. The monoclonal antibody of embodiment 5, which is produced by the hybridoma VU-
V/10, deposited at BCCM™/LMBP in Ghent, Belgium under Accession No. LMBP 6009
CB.

16. The monoclonal antibody of embodiment 1 which is selected from the group
consisting of antigen-binding fragments comprising MN/CA IX protein binding regions.
17. The monoclonal antibody of embodiment 16 wherein the said fragments are single



chain molecules, comprising peptide-linked Vy and V| domains.
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18. 18. The monoclonal antibody of embodiment 17, wherein said fragments have been

dimerized.

19. 19. The hybridoma VU-V/10 which produces the monoclonal antibody V/10 and which
has been deposited at BCCM™/LMBP in Ghent, Belgium under Accession No. LMBP

6009 CB.

20. 20. The monoclonal antibody of embodiment 1 that is not directed to immunodominant

epitopes of MN/CA IX.

<110> INSTITUTE OF VIROLOGY

<120> MN/CA IX-SPECIFIC MONOCLONAL ANTIBODIES GENERATED FROM MN/CA IX-

DEFICIENT MICE AND METHODS OF USE

<130> P30398-EP02
<141> 2003-02-21

<150> 60/358,824
<151> 2002-02-21

<150> 60/383,068
<151>2002-05-23

<150> 60/431,499
<151>2002-12-05

<160> NUMBER OF SEQ ID NOS: 118
<170> SOFTWARE: PatentiIn version 3.2

<210> SEQ ID NO 1

<211> LENGTH: 1522

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (13)..(1389)

<220> FEATURE:
<221> NAME/KEY: mat_peptide
<222> LOCATION: (124)..(1389)

<400> SEQUENCE: 1

acagtcagce gc atg got cec ctg tge cce age cece tgg cte cet ctg ttg

51

Met Ala Pro Leu Cys Pro Ser Pro Trp Leu Pro Leu Leu

-35

-25

atc ccg gee cct get cca ggc cte act gtg caa ctg ctg ctg tca ctg

99



147

195

243

291

339

387

435

483

531

579

627

675

723

771

819

867

915

963

Ile
ctyg
Leu
gat
Asp
gag
Glu
25

cce
Pro
gat

Asp

tta
Leu
cag
Gln
cgc
Axrg
105
ggc
Gly
tgc
Cys

ctc

Ala
185
gag

Glu
cac
His
gga
Gly
aac
Asgn
gaa

Glu
265

Pro
ctt
Leu
tece

Ser
10
gag

Glu
gga
Gly
cta

Leu

gag
Glu
aat
Asn
tat
Tyr
cge
Arg
ccg
Pro
ceca
Pro
cet
Pro
170
ctg
Leu
cac
His
cte
Leu
ggc
Gly
agt
Ser
250
ggc

Gly

Ala
ctg
Leu
cce
Pro
gat
Asp
gag
Glu
cet

Pro

gat
Asp
75

aat
Asn
Jga
Gly
tte
Phe
gec
Ala
gaa
Glu
155
cet
Pro
cag
Gln
act
Thr
agc
Ser
ctg
Leu
235
goe
Ala

tca

Ser

Pro
atg

Met

-5

ttg
Leu
ctyg
Leu
gag
Glu
gaa

Glu

60
cta

Leu
gcc
Ala
ggc
Gly
cag
Gln
ctg
Leu
140
ctg
Leu
ggg
Gly
ctg
Leu
gtg
Val
acc
Thr
220
gcee
Ala
tat
Tyr
gag
Glu

a2

Ala

=20

cct
Pro
cac
His
gac
Asp
tee
Ser
125
cgc
Arg
cgce
Arg
cta
Leu
cat
His
gaa
Glu
205
gee
Ala
gtg
Val
gag
Glu
act

Thr

cct
Pro
gga
Gly
cCcC
Pro
gat
Asp
45

gtt

val

act
Thr
agg
Arg
ccg
Pro
110
ccg
Pro
cece
Pro
ctg
Leu
gag
Glu
ctyg

Leu
130
ggc

Gly
ttt
Phe
ttyg
Leu
cag
Gln
cag

Gln
270

Pro
gte
Val
gga
Gly
agt
Ser
cta
Leu
aag

Lys

gtt
val
gac
Asp
95

cce
Pro
gtg
val
ctg
Leu
cge
Arg
atg
Met
175
cac
His
cac
His
gce
Ala
gee
Ala
ttg
Leu
255
gtc

Val

Gly
cat
His
ggc
Gly
15

gaa
Glu
cat
Pro

cet

Pro

gag
Glu
80

aaa
Lys
tgg
TLp
gat
Asp
gaa
Glu
aac
Asn
160
gct
Ala
tgg
Trp
cegt
Arg
aga
Arg
gece
Ala
240
ctg
Leu

cca

Pro

Leu
cee
Pro
-1

tct
Ser
gag
Glu
gga
Gly
aaa

Lys

55
gct

Ala
gaa
Glu
cae
Pro
atg
Ile
cte
Leu
145
aat
Asn
oty
Lieu
999
Gly
tte
Phe
gtt
Val
225
ttt
Phe
tet
Ser
gga

Gly

Thr
cag
Gln
tct
Ser
gat
Asp
gag
Glu
tca

Ser

Val

-15

agyg
Arg
999
Gly
tca
Ser
gag

Glu

Gln
ttg
Leu
gaa
Glu
cee

Pro

Leu
cce
Pro
gat

Asp

20

35

50

cct
Pro
999
Gly
cgg
Arg
cge
Arg
130
ctg
Leu
ggc
Gly
ggt
Gly
get
Ala
cet
Pro
210
gac
Asp
ctyg
Leu
cge
Arg
ctg

Leu

gaa

Glu

gga
Gly
gat
Asp
gtg
Val
115
cee
Pro
ggc
Gly
cac
His
cec
Pro
gca
Ala
195
gec
Ala
gag
Glu
gag
Glu
ttg
Leu
gac

Asp
275

gat
Asp
gaa

Glu

gat
Asp
gac
Asp
100
tece
Ser
cag
Gln
tte
Phe
agt
Ser
999
Gly
180
ggt
Gly
gag
Glu
gecc
Ala
gag
Glu
gaa
Glu
260

ata

Ile

aga
Arg
cta
Leu
gag

Glu

cct
Pro
85

cag
Gln
cca
Pro
cte
Leu
cag
Gln
gtg
val
165
cgg
Arg
cgt
Arg
ate
Ile
ttg
Leu
gge
Gly
245
gaa
Glu
tct

Ser

Leu
cgg
Arg
gac
Asp
gag
Glu
cct

Pro

Gly

70
caa

Gln
agt
Ser
geca
Ala
gce
Ala
cte
Leu
150
caa
Gln
gag
Glu
ceg
Pro
cac
His
g99
Gly
230
ceg
Pro
ate
Ile
gca

Ala

Leu Ser
-10
atg cag
Met Gln
cca ctg
Pro Leu
gag gat
Glu Asp
gga gag
Gly Glu
55
tec ctg

Ser Leu

gaa ccc
Glu Pro
cat tgg
His Trp
tgc gcg
Cys Ala
120
gcc tte
Ala Phe
135
ccg ccg
Pro Pro
ctg decc
Leu Thr
tac cgg
Tyr Arg
gge tcg

Gly Ser
200
gtg gtt

Val Val
215

age ceg
Arg Pro
gaa gaa
Glu Glu
gct gag
Ala Glu
ctc ctg

Leu Leu
280

.o
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Leu
gag
Glu
ggc
Gly
ceca

Pro
40
gag

Glu
aag

Lys



1011

1059

1107

1155

1203

1251

1299

1347

1389

1449

1509

1522

ccc
Pro
ccg
Pro

atg

cct
Pro
aat
Asn
345
cct
Pro
gac
Asp
gcg
Ala
ggt

Gly

tagaggctgg atcttggaga atgtgagaag ccagccagag

aactgtcctg tcctgectcat tatgeccactt ccttttaact

TCT
Ser
cece
Pro

ctyg

Leu

ggt
Gly
330
999
Gly
cgyg
Arg
ate
Ile
tte
Phe
gty

Vval
410

gac
Asp
tgt
Cys

agt

Ser
315
gac
Asp
cga
Arg
gct
Ala
cta
Leu
ctt
Leu
395
age

Ser

TLC
Phe
gcc
ala

300
got

Ala Lys

tct

Se

gtg

Va

gct

Al

gc

Al
38

gty

Va

ta

Tyr Arg

aaatatttat aat

<210>SEQ ID NO 2
<211> LENGTH: 459
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met
Pro
Met
-5

Leu
Leu
Glu
Glu
60

Leu

Ala

Ala Pro

-35

Ala Pro

—-20

Pro Val
Gly Gly

Pro Ser

1

30

Asp Leu

45

vVal Lys
Pro Thr
His Arg

Asp Pro

Gly
His
Gly
Glu
Pro
Pro
val

Asp

Leu Cys
Leu

Pro

-1

5

Ser
Glu
Gly
Lys

Glu

80

95

110

Qar Drn

Pro

7al

Lys
Trp

Aer

agc
Ser
285
cag

Gln

aag

r Arg

1 Ile

a Glu

cgg

att

gag

cgc
Arg
ggt
Gly

cag

Gln

cta

Leu

gag

Glu

tac
Tyxr
gtc
val

ctc

Leu

cag

Gln

TEC

Phe

atc

Ile

cac

His

caa

Gln
tgg
Trp

305
acc

320

335

350

365

¢ ctg

a Leu

0

1 Gln

¢ cge

Pro
Thr
Gln
Ser
Asp
Glu
Ser
Ala
Glu

Pro

Tla

cag

Ser
Val
-15
Arg
Gly
Ser
Glu
50

Glu
Pro
Gly
Arg

By

cca
Pro
gtt
Val
atg
Met
ceca

Pro

gee
Ala
gtc
Val
ttt
Phe
aga
Arg

gca

ctg
Leu
tce
Ser
cag
Gln
ggc
Gly
agyg

Arg

aac
Asn
tte
Phe
ctg
Leu
cte

Leu

cTac
Tyr
290
act

Thr

cte

Thr Leu

tto

Phe

cct

Pro

aat

Asn

gag ggg

Glu Gly

gtg ttt

val Phe

tct gac

Ser
cga
Arg
gct

Ala

Asp
gcg

Ala

TCT

Ser

aac

Asn

acc

Thr

ctg
Leu
cag
Gln

310
ctg

325

340

355

370

385

400

Ala Glu

415

Pro
-30
Gln
Leu
Glu
Pro
35

Asp
Glu
Gly
Asp
val
115

Drn

Trp
Leu
Pro
Asp
20

Arg
Leu
Glu
Asp
Asp

100
Ser

1n

gag

Leu
Leu
Arg
Asp
Glu
Pro
Gly
Pro
85

Gln

Pro

T.aa1

cag
Gln
gta

val

Pro
Leu
Met
Pro
Glu
Gly
Ser
70

Gln

Ser

Ala

Aala

ctt

Leu

cac

His

gce

Ala

Leu
Ser
-10
Gln
Leu
Asp
Glu
55

Leu
Glu
His
Cys

Ala

tee
Ser
ttt
Phe
aga
Arg
gag

Glu

gga
Gly
tgc
Cys
gct
Ala
agg
Arg
act

Thr

Thr
gtg
Val
ctg

Leu

acg

gte

Val

act aca
Thr Thc
295

aca gtg
Thr Val

tgg gga

Leu Trp
cag cct
Gln Pro
gac agc
Asp: Ser
gct get

Ala Ala

375

ace agc

Thr Ser

390

gga

Gly

405

420

Leu
-25
Leu
Glu
Gly
Pro
Glu
Lys
Pro

Trp

Ala
120

Dha

Ile
Leu
Asp

Glu

25

Pro
Asp
Leu
Gln

Arg

gga

Gly

105

Gly

Mare

acc ‘aaa
Thr Lys
gce

Ala

Pro Ala
Leu Leu
Ser Pro
Glu Asp
Gly Glu
Leu Pro

Glu Asp

75

Asn Asn
90
Tyr Gly

Arg Phe

Drn Ala
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Gly
ttg
Leu
agt

Ser
360
ggt

Gly
gte
val
g99

Gly

gcatctgagg gggagecggt

gccaagaaat tttttaaaat
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N bk MG kW VG SAQRS S SR kM Vs MG SR G LR A S WY O Ak A SR

125 130 135
Leu Arg Pro Leu Glu Leu Leu Gly Phe Gln Leu Pro Pro Leu Pro Glu
140 145 150 155
Leu Arg Leu Arg Asn Asn Gly His Ser Val Gln Leu Thr Leu Pro Pro

160 1635 170
Gly Leu Glu Met Ala Leu Gly Pro Gly Arg Glu Tyr Arg Ala Leu Gln
175 180 185
Leu His Leu His Trp Gly Ala Ala Gly Arg Pro Gly Ser Glu His Thr
190 195 200
Val Glu Gly His Arg Phe Pro Ala Glu Ile His Val Val His Leu Ser
205 210 215
Thr Ala Phe Ala Arg Val Asp Glu Ala Leu Gly Arg Pro Gly Gly Leu
220 225 230 235
Ala Val Leu Ala Ala Phe Leu Glu Glu Gly Pro Glu Glu Asn Ser Ala
240 245 250
Tyr Glu Gln Leu Leu Ser Arg Leu Glu Glu Ile Ala Glu Glu Gly Ser
255 260 265
Glu Thr Gln Val Pro Gly Leu Asp Ile Ser Ala Leu Leu Pro Ser Asp
270 275 280
Phe Ser Arg Tyr Phe Gln Tyr Glu Gly Ser Leu Thr Thr Pro Pro Cys
285 290 295
Ala Gln Gly Val Ile Trp Thr Val Phe Asn Gln Thr Val Met Leu Ser
300 305 310 315
Ala Lys Gln Leu His Thr Leu Ser Asp Thr Leu Trp Gly Pro Gly Asp
320 325 330
Ser Arg Leu Gln Leu Asn Phe Arg 2la Thr Gln Pro Leu Asn Gly Arg
335 340 345
Val Ile Glu Ala Ser Phe Pro Ala Gly Val Asp Ser Ser Pro Arg Ala
350 355 360
Ala Glu Pro Val Gln Leu Asn Ser Cys Leu Ala Ala Gly Asp Ile Leu
365 370 375
Ala Leu Val Phe Gly Leu Leu Fhe Ala Val Thr Ser Val Ala Phe Leu
380 385 380 395
Val Gln Met Arg Arg Gln His Arg Arg Gly Thr Lys Gly Gly Val Ser
400 405 410
Tyr Arg Pro Ala Glu Val Ala Glu Thr Gly ala
415 420

<210> SEQID NO 3
<211> LENGTH: 10898

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (1)..(10898)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1974)..(1974)

<223> OTHER INFORMATION: nis a, c, g, or t

<400> SEQUENCE: 3
ggatcctgtt gactegtgac cttaccccca accetgtget ctctgaaaca tgagetgtgt

60

ccactcaggg ttaaatggat taagggcggt gcaagatgtg ctttgttaaa cagatgcttg
120

aaggcagcat gctcgttaag agtcatcacc aatcectaat ctcaagtaat cagggacaca
180

aacactgcgg aaggccgcag ggtcctcetge ctaggaaaac cagagacctt tgttcacttg
240

tttatctgac ctteoccteca ctattgteoca tgacecctgec aaatceeccect ctgtgagaaa
300



360

420

480

540

600

€60

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340

2400

2460

2520
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cacccaagaa ttatcaataa aaaaataaat ttaaaaaaaa aatacaaaaa aaaaaaaaaa
aaaaaaaaaa gacttacgaa tagttattga taaatgaata getattggta aagccaagta
aatgatcata ttcaaaacca gacggccatc atcacagetc aagtctacct gatttgatct

ctttatcatt gtcattcttt ggattcacta gattagtcat catcctcaaa attctcecce

aagttctaat tacgttccaa acatttaggg gttacatgaa gettgaaccet actaccttet
ttgettttga gecatgagtt gtaggaatga tgagtttaca ccttacatge tggggattaa
tttaaacktt acctctaagt cagttgggta goctttgget tatttttgta gctaattttg
tagttaatgg atgcactgtg aatcttgeta tgatagtttt cctccacact ttgecactag
gggtaggtag gtactcagtt ttcagtaatt gettacctaa gaccctaage cctatttete
ttgtactgge ctttatctgt aatatgggca tatttaatac aatataattt ttggagtttt
tttgtttgtt tgtttgtttg tttttttgag acggagtett gcatctgtca tgeccagget
ggagtageaqg tggtgccatc tcggetcact gecaagetcceca ccteccgagt tcacgdoatt
tterctgecte agcocctcececcga gtagectggga ctacaggege ccgcéccaccat geccggcectaa
ttttttgtat ttttggtaga gacggggttt caccgtgtta gccagaatgg tcotcgatctce
ctgacttegt gatccacceg coteggocte ccaaagttot gggattacag gtgtgageca
cegeacetgg ccaatttttt gagtetttta aasgtaasaat atgtcttgta agetggtaac
tatggtacat ttcettttat taatgtggtg ctgacggtca tataggttet tttgagtttg
geatgoatat getactittt geagteottt cattacattt tteteotettce atttgaagag
catgttatat cttttagett cacttggett aaaaggttot ctcattagec taacacagtg
tcattgttgg taccacttgg atcataagtyg gaaazacagt caagaaattg cacagtaata
cttgtttgta agagggatga ttceaggtgaa totgacacta agaaactccc ctacctgagg
tetgagatte cteotgacatt getgtatata ggetttteoet ttgacageet gtgactgegg
actattttte ttaagcaaga tatgctaaag ttttgtgage ctttttccag agagaggtet
catatcotgea tcazagtgaga acatataatyg totgecatgtt tecatattte aggaatgttt
gectbgtgttt tatgetttta tatagacagg gaaacttgtt cctecagtgac ccaaaagagg
tgggaattgt tattggatat catcattgge ccacgetttce tgaccttgga aacaattaag
ggttcataat ctcaattcetyg tecagaattgg tacaagaaat agetgetatg tttettgaca
tteccacttgg taggaaataa gaatgtgaaa ctcttcagtt ggtgtgtgte cctngttttt
ttgraattte cttecttactg tgttaaanaaa aagtatgatc ttgectectgag aggtgaggea
ttecttaatca tgatctttaa agatcaatas tataatcott tcecaaggatta tgtetttatt
ataataaaga taatttgtct ttaacagaat caataatata atcccttaaa ggattatatc
tttgctggge gecagtggcte dcacctgtaa toccagcact ttgggtggec aaggtggaag
gatcaaattt gectacttcet atattatctt ctaaagcaga attcatctet cttecctceaa
tatgatgata ttgacagggt ttgccctcac teactagatt gtgagctect gcteagggea

ggtagcgttt tttgtttttg tttttgtttt teottttttga gacagggtct tgectctgtca

cccaggecag agtgcaatgg tacagtetca getcactgea gecteaaceg cecteggetea

aaccatcatc ccatttcage cteoctgagta getgggacta caggcacatg ccattacace



2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260

4320
4380
4440
4500
4560
4620
4680

4740

PRNTN

tggctaattt
tcgaacteoet
ttatteattt
aatatttgtt
gtggtaaaag
agtaggagac
agtacacaat
gagtaatgtg
cttgctttte
ggctcceccta
acatgagcty
ccettetgtg
ctgggtggtg
ccatggecocee
agetttggta
tctgcaaaag
cagetctegt
tecagecgeat
cteoeaggect
agaggttgce
acccactggg
ccggagagga
ttaagcctaa
ctecetggaga
catcaatctce
ggctetgtte
tcccatacea
aataaaaagy
tggagaagag

aaataggtgg

gtgaagtggg
caatgaggaa
actcccaage
ggggagaaga
tgaagtgcece
caggctggag
tgattctect

céggctaatt

ttttgtattt
ggactcaage
ccatgtecot
gaatgcaata
gtttggagaa
aagatggaaa
gtgcatatcg
ttgaaaaata
attcaagctc
gecagecetgee
cttteccctet
cctggagetg
ccagggagag
gataacctte
tgggggagag
ggegctetgt
ttccaatgca
ggctecectg
cactgtgcaa
ccggatgcag
cgaggaggat
ggatctacct
atcagaagaa
tecctecaagaa
caaatccagg
actcagggaa
atatccccat
gtgcaaaagg
aaagggatga

agaaggagaq

taccagagac
ttgagaccta
caggaatttg
aagaagggag
actcactttt
tgcaatggeg
gcctcagect

tttgtatttt

ctagtagaga
aatccaccca
agtccatage
gtaaatagca
aaaaataata
ggtctcttgg
tggcaggcag
aatataggtt
aagtttgtet
ctacctecttt
cagecagagyg
ggaagcaggc
cctgeatagt
tgecectygtgea
ggcacagggc
gagtcagcct
cgtacagccece
tgccccageo
ctgctgetgt
gaggattccc
c¢tgccecagtg
ggagaggagyg
gagggctece
cgccagaata
ttcecaggagg
ggaggggaga
cccecactcte
agagaggtga
gaactgcaga

tcagagagtt

aagcaagaag
ggaagaaggqg
gggaaagggyg
aaaggaaaga
tttttttttt
cgatctegge
ctagccaagt

tagtagagac

cagggtttgg
ccteagecte
ccagtgctygg
tttcagggag
gtttaatttg
gcaaggtttt
tggggagcca
aaacctatca
cccacatace
acctgcttee
acatgggggg
cagggttage
gccaggtggt
cacacctgee
cagacaaacc
gcteceectee
gtacacaccg
cetggetcce
cagtgetget
cettgggagg
aagaggattc
atctacctgg
tgaagttaga
atgcccacag
tteatgacte
ctgtactcce
ggaggtagaa
getggatgag
tgagagaaaa

tgaggggaag

agctggtaga
acacagcagqg
ttggagacca
tggtgtacte
tttttgagac
tcactgecaac
agctgcgatt

ggggtttege

cecatgttgee
ccaaaatgag
acctatggta
caagaactag
gctagagtat
gaaggaagtt
atgaaggctt
gagcccetoet
cattacttaa
tggtggagtc
cccecagetee
tgaggctgge
gccttgggtt
cctcacteca
tgtgagactt
aggecttgectce
tgtgctyggga
tetgttgate
tctggtgect
aggctcttet
acccagagag
agaggaggat
ggatctacet
ggacaaagaa
ccctececata
cacagaagcc
agggacagat
atgggagaga
aatgtgcaga

agaaaaggaa

agtcatctca
tagagzaacg
tacaaggcag
actcatttgg
aaactttcac
ctecacctee
acaggcatge

catgttggtc
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cgggetggte
ggaccgtgte
gtactaaata
attaacaaag
gagggagagt
ggaagtcaga
ttgagcagga
gacacataca
ctcacceteg
agggatgtat
cctgecttte
tggcaagcag
ccaagctagt
ccceccatect
tggctcecate
ctceccccace
caccccacag
caggecoctyg
gtccatecce
ggggaagatg
gaggatccac
ctacctgaag
actgttgagg
ggtaagtggt
cacccagecta
cttecagagyg
gtggagagaa
agggggaggce
cagaggaaaa

agettgggag

tcttaggeta
tggettettg
agggatgagt
gactcaggac
ttttgttgee
cgggttcaag
gccaccacge

aggetggtet



aBUY
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120

6180

6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960

7020

cgaactcctyg
cgtgagccac
ttgcaagety
tctectgtge
gceatctgegt
cggttcatee
acacecacee
cgtccetgaa
tttctacceg
caceccecagge
cccggtggat
cctgggette
tgagggggte
cgecagtgect
ccctacgeag
gagtaccggg
cacactgtygg
aaaggagcgg
agatccacgt
cgggaggeet
tcceegettt
cagcaagctc

cacccactgt

tctaaggage
taaagatggt
aggtgtteat
atggctacat
gctaggttca
ccaggetgga
gggattctcce
agctaatttt
caaactcctg
tgagccaccyg
tcagagaaat
cttaacatta
gtcaggacct
caacacaaag

agactgcaaa

atctcaggtyg
agegeetgygce
gtaggattge
tttgcacctyg
ttgtgacatce
ttttcattta
getgcacaga
cactggtcee
ggttccctaa
gacccgecet
atccgececee
cagctcecge
teecccgecga
gccagggggt
tgcaactgac
ctctgcaget
aaggccaccey
ggcggacgyyg
ggttcaccte
ggacgtgttyg
cccatcecat
actcaggcce

gaaccaggcea

ccacagcecag
ggtcacagag
tgcagaggaa
acaccatgat
ctcacteact
gtgcagtggt
tgcctcaget
tttttgtatt
gectcaagtg
tgcccagceca
gcctocatca
gattcataag
cacctgaaaa
gtgtatatat

cgtcagaagg

atccaaccac
ctgaagcagc
tgtttggcec
geccgcettaa
gttttoggteg
tacaggggat
cccaatetgg
gggcgtcceca
gttectgace
ggcccegggt
agctcgecge
cgctceocaga
gacttgggga
tgggctyggee
cctgectect
gcatctgecac
tttccectgee
ggccagagac
agcacegect
gcegecttte
gctecteceg
ctggctgaca

ccagcecceca

tgggggagge
gaggtgacac
acagaatgtg
tagaggaggc
tttatttatt
gtgatecttag
tcctgagtag
tttagtagac
atccgactga
cactcactga
tagcatgtea
caaaataaga
gccaaacaca
ggtttactgt

gcacgggtca

cctggectee
cactcacttt
acccagetgce
ggcatttgtt
ccaggaagygg
gaccagagte
gaacccaget
cacgcegece
taggcgtcag
gtcececagee
cttctgeceg
actgcgectyg
tggggcgagy
ctaccgggcy
gggctagaga
tggggggetyg
gaggtgageg
gtggcecetcet
ttgecagagt
tggaggtace
gactctatcg
aactcattca

acaaggatte

tgacatgaca
ttaaageett
caaagactca
ccagtaaagg
tatttatttt
gtcactgcaa
ctggggttac
agggtttcac
ctcagectac
ttctttaatg
atatgttcat
aaaaagaata
gaatcatgaa
ggggagtatg

ctgagagccet

caaagtgctg
tacagaccct
ggtgttgagt
acccgtaatg
attggogete
attggegeta
ctgtggatct
accgtcecac
acttcctcac
tgegegggee
gcecctgcgee
cgcaacaatg
cgoagggaag
gggccggete
tggctetggy
caggtegtec
cggactggee
cctacceteg
tgacgaggee
agatcctgga
tggagccaga
cgcactgttt

tgaagetgta

gacacatagyg
cactggtaga
gaatatggce
gaagggatgg
tttgacagtc
ctteegecte
aggtgtgtge
catgttqggte
caadagtgctg
ccagccacac
actcttaggt
atazataaaa
ggtgazstgca
tacggaggca

agtatcctag
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ggattatagg
aagacaatga
ttgggtgcoy
ctcectgtaag
taagcttgag
tggaggtgag
cccoctacage
cccctcacet
tatactctee
gettecagte
ccctggaact
gccacagtgy
ggaaccgteg
acttgecectet
tcecgggcgg
gggcteggag
gagaaggggc
tgtcctttte
ttggggegee
caccccctac
gaccccatcec
gttcatttaa

ggtecttgee

aaggacatag
aaagaaaagg
tatttaggga
tgagatgcct
tctctgtege
ccgggttcaa
caccatgcece
aggctggtct
attacaagtg
agcacaaagt
tcatgatgtt
gaagtggcat
gaggtgacac
gcagtgagtyg

taaagtggge



7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980

8040

8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240

9300

tectcteoccte
cagcaagagt
taaaaaaaaa
agcattctca
tcagceatgg
cccggaagaa
aggtcagttt
tggagecttca
gagccagege
ctgectacag
ccagcacttt
gecaacatgg
gggtgectgt
ggcagaagtt
gactettgte
aaaaaacaag

ctttttetga

ttgttggaaa
ctagaccttt
gttttgtata
tetttttttt
gccaggctge
gggattcatt
atggtacaca
cctecettoe
cdaggcctett
agggcctgea
gaaactgtat
tagatcctct
cectetgact
cagggtgtca
ctggggtgtyg
caggagaaga
gggaggctga
agtgtgacece
gtatgecggee
gagtttgaga

atttattt ot

tctctecage
acatagagtt
aacaacagca
gagctgagga
accatggatace
aacagtgceet
gttggtetgg
ggtctgagge
tcatcttgat
attgaaaace
gggaggecaa
tgaaacccea
aatcccaget
gcagtgagec
tcaaaaaaaa
accaaaaaat

gaactgttta

tegttetett
taggtttctg
gttatcaata
tttttttttt
tetcaaactce
ttttecttttt
gagttaagag
ctoccacctt
ccagttgete
cttagtgaag
ccctatacece
tcacaggctc
teagecgcta
teotggactat
tgtggacaca
aagaaatcaa
ggtgggagaa
catctatace
tagtcccage

ctgcagtgag

aasarcaaata

ttgtcattga
tgaaataata
acaacaaaaa
atgggagagg
atgcacteat
atgageagtt
ccactaatct
tggagatggg
aataaccatg
aagcaaaaac
ggcaggtgga
tctctactaa
actcgggagy
gagatcgtge
aaaaaaaaaa
ggtgtttgga

tctttaataa

cttagtcact
ctagactagg
ttcatattta
ttttttacat
ctgaccttgt
aatttgetct
tgtagactca
ceettotete
caaagccctyg
aagtggtctc
tgaagcettta
agagactcag
cttecaatat
gtttaaccag
gtgggtgcgg
ggctgggete
tagtttgage
aaaaaaaccc
tactcaagga

ctatgatccc

EE Tt Ve aralafeled

aaaccagtcc
cataggattt
gcaacaacca
actatgggaa
ctgtettaca
gctgtotege
ctgtggecta
ctcoccctecag
aggctgacag
cagccgggeac
tcacdgaggtae
aaatacgaaa
ctgaggcagy
cactgcactc
gaaaaccaag
aattgtcaag

gcatcaaata

cttgggtcat
tagaactctyg
tttacaagktt
ctttagtaga
gatccaccag
gggcttaaac
gacggtettt
ctteetttot
tacttttttt
agagttgagt
agggggtgea
gtccacaggac
gaggggtcte
acagtgatge
gggaaagagyg
tgtggettac
ccaggagtte
caacaaaacc
ggctgaggtyg
accactgcct

atrrererraat o

accaagettg
taagagggag
ttacaztttt
ccecctteat
atgteattec
ttggaagaaa
gttcataaag
tgcaggaggy
acacagttac
ggtggeteac
aagagatcaa
aaatageccaqg
agaatggcat
cagcctggyge
caaaaaccaa
gteaagtetg

ttttazettt

tttaaatcte
cctttgecatt
attcagatca
gacagggttt
ccteggecte
ttgtggececa
cttcetttect
ttattcetet
tgagttaacgyg
taccttggct
atgtagatga
tggacatatc
tgacetacace
tgagtgetaa
atgtaagatg
gcatataate
aagacaaggce
aaaaatagce
ggaagatcge
accatcttta

TarTaras Vol ia g
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ttggttegea
acactgtete
atgttcecte
gttccggect
cccaggaggyg
tegetgagga
aatcaccctt
attgaagcat
cegcaaacgyg
gcctgtaate
gaccatcctyg
gegtggtgge
gaacceggyga
aacagagcga
aatgagacaa
gagagctaaa

gtaaatactt

acttactcta
tcttgtgtct
ttttttcttt
caccatattg
ccaaagtget
gcactttatg
tetctteett
cttgcttcet
tcttatggga
tctgggaggt
gaccccaaca
tgcactcctg
gccctgtgec
gcaggtggge
agatgagaaa
ccaccacgtt
ggggcaacat
gggeatggtyg
ttgattecag

ggatacattt

EValalanatals S Te )



9360
9420
9480
9540
9600
9660
9720
9780
9840
9900

9960

10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860

10898

cetgaggtge
cccacactgt

gtgactcteg

aggeccteett
tgtetggttt
attggtggte
gdcoctggetbge
ceattcagee
accocaacce

gctaattgat

ccceectttt
cgatcatage
ctcaaagcac
ttggctttta
cccttggetyg
ggggtggatygyg
aaagcagccoc
ttttgetgte
tgaccctttce
atgcaaatga
gaaggggaac
agaggctgga
actgtcctgt
aatatttata
gaattteocta

teggectect

A e
tggttgtgag
ccactgacct
gctacagctg
cecetgetgga
cceoccagee
acagccecgee
tggtgagtet
ccagggctge
caatattaga

tagaatgaag

bt hat- A~ bt -1
ctggectggy
cectagetee
aacttccgag
gtggacagca
agtagtcect
tctcacatct
gccectaecte
tecaggaccge
gaggcagatc

cttgagaaat

g g g A etk

accettgttt
acaccctete
cgacgeagea
gtecteggge
tatcctecca
cetttttote
ttggtoctga
ctetgeteee

atggtgggga

cteccagcat

Netag gy e Y
cectgtecatge
tgacaccctg
tttgaatggg
tgectgagececa
tgtgtgtgece
tccagtecag
tgccaggaga
tcteetttte
ttcoecccecatt

cceotetegeoa
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MY Y g
catgaaccca
tggggacctyg
cgagtgattyg
ggtacagcett
agtgtctgte
ctgaattect
cteccteagea
tgcagaacag
gtccccagag

aaagaatcco

tttaaagata
tcactgeage
tgggactgta
ggaagcaaaa
gectctteotg
agtgcactga
tetetgetet
accagcgteg
ttcaggcaca
gotgetactg
caaagggggt
tettggagaa
cctgcteatt
ataaaatatg
ttactgttat

tccacacatce

<210> SEQ ID NO 4
<211> LENGTH: 37
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Ala Pro Leu Cys Pro Ser Pro Trp Leu Pro Leu Leu Ile Pro Ala

1

5

gggtctcact
ctegaactec
ggcatgagcc
acggtgetta
gagactgagy
ggcaggtgtt
ccatecgcagg
cgttccttgt
agcttececoce
ggccagtttt
gtgagctacc
tgtgagaagc
atgccactte
tgttagtcac
tagcaccaat

actccaatgt

10

ctgtttgece
taggctcagg
actgtgcetg
tettaccect
cdactatgggg
gaggaactct
tgacatccta
gcagatgaga
accecttgtagg
ctgattagee
geccagecaga
cagccagagg
cttttaactyg
ctttgttcce
ttagtggtaa

gttgetce

caggctgggg

caatccttte
gccccaaacyg
tcteogtgtat
ctgcetgaga
gcagaceect
gccctggttt
aggcagcaca
agtcacttea
tttoectgttg
ggtagecegag
catctgaggg
ccaagaaatt
caaatcagaa

tgecatttatt

15

tgttgtggea
accttagett
geccttttac
cecacccteat
actoggggea
cttecttece
ttggectcet
ggtattacac
tgcaaagcge
tgtacacaca
actggagcect
ggageeggta
ttttaaaata

ggaggtattt

ctattacagt

Pro Ala Pro Gly Leu Thr Val Gln Leu Leu Leu Ser Leu Leu Leu Leu

20

Met Pro Val His Pro

35

<210>SEQIDNO 5

25

30



<211> LENGTH: 377
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Gln Arg Leu Pro Arg

1
Ser

Asp
Glu
Ser
65

Ala

Glu

Pro
Ile
Leu
145
Asn
Leu
Gly
Phe
Val
225
Phe
Ser
Gly
Gln
Trp
305
Thr
Asn

Phe

Leu

Gly
Ser
Glu
50

Glu

Pro

Gly

Arg
Arg
130
Leu
Gly
Gly
Ala
Pro
210
Asp
Leu
Arg
Leu
Tyr
290
Thr
Leu
Phe

Pro

Asn
370

5

Glu Asp Asp
20

Pro
35

Asp
Glu
Gly

Asp

Val
115
Pro
Gly
His
Pro
Ala
195
Ala
Glu
Glu
Leu
Asp
275
Glu
Val
Ser
Arg
Ala

355
Ser

Arg
Leu
Glu
Asp

Asp

100
Ser

Gln
Phe
Ser
Gly
180
Gly
Glu
Ala
Glu
Glu
260
Ile
Gly
Phe
Asp
Ala
340
Gly

Cys

Glu
Pro
Gly
Pro

85
Gln

Pro
Leu
Gln
Val
165
Arg
Arg
Ile
Leu
Gly
245
Glu
Ser
Ser
Asn
Thr
325
Thr

val

Leu

<210> SEQID NO 6
<211> LENGTH: 20
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met
Pro
Glu
Gly
Sex
Gln

Ser

Ala
Ala
Leu
150
Gln
Glu
Pro
His
Gly
230
Pro
Ile
Ala
Leu
Gln
310
Leu
Gln

Asp

Ala

Gln
Leu
Asp
Glu
55

Leu

Glu

His

Cys
Ala
135
Pro
Leu
Tyr
Gly
val
215
Arg
Glu
Ala
Leu
Thr
295
Thr
Trp
Pro

Ser

Ala
375

Glu
Gly
Pro
Glu
Lys
Pro

Trp

Ala
120
Phe
Pro
Thr
Arg
Ser
200
val
Pro
Glu
Glu
Leu
280
Thr
Val
Gly
Leu
Ser

360
Gly

Ile Leu Ala Leu Val Phe Gly Leu

1

Phe lLeu Val Gln

20

5

Asp
Glu
25

Pro
Asp
Leu

Gln

Arg

105
Gly

Cys
Leu
Leu
Ala
185
Glu
His
Gly
Asn
Glu
265
Pro
Pro
Met
Pro
Asn
345

Pro

Asp

Ser
10

Glu
Gly
Leu
Glu
Asn

90
Tyr

Arg
Pro
Pro
Bro
170
Leu
His
Leu
Gly
Ser
250
Gly
Ser
Pro
Leu
Gly
330
Gly

Arg

Pro
Asp
Glu
Pro
Asp
75

Asn

Gly

Phe
Ala
Glu
155
Pro
Gln
Thr
Ser
Leu
235
Ala
Ser
Asp
Cys
Ser
315
Asp
Arg

Ala

Leu
Leu
Glu
Glu
60

Leu

Ala

Gly

Gln
Leu
140
Leu
Gly
Leu
Val
Thr
220
Ala
Tyr
Glu
Phe
Ala
300
Ala
Ser

val

Ala

Gly
Pro
Asp
45

Val
Pro
His

Asp

Ser
125
Arg
Arg
Leu
His
Glu
205
Ala
Val
Glu
Thr
Ser
285
Gln
Lys
Arg
Ile

Glu
365

Gly
Ser
30

Leu
Lys
Thr

Arg

Pro

110
Pro

Pro
Leu
Glu
Leu
190
Gly
Phe
Leu
Gln
Gln
270
Arg
Gly
Gln
Leu
Glu

350
Pro

Gly
15

Glu
Pro
Pro
Val
Asp

95
Pro

vVal
Leu
Arg
Met
175
His
His
Ala
Ala
Leu
255
val
Tyr
Val
Leu
Gln
335

Ala

Val

Ser
Glu
Gly
Lys
Glu
80

Lys

Trp

Asp
Glu
Asn
160
Ala
Trp
Arg
Arg
Ala
240
Leu
Pro
Phe
Ile
His
320
Leu

Ser

Gln

Leu Phe Ala Val Thr Ser Val Ala

10

15
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<210> SEQID NO 7

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Arg Arg Gln His Arg Arg Gly

1 5

Pro Ala Glu Val Ala Glu Thr Gly
20

<210> SEQID NO 8

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8
Ser Ser Gly Glu Asp Asp Pro Leu
1 5

Glu Asp Ser Pro Arg Glu Glu Asp
20
Gly Glu Glu Asp Leu Pro Gly Glu
35 40
Lys Ser Glu Glu Glu Gly Ser Leu
50 55

<210> SEQ ID NO 9
<211> LENGTH: 257

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9
Gly Asp Asp Gln Ser
1 5
Arg Val Ser Pro Ala
20
Lei

His Trp Arg

Cys Ala Gly

Pro Gln Ala Ala

35
Phe

Arg Phe Cys
40
Leu

Gln Pro

55
Thr

Leu Gly Leu Pro

50
His Val Gln Leu Leu
70

Tyr

Gly Ser
65
Gly Glu
85

Pro

Pro Gly Arg Arg Ala

Ala Ala Gly Arg Ser Glu

100
Ile

Gly
Ala Glu
115
Ala

Val Val His
120

Gly

Pro His
Glu
130
Glu

Pro
135
Glu

Asp Leu Gly

Glu Glu
150
Ala

Leu Pro Asn
145

Arg

Gly

Glu Glu Ile
165

Ala

Leu Glu Glu

Ile Ser Leu Leu Pro

180
Ser

Leu Asp

Glu Thr Thr Pro

200
Met

Tyr Gly Leu
195

Thr Val Phe

210

Ser

Gln Thr Val
215

Gly

Asn

Leu Thr Leu Pro

2258

Asp Trp

230

Thr Lys Gly Gly Val Ser Tyr Arg
10 15

Ala

25

Glu
10

Gly Glu Asp Ser Glu

15

Leu Pro

Pro
25
Glu

Pro Gly Glu Glu Asp
30
Glu Val

45

Leu Pro

Asp Leu Pro Lys Pro

Lys Leu Glu

Tyr Gly Pro Pro
10

Phe

Gly Asp Trp Pro
15
Gln Pro Val Asp
30
Pro Leu
45

Leu Arg

Arg Ser Ile

25

Pro Ala Leu Arg Glu Leu

Pro Glu Leu Arg Asn Asn

Pro Pro Gly Glu Met Ala

75
Leu

Leu Leu

80

Leu Gln His Leu His Trp Gly

95

Hig Thr Val Glu Arg Phe

105
Leu

Gly His
110

Phe Ala

125

Leu Ala

Ser Thr Ala Arg Val

Ala Val
140
Glu

Gly Leu Ala Phe

Ala Gln Leu Ser
160

Gly

Ser Tyr Leu

155
Ser Glu Thr Gln Val
170

Asp

Pro
175
Phe

Gly

Ser Phe Ser Gln

185
Pro

Arg Tyr
190

Gly Val

205

Gln Leu

Cys Ala Gln Ile Trp

Leu Ser Ala Lys His Thr

220
Arg

Leu Gln Asn

240

Ser Leu

238

Gly Asp
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Phe Arg Ala Thr Gln Pro Leu Asn
245

Pro

<210> SEQ ID NO 10

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Ser Ala Ser Glu Glu Pro Ser
1 5

Glu Pro Ser Pro Ser Glu Glu

20
Ser Val Val Leu Phe Pro Ser Glu
35 40
Ser Pro Ser Glu Glu Pro Ser Ala
50 55

Pro

Pro

<210> SEQ ID NO 11

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11
Pro Gly Glu Glu Asp Leu Pro
1 5

<210> SEQ ID NO 12

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12
Gly Glu Glu Asp Leu Pro Ser Glu
1 5
Pro Pro Gly Glu Glu Asp Leu Pro
20
Glu Asp Leu Pro
35
<210> SEQ ID NO 13
<211> LENGTH: 6
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13
Gly Glu Glu Asp Leu Pro
1 5

<210> SEQ ID NO 14
<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Gly Arg Val Ile Glu Ala Ser Phe
250 255

Ser Glu Val Pro Phe Pro Ser Glu
10 15
Phe Pro Ser Val Arg Pro Phe Pro
25 30
Glu Pro Phe Pro Ser Lys Glu Pro
45
Ser Glu Glu

Glu Asp Ser Pro Arg Glu Glu Asp
10 15

Gly Glu Glu Asp Leu Pro Gly Glu

25 30
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Glu Glu Asp Leu

1

<210> SEQ ID NO 15

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15
Glu Glu Asp Leu Pro
1 5

<210> SEQ ID NO 16

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16
Glu Asp Leu Pro Ser Glu

1 5

<210> SEQ ID NO 17

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Glu Glu Asp Leu Pro Ser Glu
1 5

<210> SEQ ID NO 18

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18
Asp Leu Pro Gly Glu Glu

1 5

<210> SEQ ID NO 19

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19
Glu Glu Asp Leu Pro Ser
1 5
<210> SEQ ID NO 20
<211> LENGTH: 6

<212> TYPE: PRT
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<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Gl§ Glu Asp Asp Pro Leu

1 5

<210> SEQ ID NO 21

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

DK/EP 3031910 T3

His Pro Gln Arg Leu Pro Arg Met Gln Glu Asp Ser Pro Leu Gly Gly

1 5

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

15

Glu Glu Asp Ser Pro Arg Glu Glu Asp Pro Pro Gly Glu Glu Asp Leu

1 5

Pro Gly Glu Glu Asp Leu Pro Gly
20

<210> SEQ ID NO 23

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

15

Asn Asn Ala His Arg Asp Lys Glu Gly Asp Asp Gln Ser His Trp Arg

1 5
Tyr Gly Gly Asp Pro
20

<210> SEQ ID NO 24

<211> LENGTH: 540

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)..(540)

<400> SEQUENCE: 24

cttgettttec attcaagecte aagtttgtet

60

ggctccecta gecagectgec ctacctettt
120

acatgagctg ctttecctcet cageccagagg
180

cecttetgtg cotggagetg ggaagcagge
240

ctoagtagta ccacggagaa cctacataat

15

cccacatacc cattacttaa
acctgcttce tggtggagtce
acatgggggy ccccagctce
cagggttage tgaggetgge

accagataat accttaoatt

ctcacccteg
agggatgtat
cctgecttte
tggcaagcag

ccaaactaot



300

360

420

480

540

B e R . At

ccatggecee gataacctte tgeetgtgea
agctttggta tgggggagag ggcacagggce
totgecaaaag ggegetetgt gagtcageet

cagctectegt ttccaatgeca cgtacagccece

<210> SEQ ID NO 25

<211> LENGTH: 445

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

60

120
180
240
300
360
420

445

goccgtacace accgtgtget gggacacece

agcecctgge tecctetgtt gatcoceggeco

ctgtcactge tgettetggt gectgtcecat

tceecccttgg ttctggggaa

gaggaggctc

agtgaagagg attcacccag agaggaggat

gaggatctac ctggagagga ggatctacct

tcecectgaagt tagaggatct acctactgtt

aataatgcec acagggacaa agaag

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

30

gggatgacca gagtcattgg cgctatggag

<210> SEQ ID NO 27

<211> LENGTH: 171

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

60

120

171

gcgaccegec ctggeccccgyg gtgtcecccag
atatcegece cecagetegec gecttetgece

tecagetece geocgetecca gaactgegee

<210> SEQ ID NO 28
<211> LENGTH: 143
<212> TYPE: DNA

DK/EP 3031910 T3

cacacctgece cectcacteca cceccatecet
cagacaaacc tgtgagactt tggetcecate
gctececteo aggettgete cteeceocace

gtacacaccqg tgtgctggga cacccecacag

acagtcagcoe gcatggetce coctgtgeaaa
cctgetecag goctcactgt gecaactgetg
caccagaggt tgccecggat gcaggaggat
gatgacccac tgggcgagga ggatctgece
ccacccggag aggaggatct acctggagag
gaagttaagce ctaaatcaga agaagagggc

gaggctectyg gagatcctca agaaccccag

cctgegeggyg ccgcttccag tccceggtgg
cggecctgeg ceccctggaa ctectggget

tgegeoaacaa tggccacagt g
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<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28
tgcaactgac cctgectcect gggcetagaga tggetetggg tcecgggegg gagtaccggg

60

ctctgecaget geatctgeac tggggggctg caggtegtec gggcteggag cacactgtgg
120

aaggccacceg ttteceotgee gag
143

<210> SEQ ID NO 29

<211> LENGTH: 93

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

atccacgtgg ttcacctcag cacegeettt geccagagttg acgaggcectt ggggegcecg
60

ggaggactgg cegtgttgge cgeatttetg gag
93
<210> SEQ ID NO 30
<211> LENGTH: 67
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

gagggcccgg aagaaaacag tgcctatgag cagttgectgt ctecgettgga agaaatcget
60
gaggaag

67

<210> SEQ ID NO 31

<211> LENGTH: 158

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

gcteagagac tcaggtcceca ggactggaca tatctgeact cetgecctet gacttcagee

60

gctacttceca atatgagggg tcectctgacta cacegecctyg tgcccagggt gteatetgga
120

ctgtgtttaa ccagacagtg atgetgagtg ctaageag
158

<210> SEQ ID NO 32

<211> LENGTH: 145

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

ctccacacee tetetgacac cctgtgggga ccotggtgact cteggetaca getgaactte
60

cgagcgacge agectttgaa tgggegagtg attgaggect ccttecctge tggagtggac
120

agcagtcctc gggetgectga gecag
145



<210> SEQ ID NO 33
<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33
tccagetgaa ttectgeetg getgetg

27

<210> SEQ ID NO 34
<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34
gtgacatcect agccctggtt tttggecetce tttttgectgt caccagegtc gegttecttg

60

82

tgcagatgag aaggcagcac ag

<210> SEQ ID NO 35
<211> LENGTH: 191

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35
aaggggaacc aaaggygggtg tgagctaceg cccageagayg gtagecgaga ctggagcecta

60

120

180

191

DK/EP 3031910 T3

gaggctggat cttggagaat gtgagaagec agccagagge atctgagggg gagccggtaa

ctgtcctgte ctgetcatta tgccacttec ttttaactge caagaaattt tttaaaataa

atatttataa

t

<210> SEQ ID NO 36
<211> LENGTH: 1174

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

60

120

180

240

300

360

420

480

540

gtaagtggte
cccagectag
ttccagaggt
tggagagaaa
gggggagget
agaggaaaaa
gcttgggagg
cttaggctac
ggcttettga

gggatgagtg

atcaatctce
gctctgttea
cccataccaa
ataaaaaggg
ggagaagaga
aataggtgga
tgaagtgggt
aatgaggaat
ctcccaagee

gggagaagaa

aaatccaggt
ctcagggaag
tatceccate
tgcaaaagga
aagggatgag
gaaggagagt
accagagaca
tgagacctag
aggaatttgg

agaagggaga

tecaggaggt
gaggggagac
ccecactcteg
gagaggtgag
aactgcagat
cagagagttt
agcaagaaga
gaagaaggga
ggaaaggggt

aaggaaagat

tecatgactce
tgtactccce
gaggtagaaa
ctggatgaga
gagagaaaaa
gaggggaaga
gectggtagaa
cacagcaggt
tggagaccat

ggtgtactca

ccteecatac
acagaagcce
gggacagatg
tgggagagaa
atgtgecagac
gaaaaggaaa
gtcatcteat
agagaaacgt
acaaggcaga

ctcatttgag



600
660
720
780
840
900
960
1020
1080
1140

1174

actcaggact
tttgttgece
gggttcaagt
ccaccacgcec
ggctggtete
gattataggoe
agacaatgat
tgggtgeggt
tectgtaagg

aagcttgage

gaagtgecca
aggctggagt
gattctcctg
cggctaattt
gaactectga
gtgagcocaca
tgcaagatygg
cteoctgtget
catctgegtt

ggttcatcct

<210> SEQ ID NO 37
<211> LENGTH: 193

<212> TYPE: DNA

ctcacttttt
gcaatggege
ccteagccte
ttgtattttt
teotcaggtga
gogectggeo
taggattget
ttgcacctgg
tgtgacatcyg

tttecatttat

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

gtgagacacc caceccgetge acagacccaa tcotgggaacce cagotctgtg gatctccoecet

60
120
180

193

tttetttttt
gatectecgget
tagccaagta
agtagagacg
tccaaccace
tgaagcagec
gtttggeccca
ccecgettaag
ttttggtege

acag

ttttgagaca
cactgcaacc
gctgecgatta
gggtttcgce
ctggecetece
actecactttt
cccagetgcg
gcatttgtta

caggaaggga
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dactttceact
tecacctece
caggcatgcg
atgttggtca
aaagtgetgg
acagaccocta
gtgttgagtt
ccecgtaatge

ttggggctcet

acageccgtec ctgaacactg gtcocegggeg toccaccege cgeccaccgt ccecaccocct

caccttttet accegggtte cctaagttec tgacctagge gtecagactte ctecactatac

tcteccacce cag

<210> SEQ ID NO 38
<211> LENGTH: 131

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38
gtgaggggyt ctccccgeeg agacttgggy atggggcggy gegceagggaa gggaaccgte

60

120

131

gcegecagtgee tgcccggggg ttgggetgge cctaceggge ggggccgget cacttgecte

tccctacgea g

<210> SEQ ID NO 39
<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 39
gtgagcgegg actggccgag aaggggcaaa ggageggggc ggacggggge cagagacgtg

60

89

gecccteteoet acectegtgt cotttteag

<210> SEQ ID NO 40



<211> LENGTH: 1400

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

60

120
180
240
300
360
420
480
540
600
660

720

780
840
900
960
1020
1080
1140
1200
1260
1320
1380

1400

gtaccagate
tatcgtggag
attcacgcecac
gattctgaag
tgacagacac
gectteactyg
actcagaata
aaagggaagyg
atttttttga
tgcaacttee
gttacaggtyg
ttcaccatgt

cctaccaaag

taatgccage
ttcatactct
gaataataaa
atgaaggtga
gtatgtacgg
agcctagtat
agtccaccaa
gattttaaga
aaccattaca
gggaaccecc

ttacaatgtc

ctggacacac
ccagagaccec
tgtttgttca
ctgtaggtce
ataggaagga
gtagaaaaga
tggectattt
gatggtgaga
cagtctctct
gecteecgag
tgtgceccacca
tggtcaggcet

tgctgattac

cacacagcac
taggttcatg
taaaagaagt
atgecagaggt
aggcagcagt
cctagtaaag
gecttgttggt
gggagacact
attttatgtt
ttcatgttce

attccceccag

<210> SEQ ID NO 41
<211> LENGTH: 1334

<212> TYPE: DNA

catactecce
catcccagea
tttaacacce
ttgeoctetaa
catagtaaag
aaaggaggtg
agggaatggc
tgcctgetag
gtcgcccagg
ttcaagggat
tgcccageta
ggtctcaaac

aagtgtgagc

aaagttcaga
atgttcttaa
ggcatgtcag
gacaccaaca
gagtgagact
tgggctetet
tcgcacagea
gtctectaaaa
ccctcageat

ggccttcage

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41
gtcagtttgt tggtctggee actaatctet gtggecctagt tecataaagaa tcacccotttg

60

120

180

gettteceat
agctcactca
actgtgaacc
ggagcccaca
atggtggtca
ttcattgeag
tacatacacc
gttcactcac
ctggagtgca
tatcectgeet
attttttttt
tectggecte

caccgtgecce

gaaatgecete
cattaggttc
gacctcacet
caaaggtgta
gcaaacgtca
coctetetet
agagtacata
aaaaaaacaa
tetcagagect

catggccctg

cccatgetce
ggccectgge
aggcaccagdé
gecagtgggg
cagaggaggt
aggaaacaga
atgattagag
tcacttttat
gtggtgtgat
cagettecetg
gtatttttag
aagtgatccg

agccacactc

catcatagca
ataagcaaaa
gaaaagccaa
tatatggttt
gaagggcacg
ccagcttgte
gagtttgaaa
cagcaacaac
gaggaatggg

gatacatgca
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tcceggacte
tgacaaacte
ccccaacaag
gaggctgaca
gacacttaaa
atgtgcaadg
gaggcccagt
ttatttattt
cttgggtcac
agtagctggg
tagacagggt
cctgactcag

actgattectt

tgtcaatatg
taagaaaaaa
acacagaate
cotgtgggga
ggtcactgag
attgaaaacc
taatacatag
aaaaagcaac
agaggactat

ctcatctgtc

gagettecagg tetgaggetg gagatggget coctcecagtg caggagggat tgaagcatga

geccagegcetce atcttgataa taaccatgaa gcectgacagac acagttacce gcaaacggct



240
300
360
420
480
540
600
660
720
780
840
200
960

1020

1080
1140
1200
1260
1320

1334

gectacagat
agcactttgg
caacatggtg
gtgcctgtaa
cagaagttge
ctettgtete
aaaacaagac
ttttctgaga
gttggaaatc
agacctttta
tttgtatagt
tttttttttt
caggetgete

gattcatttt

gogtacacaga

tccecttecct
ggcctecttee
ggcectgeact
aactgtatcc

gatcctette

tgaaaaccaa
gaggccaagg
aaaccccatce
tcecagetac
agtgagccga
aadaaadaaa
caaaaaatgg
actgtttate
gttctottet
ggtttctget
tatcaatatt
tttttttttt
tecaaacteet

ttectttttaa

gttaagagtg
cccaccttec
agttgceteca
tagtgaagaa
ctataccctyg

acag

<210> SEQ ID NO 42
<211> LENGTH: 512

<212> TYPE: DNA

gcaaaaaccqg
caggtggatc
totactaaaa
tegggagget
gatcgtgeca
aaaaaaaaga
tgtttggaaa
tttaataagce
tagtcactct
agactaggta
catatttatt
ttttacatcet
gacettgtga

tttgctctgyg

tagactcaga
cttctecteoot
aagccctgta
gtggtctcag

aagctttaag

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

60

120

180

240

300

360

420

480

512

gtgggcetgg
gagaaacagg
cacgttggga
caacatagtyg
atggtggtat
tteccaggagt
acatttattt
tggagcectg

aaccecaceea

ggtgtgtgtg
agaagaaaga
ggctgaggtg
tgaccccate
gcggectagt
ttgagactge
atttataaaa
aggtgectggt

cactgtccac

<210> SEQ ID NO 43

gacacagtgg
aatcaaggcet
ggagaatggt
tctaccaaaa
cccagetact
agtgagctat
gaaatcaaga
tgtgagetgg

tgacoteccet

cegggeacgg
acgaggtcaa
atacgaaaaa
gaggcaggag
ctgoactcca
aaaccaagca
ttgtcaaggt
atcaaatatt
tgggtcattt
gaactctgee
tacaagttat
ttagtagaga
tocaccagee

gettaaactt

cggtetttet
tectttcttt
cttttttttyg
agttgagtta

ggggtgcaat

gtgcggggga
gggctctgtyg
ttgagcccag
aaaccccaac
caaggaggct
gatcccacca
ggctggatgg
cetgggacee

ag

tggetecacge
gagatcaaga
atagccagge
aatggcatga
gcctgggecaa
daaaccaaaa
caagtatgga
ttaactttgt
taaatctcac
tttgecattte
tcagatcatt
cagggtttca
teggeetece

gtggcccage

tctttectte
cttectetet
agttaacgtce
acttggette

gtagatgaga

aagaggatgt
gcttacgect
gagttcaaga
aaaaccaaaa
gaggtgggaa
ctgectacca
ggaatacagg

ttgtttectg
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ctgtaatcce
ccatcectgge
gtggtggcgg
acccgggagyg
cagagcgaga
tgagacaaaa
gagctaaact
aaatactttt
ttactctact
ttgtgtctgt
ttttetttte
ccatattgge
aaagtgctagg

actttatgat

tettcoettee
tgcttectca
ttatgggaag
tgggaggtga

ccccaacata

aagatgagat
ataatcccac
€aaggcgggg
atagccggge
gatcgcttga
tectttaggat
agctggaggg

tcatgeccatg



<211> LENGTH: 114

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

60

114

<210> SEQ ID NO 44
<211> LENGTH: 617

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44

60

120
180
240

300

360
420
480
540
600

617

gtgagtctge
agggctgcecte
atattagaga
gaatgaaget
taaagatagg

actgcagect

ggactgtagg
aagcaaaaac
ctcttetgga
tgcactgagg

tetgetetec

ccctectett
aggaccgcect
ggcagatcat
tgagaaatct
gtctcactect

cgaactccta

catgagccac
ggtgcttatce
gactgaggca
caggtgttga

atcgcag

<210> SEQ ID NO 45
<211> LENGTH: 130

<212> TYPE: DNA

ggtecctgatg
ctgetececte
ggtggggatt
cccagecatce
gtttgcccca

ggctcaggcea

tgtgcectgge
ttacccette
ctatgggget

ggaactctge

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45
gtattacact gaccctttet tcaggecacaa gettccccea cocttgtgga gteactteat

60

120

130

cecaggagact
tacttttetg
cccccattgt
ctctegcaaa

ggctggggty

atcettteac

cccaaacgge
tegtgtatec
gactgagaac

agacccctcet

cctcagecace
cagaacagac
ccccagagge
agaatccecc
ttgtggcacg

cttagettet

ccttttactt
accctcatec

teggggeagy

tectteccaa
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gtacagettt gtectggttte cccccageca gtagtcocett atcctececat gtgtgtgeca

gtotetgtea ttggtyggtea cagcecegecet ctcacatete ctttttetet ccag

attcagcece
cccaacccca
taattgatta
cccetttttt
atcatagcte

caaagcactg

ggcttttagg
cttggetgge

ggtggtggag

agcageccte

gcaaagegca tgcaaatgag ctgotectgg gecagtttte tgattagect ttoctgttgt

gtacacacag

<210> SEQ ID NO 46
<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 46

agaaggtaag t



11

<210> SEQ ID NO 47

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 47
tggaggtgag a

11

<210> SEQ ID NO 48

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 48
cagtcgtgag g

11

<210> SEQ ID NO 49

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 49
cecgaggtgag ¢

11
<210> SEQ ID NO 50

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 50
tggaggtacc a

11

<210> SEQ ID NO 51

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51
ggaaggtcag t

11

<210> SEQ ID NO 52

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 52
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agcaggtggg ¢
11
<210> SEQ ID NO 53
<211> LENGTH: 11
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 53
gccaggtaca g
11

<210> SEQ ID NO 54

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 54
tgetggtgag t

11

<210> SEQ ID NO 55

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 55
cacaggtatt a

11

<210> SEQ ID NO 56

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 56
atacagggga t

11

<210> SEQ ID NO 57

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57
ceccaggega ¢

11

<210> SEQ ID NO 58

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 58
dcgcagtgea a

11

<210> SEQ ID NO 59

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59
tttcagatce a

11

<210> SEQ ID NO 60

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60
ccecaggagyg g

11
<210> SEQ ID NO 61

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61
tecacaggcte a
11
<210> SEQ ID NO 62
<211> LENGTH: 11
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 62

ccetagetee a
11

<210> SEQ ID NO 63
<211>LENGTH: 11

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 63

ctecagteca g
11

<210> SEQ ID NO 64
<211> LENGTH: 12
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64
tegeaggtga ca

12

<210> SEQ ID NO 65

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 65
acacagaagg ¢

11

<210> SEQ ID NO 66

<211> LENGTH: 470

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

cauggcaeccg auaaccuucu gccugugcac
* gcuuugguau gggggagagg gcacagggcec
0 cugcaaaagg gogcucugug agucagcecug
10 agcucucguu uccaaugcac guacagcceg
240 cagcegeaug geucceccugu gecccageee
300 uccaggecuc acugugcaac ugcecugouguc
360 gagguugcec ¢ggaugcagg aggauucccc
e cccacuggge gaggaggauc ugeccaguga
470

<210> SEQ ID NO 67

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 67

agaccugccce

agacaaaccu

cucccoucea

uacacaccgu

cuggcucceu

acugcugcuu

cuugggagga

agaggauuca

cucacuccac
gugagacuuu
ggcuugcuce
gugcugggac
cuguugaucc
cuggugecug
ggcucuudug

cocagagagg

Leu Glu Glu Gly Pro Glu Glu Asn Ser Ala Tyr Glu Gln

1 5

<210> SEQ ID NO 68

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68
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gcccauccua
ggcuccaucu
ucceecacee
accccacagu
cggcccouge
uccaucccca

gggaagauga

Met Arg Arg Gln His Arg Arg Gly Thr Lys Gly Gly Val Ser Tyr Arg

1 5

15
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<210> SEQ ID NO 69

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 69

Ile Arg Pro Gln Leu Ala Ala Phe Cys Pro Ala Leu Arg Pro Leu Glu

1 5 10 15

Leu Leu Gly Phe Gln Leu Pro Pro Leu Pro Glu Leu Arg Leu Arg Asn
20 25 30

Asn Gly His Ser Val Gln Leu Thr Leu Pro Pro Gly Leu Glu Met Ala

35 40 45
Leu Gly Pro Gly Arg Glu Tyr Arg Ala Leu Gln Leu His Leu His Trp
50 55 60

Gly Ala Ala Gly Arg Pro Gly Ser Glu His Thr Val Glu Gly His Arg

65 70 75 80

Phe Pro Ala Glu Ile His Val Val His Leu Ser Thr Ala Phe Ala Arg

85 90 95

Val Asp Glu Ala Leu Gly Arg Pro Gly Gly Leu Ala Val Leu Ala Ala
100 105 110

Phe Leu Glu Glu Gly Pro Glu Glu Asn Ser Ala Tyr Glu Gln Leu Leu

115 120 125
Ser Arg Leu Glu Glu Ile Ala Glu Glu Gly Ser Glu Thr Gln Val Pro
130 135 140

Gly Leu Asp Ile Ser Ala Leu Leu Pro Ser Asp Phe Ser Arg Tyr Phe

145 150 155 160

Gln Tyr Glu Gly Ser Leu Thr Thr Pro Preo Cys Ala Gln Gly Val Ile

165 170 175

Trp Thr Val Phe Asn Gln Thr Val Met Leu Ser Ala Lys Gln Leu His
180 185 190

Thr Leu Ser Asp Thr Leu Trp Gly Pro Gly Asp Ser Arg Leu Gln Leu

195 200 205
Asn Phe Arg Ala Thr Gln Pro Leu Asn Gly Arg Val Ile Glu Ala Ser
210 215 220
Phe Pro Ala Gly Val Asp Ser Ser
225 230

<210> SEQ ID NO 70

<211> LENGTH: 1552

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: EMBL Accession No. X66839
<309> DATABASE ENTRY DATE: 1995-10-10

<313> RELEVANT RESIDUES: (1)..(1552)

<400> SEQUENCE: 70

gecegtacac accgtgtget gggacacece acagtcagee geatggetcee cctgtgeeec

. agceccctgge tocctetgtt gatcccocggee cotgetccag goectcactgt gcaactgetg
0 ctgtcactge tgcttctgat gectgtccat ccccagaggt tgceccggat gcaggaggat
1o tececcttgg gaggaggete ttcectggggaa gatgacccac tgggecgagga ggatctgoce

240 agtgaagagg attcacccag agaggaggat ccacccggag aggaggatct acctggagag

200 gaggatctac ctggagagga ggatctacct gaagttaagc ctaaatcaga agaagaggge
60

teocetgaagt tagaggatct acctactgtt gaggctceccectyg gagatcctca agaaccccag
420



480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380

1440

1500

1552

aataatgcce
cecgecectgge
cgcccccage
cteceegecge
cetectggge
ctgecactggg
cotgecgaga
gggcgeeegg
agtgcctatg
caggtcccag
tatgaggggt
cagacagtga
ggtgactcte
gaggcctect
aattcctgece
accagcgtcg

gtgagctace

tgtgagaage

atgccactte

acagggacaa
ccecgggtgte
tcgeegectt
tcccagaact
tagagatgge
gggctgcagg
tacacgtggt
gaggectgge
agcagttgct
gactggacat
ctctgactac
tgetgagtge
ggctacaget
tccetgetygg
tggctgetgyg
cgtteccttgt

gtccageaga

cagccagagg

cttttaactg

<210> SEQ ID NO 71
<211> LENGTH: 20

<212> TYPE: DNA

agaaggggat
ceccagectge
ctgcecggee
gcgectgege
tdtgggtcece
tegkbceceggge
tecacctcage
cgtgttggee
gtctegetty
atctgcactc
accgecectgt
taagcagctc
gaactteaga
agtggacage
tgacatccta
gcagatgaga

ggtagcegag

catctgaggg

ccaagaaatt

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 71

20

atccacgtgy

ttcaccteag

<210> SEQID NO 72
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 72
ctttggttee cettetgtge

20

<210> SEQ ID NO 73
<211> LENGTH: 586

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

gaccagagtca
gegggecget
ctgegecece
aacaatggcc
gggcgggagt
teggageaca
accgectttg
gectttetgg
gaagaaatcg
ctgccectcetg
gccecagggtyg
cacaccctet
gcgacgcage
agtccteggg
gcecetggttt
aggcagcaca

actggagect

ggagccggta

ttttaaaata

attggegeta
tecagtcece
tggaactcct
acagtgtgca
accgggctcet
ctgtggaagg
ccagagttga
aggagggcce
ctgaggaagg
acttcagccg
tecatctggac
ctgacaccct
ctttgaatgg
ctgetgagece
ttggectect
gaaggggaac

agaggctgga

actgtcetgt

aatatttata
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tggaggcegac
ggtggatatc
gggcttccag
actgacectg
gcagctgeat
ccacegttte
cgaggecttyg
ggaagaaaac
ctcagagact
ctacttccaa
tgtgtttaac
gtggggacct
gcgagtgatt
agtccagetg
ttttgctgte
caaagggggt

tcttggagaa

cctgetcatt

at



<400> SEQUENCE: 73

60

120

180

240

300

360

420

480

540

586

atccacgtygg
ggaggectgg
gagcagttgc
ggactggaca
tctetgacta
atgctgagtg
cggctacage
ttcocectgetg
ctggetgetg

gegttecttg

ttcacctecag
cegtgttgge
tgtctegett
tatctgeact
caccgcccetg
ctaagcagcet
tgaacttccg
gagtggacag
gtgacatcoct

tgcagatgag

<210> SEQ ID NO 74
<211> LENGTH: 20

<212> TYPE: DNA

caccgecttt
cgeetttety
ggaagaaatc
cectgeectet
tgcceccagggt
ccagcacecte
agcgacgeag
cagtcctegg
agcectggtt

aaggcageac

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 74

20

caggagagec

cagaagaaaa

<210> SEQID NO 75
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

20

tgaagggtet

ctgaccacac

<210> SEQ ID NO 76
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

20

agetgtagga

ggaaggcgat

<210> SEQID NO 77
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77

20

tgacagcaaa

gagaaggeca

gccagagtty
gaggagggec
gctgaggaag
gacttcagece
gtcatctgga
totgacacce
cetttgaatg
getgetgage
tttggocteoa

agaaggggaa

acgaggcctt
cggaagaaaa
gctcagagac
gctactteca
ctgtgtttaa
tgtggggace
ggcgagtgat
cagtccagct
tttttgctgt

ccaaag
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ggggcgeceg
cagtgcctat
tcaggtceca
atatgagggg

ccagacagtg

tggtgactct
tgaggcctce
gaattecctge

caccadcgte



<210> SEQ ID NO 78
<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78

20

cagggaagga

agcctecaate

<210> SEQ ID NO 79
<211> LENGTH: 1965

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 79

60

120
180
240
300
360
420
480
540
600
650
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380
1440

1500

acagtgtgtce
cecetttgte
ctgetcagee
ctggggagga
cggatcecace
ceckttgggtt
gggatgaaaa
aggtgtccce
ccgeoattetg
cggaactgag
agatggctot
cttecagatca
acgtggtgca
gcctggecagt
agttgetgtce
tggatgtate

tgaccacacc

tgagegetaa
tacaactgaa
ctgctgecaga
acatcctage
agctgaggag
cagagatgac
tgtcetgtec

tttaactttce

ctgggacace
gaccccagee
ccagggcctyg
tgagcetggge
cgatggggag
agaggatcta
agggggtygge
agcctgtget
cegeactetg
cctatccaac
gggacctggg
cccaggetca
cctcagtact
tttggetgee
ccatttggaa
tgcactgttyg

teccetgeage

gceagctccat
cttoecgageco
ggatagcage
cttggtgttt
gcagcacagqg
agaaactgga
tgcectgttat

ttetttectt

ccagteaget
cetactgeac
tecgggatge
gtggatgtte
gateccacctg
tegacteceg
cacagtcatt
ggccgottta
caacccetgyg
aatggccaca
caggaatacc
gaacacacag
getttctecg
tttetgcagy
gaaatctegg
cecteggace

cagggggtca

actctcteeg
acgcaaccct
cctgagecag
ggccttetet
cacagaagtg
gcctaataag
acagcctcet

aaagtactgt

gecatggecte
agctgetget
agggggagcec
tgcccagtga
aagttaattc
aggcetcoctga
ggagctatgy
agteccceggt
aacttctggg
cggtacaget
gggacttgca
tcaatggtca
aacttcatga
agagcccaga
aggaaggctc
tcageegeta

tctggactgt

tttocttgty
tgaatgggcy
tecatgtgaa
ttgetgtcac
ggaccaaaga
gagaaaccag
ttttaaccac

gataggagcet

cetgggecce
gttcctgetg
ctcecttggga
agaggatgca
tgaagacagg
gcacagtcaa
aggcacccta
agacatccge
ttatgagcte
gactctgecy
gttgeatcta
cegttteeoct
agccttggge
agaaaacagt
caagattgag
ctaccgatat

gttcaatgag

gggacctegt
aacgattgag
ttectgette
cagcatcgec
tagagttage
ctaaaggaat
tacgaaatcea

aaccgtgaaa
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agccectyggg
ctccaagtgt
gacagttcat
cctgaagagg
atggaggagt
ggttceccacg
ctctggecec
ctggagegea
cagectctea
ccggggetga
cactggggaa
gctgagatcco
cgcceaggag
gcttacgaac
atcccaggtt
gaagggtcte

acagtgaaac

gattectegge
gettocttoe
actgctggtyg
ttectectac
tacagtccegg
ctggaaacct
ttteccatett

aaacaagatt



gggctcaatt cttgectgggt
1560

gctgtectgg gactcactct
1620

ctgecttett agtgccagga
1680

tgettttatt

1740

gcaggcagac tggccttgea ttgtgtatgt

1800
cctactagge
1860

ctattetecct gkcccagect

1920
tcatcccaat
1965

<210> SEQ ID NO 80

<211> LENGTH: 8725

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1434)..(1434)

tttgatggtt
gtagcctagg
ctgagggtat

ctgcagtcaa atgctccace

aagcegtteota tcecactgaccet
cttgaatget

tatttaaaaa aaatatataa

ttgaagacag
ctggcettga
gtaccactac
actgagctac
atggtgatgg
aageactctet
gggattacag

atcttectag

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1470)..(1470)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1482)..(1482)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1634)..(1634)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1655)..(1655)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1734)..(1734)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:

ggtttctctg
actcagagat
caccgacace
acacccectec
agtttgaage
agtcccttet
gaatgcacca

taaaa
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tgtageecectg
ccgattgect
ccgcaakttcet
atcttactat
cagggtctta
cttgaacecct

teatgettgg



<221> NAME/KEY: misc_feature
<222> LOCATION: (1752)..(1752)

<223> OTHER INFORMATION: nis a, ¢, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3057)..(3057)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3499)..(3499)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3781)..(3781)

<223> OTHER INFORMATION: nis a, ¢, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (4535)..(4535)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6708)..(6708)

<223> OTHER INFORMATION: nis a, ¢, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6923)..(6923)

<223> OTHER INFORMATION: nis a, ¢, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7020)..(7020)

<223> OTHER INFORMATION: nis a, c, g, or t

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7087)..(7087)

<223> OTHER INFORMATION: nis a, c, g, or t

<300> PUBLICATION INFORMATION:

DK/EP 3031910 T3

<308> DATABASE ACCESSION NUMBER: EMBL Accession No. AY049077

<309> DATABASE ENTRY DATE: 2002-12-19



<313> RELEVANT RESIDUES: (1)..(8725)

<400> SEQUENCE: 80

60

120
180
240
300
360
420
480
540
600
660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040

2100

aaatataatg
gttaggtece
atcaggaatc
atgggatgta
acacccacac
tottttatag
ctgtctgeta
ggettggtac
tgattcataa
ctgatgtaag
tgtatgtgtg

ttgtagtaca

gatteggtgy
catgtctcott
ccgtgggget
cttgaggcag
gccttegttt
ttaaacaaat
aaggcagtgc
tgaaagaatg
daacaaacaa
accagaacat
acctggaagt
ccattagagt
gtgagceccct
caagacctga
gggggcecag
cagaggccag
gttccaaget
tcaccccaac
tagggccaga
agcctgetee
agecccgtcea
gecectggge

tccaagtgte

caggcaaaac
tcaaataaag
atctagaagyg
goetgtatgtyg
tggtggatge
ttgctgagge
ttctgtgetg
atggtcacta
agaatcagge
aactggtctce
tgtgtgtgeca

ggttctetet

agcaatgcac
ttecettggac
ctctcaaaga
tccaggaata
tegkttgecate
tatgggaatc
cgtgeectgga
gatggacaga
tgcctgtgaa
tgteacgcete
catgcatgtg

ttceacecatg

atgaaataaa
cecttetgtat
gaagatggga
aaaataactc
attttagata
toctgggaat
gacaccagca
ttgggagete
atccacactae
ttcaaaagac
ccatggcaca

tagattttgy

aataaccaag
agatactacc
tagcagggtt
aatgcattca
cctggatgaa
gggagctgca
gagtcaagga
catcecgttet
atagttgtct
tttattttac
cacagggyggc

ggttcecacct
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tttaaacctg
ttttatttag
acctagagec
attaacctag
acgaccttat
gagcttaagg
cactgggaga
cactctgtce
tccacatgge
atctatttgg
agagggcaac

cagatcatca

caagtgtett
ctttgtecag
tctacctetg
aattatgaca
tecattteocge
acggegtgea
agagtttgga
cttgcatgge
acaaagcaaa
taggtggaag
cgggaaataa
ctcatatgta
ccacctatte
ctgggccagg
cttetttetkt
gagntgggtg
gagctggtyga
cntaccecatt
cagaacctgt
cctcaagget
cagtgtgtecc
ceetttgteg

tgctcagece

tacccactaa
aattccaatc
cttcaaagat
tctgtcetea
atcectagte
aacatgaatg
gagacgaatg
acccatggcece
aaatgcatgce
agcaagagac
aatgatcaga
gattcaaata
accectaggn
atacatgcat
tccectgeee
gtgecaggga
tectgataac
accgecaccaa
gggactttgg
tgctecteee
tgggacaccc
accecagecec

cagggectgt

gectctgace
tetttactgt
gggaacagat
ctegetggag
cacagcccag
gcattotggy
aatagtttag
ccctggaate
gagcaggage
aagactggtt
ctttggcagyg
atcatgctca
tcectceaggg
ggatttcttyg
tgccagggee
gaacntatac
cttotttetg
tgtccagget
ctecatctet
ctacecoaget
cagtcagctg
ctactgecaca

ccgggatgea

agtctetatt
gattattaac
tttacccaca
cgagagette
tgectaacat
caacaagacqg
ctctgggage
agtctccage
acacacacac
tcttgggtga
cagtgggggyg
aatttgectt
tnttaacctyg
cctectcage
gggaagcagyg
agtgececaggt
cctatgaaca
ttgatatcgg
acaaaagggce
cctattteeg
catggectcc
gctgetgetyg

gggggagceed

caaaatggte
caaccccetee
teccatagtte
tcagatagga
accgtaggta
gagattcaca
aaagctcaag
actgaaaaag
aaattatctg
ggttttgaag
gggggggtaa
ttanttaget
ccadcttace
ccaactccac
ccaggettag
ggtgcettgg
cacntgccece
ggagggggca
actgtgagte
atgcacgtac
ctgggcecca
tteoectgetge

tocttgggag



2160
2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260

4320

2290

acagttcatc
ctgaagaggce
tggaggagte
gttececacgy
tttatgeett
gcaattatac
agaataggggy
gtgtgtgtgt

agacagacag

ggctcetgga
gaaaagacag
ttgtgtagat
tectgggattt
aaagagagat
aactgaagcc
ctgcagtgat
caccaacect
ctgtgaggce
actgggctgt
attggagcta
tggtgatctyg
tatggccccc
ctoocaaccee
tcgectagatt
ccccagectg
tctgeegeac
tgagcctate
gtggcaatca
nttotcactt
tectgggaccet
tcacceagge
getgtoccaa
atccteoteta
tgggcegece
tcacgtoctg
gctggtcaat
gaaccaggag

agtgacgaac

tggggaggat
ggatccacee
ccttgggtta
ggatgaaaaa
gtectcecee
tctaataggt
gaaattaaag
gtgtgtgtgt

agacagacac

agacacacaa
gtggaggaac
cggattggee
caggtgtgtyg
gagtgggaag
gtgectacag
ggttgcggtyg
ggctacattce
ccotgecaga
aagagtgggce
tggaggtaag
ccgcaccaac
ctcecgegee
caagegtect
tcttgcacnt
tgctggeccge
totgeaaccco
caacaatggce
acgtgtgcac
gecactacca
gggcaggaat
tcagaacaca
gaagaagcaa
gatccacgtyg
aggaggcctg
tgggttcatg
tagctctcag
cagactaaca

acggadaaaa

gagctgggeg
gatggggagyg
gaggatctat
ggtaagtggt
actccectet
agtctttecece
aggaaataga
gtgtgtgtgt

agagagacag

ggagctoaca
tttggtttge
ttgaactagt
cgeccacogtg
gtgggtgagt
accctagttt
ggcggaattc
cctttectatt
gegggaggga
ttattaattc
acacggoegy
attcccagta
ccgcactcece
gattcecaace
tttcttttca
tttcagtcce
ctggaactte
cacacgggtyg
ttaggagttc
acgcagtaca
acegggectt
cagtcaatgg
gagggtatga
gtgcacctea
gecagttttgg
catctggcta
ccccattcac
caaggcttce

taatggecac

tggatgttct
atccacctga
cgactaoccga
cattaactte
ctteecegaa
ccctaaaagg
actgggaatg
gaagagaggg

agacagagag

gecgttacte
tetgggggcg
tetgeccttt
cttggctcta
aagggaaaaa
gcaaactate
ccagectggtyg
acgtgcaaca
atattttttt
ttctecattta
ctacacagac
gtagcectag
ccacgceagt
cttecatttat
tceccaggeac
cggtagacat
tgggttatga
aggtgtctygyg
tgetggtget
gatgactetg
gecagttgeat
tcacecgttte
teagaggtet
gktactgettt
ctgcctttet
gcagagacac
toctttgtte
tttaggagga

agaggaggcyg

gcccagtgaa
agttaattct
ggctectgag
caaatctagyg
atgctagetyg
agagaagaaa
gacagagggyg
aggtagagag

atgaaaaggyg

acctatgatt
gaggatgaga
accttettet
agccaggaac
gaacgatgat
ggtagggceta
gttaatccac
ctecttgtaag
attctgggea
tgecagggggt
ccaatctggg
actggaccca
ccetggageg
cctaacggtt
cctactctgg
ccgectggag
gctecageet
ggcgggacct
cacgctcacyg
cageagggge
ctacactggg
cctgetgagg
ggecactatc
ctecgaactt
gcaggtaccc
cattccaage
attcactcag
aggctgtctt

aaacttasat

DK/EP 3031910 T3

gaggatgcac
gaagacagga
cacagtcaag
ctcaggtaag
agagcatteg
aazaaagccg
gaaaataagt
aatgagagac

aagagaaggg

tgeggtgtgg
taaggtctta
tactcegagt
tttagacagg
ttggatctca
ctgatggete
ttgtgcentca
acatccgggg
ctgggaaggg
ggccacagtc
agecccagece
ggtcctacte
coccccette
cttgtecaaa
ceccaggtgt
cgcaccgcat
ctoceccggaadc
atggagggga
tgtgggtaga
tgaagatggc
gaacttecaga
tggggactgg
tgatcottee
catgaagect
tatttgacat
acaagcgcaa
caccagcagg
gacagtcata

ctttcactga



=IOV
4440

4500

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300

6360

6420
6480

6540

aann

tgggaaacca

gaccagttag

cttetgtgge
ctgtaataat
tgagacttac
gggcaggagt
tttttteagy
gagagagaga
gtgaaacgat
tttgccattg
tccccageat
aggcttceag
cacccctgea
aagaaatcte
getgagggty
ggaaactact
agaaaacaag
aggccggtcea
atagagaaaa
actttttttg
ttattttggt
ctgtagteoca
gattaaaggce
catgctgata
gaaatcataa
ctgcteteec
aatgagacct
ttaaatagat
gcaagaacat
agcttgttec
ttttgataaa
atgtatttac
tagaataacce

cegetttatt

ccteceagag
gtattcagat

agatggctca

aggaggaata

ggagtgccac

ccecteactte
caagaacgta
cagtgtgaca
agttattaaa
aaaccacgga
gagagagaga
ggacctagat
ctaattcatt
ccttagaggt
ctgtagtcet
ggagagecca
ggaggaaggt
aactggetct
gteccacagge
caaagctgag
gggttacaca
caagccaaag
tttgagaact
ttttegagac
ggctggecto
gtggccacca
ataccaacgt
agactagggc
agaggtecaa
gatgecectet
agtatttgga
agcatgeatqg
cttccatgace
ctggaactca
aagttattet
cogcacocoe

ccagtctggg

ctacattcca

gattgaaggt

gcagtacaag

ctgcacagag

agcaacaagce

ceoctteatga
cactccaagg
ttcacagcac
gtgaacgcaa
gtgtgtgtgt
gagagagaga
cttgagggec
tgcaaagcaa
gaggaacggyg
agaaatgggt
gaagaaaaca
tggtggcttyg
gactggtgat
ttgacaatta
tctggeegtyg
gtaagacctyg
aaaatgttta
gtctatcatt
agggttttte
gaactecagaa
cgcccagcetg
ttgggaggtt
tagggctgaa
agtttaatte
tctggtgtgt
agaaaaaaaa
aagccttagg
tgagccattt
tagaactttt
acttgtcetat
coaccgacag

gttaacegeg

attcecgettt
accacaggag

gectectcta

agaggtcage

attgcectgg

agtanaagta
tgggaggaag
aaagttcagg
aggcagtaca
gtgtgtgtgt
gagagagaga
aggcagectyg
gagtaataga
gaaagactat
atcaattgge
gtgcttacga
cccagtgaac
agctaaactg
gaatcaaagc
gtggcetece
gocteaaaca
aaatttataa
tatacatatc
tgtgtagcce
atcagoetge
atgaatgatt
ggctactcac
gagagaaggce
ccaaccacat
ccgaagacag
aaaaaggcta
tecagagcty
taaacctcac
gtgtctgttt
ctgtgtatec
tacccetect

gtececceect

attecagtet

ggcttatgag

actgccoccgaa

gtgagedagy

gaagagccat

ttecaagtgac
ccaggaagtyg
gaagttcctc
agtataacat
gtgtgtgtgt
gagagtgtaa
ggaaactttc
acttgaataa
gggaacccca
cttgtactat
acagttgetyg
aatgaacata
atgagaaaca
caaacagaaa
tggtctatag
caaacaaaadq
gactgagtat
aaatatttat
tggetogoct
ctetgeoectac
ttgagcaggt
caagccagec
tcaggggtta
ggtggctcac
ctacagtgta
gggctatage
caaaaacact
tctactagac
cttatcgttyg
acgggaatgt
acacgageta

tececcaccece

ggggttaagt
cttttggctt

geoctttact
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ctggagtédtg

ttctctgetg

ctetttgtac
aggacgccta
aggagcaggc
acatgatggt
gogagagaga
atagtgatga
tccecttcag
gattgtatat
taccatgecc
atccegtgtt
tccecatttgg
gatggaggga
caggggatag
ataacattag
agtgagttee
aaaaagcaaa
ggaaagctaa
atattttttc
ggaacttact
caagtgetgg
catggaagag
taggttacct
agagcactga
aaccatetgt
ctcatataca
tctgagtaga
ttagtcaaaa
tttttaggtyg
caaatattac
gctcagtaga
cattccaatt

cogeaceect

tagcagttgt
gaggctggaa

tcottttgga



voew v

6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220

8280

8340
8400
8460
8520
8580
8640
8700

8725

ttatccacac
gcagtggggg
cacacaatcc
gttgeccteg
cageccagggg
tagaatgggg
gaaggggtca
gagcctgtac
ggggacntcyg
gaacgattga
tatctgatag
atttgtacca
ttcagtccat
cagtggeggy
ttctgtagaa
tetggettag
cacctttcac
cattctocag
gggaaagggt
gaagcagctg
gcotgteaceca
tccttggeat
ggagtegget
gaghbtagcta
aaaggaatct
cgaaatcatt
cegtgaaaaa

tttctetgtg

tcagagatec
ccgecaccec
acccctcecat
tttgaageca
tccctteotet
atgcaceatc

aaactcgtgt

ttgcegggaa

atagtaagaa
9999999999
caatcaegtag
gacctcaged
gtcatctgga
cgtggtattg
tgcagtaaag
tatccatcga
tgattctcygg
ggettcette
cccacgttyga
gcetgtcececa
gtgaattcct
agggggecac
taaacttgat
ttgtctgaat
ctagctgcetyg
atggcctgtt
caggcaggag
actctcocet
gecatcgectt
agcattcttyg
ttctgattct
cagtocggea
ggaaaccttg
tcecatetttt
acaagattgg

tagccctgge

gcattgaaac
ggaacgggcc
getccaagat
gcetactacceg
ctgtgttcaa

acntggggtyg

atagacagag

coeccactte

ctacaactga
cctgetgeag
catateccca
ggtactcatg
gettcactge
accecttttag
coecaaateg
gaggctecagy
gaagggagaa
ctgecgaceyg
tatgggaagce
tcocaggtgac
ccetectacag
tataacccag
cgttccttgt
gagatgacag
tecctgtectyg
taactttctt
gctcaattct

tgtectggga

tatgcttgte
cgaggaggca
tgagatccca
atatgaaggg
tgagacagtg
ttggazaatyg
ggttggggtc
ccecageteca
acttccgage
aggatagcag
gtecaggggte
ggcectggtt
tggtgagtcet
tatttcagec
atgtgatecgg
aaatcteoctyg
gagtgecttta
aggecctggy
cagettgeag
atcctagecet
ctgaggagyge
aattcccgga
tetataggea
aaactggage
cctgttatac
ctttecttaa
tgctgggttt

ctecactetgt

ccgaaagctt
gggtgatnta

ggtttggatg

tctetgacca

aaactgagcg
ggaatgtggg
ccettgttite
tactctetee
cacgcaacce
ccctgagcca
ctgectette
ctaatgtcte
gggtccettg
caggagctag
tcaagtaaga
tgagacccce
ceccttetcac
ggctgectga
ggaatcaccet
tggtgtttgg
ageacaggta
ctgcasatga
cagaagtggy
ctaataagga
agcctcettt
agtactgtga
tgatggtitt

agcctagget
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ccaaggggca
ggtgagactt
tatctgecact
cacctcectg
ctaagcaggt
aaaaaaggag
tttttgtetn
gtttcettot
ttgaatgggce
ggtgcccagt
ctgtgtettc
cttttatcte
ttecetggtge
totttacttt
gacctgtacce
tcoccecaagy
tatctgecte
acactcactg
ggcatccceca
ccttctettt
tcotatgacce
gctctcatge
accaaagata
gaaaccagcet
ttaaccacta
taggagctaa
gaagacaggg

ggecttgaac

gattgectet
gcaattcttg
cttactatge
gggtcttace
tgaaccctet
atgcttggte
atttgeecttt

aacaaagcaa

gecttettag
cttttattct
aggcagactg
tactaggcaa
attctecctgt
atcccaatta
attccteaca

cttece

tgccaggact
gcagtcaaat
gccttgeatt
gegttotate
cacagectet
tttaaaaaaa

tcaaagggat

gagggtatgt
gctccaccac
gtgtatgtat
actgacctaa
tgaatgctgg
atatataaat

attatattaa

accactacca
tgagctacac
ggtgatggag
gecteototag
gattacagga
cttecctagta

tttettatgt



<210> SEQ ID NO 81

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 81
gatacatecca aacctgggat ctcaa
25

<210> SEQ ID NO 82

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 82
tcctgcagaa aggcagecaa aactg
25

<210> SEQ ID NO 83

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 83

”s cagggaaacg gtgaccattg actgt
<210> SEQ ID NO 84

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 84
gacaccecag tecagetgeat ggect
25

<210> SEQ ID NO 85

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 85
cattecteagt attgttttge caagtt
26

<210> SEQ ID NO 86
<211> LENGTH: 25

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 86
cgaaggagca aagetgcetat tggee

DK/EP 3031910 T3



25

<210> SEQ ID NO 87

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 87
tgtgetcagyg agecteggga gtega
25
<210> SEQ ID NO 88
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 88

agtcaaggtt cccacgggga tgaa
24

<210> SEQ ID NO 89

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 89
aaggaggetyg tataacaggce aggac

25

<210> SEQ ID NO 90

<211> LENGTH: 437

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<300> PUBLICATION INFORMATION:

DK/EP 3031910 T3

<308> DATABASE ACCESSION NUMBER: EMBL Accession Nos. AJ245857; CAC80975.1
<309> DATABASE ENTRY DATE: 2003-02-01
<313> RELEVANT RESIDUES: (1)..(437)

<400> SEQUENCE: 90

Met Ala Ser Leu Gly Pro Ser Pro Trp

1 5

Pro Thr Ala Gln Leu Leu Leu Phe Leu
20 25
Pro Gln Gly Leu Ser Gly Met Gln Gly

35 40

Ser Ser Gly Glu Asp Glu Leu Gly Val

50 55

Asp Ala Pro Glu Glu Ala asp Pro Pro

65 70

Val Asn Ser Glu Asp Arg Met Glu Glu

85

Ser Thr Pro Glu Ala Pro Glu His Ser
100 105
Lvs Glv Glv Glv His Ser His Trp Ser

Ala
10

Leu
Glu
Asp
Asp
Ser
90

Gln

Tvr

Pro
Leu
Pro
val
Gly
75

Leu

Gly

Gly

Leu Ser
Gln Val
Ser Leu
45
Leu Pro
Glu Asp
Gly Leu

Ser His

Glv Thr

Thr
Ser
Gly
Ser
Pro
Glu
Gly

110
Leu

Pro
15

Ala
Asp
Glu
Pro
Asp
95

Asp

Leu

Ala
Gln
Ser
Glu
Glu
80

Leu

Glu

Tre



120
Ala

115
Gln Val
130
Ile Arg
145
Leu

Pro Ser Pro Ala Cys
135
Thr Ala
150

Leu

Leu Glu Arg Phe

Leu Glu
165
Thr val
180
Gly

Gly Tyr Gln Pro

Asn Gly His Gln Leu Thr

Leu Gly Pro Gln Glu

195
Ser

Tyr Arg
200
Thr Ser

210

Gly Asp His Pro Gly

215

Phe
225
Leu

Ala Glu Ile His Val

230
Gly

Pro val

Glu Ala Leu Pro

245
Ser

His Arg

Phe Gln Glu
260

Glu Glu

Leu Pro Glu Glu

Ile Glu
280

Leu

Ser His Leu Ser

275
Asp Val Ser Ala Leu
295

Thr

Leu
290
Tyr

Gly

Glu Leu Thr
310

Glu

Arg Ser
305

Trp

Gly

Thr Val Phe Asn Thr Val

325
Thr Val Ser
340

Ala

Leu Ser Leu Trp Gly

Phe Thr Gln Leu

360
Ser

Asn Arg Pro
355
Ala

Phe Ser

375
Ile

Pro
370
Phe

Ala Glu Asp

Cys Thr Leu
385

Ala Vval

Ala Gly Asp

390
Ile Ala
405
Thxr

Thr Ser Phe Leu

His Arg Ser Gly
420

Gly Ala

Lys Asp Arg

Thr Glu Thr

435

<210> SEQ ID NO 91

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 91

Met Ala Ser Leu Gly Pro Ser Pro

1 5

Pro Thr Ala Gln Leu Leu Leu Phe
20

<210> SEQ ID NO 92

<211> LENGTH: 358

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 92
Gln Pro Gln Gly Leu Ser Gly Met
1 5
Ser Ser Ser Gly Glu Asp Glu Leu
20
Glu Asp Ala Pro Glu Glu Ala Asp
35 40

125
Gln Ser
140

Leu

Gly Arg Phe Pro Val Asp

Thr
155
Glu

Gln Glu
160

Asn

Cys Arg Pro Leu

Leu Ser
175
Met

Pro Leu Ser
170

Pro

Leu
Leu Ala
185
aAla

Pro Gly Leu Lys

190
His Leu His
205
Asn

Leu Gln Leu Trp

Glu Thr Val

220

His Gly His Arg

Thr Ala Phe Glu
240

Ala

Ser Ser
235

Leu Ala Vval

Hisg Leu
Leu Ala
255
Leu

Gly Gly
250
Ser Ala Glu Gln
270

Glu

AsSn Leu

265
Glu

Tyr

Ile
285
Ser

Gly Ser Lys Ile Pro

Leu
300
Ser Gln

Pro Ser Asp Arg Tyr Tyr

Ile
320
His

Pro Pro Cys
315

Ser Ala

Gly Val
Gln Leu
335
Gln

Leu
330
Arg Asp

Lys Lys

Leu Leu
350
Glu Ala

Pro
345
Asn

Ser Arg
Thr Ile
365
His

Gly Arg Ser

Glu Pro Val Val Asn Ser

380
Phe

Pro

Phe
400
Arg

Leu Vval
395
Leu Arg Arg

Ala Gly Leu Leu
Gln
410

Ser

Leu Gln His
415
Val Glu

425

Ala
430

Tyr Ser Pro Met

Trp Ala Pro Leu Ser Thr Pro Ala
10 15

Leu Leu Leu Gln Val Ser Ala

25 30

Gln Gly Glu Pro Ser Leu Gly Asp
10 15

Gly Val Asp Val Leu Pro Ser Glu

25 30

Pro Pro Asp Gly Glu Asp Pro Pro

45
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Glu Val Asn Ser Glu Asp Arg Met

50 55
Leu Ser Thr Pro Glu Ala Pro
€5 70

Glu Lys Gly Gly Gly His

Glu

Ser His
Gln Val

100
Arg Leu
115
Leu

Trp Pro Ser Pro Ala Cys

Ala
120
Gln

Asp Ile Glu Arg Thr

Glu Glu Leu
135

Gln

Leu
130
Asn Asn

Gly Tyr

Gly His Thr Val Leu

145
Ala Leu

150

Gly Pro Gly Gln Glu

165
Ser Asp
180

Ala

Tyr

Trp Gly Thr His Pro Gly

Glu Ile val
200

Arg

Pro His
195

His

Arg Phe
Glu Leu Glu Ala
210
Phe

Leu Gly
215
Ala Pro
225

Leu

Gln Glu Ser Glu

230
Glu

Leu

Glu
245
Leu Asp Val
260
Glu

Ser His Leu Ile Ser

Pro Gly Ser Ala Leu

Thr
280
Thr

Tyr Arg Tyr Ser Leu

275
Thr

Gly

Ile Val Phe Asn Glu

295
Leu

Trp
290
Thr Ser
310

Thr

His Leu Ser Val
305

Leu Asn

Trp

Phe Arg Ala Gln Pro

325
Ala Ala
340

Thr Ala

Ser Phe Pro Glu Asp Ser

Phe
355

Ser Cys Gly

<210> SEQ ID NO 93

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 93

Ser Ser Ser Gly Glu Asp Glu Leu
1 5

Glu Asp Ala Pro Glu Glu Ala Asp

20
Glu Val Asn Ser Glu Asp Arg Met
35 40
Leu Ser Thr Pro Glu Ala Pro Glu
50 55

<210> SEQ ID NO 94
<211> LENGTH: 258

<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 94
Glu Lys Gly Gly Gly His Ser His
1 5

Trp Pro Gln Val Ser Pro Ala Cys

Glu Glu Ser Leu Gly Leu Glu Asp

Hig Ser Gln Gly Ser His Gly Asp

75 80

Ser Tyr Gly Gly Thr Leu Leu

20 95

Gly Arg Phe Gln Ser Pro
110

Gln

Trp

Ala
105
Phe

val
Thr Leu
125
Ieu

Cys Arg Pro Leu
Glu
140

Pro

Pro Leu Pro Ser Leu Ser

Thr Leu Pro Gly Leu Lys Met

155

160
Leu i

Leu His
175

Gly

Arg Ala Gln Leu His

170

Glu His Thr Val Asn His
190

Thr Ala

205

Leu Ala Val

220

Ser Ala

235

Gly

Ser
185

val His Leu Ser Phe Ser

Pro Gly Gly Leu Ala

Glu Glu Gln Leu

240
Ile

Asn Tyr

Glu Glu
250
Pro

Ile Glu
255

Arg

Ser Lys

Leu Ser
270
Gln

Leu
265
Thr

Ser Asp Tyr

Ser val
285
Ala

Pro Pro Cys Gly

vVal Lys Leu Ser Gln
300
Pro Arg Asp
315
Asn Gly Arg
330

Pro

Lys Leu
Gln
320
Ala

Gly Ser Arg Leu

Thr Ile Glu
335

val

Leu

Glu Val His

350

Ser Pro Asn

345

Gly Val Asp Val Leu Pro Ser Glu
10 15
Pro Pro Asp Gly Glu Asp Pro Pro

Glu Glu Ser Leu Gly Leu

45
Gly
60

Glu Asp

His Ser Gln

Trp Ser Tyr Gly Gly Thr Leu Leu
10 15
Ala Gly Arg Phe Gln Ser Pro Val

DK/EP 3031910 T3



Asp
Glu
Asn
65

Ala
Trp

Arg

Glu
Ala
145
Leu
Pro
Tyr
Ile
His
225

Leu

Ser

Ile
Leu
50

Asn
Leu

Gly

Phe

Leu
130
Phe
Ser
Gly
Arg
Trp
210
Thr

Asn

Phe

Arg
Leu
Gly
Gly
Thr

Pro
115

His
Leu
His
Leu
Tyr
195
Thr
Leu

Phe

20
Leu

Gly
His
Pro
Ser

100
Ala

Glu
Gln
Leu
Asp
180
Glu
Val

Ser

Arg

Glu
Tyr
Thr
Gly
85

Asp

Glu

Ala
Glu
Glu
165
Val
Gly
Phe

Val

Ala
245

<210> SEQ ID NO 95
<211> LENGTH: 48
<212> TYPE: PRT
<213> ORGANISM: Mus musculus

Arg
Glu
val
70

Gln
His

Ile

Leu
Ser
150
Glu
Ser
Ser
Asgn
Ser

230
Thr

<400> SEQUENCE: 95
Agsp Ile Leu Ala Leu Val Phe Gly

1

5

Thr
Leu
55

Gln
Glu
Pro
His
Gly
135
Pro
Ile
Ala
Leu
Glu
215

Leu

Gln

Ala
Gln
Leu
Tyr
Gly

Val
120

Arg
Glu
Ser
Leu
Thr
200
Thr

Trp

Pro

Ala Phe lLeu Leu Gln Leu Arg Arg

20

Lys Asp Arg Val Ser Tyr Ser Pro

35

<210> SEQ ID NO 96
<211> LENGTH: 22
<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 96
Asp Ile Leu Ala Leu Val Phe Gly Leu Leu Phe Ala Val Thr Ser Ile

1

5

Ala Phe Leu Leu Gln Leu

20

<210> SEQ ID NO 97
<211> LENGTH: 26
<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 97

Brer Arer 21n Hie Ara Hie Aree Sar @Rluy Thr Tare Aen Brer Zal

40

25
Phe

Pro
Thr
Arg
Ser

105
Val

Pro
Glu
Glu
Leu
185
Thr
val

Gly

Leu

Leu

Gln
25
Ala

Cys Arg Thr ILeu
45
Leu Pro Glu Leu
60
Leu Pro Pro Gly
75
Ala Leu Gln Leu

Glu His Thr Val

His Leu Ser Thr
125

Gly Gly Leu Ala
140
Asn Ser Ala Tyr
155
Glu Gly Ser Lys
170
Pro Ser Asp Leu

Pro Pro Cys Ser
205

Lys Leu Ser Ala

220
Pro Arg Asp Ser
235
Asn Gly Arg Thr
250

Leu Phe Ala Val
10
His Arg His Arg

30
Gln

Ser
Leu
His
Asn

110
Ala

val
Glu
Ile
Ser
190
Gln
Lys
Arg

Ile

Thr

Pro
Leu
Lys
Leu
Gly

Phe

Leu
Gln
Glu
175
Arg
Gly
Gln

Leu

Glu
255

Ser
15

Leu
Ser
Met
80

His
His

Ser

Ala
Leu
160
Ile
Tyr
val
Leu
Gln

240
Ala

Ile

Ser Gly Thr

30

Glu Met Thr Glu Thr Gly Ala

45

10

15

Qar

Ty
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Laig saiy Maas aeas Seiag Rewas Kby MAen WY LAsn Ay 0 SR sany Y Aees s ya
1 5 10 15
Ser Pro Ala Glu Met Thr Glu Thr Gly Ala

20 25

<210> SEQ ID NO 98

<211> LENGTH: 74

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 98

Gly Ser Ser Gly Glu Asp Asp
1 5

Glu Glu Asp Ser Pro Arg Glu

20
Pro Gly Glu Glu Asp Leu Pro
35
Pro Lys Ser Glu Glu Glu Gly
50 55

Pro

Glu
25

Gly

40

Ser

val Glu Ala Pro Gly Asp Pro
65 70

Gln

<210> SEQ ID NO 99

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 99
tagaattcgg ctcttetggg gaagat
26

<210> SEQ ID NO 100

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 100

atactcgagyg ggttcttgag gatctce
27

<210> SEQ ID NO 101

<211> LENGTH: 277

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 101
Asp Pro Gln Glu Pro Gln
1 5

Asp Gln Ser His Trp Arg
20
Cys

Agn Asn Ala

Tyr Gly Gly
25

Ela Gln
35

Ala

Ser Pro Ala Phie

40
Ala

Gly Arg

Gln Leu
50
Gln

Ala Phe Pro Leu

55
Pro

Cys

Phe
65
Ser

Leu Glu
70

Leu

Leu Pro Pro Leu

Vval Gln Thr

85

Mo W T ol

Leu Pro Pro Gly

AVl W ANV Lo

90

10

Glu Pro

His
10

Asp
Ser
Arg
Arg

Leu

Arg
Pro
Pro
Pro
Leu

75
Glu

60

Asp
Pro
Val
Leu
60

Arg

Met

45

Lys
Trp
Asp
Glu
Asn

Ala

Leu Gly Glu Glu Asp Leu

Asp Pro Pro Gly Glu Glu

30

Glu Glu Asp Leu Pro Glu

Leu Lys Leu Glu Asp Leu

Glu
Pro
30

Ile
Leu

Asn

Leu

o

Pro Ser

15

Asp Leu
Val Lys

Pro Thr

Gly
15

Arg
Axrg
Leu

Gly

Gly

LR I

Asp
Val
Pro
Gly
His

80
Pro

L3 .
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Ly
Gly
Glu
Ala
145
Glu
Glu
Ile
Gly
Phe
225
Asp
Ala

Gly

Arg
Arg
Ile
130
Leu
Gly
Glu
Ser
Ser
210
Asn
Thr
Thr

val

wLu
Pro
115
His
Gly
Pro
Ile
Ala
195
Leu
Gln
Leu

Gln

Asp
275

ryr
100
Gly
Val
Arg
Glu
Ala
180
Leu
Thr
Thr
Trp
Pro

260
Ser

ALg
Ser
Val
Pro
Glu
165
Glu
Leu
Thr
Val
Gly
245

Leu

Ser

aAda
Glu
His
Gly
150
Asn
Glu
Pro
Pro
Met
230

Pro

Asn

<210> SEQ ID NO 102
<211> LENGTH: 26
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 102
tagaattcga tcectcaagaa ceecag

26

<210> SEQ ID NO 103
<211> LENGTH: 27
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 103
aatctcgaga ctgctgtecca ctccage

27

<210> SEQ ID NO 104
<211> LENGTH: 346
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 104

Gly
1
Glu
Pro
Pro
Val
65
Asp

Pro

Val

Ser
Glu
Gly
Lys
50

Glu
Lys
Trp

Asv

Ser
Asp
Glu
35

Ser
Ala
Glu

Pro

Tle

Gly
Ser
20

Glu
Glu
Pro
Gly
Arg
100

Arer

Glu
5
Pro
Asp
Glu
Gly
Asp
85
Val

Pro

Asp
Arg
Leu
Glu
Asp
70

Asp
Ser

Gln

Leu
His
Leu
135
Gly
Ser
Gly
Ser
Pro
215
Leu

Gly

Gly

Asp
Glu
Pro
Gly
Pro
Gln
Pro

Leu

[Ny}
Thr
120
Ser
Leu
Ala
Ser
Asp
200
Cys
Ser

Asp

Arg

Pro
Glu
Gly
40

Ser
Gln
Ser

Ala

Ala

Leu
105
Val
Thr
Ala
Tyr
Glu
185
Phe
Ala
Ala

Ser

val
265

Leu
Asp
Glu
Leu
Glu
His
Cys

105
Ala

nis
Glu
Ala
val
Glu
170
Thr
Ser
Gln
Lys
Arg

250
ILle

Gly
10

Pro
Glu
Lys

Pro

Trp
20
Ala

Phe

Leu
Gly
Phe
Leu
155
Gln
Gln
Arg
Gly
Gln
235

Leu

Glu

Glu
Pro
Asp
Leu
Gln
75

Arg
Gly

Cvs

His
His
Ala
140
Ala
Leu
Val
Tyr
Val
220
Leu

Gln

Ala

Glu
Gly
Leu
Glu
Asn
Tyr
Arg

Pro

LIP
Arg
125
Arg
Ala
Leu
Pro
Phe
205
Ile
His

Leu

Ser

Asp
Glu
Pro
45

Asp
Asn
Gly
Phe

Ala

VLY
110
Phe
Val
Fhe
Ser
Gly
190
Gln
Trp
Thr

Asn

Phe
270

Leu
Glu

Glu

Ala
Gly
Gln

110
Tieu

AlLla
Pro
Asp
Leu
Arg
175
Leu
Tyr
Thr
Leu
Phe

255
Pro

Pro
15

Asp
Val
Pro
His
Asp
95

Ser

Ara

aLa
Ala
Glu
Glu
160
Leu
Asgp
Glu
Val
Ser
240
Arg

Ala

Ser
Leu
Lys
Thr
Arg
80

Pro

Pro

Pro
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Leu
Arg
145
Met
His
His
Ala
Ala
225
Leu
val
Tyt
Val
Leu
305
Gln

Ala

—

Glu
130
Asn
Ala
Trp
Arg
Arg
210
Ala
Leu
Pro
Phe
Ile
290
His

Leu

Ser

115
Leu

Asn
Leu
Gly
Phe
195
Val
Phe
Ser
Gly
Gln
275
Trp
Thr

Asn

Phe

Leu
Gly
Gly
Ala
180
Pro
Asp
Leu
Arg
Leu
260
Tyr
Thr
Leu

Phe

Pro
340

Gly Phe

His Ser
150
Pro Gly
165
Ala Gly

Ala Glu
Glu Ala

Glu Glu
230
Leu Glu
245
Asp Ile

Glu Gly
Val Phe

Ser Asp
310
Arg Ala
325
Ala Gly

<210> SEQ ID NO 105
<211> LENGTH: 232
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 105
Ile Arg Pro

1
Leu

Agn
Leu
Gly
65

Phe
Val
Phe
Ser
Gly
145
Gln
Trp
Thr

Asn

Phe
225

Leu
Gly
Gly
50

Ala
Pro
Asp
Leu
Arg
130
Leu
Tyr
Thr
Leu
Phe

210
Pro

Gly
Hisg
35

Pro
Ala
Ala
Glu
Glu
115
Leu
Asp
Glu
Val
Ser
195
Arg

Ala

Gln
Phe
20

Ser
Gly
Gly
Glu
Ala
100
Glu
Glu
Ile
Gly
Phe
180
Asp
Ala

Gly

Leu Ala
5
Gln Leu

Val Gln
Arg Glu
Arg Pro
70
Ile His
85
Leu Gly
Gly Pro
Glu Ile
Ser Ala
150
Ser Leu
1€5
Agn Gln
Thr Leu
Thr Gln

Vval Asp
230

<210> SEQ ID NO 106

Gln
135
Val
Arg
Arg
Ile
Leu
215
Gly
Glu
Ser
Ser
Asn
295
Thr
Thr

Val

Ala
Pro
Leu
Tyr
55

Gly
Val
Arg
Glu
Ala
135
Leu
Thr
Thr
Trp
Pro

215
Ser

120
Leu

Gln
Glu
Pro
His
200
Gly
Pro
Ile
Ala
Leu
280
Gln
Leu

Gln

Asp

Phe
Pro
Thr
40

Arg
Ser
val
Pro
Glu
120
Glu
Leu
Thr
val
Gly
200

Leu

Ser

Pro
Leu
Tyr
Gly
185
Val
Arg
Glu
Ala
Leu
265
Thr
Thr
Trp
Pro

Ser
345

Cys
Leu
25

Leu
Ala
Glu
His
Gly
105
Asn
Glu
Pro
Pro
Met
185

Pro

Asn

Pro
Thr
Arg
170
Ser
Val
Pro
Glu
Glu
250
Leu
Thr
val
Gly
Leu

330
Ser

Pro
Pro
Pro
Leu
His
Leu
Gly
Ser
Gly
Ser
Pro
170
Leu
Gly

Gly

Leu
Leu
155
Ala
Glu
His
Gly
Asn
235
Glu
Pro
Pro
Met
Pro

315
Asn

Ala
Glu
Pro
Gln
Thr
75

Ser
Leu
Ala
Ser
Asp
155
Cys
Ser

Asp

Arg

Pro
140
Pro
Leu
His
Leu
Gly
220
Ser
Gly
Ser
Pro
Leu
300
Gly

Gly

Leu
Leu
Gly
Leu
60

Val
Thr
Ala
Tyr
Glu
140
Phe
Ala
Ala

Ser

Val
220

125
Glu

Pro
Gln
Thr
Ser
205
Leu
Ala
Ser
Asp
Cys
285
Ser

Asp

Arg

Arg
Arg
Leu
45

His
Glu
Ala
Val
Glu
125
Thr
Ser
Gln
Lys
Arg

205
Ile

Leu
Gly
Leu
val
190
Thr
Ala
Tyr
Glu
Phe
270
Ala
Ala

Ser

Val

Pro
Leu
30

Glu
Leu
Gly
Phe
Leu
110
Gln
Gln
Arg
Gly
Gln
190
Leu

Glu

Arg
Leu
His
175
GLu
Ala
val
Glu
Thr
255
Ser
Gln
Lys

Arg

Ile
335

Leu
15

Arg
Met
His
His
Ala
95

Ala
Leu
Val
Tyr
val
175
Leu

Gln

Ala

Leu
Glu
160
Leu
Gly
Phe
Leu
Gln
240
Gln
Arg
Gly
Gln
Leu

320
Glu

Glu
Asn
Ala
Trp
Arg
Arg
Ala
Leu
Pro
Phe
160
Ile
His
Leu

Ser
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<211> LENGTH: 32
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 106

Gly Asp Asp Gln Ser His Trp Arg Tyr Gly Gly Asp Pro Pro Trp Pro
1 5 10
Arg Val Ser Pro Ala Cys Ala Gly Arg Phe Gln Ser Pro Val Asp Ile

20 25

<210> SEQ ID NO 107

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 107
ccgagcgacg cagectttga

20

<210> SEQ ID NO 108

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 108
tagtcgacta ggctccagtc teggetacet
30

<210> SEQ ID NO 109

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 109
catecagegt actecaaaga
20

<210> SEQ ID NO 110
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 110
gacaagtetg aatgetecac
20

<210> SEQ ID NO 111
<211>LENGTH: 25

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 111
actcgetact gtgcagtgtg caatg

30
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25

<210> SEQ ID NO 112

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 112
cetetteggt cttttegtat cecac
25

<210> SEQ ID NO 113

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 113
agtttccaga tgaggagggce gcatgee
27
<210> SEQ ID NO 114
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 114
ttcteccecat cagggatcca gatgece
27

<210> SEQ ID NO 115

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: M34309
<309> DATABASE ENTRY DATE: 1999-07-02
<313> RELEVANT RESIDUES: (222)..(247)

<400> SEQUENCE: 115
ggtgetggge ttgettttea gactag
26

<210> SEQ ID NO 116
<211> LENGTH: 26

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 116

accacgegga ggttgggcaa tggtag
26
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<210> SEQ ID NO 117

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 117
gggtececata ccactcatgg atcet
24

<210> SEQ ID NO 118
<211> LENGTH: 24

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 118

gggaaaggtt ggcgatcagg aata
24
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PATENTKRAV

1. Et rekombinant-produceret monoklonalt antistof eller antigenbindende fragment
derat der specilikt binder til en ikke-immunodominant epitop af oplgseligt MN/CA
IX-protein eller

MN/CA-IX polypeptid,

hvor navate antistof ikke konkurrerer om binding til MN/CA IX med monoklonale
antistoffer MN7, M75 eller MN12, med det forbehold, at antistoffet ikke binder til det
proteoglycan-lignende (PG) domane af MN/CA IX, og

hvor nevnte epitop er udvalgt blandt epitoper

(a) inden for carbonanhydrase (CA) domanet, havende aminosyresekvensen ifgl-
ge SEQ ID NGO: 9,

{b) inden for CA-domenet, havende aminosyresekvensen ifglge SEQ D NO: 101,

(c) inden for CA-domenet, havende aminosyresekvensen ifglge SEQ ID NO: 67,

(d) inden for CA-domanet, havende aminosyresekvensen ifgige SEQ ID NOG: 69,

(e) inden for transmembran-domeanet (TM) havende aminosyresekvensen iaige
SEQID NO: 6 0g

(f) inden for det intracellulzere domazne (IC) havende aminosyresekvensen ifplge
SEQID NG: 7

2. Antistof ifglge krav 1, hvor nzvnte antistof indeholder de komplementaritetsbe-
stemmende regioner (CDRer), havende aminosyresekvensen al et antistof genereret af
MN/CA IX-deficiente mus.

3. Antistof ifglge krav 1, hvor n@vnte antistof indeholder lang- og kortkedede variab-
le domaner havende aminosyresekvensen af et antistof genereret fra MN/CA-IX-
deficiente mus.

4. Antistof ifglge krav 1, hvor antistoffet er humant eller humaniseret.

5. Anvendelse af et monoklonalt antistof ifglge et eller flere af de foregdende krav til
screening, pavisning, diagnosticering og prognose af cancer.

6. Rekombinant-produceret monoklonalt antistof ifglge et eller flere af de foregdende
krav til anvendelse ved en fremgangsmade til behandling af tumorer.

7. Anvendelse af et monoklonalt antistof ifglge krav 5, hvor navnte antistof er genere-
ret fra MN/CA-IX-deficiente mus.

8. Rekombinant-produceret monoklonalt antistof ifglge krav 6 til anvendelse 1 en
fremgangsmade til behandling af tomorer, hvor navnte antistof er genereret fra
MN/CA-IX-deficiente mus.
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