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PREGNANCY-ASSOCIATED PLASMA PROTEIN-A2 (PAPP-A2)

FIELD OF THE INVENTION

The present invention relates to a novel polypeptide with homology to pregnancy-
associated plasma protein-A (PAPP-A). The novel polypeptide according to the in-
vention is denoted PAPP-A2. The invention further relates fo novel polynucleotides
comprising a nucleic acid sequence encoding such a polypepitide, or a fragment

thereof.

The invention further relates to methods for using the nove! polynucleofides, includ-
ing fragments thereof as defined herein below, and methods for using the novel
polypeptides capable of being produced from such polynucleotides.

The invention aiso relates to expression and purification of recombinant PAPP-A2,
and to production of polyclonal and monoclonal antibodies against PAPP-A2, and to
the purification of native PAPP-A2 from human tissues or bady fluids.

In futher aspects the invention relates to uses of PAPP-A2 as a marker for patho-
logical states, and as a therapeutic target for drugs that modify the proteolytic activ-
ity of PAPP-A2 in pregnant as well as non-pregnant individuals.

BACKGROUND OF THE INVENTION

Pregnancy-associated plasma protein-A (PAPP-A)

PAPP-A was first isolated in 1974 from pregnancy serum along with other proteins
believed to be of placental origin (Lin et al., 1974, Am J Obsfet Gynecol 118, 223-
36). The concentration in serum reaches about 50 mg/iiter at the end of pregnancy
(Folkersen et al., 1981, Am J Obstet Gynecol 139, 910-4; Oxvig et al., 1995, J Biol
Chem 270, 13645-51). PAPP-A was originally characterized as a high molecular
weight homotetramer (Bischof, 1979, Arch Gynecol 227, 315-26; Linetal., 1974,
Am J Obstet Gynecol 118, 223-36; Sinosich, 1990, Eleciropheresis 11, 70-8), but it
has now been demonstrated that PAPP-A primarily exists in pregnancy serum and
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plasma as a covalent, heterotetrameric 2:2 complex with the proform of eosinophil
major basic protein (proMBP), PAPP-A/proMBP (Oxvig et al., 1993, J Biol Chem
268, 12243-6). Only about 1% of PAPP-A in pregnancy serum and plasma is pres-
ent as a homodimer, as recently demonstrated (Overgaard et al., 2000, J Biol
Chem). The existence of the PAPP-A/proMBP complex was revealed, in part, by the
isolation of a PAPP-A and a proMBP peptide, linked together by a disulfide bond,
from a digest of purified PAPP-A/proMBP (Oxvig et al., 1993, J Biol Chem 268,
12243-6).

The subunits of the PAPP-A/proMBP complex can be irreversibly separated by re-
duction of disulfide bonds and denaturation (Oxvig et al., 1993, J Biol Chem 268,
12243-6). In reducing SDS-PAGE, the PAPP-A subunit has an apparent molecular
weight of 200 kDa (Oxvig et al., 1994, Biochim Biophys Acta 1201, 415-23), and its
1547-residue sequence is known from cloned cDNA (Kristensen et al., 1994, Bio-
chemistry 33, 1592-8). PAPP-A is synthesized as a pre-pro-protein (preproPAPP-A),
including a 80-residue pre-pro-piece(Haaning et al., 1996, Eur J Biochem 237, 159-
63). No proteins with global homology to PAPP-A has been reported in the literature,
but PAPP-A contains sequence motifs, including an elongated zine binding mofif
(HEXXHXXGXXH) at posiion 482-482 (numbering according to Kristensen et al.,
1994, Biochemistry 33, 1592-8). This motif and a structurally important methionine
residue, also thought to reside in PAPP-A at position 556, are strictlybconserved
within the metzincins, a superfamily of zinc peptidases: astacins, adamalysins (or
reprolysins), serralysins and matrixins (matrix metalloproteinases or MMP's) (Bode
et al., 1993, FEBS Left 331, 134-40; Stocker et al., 1995, Protein Sci 4, 823-40).

The proMBP subunit has a caiculated peptide mass of 23 kDa (Barker et al., 1988, J
Exp Med 168, 1493-8; McGrogan et al., 1988, J Exp Med 168, 2295-308). in SDS-
PAGE, however, proMBP migrates as a smear of 50-90 kDa that is not visible in
Coomassie-stained gels (Oxvig ef al., 1993, J Biol Chem 268, 12243-6), probably
due to its strong and unusual glycosylation (Oxvig et al., 1994, Biochem Mol Biol Int
33, 329-36; Oxvig et al., 1994, Biochim Biophys Acta 1201, 415-23). PAPP-A and
proMBP are both produced in the placenta during pregnancy, but mainly in different
cell types as shown by in situ hybridization (Bonno et al., 1994, Lab Invest 71, 560-
6). Analyses by RT-PCR revealed that both PAPP-A and proMBP mRNA are pres-
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ent in several reproductive and nonrepreductivé tissues, although the levels are
lower than in the placenta (Overgaard et al., 1999, Biol Reprod 61, 1083-8).

Clinical use of PAPP-A

Ciinically, depressed serum levels of PAPP-A are increasingly being used as a pre-
dictor of Down's syndrome pregnancies (Brambati et al., 1993, Br J Obstet Gynae-
col 100, 324-6; Haddow et al., 1998, N Engl J Med 338, 955-61; Wald et al., 1992,
Bmj 305, 28; Wald et al., 1998, N Engl J Med 341, 461-7), and it has heen shown
that PAPP-A serum levels are also depressed in other fetal abnormalities (Biagiotti
et al., 1998, Prenat Diagn 18, 907-13; Spencer et al., 2000, Prenat Diagn 20, 411-6;
Westergaard et al., 1983, Prenat Diagn 3, 225-32).

Further, the synthesis of PAPP-A in smooth muscle cells of the coronary artery fol-
lowing angioplasty is increased (Bayes-Genis et al., 2000, Arterioscler Thromb Vasc
Biol, in press), which is currently being evaluated for potential clinical value. Data
show that measurements of proMBP in pregnancy serum also have a diagnostic
value (Christiansen et al., 1999, Prenat Diagn 19, 905-10).

Proteolytic activity of PAPP-A: Cleavage of IGFBP-4

Only recently, the putative metalloproteinase activity of PAPP-A has been experi-
mentally confirmed (Lawrencé et al., 1999, Proc Natl Acad Sci U S A 96, 3149-53).
PAPP-A was partially purified from human fibroblast-conditioned medium (HFCM)
and shown to be responsible for the proteolytic activity of HFCM against insulin-like
growth factor binding protein (IGFBP)-4. IGFBP's, of which six have been described,
are important modulators of IGF-1 and -l activity (Fowlkes, 1997, Trends Endacrinol
Metab 8, 299-306; Rajaram et al., 1997; Endocr Rev 18, 801-31).

IGF-1 and -1l are essential polypeptides with potent anabolic and mitogenic actions
both in vivo and in vifro. IGF bound to IGFBP-4 cannot interact with its receptor, but
bicactive IGF is released once the binding protein is cleaved. interestingly, cleavage

of IGFBP-4 by PAPP-A strictly requires the presence of IGF (Conover et al., 1993, J

JP 2004-511253 A 2004.4.15
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Clin Invest 91, 1129-37; Lawrence et al., 1999, Proc Natl Acad Sci U S A 96, 3149-
53). PAPP-A secretion has also been demonstrated from osteoblasts and marrow
stromal cells (Lawrence et al., 1999, Proc Natl Acad SciU S A 96, 3149-53), from
granulosa cells (Conover et al., 1999, J Clin Endocrina! Metab 84, 4742-5), and from
vascular smooth muscle cells (Bayes-Genis et al., 2000, Arterioscler Thromb Vasc
Biol, in press), all of which have known |GF-dependent IGFBP-4 proteinase activity.

IGFBP-5

Like IGFBP-4, IGFBP-5 cleavage has been widely reported to occur by unidentified
proteinases is a number of tissues and conditioned media (Hwa et al., 1999, Endocr
Rev 20, 761-87). Co

SUMMARY OF THE INVENTION

Pregnancy—asso‘ciated plasma protein-A2

The novel nucleic acid according to the invention has been isolated from human
placenta and characterised by means of sequencing analysis. The novel nucleotide
sequence encodes a new polypeptide, PAPP-A2.

The amino acid sequence of PAPP-A2 is composed of é 233-residue pre-pro-piece
and a 1558-residue mature portion. The mature portion of PAPP-A2 is homologous
with the mature portion of PAPP-A (approx. 45 % identity), but the prepro-pieces do
not show any similarity between the two proteins. Like PAPP-A, PAPP-A2 contains
conserved amino acid stretches that classify it as a putative metalloproteinase of the
metzincin superfamily.

PAPP-A2 has been expressed in a mammalian expression system, and it has been
demonstrated that PAPP-A2 is an active enzyme. Further, it has been shown that
PAPP-A2 cleaves IGFBP-5, Insulin Like Growth Factor Binding Protein 5. In com-
parison, the cleavage of IGFBP-4 by PAPP-A has previously been demonstrated.

A complementary DNA (cDNA} which encodes the full length form of PAPP-A2 is
identified, sequenced and isolated. The ¢cDNA or portions of the cDNA is cloned into
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expression vectors for expression in a recombinant host. The cDNA is useful to pro-
duce recombinant full-length PAPP-A2 or fragments of PAPP-A2. The cDNA and the
recombinant PAPP-A2 protein derived therefrom are useful in the production of anti-

bodies, diagnostic kits, laboratory reagénts and assays.

The cDNA and the recombinant PAPP-A2 protein may also be used to identify com-
pounds that affect PAPP-A2 function. PAPP-A2 antisense oligonucleotides or an-
tisense mimetics may be clinically useful for reducing the expression of PAPP-A2
protein and thereby antagonizing the effects of PAPP-A. Similarly, the PAPP-A2
coding sequence can be used for gene therapy to infroduce PAPP-A2 into target
cells thereby enhancing the effects of PAPP-A2.

The invention furthermore pertains to PAPP-A2 for use as a therapeutic target for
the reduction or elimination of IGFBP-5 proteolytic activity in a cell.

It is furthermore an objective of the present invention to provide methods for use of
PAPP-A2 for diagnostic purposes.

Other features and advantages of the invention will be apparent from the following
drawings and description hereof, from the following detailed description, and from

the claims.
DEFINITIONS
As used herein, PAPP-A2 refers to an isolated PAPP-A2 polypeptide having the

amino acid sequence listed in Fig. 1 (SEQ ID NO:2), or a variant thereof as defined
herein. The PAPP-A2 according to the invention, or a variant thereof, may be pro-

duced by recombinant DNA technology, or the PAPP-A2 may be naturally ocourring.

A PAPP-A2 encoding nucleotide sequence refers to an isolated nucleic acid having
the sequence listed in Fig. 1 (SEQ ID NO:1), or a variant thereof as defined herein.

“Active” refers to thase forms of PAPP-A2 which retain the biological and/or immu-
nological activities of any naturally occurring PAPP-A2.

JP 2004-511253 A 2004.4.15
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“Naturally occurring PAPP-A2” refers to PAPP-A2 produced by human cells that
have not been genetically engineered and specifically contemplates various PAPP-
AZ2s arising from post-translational modifications of the polypeptide including but not
limited 1o acetylation, carboxylation, glycosylation, phosphorylation, lipidation, acyla-
tion, or complex formation, covalent or noncovalent, with other polypeptides.

An “isolated polypeptide” is a protein, or a variant or fragment thereof, which consti-
tutes 90% or more of the protein contents of a given preparation as evaluated by
standard methods known in the art of protein chemistry.

“Derivative” refers to polypeptides derived from naturally occurring PAPP-A2 by
chemical modifications such as ubiquitination, labeling (e.g., with radionuclides,
various enzymes, efc.), pegylation (derivatization with polyethylene glycol), or by in-
sertion (or substitution by chemical synthesis) of amino acids (amino acids) such as
ornithine, which do not normally occur in human proteins.

“Recombinant variant” refers to any polypeptide differing from naturally occurting
PAPP-A2 by amino acid insertions, deletions, and substitutions, created using re;
combinant DNA techniques. Guidance in determining which amino acid residues
may be replaced, added or deleted without abolishing activities of interest, such as
proteolytic activity or cell adhesion, may be found e.g. by comparing parts of the se-
quence of PAPP-A2 with structurally similar profeins (e.g. other metzincin family
profeinases), with locally homologous proteins of known disulfide structure, or by

secondary structure predictions.

Preferably, amino acid “substitutions” are the result of replacing one amino acid with
another amino acid having similar structural and/or chemical properties, such as, but
not limited to, the replacement of a leucine with an isoleucine or valine, replacement
of an aspartate with a glutamate, or replacement with a threonine with a serine, i.e.,
conservative amino acid replacements. Further examples and definitions falling
within the meaning of the term “substitutions” as applied herein are provided in the
detailed description of the invention herein below.

Amino acid “insertions” or “deletions” are typically in the range of from about about 1
amino acid to about 50 amino acids, such as from about 1 amino acid to about 20

JP 2004-511253 A 2004.4.15
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amine acids, for example from about 1 amino acid to about 20 amino acids, such as
from about 1 amino acid fo about 10 amino acids. The variatioﬁ allowed may be ex-
perimentally determined by systematically making insertions, deletions, or substitu-

tions of amino acids in a PAPP-A2 molecule using recombinant DNA technigues

and assaying the resulting recombinant variants for activity.

Where desired, a “signal or leader sequence” can direct the polypeptide (full length
PAPP-A2, or portions of the PAPP-A2 polypeptide) through the membrane of a cell.
Such a sequence may be naturally present on the polypeptides of the present in-
vention or pravided from heterologous protein sources by recombinant DNA fech-

niques.

A polypeptide “fragment”, “portion”, or “segment” is a stretch of amino acid residues
of at least about 5 amino acids, often at least about 7 amino acids, fypically at least
about 9 to 13 amino acids, such as at least about 17 or more amino acids in various
embodiments. It may also be a longer stretch of residues up to intact PAPP-A2 in
length. To be active, any PAPP-A2 polypeptide or PAPP-A2 polypeptide fragment
must have sufficient length to display bialogic and/or immunologic activity on their
own, or when conjugated to a carrier protein such as keyhole limpet hemocyanin.

An “oligonucleotide” or polynucleotide “fragment”, “portion”, or “segment” is a stretch
of the PAPP-A2 encoding sequence which is useful in the expression of PAPP-A2
polypeptide fragments. It may also be a siretch of nucleotide residues capable of
being used in a polymerase chain reaction (PCR) or a hybridization procedure, typi-
cally for amplifying or revealing related parts of mRNA or DNA molecules. In par-
ticular, one or both oligonucleotide probes will comprise sequence that is identical or
complementary to a portion of PAPP-A2 where there is little or no identity or com-
plementarity with any known or prior art molecule. For this purpose, such oligonu-
cleotide probes will generally comprise between about 10 nucleotides and 50 nu-
cleotides, and preferably hetween about 15 nucleotides and about 30 nucleotides.

“Animal” as used herein may be defined to include human, domestic or agricultural
(cats, dogs, cows, sheep, etc) or test species (mouse, rat, rabbit, efc).

JP 2004-511253 A 2004.4.15
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“Recombinant” may also refer to a polynucleotide which encodes PAPP-A2 and is
prepared using recombinant DNA fechnigues. The DNAs which encode PAPP-A2
may also include allefic or recombinant variants and mutants thereof.

““Nucleic acid probes” are prepared based on the cDNA sequences which encode

PAPP-A2 provided by the present invention. Nucleic acid probes comprise portions
of the sequerioe having fewer nucleotides than about 6 kb, usually fewer than about
1 kb. After appropriate testing to eliminate false positives, these probes may be
used to determine whether mRNAs encoding PAPP-A2 are present in a cell or tis-
sue or to isolate similar nucleic acid sequences from chromosomal DNA extracted
from such cells or tissues as described in (Walsh et al., 1992, PCR Methods Appi 1,
24i-50). Probes may be derived fram naturally oceurring or recombinant single- or
double-stranded nucleic acids or be chemically synthesized. They may be labeled
by nick translation, Klenow fill-in reaction, PCR or other methods well known in the
art. Probes of the present invention, their preparation and/or labeling are elaborated
in (Sambrook et al., 1989); or (Ausubel et al., 1989).

Alternatively, recombinant variants encoding these PAPP-A2 or similar polypeptides
may be synthesized or selected by making use of the “redundancy” in the genetic
code. Various codon substitutions, such as the silent changes which produce vari-
ous restriction sites, may be introduced to optimize cloning into a plasmid or viral
vector or expression in a particular prokaryotic or eukaryotic system. Mutations may
also be introduced to modify the properties of the polypeptide, including but not lim-
ited to activity, interchain affinities, or polypeptide degradation or turnover rate. One
example involves inserting a stop codon into the nucleotide sequence to limit the
size of PAPP-A2 so as to provide a molecule of smaller molecular weight.

“Expression vectors” are defined herein as DNA sequences that are required for the
transcription of cloned capies of genes and the translation of their mRNAs in an ap-

propriate host. Such vectors caﬁ be used to express eukaryotic genes in a variety of
hosts such as bacteria, yeast, bluegreen algae, plant cells, insect cells and animal

cells.

The term “antibody” as used herein includes both polyclonal and manaclonal anti-

" bodies, as well as fragments thereof, such as, Fv, Fab and F(ab)2 fragments that

JP 2004-511253
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are capable of binding antigén or hapten. It includes conventional murine mono-
clonal antibodies as well as human antibodies, and humanized forms of non-human
antibadies, and it also includes ‘antibodies’ isolated from phage antibody libraries.

“Ribozymes” are enzymatic RNA molecules capable of catalyzing the specific cleav-
age of RNA. The mechanism of ribozyme action involves sequence specific hybridi-
zation of the ribozyme molecule to complementary target RNA, followed by a endo-
nucleolytic cleavage. Within the scope of the invention are engineered hammerhead
motif ribozyme molecules that specifically and efficiently catalyze endonucleslytic
cleavage of PAPP-A2 RNA sequences. Specific ribozyme cleavage sites within any
potential RNA target are initially identified by scanning the target molecule for ribo-
zyme cleavage sites which include the following sequences, GUA, GUU and GUC.
Once identified, short RNA sequences of between fifteen (15) and twenty (20) ribo-
nucleotides correspanding to the region of the farget gene containing the cleavage
site may be evaluated for predicted structural features such as secondary structure
that may render the oligonucleotide sequence unsuitable. The suitability of candi-
date targets may also be evaluated by testing their accessibility to hybridization with
complementary oligonucléoiides, using ribonuclease protection assays.

DETAILED DESCRIPTION OF THE INVENTION

Isolation of a'nuclemﬁde seguence encoding PAPP-A2

The present invention in one aspect relates to a novel cDNA sequence encoding a
protein with global homology to pregnancy-associated plasma protein-A (PAPP-A).
This protein has been denoted PAPP-A2. The complete nucleotide sequence of
PAPP-A2 has been obtained from mRNA isolated from human placenta (Example
1). The complete nucleotide sequence (SEQ 1D NO:1) and translated amino acid
sequence (SEQ ID NO:2) of PAPP-A2 are both shown in Figure 1.

Homology of PAPP-A2 with PAPP-A is evident upon alignment of the two amino
acid sequences as shown in Figure 3. PAPP-A2 and PAPP-A share approximately
45% of their amino acid residues. Sequence motifs known to be important for the
function of PAPP-A (Kristensen et al., 1994, Biochemistry 33, 1592-8; Lawrence ef
al., 1999, Proc Natl Acad Sci U S A 96, 3149-53; Overgaard et al., 2000, J Biol

JP 2004-511253 A 2004.4.15
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Chem) are also found in PAPP-A2. Principally, PAPP-A2 contains an elongated zinc
binding motif (HEXXHXXGXXH, amino acids-shown by one letter code) at position
733-743 (Figure 2). This motif and a structurally important methionine residue, are
sincﬂy conserved within the metzincins, a superfamily of zinc peptidases (Bode et
al., 1993, FEBS Lett 331, 134-40; Stocker et al., 1995, Protein Sci 4, §23-40).

Like PAPP-A, PAPP-A2 is synthesized as a prepro-protein. PreproPAPP-A2 has
1791 amino acids (Figure 1). There is no homology between the prepro-portions of
PAPP-A and PAPP-A2. Further, the prepro-portions of the two proteins differ signifi-
cantly in length. The PAPP-A2 prepro-peptide has 233 residues (Figure 3); the
PAPP-A prepro-peptide has 80 residues (Haaning et al., 1996, Eur J Biochem 237,
159-63).

Uses of the nucleatide sequence encoding PAPP-A2

The nucleotide sequence encoding PAPP-A2 (or its complement) have numerous
applications in techniques known to those skilled in the art of molecular biology.
These techniques include use as hybridization probes, use in the construction of ali-
gomers for PCR, use in the recombinant production of PAPP-A2 or fragments
hereof, and use in generation of anti-sense DNA or RNA, their chemical analogs
(e.g. PNA or LNA) and the fike. Uses of nucleotides encoding PAPP-A2 disclosed
herein are exemplary of known techniques and are not intended to limit their use in
any technique known to a person of ordinary skill in the art. Furthermore, the nu-
cleotide sequences disclosed herein may be used in molecular biology techniques
that have not yet been developed, provided the new techniques rely on propesties of
nucleotide sequences that are currently known, e.g., the triplet genetic code, specific

base pair interactions, etc.

It will be appreciated by those skilled in the art that as a result of the degeneracy of
the genetic code, a multitude of PAPP-A2-encoding nucleotide sequences, some
bearing minimal homology to the nucleotide sequence of any known and naturally
occurring gene may be produced..The invention has specifically contemplated each
and every possible variation of nuclectide sequence that could be made by selecting
combinations based on possible codon choices. These combinations are made in

accordance with the standard triplet genetic code as applied to the nucleotide se-
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quence of naturally occurring PAPP-A2, and all such variations are to be considered
as being specifically disclosed.

Although the nucleotide sequences which encode PAPP-A2 and/or its variants are
preferably capable of hybridizing to the nuclectide sequence of the naturally ocour-
ring PAPP-A2 under siringent conditions, it may be advantageous to produce nu-
cleotide sequences encoding PAPP-A2 or its derivatives possessing a substantially
different codon usage. Codons can be selected to increase the rate at which ex-
pression of the peptide occurs in a particular prokaryotic or eukaryotic expression
host in accordance with the frequency with which particular codons are uilized by
the host. Other reasons for substantially altering the nucleotide sequence encoding
PAPP-A2 and/or its derivatives without altering the encoded amino acid sequence
include the production of RNA transcripts having more desirable properties, such as
a greater half-life, than transcripts produced from the naturally occurring sequence.

Nucleotide sequences encoding PAPP-A2 may be joined to a variety of other nu-
cleotide sequences by means of well established recombinant DNA techniques
(Sambraok et al., 1988). Useful nuclectide sequences for joining to PAPP-A2 in-
clude an assortment of cloning vectors, é.g., plasmids, cosmids, lambda phage de-
rivatives, phagemids, and the like, that are well known in the art. Vectors of interest
include expression vectors, replication vectors, probe generation vectors, sequenc-
ing vectors, and the like. In general, vectors of interest may contain an origin of rep-
lication functional in at least one organism, convenient restriction endonuclease

sensitive sites, and selectable markers for the host cell.

Another aspect of the subject invention is to provide for PAPP-A2-specific nucleic
acid hybridization probes capable of hybridizing with naturally occurring nucleotide
sequences encoding PAPP-A2. Such probes may aiso be used for the detection of
similar PAPP-A2 encading sequences and should preferably contain at least 50% of
the nucleotides from the conserved region or active site. The hybridization probes of
the subject invention may be derived from the nucleotide sequences of the SEQ ID
NO:1 or from genomic sequences inciuding promoters, enhancer elements and/or
possible introns of the respective naturally occurring PAPP~A2. Hybridization probes
may be labeled by a variety of reporter groups, including radionuciides such as 32P
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or 358, or enzymatic labels such as alkaline phosphatase coupled to the probe via
avidin/biotin coupling systems, and the like.

PCR as described (U.S. Pat. Nos 4,683,195; and 4,965,188) provides additional
uses for oligenucleotides based upon the nucleotide sequence which encodes
PAPP-A2. Such probes used in PCR may be of recombinant origin, may be chemi-
cally synthesized, or a mixture of both and comprise a discrete nucleotide sequence
for diagnostic use or a degenerate pool of possible sequences for identification of

closely related genomic sequences.

Other means of producing specific hybridization probes for PAPP-A2 DNAs include
the cloning of nucleic acid sequences encoding PAPP-A2 or PAPP-A2 derivatives
into vectors for the production of MRNA probes. Such vectors are known in the art
and are commercially available and may be used to synthesize RNA probes in vitro
by means of the addition of the appropriate RNA polymerase as T7 or SP6 RNA
polymerase and the appropriate radioactively labeled nucleotides. )

It is possible to produce a DNA sequence, or portions thereof, encoding PAPP-A2

and their derivatives entirely by synthefic chemistry, after which the gene can be in-
serfed into any of the many available DNA vectors using reagents, vectors and cells
that are known in the art at the time of the filing of this application. Moreover, syn-
thetic chemistry may be used to infraduce mutations info the PAPP-A2 sequences
or any portion thereof.

The nucleotide sequence can be used in an assay to detect disease associated with
abnormal levels of expression of PAPP-A2. The nucleotide sequence can be [abeled
by methods known in the art and added to a fluid or tissue sample from a patient
under hybridizing conditions. After an incubation period, the sample is washed with
a cornbatible fiuid which optionally contains a dye (or other label requiring a devel-
oper) if'the nucleotide has been labeled with an enzyme. After the compatible fluid is
rinsed off, the dye is quantitated and compared with a standard. Alternatively, levels
of PAPP-A2 mRNA can be measured by micro array technigues using immobilized
prabes. Expression in samples can also be evaluated by (semi-quantitative) RT-
PCR. Expression in samples can alternatively be evaluated by techniques based on
hybridization. For example, in situ hybridization can be used to detect PAPP-A2
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mRNA. This technique has the advantage that it locates the cells that synthesize the
mRNA, but also is less sensitive than RT-PCR.

included in the scope of the invention are oligoribonucleotide sequences, that in-
clude antisense RNA and DNA molecules and ribozymes that function to inhibit
translation of PAPP-A2. Antisense techniques are known in the art and may be ap-
plied herein. Both antisense RNA and DNA molecules anq ribozymes of the inven-
tion may be prepared by any method known in the art for the synthesis of RNA
molecules. These include techniques for chemically synthesizing oligodeoxyribonu-
cleotides well known in the art such as for example solid phase phosphoramidite
chemical synthesis. Alternatively, RNA molecules may be generated by in vitro and
in vivo transcription of DNA sequences encoding the antisense RNA melecule. Such
DNA sequences may be incorporated into a wide variety of vectors which incorpo-
rate suitable RNA polymerase promoters such as the T7 or SP6 polymerase pro-
moters. Alternatively, antisense cDNA constructs that synthesize antisense RNA
constitutively or inducibly, depending on the promoter used, can be introduced sta-
bly into cell lines.

The invention also relates to unknown PAPP-A2 genes isolated from other species
and alleles of the PAPP-A2 gene, in which PAPP-A2 ortholagues or homologues
exists. A bacteriophage cDNA library may be screened, under conditions of reduced
stringency, using a radioactively labeled fragment of the human PAPP-A2 clone de-
scribed herein. Alternatively the human PAPP-A2 sequence can be used to design
degenerate or fully degenerate oligonucleotide probes which can be used as PCR
prabes or to screen bacteriophage ¢cDNA libraries. The PCR product may be sub-
cloned and sequenced to insure that the amplified sequences represent the PAPP-
A2 sequences. The PCR fragment may be used fo isolate a full length PAPP-A2
clone by radioactively labeling the amplified fragment and screening a bacterio-
phage ¢DNA library. Alternatively, the labeled fragment may be used to screen a
genomic library. For a review of cléning strategies which may be used, see e.g.,
(Ausubel et al., 1989; Sambrook et al., 1989).

Expression of recombinant PAPP-A2
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In order to express a biologically active proteinase, the nucleotide sequence coding

for the protein, or a functional equivalent, can be inseried into an appropriate ex-
pression vector, ie., a vector which contains the necessary elements for the tran-

scription and translation of the inserted coding sequence. For example, recombinant
protein can be used for immunization to obtain antibodies, as a labaratory reagent,
and in diagnostic kits.

More specifically, methods which are well known to those skilled in the art can be
used to construct expression vectors containing the PAPP-A2 sequence and appro-
priate transcriptional/iranstational control signals. These methods include in vitro re-
combinant DNA techniques, synthetic techniques and in vivo recombination/genetic
recombination. See e.g., the techniques described in (Ausubel et al., 1989; Sam-
brook et al., 1989).

Further, expression vectors containing fragments of the PAPP-A2 encoding se-
quence may also be constructed. In particular, this may be relevant for the use of
portions of the PAPP-A2 polypeptide as an antigen for immunization. in addition, the
coding sequence of PAPP-A2 or fragments hereof may be cloned in frame with a
coding nuclectide sequence present in the vector to result in a fusion protein or a
‘tagged’ PAPP-A2 protein. For example, such a fusion protein may be composed of
PAPP-A2 and GST, and such tag may be a c-myc tag (for detection) and/or a his-
tidine tag(for‘puriﬁcation),

Avariety of host-expression vector systems may be utilized to express the PAPP-A2
coding sequence or fragments hereof. These include but are not limited to micraor-
ganisms such as bacteria transformed with recombinant bacteriophage DNA, plas-
mid DNA or cosmid DNA expression vectors containing the PAPP-A2 coding se-
quence; yeast transformed with recombinant yeast expression vectors containing
the PAPP-A2 coding sequence; insect cell systems infected with recombinant virus
expression vectors (e.g., baculovirus) containing the PAPP-A2 cading sequence;
plant cell systems infected with recombinant virus expression vectors (e.g., cauli-
flower mosaic virus, CaMV; tobacco masaic virus, TMV) or transformed with recom-
binant plasmid expression vectors (e.g., Ti plasmid) containing the PAPP-A2 coding
sequence; or animal cell systems infected with recombinant virus expression vectors
(e.g., adenovirus, vaccinia virus, human tumor cells) including cell lines engineered
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to contain multiple copies of the PAPP-A2 DNA either stably amplified (CHO/dhfr) or
unstably amplified in double-minute chromosomes (e.g., murine cell lines).

The expression elements of these systems vary in their strength and specificities.
Depending on the hostivector system utilized, any of a number of suitable transcrip-
tion and translation elements, including constitutive and inducible promoters, may be
used in the expression vector. For example, when cloning in bacterial systems, in-
Bucible promoters such as pL of bacteriophage lambda, plac, pirp, ptac (pirp-iac hy-
brid promoter} and the like may be used; when cloning in insect cell systems, pro-
moters such as the baculovirus polyhedran promoter may be used; when cloning in
plant cell systems, promoters derived from the genome of plant cells {e.g., heat
shack promoters; the promoter for the small subunit of RUBISCO; the promoter for
the chiorophyl! a/b binding protein) or from plant viruses (e.g., the 35S RNA pro-
moter of CaMV; the coat protein promoter of TMV) may be used; when cloning in
mammalian cell systems, promoters derived from the genome of mammalian cells
(e.g., metallothionein promoter) or from mammalian viruses (e.g., the CMV promo-
for, the adenovirus late promoter; the vaccinia virus 7.5K promoter) may be used; '
when generating cell lines that contain multiple copies of the PAPP-A2 DNA 8V40-,
BPV- and EBV-based vectors may be used with an appropriate selectable marker.

The expression vector may be introduced into host cells via any one of a number of
techinques inciuding but not limited to fransformation, transfection, infection, proto-
plast fusion, and electroporation. The expression vector-containing cells are clonally
propagated and individually analyzed to determine whether they produce PAPP-A2
protein. Identification of PAPP-A2 expressing host cell clones may be done by sev-
eral means, including but not limited to immunological reactivity with anti-PAPP-A2
antibodies, and the presence of host cell-associated PAPP-A2 activity.

In bacterial systems, a number of expression vectors may be advantageously se-
lected depending upon the use intended for the PAPP-A2 expressed. For example,
when large quantities of PAPP-A2 are to be produced, vectors which direct the ex-
pression of high levels of fusion protein products that are readily purified may be de-

. sirable. Such vectors include but are not fimited to the E. coli expression vector

pUR278 (Ruther and Muiler-Hill, 1983, Embo J 2, 1791-4), in which the PAPP-A2
coding sequence may be ligated into the vector in frame with the lac Z coding region
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" sothata hybrid AS-lac Z protein is produced. pGEX vectors may also be used to

express foreign polypeptides as fusion proteins with glutathione S-transferase
(GST). In general, such fusion proteins are soluble and can easily be purified from
lysed cells by adsorption to glutathione-agarose beads followed by elufion in the
presence of free glutathione. The pGEX vectors are designed to include thrombin or
factor Xa protease cleavage sites so that the cloned polypepfide of interest can be
released from the GST maiety. In yeast, a number of vectors containing constitutive
or inducibie promoters may be used. For a review, see (Ausubel et al., 1989; Bitter
etal., 1987, Methods Enzymol 153, 516-44; Rosenfeld, 1999, Methods Enzymol
306, 154-69). )

In cases where plant expression veciors are used, the expression of the PAPP-A2
coding sequence may be driven by any of a number of promoters. For example, viral
promoters such as the 358 RNA and 198 RNA promoters of CaMV may be used
{Gmunder and Kohli, 1989, Mol Gen Genet 220, 95-101); alternatively, plant pro-
moters such as the small subunit of RUBISCO (Broglie ef al., 1984, Science 224,
838-43).

An alternative expression system which could be used fo express PAPP-A2 is an in-
sect system. In one such system, Baculovirus is used as a vector to express foreign
genes. The virus then'grows in the insect cells. The PAPP-A2 coding sequence may
be cloned info nen-essential regions (for example the polyhedron gene) of the virus
and placed under control of a Baculovirus promoter. These recombinant viruses are
then used to infect insect cells in which the inserted gene is expressed. For exam-
ple, see (Smith et al., 1983, Mol Cell Biol 3, 2156-65). '

A variety of mammalian expression vectors may be used to express recombinant
PAPP-A2 in mammalian cells. Commercially-available mammalian expression vec-
tors which may be suitable for recombinant PAPP-A2 expression, include but are
not limited to, pMC1neo (Stratagene), pXT1 (Stratagene), pSG5 (Stratagene), EBO-
pSV2-neo (ATCC 37593), pBPV-1 (8-2) (ATCC 37110), pcDNA3.1 and its deriva-
tives (Stratagene). Cell lines derived from mammalian species which may be suit-
able and which are commercially available, include but are not Iimitgd to, CV-1,
COS8-1, COS-7, CHO-K1, 3T3, NIH3T3, HelLa, C1271, BS-C-1, MRC-5, and 293.
Further, in mammalian host cells, a2 number of viral based expression systems may
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be utilized. In cases where an adenovirus is used as an expression vector, the
PAPP-A2 coding sequenoey may be ligated to an adenovirus transcription/translation
control complex, e.g., the late promoter and tripartite leader sequence. This chimeric
gene may then be inserted in the adenovirus genome by in vitro or in vivo recombi-
nation. Insertion in a non-essential region of the viral genome (e.g., region E1 or E3)
will result in a recombinant virus that is viable and capable of expressing PAPP-A2
in infected hosts. See for éxample {Logan and Shenk, 1984, Proc Natl Acad ScilU S
A 81, 3655-9). Alternatively, the vaccinia 7.5K promoter may be used. See for ex-
ample (Magkett etal.,, 1982, Proc Natt Acad SciU S A 79, 7415-9).

For long-term, high-yield production of recombinant proteins, stable expression is
preferred. For example, cell lines which stably express PAPP-A2 may be engi-
neered. Rather than using expression vectors which contain viral origins of replica-
tion, host cells can be transformed with PAPP-A2 DNA controlled by appropriate ex-
pression control elements (e.g., promoter, enhancer, sequences, transcription ter-
minators, polyadenylation sites, etc.), and a selectable marker. Following the intro-
duction of foreign DNA, engineered celis may be allowed to grow for 1-2 days in an
enriched media, and then are swifched to a selective media. The selectable marker
in the recombinant plasmid confers resistance to the selection and allows cells to
stably integrate the plasmid into their chromosomes and grow to form foci which in

turn can be cloned and expanded into cell lines.

Some applications of the recombinant PAPP-A2 may require the protein to be in pu-
rified or partially purified form. Recombinantly expressed PAPP-A2 or fragmenis of
the PAPP-A2 polypeptide can be isolated by liquid chromatography. Various meth-
ods of protein purification well known in the art include those described in for exam-
ple (Scopes, 1987). Alternatively, recombinant PAPP-A2 fusion proteins or ‘tagged’
PAPP-A2 may be purified by affinity chromatography. Further, antibodies raised
against PAPP-A2 may be used for purification by immunoaffinity chromatography.

Recombinant variant of PAPP-A2 may be produced by site directed mutagenesis. In
some applications of PAPP-A2 such variants may be preferred due to for example
increased protein stability, or changes in activity.
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Production and uses of antibodies against PAPP-A2

The recombinant protein may be used to generate antibodies. Monospecific anti-
badies to PAPP-A2 can be purified from mammalian antisera containing antibodies
reactive against PAPP-A2 or can be prepared as monoclonal antibodies reactive
with PAPP-A2 using standard techniques.

Monosineciﬁc antibody as used herein is defined as a single antibady species or
multiple antibady species with homogenous binding characteristics for PAPP-A2.
Homogenous binding as used herein refers to the ability of the antibody species to
bind to a specific antigen or epitope, such as those associated with the PAPP-A2, as
described above. PAPP-A2 specific antibodies are raised by immunizing animals
such as mice, rats, guinea pigs, rabbits, goats, horses and the like, with rabbits or
mice being preferred, with an appropriate concentration of PAPP-A2 either with or
without an immune adjuvant. For example, antibodies specific against PAPP-A2 can
be used for the purification of native and recombinant PAPP-A2, as a laboratory
reagent, and in antibody based diagnostic kits.

Monoclonal antibodies (mAb) reactive with PAPP-A2 can be prépared by conven-
tional methods, such as by immunizing inbred mice with PAPP-A2. The mice are
immunized with about 0.1 mg to about 10 mg, preferably about 1 mg, of PAPP-A2 in
about 0.5 ml buffer or saline incorporated in an equal volume of an acceptable adju-
vant. Freund's complete adjuvant is preferred. The mice receive an initial immuniza-
tion on day 0 and are rested for about 3 to about 30 weeks. Immunized mice are
given one or more booster immunizations of about 0.1 to about 10 mg of PAPP-A2
in a buffer solution such as phosphate buffered saline (PBS) by the infravenous (IV)
route. Lymphocytes from antibody-positive mice are obtained by removing spleens
from immunized mice by standard procedures known in the art. Hybridoma cells are
produced by mixing the splenic lymphocytes with an appropriate fusion partner un-
der conditions which will allow the formation of stable hybridomas. Fused hybridoma
cells are selected by growth in hypoxanthine, thymidine and aminopterin supple-
mented Dulbecco's Modified Eagles Medium (DMEM) by procedures known in the
art. Supernatant fluids are collected form growth positive wells on about days 14, 18,
and 21 and are screened for antibody produciton by an immunoassay such as solid
phase immunoradioassay (SPIRA) using PAPP-A2 as the antigen. The culture fluids
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are also tested in the OQuchterlony precipitation assay to determine the isotype of the

mAb. Hybridoma cells from antibody positive wells are then cloned. For details, see
(Peters and Baumgarten, 1992).

In vitro production of anti-PAPP-A2 is carried out by growing the hydridoma in
DMEM containing about 2% fetal calf serum to obtain sufficient quantities of the
specific mAb. The mAb are purified by techniques known in the art.

Antibody titers of ascites or hybridoma culture fluids are determined by various se-
rological or immunological assays which include, but are not limited to, precipitation,

) passive agglutination, enzyme-linked immunosorbent antibody (ELISA) technique

(Crowther, 1985).

The “monoclonal antibodies” may also be isolated from phage antibody libraries us-

ing the techniques described in (Clackson et al., 1991, Naturg 352, 624-8; Marks et

al., 1891, J Mol Biol 222, §81-37), for example. Identified phage antibodies can be
produced by expression in bacteria.

Methods such as those described above may be used te produce monospecific an-
tibodies specific for PAPP-A2 polypeptide fragments or full-length nascent PAPP-A2
polypeptide.

PAPP-A2 antibody affinity columns can be made by adding the antibodies fo a gel

A support, such as Affigel-10 (Biorad), a gel support which is pre-activated with N~

hydroxysuccinimide esters such that the antibodies form covalent linkages with the
agarose gel bead support. The antibodies are then coupled to the gel via amide
bonds with the spacer arm. The remaining activated esters are then quenchéd with
1M ethanolamine HC! (pH 8). The column‘is washed with water followed by 0.23 M
glycine HCI (pH 2.6} to remove any nan-conjugated antibody or extraneous protein.
The column is then equilibrated in phosphate buffered saline (pH 7.3) and the cell
culture supernatants or cell extracts containing PAPP-A2 or PAPP-A2 fragments are
slowly passed through the column. The column is then washed, and the protein is
eluted. The purified PAPP-A2 protein is then dialyzed against phosphate buffered
saline.
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Native PAPP-A2 from sources such as human plasma or serum, tissue extracts, or
media from nontransfected cell lines (that endogenously secrete PAPP-A2) may
also be purified by use of an antibody affinity column,

Us'ing polyblonal or monocional antibodies against PAPP-A2 a number of assays
may be constructed for measurement of PAPP-A2 antigen in body fluids or tissue
and cell extracts. Kits based on antibodies may be used for diagnostic purposes.
The assays include, but are not limited to, precipitation, passive agglutination, en-
zyme-linked immunosorbent assay (ELISA) techniques, and radicimmunoassay
(RIA) techniques.

For example, in one such ELISA, a sandwich assay can be constructed where anti-
gen present in an sample is caught by immobilized polyclonal anti(PAPP-A2). De-
tection is then perfarmed by the use of one or more monocional PAPP-A2 antibod-
ies and peroxidase conjugated anti(murine IgG). In another assay, antigen present
in an sample is caught by immobilized polyclonal anti(PAPP-A2), and detected using
biotinylated polyclonal anti{PAPP-A2). For further examples and details, see
{Crowther, 1995). Assays can be calibrated using purified PAPP-A2 to construct a
standard curve by serial dilution. The concentration of PAPP-AZ in solution in a puri-
fied form can be accurately measured by amino acid analysis (Sottrup-Jensen,
1993, Biochem Mol Biol Int 30, 789-94).

Polyclonal antibodies may be used to inhibit the biological activity of PAPP-A2. Spe-
cifically, in analogy with the inhibition of the IGFBP-4 proteolytic activity of PAPP-A
by polyclonal PAPP-A antibodies (Lawrence et al., 1999, Proc Nat! Acad SciUS A
96, 3149-53), anti(PAPP-A2) may be used to inhibit the protealytic activity of PAPP-
A2. Certain monoclonal antibodies may also be inhibitory towards the activity of
PAPP-A2. Such monoclonal antibodies are likely fo recognize an epitope in close
proximity to the active site of PAPP-A2, but the inhibitory activity may also be based
on binding to epitopes ofher than those close to the active site. Inhibitory mono- )
clonal antibodies can be obtained by immunization with PAPP-A2, PAPP-A2 frag-
ments, with peptides derived from PAPP-A2,

Inhibitory (monoclonal) antibodies may have therapeutic vaiue in conditions of pa-

thologies in which it may be desirable to decrease the activity of PAPP-A2.
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Like PAPP-A, PAPP-A2 contains conserved amino acid stretches that classify it as a
putative metalloproteinase of the metzincin superfamily (Stocker et al., 1995, Protein
Sci 4, 823-40). It has been experimentally verified that PAPP-A2 does exhibit pro-
feolytic activity by demonstrating its cleavage of insulin-like growth factor binding
protein (IGFBP)-5 (Example 6.7).

In general, proteolytic activity of PAPP-A2 against potential protein substrates may
be evaluated by the incubation of purified or partially purified PAPP-A2 with the po-
tential substrate under a variety of experimental conditions (such as for example
temperature, buffer composition, ionic strength, and pH). Enzymatic activity of
PAPP-A2 against the protein in question can be evaluated by SDS-PAGE (in which
degradation or release of well defined proteolytic fragment(s) will be evident}, or by
high-pressure liquid chromatographic detection of released peptide(s). By means of
such procedures, other substrate targets of PAPP-A2 may be identified. Incubation
with a variant of PAPP-A2 where, for example, a residue in the active site has been
substituted to obtain an inactive enzyme, serves as a proper negative control.

Random peptide libraries consisting of all possible combinations of amino acids at-
tached fo a solid phase support may be used to identify pepiides that can be
cleaved by PAPP-A2. identification of such peptides may be accomplished by
screening a peptide library with recombinant soluble PAPP-A2. Methods for expres-
sion and purification of the enzyme are described above and may be used to ex-
press recombinant full length PAPP-A2 or fragments, analogs, or derivatives thereof
depending on the functional domains of interest. For further details, see (Meldal,
1998, Methods Mol Biol 87, 65-74; Meldal, 1998, Methods Mot Biol 87, 51-7). Alter-
natively, peptide substrates may be derived from identified protein substrates of
PAPP-A2.
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Alternatively, phage display of pepfide libraries may be used to identify peptides that
can be cleaved by PAPP-A2 (Matthews and Wells, 1993, Science 260, 1113-7).

‘Peptides that function as PAPP-A2 substrates may function in assays for the detec-

tion of PAPP-A2 proteolytié activity in body fluids or fissue and cell extracts. Sub-
strate peptides may be derivatized to function in an assay based on quenched-
fluorescence (Meldal, 1998, Methods Mol Biol 87, 65-74). Kits based on such, or
other, techniques may be used for diagnostic purposes in pathologies where meas-
urement of PAPP-A2 activity is refevant.

Identification of agents that modify the activity of PAPP-A2

An assay for the detection of PAPP-A2 proteolytic activity, as described above, pro-
vides a method for the identification of molecules that modify the activity of PAPP- -
A2. Such molecules may be, for example, peptides, derivatized peptides, hydrox-
amic acid derivatized peptides, small organic molecules, or antibodies.

The screening of peptide libraries can be used fo discover pharmaceutical agents
that act to modulate and/or inhibit the biological activity of PAPP-A2. Methods for
expression and purification of the enzyme are described above and may be used to
express recombinant full length PAPP-A2 or fragments, analogs, or derivatives
thereof depending on the functional domains of inferest. Random peptide fibraries
consisﬁng of all possible combinations of amino acids attached to a solid phase
support may be used fo identify peptides that are able to modulate and/or inhibit
PAPP-A2 activity by binding to the active site or other sites of PAPP-A2. For exam-
ple, see (Meldal, 1998, Methods Mol Biol 87, 75-82).

Similarly, combinatorial chemistry may be used to identify low molecular weight or-
ganic molecules that affect the activity of PAPP-A2.

Measurement of complexes of PAPP-A or PAPP-A2

PAPP-A primarily exists in pregnancy serum as a disulfide bound 2:2 complex with
the proform of eosinophil major basic protein (proMBF), PAPP-A/proMBP. In addi-
tion to the PAPP-A/proMBP complex, proMBP exists in the circulation as a disulfide
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bound 2:2 complex with angiotensin (ANG), proMBP/ANG, and a fraction of this

complex is further complexed to a fragment of complement component C3dg
{PROMBP/ANG/C3dg) (Oxvig, 1996; Christiansen, 2000).

The level of complexes comprising PAPP-A and/or PAPP-A2 and/or proMBP in
body fluids of an individual may be indicative of predisposition to a clinical condition
or indicative of the presense of a clinical condition. Accordingly, the present inven-
tion in one embodiment is directed towards a method of diagnosing a clinical condi-
tion or diagnosing predisposition to said clinical condition in an individual comprising
the steps of

a) providing a body sample from said individual; and

b) méasuring the level of a complex selected from the group consisting of
PAPP-A/proMBP, PAPP-A2/proMBP, PAPP-A/PAPP-A2, PAPP-A/PAPP-
A2/proMBP, proMBP/ANG and proMBP/ANG/C3dg in said body fluid sam-
ple; and

K22

diagnosing the clinical condition or diagnosing predisposition to the clinical
condition, wherein the level of the complex above or below a predetermined
value is indicative of the clinical condition or predisposition to the clinical
condition.

Furthermore, the levels of complexes comprising PAPP-A and/or PAPP-A2 and/or
proMBP in body fluids of a mammalian mother may be indicative of predispasition to
a clinical condition or indicative of the presense of a clinical condition in a fetus of
said mother. Henée_. the present invention provides methods of diagnosing a clinical
condition or diagnosing predisposition to said clinical condition in a mammalian fetus
comprising the steps of

a) providing a bady fluid sample from the mother of said fetus; and

b) measuring the level of a complex selected from the group consisting of
PAPP-A/proMBP, PAPP-A2/proMBP, PAPP-A/PAPP-A2, PAPP-A/PAPP-
A2/proMBP, proMBP/ANG and proMBP/ANG/C3dg in said body fluid sam-
ple; and

¢) diagnosing the clinical condition or diagnosing predisposition to the clinical
condition, wherein the level of the complex above or below a predetermined
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value is indicative of the clinical condition or predisposition to the clinical
‘condition. ’

In particular, according to the present method the level of one or more of the follow-
ing complexes may be determined: |

PAPP-A/proMBP

PAPP-A2 and proMBP (PAPP-A2/proMBP)

PAPP-A2 and PAPP-A {(PAPP-A/PAPP-A2)
PAPP-A/PAPP-A2 with proMBP (PAPP-A/PAPP-A/proMBP)
proMBP/ANG

proMBP/ANG/C3dg

The level of complexes comprising PAPP-A and/or PAPP-A2 and/or proMBP in a
body fluid sample may be determined by any conventional method known to the
person skilled in the art. For example, the level can be measured by a method com-
prising the use of immunospecific reagents specifically interacting with one or more
components of the complex desirable to measure, such as immunospecific reagents
specifically interacting with PAPP-A, PAPP-AZ2, proMBP, ANG or C3gd. Immuno-
specific reagents may for example bemonoclonal antibodies, polyclonal antibodies
and/or antigen binding fragments thereof, specific fowards the individual compo-
nents of the complex. v

Such methods include but are not limited to sandwich ELISA, wherein an immuno-
specific reagent specifically recegnising one component of the complex is employed
as catching antibody and another immunospecific reagent specifically recognising
another component if the complex is employed as detection antibody. The detsction
antibody is preferably either directly or indirectly detectable, for example the detec-
tion antibody may be directly coupled fo a detectable label or the detection antibody
may be capable of interacting with another agent which is coupled 1o a detectable
label.

A detectable [abel may for example be a fluorescent label, a chromatophore, a ra- ~
dioactive label, a heavy metal or an enzyme.
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For example, the level of PAPP-A/proMBP complexes in a body fluid sample may be
determined by sandwich ELISA using a PAPP-A specific monoclonal or polyclonal
antibody for catching and a proMBP specific monoclonal or polyclonal antibody for
detection or the level of proMBP/ANG in a body fluid sample may be determined by
sandwich ELISA using a proMBP specific monocional or polyclonal antibody for

catching and a ANG specific monoclonal or polyclonal antibody for detection.

The clinical condition may be any clinical condition which may be diagnosed by the
level of complexes comprising PAPP-A and/or PAPP-A2 and/or proMBP or wherein
predisposition may be diagnosed by the level of complexes comprising PAPP-A
and/or PAPP-A2 and/or proMBP. The clinical condition may for example be selected
from the group comprising Down’s syndrome, preeciampsia and acute coronary
syndrome, including unstable angina and myocadial infarction.

The bady fluid sample may be any usefull body fluid sample, such as a blood sam-
ple including a serum sample, a urine sample, a saliva sample or an amniotic fluid
sample.

In particular, the level of PAPP-A/proMBP may be determined when the clinical con-
dition is selected from the group consisting of Down’s syndrome, and acute coronary
syndrome including unstable angina and myocardial infarction.

In one embodiment of the present invention diagnosing Down’s syndrome or diag-
nosing predisposition to Down's syndrome, comprises defermining the level of
PAPP-A/proMBP, wherein the level of PAPP-A/proMBP below a predetermined
value is indicative of the Down’s syndrome or predisposition to Down’s syndrome.

In another embodiment of the present invention diagnosing acute coronary syn-
drome, including unstable angina and myocardial infarction or diagnosing predispo-
sition to acute coronary syndrome, including unstable angina and myocardial infarc-
tion, comprises determining the level of PAPP-A/proMBP, wherein the level of
PAPP-A/proMBP above a predetermined value is indicative of the acute coronary
syndrome, including unstable angina and myocardial infarction or predisposition to
acute coronary syndrome, includihg unstable angina and myocardial infarction.
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In yet another embodiment the level of proMBP/ANG may be determined to diag-
nose predisposition to Down’s syndrome or fo diagnose Down’s syndrome.

Alli the above mentioned methods of diagnosis may also be performed in combina-
tion with one or more other methods of diagnosis. In addition, more than one differ-
ent diagnosis according to the present invention may be performed, for example it is
possible to measure the level of more than one complex or to measure the level of
one complex in different body samples.

Use of PAPP-AZ to generate natural proteolytic fragments

PAPP-A2 may be used to generate natural fragments of proteins that are specifically

. cleaved by PAPP-AZ2. As in the case of IGFBP-5 (see Examples 6.7 and 6.9), such

fragments may have biological effects different from intact IGFBP-5. Fragments can

~ be purified by standard chromatography after cleavage with purified PAPP-A2 (see

Example 6.9).

Design of fragments of PAPP-A2 for expression

Because all cysteine residues found in mature PAPP-A are also found' in mature
PAPP-A2 (see Figure 3), the pattern of disulfide bonds can be assumed to be the
same for PAPP-A2 for those common cysteine residueé. Therefore, knowledge of
the disulfide structure of the PAPP-A subunit (see Figure 8) can be used to rationally
design fragments of PAPP-A2 in which pairing of all cysteine residues is possible.
Putative domain boundaries of PAPP-A2 can be defined based on the disulfide
strueture shown in Figure 8. Those domains can be expressed separately or in
combination. In the event that a domain contains a gysteine residue known to form
an inter-chain disulfide bridge to another PAPP-A subunit or to proMBP (see Figure
8), it may be required that this cysteine is mutated to for example a serine or an ala-

. nine residue

Thus, possible boundary regions are between Cys-403 and Cys-499, between Cys-
828 and Cys-881, between Cys-1048 and Cys-~1115, between Cys-1390 and Cys-
1396, between Cys-1459 and Cys-1464, between Cys-1521 and Cys-1525, between ~
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Cys-1590 and Cys-1595, between Cys-1646 and Cys-~1653, and between Cys-1729

and Cys-1733 (numbering of preproPAPP-A2, as in Figure 1 and 3).

Pharmaceutical Compositions

identification of PAPP-A2 as the IGFBP-5 protease provides methods for affecting
growth and differentiation in vive by using PAPP-A2 as a therapeutic target.
Inhibitors of PAPP-A2 is believed to decrease the amount of bicavailable IGF-1 and
IGF-Il. For example, inhibition of PAPP-A2 activity can be useful in disorders such
as restenosis, atherosclerosis, and fibrosis. Activators, or agents that increase the
activity of PAPP-A2, is believed to increase the amount of bicavailable IGF-l and
IGF-11.

Agents that alter PAPP-A2 activity or that alter adherence of PAPP-A2 to cell
surfaces can be incorporated into pharmaceutical compositions. Such agents may
be incorporated together with agents that alter PAPP-A activity or that alter
adherenyce of PAPP-A to cell surfaces. A combination of PAPP-A2 specific agents
and PAPP-A specific agents may be more effective than traditional agents directed
against PAPP-A. There is also provided a method of treatment comprising the step
of administreing fo an individual in need thereof a combination of PAPP-A2 specific
agents and PAPP-A specific agents in pharmaceutically effective amounts.

As an example, an antibody such as anti-PAPP-A2 polyclonal or monoclonal, can be
formulated into a pharmaceutical compdsition by admixture with pharmaceufically
acceptable non-foxic excipients or carriers. Such compounds and compositions may
be prepared for parenteral administration, particularly in the form of liquid solutions
or suspensions in aqueous physiological buffer solutions; for oral administration,
particularly in the form of tablets or capsules; or for infranasal administration,
particularly in the form of powders, nasal drops, or aerosols. Compositions for other
routes of administration may be prepared as desired using standard methods.

Formulations for parenterél administration may contain as common excipients (i.e.,
pharmaceutically aéceptable carriers) sterile water or saline, polyalkylene glycols
such as polyethylene glycol, oils of vegetable origin, hydrogenated naphthalenes,
and the like. In particular, biocompatible, biodegradable lactide polymer,
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lactide/glycolide copolymer, or polyoxethyiene-polyoxypropylene éopolymers are
examples of excipients for controlling the release of a compound of the invention in
vivo. Other suitable parenteral delivery systems include ethylene-vinyl acetate
copalymer particles, osmotic pumps, implantable infusion systems, and liposames.
Formulations for inhalation administration may contain excipients such as lactose, if
desired. Inhalation formulations may be aqueous solutions containing‘ for example,
polyoxyethylene-9-lauryl ether, Qlycocholate and deoxycholate, or they may be oily
solutions for administration in the form of nasal drops. If desired, the compounds
can be formulated as gels fo be applied infranasally. Formulations for parenteral
administration may also include glycocholate for buccal administration

Medical Devices

The invention also features a medical device for placement in a patient (e.g., an im-
plant} that includes an agent that inhibits or activates PAPP-A2 protease activity.
Suitable age.nts are readily identified using the methods described herein. The de-
vice can be impregnated with the agent or can be coated with the agent. Non-
limiting examples of inhibitors include an antibody such as anti-PAPP-A2 polyclonal
or menoclonal, or a metalloprotease inhibitor such as 1,10-phenanthroline.

IGFBP-5 protease activity of PAPP-A2 is potently inhibited by 1,10-phenanthroline,
but is not inhibited by tissue inhibitors of matrix metalloproteases (TIMP'S). Other
inhibitors include small molecules such as derivatives of hydroxamic acid. Anti-
PAPP-A2 polycional IgG may also inhibit IGF-dependent - or IGF—independent;
IGFBP-5 specific PAPP-A2 protease activity in HFCM in a dose-dependent manner.

In addition, polypeptides (i.e., any chain of amino acids, regardless of length or post-
1ranélational modification), including modified polypeptides, can function as inhibi-
tors. Any inhibitor of the IGFBP-5 proteasevactivity of PAPP-AZ2 can be used for
coating or impregnating a medical device according to the invention. Modified poly-

+ peptides include amino acid substitutions, deletions, or insertions in the amino acid

sequence as compared with a corresponding wild-type sequence, as well as chemi-
cal modifications. Although protease-resistant IGFBP-5 is not an inhibitor per se of
the IGFBP-5 protease activity of PAPP-A2, similar results are expected when it is
used for coating or impregnating a medical device.

JP 2004-511253 A 2004.4.15
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As an example, coating or impregnating the medical device with a PAPP-A2 inhibi-
tor, optionally in combination with a PAPP-A inhibitor, can help prevent the develop-
ment of restenosis following balloon angioplasty, or can prevent a further increase in
size of an atherosclerotic plaque. Coronary angioplasty with stent placement is cur-
rently e leading therapeutic approach for coronary atheroscierosis. An important
goal of angioplasty of coronary artery disease is to prevent both acute and chronic
complications. Modern procedures are quite successful in eliminating immediate
problems. Unfortunately, restenosis still occurs in 20-30% of stented patients. No
known pharmacological intervention is available to prevent the restenosis.

Without being bound by a particular mechanism, it is thought that an increase in
IGFBP-5 protease expression by coronary smooth muscle celis precedes neointimal
formation in response fo angioplasty in humans.

For example, enhanced PAPP-A2 activity can be useful for wound healing,
fraciures, osteoporosis, or ovulation. Osteoporosis or other conditions of bone loss
may benefit from increased bone formation and decreased bone resorption. Agents
that enhance PAPP-A2 activity can be, for example, a modified IGF, i.e., an IGF
analog.

Analogs include IGF polypeptides containing amino acid insertions, deletions or
substitutions, as well as chemical modifications. Amino acid substitutions can
include conservative and non-conservative aming acid substitutions, Conservative
amino acid substitutions replace an amino acid with an amino acid of the same
class, whereas non-conservative amino acid substitutions replace an amino acid
with an amino acid of a different class. Non-conservative substitutions result in a
change in the hydrophobicity of the polypeptide or in the bulk of a residue side
chain. In addition, non-conservative subsitutions can make a substantial change in
the charge of the polypeptide, such as reducing electropositive charges or
introducing electronegative charges. Examples of non-conservative substitutions
include a basic amino acid for a non-polar amino acid, or a polar amino acid for an

acidic amino acid. Amino acid insertions, deletions and substitutions can be made

using random mutagenesis, site-directed mutagenésis, or other recombinant
techniques known in the art.
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The medical device can be, for example, bone plates or bone screws that are used
to stabilize bones, or a stent, which typically is used within the body to restore or
maintain the patency of a body lumen. Blood vessels, for example, can become
obstructed due to an atherosclerotic plaque that resfricts the passage of blood. A
stent typically has a tubular structure defining an inner channel that accommodates
flow within the body lumen. The outer walls of the stent engage the inner walls of
the body lumen. Positioning of a stent within an affected area can help prevent
further occlusion qf the body lumen and permit continued flow. A stent typically is
deployed by percutaneous insertion of a catheter or guide wire that carries the stent.
The stent ordinarily has an expandable structure. Upon delivery to the desired site,
the stent can be expanded with a balloon mounted on the catheter.” Alternatively,
the stent may have a biased or elastic structure that is held within a sheath or other
restraint in 2 compressed state. The stent expands voluntarily when the restraint is
removed. In either case, the walls of the stent expand to engage the inner wall of
the body lumen, and generally fix the stent in a desired position.

STATEMENTS OF INVENTION

In a first aspect the present invention relates to a purified polynuclectide selected
from the group consisting of

i) a palynucleotide comprising nucleotides 1 to 5376 of SEQ ID NO:1, cor-
responding to the coding sequence of PAPP-A2, as deposited with
DSMZ under accession number DSM 13783; and

it} a polynucleotide encoding a polypeptide having the amino acid sequence
as shown in SEQ D NO:2; and

iy a polynucleotide encoding a fragment of a polypeptide encoded by poly-
nucleotides (i) or (i), wherein said fragment '

a) has a proteolytic activity specific for Insulin Like Growth Factor Bind-
ing Protein 5 {IGFBP-5}, or a derivative thereof, or any other sub-
strate; and/or
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b) is recognised by an antibody, or a binding fragment thereof, which is
capable of recognising a polypepfide having the amino acid se-
quence as shown in SEQ iD NO:2; and/or

c,

L

competes with a polypeptide having the amino acid sequence as
shown in SEQ 1D NO:2 for binding to a cell surface receptor having
an affinity for said polypeptide; and

a polynucleotide, the complementary strand of which hybridizes, under
stringent conditions, with a polynucleotide as defined in any of (i), (i} and
(ii), said polynucleotide encoding a polypeptide having the amino acid
sequence as shown in SEQ ID NO:2, or a fragment thereof, wherein said
fragment »

a} has a proteolytic activity specific at least for Insulin Like Growth Fac-
tor Binding Protein 5 (IGFBP-5); and/or

b)

is recognised by an antibody, or a binding fragment thereof, which is
capable of recognising a polypeptide having the amino acid se-
quence as shown in SEQ ID NO:2; and/or

competes with a polypeptide having the amino acid sequence as
shown in SEQ 1D NQ:2 for binding to a cell surface receptor having
an affinity for said polypeptide; and

a polynucleotide comprising 2 nucleotide sequence which is degenerate
to the nucleotide sequence of a polynucleofide as defined in any of (iii}

-+ and (iv),

and the complementary strand of such a polynucleotide.

A polynucieotide as used herein shall denote any naturally occurring polynucleotide
having any naturally occurring backbone structure, as well as nucleotides known in
the art as LNA (locked nucleic acid) and PNA {peptide nucleic acid).
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In preferred embodiménts the purified polynucleotide comprises the coding se-
quence of PAPP-A2, nucleotides 1 to 5376, as shown in SEQ ID NO:1, ora nucleo-
tide sequence encoding the amino acid sequence as shown in SEQ ID NO:2.

In another preferred embadiment the polynucleotide comprises a nucleotide se-

_quence encoding a fragment of the polypeptide having the amino acid sequence as

shown in SEQ ID NO:2, wherein said fragment
a) has a proteolytic activity specific for Insulin Like Growth Factor Bind-
ing Protein 5 (IGFBP-5), or a derivative thereof, or any other sub-

strate; and/or

b

=

is recognised by an antibody, or a binding fragment therecf, which is
capable of recognising a polypeptide having the amino acid se-
quence as shown in SEQ ID NO:2; and/pr

c) competes with a polypeptide having the amino acid sequence as
shown in SEQ 1D NO:2 for binding to a cell surface receptor having

an affinity for said polypeptide

There is also provided a polynucleotide, the complementary strand of which hybrid-
izes, under siringent conditions, with a polynucleotide according to the invention.

Stringent conditions as used herein shall denote stringency as normally applied in

cannection with Southern blotting and hybridization as described e.g. by Southern E.

M., 1975, J. Mol. Biol. 98:503-517. For such purposes it is routine practise to include
steps of prehybridization and hybridization. Sueh steps are normally performed us-
ing solutions containing 6x SSPE, 5% Denhardt's, 0.5% SDS, 50% foermamide, 100
ug/ml denaturated salmon testis DNA (incubation for 18 hrs at 42°C), followed by
washings with 2x SSC and 0.5% SDS (at room temperature and at 37°C), and a
washing with 0.1x SSC and 0.5% SDS (incubation at 68°C for 30 min), as described
by Sambrook et al., 1989, in "Molecular Cloning/A Laboratory Manual”, Cold Spring
Harbor), which is incorporated herein by reference.
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The DNA sequences are used in a variety of ways. They may be used as probes for
identifying homologs of uHAse (e.g., homologs of huHAse). Mammalian homologs
have substantial sequence similarity fo one ancther, i.e. at least 75%, usually at
least 90%, more usually at least 95% sequence identity. Sequence similarity is cal-
culated based on a reference sequence, which may be a subset of a larger se-
quence, such as a conserved matif, coding region, flanking region, etc. A reference
sequence will usually be at least about 18 nt long, more usually at least about 30 nt
lang, and may extend to the complete sequence that is being compared. Algorithms
for séquence analysis are known in the art, such as BLAST, described in Altschul et
al. 1990 J Mol Biol 215:403-10.

Nugleic acids having sequence similarity are detected by hybridization under low
stringency conditions, for example, at 50.degree. C. and 10.times.SSC (0.9 M sa-
line/0.08 M sodiurﬁ citrate} and remain bound when subjected to washing at
55.degree. C. in 1.times.SSC. Sequence identity may be determined by hybridiza-
tion under high stringency condifions, for example, at 50.degree. C. or higher and
0.1.imes.SSC (9 mM saline/0.9 mM sodium citrate). By using prebes, particularly
labeled probes of DNA sequences, one can isolate homologous or related genes.
The source of homologous genes may be any species, e.0. Primate species, par-
ticularly human; rodents, such as rats and mice, canines, felines, bovine, opines,
equine, yeast, Drosophila, Caenhorabditis, etc.

In a further embodiment there is provided a polynucleotide comprising a nucleotide
sequence which is degenerate to é‘polynucleotide capable of hybridising to SEQ ID
NO:1, or a fragment thereof. ’

Degeneracy as used herein is defined in terms of the activity or functionality associ-
ated with the polypeptide expressed from said degenerate polynucleotide, said
polynucleotide is either i} comprising a proteolytic activity specific at least for Insulin
Like Growth Factor Binding Protein 5 (IGFBP-5); and/or ii) recognised by an anti-
body, or a binding fragment thereof, which is capable of recognising a palypeptide
having the amino acid sequence as shown in SEQ ID NO:2; and/or iii) competing
with a polypeptide having the amino acid sequence as shown in SEQ ID NO:2 for
binding to a cell surface receptor having an affinity for said polypeptide.
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In a further embodiment there is provided a polynuclectide comprising the comple-
mentary strand of a polynucleotide according to the invention.

The polynucleotide according to the invention may be operably linked to a further
polynucleotide comprising nucleic acid residues corresponding fo the 3" untranslated
region of PAPP-A2, or a fragment thereof. As used herein the 3’ untranslated region
comprises nucleic acid residues 5377 ta 8527 of SEQ ID NO:1.

There is also provided a recombinant DNA molecule in the form of an expression ‘
vector comprising an expression signal operably linked to a polynucleotide accord-
ing to the invention.

In a further embodiment there is provided a host organism transfected or trans-
formed with the polynucleotide according fo the invention, or the vector according fo
the invention. The host organism is preferably a mammalian organism such as e.g.
a mammalian cell line. However, a microbial eukaryote such as yeast or fungi may
also be used, as may a microbial prokaryote such as Bacillus or E. coli. The person
skilled in the art will know how to select expression signals, including leader se-
quences and/or signal peptides suitable for expression in a given cell. The person
skilled in the art will also know how fo determine the level of expression in a given

cell by using standard molecular biclogy techniques.

In & further aspect the invention relates o an isolated polypeptide comprising or es-
sentially consisting of the amino acid sequence of SEQ ID NO:2, or a fragment
thereof, wherein said fragment

a) has a proteolytic activity specific at least for Insulin Like Growth Factor
Binding Protein 5 (IGFBP-5); and/or ’

b) is recognised by an antibody, or a bind'lng fragment thereof, which is capable
of recognising a polypeptide having the amino acid sequence as shown in
SEQ ID NO:2; and/or
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¢} competes with a polypeptide having the amino acid sequence as shown in
SEQ ID NO:2 for binding to a cell surface receptor with an affinity for said
polypeptide.

In one preferred embodiment of the invention there is also provided variants of SEQ .

1D NO:2, and vgriants of fragments thereof. Variants are determined on the basis of
their degree of identity or their homology with a predetermined amino acid se-
quence, said ;Sredetermined amino acid sequence heing SEQ 1D NO:2, or, when the
variant is a fragment, a fragment of SEQ ID NO:2.

Accordingly, variants preferably have at least 75% sequence identity, for example at
least 80% sequence identity, such as at least 85 % sequence identity, for example
at least 80 % sequence identity, such as at least 91 % sequence identity, for

" example at least 91% sequence identity, such as at least 92 % sequence identity,

for example at least 93 % sequence identity, such as at least 94 % sequence
identity, for example at least 95 % sequence identity, such as at least 96 %
séquence identity, for example at least 97% sequence identity, such as at least 98
% sequence identity, for example 99% sequence identity with the predetermined
sequence. ’

Variants are also determined based on a predetermined number of conservative
amino acid substitutions as defined herein below. Conservative amino acid substitu-

" tion as used herein relates to the substitution of one amino acid (within a predeter-

mined group of amino acids) for another amino acid (within the same group),
wherein the amino acids exhibit similar or substantially similar characteristics.

Within the meaning of the tetm “conservative amino acid substitution” as applied
herein, one amino acid may be substituted for another within the groups of amino

acids indicated herein below:

i} Amino acids having polar side chains (Asp, Glu, Lys, Arg, His, Asn, GIn, Ser,
Thr, Tyr, and Cys,)

iiy Amino acids having non-polar side chains (Gly, Ala, Val, Leu, lle, Phe, Trp,
Pro, and Met) :
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[11)] Amino acids having aliphatic side chains (Gly, Ala Val, Leu, lle)

iv) Amino acids having cydiic side chains (Phe, Tyr, Trp, His, Pro)

v) Amino acids having aromatic side chains (Phe, Tyr, Trp)

vi} Amino acids having acidic side chains (Asp, Glu)

vii) Amine acids having basic side chains (Lys, Arg, His)

viii)  Amino acids having amide side chains (Asn, GIn)

ix) Amino acids having hydroxy side chains (Ser, Thr}

X} Amino acids having sulphor-containing side chains (Cys, Met),

Xi) Neutral, weakly hydrophobic amino acids (Pro, Ala, Gly, Ser, Thr)

xii} Hydrophilic, acidic amino acids (Gin, Asn, Glu, Asp), and

xiif)  Hydrophobic amino acids (Leu, lle, Val)

Accordingly, a variant or a fragment thereof according to the invention may
comprise, within the same variant of the sequence or fragments thereof, or among
different variants of the sequence or fragments thereof, at least one substitution,
such as a plurality of substitutions introduced independently of one another.

It is clear from the above outline that the same variant or fragment thereof may
comprise more than one conservative amino acid substitution frorn more than one
’group of conservative amino acids as defined herein above.

The addition or deletion of an amino acid may be an addition or deletion of from 2 to

10 amino acids, such as from 10 o 20 amino acids, for example from 20 to 30
amino acids, such as from 40 to 50 amino acids. However, additions or deletions of
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more than 50 amino acids, such as additions from 10 to 100 amino acids, addition of
100 fo 150 amino acids, addition of 150-250 amino acids, are also comprised within
the present invention.

The bolypeptide fratments according to the present invention, inciuding any
functional equivalents thereof, may in one embodiment comprise less than 250
amino acid residues, such as less than 240 amino acid residues, for example less
than 225 amino acid residues, such as less than 200 amino acid residues, for
example less than 180 amino acid residues, such as less than 160 amino acid
residues, for example less than 150 amino acid residues, such as less than 140
amino acid residues, for example less than 130 amino acid residues, such as less
than 120 amino acid residues, for example less than 110 amino acid residues, such
as less than 100 amino acid residues, for example less than 90 amino acid residues,
such as less than 85 amino acid residues, for example less than 80 amino acid
residues, such as less than 75 amino acid residues, for example less than 70 amino
acid residues, such as less than 65 amino acid residues, for example less than 60
amino acid residues, such as less than 55 amino acid residues, for example less
than 50 amino acid residues.

“Functional equivalency” as used in the present invention is according to one
preferred embodiment established by means of reference to the corresponding
functionality of a predetermined fragment of the sequence. More speciﬁcally,
functional equivalency is to be understood as the ability of a polypeptide fragment to
exert IGFBP-5 specific protease activity and/or to be recognised by an antibody
capable of recognising PAPP-A2 and/or to compete with PAPP-A2 for binding to a
receptor having affinity for PAPP-A2.

Functional equivalents or variants of PAPP-A2 will be understoad to exhibit amino
acid sequences gradually differing from the preferred predetermined PAPP-A2
sequence, as the number and scope of insertions, deletions and substitutions
including conservative substitutions increases. This difference is measured as a
reduction in homology between the preferred predetermined sequence and the
fragment or functional equivalent.
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All fragments or functional equivalents of SEQ ID NO:2 are included within the
scope of this invention, regardless of the degree of hamology that they show to a
preferred predetermined sequence of PAPP-A2 as reported herein. The reason for
this is that some regions of PAPP-A2 are most likely readily mutatable‘, or capabile of
being completely deleted, without any significant effect on'the binding activity of the
resulting frégment.

A functional variant obtained by substitution may well exhibit some form or degree of
native PAPP-A2 activity, and yet be less homologous, if residues containing
functionally similar amino acid side chains are substituted. Functionally similar in this
respect refers to dominant characteristics of the side chains such as hydrophobic,
basic, neutral or acidic, or the presence or absence of steric bulk. Accordingly, in
one embodiment of the invention, the degree of identity is not a principal measure of

- afragment being a variant or functional equivalent of a preferred predetermined

fragment according to the present invention.

The homology between amine acid sequences may be calculated using well known
algorithms such as BLOSUM 30, BLOSUM 40, BLOSUM 45, BLOSUM 50,
BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM 65, BLOSUM 70, BLOSUM ?5,
BLOSUM 80, BLOSUM 85, or BLOSUM 90.

Fragments sharing at least some homology with fragments of SEQ ID NO:2 are to
be considered as falling within the scope of the present invention when they are at
least about 90 percent homologous, for example at least 92 percent homologous,
such as at least 94 percent homolagous, for example at least 95 percent
homolagous, such as at least 96 percent homelogous, for example at least 97
percent homologous, such as at least 98 percent homalagous, for example at least
99 percent homologous with said fragments of SEQ ID NO:2. According to one
embaodiment of the invention the homology percentages refer to identity
percentages.

Additional factors that may be taken into consideration when determining functional
equivalence according to the meaning used herein are i} the ability of antisera fo
detect a PAPP-AZ2 fragment according to the present invention, or ii) the ébi(ity of the
functionally equivalent PAPP-A2 fragment to compete with PAPP-AZ in a binding
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assay. One method of determining a sequence of immunogenically active amino
acids within a known amino acid sequence has been described by Geysen in US
5,595,915 and is incorporated herein by reference.

A further suitably adaptable method for determining structure and function
relationships of peptide fragments is described by US 6,013,47.8, which is herein
incorporated by reference. Also, methads of assaying the binding of an amino acid
sequence to a receptor moiety are known to the skilled artisan.

Conservative substitutions may be introduced in any position of a preferred
predetermined fragment of SEQ ID NO:2, and it may alsc be desirable fo introduce
non-conservative substitutions in any one or more positions.

A non-conservative substitution leading to the formation of a functionally equivalent
fragment of PAPP-A2 would for example i) differ substantially in po[arity’, for
example a residue with a non-polar side chain (Ala, Leu, Pro, Trp, Val, lle, Leu, Phe
or Met) subsfituted for a residue with a polar side chain such as Gly, Ser, Thr, Cys,
Tyr, Asn, or Gln or a charged amino acid such as Asp, Glu, Arg, or Lys, or
substituting a-charged or a polar residue for a non-polar one; and/or i) differ
substantially in its effect on polypeptide backbone orientation such as substitution of
ar for Pro or Gly by another residue; and/or iii} differ substantially in electric charge,
for example substitution of a negatively charged residue such as Glu or Asp for a
positively charged residue such as Lys, His or Arg (and vice versa); and/or iv} differ
substantially in steric bulk, for example substitution of a bulky residue such as His,
Trp, Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or Ser (and vice
versa). )

Variants obtained by substitution of amino acids may in one preferred embodiment
be made based upon the hydrophobicity and hydrophilicity values and the relative
similarity of the amino acid side-chain substituents, including oharge,‘ size, and the
like. Exemplary amino acid substitutions which ‘take various of the foregoing
characteristics into consideration are well known fo those of skill in the art and
include: arginine and lysine; glutamate and aspartate; serine and threonine;
glutamine and asparagine; and valine, leucine and isoleucine.
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In addition to the variants described herein, sterically similar variants may be
formulated o mimic the key portions of the variant structure and that such
compounds may also be used in the same manner as the variants of the invention.

This may be achieved by techniques of modelling and chemical designing known to .

those of skill in the art. It will be understood that all such sterically similar constructs
fall within the scope of the present invention.

In a further embodiment the present invention relates fo functional comprising sub-
stituted amino acids having hydrophilic or hydropathic indices that are within +/-2.5,
for example within +/- 2,3, such as within +/- 2.1, for example within +/- 2.0, such as
within +/- 1.8, for example within +/- 1.8, such as within +/- 1.5, for example within
+/- 1.4, such as within +/- 1.3 for example within +/~ 1.2, such as within +/- 1.1, for
example within +/- 1.0, such as within +/- 0.9, for example within +/- 0.8, such as
within +/~ 0.7, for example within +/- 0.8, such as within +/- 0.5, for example within
+/- 0.4, such as within +/- 0.3, for example within +/- 0.25, such as within +/- 0.2 of
the value of the amina acid it has substituted.

The importance of the hydraphilic and hydropathic amino acid indices in conferring
interactive biologic function on a protein is well understood in the art (Kyte & Doolit-
tle, 1982 and Hopp, U.S. Pat. No. 4,554,101, each incorporated herein by refer-
ence).

The amino acid hydropathic index values as used herein are: isoleucine (+4.5); va-
line (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2:5); methionine
(+1.9); alanine (+1.8); glycine (-0.4 }; threonine (-0.7 ); serine (-0.8 ); fryptophan (-

0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5);

‘aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5) (Kyte & Doolittle,

1982).

The amino acid hydrophilicity values are: arginine (+3.0}; lysine (+3.0); aspartate
(+3.0.+~.1);’glutamate (+3.0.+-.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2);
glycine (0); threonine (-0.4); proline (-0.5.+-.1); alanine (-0.5); histidine {(-0.5); cys-
teine (-1.0); methianine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine
(-2.3); phenylalanine (-2.5); tryptophan (-3.4) (U.S. 4,554,101).
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In addition to the peptidyl compounds described herein, sterically similar compounds
may be formulated to mimic the key partions of the peptide structure and that such
compounds may also be used in the same manner as the peptides of the invention.
This may be achieved by techniques of modelling and chemical designing known to
those of skill in the art. For example, esterification and other alkylations may be em-
ployed to modify the amino terminus of, eg.,a di-arginine peptide backkone, to
mimie a tetra pepfide structure. It will be understood that alf such sterically similar
constructs fall within the scape of the present invention.

Peptides with N-terminal alkylations and C-terminal esterifications are also encom-
passed within the present invention. Functional equivalents also comprise glycosyl-
ated and covalent or aggregative conjugates formed with the samevor other PAPP-
A2 fragments and/or PAPP-A2 molecules, including dimers or unrelated chemical
moieties. Such functional equivalents are prepared by linkage of functionalities to
groups which are found in fragment including at any one or both of the N- and C-
termini, by means known in the art.

Functional equivalents may thus comprise fragments conjugated to aliphatic or acyl
esters or amides of the carboxyl terminus, alkylamines or residues containing car-
boxyl side chains, e.g., conjugates to alkylamines at aspartic acid residues; O-acyl
derivatives of hydroxyl group-cantaining residues and N-acyl derivatives of the
amino terminal amino acid or amino-group containing residues, e.g. conjugates with
fMet-Leu-Phe or immunogenic proteins. Derivatives of the acyl groups are selected
from the group of alkyl-moieties (including C3 to C10 normal alkyl), thereby forming
alkanoyl species, and carbocyclic or heterocyclic compounds, thereby forming aroyl
species. The reactive groups preferably are difunctional compounds known per se
for use in cross-linking proteins to insaluble matrices through reactive side groups.

Covalent or aggregative functional equivalents and derivatives thereof are useful as
reagents in immunoaésays or for affinity purification procedures. For example, a
fragment of PAPP-A2 according to the present invention may be insolubilized by co-
valent bonding fo cyanogen bromide-activated Sepharose by metheds known per se
or adsorbed fo polyolefin surfaces, either with or without glutaraldehyde cross-
linking, for use in an assay or purification of anti-PAPP-A2 antibodies or cell surface

* receptors. Fragments may also be labelled with a detectable group, e.g., radioiodi-
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nated by the chloramine T procedure, covalently bound to rare earth chelates or
conjugated to another fluorescent moiety for use in e.g. diagnostic assays.

Mutagenesis of a preférred predetermined fragment of PAPP-A2 can be conducted
by making amino acid insertions, usually on the order of about from 1 to 10 amino
acid residues, preferably from about 1 to 5 amino acid residues, or deletions of from

about from 1 to 10 residues, such as from about 2 to 5 residues.

In one embediment the fragment of PAPP-A2 is synthesised by automated synthe-

‘sis. Any of the commercially available solid-phase techniques may be employed,

such as the Metrifield solid phase synthesis method, in which amino acids are se-
quentially added to a growing amino acid chain, (See Merrifield, J. Am. Chem. Soc.
85:2149-2146, 1963). :

Equipment for automated synthesis of polypeptides is commercially available from
suppliers such as Applied Biosystems, Inc. of Foster City, Calif., and may generally
be operated according fo the manufacturer's instructions. Solid phase synthesis will
enable the incorporation of desirable amino acid substitutions into any fragment of
PAPP-A2 according to the present invention. It will be understood that substitutions,
deletions, insertions or any subcombination thereof may be combined to arrive at a
final sequence of a functional equivalent. Insertions shall be understood to include
amino-terminal and/or carboxyl-terminal fusions, e.g. with a hydrophobic or immu-
nogenic protein or a carrier such as any polypeptide or scaffold structure capable as
serving as a catrier.

_Oligomers including dimers including homodimers and heterodimers of fragments of

PAPP-A2 according to the invention are also provided and fall under the scope of
the invention. PAPP-A2 functional equivalents and variants can be produced as ho-
modimers or heterodimers with other amina acid sequences or with native PAPP-A2
sequences. Heterodimers include dimers containing immunoreactive PAPP-A2
fragments as well as PAPP-A2 fragments that need not have or exert any biological
activity.

PAPP-A2 fragments according fo the invention may be synthesised both in vitro and
in vivo. Method for in vitro synthesis are well known, and methods being suitable or
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suitably adaptéb[e to the synthesis in vivo of PAPP-AZ2 are also described in the
prior art. When synthesized in vivo, a host cell is transformed with vectors containing
DNA encoding PAPP-A2 or a fragment thereof. A vector is defined as a replicable
nucleic acid consfruct. Vectors are used to mediate expression of PAPP-A2. An ex-
pression vector is a replicable DNA construct in which a nucleic acid sequence en-
cading the predefermined PAPP-A2 fragment, or any functional equivalent thereof
that can be expressed in vivo, is operably linked to suitable confrol sequences ca-
pable of effecting the expression of the fragment or equivalent in a suitable host.

Such control sequences are well known in the art.

Cultures of cells derived from multicellular organisms represent preferred host cells.
In principle, any higher eukaryotic cell culture is workable, whether frorﬁ vertebrate
or invertebrate culture. Examples of useful host cell lines are VERO and Hela cells,
Chinese hamster ovary. (CHO) cell lines, and W138, BHK, COS-7, 293 and MDCK
cell lines. Preferred host cells are eukaryotic celis known to synthesize endogenous
PAPP-A2. Cultures of such host cells may be isolated and used as a source of the
fragment, or used in therapeutic methods of treatment, including therapeutic meth-
ods aimed at promoting or inhibiting ‘a growth state, or diagnostic methods carried
out on the human or animal body.

In particular embodiments the present invention relates to a polypepfide fragment
according fo the invention, wherein the PAPP-A2 fragment comprises or essentially
consists of amino acid residues 234 to 1791 corresponding fo the mature part of
PAPP-A2, including any pracessing variants thereof.

Processing variants are variants resuliing from alternative processing events, possi-
bly processing events catalysed by any protease including, but not limited to, a sig-
nal peptidase and a furin. One putative cleavage site is located after position 233 is
described herein below in detail.” Another putative cleavage site is located after the
motif RQRR (position 186 - 199 in the amino acid sequence of PAPP-A2). Process-
ing variants shall be understood to comprise variants arising from processing in vivo
when PAPP-A2 is expressed in human or animal tissue, sera ar body fluids.

Mature PAPP-A2 amino acids sequences essentially consisting of the mature se-
quence designated in SEQ ID NO:2 (amino acid residues 234 to 1791) shall be un-

derstood in one embodiment to comprise this part of the sequence lacking between
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1 to about 10 N-terminal amino acids or C-terminal amino acids, preferably 1 to 10
N-terminal amino acids, such as 2 to 8 N-ferminal acids, for example 3 to 6 N-
terminal amino acids. ‘

Also included in the definition of essentially consisting of as used herein shall be the
mature sequence designated in SEQ 1D NO:2 {amino acid residues 234 to 1791)
having in addition thereto an additional 1 to about 10 N-terminal amino acids or C-
terminal amino acids, preferably 1 to 10 N-terminal amino acids, such as 2 to 8 N~
terminal acids, for example 3 to 6 N-terminal amino acids. This definition of esseh—
tially consisting of shall also apply in other aspects and is not restricted to being
used in connection with a particular part of PAPP-A2. The definition shall also apply
to other processes PAPP-A2 polypeptides including polypeptides arising from alter-
native pracessing in tissue, sera or body fluids other than the ones from where the
processed PAPP-A2 has ariginally been isolated.

Additionally preferred fragments comprise or essentially consists of amine acid resi-
dues 1 to 233 corresponding to the prepro part of PAPP-A2, of amino acid residues

23 to 233 corresponding to the pro part of PAPP-A2, of amino acid residues 1 to 22 ~

corresponding to the signal peptide or leader sequence of PAPP-A2, and to such
sequences operably linked to the mature part of PAPP-A2 coresponding to amino
acid residues 234 to 1791 of SEQ ID NO:2.

There is also provided recombinant PAPP-A2 polypeptide, or a fragment thereof,
wherein preferably the polypeptide is free of human preteins, or other proteins
natively associated with said polypeptide. )

In a further aspect there is provided a composition comprising i) a polynucleotide
according to the invention, and/or ii} a vector according to the invention, and/or iii) a
host organism according to the invention, and/or iv} a polypeptide according to the
invention, in combination with a physiologically acceptable carrier.

In yet another aspect there is provided a pharmaceutical composition camprising i) a
polynucleotide according to the invention, and/or ii} a vector according to the invet-
nion, and/or iif) a host organism according to the invention, and/or iv) a palypeptide
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according fo the invention, in combination with a pharmaceutically acceptable car-

rier.

The invention further pertains to a method for producing an antibody with specificity

for a PAPP-A2 polypeptide according fo the invention, or a fragment thereof, said

method comprising the steps of

i)

i)

providing a host organism,

immunizing the host organism with the polypeptide according to claim 10,
and

obtaining said antibody.

There is also provided monocional antibodies and polyclonal antibodies having spe-~
cific binding affinity for a PAPP-A2 polypeptide according to the invention, or a frag-

ment thereof. The antibady is preferably a monocional.

In a further aspect there is provided a method for producing a PAPP-A2 polypeptide

according to the invention, said method comprising the steps of

i

i

iy

iv)

providing a suitable host organism, preferably a mammalian cell,

transfecting or transforming the host organism provided in step i) with a
polynucleotide according to the invention, or a vector accarding to the in-
vention,

culturing the host organism obtained in step i) under conditions suitable
for expression of the polypeptide encoded by the polynucleofide or the
vector; and optionally

V isolating from the host organism the polypeptide resulting from recombi-

nant expression by the host organism.
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In a still further aspect of the invention there is provided a method for inhibiting

and/or reducing the expression of PAPP-A2 in a cell by means of anti-sense tech-

nology, said method comprising the steps of

)

iv)

providing an anti-sense polynucleotide according to the invention,

transfecting or transforming a cell capable of expressing PAPP-A2 with
said anti-sense polynucleotide provided in step i),

culturing the cell obtained in step ii) under conditions suitable for hybridi-
zation of the polynucleotide provided in step i) to a complementary poly-

nucleotide in said cell involved in the expression of PAPP-A2, and

inhibiting and/or reducing the expression of PAPP-A2 in said cell.

The antisense polynucleotide and the complementary polynucleotide may be co-

expressed from disfinct polynucleotide molecules or they may be expressed from

the same molecule. As an alternative to hybridization, the method may include the

use of reverse transcriptase PCR technology (rt PCT fechnology).

In yet another aspect of the invention there is provided a methad for detecting

PAPP-A2, or measuring the level of PAPP-A2, in a biological sample obtained from

an individual, said method comprising the steps of

ii)

obtaining a biological sample from said individual,
vdeteczting PAPP-A2.in said safnple by detecting »
a). a PAPP-A2 polypeptide, or a fragment thereof, and/or

b) a polynucleotide in the form of MRNA originating from PAPP-A2 ex-
pression, and/for

c) PAPP-A2 specific protease activity, preferably IGFBP-5 protease ac-
fivity, or proteolytic activity directed against a derivative of IGFBP-5..
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The n{élhod may comprise the further step of comparing the PAPP-AZ2 or the level of
PAPP-A2 detected in step i} with a predetermined value selected from the group

consisting of
a) a predetermined amount and/or concentration of PAPP-A2; and/or

b) a predetermined amount and/or concentration of PAPP-A2 mRNA;
and/or

¢) a predetermined PAPP-A2 specific protease activity.

The predetermined value in one embodiment will be indicative of a normal physio-

logical condition of said individual.

The biological sample is preferably selected from the group consisting of blood,
.urine, pleural fluid, oral washings, tissue biopsies, and follicular fluid.

When the level of PAPP-A2 is measured as an amount of PAPP-A2 protein, the
PAPP-A2 protein is preferably measured by immunochemical analysis wherein
PAPP-A2 protein is detected by at least one monoclonal antibody. PAPP-A2 protein
may also be detected in a complex comprising at least one additional component,
preferably a polypeptide such as, but not limited to, pro-MBP (pro-Major-Basic Pro-
tein). PAPP-A2 may also be detected as a PAPP-A2 monomer or as a PAPP-A2

dimer.

Futher aspects of the invention relates to a method of diagnosing a clinical condition
in an individual, said method comprising the steps of

i} performing a method for detecting PAPP-A2 or measuring the level of
PAPP-A2, and

iy diagnosing the clinical condition.
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The clinical condition is preferably a fetal abnormality such as, but not limited to, a
fetal abnormality selected from the group consisting of Trisomy 21, Trisomy 18, Tri-

" somy 13, and Open Spina Bifida.

Additional fetal abnormalities capable of being diagnosed according to the invention
is ectopic pregnancy, open spina bifida, neural tube defects, ventral wall defects,
Edwards Syndrome, Pateaus Syndrome, Tumer Syndrome, Monosomy X or Klein-
felter's Syndrome.

In another aspect the clinical condition is an altered growth state selected from the
group consisting of a growth promoting state and a gfowth inhibiting state, including,
but not limited to, restenosis, atherosclerosis, wound healing, fibrosis, myocardial
infarction, osteoporoses, rheumatoroid arthritis, multiple myeloma, or cancer.

In a yet further aspect of the invention there is provided a method for detecting ex-
pression of a polynuclestide according to the invention in a biological sample, said
'method comprising the steps of

i) providing a biological sample putatively containing a polynucleotide ac-
cording to the invention, and )

i} contacting the biological sample with a polynucleotide comprising a strand
that is i) complementary to the polynucleotide according to the invention
and ii} capable of hybridizing thereto, and

jif) allowing hybridization to occur, and

iv) detecting the hybridization complex obtained in step iii),

wherein the presence of the hybridization complex is indicative of the expression

in the biological sample of the polynucleotide according to the invention, or a
fragment thereof.
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In a still futher aspect of the invention there is provided a methed for identifying an

agent inhibiting the protease activity of PAPP-A2, said method comprising the steps
of

i} incubating a) the polypeptide according to the invention, or a fragment
thereof, and b) a predetermined substrate for said polypeptide or
fragment, and ¢} a putative inhibitory agent, and

iy determinining if proteolysis of said substrate is inhibited.

The substrate preferably comprises comprises a polypeptide that may be an inter-
nally quenched fluorescent peptide. One preferred substrate comprises or essen-
tially consists of IGFBP-5, or a fragment thereof.

The invention also pertains to an inhibitory agent obtainable according to such a
method for identifying an agent inhibiting the protease activity of PAPP-A2.

There is also provided the use of such provided inhibitory agents in the manufacture
of a medicament for freating a clinical condition in an individual in need of such
treatment.

In a still further aspect the invention pertains to a method for identifying an agent
capable of enhancing the protease activity of PAPP-A2, said method comprising the

" steps of
i) incubating a) the polypeptide according to the invention, or a fragment
thereof, and b) a predetermined substrate for said polypeptide, and c)
a putative enhancer agent, and
i) determinining if proteolysis of said substrate is enhanced.

The substrate preferably comprises a polypeptide including an internally quenched
fluorescent peptide. IGFBP-5, or a fragment thereof, is particularly preferred as a
substrate.
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There is also provided an enhancing agent obtainable according to the method for
identifying an agent capable of enhancing the protease activity of PAPP-A2, and the
invention also peﬂains to the use of such enhancing agents in the manufacture of a
medicament for freating a clinical condition in an individual in need of such treat-

ment.

In yet another aspect there is provided a method of treatment by therapy of an indi-
vidual, said method comprising the step of administrating to said individual i) a
pharmaceutical composition according to the invention, and/or fi) the inhibitory agent

according fo the invention, and/or the enhancing agent according to the invention.

In a still further aspect there is provided a method for purification of PAPP-A2 or
complexes of PAPP-A2 with other profeins, said method comprising the steps of

i} provising a polyclonal or monoclonal antibody with specific binding affin-
ity for a polypeptide according to the invention, or a fragment thereof,
and

i} purifying PAPP-A?, or a fragment thereof, by means of affinity chroma-
tography. -

Itis understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the
following claims.

BRIEF DESCRIPTION OF THE DﬁAWINGS

Figure 1 shows the cDNA sequence (in 5—3 orientation) corresponding fo the
mRNA that encodes preproPAPP-A2. Only the coding part of the sequence and the
terminal stop codon (*) is shown and is numbered 1-5376. The iranslated polypep-
tide sequence, of preproPAPP-A2 is also shown. The signal peptide cleavage site
was predicted using SignalP V2.0 to be after the alanine residue encoded by nt. 64-
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66 ((Nielsen et al., 1897, Protein Eng 10, 1-6), WWW prediction server is located at
http://genome.cbs.dtu.dk/). The signal peptide of preproPAPP-A2 (nt. 1-66, 22 resi-
dues) is shown in bold.i The nucleotide sequence of this figure represents nt. 1 to
5376 of SEQ 1D NO:1. The protein sequence of this figure is illustrated as SEQ ID )
NO:2. -

Figure 2 is a schematic drawing of the relationship between PAPP-A (Kristensen et
al., 1994, Biochemistry 33, 1592-8), and sequence siretches contained within two
genomic clones with homology ta the N-terminal end (hom-N, coding portion of ac-
cession number AL031734) and the C-terminal end (hom-C, coding portion of ac-
cession number AL031280) of PAPP-A, when franslated info amino écid sequence.
This figure also illustrates the method by which @ cDNA sequence with homology to
the midregion of PAPP-A was obtained. Hom-N, hom-C, and the midregion together
encodes the complete sequence of a novel protein, PAPP-A2, which is a homolog of
PAPP-A. The midregion was obtained by PCR using specifically primed (primer RT-
N-mid), reversed iranscribed human placental mRNA as the template, and primers
PR-mid5 and PR-mid3 for the PCR (Table 1). To obtain a cDNA construct encoding
the full-length PAPP-A2, cDNA clones corresponding to the genomic clones hom-N
and hom-C were also obtained using cDNA synthesized with specifically primed pla-
cental MRNA as the template (primers not shown, see Table 1). This required iden-
tification of a éignal peptide stretch (in hom-N) and a stop codon (at the 3" end of
hom-C), as detailed in the main text. All primers used are shown in Table 1. Note:
The relative positions of the sequences depicted here are in accordance with the
experiments performed, but the figure is not accurately drawn to scale.

Figure 3 shows the amino acid sequence of preproPAPP-A2 (SEQ ID NO:2) aligned
with preproPAPP-A. The deduced amino acid sequence of preproPAPP-A2 (PA2)
was aligned with the sequence of preproPAPP-A (PA) ((Haaning et al., 1996, Eur J
Biochem 237, 159-63), AAC50543) using CLUSTAL W (Thompson et al., 1994, Nu-
cleic Acids Res 22, 4673-80). Because the prepro-partion of PAPP-A did not shaw
significant identity with the corresponding region of PAPP-A2, the alignment was
manually adjusted fo emphasize differer;ce in length of pro-peptides. Arrows indicate

the N-termini of the mature proteins as found earlier for PAPP-A (Kristensen et al.,
1994, Biochemistry 33, 1592-8) (Glu-81), and here for PAPP-A2 (Ser-234). Putative
signal peptides, strongly predicted using SignalP V2.0 (Nielsen et al., 1997, Protein
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Eng 10, 1-6) are shown with lower case letters. The pro-portion of PAPP-AZ2 con-
tains one other candidate initiation codon corresponding to Met-168, but no signal
peptide was predicted following this residue using SignalP. The sequence motifs of
PAPP-A (Kristensen et al., 1994, Biochemistry 33, 1592-8) are also found in PAPP-

. A2: The catalytic zinc binding motif and residues of the putative Met-turn are under-

lined and bolded in both sequences. Lin-notch motifs (LNR1-3) and short consensus
repeats (SCR-1-5) are boxed. Cysteine residus are shaded. All cysteines of mature
PAPP-A are also found in PAPP-A2. In addition, the secreted form of PAPP-A2 has
four cysteine residues (Cys-343, Cys-533, Cys-618, and Cys-~1268) with no counter-
part in PAPP-A.

Figure 4 shows PAF‘P-Az by Western blotting and Coomassie staining. Medium -
from transfected 293T cells was Western blotted using monoclonal anti-c-myc. Lane
1, cells transfected with empty vector; lane 2, cells transfected with cDNA encoding
wild-type PAPP-A2 C-terminally tagged with the ¢-mye peptide (pPA2-mH), non-
reduced; lane 3, cells transfected with or cDNA encoding PAPP-A2 with an inacti-
vating E734Q mutation (pPA2-KO-mH), non-reduced; lane 4, as lane 2, but re-
duced. Recombinant PAPP-A2 was purified by nickel affinity chromatography from
serum free medium of cells transfected with pPAZ—KO-mH, to eliminate possible
autocatalysis (lane 5, reduced). ’

Figure 5 shows the activity of PAPP-A2 against IGFBP-1-6. Medium from 293T cells
transfected with empty vector (-), or cDNA encoding PAPP-A2 (pPA2) (+) was incu-
bated with each of the six IGFBPs (BP1-BP6), and the activity was éssessed by li-
gand blotting using radiolabeled IGF-Ii. Completg cleavage of IGFBP-5 is evident
from the absence of a signal in the BP5+ lane. Partial degradation of IGFBP-3 is
also evident.

Figure 6 shows proteolytic activity of PAPP-A2 against IGFBP-5. Medium from 293T
cells transfected with émpty vector (lane 1), cDNA encoding PAPP-A2 with an inac-
tivating E734Q mutatioh (pPA2-KO) (lane 2), or cDNA encoding wild-type PAPP-A2
(pPA2} (lanes 3-6) was incubated with C-terminally c-myc tagged rlGFBP-5. Pro-
teolytic acﬁvity was assessed by Western blotting using anti-c-myc. " denotes intact
rlGFBP-5; 'c’ denotes the detectable C-terminal c-myc tagged cleavage product. In
the absence of inhibitors, wild-type PAPP-A2 degraded all riIGFBP-5 (lane 3). The
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PAPP-A2 activity was abolished by 10 mM phenantroline (lane 4} and 5 mM EDTA
(lane 5), but not affected by 100 uM 3,4-DCI {lane 6). Coomassie-stalned SDS-
PAGE of purified rlGFBP-5 is shown before (lane 7) and after {lane 8) digestion with
purified PAPP-A2. A Wesiern biot of the same digest, using anti-c-myc, is also
shown (lane 9). Sequencs analysis revealed that PAPP-A2 cleaves IGFBP-5 at one
site, between Ser-142 and Lys-143.

Figure 7 shows the cDNA sequence of the PAPP-A2 mRNA co_di’ng region directly
followed by the sequence of the 3'UTR. The sequence of the 3UTR was obtained
as detailed in Example 6.3 The first 5376 nucleotides of this sequence (nt. 1 - 5376)
represents the coding sequence as illustrated in Figure 1 and SEQ ID NO:1 (nt. 1 -
5376). Nucleotides 5377 - 8527 of this sequence corresponds to the 3'UTR of the
PAPP-A2 mRNA as illustrated in SEQ 1D NO:3 (nt. 5377 - 8527).

Figure 8 shows the disulfide structure of the PAPP-A subunit in the PAPP-A/proMBP
complex (upper bar). Cysteine containing peptides originating from the PAPP-
A/proMBP complex were isolated by degrading PAPP-A/proMBP complex with pro-
teinases and cyanogen bromide followed by standard HPLC. Peptides were identi-
fied by amino acid analysis, N-terminal sequence analysis, and by mass spec-
trometry (Overgaard, M. T., Oxvig, C., unpublished). Disulfide bonds are shown by
thin lines. Two cysteine residues form inter-chain disulfide bridges to proMBP, and
one forms an inter-chain bridge to PAPP-A causing it to be a dimer (as indicated).
Asterisks mark a cysteine residue to which no pariner has been found. The cysteine
residues present in mature PAPP-A is also present in mafure PAPP-A2 (see Figure
3). It is reasonable to assume that the disulfide pairing of PAPP-AZ2 is the same.
Thus, this information is valuable in determination of boundary regions for expres-
sion of isolated domains (fragments) of PAPP-A2. The gene structure of PAPP-A is
also show (lower bar). Exan/intron boundaries are based on comparison of PAPP-A
cDNA (AN X88280) with genomic sequences (ANs AB020878, AL353141, and
AL137024). The central bar shows putative domains of PAPP-A based on informa-
tion of the upper and lower bars. -
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EXAMPLES
6.1. Identification of a nucleotide sequence encoding PAPP-A2

Accession numbers (ANs) given in this text refer to sequences deposited in Gen-
Bank or other biological sequence databases. ANs are used interchangeable with
the protein or nucleotide sequences deposited under the given AN.

Searching public nucleotide databases for DNA sequences with homology fo PAPP-
A ((Kristensen et al., 1994, Biochemistry 33, 1592-8), AN CAA48341) when frans- )
lated into polypeptide sequence revealed two genomic clones with 'the ANs
AL031734 and AL031290. Both originate from the human chromosome 1 (1G24).
The search was petformed against the “ni” collection of databases using the pro-
gram tblastn at bttp://www.ncbi.nim.nih.gov/BLAST/ with default settings. In this ex-
ample, PAPP-A is numbered with the N-terminal Glu as residue 1, as in (Kristensen
etal., 1994, Biochemistry 33, 1592-8). In the deposited sequence record (AN
X68280) this Glu is residue 5.

The sequence reported in AL031734 contains 168835 base pairs. Two noncontigu-
ous sequence siretches (nt. 103432-103566, and 140846-141919) of the total se-
quence together aligned with residues 16-59, and 59-413 of the PAPP-A polypep-
tide sequence when translated. The sequence reported in AL031290 contains
121780 base pairs. Four noncontiguous sequence sfretches (nt. 10209-10358,
11752-11901, 20531-20463, and 60536-60652) of the fotal sequence together
aligned with residues 1313-1362, 1376-1425, 1457-1479, and 1470-1506 of the
PAPP-A polypeptide sequence when franslated. The sequence strefches between
the coding regions of bath of the genomic sequences represent noncoding genomic
DNA (introns) or coding regions that do not align.

Based on these findings, we hypothesized the existence of a novel protein, PAPP-
A2, with homology to PAPP-A. It was then established the complete coding se-
quence of the regions of PAPP-A2 that were partially covered by the two genomic
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sequences reported in AL031734 and AL031290. We denote those contiguous se-
quences hom-N and hom-C, respectively (Figure 2). But first, we established the
existence of a coding ¢cDNA sequence that also showed homoldgy to PAPP-A, and
that connected the sequence of hom-N and hom-C (Figure 2). All essential primers
used are described in Table 1. The enﬁre cDNA sequence encoding the 1791-
residue preproPAPP-A2 is shown in Figure 1. Standard cloning techniques were
used, and all DNA constructs were analyzed by sequencing. The methodology used
is described below. The name PAPP-A2 is used for the profein encoded by this DNA
sequence.

Cloning of a contiguous coding cDNA stretch corresponding to the midregion be-
tween hom-N and hom-C: To obtain the midregion (Figure 2), cDNA was synthe-
sized using human placental mRNA as a template and a primer, RT-N-mid, derived
from AL031290 (Table 1, Figure 2). This cDNA was used as a template in a PCR to
obtain a cDNA corresponding to the midregion of the hypothesized PAPP-A2, PCR
primers were PR-mid5 and PR-mid3 (Table 1, Figure 2). The coding sequence of
the midregion obtained corresponds fo residues 665-1572 of Figure 3 (SEQ ID
NO:1), a fotal of 908 amino acids. ‘

TABLE 1. Locations of primers used for reverse transcription or PCR. The primers
are listed in the order of their use.

NAME  SOURCE® Nt NUMBERS® SEQUENCE®
RT-N-mid: AL031280 10262-10281, (4770-4789) GCTCACACACCACAGGAATG*

PR-mid5: ALO31734 141874-141894, (1947-1967) GGCTGATGTGCGCAAGACCTG
PR-mid3: AL031280 10208-10229, (4716-4737) GCATTGTATCTTCAGGAGCTTG*

GAAGTTGACTTCTGGTTCTGTAG
CCCTGGGAAGCGAGTGAAGCCH

PR-N5:  ALO31734 102606-102628, (-)
PR-N3: - -, (2380-2400)
RT-C: ALO31290 62982-63008, (-) GCATTTCTTATAAGATCCTTCATGC*

GACAGCTGTCCGTCATTGCTGC
CTTACTGCCTCTGAGGCAGTGG*

PRCS - -, (4180-4201)
PR-C3: ALO31290 62876-62897, (-)

JP 2004-511253 A 2004.4.15



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

(115)

WO 02/32953 PCT/DKO01/00695

20

25

30

35

56

®Accession numbers of the relevant genomic clones are given. Primers PR-N3 and PR-C5
were located in the sequence connecting hom-N and hom-C, and are therefore not repre-

_sented in the datahases.

"Nucleotide numbers refer to the numbering of the sequénces as reported in the file with the
relevant accession number. In parentheses are given the carresponding numbers of SEQ ID
NO:1 (Figure 1), except for primers PR-N5, RT-C and PR-C3, not within this sequence.

“Sequences are actual primer sequences (orientation 5™-to-3"). Séquences marked with an
asterisk are complementary o the database sequences or the sequence given in Figure 1.

Cloning of a contiguous coding cDNA stretch corresponding to the N-terminal end of
PAPP-A2 (hom-N): Manual inspection of the genomic sequence AL031734 revealed
that the open reading frame of the sequence stretch corresponding to PAPP-A resi-
dues 16-59 continued further in the 5’ direction: Ni. 102646-103566 encades a poly-
peptide sequence of 307 residues that starts with a methionine residue. Based on
this finding, the cDNA used fo obtain the midregion (placental mRNA primed with
RT-N-mid, as detailed above} was used as a template in a PCR to abtain the con-
tiguous cDNA of hom-N. PCR primers were: PR-N5 and PR-N3 (Table 1, Figure 2).

Cloning of a contiguous coding cDNA stretch corresponding to the C-terminal end of
PAPP-A2 (hom-C): Searching available databases {using the program blasin at
http://www.ncbi.nim.nih.gow/BLAST/ with default settings) for human EST se-
quences matching the genomic sequence of AL031290 revealed an EST sequence
overtapping with some of the coding regions of AL031290 already defined by the
stretch nt. 60536-60652 (cf. above). Nt. 62790-62995 of AL031290 also matched
the sequence of the human EST sequence AA368081 originating from placenta.
When translated into polypeptide sequence, this EST sequence showed homology
to the C-terminal end of PAPP-A. Further, a stop codon was present within the cod-
ing sequence corresponding to amino acid 1537 of PAPP-A. That is, PAPP-A2 does
not extend C-terminally béyond PAPP-A when the two sequences are aligned.
Based on this, cDNA was synthesized using human placental mRNA as a template
and a primer originating from ALO31290 (Table 1). This cDNA was used as a tem-
plate in a PCR to obtain the contiguous cDNA of ham-C using PCR primers PR-C5
and PR-C3 (Table 1, Figure 2).
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All PCRs were carried out with Pfu polymerase (Stratagene). The three overlapping
PAPP-A2 cDNA fragments (hom-N, the novel midregion, and hom-C) were ali
cloned into the vector pCR-BIunili-TOPQ (Invitrogen). Several clones were se-
quenced in both orientations. The constructs are referred to as p2N, p2Mid, and
p2C, respectively. The entire nucleotide sequence encoding PAPP-AZ is shown in
Figure 1 (and SEQ ID NO:1). ’

6.2. Analyses of the nucieofide and amino acid sequence of PAPP-A2

Of the 1547 residues of mature PAPP-A, 708 residues (45.8%) are identical in pre-
proPAPP-A2. There is no significant degree of identity between the prepro portion of
PAPP-A and the remaining (N-ternimal) portion of PAPP-A2 (Figure 3). In this ex-
ample, PAPP-A is humbered according o ((Haaning et al., 1996, Eur J Biochem
237, 159-63), AAC50543).

The sequence motifs recognized in PAPP-A (Kristensen et al., 1994, Biochemistry
33, 1592-8) are also present PAPP-A2: An elongated zinc binding consensus se-
quence, three lin-notch repeats (LNR1-3), and five short consensus repeats (SCR1-
5) (Figure 3). Further, all 82 cysteine residues of PAPP-A are conserved between
the two proteins, and an additional 4 cysteines are present in the PAPP-A2 polypep-
tide sequence.

6.3. Identification of human EST sequences originating from the PAPP-A2 mRNA

A cluster of EST sequences matching the genomic sequence of AL031290 were
identified around nt 64000-66000 of AL031290, starting approximately 1.2 kb from
the end of the PAPP-A2 encoding sequence. The existence of MRNA connecting
the coding region of PAPP-AZ and this cluster was verified in a PCR using primers
from AL031290 (5-GGAAAGAGCAGAGTTCACCCAT-3, nt. 64900-64879 of
AL031290) and the PAPP-A2 encoding sequénce (5™~ ‘
CCGTCTTAGTCCACTGCATCC-3', nt. 20499-20519 of AL031290, nt 5171-5191 of
AF311940), and oligo-dT primed placental cDNA as a template (Overgaard et al.,
1999, Biol Reprod 61, 1083-8). As expected, the size of the resulting product was
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2.2 kb, further demonstrating the existence of a PAPP-A2 mRNA with a 3'UTR of
about 3 kb. The distribution émong tissues is shown in Table 2.

TABLE 2. Expression of PAPP-AZ mRNA in human tissues evaluated by available
EST sequences®.

Tissue of origin ) Number of ESTs found
Human placenta 38
Pregnant uterus 21
Fetal liver/spleen "
Kidney 5

- Retina/Fetal retina 3
Corneal stroma 2
Fetal heart 2 '
Gessler Wilms tumor o2
Other tissues® 14

# Using the blast algorithm (Altschul et al., 1997, Nucleic Acids Res 25, 3389-402), a
total of 88 human EST sequences were identified that matched the 3'UTR of the
PAPP-A2 mRNA sequence. The distribution among tissues is based on the annota-
tions of individual database entries (not listed).

PEST sequences originated from pools of tissue, or from tissue represented by only
one EST sequence.

6.4. Expression in mammalian cells of recombinant PAPP-A2 and variants of PAPP-
A2

The following plasmid constructs were made:

a) pPA2: The cDNA sequence of pre-pro-PAPP-A2 encading amino acids 1-1791 in
expression vector pcDNA3. 1+. ’
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b) pPA2-KO: As pPA2, but Glu-734 of the acfive site of PAPP-A2 substituted with a
Gln residue (E734Q).

N

¢} pPA2-mH: The expression vector pcDNA3.1/Myc-His(-)A containing the cDNA

- sequence of pre-pro-PAPP-A2 encoding amino acids 1-1791, not followed by a stop

codon, but rather a ¢-myc and a His tag.

d} pPA2-KO-mH: As pPA2~mH, but with the E734Q substitution of pPA2-KO.

The three overlapping PAPP-A2 cDNA fragments (ham-N, the midregion, and hom-
C) were used for the construction of a single contiguous cDNA sequence encoding
PAPP-A2. The overlapping fragments were all contained in the vector pCR-Bluntll-
TOPO (Invitrogen) and referred to as p2N, p2Mid, and p2C, as detailed above (ex-
ample 6.1). Clones of p2N and p2C were selected that had the proper orientation of
the cDNA insert.

Construction of pPA2: The Notl-BamH! fragment was excised from p2C and cloned

into pBluescriptlISK+ (Stratagene) o obtain p2CBlue. The Noti-Spef fragment was
excised from p2N, and the Spel-Bell fragment was excised from p2Mid. Those fwo
fragments were ligated into the Notl/Belf sites of p2CBlue in one reaction to obtain
P2NMidCBIue, containing the entire PAPP-A2 cDNA. The Notl-Apal fragment of
pBluescriptlISK+ was excised and ligated into the Notl/Apal sites of the mammalian
expression vector pcDNA3. 1+ (Invitrogen) to obtain a madified versian of this vector,
pcDNA-NA. The full length cDNA was then excised from p2NMidCBlue with Not!
and Xho/ and cloned into pcDNA-NA to obtain pPA2. All restriction sites used are in
the multi cloning sites of the vectors, except for Spe/ and Bll, both located in each
of the two overlapping regions of the coding PAPP-A2 sequence strefches of p2N,
p2Mid, and p2C (nt. 2365 and nt. 4203, respectively, of Figure 3).

Construction of pPA2-KO: The construct pPA2-KO is a variant of the pPA2 expres-
sion construct in which residue Glu-734 of the active site of PAPP-A2 was substi-
tuted with a Gin residue. Thus, the mutantis E734Q. The pPA2-KO construct was
made by site directed mutagenesis using the method of overiap extension PCR (Ho
et al., 1989, Gene 77, 51-9) with pPA2 as the template. In brief, outer primers were
5-CGCTCAGGGAAGGACAAGGG-3' (5' end primer, nt. 976-995 of SEQ ID NO:1)
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and 5-CTAGAAGGCACAGTCGAGGC-3' (3’ end primer, nt. 1040-1021, sequence

_ of vector pcDNA3.1+). Overlapping internal primers were 5'-

TGTCCCACTTGATGGATCATGGTGTCGGTGTGG-3 {nt. 2210-2178 of SEQID
NO:1, nt. 2200 not C, but G resulting in E734Q) and 5'-
CCATCAAGTGGGACATGTTCTGGGAC-3’ (nt. 2196-2221 of SEQ ID NO:1, nt.
2200 not G, but C resulting in E734Q). The resulting mutated fragment was digested
with Xbal and Xho! and swapped .into pPA2 to generate pPA2-KO. All PCRs were
carried out with Pfu DNA polymerase (Stratagene), and ali constructs were verified
by sequence analysis.

Construction of pPA2-mH: Two primers (6-GAGGGCCTGTGGACCCAGGAG-3, nt.
4906-4926 of SEQ ID'NO:1, and 5'-
GACGTAAAGCTTCTGATTTTCTTCTGCCTTGG-3, nt. 5373-5354 of SEQ ID NO:1,

- preceded by a HindlH sife, AAGCTT, and nt. GACGTA to facilitate cleavage of the

PCR product) were used in a PCR with pPA2 as the template to generate a nucieo-
tide fragment encoding the C-terminal 156 residues of PAPP-A2 with the stop codon
replaced by a Hindlil site for in-frame ligation o expression vector. In brief, the PCR
product was digested with EcoR! and Hind/ll and cloned into the EcoRi/Hindlll sites
of the vector pcDNA3.1/Myc-His(-)A to generate pPA2C-mH. The Noti-Xbal frag-
ment (encoding the N-terminal portion of PAPP-A2), and the Xbal-EcoR/ fragment
{encoding the remaining central portion of PAPP-A2) weré excised from pPA2 and
ligated in one reaction into the Notl/EcoR/ sites of pPA2C-mH. The resulting con-
struct, pPA2-mH, encoded PAPP-A2 followed by residues KLGP, the myc epitope
(EQKLISEEDL), residues NSAVD, and six H-residues (amine acids are given as
one letter code). A stop codon follows immediately after the six histidine residues.

Construction of pPA2-KO-mH: A variant of pPA2-mH was constructed with residue
Glu-734 substituted into a Gin residue: The Not/-Kpni fragment of pPA2-KO was ex-
cised and swapped into the Nofl-Kpni sites of pPA2-mH, to generate pPA2-KO-mH.

Expressian in mammalian cells: All constructs (pPA2, pPA2-KO, pPA2-mH, and
pPA2-KO-mH) as well as empty expression vectors (pcDNA3.1+ and
pcDNA3.1IMyc;His(—)A) were transiently transfected into mammalian cells for ex-
pression of recombinant PAPP-A2 protein. Briefly, human embryonic kidney 283T
cells (293tsA1609neo) (DuBridge et al., 1987, Mal Cell Biol 7, 379-87) were main-

JP 2004-511253 A 2004.4.15



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

(120) JP 2004-511253 A 2004.4.15

WO 02/32953 PCT/DKO01/00695

15

20

25

30

35

61

tained in high glucose DMEM medium supplemented with 10% fetal bovine serum, 2
mM glutamine, nonessential amino acids, and gentamicin (Life Technologies). Celis
were plated onto 6 cm tissue culiure dishes, and were fransfected 18 h later by cal-
cium phosphate coprecipitation (Pear et al., 1993, Proc Natl Acad SciU § A 90,
8392-6) using 10 pg of plasmid DNA prepared by QlAprep Spin Kit (Qiagen). Aftera
further 48 h the supematants were harvested, and replaced by serum-free medium
(293 SFM 11, Life Technologies) for another 48 h. The serum-free medium was har-
vested and cleared by centrifugation. :

Analysis by Western blotting of recombinant protein resulting from transfection with
the constructs pPA2-mH and pPA2-KO-mH, demonstrated that PAPP-A2 is se-
crefed as a protein of 220 kDa (See Figure 2). Reduction of disulfide bonds did not
cause a visible change in band migration. Thus, in contrast to PAPP-A, PAPP-A2 is
secreted as a monomer. '

6.5. Purification by affinity chromatography of tagged PAPP-A2

A metal chelate affinity colum (2 mi, Pharmacia) was charged with nickel ions and
loaded with serum-free medium (50 ml) from cells transiently transfected with pPA2-
KO-mH (see example 6.4). After washing in PBS containing 1M NaCl, bound protein
was eluted with 10 mM EDTA in PBS in fractions of 0.5 ml. PAPP-A2 containing
fractions were located by SDS-PAGE (Figure 4, lane 5). This profein was not seen
from medium of cells transfected with empty vector {mock transfectants) and treated

in a parallel manner.
6.6. N-terminal sequence analysis of PAPP-A2

C-terminally tagged PAPP-A2 purified from medium of calls transfected with con-
struct pPA2-KO-mH (see examples 6.4 and 6.5) was reduced and run on a 10-20%
SDS gel, and further blotted onfa PVDF membrane (ProBlott, Applied Biosystems).
Bands of 4 lanes were excised and subjected to N-terminal sequence analysis on an
Applied Biosystems 477A sequencer equipped with an on-line HPLC (Sottrup-
Jensen, 1995, Anal Biochem 225, 187-8). The N-terminal sequence observed ata
level of approximately 20 pmol was: Ser-Pro-Pro-Glu-Glu-Ser-Asn (SPPEESN), re-
sulting from cleavage before Ser-234 of the PAPP-A2 polypeptide after R(230)VKK.
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This confirms the prediction, that PAPP-A2, like PAPP-A, is synthesized as a prepro
protein. The absence of an arginine residue in the P1 position, indicates that the
proprotein processing enzyme responsible for this cleavage is not furin, but likely
another proprotein convertase (Nakayama, 1997, Biochem J 327, 625-35). Cleav-
age of proPAPP-A2 might have been predicted after R{196)QRR, which archetypi-
caly markes furin cleavage (Nakayama, 1997, Biochem J 327, 625-35). We cannot
exclude that cleavage occurred at this site, and that the observed N-terminus resuits
from further processing.

6.7. Cleavage of insulin-like growth factor binding protein (IGFBP)-5

Ligand blotting (Conover et al., 1993, J Clin Invest 91, 1129-37) with radiclabeled
IGF-II (Bachem) was used to assay for activity against IGFBP-1 (from HepG2 condi-
tioned mediumy), riGFBP-2 (GroPep), IGFBP-3 (gift of D. Powell), IGFBP-4 (Aus-
tral), rIGFBP-5 (gift of D. Andress), and fGFBP-6 (Austral). Of the six binding pro-
teins, IGFBP-5 showed complete cleavage (Figure 5). IGFBP-3 was partially de-
graded (Figure 5). This cleavage was independent of the presence of IGF. Experi-
ments were carried out with media from cells transfected with pPA2 or empty vector.

For further analysis, recombinant IGFBP-5 was produced in mammalian cells. In
brief, human placental oligo-dT primed cDNA (Qvergaard et al., 1999, Biol Reprod
61, 1083-9) was used as a template to amplify cDNA encoding human IGFBP-5
(Accession number M85062). Specific primers containing an Xhol site (5'-
TCCGCTCGAGATGGTGTTGCTCACCGCGGT-3') and a Hindll site (5'-
CGATAAGCTTCTCAACGTTGCTGCTGTCG-3') were used, and the resuling PCR
product was digested and cloned into the Xhol/Hindlli sites of pcDNA3.1/Myc-His(-
YA (Invitrogen). The construct encoded the full-length prolGFBP-5, immediately fol-
lowed by residues KLGP, the myc epitope (EQKLISEEDL), residues NSAVD, and
six H-residues (amino acids are given as one letter code). The construct was veri-
fied by sequence analysis. Plasmid DNA for fransfection was prepared by QlAprep
Spin Kit (Qiagen). Cell culture and expression of recombinant IGFBP-5 was per-
formed as described above in Example 6.4.
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Cleavage analysis was performed by Western blotting (Figure 6). Briefly, recombi-
nant IGFBP-5 as contained in 5 microl. cell culture medium was incubated with cul-
ture supernatants (10 microl} from cells transfected with pPA2, pPA2-KO, or empty
expression expression vectors (see example 6.4). Phosphate buffered saline was
added fo a final volume of 50 microl.. After incubation at 37 degrees Celsius for 12
hours, 15 microl of the reaction mixture was separated by reducing 16% SDS-
PAGE, blotted onto @ PVDF membrane, and the C-terminal cleavage product was
detected with monoclonal anti-c-myc (clone 8E18, ATTC) using peroxidase-
conjugated secondary antibodies (P260, DAKO), and enhanced chemiluminescence
(ECL, Amersham).

6.8. Inhibition of the activity of PAPP-A2

" Various agents were analyzed for their ability to inhibit the proteolytic activity of

PAPP-A2 against IGFBP-5. The experimental conditions were essentially as de-
seribed in Example 6.7, except the agents to be tested were added (Figure 6).
Agents found to have no effect on the proteolytic activity of PAPP-AZ further in-
cluded PMSF and aprotinin.

6.9. Identification of the cleavage site in IGFBP-5

For clea\)age site determination, purified rIGFBP-5 (Fig. 6, lane 7) was digested with
purified PAPP-A2 and analyzed by SDS-PAGE (Fig. 6, lane 8). Edman degradation
of blotted material showed that both distinct, visible degradation products (fig. 6,
lane 8) contained the N-terminal sequence K(144)FVGGA (IGFBP-5 is numbered
with the N-terminal Leu of the mature protein as residue 1). The two bands both rep-
resent intact C-terminal cleavage fragments, because they also contain the C-
terminal c-myc tag (Fig. 6, lane 9); they are likely o be differently glycosylated, in
accordance with the heterogeneity of purified rIGFBP-5 (Figure 6, lane 7). Both
bands contained a second sequence at lower level (45%), L(1)GXFVH, corre-
sponding to the N-terminal sequence of IGFBP-5, The absence‘ of Ser, expected in
the third cycle, was taken as evidence for carbohydrate substitution of Ser-3. O-

. linked glycan on the N-terminal cleavage fragment is likely to cause it to smear .

around the two distinct, C-terminal fragments. Sequence analysis on the reaction
mixture (> 100 pmol) without SDS-PAGE separation showed only the same two

JP 2004-511253 A 2004.4.15
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IGFBP-5 sequences in equimolar amounis. Thus, PAPP-A2 cleaves IGFBP-5 at one
site, between Ser-143 and Lys-144.

6.10. Tissues where PAPP-A2 may cause proteolysis of IGFBP-5

_Proteolyctic aciivity against IGFBP-5 has beer widely reported from several

sources, e.g. pregnancy serum (Claussen et al., 1994, Endocrinology 134, 1964-6),
seminal plasma (Lee et al., 1994, J Clin Endocrinol Metab 79, 1367-72), culture me-
dia from smooth muscle cells (Imai et al., 1997, J Clin Invest 100, 2596-605),
granulosa cells {Resnick et al., 1998, Endocrinolgg_ y 139, 1249-57), osteasarcoma
cells (Conover and Kiefer, 1993, J Clin Endocrinol Metab 76, 1153-9), and also from
osteoblasts (Thrailkill et al., 1995, Endocrinologj 136, 3527-33), and fibroblasts
(Busby et al., 2000, J Biol Chem). In general, the proteinase responsibie for cleav-
age of IGFBP-5 has remained unidentified.

The recent identification of PAPP-A as the IGFBP-4 proteinase in fibroblasts and
osteoblasts (Lawrence et al., 1999, Proc Nati Acad Sci U S A 96, 3149-53), ovarian
follicular fluid (Conover et al., 1999, J Clin Endacrinol Metab 84, 4742-5), pregnancy
serum (Overgaard et al., 2000, J Biol Chem), and vascular smooth muscle cells
(Bayes-Genis, A., Schwartz, R. S., Ashai, K., Lewis, D. A., Overgaard, M. T., Chris-
tiansen, M., Oxvig, C., Holmes, D. R., Jr., and Conover, C. A. Artetioscler. Thromb.
Vasc. Biol., in press) firmly establishes PAPP-A and IGFBP-4 as an impoﬁant func-
tionat pair in several systems. No other substrate as has been found for PAPP-A,
and no other proteinase has been shown to cleave IGFBP-4 physiologically. It is
therefore likely that the pair of PAPP-A2 and IGFBP-5 plays an analogous role ina
number of the tissues mentioned above andfor elsewhere. Interestingly, incubating
IGFBP-5 with smooth muscle cells conditioned medium resulted in cleavage be-
tween Ser-143 and Lys-144 (Imai et al., 1997, J Clin Invest 100, 2596-605), the
same cleavage site as found here with PAPP-A2. This immediately suggests PAPP-
A2 as an obvious caﬁdidate IGFBP-5 proteinase for this tissue.
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PATENT CLAIMS:

1. A purified polynucleotide selected from the group consisting of

i)

il

a polynucleotide comprising nucleotides 1 fo 5376 of SEQ ID NO:1, cor-
responding to the coding sequence of PAPP-A2, as depasited with
DSMZ under accession number DSM 13783, and

a polynucleotide encoding a polypeptide having the amino acid sequence
as-shown in SEQ 1D NO:2; and

a polynucleotide encoding a fragment of a polypeptide encoded by poly-
nucleotides (j) or (if), wherein said fragment

a) has a proteolytic activity specific for Insulin Like Growth Factor Bind-
ing Protein 5 (IGFBP-5), or a derivative thereof, or any other sub-

sirate; and/or

b

is recognised by an antibody, or a binding fragment thereof, which is
capable of recognising a polypeptide having the amino acid se-
quence as shown in SEQ ID NO:2; and/or

[

competes with a polypeptide having the amino acid sequence as
. shown in SEQ ID NO:2 for binding to a cell surface receptor having
an affinity for said polypeptide; and

a polynudleotide, the complementary strand of which hybridizes, under
stringent conditions, with a polynucleotide as defined in any of (i), (ii} and
(iii), said polynucleotide encoding a polypeptide having the amino acid
sequence as shown in SEQ ID NO:2, or a fragment thereof, wherein said
fragment -

a) has a proteolytic activity specific at least for Insulin Like Growth Fac-
tor Binding Protein 5 (IGFBP-5); andfor
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is recognised by an antibody, or a binding fragment thereof, which is
capable of recognising a polypeptide having the amino acid se-

" quence as shown in SEQ ID NO:2; and/or

competes with a polypeptide having the amine acid sequence as
shown in SEQ ID NO:2 for binding to a cell surface receptor having
an affinity for said polypeptide; and

) v) a polynucleotide comprising a nucleotide sequence which is degenerate

to the nucleofide sequence of a polynucleotide as defined in any of i}

and (iv),

and the complementary strand of such a polynucleotide.

. A purified polynucleotide according to claim 1 and comprising the coding se-

guence as shown in SEQ ID NO:1.

. A polynucleotide according to claim 1 and encoding a polypeptide the amino

acid sequence as shown in SEQ 1D NO:2.

. A polynucleotide according to claim 1 and encoding a fragment of the polypep-

tide having the amino acid sequence as shown in SEQ ID NO:2, wherein said

fragment

. a) has a proteolytic activity specific at least for Insulin Like Growth Fac-

b)

C,

=

tor Binding Protein 5 (IGFBP-5); and/or

is recognised by an antibedy, or a binding fragment thereof, which is
capable of recognising a polypeptide having the amino acid se-
quence as shown in SEQ ID NO:2; and/or

competes with a polypeptide having the amino acid sequence as
shown in SEQ 1D NO:2 for binding to a cell surface receptor having
an affinity for said polypeptide
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. A polynucleotide according to claim 1, wherein the complementary strand of said

polynucleotide hybridizes, under stringent conditions, with a palynucleotide ac-
cording to any of claims 2 to 4.

. A polynucleotide according to claim 1 and comprising a nucleotide sequence

which is degenerate to the nucleotide sequence of a polynucleotide according to
any of claims 3 and 4.

. A polynucleotide according to claim 1, said polynucleotide comprising the com-

plementary strand of a polynucleotide according to any of claims 2 fo 6.

. A polynuclectide according to any of the preceding claims operably linked to a

further polynucleotide comprising nucleic acid residues 5377 to 8527 of SEQ ID
NO:1, corresponding to a 3’ untranslated region, or a fragment thereof, or SEQ
ID NO:1.

. A recombinant DNA molecule in the form of an expression vector comprising an

expression signal operably linked to a polynuclectide according to any of claims
1to7.

. A host organism fransfected or transformed with the polynucleotide according to

any of claims 1 to 8, ar the vector according to claim 9.

. Host organism according to claim 10, wherein said organism is a mammalian

organism.

An isolated polypeptide comprising or essentially consisting of the amino acid
sequence of SEQ ID NO:2, or a fragment thereof, wherein said fragment

i) has a proteolytic activity specific at least for Insuiin Like Growth Factor
Binding Protein 5 (IGFBP-5); and/or

if) is recognised by an antibody, or a binding fragment thereof, which is ca-
pable of recognising a polypeptide having the amino acid sequence as
shown in SEQ ID NO:2; and/or
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iii) competes with a polypeptide having the amino acid sequence as shown
in SEQ 1D NO:2 for binding to a cell surface receptor with an affinity for
said polypeptide.

. Polypeptide according to claim 12, wherein the fragment comprises or essen-

tially consists of amino acid residues 234 to 1791 corresponding fo the mature
part of PAPP-A2, including any processing variant thereof.

. Polypeptide according fo claim 12, wherein the fragment comprises or essen-

tially consists of amino acid residues 1 to 233 corresponding to the prepro part
of PAPP-A2.

. Palypeptide according to claim 12, wherein the fragment comprises or essen-

tially consists of amino acid residues 23 to 233 corresponding to the pro part of
PAPP-A2.

. Polypeptide according fo claim 12, wherein the fragment comprises or essen-

tially consists of amino acid residues 1 to 22 corresponding te the signal peptide .
or leader sequence of PAPP-A2.

. Polypeptide according to any of claims 14 to 16 operably linked to the mature

part of PAPP-A2 corresponding to amino acid residues 234 fo 1791 of SEQ ID
NO:2.

. Polypeptide according to any of claims 12 to 17, wherein said polypeptide is a

recombinant polypeptide.

. Polypeptide according to any of claims 12 to 18, wherein the polypeptide is free

of human profeins, or other proteins natively associated with said polypeptide.

A composition comprising i) the polynucleotide according to any of claims 1 fo 8,
and/or ii} the vector according fo claim @, and/or i) the host organism according
to any of claims 10 and 11, and/or iv) the polypeptide according to any of claims
12 to 19, in combination with a physiclogically acceptable carrier.
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21. A pharmaceutical composition comprising i) the polynucleotide according to any
of claims 1 to 8, and/or i} the vector according to claim 9, and/or iii) the host or-
ganisrri according to any of claims 10 and 11, and/or iv) the polypeptide accord-
ing to any of claims 12 to 19, in combination with a pharmaceutically acceptable
carier.

22. A method for producing an antibody with specificity for the polypeptide according
to claim 12, said method comprising the steps of

iy providing a host organism,
i) immunizing the host organism with the polypeptide according to

claim 10, and
iii obtaining said antibody.

23. An antibody having specific binding affinity for a polypeptide according to claim
12.

24. Antibody according to claim 23, wherein said antibody is selected from the group
consisting of monoclonal antibodies and polyclonal antibodies.

25. Antibody according fo claim 24, wherein said antibody is monoclonal.

26. A method for producing the polypeptide according to claim 18, said method
comprising the steps of

i} providing a suitable host organism,
i} “transfecting or transforming the host organism provided in step i) with the

polynucleotide according to any of claims 1 to 8, or the vector according
to claim 9,
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culturing the host organism obtained in step ii) under conditions suitable

for expression of the polypeptide encoded by the polynucleotide or the
vector; and optionally

isolating from the hast organism the polypeptide resulting from recombi-
nant expression by the host organism.

- 27. The method of claim 26, wherein said hast organism is a mammalian cell.

28. A method for inhibiting and/or reducing expression of PAPP-A2 in a cell by

means of anti-sense technology, said method comprising the steps of

i)

ii

i)

v)

providing the polynuclectide according fo claim 7,

. transfecting or transforming a cell capable of expressing PAPP-A2 with
said polynucleotide provided in step i),

culturing the cell obtained in step ii) under conditions suitable for hybridi-
zation of the polynucleotide provided in step i) fo a complementary poly-

nucleotide in said cell invalved in the expression of PAPP-A2, and

inhibiting and/or reducing the expression of PAPP-A2 in said cell.

29. Method of claim 28, wherein the antisense polynucleotide and the complemen-

tary polynucleotide are co-expressed from distinct polynucieotide molecules.

30. A method for detecting PAPP-A2, or measuring the level of PAPP-A2, in a bio-
logical sample obtained from an individual, said methed comprising the steps of

i)

obtaining a biological sample from said individual,

detecting PAPP-A2 in said sample by detecting

a) a polypeptide according fo claim 12; and/or
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b) a polynucleotide in the form of mRNA originating from PAPP-A2 ex-
" pression, and/or '

¢} PAPP-A2 specific protease activity, preferably by detecting cleavage

of IGFBP-5, a derivative thereof, or any other suitable substrate for
PAPP-A2.

31. Method of claim 30, said method comprising the further step of comparing the
PAPP-A2 or the level of PAPP-A2 detected in step i) with a predetermined value
selected from the group consisting of

i) a predetermiﬁed amount and/or concentration of PAPP-A2;
and/or
i} a predetermined amount and/or concentration of PAPP-A2

mRNA; and/or
iii} a predetermined PAPP-A2 specific protease activity.

32. Method of claim 31, wherein said predetermined value is indicative of a normal
physiological condition of said individual.

33. The method of claim 30, wherein said biological sample is selected from the
group consisting of blood, urine, pleural fiuid, oral washings, tissue biopsies, and
follicutar fluid.

34. The methad of claim 30, wherein said level of PAPP-A2 is measuted as PAPP-
A2 specific protease activity.

35. The method of claim 30, wherein said level of PAPP-A2 is measured as amount
of PAPP-A2 protein.

36. The method of claim 30, wherein said level of PAPP-A2 is measured as amount
of PAPP-A2 messenger RNA.
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37. The method of claim 35, wherein said amount of PAPP-A2 protein is measured
by immunochemical analysis.

38, The methed of claim 37, wherein said amount of PAPP-A2 protein is detected by

at least one monoclonal antibody.

39. The method of claim 30, wherein said PAPP-A2 protein is detected in a complex
comprising at least one additional component, preferably a polypeptide.

40. The method of claim 30, wherein said PAPP-A2 is detected as a PAPP-A2
monomer.

41. The method of claim 30, wherein said PAPP-A2 is detected as a PAPP-A2 di-
mer.

42. A methad of diagnosing a clinical condition in an individual, said method com-
prising the steps of ’

i} petforming the method of any of claims 30 to 41, and
iy diagnosing the clinical condition.
43. Method of claim 42, wherein said clinical condition is a fetal abnormality.

44. The method of claim 43, wherein said fetal abnormality is selected from the
group consisting of Trisomy 21, Trisomy 18, Trisomy 13, and Open Spina Bifida.

45. The method according to claim 43, wherein said fetal abnormality is ectopic
pregnancy, open spina bifida, neural tube defects, ventral wall defects, Edwards
Syndrome, Pateaus Syndrome, Turner Syndrome, Monosomy X or Kleinfelter's

" Syndrome.

. 48. The method of claim 43, wherein said clinical condition is an altered growth state

selected from the group consisting of a growth promoting state and a growth in-
hibiting state.
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47} The method of claim 46, wherein said clinical condition is selected from the
group consisting of restenosis, atherosclerosis, wound healing, fibrosis, myocar-
dial infarction, osteoporoses, rheumatoroid arthritis, multiple mysloma, or can-

5 cer. ’

48. A method for detecting expression of a polynucleotide according to claim 1in a
biological sample, said method comprising the steps of:

10 i} providing a biological sample putatively containing a polynucleotide ac-
cording to claim 1, and

ii} contacting the biological sample with a polynucleotide comprising a strand
that is i) complementary to the polynucleotide according to claim 1 and ii)
15 capable of hybridizing thereto, and

i) allowing hybridization to ocour, and

iv) detecting the hybridization complex obtained in step iii),

20
wherein the presence of the hybridization complex is indicative of the expression
in the biological sample of the polynucleotide according to claim 1, or a fragment
thereof.

25 49. A method for identifying an agent inhibiting the protease activity of PAPP-A2,
said method comprising the steps of

i) incubating a) the polypeptide according to claim 12 and b) a prede-
termined subsirate for said polypeptide, and c) a putative inhibitory
30 agent, and ’

ii) determinining if proteolysis of said substrate is inhibited.

50. The method of claim 49, wherein said substrate comprises a polypeptide.
35 :
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51. The method of claim 50, wherein said substrate comprises an internally
quenched fluorescent peptide.

52. The method of claim 50, wherein said substrate comprises or essentially con-
sists of IGFBP-5, or a fragment thereof.

53. An inhibitory agent obtainable according to any to the method of any of claims
4910 52.

54. Use of the inhibitory agent according to claim 53 in the manufacture of a me-
dicament for treating a clinical condition in an individual in need of such treat-
ment.

55. A method for identifying an agent enhancing the protease activity of PAPP-A2,
said method comprising the steps of

s

i} incubating a) the polypepfide according to claim 12 and b) a prede-
termined substrate for said polypeptide, and c) a putative enhancer
agent, and

iy determinining if proteclysis of said substrate is enhanced.

56. The method of claim 53, wherein said substrate comprises a polypeptide.

57. The method of claim 54, wherein said substrate comprises an internally
quenched fluorescent peptide.

58. The method of claim 54, wherein said substrate comprises or essentially con-
sists of IGFBP-5, or a fragment thereof.

59. An enhancing agent obtainable according to any to the method of any of claims
54 to 57. '
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80. Use of the enhancing agent according to claim 59 in the manufacture of a me-
dicament for treating a clinical condition in an individual in need of such treat- .
ment.

61. A method of treatment by therapy of an individual, said method comprising the
step of administrating to said individual i} the pharmaceutical composition ac-
cording to claim 21, and/or i} the inhibitory agent according to claim 53, and/or
the enhancing agent according te claim 59.

62. A method for purification of PAPP-A2 or complexes of PAPP-A2 with other pro-
teins, said methiod comprising the steps of

i) provising a polyclonal or monaclonal antibody with specific binding affinity

for a polypeptide according fo claim 12,
iy purifying PAPP-A2 by means of affinity chromatography.

63. A method of diagnosing a clinical condition or diagnosing predispasition to said
clinical condition in an individual comprising the steps of

a) providing a body sample from said individual; and

b) measuring the level of a complex selected from the group consisting of
PAPP-A/proMBP, PAPP-A2/proMBP, PAPP-A/PAPP-A2, PAPP-A/PAPP-
A2/proMBP, proMBP/ANG and proMBP/ANG/C3dg in said bady fiuid sam-~
ple; and

[

L2

diagnosing the clinical condition or diagnosing predisposition to the clinical
condition, wherein the level of the complex above or below a predetermined
value is indicative of the clinical condition or predisposition to the clinical
condition.

64. A method of diagndsing a clinical condition or diagnosing predisposition to said
clinical condition in a mammalian fetus comprising the steps of

a) providing a body fluid sample from the mother of said fetus; and
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measuring the level of a complex selected from the group consisting of
PAPP-A/proMBP, PAPP-A2/proMiBP, PAPP-A/IPAPP-A2, PAPP-A/PAPP-
A2/proMBP, proMBP/ANG and proMBP/ANG/C3dg in said body fluid sam-
ple; and .

diagnasing the clinical condition or diagnasing predispasition to the clinical

R:2

condition, wherein the level of the complex above or below a predetermined
value is indicafive of the clinical condition or predisposition to the clinical
_ condition.

. The method according to any of claims 63 and 64, wherein the clinical condition

is selected from the group consisting of Down’s syndrome, preeclampsia and

acute coronary syndrome, including unstable angina and myocardial infarction.

The method according fo any of claims 63 and 64, wherein the complex is
PAPP-A/proMBP and the clinical condition is selected from the group consisting
of Down’s syndrome and acute coronary syndrome, including unstable angina
and myecardial infarction.

The method according to any of claims 63 and 64, wherein the complex is
proMBP/ANG and the clinical condition is Down’s syndrome.
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D& T QVASELDQS G P L 8 P F M

GCATCTTECCECTATTTACTCS TTCCGT
A S CRSILTELTLGEGE&D S S E.DGEH Y F R

GEACACCTGEGCACACT TEETCRACCECCCTEN! AC
G H L GTOLVFWSTBABLZPGQSHTFQH
AGTTCTCAGCATTCH GACTGACTTECTCCTCACAGCGAGCTTT
§ 8 Q'K S5 S GE B+ ATDLYLTASF
SAGCCTETGRACAQY GTTCCCTT CCACGACTTGAGGTT
EPVNTEWTYVFP®FPFPRDETS KT TTPREEV

CTCCAGGE CACAGCCTGAGRTTCTGTCECCTTTH 'CCACTCTGTGEG
L Q6 FBPETPETIDLSDPLOQPTPLCCG

CARRCRETS TGATCTCCCARTACAATGGATACTGCCCCCTTCE
@TVCDNVELTIGSOGYG NGEGTYWP L R

PACGCTACK CTARACCCC
G E XV IRYQVVYHNTICD DTETSEGETLDN P

TTGTGAGTGAGGAGCAGATICATC CTGA: TCAGECEE
IVsEBEEOTLRLG OELTEE STELTUYEA ATFSR
TACHACATCAGCTRGC T CCACRATTCCACCCTGCGRCACCES
*t N ISWQL eV HQYEHHNST LR B R
CCGAGTET

GITGTECTICTG TGTGAGCCCAGC
¥V V¥ LVNCETPSZEKZIGNDEHTCETDTPEC
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GAGCACCCACTCATAGEC TECCECCTGCAGGECCET
E H P 1L DGG6O0CRTILQ@GRCCYS

TCTGTCAC TGARLY
¥ N R R D& L CHVECNDSNHNTDLERETDF D

GACGGAGACTGCTEOGACCCCCAGETES TGCTTTGACCCTGAC
D GGPCCDPQVADYVRIKTTCGCFTDZP?PD
TCACCE, CTGCAGCTGAACAGT
§ P KR A Y M S VXKEDLIZXEHBABTLGQILDNS

ACTCACTTCCTCAACATCTACTTTGCCAGCTC cr 7
TH FL NTIZYFASGSEVZERETDTEATGADR

ACCTGGCCTTEEGACARGEACECTGTCACTCACK TETCCTCAGCCCAGCA
T W PWODKDAVTHLELGGTIVZL S P A

T CTGGCCACACCGACACCATGATC TETTCTGE
M PG HTDTMTIEETVGEH L G

G
CCAT
B

Wi

Y
Jets T C
b F X 6V S8 EREST CDNDTPCKTE

<8

CTCCCARGAGT

ACC
TV PSS METGDTLGCADTARTPEPTEEKS

CORCTAGTGACACC! CTTY TTCCCAGRG
EL CRGEG®PET®PTSDTGCGTETREFPGEG

GCTCCGTTOACCARCTACATEAGC BCTGACAACTICACTCCT
2P FTNZYMSZY¥TDDERC T P
2ACC TG C

N Q VARMNHECYLDILYY.QQUWWTES

aq ARCAAGTCCCTC
R K PTPTIPTIPPMNMYVYIGOQTONKST

ACTATCCACTGGCTGOCTCS CAGGGCCTE i
T I HENWNLPPISGV YV YDRASG GSSHD

TETEGUGRTTECAC CTTTC CACAGCTTCCTCCCGS
CGACTEDGTTPFRGOQYTYVHTASER

TCCTC cca I
RV CD S S G Y WRTZPETZEAVYVYGPPDV
GATCAGCCCT! \GUCAAGCTTACAGGCCTOCAGCCCTEAGETCCACCTETACCACATE
P e P CEPSLOQAWSPEVYVHDLYHM:
AACATBACCGTCCCCTECCCCACAGAAGECTETAGC TTGGAGCTGCTCTTCCAACACCTG
oM oT p¢CPTEBEGCSLETDLLTFROQHTE

GTCCAAGCCGACACCCTCACCCT BCTTCCITCT ¢ TCGLAGETC
¥YQoQAarRDTLTDLWYVTSEFFMNESSQV

CTCTTT AGAGATCTTGC p———
P pbTETLLTELTESNTEKTES SV HELG®SGPDLD

BCTTTC: CACTCACCATCARACTGCAS GEEEET
TP CDIPLTIKTELETVDGE KTYSEGEV

GTCTACACCTT GCACTCCTGACTTCTCAGCCC
XV YT FDETERTIETIDUAZRZTSITILTSE QP

CACAGTCCCTIETGCTCTGECTECAGE
Hs§ PLCS GCRERP

GG CGCGATCCCCCA
¥ R YQ VLRDEPFP

TTTGCCAGTGGT i TTCTCACAGCARGETCS
F A S5 6 LPVVVTHSHPRTEKTFTDTVE

GTCACACCTGGAC CTAGCTGAAGK CTEGGA .

vVTPGEQHY QY QVYIL AERGGETDSGE

GAAGCTTCGCCTCCTC T TTATT 4
EA S P PLNHIEHEGATPTYCG?DOGKYV

T ™ T
S B R L GEEBECDDGDDLV S ®GD.G C 8
T CTTTGCTACATG
KV C¢cELETSBGTFHNCGCVYVGET®PSL CYHM
c CAGT: CTOTGEE

YEGDGTICE2GP®PFERTEKTSTIUVDCGE

ATCTACACTC CCEa TCCTCTCATEAA
I YT®T®PKE& YL DQUWATRAYSSHE
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TTCCT! CTCATTCCCTAATTTGCACK
DK KKXC®PVELVTGETPEHSTILHTIC

TCATACCATCCAGA' CCAMCCACCGTCCOCTARC { GCC
8 Y K P DL PNUHRPTLTGWTFT?P?CTYA

CTC BGCH c
S ENETQDDGRSETQTP®ETGS&TD KK B

TTGECT T TTTATT
DBYVWLEXYCFNRPEGTEATRATL

TTTTTEAC CTAGITCC 7 CTCTCTAC
FLTTDGLV PGEZSRGQO GPTTYVTTIET

CTGACOGATETCC \GCAACCACTCTCTTGGARCCTATOCACTGT CATGCCAGCAT
G &8 N H 8L 6. Y 'L 8§ CQH

L T DY R
AATCCACTGATTATCARTGTGACCCATCACCAGRATGTCCTTTTCCACCATACCACCTCA
¥ P L I H ¥ vV L FHERETTS

I ¥y v T H a
TCTCATCCCCACGEGTCGGCATCTC TCC
V. L ¥PS S PRVGI S AVALTERTSE
TC TGGTCTTTCEGCTCCCACTARCTECATCTCAGAGE: AT
s R I 6L 8AE S HNCTISETDTETG GG QHNH
' CAGEGACAGAGCTETATCCATCRRCCK GGACAGCTGTCCGTCATTGCTG
Q6 5 CIHREPECGCGTEKT® QD PSS L L
CTTGATCATGCTC TGTRACCICTATAGGCCCAGETCTCAT T
LD HEADYVNCTS S IGPGELUHTZKTCEA
ATCACT CTTCAGGCCAGC T e
I TCQRGFALOQASESEGOQVYIRTPHN
e TECCTT

Q EE I L L T CS S GG HWDONVYECTEI

s GETETTCCCGACCCBTC TATGCARACTTCTCCTGCTC
PVDCGYPDPSEDL YV HNTYADNTFTSTCS

GAGGGAACY ACGCTGCTC GCTGCAR
EGTKTFDLKRCSIECVPPAKTLDQQ

ferety NTGTC =
¢ L § PWLTCLET®PDGTLTW®WSTIL P

‘GAAGTCTAC
BV Y

TR TCC CARCTTGCTCC,
¢C'K L ECDAPPIITLOXNXANTETLTIELP

TaC GGACAACCACGACCTEEGE! GCAD
¢ L QDN HDVAETICKTYERECKEPOGY'

A TG
Y VAESAETGE KV VRISNTEKTETELTZEKTIQCHD

EG G I WEOQ®ESCTIZPYVCETFETFPP

GTGTTT CAATGGCTTCAGCCTORACART
vV FEGM?YECTNGTFSESDLDSO CYV

Et‘__

AACTGTAACCAGGRACGTCAARRGETTCCCATCCTCTGCACTAR

TGEACT
¥ ¢ N QEBEREXKTLPITILCCTZ KTETGTELUWT

TAAGTTGTCTGAGANTCTECR BCC CCTCAGAGCTS
Q BF XLCENTEQGETCGPGPEPEPSETD
ABTTC CARATGTGAACA? ‘GTGTTCCCCATTG
¥ § VEZYIXRCEQ®GYGIGAVCS?PL
NGTETAATCCCCCCCASTGACCCCGTGRTGCTACS CACTECT TCTG
€V [ PP S D®PVMLEPEBENTITADTHL
GRGO GEARCCTGTCABAGTCC) TCGCCGGLATCAATGG
EE WMEDPV KV QS1IVCTGERERG®OQHW
CACCCAGACCCCGTCTTAGTCCACTGCATCCAGTCAT CTTCCARGCAGATGGT
HPDPVLYVHECTIGESECETPTFQ QA ADEG

TEGTETGACACTATCAACARCCGAGCCIACTGCCACTATGACGEREEAGACTGCTECTCT
w ¢DTTINNRAYTCHTYD®GG6DCCLTS

TCCACACTCTCCT TT TTGCTG

§ T L S8 KKV IPFAADCDTILTEDESBGC
ACCTGCCHGERCTTCARGE

T CRDPEKAEEDNGQ*
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ATGATGTGCT TARAGAT

TGECTGEGTE GOCACTCTGT

CTGECEATTT

TCTECCAACT (

CTGGACECEC

GCTTCTCCAC AGCATCRCCT
CCCTACCCCG TGGGRGRAGCA
GGABATGCTG TGAGCCTIGT

GAACGTTGT

CCAAGETTCG AAGACCCAGA

AGRARTCCAT
TCCCCCAGRE

CTGACTGRAA

GCAGTTGAAG AGCCEGCTEC

GEGCTGAEAA CTACCTAAGG
GCAGCAAACC AGACACTGAA
ATCCAGCAGG ACTGAGGGGT

CTGGGAGATG ATGACGCTTA

"CTCGGCARA!

CARRGATCCA

GGGATTCAGA ARGGCTCAGC

CRTGGCTGCC

ACTACTACCA

CCGCCATTTT CACAACCCTG

KACGRRCCCR

GIGTGGAAGA GECGEGCEEA

CCTTGGOCCA AGCATTCCCT
GAGAGGEGCTC

PGATGGGCAG
TARRCACAGG
CTRCCGAGR!

GGAGACTCCG
GTCRAABAGA
GCAGAGACCT

GTATCTCTTC ACATTTCCAR
GTCCACCGGA GGAAAGCAAC
TTAACTCCCA AGTAGGACTG

CCCATCTITAT ACTTCTCICG
GAGATTCCCC GEGAGGCGTT

CACAGTGGAR

CEGCTGCTES
GCCTGGGTTA

BACCCAGCCA TCATCSCAGE

TGTGTTTGAT

"GCGTCCAGA AGTGCTEGCT
AMCCGGAGGE AGGACAGAAC
ACACTGTCAG TGACAMAGEC

TCEECCCTOG GRATCCGCTC
TCCCTCTGCA CCGACCGCGT
CAGGCACAT GGACCCRTGT

GARGARRGCC
GGCAGCCACT

ACCATCTTGA
TACGATGGAC

GGGATGCTCG CTTCTTCTT
TTAGCCACAG TCGCTACCAA
GGCACATGGC CCTGTATCTG
o

GATGGTACTC

CAGTCTAGAC

GCATCTTGCC GOTCITIGET
GGACACCTGS GCACACTEGT

GACAGCTCTE

CTATTTCCGT

AGTTCTCAGC ATTCAAGIGG

CACRAAGCCA TTTTCAGCA

GCGACTGACT

ACACAGAGTG

CTCCAGGGCT TIGAGCCAGA
CAAACAGTCT GTGACBATGT

GCCTGAGATT

TGGTCCTGAC AGCGAGCTTT
AGTACCCACG ACTTGAGGTT

CTETCGCCTT

TGCAGCCTCC ACT

TCCCAGTACH
ACATCTGTG

BCCCCTTCCE
ccTaanccee

AGGAGCAGAT

TCGTCIGCAG,

CACGAGGCAC

TACABCATCA GCTGGCAGCT
GTTGTGCTTG TGAACTGTGA
GRGCACCCAC TCACRGGCTA

@AGCGTCCAC
GCCCAGCRAG

CAGGTCCACA
ATTGGCAATG

C
ATTCCACCCT GCGATACCES
ACCATTGTGA CCCCGRAGTGT

a

GACGGAGACT GCTGCGACCC
TCACCCARGA GGECATACRT

CCAGGTGGCT

ACTCACTTCC TCARCATCTA
ACCTGECCTT GGGACAAGGA
TATTATGGEGA TECCTGGCCA

CTTTACCAGC

GATGTGOGCA
GRGCTGARGG
TCAGTGCGCG

AGACCTGCTT TGACCCTGAC
AGGCCCTGCA GCTGAACAGT
GACCTTGC AGOTGCTGCC

CGCTGTCACT
CACCGACACT

CACCTGGOTG

GCATTETCCT CAGCCCAGCA

ATGATCCATS
AGAGAATCCT

GCABRTGACCC CTGCAAGGAG
<

GCTCCETTCA CCAACTACAT
A

GEGAGRCCTC
GCCCACTAGT
GAGCTACACG

COCE!
AGAAAGCECA CCCCCATCCT

TTGCTATTT
CATTCGACCT

TETECC

GACACCTGTG
GATGATAACT
GACCTAGTCT

GCTTCACTCG CTTCCCAGEE
GCACTGACAA CTTCACTCCT
ATCAGCAGTG GACTGARAGC

GRCAGACCAR

ACTATCCACT GGCTGOCTCC
TETGGCGCTT GCACTGAAGR
CEGETGTETE ACTCCTCACE

TGEGRCCTTT

CGTCAGTATG
o

Pt
TGCACACAGC TTCCTCCCGG

TTATTGGACC C

a

GCGRAGCCARG

TGAAGCCCTG

CTGTGEGECC TCCTGATGTIG
AGGTCCACCT GTACCACATG

CATGACGG

CACRGARGGC

GG

GTCCRAGCCG ACACCCICAC
CTCTTTGACA

AGCTGCTCTT CCAACACCCG

ACTTCCTTCT

TTCOCAGETC

ACTTTCTETG ACATCCCACT

o
CACCATCRAA

[&:

TGCACCTGGE CCCCTTAGAC

AAMGTCTACA C

AT

CACTCCTGAC TTCTCAGCCC

CACAGTCCCT TETGCTCICG

CTGCAGECCT

AZGGTTCTCCG CEATCCCCC

TTTGCCAGTG GPTTGCCCET
GTCACACCTG GACAGATGTA
GRAGCTTCGC CTCCTCTGAR

TCAGTACCRA
CCACATTCAT

CATTCTCACA
GTTCTAGCTG
GGAGCTCCTT

AAGCTGEAGE AGAACTGGGA
ATTGTGGAGA TGGGAAGGTG

GGAGACCTTG

TGAACCTTTT

CAG

CTTGGATCAR

TEEGCTACCC

CTCTCATGRA

ATCTACACTC CCJ
GRCARGARGA AGTGTCCTGT
TCATACTAT ce

TTCCTIGET.
CaT

TGACRGGAGT

BCTGGAGRAC
CCCCTAACTG

CTCATTCCCT AATTTGCACA
GCIGETTTCC CTGTGTTGCC

GTGTTTCART

A AR T
T GACTCTCTAC

TTTTTGACAA CTGATGGCCT
CTGACCGATG TCCGIGRARE
BATCCACTGR TTATCBATGY
GTGCTACTGA ATTTCTCATC

AGTTCCCGGR
CRRCCACTCT
GACCCATCAC
CCCACGRETC

&
ATGGACTGTC ATGCCAGCAT
TTTTCCACCA TACCACCTCA
CTGTEGCTCT ARGGACATCC

TCCOGCATTS GTCTITCR

TCCCAGTRAC

GCTGTATCCA

C GTCATTGCTG

CTTGATCATG C

GARCTGTACC

ATCACTTGIC AARGGEGATT

TECCCTTCAG

CAGGTCTCAT

GGCAGTACAT CAGGCCCATG
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TTCTGCTCAC

TGTTCTTCT

GEECACTAGE

ecc

GAACCA
GGACTGAGCC
TGCRAGTTGG
TECCTCCAGE
TATGTGGCAG
GAAGGTGGRA
GTGTTICAAG
ABDCTGTAACC
CAGGAGTITTA
AATTCIGTGE
TETGTAATCS
GRGCACTGGA
CACCCAGACC
TGGTGTGACA
TCCACACTCT
ACCTGCCGEE

AATTTCTGAR
CATGECTGAC

CGACCCGTCT
ACGCTGCTCA

T
ATCTICTTICTG

-ACC]

ATGCAAACTT
TCCCACCAGC

ATGTCTTGAA

GATGETCTCT

ACAACCACGA
ARRGTGCAGA
TCTGGGAGCA
GCATGTATGA
AGGAACGTGA

CCCCCAGTGA
TGGARCCTGT
CCGTCTTAGT
CTATCAACAR
CCTCCARGAA
ACCCCARGEC

AGGCAGTAA
T

G
CATGARATGSG

TCCCCCTATT
COTEGGCACT
GGGTAAAGTC
AGGCAGCTGC
ATGTACCART
ARBGCTTCCC
GAATCTGCAA
TGAACRAGGA

CCCCGTEATE

ATTCTGRATE
ATCTGCAART
AGGAACARGC

GTCTCTCCC
CCAACTTGCT
ATGAATGCAA
TCCTGAAGAT

GAGCTGCCTT
CTCCTGCTCA
CAAGCTGCAA
TGAAGTCTAC
CETGCCTCAC
ACCAGGGTAC
ACAATGCCTG

ATTCCTGTGE
GGCTTCAGCS

ATCCTCTGCA.

GGAGAATGCC
TATGGGATTIG
CTACCTGAGA
AGCATTGTGT

TGTGTGAGC
TGGACAGCCA,
CTAARGAGGS
caccacecee
GTGCAGTGTG
ATATCACTGC
GCACTEECCE

ACCCCCTCCT
GTGTGTGCTC
CCTGTGEACC
CTCAGAGCTG
TTCCCCATTG
TGACACTCTG
GCGTCARTAE

CAGTCATGTG
TGCCACTATG
TTTGCTGCTG

AGCCCTTCCR
ACCGEGGAGR
ACTGTGACCT

ARAGAGRGGC
ARGAAGGAGG
ARCTAGTTCA
GCAGTTGATT
TATATTCTAT
CTACTCAGTC

- GATACTGTTA

TCAAGTAGCC

A GGRAACARAG
AGGATCTTAT

CARGTAGGAG

AGCAGATGGT
‘CTGCTECTCT
GGATGAGTGC
CCCTCCCTCS
GGTGARTGRA
AAGARATGCA
AGARTCATAG

ARC

TARATCCTAT
CCACCCARCT
ATACCCATTT

CCTCAACTCT

TGCTCTCAAC

TGECTCTTTT

AGTTAGTTAT

GATGGAATTC
TGGGCCCATT

TAATTCTTT.
GCTGTTTACT
CAAGATGAAT
ATGCGGATTG
TGGATGCTAG
TTATGACCAA
AT

TARGTATTTR
AAGCTARA2A
GTTGAGRCTT
GCAGGTTGAR
CATGTABAGC
GGAGATGGGG

TCTTTTTGT
AACATAATTA
TTATTCATTG
TGAGGACAGA

TAGTTTCCCT
TATARATATA
TTCCACACAT
ARGGCAACTT

TGCCCTGCTS
‘TACCAABATA
GCCATCTTTC
TAAATAATGA
TTATATATAT
GCTGCTCTGA
ATTTTCCCAT

TAARTCATCTT
AGTTGGAATG

TETTTTTATG
GTGGTACTAR

ACCTGEGRGC
GAGGCATAGG

AR G
ATCTGTCCAC

TCCTCATACT
ATGACCRAGT

TCCRGGAGAR

ABRAGAATATA
GGATTTTCTG
TTGTACTATG
TGGCCTGTAG

CTAACTTTTG

TCCTACTTCT

TCAACTTCTC
CATGCCTETT
TGATCACCAG
TGTTAGRAAGT

AGRACTCCCA

GTTCTTGART
ACTGGAGTCE
CTGTCAGCCA
ACTCACACAC
GGCCAGTCAC

GTTGATTTTT
BG

GCAAGAGCTG

AATTTTATGG

BTCCAGECCE

ATGGABGTCA
TCCCTTGAGE
GAGCCAGAGA

TCAGGGAGAC
ARTGAAGAAT
TTTTGACTTG

TCGGTCCTTG

CTGAGATARR
AGCABGCCAT

TTCCRAGTCT
TTCTCTTCAA
GGAAATGCAT

n
TCCAATAGAT
BCTCACTGGG

ARGABRTTTC

GGARTGCACA
A

ARCTATTTAR

TGTCCATTIT

CCAARGRAGR
GTATCATGTA
GGAGCAAGEG
GTTGTTTTIA

c
CTGCAGTTAL

TATTBAGCC

TCTCTCTATT

GEGCATGAGA
CCAAAGTGGG
CAARATCTGT
TGACACTCTG
CCCTTTCTTA
TACATCCCAG

TA

ATTTTCTTCT

GCOAGTTTCT

T

TCTACTAATC
GLTTAGTGCC
GCARAGGACA

TGGGGAARAT
GTCTGAGATT

GTGAGGCTTG
GAGCTCAGCT
“TCTTCCCATC

"ATTGGGAAR
TCTAGTGTAA
CCCAAGARGA

TCTCCTTT2A
GTGETCTCTT
ABCACTAGAG
TTATCCACAC
GTGATGTACC
AGGAABGAGC

AGTTTCTTCT
CTCATCTTCT
CAATGGCTCT
TATCACGTAG

AACGETTTCT
CTAGTTTTAC
CCRATGGAAA
GCTCITTTGC
GCRAATAGGA
GGABRGAACAA

o
TCATTTTAGG
CCAAGAACAG

TATCCTGARA

CACATTAATC
AGAGTTCACC

™
CATTCARABA

CAAACATATT

GTTCAGATAC
TATTCTTGEG

CATTCATTGT
ATTCTGATAG

AAMCCTTTTG
CTTGGGTCAT
GCTTCAATAT

GTCCABATTG
GAGGCAGAGG

TTAGACACTC
A

TTTTAT.
&

ABTTGTTATC

AGCCATAGTC
CCTGATGTTT
CRGATCCCRG
TATCCACCCA
CCCAGGTGGC
ac

ATGCEAGTGT
TTABATTTCA

CTGEGCATTA
GCAGTCTCTC
TTTTATTATC

=
E

AGCTATAGCT
TGAGCRARCTC
‘CARCATCAAC
TGTGGTCATT
CCAGGGCTAG

CTGRCTCTAR

TGA CCT
AGCAGGTTCT
TABAGTGGAR
TCCATGTGET
CTCAGAGACT
CARCTAGCAT
GCAGATACTG

CTCAGCTCAG
CACBAGAGCA
TGCAATTCAC
CTTRGGCTAT
TCCAGTCTTT
GGACTARGAC
GGTCCACATT
CTTCIGTGTG
GRACAGCCTCC
AQ TA

ATTGTGRAARG
TGAACTTGGC
GGGEATGGCT
CAGCTACAGC
ATATGRA

T
ACTTCCTGTA
TGATTGGGAA
CAGTTATTTT

TTCCTGATTC
TTCTTIGIGA
TGTAGTGAAA

TCATCTTCTC
TCACTATTGA
GGAGCTGATC

TTTTTTCTAT
GTGCATTAGT
TACTGTATTG

GT

SUBSTITUTE SHEET (RULE 26)

AT
‘EARCACCCRA
TAATGTAARA
AGCACACARA

(154)

PCT/DK01/00695

4380
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
§000
5060
6120
6180
8240
6300
6360
6420

. 6480

6540
6600
6660
6720
6780
6840
6200
6960
7020
7080
7340
7200
7260
7320
7380
7440
7500
7560

7620

7680
7740
7300
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8527
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<222>
<223>

<400>

SEQUENCE LISTING

(67)..{699)
pro part of PAPP-A2

1

atg atyg tge tta aag atc cta aga ata
Met Met Cys Leu Lys Ile Leu Arg Ile

-230 -225

tgg gca ctc tgt tet gcc aac tet gag
Trp Ala Leu Cys Ser Ala Asn Ser Glu

-215 -210

tcec ttg gttt gag agg gaa cac ctg aat
Ser Leu Val Glu Arg Glu His Leu 2Asn
-200 -195

Sexr

ctyg
Leu

cag
Gln

WO 02/32953
<1i0> Como Biotech
<120> Pregnancy-Associated Plasma Protein-A2 (FAPP-A2)
<130> P 495 DKQO
<140>
<141>
<160> 2
<170> PatentIn Ver. 2.1
<210> 1
<211> 8527
<212> DNA
<213> Homo sapiens
<220>
<221> CDs
<222> (1)..(5376) .
<223> prepro-PAPP-A2 coding sequence
<220>
<221> 3'UTR
<222> (5377) ..(8B527)
<220>
<221> mat_peptide
<222> (700)..(5376)
<220>
<221> sig_peptide
<222> (1)..(66)
<220>
' <221> misc_feature
<222> (1)..(689)
<223> prepro part of PAPP-A2
<220>
<221> misc_feature

ctg geg att ttg
Leu Ala Ile Leu
. -220

gge tgg aca cge
Gly Trp Thr Arg
~205

gty ctg ttg gaa
val Leu Leu Glu
~190

gct
Ala

aag
Lys

gga
Gly

(156)

PCT/DK01/00695

989
Gly

aaa
Lys

gaa
Glu

48

96

144

2004-511253 A 2004.4.15
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cgt
Arg

WO 02/32953

tgt tgg
Cys Txp

-185

cat
Hig

Pro

cca

gaa
Glu

cac cte
His Leu

tac ccc
Tyr Pro

‘ctg
Leu

ttt
Phe

ggg gec
Gly Ala
-180

gga gtc

Gly Val

-165

gtg
Vel

-150

gac act
Asp Thr
-135

aat cca
Asn Pro

~120

tgg
Trp

gta ggg
Val Gly

-105

gac
Asp

gg9
Gly

tte
Phe

gece
Ala

ggg
Gly
-25

cat

His

caa
Gln

caa
Gln

ctg
Leu

get tat
Ala Tyr

att cag
Ile Gln

aca acc
Thr Thr
-55

aag tce
Lys Ser
-40

cag gga
Gln Gly

tee ctt
Ser Leu

aat ggt
Asn Gly
10

gta gga
Val Gly
25

ctg cgt
Leu Arg

gaa
Glu

gea
Ala

gat
Asp

cte
Leu

aaa
Lys
=70

ctg

Leu

agg
Arg

gac
Asp

aaa
Lys

gga
Gly

ctg
Leu

cca
Pro

999 gag
Gly Glu

gga aat
Gly Asn

gge ctg
Gly Leu

agt cct
Ser Pro
-100

ggc aat
Gly Asn
-85

ggc tca
Gly Ser

aac gaa
Asn Glu

cag cgt
Gin Arg

tece ggt
Ser Gly
-20

cac agy
His Arg
-5

gag 'ggc
Glu Gly

cco ate
Pro Ile

gaa gtg
Glu Val

aag
Lys

tac

Tyx

caa
Gln

gct
Ala

aggd
Axg
-115

att
Ile

caa
Gln

gco
Ala

cce
Pro

cge
Axrg
-35

atc
Ile

gte
Val

tee
Ser

tta
Leu
30

ctg
Leu

gtt cga aga cce aga
Val Arg Arg Pro Arg
~175

cee .age
Pro Sexr

agy
Arg

-160

gaa atc
Glu Ile
-145

gtg age
val Ser
=130

ggt gca
Gly Ala

ggg caa
Gly Gln

aga tcc
Arg Ser

atg got
Met Ala
-65

aaa cca
Lys Pro
-50

caa gtg
Gln Val

tct teca
Ser Ser

aaa aag
Lys Lys

tac cga
Tyr Arg
15

tac tte
Tyr Phe

gct gag
Ala Glu

cat
His

ctt
Leu

gtt
Val

tet
Sexr

aag
Lys
-80

gcc
ala

gag
Glu

tgy
Trp

cat
His

agt
Ser
1

gaa

Glu

tect
Ser

att
Ile

get ggg
Ala Gly

cat aca
His Thr

gtt ccc
Val Pro

gaa gag
Glu Glu
-110

gag ctg
Glu Leu
-95

gag tct
Glu Ser

act act
Thr Thr

acc caa
Thr Gln

aag agg
Lys Arg
=30

ttc caa
Phe Gln
=15

cca ccg
Pro Pro

gca gag
Ala Glu

g99 agg
Gly Arg
35

cce <¢gg
Pra Arg

(157)

PCT/DKO01/00695

gét tet cca cag
Ala Ser Pro Gln
=170

aac tac
Asn Tyr

cta
Leu

-155

gga cgc
Gly Arg
-140

cca gac
Pro Asp
-125

ccg get
Pro Ala

ctg gga
Leu Gly

cta ggt
Leu Gly

acc acc
Thr Thr
-60

agg agg
Arg Bxg
-45

<gg gcg
Arg Ala

cet tgg
Pro Trp

gag gaa
Glu Glu
5

acc ttt
Thr .Phe
20

cgg gag
Arg Glu

gag gcg
Glu Ala

agc
Ser

ctg
Leu

gec
Ala

gat
Asp

gag
Glu
-75

gce
Ala

ggc
Gly

gaa
Glu

cce
Pro

age
Ser

aac

cgg
Arg

tte
Phe

agg
Arg

aaa
Lys

act
Thr

cea
Pro

gat
Asp
=90

geo

Ala

att
Ile

tgg
Trp

gat
Asp

aag
Lys
-10

aac

Asn

teo
Ser

ctg
Leu

aca
Thr

192

240

288

336

384

432

480

528

576

768

816

864

JP 2004-511253 A 2004.4.15
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WO 02/32953

40

gtg
Val

atc
Ile

tgg
Trp

cge
Arg

ttg
Leu
120

gcc
Ala

gtg
Val

gca
Ala

cac
His

ctg
Leu
200

gag
Glu

aca
Thr

‘cte

cca
Pro

tac

gaa
Glu

gca
Ala

geo
Ala

tte
Phe
105
att
Ile

act
Thr

gct
Ala

tet
Ser
tat
185
cca

Pro

gaa
Glu

gag

Glu’

cag
Gln

cte
Leu
265

aat

goc
Ala

ggt
Gly

ctyg
Leu
90

tte
Phe

agce
Ser

tac
Tyr

age
Ser

tge
Cys
170

tte
Phe

caa
Gln

geg
Ala

tgg
Trp

gge
Gly
250

tgt
Cys

gga

tog
Trp

atg
Val
75

999
Gly

tte
Phe

cac
His

gat
Asp

agt
Ser
155

cge

Arg

cgt
Arg

agc
Sexr

act
Thr

gtt
Val
235

Tttt
Phe

999
Gly

tac

gtt
Val
60

Tttt
Phe

atc
Ile

tee
Ser

agt
Ser

gga
Gly
140

cta

Len

tct
Sexr

gga
Gly

cat
His

gac
Asp
220

cce
Pre

gag
Glu

caa

Gln

tgg

45

aza
Lys

gat
Asp

cge
Arg

cte
Leu

cge
Arg
125

cgg

gac
Asp

ttg
Leu

cac
His

tte
Phe
205

‘ttg

Leu

ttt
Phe

cea
Pro

aca

Thr

cce

ccg
Pro

aac
Asn

tca
Ser

tgc
Cys
110
tac
Tyr

cac
His

cag
Gln

ctc
Leu
ctg
120
cag

Gln

gtc
Val

aga
Arg

gag
Glu

gte
Val
270

ctt

gag
Glu

tge
Cys

999
Gly
95

acc
Thr

caa
Gln

atg
Met

tet
Ser

ctg
Leu
175

ggc
Gly

cac
His

ctg
Leu

gat
Aksp

cct
Pro
255

tgt
Cys

cgg

gga
Gly

Ser
80

aag
Lys

gac
Asp

cca
Pro

gcc
Ala

ggt
Gly
160

g9gg
Gly

aca
Thr

agt
Ser

aca
Thr

gag
Glu
240

gag
Glu

gac
Asp

gga

gga
Gly
65

cac
His

gac
Asp

cge
Arg

gge
Gly

ctg
Leu
145

cce

gga
Gly

ctg
Leu

tet
Sexr

gcg
Ala
225

aag
Lys

att

Ile

aat

gag

50
cag
Gln

act
Thr

aag
Lys

gty
Val

aca
Thx
130

tat

ctg
Leu

gac
Asp

gtt
Val

cag
Gln
210

age
Ser

tac
Tyx

ctg
Leu

gtg
Val

aag

Asn

gtc
val

gga
Gly

aag
Lys
115

tag
Trp

gty
Val-

aac
Asn

age
Ser

tte
Phe
195

cat

His

tet
Phe

cca
Pro

teg
Sex

gaa
Glu
275

gty

aac
Asn

agt
Ser

aag
Lys
100

aaa

Lys

ace
Thr

gat
Asp

age
Ser

tet
Ser
180

tgg

tea
Ser

gag
Glu

cga
Arg

cct
Pro
260

ttg

ata

cca
Pro

gac
Asp
85

cgg
Arg

gcc
Ala

cat
His

ggc
Gly

cco
Pro
165

gag
Glu

teg
Ser

agt
Ser

cct
Pro

ctt
Leun
245

ttg
Leu

atc
Ile

cge

(158)

PCT/DK01/00695
55
gce ate 91z
Ala Ile
70
aaa ggc 960
Lys Gly
gat gect 1008
Asp Ala
acc atc 1056
Thr Ile
gtg gca 1104
Val Ala
135
act cag 1152
Thr Gln
150
tte atg 1200
Phe Met
gat ggg 1248
Asp Gly
ace gec 1296
Thr Ala
gog gag 1344
Gly Glu
215
gty aac 1392
Val Asn
230
gag gtt 1440
Glu Val .
cag ccc 1488
Gln Pro
tcee cag 1536
Ser Gln
tac cag 1584
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Tyr
280

gtg
val

gag
Glu

tac
Tyr

ctg
Leu

aat

Asn
360

gg9
Gly

gat
Asp

gac
Asp

ttt
Phe

aag
Lys
440

gce

Ala

gac
Asp

tat
Tyr

cat
His

WO 02/32953

Asn

gtg
Val

cag
Gln

Asn

cga
‘Arg
345

gac
Asp

ggt
Gly

ggg
Gly

gga
Gly

gac
Asp
425

gag
Glu

agc
Ser

aag
Lys

tat.

Tyr

gtt
val
505

Gly

aac
Asn

att
Ile

atc
Ile
330

cac
His

cat
Hig

gac
Bsp

cte
Leu

gac
Rsp
410

cct

Pro

gee
ala

tca

gac
Asp

999
Gly
490

ctg
Leu

ate
Ile

cgt
Arg
315

age

Ser

cgg
Axg

tgt
Cys

tgc.
Cys
tgt
395
tge

cys

gac
Aszp

ctg
Leu

gtg
val

gct
ala
475

atg
Met

gga
Gly

tgt
Cys
300

cty

tagg
Txp

gt
Val

gac
Asp
cge
380

cac

tge
Cys

teca
Ser

cag
Gln

cgg
Arg
460

gte
Val

cct
Pro

cte
Leu

Pro
285

gat
Asp

cag
Gln

cag
Gln

gty
Val

ccc
Pro
365

ctg
Leu

gty
Val

gac
Asp

coe
Pro

ctg
Leu
445

gaa
Glu

act
Thx

ggc
Gly

tac
Tyr

gat
Asp

cac
His

ctg
Leu

ctt
Leu
350

gag
Glu

cag
Gln

gag
Glu

cce
Pro

gag
Glu

gag
Glu

agc
Ser
335

gtg
Val

tgt
Cys

ggec
Gly

tgt
Cys

cag
Gln

. 415

aag
Lys
430

aac
Asn

gac
Asp

cac
His

cac
His

cat
His
510

agg

agt
Ser

ctt
Leu

ctg
Leu

acc
Thr
495

gte
val

Gly-

gge
Gly

gea
Ala
320

gtc
val

aac
Asn

gag
Glu

cge
Arg

Asn
400

gtg
val

gca
Ala

act
Thx

gca
Ala

ggt
Gly
480

gac
Asp

ttt
Phe

Glu

cta
Leu
305

ckg
Leu

cac
His

togt
Cys

cac
His

tge
Cys
385

aac
Asn

gct
Ala

tac
Tyr

cac
His

ggt
Gly
465

ggce
Gly

acc
Thr

aaa
Lys

Lys
290

cag
Gln

gag
Glu

cca
Pro
370

tac
Tyr

atg
Met

gat
Asp

atg
Met

ttc
Phe
450

get
Ala

att
Ile

atg
Met

gga
Gly

cce
Pro

gag
Glu

gtc
Val

cee
Pro
355

cte
Leu

tec
Sexr

ctg
Leu

gtg
Val

agt
Ser
435

cte

gce
Ala

gte
Val

atc
Ile

gte
Val
515

Ile

att
Ile

gec
Ala

His
340

age
Ber

aca

togg
Trp

aac
Asn

cge
Arg
420

gtg
val

aac
Asn

acc
Thr

cte
Leu

cat
His
500

agt
Ser

arg

gty
Val

tte
Phe
325

aat
2Asn

aag
Lys

ggc
Gly

aac
Asn

gac
Asp
405

aag
Lys

aag
Lys

atc
Ile

tgg
Trpe

age
Ser
485

gaa
Glu

gaa
Glu

Tyr

agt
Ser
310

age

tec
Ser

att
Ile

tat
Tyxr

cge
Arg
380

trt
Phe

acc
Thr

gag
Glu

Tyr

cct
Pro
470

cca

Pro

gtg
Val

aga
Arg

(159)

PCT/DK01/00695

Gln

295

gag 1632
Glu

cge 1 680
Axrg

acc 1728
Thr

gge 1776
Gly

gat 1824
Asp

375

agg 1872
axg

gac 1220
Asp

tge 1568
Cys

ctg 2016
Leu

ttt 2064
Phe

455

tgg 2112
Trp

gca 2160
Ala .
gga 2208
Gly

gaa 2256
Glu

JP 2004-511253 A 2004.4.15



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

tee
Sexr
520

gac
Asp

gaa
Glu

gct
aAla

tgt
Cys

gct
Ala

gag
Glu
680

cag
Gln
ccc
Pro

gtc
Val

tco

WO 02/32953

tge
Cys

cte
Leu

cca
Pro

ccg
Pro

tte
Phe
585

tat
Tyr

cet
Pro

cct
Pro

gge
Gly

teco
Ser
665

get
Ala

gee
Ala

tgo
Cys

caa
Gln

teg
Ser
745

aat
Asn

togt

aag
Glu

ttc
Phe
570

act
Thr

cag
Gln

aty
Met

cct
Pro

gct
Ala
650

tcc

gtg
Val

tgg
Trp

cce
Pro

gce
Ala
730

cag
Gln

gac
Asp

gce
Ala

cee
Pro
555

acc
Thr

cct
Pro

cag
Gln

gte
Val

att
Ile
635

tge
Cys

cgg
Axrg

agg
Gly

agce
Ser

aca
Thr
715

gac

Asp

gte
val

cee
Pro

gac
ASp
540

act

aac
Asn

aac
Asn

tgg
Trp

atc
Ile
620

agt

act
Thr

cgg
Arg

cct
Pro

cct
Pro
700

gaa
Glu

acc
Thx

cte

tge
Cys
525

acc
Thr

Ser

tac
Tyx

caa
Gln

act
Thr
605

gga
Gly

gga
Gly

gaa
Glu

gty
Val

cct
Pro
685

gag
Glu

ggc
Gly

cte
Len

ttt
Phe

aag
Lys

gee
Ala

" gac

Asp

atg
Met

gtg
Val
590

gaa
Glu

cag
Gln

gtt
val

gat
Asp

tgt
Cys
670

gat
Asp

gte
Val

tot
Cys

ace
Thr

gac
AsSp
750

gag
Glu

coa
Pro

acc

agc
Sexr
575

goo
Ala

age

acc
Thr

gta
Val

99
Gly
655

gac
Asp

gtg
Val

cac
His

agc
Sexr

ctg
Leu
735

aca
Thr

aca
Thr

act
Thr

tot
Cys
560

tac

Tyxr

cga
Arg

aga
Axg

aac
Asn

tat
Tyx
640

acc

tee
Sex

gat
AsSp

cty
Leu

tty
Leu
720

tgg

Trp

gag
Glu

gty
Val

cec
Pro
545

ggc
Gly

acyg
Thr

atg
Met

aag
Lys

aag
Lys
625

gac
Asp

ttt
FPhe

tea
Ser

cag
Gln

tac
Tyr
705

gag
Glu

gtc
Val

atec
Ile

cca
Pro
530

aag

Lys

tte
Phe

gat
Asp

cat
His

cce
Pro
610

tec

Sex

agg
Arg

cgt
Arg

ggt
Gly

cce
Pro
690

cac

His

ctg
Leu

act
Thx

ttg
Leu

tee
Ser

agt
Sex

act
Thr

gat
Asp

tge
Cys
5395

acc
Thr

cte
Leu

goo
Ala

cag
Gln

tat
Tyr
675

tgc
Cys

atg
Met

cte
Leu

tee
Ser

ctg
Len
755

atg
Met

gag
Glu

cge
Arg

aac
Asn
580

tat
Tyr

ccc
Pro

act
Thr

tca
Ser

tat
Tyr
660

tgg
Trp

gag .

Glu

zac
Asn

tte
Phe

tte
Phe
740

gaa
Glu

gaa
Glu

ctg
Leu

tte
Phe
565

tgc
Cys

ttg
Leu

atec
Ile

ate
Ile

ggc
Gly
645

gtg
Val

acc
Thr

cea
Pro

atg
Met

caa
Gln
725

tte
Phe

aac
Asn

acg
Thr

tgce
Cys
550

ceca
Pro

act
Thr

gac
Asp

cee
Pro

cac
His

630

agce
Ser

cac
His

cea
Pro

age
Ser

acyg
Thr
710

cac

Hisg

atg
Met

aayg
Lys

(160)

PCT/DK01/00695

gga 2304
Gly

535

cgg 2352
Axg

ggg 2400
Gly

gac 2448
Asp

cta 2496
Leu

att 2544
Ile

615

tgg 2592
Trp

ttg 2640
Leu

aca 2688
Thr

gag 2736
Glu

tta 2784
Leu

695

gtc 2832
Val

ccg 2880
Pro

gag 2928
Glu

gag 2976
Glu
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Sexr

- 760

ate
Ile

ttt
Phe

cgc
Arg

cac
His
840

teca
Ser

gat
Asp

gga
Gly
920

Pro

Lys

gac
Asp

cta

WO 02/32953

gtg
val

aaa
Lys

gat
Asp

agt
Ser

gat
Asp
825

agg
Arg

caa
Gln

ctg
Leu

gag
Glu

gge
Gly
808

gag
Glu

Tt
Phe

gga
Gly

Lys

att
Ile

cac
His

ctg
Leu

gag
Glu

cce
Pro
810
cee
Pro

aag
Lys

gtt
val

aac
Asn

aga
Arg
890

tge

cca
Pro

gag
Glu

tac
Tyx
aag
970

tge

ctg

cac
His

agg
Arg
795

ttg

cca
Pro

ttc
Phe

cta

cac
His
875
ctg
Leu

tee
Ser

age
Sexr

aga
Arg

ttg
Leu
955

aag

Lys

aca
Thr

gge
Gly

gtg
val
780

ata
Ile

tge
Cys

ttt
Phe

acg

Thr

gct
Ala
860

att
Ile

gga
Gly

aag
Lys

ctt
Leu

aaa
Lys
940

gat
Asp

tgt
Cys

tca
Ser

cce
Pro
765

gat
Asp

gag
Glu

tet
Ser

gco
Ala

gac
Asp
845

gaa
Glu

cat
His

gaa
Glu

gtg
Val

tgc

‘Cys

925
acc

Thr

caa
Gln

cct
Pro

tac
Tyr

tta

999
Gly

att
Tle

gge
Gly

agt
Sex
830

gtg
Val

gct
Ala

gge.’

Gly

gag
Glu

tgt
Cys
810

Tyx

age
Ser

tag
Trp

gtt
Val

cat
His

gac
Asp

Lys

gat
Asp

tge
Cys
815

ggt
Gly

gag
Glu

gga
Gly

gct
Ala

tgt
Cys
895

gag
Glu

atg
Meb

att
Ile

get
Ala

tee
Ser
975

cca
Pro

act
Thr

gtg
Val

gca
Ala
800

agg
Arg

ttg
Leu

gte
Val

gga
Gly

cet
Pro
880

gabt
Asp

ctg
Len

tat
Tyr

gta
val

acc
Thx

‘960

ttg
Leu

gat
Asp

tte
FPhe

teg
Ser
785

gca
Ala

Pro

cco
Pro

aca
Thx

gaa
Glu
865

tat
Tyxr

gat
Asp

gag
Glu

gag
Glu

gac
2Asp
945

cgg
arg

gta
val

tta
Leu

tgt
770

g9g
Gly

cte
Leu

gtg
Val

gtg
val

cct
Pro
850

ctyg
Leu

tgt
Cys

gga
Gly

gaa
Glu

gga
Gly
930

togt
Cys

gct
Ala

act
Thr

cce
Pro

gac
Asp

gtg
Val

ctg
Leu

agg
Arg

gtg
val
835

gga
Gly

gga
Gly

gga
Gly

gac,

Asp

ggt
Gly
915

gat

Asp

ggc
Gly

tac
Tyx

gga
Gly

aac
Asn

atc
Ile

aaa
Lys

act
Thr

tac
Tyr
820

gtg
val

cag
Gin

gaa
Glu

gat
Asp

ctt
Leu
900

tte
Phe

age
Gly

atc
Ile

tee
Sex

gaa
Glu
980

cac
His

cca
Pro

gte
Val

tet
Ser
805

cag
Gln

aca
Thr

atg
Met

get
Ala

999
Gly
885

gty
val

aac
Asn

ata
Ile

tac
Tyr

tet
Ser
965

cet

Pro

cgt
Arg

cte
Leu

tac
Tyx
790

cag
Gln

gtt
Val

cat
His

tat
Tyr

teg
Ser
870

aag
Lys

agc
Sex

tgt
Cys

tgt
Cys

act
Thr
250

cat

His

cat
His

ccc
Pro

(161)

acc
Thx
775

acc

Thx

cec
Pro

cte
Leu

tet
Sexr

cag
Gln
855

cct

gtg
Val

gga
Gly

gta

val.

gaa
Glu
835

ccc
Pro

gaa
Glu

Ser

cta
Leu

PCT/DK01/00695

3024
3072
3120
3168
3216
3264
3312
3360
3408
3‘456
3504
3552
3600
3648

3696
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985

act ggc
Thr ¢ly
1000

agg agt
Arg Ser

cte aaa
Leu Lys

ttt ttg
Phe Leu

gtg act
Val Thr
1065

acc tat
Thr Tyr
1080

cat cac
His His

tte tea
Phe Ser

tee cge
Ser Arg

ggg cag
Gly Gln
1145

cag gac
Gln Asp
1160

tgt acc
Cys Thr

agg gga
arg Gly

cag aag
Gln Lys

tgg ttt cce
Trp Phe Pro

990

tgt gtt
Cys Val

1005

gaa cag cca
Glu Gln Pro
1020

gty tgt tte
Val Cys Phe
1035

aca act gat
Thr Thr Asp

1050

cte tac ctg
Leu Tyr Leu

gga ctg teca
Gly Leu Ser

gaa ggt
Glu Gly

aat aga
Asn Arg

ggc cta
Gly Leu

acc gat
Thr Asp
1070

tge cag
Cys Gln

1085

cag aat gtc
Gln Asn Val
1100

teco cca cgyg
Ser Pro Arg
1115

att ggt ctt
Ile Gly Leu

1130

aat cat cag
Asn His Gln

age tgt cag
Ser Cys Pra

ctt tte
Leu Phe

gte gge
Val Gly

teg get
Ser Ala

gga cag
Gly Gln
1150

teca trg
Ser Leu

1165

tect ata gge
Ser Ile Gly
1180

ttt gece ctt
Phe Ala Leu
1195

gaa att ctg
Glu Ile Leu

1210

gtg age

tge ctt coc

cca got
Pro Gly

cag gecc
Gln Ala

cte aca
Leu Thr

gtg gac

gee
ala

agc
Ser

cca
Pro

gtt
val
1055

gtc
val

cat
His

cac

atac
Ile

cce
Pro
1135

agc

Sex

ctg
Leu

cte
Leu

age
Sex

tgt
Cys
1215

tge

995

agt gaa aat gaa
Ser Glu Asn Glu
ig1o

ctg
Leu

aag
Lys

1025

gga
Gly
1040

cce
Pro

cgt
Arg

aat

cat
Ris

gag
Glu

gga
Gly

gga
ely

cca
Pro

aaa gag
Lys Glu

gcc aga
Ala Arg

gag cat
Glu His

agc aac
Ser Asmn
1075

ctg att
Leu Ile

1090

acc
Thr

1105

tca
Ser
1120

agt

Sexr

tgt
Cys

ctt
Leu

atg
Met

gct
Ala

aac
Asn

atc
Ile

gat

Asp

acc tca
Thr Ser

gtg get
val Ala

tge atc
Cys Ile

cat cgg
His Axg
1155

cat get
His Ala

1170

aag
Lys

1185

agt
Ser
1200

tct
Sexr

ggt

ggg
Gly

tet
Sex

gtt

tgt gat
Cys BAla

cag tac

Gln Tyr

ggg cac

(162)
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act cag gat gac
Thr Gln.Asp Asp
1015

gat gag
Asp GIlu

gtt
Val

1030

gca att
Ala Ile
1045

cag cag
Gln Gln
1060

cac tct

His Ser

atec aat
Ile Asn

gtg ctg
Val Leu

tet
Phe

ceg
Pro

ckt
Leu

gtg
Val

ctg
Leu

1110

cta agg
Leu Arg
1125

tca gag
Ser Glu
1140

cece tgt
Pro Cys

gat gtg
asp val

atc act
Ile Thr

aca
Thr

gac
Asp

agg
Gly

gty
Val

tgt
Cys

iiso

atc agg
Ile aArg
1205

tgg gac cag

cce
Pro

Gly His Trp Asp Gln

1220

ccc gac ccg tet ttg

teg
Trp

att
Ile

aca
Thr

gga
Gly

acc
Thx

1095

aat
Asn

tec
Ser

gag
Glu

aag
Lys

aac
Asn

1175

caa
Gln

atg
Met

aat
Asn

gty

3744

3792

3840

3888

3936

3982

4032

4080

4128

4176

4272

4320

4368

4416
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8
Val ‘Ser Cys Leu Pro Val Asp Cys Gly Val Pro Asp Pro Ser Leu Val
1225 1230 1235
aac tat gca sac ttc tceo tge tca gag gga acce asa ttt ctg aaa cge 4464
Asn Tyr Ala Asn Phe Ser Cys Ser Glu Gly Thr Lys Phe Leu Lys Arg
1240 1245 1250 1255
tge teca atc tet tgt gte ceca cca gee aag ctg caa gga ctg age cca 4512
Cys Ser Ile Ser Cys Val Pro Pro Ala Lys Leu Gln Gly Leu Ser Pro
! 1260 1265 1270
tgg ctyg aca tgt ctt gaa gat ggt ctc tgg tet ctc cct gaa gtc tac 4560
Trp Leu Thr Cys Leu Glu Asp Gly Leu Trp Ser Leu Pro Glu Val Tyr
1275 1280 1285
tge aag ttg gag tgt gat get cece cet att att ctg aat gec aac ttg 4608
Cys Lys Leu Glu Cys Asp Ala Pro Pro Ile Ile Leu Asn Ala Asn Leu
1290 1295 1300
cte ¢ty cot cac tge ctc cag gac aac cac gac gtg ggc acc ate tge 4656
Leu Leu Pro His Cys Leu Gln Asp Asn His Asp Vel Gly Thr Ile Cys
1305 1310 1315
aaa tat gaa tgc aaa cca ggg tac tat gtg gea gaa aéyt gca gag ggt 4704
Lys Tyr Glu Cys Lys Pro Gly Tyr Tyr Val Ala Glu Ser Ala Glu Gly
1320 1325 1330 1335
aaa gtc agg aac aag ctc ctg aag ata caa tgc ctg gaa gut gga atc 4752
Lys Val Arg Asn Lys Leu Leu Lys Ile Gln Cys Leu Glu Gly Gly Ile
1340 1345 1350
tgg gag caa ggc agc tge att cct gtg gty tot gag cca cce cct oot 4800
Trp Glu Gln Gly Sex Cys Ile Pro Val Val Cys Glu Pro Pro Pro Pro
1355 1360 1365
gty ttt gaa ggc atyg tat gaa tgt acc aat gge tte age ctg gac agc 4848
Val Phe Glu Gly Met Tyr Glu Cys Thr Asn Gly Phe Ser Leu Asp Ser
1370 1375 . 1380
cag tgt gtg ctc aac tgt aac cag gaa cgt gaa aag ¢tt ccc atc cte 4856
Gln Cys Val Leu Asn Cys Asn Gln Glu Arg Glu Lys Leu Pro Ile Leu
1385 1380 1395
tge act aasa gag ggc ctg tgg ace cag gag ttt aasg ttg tot gag aat 4944
Cys Thr Lys Glu Gly Leu Trp Thr Gln Glu Phe Lys Leu Cys Glu Asn
1400 1405 1410 1415
cty caa gga gaa tgc cca cca cce cee tca gag ctg aat tet gtg gag 4992
Leu Gln Gly Glu Cys Pro Pro Pro Pro Ser Glu Leu Asn Ser Val Glu
1420 1425 1430
tac aaa tgt gaa caa gga tat ggg att ggot gca gtg tgt tee cca ttg 5040
Tyr Lys Cys Glu Gln Gly Tyr Gly Ile Gly Ala Val Cys Ser Pro Leu
1435 1440 1445
tgt gta atc dec cecc agt gac cee gtg atg cta cct gag aat atc act 5038
Cys Val Ile Pro Pro Ser Asp Pro Val Met Leu Pro Glu Asn Ile Thr
1450 1455 1460

(163)
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gct gac
Ala Asp
1465

gty tge
val Cys
1480

tge ate
cys Ile

atc aac
Ile Asn

tce aca
Ser Thr

ctg gat
Leu Asp
1545

ctgtggy:

. aggagga

atgaagg:

ageccaa

gaaggggaaa

ctatect
aacttgt

attttga

tgtgtagttt

attatat,

attgtic

cagaaaggca

gtacaga

tottttt

agaacta

tetcagas

tgttecaagt

act ctg

act ggc
Thr Gly

cag tca
Gln Ser

gag cac tgg
Glu His Trp

cgyg
Arg

tgt
Cys

1500

aac cga
Asn Arg
1515

cte tee
Leu Ser
1530

gag tge
Glu Cys

aac aagccectee

aac

atc ttataagaaa

gta ggagagaatc

caa ctecttgeect
aaa ccaataccaa

atg gattgecate

aaa tatattatat

cac acatgetget

agg agagagagta

ttt tatgacctgg

aatggtggta

gac tatggttctt

act cccaactgga

gce
ala

tee
Ser

acc
Thr

aaagggtgaa

tatgatagat

cccttazata

acttatttte

ctaagaggca

gtggectgtea

cgt
Arg
1485

gag
Glu

tac

Tyr

aag
Lys

1470

caa
Gln

cce
Pro

tge
Cys
aag
Lys

atg gaa cct gtc
Met Glu Pro Val

aaa gtc cag
Lys Val Gln

1475

tgg cac cca gac
Trp His Pro Asp
1490

ttc cas goa gat
Phe Gln Ala Asp
1505

cac tat gac ggg
Hig Tyr Asp Gly
1520

gtc att cca ttt
Val Ile Pro Phe
1535

tge cgg gac ccc aag gca
Cys Arg Asp Pro Lys Ala

1550

coe gte tta
Pro Val Leu

ggt tgg tgt
Gly Trp Cys

gga gac tgc
Gly Asp Cys
1525

gct get gac
Ala Ala Asp
1540

gaa gaa aabt
Glu Glu Asn

1555

ctccactgee tcagaggeag
tgaagaagaa caatcatgaa
tgcaagagga tattgatagy
ataggcaaaa gtttctttaa
atataaggac cctcctooct
gctetcoget ccaccccctg
aatactagag gageagttgg
tttecagaget tgtctgetct
atgaagttag ttattaatte
atattatatt ttttgetgtt
gtgaagttca cattcaagat
ccatctttet atggatgcgq
attagatgga attctgoatg
gagctgggee cattttatga
taggaagttg agtgtgaata
gaatatctgt ccacaaagaa
gteggtgaga cctaggatti

gccagtcaac aagtttgtac

taagaaagag
atggaagaag
tgtgaactag
agtggcagtt
cacttatatt
ccaactactc
cagggatact
caactggete
tttataagta
tactaagcta
gaatgttgag
attggcaggt
ctagéatgta
ccaaggagat
ccattggtga
tatactaact
tetgeactte

tatggeeccat

(164)
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age att
Ser Ile

gte cac
Val His
1495
gac act
Asp Thr
1510
tgc tet
Cys Beéx

tgf gac
Cys Asp

cag kaa
Gln
aggccgacce
gaggaagage
tteatcaagt
gattaacatg
ctattaaatc
agtcccacce
gttaataccc
tttttetttt
tttaaacata
aazattattc
actttgagga
tgaatgggaé
aagctaatca
ggggagttog
tgggtccagy
tttgtcaact
cacacatgce

tctetgatea

5136

5184

5232

5280

5328

5376

5436

5496

5556

5616

5676

5736

5796

5856

5916

5976

6036

6096

6156

6216

6276

6336

6396

6456
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ccaggattac
aagtctgecaa
atggaaatga
ttaaatccag
gtctocaaag
tcaagtatca
gcatégagca
ttttgttgtt
agcetetete
ttgtaacggt
cattctagtt
tteocteoccaatg
ttctgetett
ctgtgeaaat
gtagggaaga
aatctgtggg
cacccattca
ataccattca
tgggattctg
caaaatttta
ttectgecttg
attactcage
tctocacaay
tatctgeaat
gcctctgagg
ttcttccagt
ggaaggacta
tggtggtcca

gactcttcty

aggaactcac
gtctggecag

tata

acactcctea

tcacatgace

10

tacttggeet
aagtgttgat

agatg:

gcecegggeat
aagaccaaag
tgtacaaaat
agggtgacac
tttaccettt
tatttacatce
ttetggatta
ttactcattt
gaaaccaaga
ttgctttgac
aggaatagga
acaatatcct
tttogtggaat
aaaazaacct
ttgtettggy
ataggettea
tamacttgtt
gageatccta
tcaggaacat
agcaacagta
tcaccactge
ctataagget
ctttgtteet
agacactgtyg
cattetgeta

tgtgtttgat

aggt:

gagaatggaa
tgggteoott
ctgtgagcca
tetgtgggga
cttatccaat
ceaggeteac
gaccctaggg
taggaaggct
acagacaaaa
cacagttttt
aatactacca
gaéagagaat
gagggttgea
tttgtetact
tecatgcttag
atatgcaaag
ttattgggga
ctttgtetga
ggagectgtyg
agaacaéttc
tctgggaaag
tcecageoat
gggacctgat
gtcacagate
ctettatcea

tgtacccagg

gtgatcaggg
gagcaatgaa
gagattttga
gacagaagaa
agatggaatg
tgggatgtga
asagtgagta
gtgagtgagg
tttagagcte
ctactecttce
caatgataga
aasacacgaa
aagttattgg
aatctctagt
tgcccceaag
gacaatggaa
aaatgtccaa
gattgaggea
gttecatgeca
tgttttaaat
caaaaggaaa
agtcagctat
gttttgageca
ccagcaacat
ceccatgboot

tggcccaggg

gtagtectac
ttttetggag
acaggcaéga
agacteggte
gaatctgaga
cttgageaag
tttcaactat
cacatgaaat
tctactgeag
aggagccagt
cttgtetect
agctgtggte
catcaacact
aatattatcc
taaggtgatg
gasaaggaaa
gtaaagasaa
aagacaaaca
aagtttagac
attgctagac
gaggaattgt
gtgtgtgtct
ticattttaa
gttectgttyg
agctattcag
actcaggtca
caactcacac
cattgagagc

ctagctgget

(165)
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ttottgttag
gaaaaattitt
gctgteagag
cttgttecaa
taasattctet
ccatggaaat
ttaatgtcca
gaccatatta
tracatttte
ttetgtttaa
ttaaagttte
tocttotcate
agagcaatgg
acactatcac
tacccacatt
gagcagagtt
tgtagttcag
tatttattet
actctatttt
acattctaag
tatcetggge
tcatgcagtc
aatattttat
totgtgaaga
agacagcagg
ctgataaagt
tcaatccatg
ctttotecaga

ctaacaacta

6516

6576

6636

6636

6756

6816

6876

6936
6996
7056
5115
7176
7236
7296
7356
7416
7476
7536
7596
7656
7716
7776
7836
7896
7956
8016
8076
8136

8196
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gcatgacage ctecaatcag
actgacagaa attasagtaa
tctetttttt ctattacaag
ttgagtgcat tagttaacac
gatctactgt attgtaatot

ttcattaaaa aatcagcaca

<3210> 2

<211> 1791

<212> PRT

<213> Homo sapiens

<400> 2
Met Met Cys Leu Lys I
1 5
Trp Ala Leu Cys Ser A
20
Ser Leu Val Glu Arg G
35
Arg Cys Trp Leu Gly A

1

aaaggcaggt aaggggacag
agggattygtyg aaagtaaaga
gcattgaact tggcacttcc
ccaaggggat ggcttgatty

aaaacagcta cagccagtta

caaaatatga a

le Leu Axg Ile Ser Leu
io
la 2sn Ser Glu Leu Gly
25
1u His Leu Asn Gln Val

la Lys Val Arg Arg Pro
55

His His Leu Phe Gly Val Tyr Pro Ser Arg Ala

Pro Tyr Pro Val Gly G

Pro Asp Thr Glu Gly A
100
Glu Asn Pro Ala Gly L
115
Trp Val Gly Asp Ser P:

Asp Ala Tyr Leu Gly A:
145 1
Gly Ile Gln Lys Gly S

Phe Thr Thr Leu Asn G
180

lu Gln Glu Ile His His

sn Ala Val Ser Deu Val
105

eu Arg Gly Ala Val Glu

120

ro Ile Gly Gln Ser Glu

. 135

sn Gln Arg Ser Lys Glu

50 155

er Ala Met Ala Ala Thr

170

lu Pro Lys Pro Glu Thr

185

Ala Lys Ser Arg Gln BArg Arg Gln Val Trp Lys

185
Gly Gln Gly Asp Ser &
210

200
ly Ile Ser Ser His Fhe
215

His Ser Leu Lys His Arg Val Lys Lys Ser Pro

225 2
Gln Asn Gly Gly Glu G
245
Gln Vval Gly Leu Pro I.
260
Leu Leu Arg Pro Glu Ve
275

30 235
ly Ser Tyr Arg Glu Ala
250
le Leu Tyr Phe Ser Gly
265
al Leu Ala Glu Ile Pro
280

Val Glu Ala Trp Val Lys Pro Glu Gly Gly Gln

290
Ile Ala Gly Val Phe A
305 3

295
sp Asn Cys Ser His Thr
10 315

ggtgaggaga

gctc‘ttcctg

tgtattettt

ggaatgtagt

ttttgtaaga

Arg
Gly
Thr
Pro
Glu
Léu
140
Ser
Thr
Gln
Arg

Gln
220

Pro-

Glu
Axg
Arg
Asn

300
Val

Ile
Thr
Leu

45
Ala

Asn

Arg
Arg
205
Pro
Glu
Thr
Axg
Glu

285
aAsn

Leu
Arg
Glu
Ser

Tyxr

Asp
110
Ala
Gly
Gly
Thr
Arg
190
Ala
Trp
Glu
Phe
Glu
270
Ala

Pro

Asp

Ala
15
Lys

Pro
Leu
Ser

85
Ala
Asp
Glu
Ala
175
Gly
Gla
Pro
Ser
Asn
255
Arg
Phe

Ala

Lys
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atgggecagat 8256
attct;atct 8316
gtgatcacta 8376
gaaaggagct 8436

ttataagttg 8496

8527

Gly
Lys
Glu
Gln
Arg

80
Lys
Thr
Pro
Asp
ala
160
Ile
Trp
Asp
Lys
Asn
240
Ser
Leu
Thr

Ile

Gly
320
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Ala
val

385
ala

Glu
Thr
465

Leu

Pro

Glu
545

WO 02/32953

Ala
Phe
Ile
Thx
370
Ala
Ser
Tyr
Pro
Glu
450
Glu

Gln

Leu

Val
530
Gln
Asn
Arg
Asp
Gly
610
Gly

Gly

Glu
Ser
690
Lys
Tyr
val
Cys
Leu

770
Pro

Leu
Phe
Ser
355
Ser
Cys
Phe
Gln
435
Ala
Txp
cly
Cys
Gly
515
Asn
Ile
Ile
His
His
595
Asp

Leu

Pro
Ala
675
Ser
Asp
Gly
Leu
Asn
755
Cys

Gclu

Gly
Phe
340
His
Asp
Ser
Arg
hrg

420
Ser

Val
Phe
Gly
500
Tyr

Tle

Sex
Arg
580
Cys
Cys
Cys
Cys
Asp
660
Leu
val
Ala
Met
Gly
740
Asp
Ala

Pro

Ile
325
Ser
Gly
Leu
Sex
405
Gly
His
Asp
Pro
Glu
485
Gln
Txp
Cyvs
Leu
Trp
565
Val
Asp
Arg
His
Cys
645
Sexr

Gln

Arg

Pro
725
Leu
Pro

Asp

Axrg
Leu
Arg
Arg
Asp
380
Leu
Hisg
Fhe
Leu
Phe
470
Pro
Thr
Pro
Asp
Gln
550
Gln
Val

Pxo

Leu

Leu
Glu
Thr

710
Gly

Cys
Thr

Sex

Sex
Cys
Tyr
His
375
Gln
Leu
Leu

Gln

Val

Gly
Thr

Gln

360"

Met
Ser
Leu
Gly
His

440
Leu

455

Arg

Val
Leu
Asp
538
His
Leu
Leu
Glu
Gln

615
Glu

Pro’

Lys
Asn
Asp

695
His

His
Lys
Ala

775
Asp

Asp
Pro
Cys
Arg
520
Glu
Glu
Ser
Vval
Cys
600
Gly
Cys
Gln
Arg
Ser
680
Leu
Leu
Thr
val
Glu
760

Pro

Thi

Lys
Asp
345
Pro
Ala
Gly
Gly
425
Sex
Thr
Glu
Glu
Asp
505
Gly
Gly
Ala
val
Asn
585
Glu
Arg
Asn
val
Ala
665
Thx
Ala
Gly
Asp
Phe
745
Thr
Thx

cys

12

Asp
330
Gly
Leu
Pro
Gly
410
Leun

Ser

Ala

Leu
Leu
His
570
Cys
His
Cys
Asn
Ala
650
His
Gly
Gly
Thr
730
Lys
Val
Pro

Gly

Lys

Val

Thr

Tyr
Leu

395
Asp

Gln
Ser
Tyx
475
Leu
Val
Lys
Asn
Asn
555
Gln
Glu
Pro
Tyr
Met
635
Asp
Met
Phe
Ala

Ile

Lys
TP
val

380
Asn

-Ser

Phe
His
Fhe
460
Pro
Ser
Glu
val
Pro
540
Glu
val
Pro
Leu
Ser
620
Leu
Val
Ser
Leu
Ala

700
Val

715 -

Met

Pro
Lys

Fhe

Ile
val
Ser
Ser

780
Thr

Lys
Lys
Thr
365
Asp
Ser
Sexr
Trp
Ser
445
Glu
Arg
Pro
LDeu
Ile
525
Ile
Ala
His
Ser
Thr
605
Trp
Asn
Axg
val
Asn

685
Thr

His
Ser
Met
765
Glu

Arg

Arg
Ala
350
His
Gly
Pro
Glu
Ser
430
‘Ser
Pro
Leu
Leu
Ile
510
Arg
val
Phe
Asn
Lys

590
Gly

Asp
Lys
Lys
670
Ile
Trp
Ser
Glu
Glu
750
Glu

Leu

Phe

Asp
335
Thr
Val
Thx
Phe
Asp
415
Thr
Gly
val
Glu
Gln
495
Ser
Tyr
Ser
Ser
Ser
575
Ile

Tyr

Phe
Thr
655
Glu
Tyr
Pro
Pro
Val
735
Arg

Thr

Pro
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Ala
Ile
Ala
Gln
Met
400
Gly
Ala
Glu
Asn
Val
480
Pro
Gln
Gln
Glu -
arg

560
Thr

Asp
640
Cys
Leu
Phe
Trp
Ala
720
Gly
Glu
Gly
Arg

Gly
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785"

Ala

Leu
865

Ala

Glu

Pro
945
val

Phe

WO 02/32953

Pro
Phe
Tyx
Pro
850
Pro
Gly
Sex
Ala
Ala
930
Cys
Gln
Ser

Val

Lys

1010

Asp

1025

His

arg

His

Sex
Asp

arg

1090

Phe Thr

Thr Pro
820

Gln Gln

835

Met Val

Pro Ile
Ala Cys

Ber Arg
900

val Gly

915

Trp Ser

Pro Thr

Ala Asp

Gln Val
280

His Leu

9585

Leu His

Glu Arg

Asn
805
Asn
Trp
Ile
Ser
885
Arg
Pro
Pro
Glu
Thr

965
Leu

790
Tyr

Gln
Thr
Gly
Gly
870
Glu
val
Pro
Glu
Gly
950

Leu

Phe

Gly Pro

Val

Ile

Asp

Glu
1030

Met
Val
Glu
Gln
855
Val
2sp
Cys
Asp
Val
235
Cys
Thr
Asp
Leu
Gly

1015
Ile

Pro Leu Cys Ser Gly

1045

Pro Pro Phe Ala Ser

1060

Lys Phe Thr Asp Val
1075
Tyr Gln Val Leu Ala Glu ala Gly

1095

Ser
ala
Ser
840
Thr
val
Gly
Asp
Val
920
His
Sex
Leu
Thr
Asp
1000
Lys
Asp
Ccys

Gly

Tyx
Arg
825
Asn

Tyr

Sexr
905
Asp
Leu
Leu
Trp
Glu
985
Thx
Val
Ala

arg

13

Thxr
810
Met
Lys
Lys
hsp
Phe

890
Ser

Tyr
Glu
Val
970
Ile
Phe

Sexr

Pro

1050

Leu

1065

Glu
1080

Pro Leu Asn His Ile His Gly &la
1105
Ser Glu Arg Leu Gly Glu Glu Cys

1110

Asp Gly Cys Ser Lys Val Cys Glu

1140

val

Gly

Asp

Pro
Thr

Glu

Asp

1130

Leu

1145

Gly Glu Pro Ser Leu Cys Tyr Met
1155
Pro Phe Glu Arg Lys Thr Ser

1170

Lys Gly Tyr Leu Asp Gln
1185
Asp Lys Lys Lys Cys Pro

1205

1190

Leu Ile Cys Thr Ser Tyr
1220

Thr Gly Trp Phe Pro Cys
1235
Arg Ser Glu Gln Pro Glu

1250

1175
Trp

Val
His

val

Tyxr

1160

Ile

Ala

Sex

1240

Val

Thr

Leu

Glu

Glu

Asp

.Arg

Ser
Arg

875
Arg

Pro
His
Leu
955
Thx

Leu

Cys

Asp
Cys
Thr
Leu
860
Ala
Gln
Tyr
Cys
Met
940
Leu
Ser

Leu

Asp

Asn Cys Thr
815
Tyr Leu Asp
830
Pro Ile Pro
845
Thr Ile His

Tyr Val His
. 895
Trp Thr Pro
910
Glu Pro Ser
925
Asn Met Thr

Phe Gln His

Phe Phe Met
875
Glu Asn Lys
930
Ile Pro Leu
1005

Gly Val Lys Val Tyr

1020
Ala Leu Leu Thr Ser Gln
1035
Val Arg Tyr Gln Val
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Trp
Leu
880
Glu
Leu
Val
Pro
960
Glu
Glu
Thx

Thr

Pro

1040

1055

Val Val Val Thr His

1070

Pro Gly Gln Met Tyr

1085

Leu Gly Glu Ala Ser

1100

Pro Tyr Cys Gly Asp Gly Lys
1118

Gly 2sp Leu Val Ser

1135

Glu Gly Phe Asn Cys

1150

Gly Asp Gly Ile Cys
1165

Cys Gly Ile Tyr Thr
"1180

Ala

1185

val

1210
Pro Asp Leu

1225
Ala Ser Glu

Gly Ser Leu Lys

1255

Thx
Pro
Asn

Lys

Tyxr
Gly
Asn
Glu

Glu

1260

Ser Ser His

Leu

Sexr

Gln

Pro

Val

1120

Gly

Val

Glu

1200

Glu Pro His
1215
His Arg Pro
1230
Thxr Gln Asp
1245
Asp Glu Val

Sexr

Leu

Asp
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14

Leu Lys Val Cys Phe Asn Arg Pro Gly Glu Ala

1265

1270 1275

Phe Leu Thr Thr Asp Gly Leu Val Pro Gly Glu

1230

Val Thr Leu Tyr Leu Thr. A’Sp Val Arg Gly Ser

1300

1305

Thr Tyr Gly Leu Ser Cys Gln His Asn Pro Leu

1315

320

His His Gln Asn Val Leu Phe His His Thr Thr

1330

1335

Phe Ser Ser Pro Arg Val Gly Ile Ser Ala Val

1345

1350 1355

Ser Arg Ile Gly Leu Ser Ala Pro Ser Asn Cys

1370

Gly Gin Asn His Gln Gly Gln Ser Cys Ile His

1380

1385

Gln Asp Ser Cys Pro Ser Leu Leu Leu Asp His

1395

1400

Cys Thxr Ser Ile Gly Pro Gly Leu Met Lys Cys

1410

1415

Arg Gly Phe 2la Leu Gln Ala Ser Ser Gly Gln

1425

1430 1435

Gln Lys Glu Ile Leu Leu Thr Cys Ser Ser Gly

1

445 1450

Val Ser Cys Leu Pro Val Asp Cys Gly Val Pro

1460

1465

Asn Tyr Ala Asn Phe Ser Cys Ser Glu Gly Thr

1475

1480

Cys Ser Ile Ser Cys Val Pro Pro Ala Lys Leu

1490

1495

Trp Leu Thr Cys Leu Glu asp Gly Leu Trp Ser

1505

1510 1515

Cys Lys Leu Glu Cys Asp Ala Pro Pro Ile Ile
1525

1530

Leu Leu Pro His Cys Leu Gln Asp Asn His Asp

1540

1545

Lys Tyr Glu Cys Lys Pro Gly Tyr Tyr Val Ala

1555

Lys Val Arg asn Lys Leu Leu Lys Ile @ln-Cys

1570

1575

Trp Glu Gln Gly Ser Cys Ile Pro Val Val Cys

1585

1520 1585

Val Phe Glu Gly Met Tyr.Glu Cys Thr Asn Gly

1

605 1610

Gln Cys Val Leu Asn Cys Asn Gln Glu Arg Glu

1620

1625

Cys Thr Lys Glu Gly Leu Trp Thr Gln Glu Phe

1635

1640

Leu @Gln Gly Glu Cys Pro Pro Pro Pro Ser Glu

1650

1855
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Arg Ala Ile Phe Ile

1280

His GIn Gln Pro Thr

1295

Asn His Ser Leu Gly

1310

Ile Ile Zsn Val Thr

Sex
1340
Ala
Ile
Arg
Ala
ala

1420
Tyr

Val
Glu
Leu
1580
Glu
Phe

Lys

1325
Val

Leu
‘ Ser
Pro
Asp
1405
Ile
Ile
Trp
Pro
Phe
1485
Gly
Pro
Asn
Gly
Ser
1565
Glu
Pro

Ser

Leu

Leu Leu Asn

Arg Thr Sexr
1360
Glu Asp Glu
1375
Cys Gly Lys
1390
Val Val Asn

Thr Cys Gln

Arg Pro Met
1440
Asp Gln Asn
1455
Ser Leu Val
1470
Leu Lys Arg

Leu Ser Pro

Glu Val Tyr
1520
aAla Asn Leu
1535
Thr Ile Cys
1550
Ala Glu Gly

Gly Gly Ile

Pro Pro Pro
1600
Leu Asp Sex
1615
Pro Ile Leu
1630

Lys Leu Cys Glu Asn

Leu Asn Ser Val Glu

1660

Tyr Lys Cys Glu Gln Gly Tyr Gly Ile Gly Ala Val Cys Ser Pro Leu
1665

1675

1680

Cys Val Ile Pro Pro Ser Asp Pro Val Met Leu Pro Glu Asn Ile Thr

1700

1685
Ala Asp Thr Leu Glu His Trp Met Glu Pro

1630

1705

Val Lys Val Gln Ser Ile

Val Cys -Thr Gly Arg Arxg Gln Trp His Pro Asp Pro Val Leu Val His
1715

Cys Ile Gln Ser Cys Glu Pro Phe Gln Ala

1720

1725

Asp Gly Trp Cys Asp Thr
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1730 1735 1740
Ile Asn Asn Arg Ala Tyr Cys His Tyr Asp Gly Gly 2sp Cys Cys Sex
1745 1750 1755 1760
Ser Thr Leu Ser Ser Lys Dys Val Ile Pro Phe Ala Ala Asp Cys Asp
1765 1770 1775
Leu Asp Glu Cys Thr Cys Arg Asp Pro Lys Ala Glu Glu Asn Gln
1780 1785 1790
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 130is)
L 1
A. Thei =
onpage an Tine 2
B. IDENTIFICATIONOFDEPOSIT | dtsareidenti it heet [

Name of depositary institution DSMZ (Deutsche Sammiung von Mikraorganismen und Zellkulturen GmbH
(German Callecticn of Microorganisms and Gell Cultures)

Address of depositary institution {inoluding posial code and country)
Mascheroder Weg 1b :

38124 Braunschweig
GERMANY
Dateofdeposit ‘AccessionNumber .
19 Octaber 2000 DSM 13783
C. ADDITIONAL INDICATIONS (leave blank i licable Thisi ioni: i dditional sheet D

Applicant hereby requests that deposited biclogical material identified herein shall be made available only by
the issue of a sample to an expert nominated by the requester and approved either i} by the Applicant or ii) by
a National Office of a Designated State or an Elected State, whichever applies.

D. DESIGNATED STATESFOR ‘WHICH INDICATIONS ARE MADE (if

E. SEPARATEFURN OFINDICATIO!

The imdications listed below will be submitied to-fhe i Bureau later {specify i g indic Vhccession
Number of Deposit™)

L N : 3
For y For

[ Thissheet dved with theintomati cati [BX] This sheetwas received by the International Bureau on:

07 MARCH 2008

Authorized officer Authorized offig
< 4 Vé‘L
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< 57) Abstract: The present invention provides nucleotide and amino acid sequences that identify and encode a new protein with
I P qf 'y I
e homalogy 1o pregnancy-associated plasma protein-A (PAPP-A). We denote (his protein PAPP-A2. The cDNA encading PAPP-A2

W was derived from human placenta. The present invention also provides [or antisense molecules 1o the nucleotide which

@\ encode PAPP-A2, expression veetors for the production of purificd PAPP-A2, antibodics capable of binding specifically to PAPP-A2,
hybridization probes or oligonucleotides for the detection of PAPP-A2 i Tcotid genctically engi host

&= cells for the expression of PAPP-A2, use of the protein to produce antibodies capable of binding specifically to the protein, methods

=Z for screening for pathologies in pregnant and non-pregnant patients that are hased on detection of PAPP-A2 antigen in human body

QX 114igs or PAPP-A2-encoding nucleic acid molecules, use of the protein to screen [or agents that alter the protease activity of PAPP-A2,
usc of the profein as a therapeutic target for such agents, and usc of the profein as a therapeutic agent in relevant pathological states.
Metheds for screening for altered focal proliferation states in pregnant and/or non-pregnant patients, which include detecting levels

B of PAPP-A2, are also described. ‘The present invention also provides the identification of a natural substrate of PAPP-A2, insulin-like
growth Factor binding protein (IGTBP)-5.
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INTERNATIONAL SEARCH REPORT
InterM®tional Application No

PCT/DK 01/00695

Ii.PC(I:.AgleICATIDNQOF/SUBJ ECT MA&":YLEZRN 9 / 64 / / GO1N33 /68
According to tional Patent Cl {IPC) of 1o both nati ificatian and IPG

B. FIELDS SEARCHED

arched ification system followed by classification symbols)

¢ 7 G120 CLoN

Documentation searched ather than minimum dosumentation to the extent that such included in the fie

Elsctronic data basa consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, EMBL

c. TO BE RELEVANT
Category ® | Gitation of dooument, with indication, where appropriate, of the relevant passages Felevant to claim No.
X LAWRENCE J B ET AL: "The insulin-like 1-62

growth factor (IGF)-dependent IGF binding
protein-4 protase secreted by human
f1brob]asts is pregnancy-associated plasma
protein-A."

PROC. NATL. ACAD. SCI

vol. 96, March 1999 (1999 03), pages
3149-3153, XPOO2902423

the whole document

& DATABASE EMBL [Online]

PAPA- HUMAN, Q13219, Q08371, QSUDK7;

16 October 2001 (2001-10-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No. 2.

./..-

Furiher listed in the ion ot box C. Patent family members are listed in annex.

© Special categories of cited documents :
pacial categories o ct T lordocument publihed atterthe intemationalfing date
orierity date and not In confiict with tha application but

"A" document defining the general state of the art which is not
ol et roimvanch :;E:n‘% ndaseiond 126 prmiilo of thebry andrying the
“E" ealllsr ducumsnt but published on or after the international "Y* document of particular i elevanc e; the claimed invention
cannot be consideted novel or cannot be considered o
s dor:l_n‘m;'enl wth‘é”(' may tow dousts on priorly Selm(e)of invalde an iveniive siop when the document s taken alone
whichis cited to establish the publication date of analher *Y" document of particular relevance; the claimed invention
citation or oiher special reason (as specified) cannot be considered to involve an nvertive step whon the
70" documont rfering o an oal disclosurs, uss, extibion or document is combined with one ar mare other such docu-
other ms merts, sich combinaion being GbvIous o a pafson skiled
P documenl pubhshed prior to the international filing date but inthe a
tater than the priotlty date claimed “&" document member of the same patent family
Date of the actual completion of the International search Date of mailing of the international search report
2 August 2002 26, 08. 7002
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Palentlaan 2
NL - 2280 HV Rijswijk

Tol {37040 2000 T 651 oponl Fernando Farieta

Form POT/SA/210 (second eheet) {duly 1952)
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Inte ional Application No
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C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Citation of document, with indication, whera appropriate, of the refevant passages

Relevant to claim No.

X

KRISTENSEN T ET AL: “Amino acid sequence
of human pregnancy-associated plasma
protein-A derived from cloned cDNA."
BIOCHEMISTRY.,

vol. 33, 1994, pages 1592-1598,
XPO02902424

the whole document

& DATABASE EMBL [Online]

PAPA-HUMAN, Q13219, Q08371, QSUDK7;

16 October 2001 (2001-10-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No 2.

OVERGAARD M T ET AL: "Expression of
recombinant human pregnancy-associated
plasma protein-A and identification of the
proform of eosinophil major basic protein
as its physiological inhibitor."

THE JOURNAL OF BIOLOGICAL CHEMISTRY,
vol. 275, no. 40,

6 October 2000 (2000 10-06), pages
31128-31133, XP002902425

the whole document

& DATABASE EMBL [Online]

PAPA-HUMAN, Q13219, Q08371, Q9UDK7;

16 October 2001 (2001-10-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No 2

OXVIG C ET AL: ' "Identification of
angiotensinogen and complement C3dg as
novel proteins binding the proform of
eosinophil major basic prote1n in human
pregnancy serum and plasma.

THE JOURNAL OF B]OLOGICAL CHEMISTRY,
vol. 270, no. 23,

9 June 1895 (1995—06-09), pages
13645-13651, XPEO2902426

the whole document

& DATABASE EMBL [Online]

PAPA-HUMAN , 13219, Q08731, Q9UDK7;

16 October 2001 (2001-10-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No 2.

-/==

1-62

1-67

1-62

Form PCT/ISA/210 {continuation of second sheel) (duly 1992)
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INTERNATIONAL SEARCH REPORT
InterMtanal Application No
PCT/DK 01/06695

Y i YERED TO BE RELEVANT
Category ° | Citation of document, with indication, where appropriate, of the relevant passages. Relevant to claim Na.
X OVERGAARD M T ET AL: "Messenger 1-62

ribonucleic acid levels of
pregnancy-associated plasma protein-A and
the proform of eosinophil major basic
protein: Expression in human reproductive
and nonreproductive tissues.”

BIOLOGY AND REPRODUCTION,

vol. 61, 1999, pages 1083-1089,
XP0O2902427

the whole document

& DATABASE EMBL [Online]

PAPA-HUMAN , Q13219, Q©8371, Q9UDK7;

16 October 2001 (2001-16-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No 2.

X BONNO M ET AL: ‘“Localization of 1-62
pregnancy-associated plasma protein-A and
colocalization of pregnancy-associated
plasma protein-A messenger ribonucleic
acid and eosinophil granule major basic
protein messenger ribonucleic acid in
placenta.”

LABORATORY INVESTIGATION,

vol. 71, no. 4, 1994, pages 560-566,
XP002902428

& DATABASE EMBL [OnTin

PAPA-HUMAN, Q13219, Q03871 Q9UDK7;

16 October 2001 (2001-10-16)

46% Identity in 1627 a.a. overlap with
SEQ. 1 D. No 2

A 63-67

P.X PAGE N M ET AL: "The characterization of 1-62
pregnancy associated plasma protein-E and
the identification of an alternative
splice variant."

PLACENTA,

vol. 22, 2001, pages 681-687, XP002902429
the whole document

& DATABASE EMBL [Online]

PAPA-HUMAN, Q13219, 008371, QSUDK7.;

16 October 2001 (2801-19-16)

46% Identity in 1627 a.a. overlap with
SEQ. ID. No 2.

../-..

Form PCTASAR10 {conlinuation of second sheet) {July 1992)
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INTERNATIONAL SEARCH REPORT -
Inlerganal Application No
PCT/DK 01/00695

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

P.X OVERGAARD M T ET AL: 1-62
"Pregnancy-associated plasma protein-A2
(PAPP-A2), a novel insulin-like growth
factor-pinding protein-5 proteinase.”
THE JOURNAL OF BIOLOGICAL CHEMISTRY,
vol. 276, no. 24,

16 June 2001 (2001-06-16}, pages
21849-21853, XP002902438

the whole document

& DATABASE EMBL [Online]

Q9BXP8, ;
XP000OYOOOS
100% Identity in 1791 a.a. overlap with
SEQ. ID. No 2
X FARR M ET AL: '"Pregnancy-associated 1-62
plasma protein-E (PAPP-E{"

BIOCHIMICA ET BIOPHYSICA ACTA. GENE
STRUCTURE AND EXPRESSION, ELSEVIER,
AVMSTERDAM, NL,

vol. 1493, no. 3,

2 October 2000 (2000-10-02), pages
356-362, XP004275781

ISSN: 0167-4781

the whole document

& DATABASE EMBL [Online]

Q9H4C9,; 1 March 2001 (2001-03-01)
99% Identity in 1624 a.a. overlap with
SEQ. ID. No 2.

X CHRISTIANSEN M ET AL: “Quantification and 63-67
characterization of pregnancy-associatted
complexes of angiotensinogen and the

proform of eosinophil major basic protein
in serum and amiotic fluid.”

CLINICAL CHEMISTRY,

vol. 46, no. 8§, 2000, pages 1699-1105,

XP002992701

the whole document

X OXVIG C ET AL: "Circulation human 63-67

pregnancy-associated plasma protein-A Is

disulfide-bridged to the proform of

eosinophil major basic protein."

THE JOURNAL OF BIOLOGICAL CHEMISTRY,

vol. 268, no. 17, 1993, pages 12243-12246,

XP002902702

the whole document

A WO 00 54806 A (OXVIG CLAUS ;OYERGAARD 1-62

MICHAEL TOFT (DK); MAYO FOUNDATION (US);
€0) 21 September 2660 (2000-99-21)
claims 1-36

../-...

Form PCT/ISA210 {contination of secand sheet) {July 1982)
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Int nal Application No

PCT/DK 01/00695

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Gitation of document, with indication, where appropriate, of the refevant passages

Relevant to claim No.

P,A

P.A

WO 01 75067 A (HYSEQ INC )

11 October 2001 (2001-16-11)

& DATABASE EMBL [Online]

AB6 11138,; 18 February 2002 (2002-02-18)
46% Identity in 1752 a.a. overlap with
SEQ. ID. No 2.

ERICKSON G F ET AL: “The physiology of
;o1]1cu1ogenesis‘ the role of novel growth
act
FERTILITY AND STERILITY,
vol. 76, no. 5, November 2061 (2001-11),
pages 943-949, XPP0O2902431
page 947
GORDON C S SMITH ET AL: “Early pregnancy
levels of pregnancy-associated plasma
protein A and the risk of intrauterine
growth restriction, premature birth,
preeclampsia, and stillbirth"
THE JOURNAL OF CLINICAL ENDOCRINOLOGY &
METABQOLISM,
vol. 87, no. 4, April 2002 (2002 04),
pages 1762- 1767, XP0@2902703
the whole document
WO 01 95855 A (TSCHESCHE H ET AL)
20 December 2001 (2001-12-20)
claims 1-12
GIUDICE L C ET AL: "“Identification and
regulation of the IGFBP-4 protease and its
physiological inhibitor in human
trophoblasts and endometrial stroma:
Evidence for paracrine regulation of
1IGF-I1 bioavailability in the p1acenta1
bed during human implantation
THE JOURNAL OF CLINICAL ENDOCRINOLOGY &
METABOLISM,
vol. 87, no. 5, May 2002 (2002-05), pages
2359-2366, XP002902704
the whole document
WALD N J ET AL: "First trimester serum
screening for down's syndrome."
PRENATAL DIAGNOSIS,
vol. 15, 1995, pages 1227-1240,
XP002902432
the whole document

1-62

1-62

63-67

1-62

63-67

1-62

Form PCT/AISA210 {continuation of second sheet) (July 1592)

JP 2004-511253 A 2004.4.15
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(179)

International application No.

INTERNATIONAL SEARCH REPORT PCT/DK 01/00695

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a} for the following reasons:

Glaims Nos.: 61
because they relale to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. [X] cleims fos:: 1, 12 and 53-54, 56-60.
because ihey relate to parts of the International Application that do not comply with the preseribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:

because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a).

Box |l Observations where unity of i ion is lacking (Conti ion of item 2 of first sheet)

This Intemational Searching Authority found multiple inventicns fn this international application, as follows:

see additional sheet

As a result of the prior review under R. 40.2(e) PCT,
part of the additional fees are to be refunded.

1. m As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. [ As alt searchable claims coud be searched without effort stitying an addiional fee, this Authorty did it nvite payment
of any additional fee.
3. D As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Report

covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional seatch fees were timely paid by the applicant, Gonsequently, this Internationa) Search Report is
restricied 1o the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest

L__‘ No protest accompanied the payment of additional search fees.

The adlditional search fees were accompanied by the applicant's protest.

Form PCT/ISA/210 {gontinuation of first sheet (1)) (July 1998)

JP 2004-511253 A 2004.4.15
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(180)

International Application No. PCT/DK 01 /60695

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Continuation of Box I.1

Claims Nos.: 61

Claim 61 relates to a method of treatment of the human or animal body by
therapy /diagnostic method practised on the human or animal body/ Rule
39.1.(iv). Nevertheless, a search has been executed for this claim. The
search has been based on the alleged effects of the composition.

Continuation of Box I.2
Claims Nos.: 1, 12 and 53-54, 56-60.

Present claims 1 and 12 relate to a purified polynucleotide defined by
reference to a desirabie characteristic or property, namely:

* Having a proteolytic activity specific for IGFBP-5.

* Being recognised by an antibody.

* Binding to a cell surface receptor,

The claims cover all polynucleotides having this characteristic or
property, whereas the application provides support within the meaning of
Article 6 PCT and/or disclosure within the meaning of Article 5 PCT for
only a very limited number of such polynucleotides. In the present case,
the claims so lack support, and the application so lacks disclosure, that
a meaningful search over the whole of the claimed scope is impossible.
Independent of the above reasoning, the claims also lack clarity (Article
6 PCT). An attempi is made to define the polynucleotide by reference to a
result to be achived. Again, this lack of clarity in the present case is
such as to render a meaningful search over the whole of the claimed scope
impossible.

Consequently, the search has been carried out for those partss of the
claims which appear to be clear, supported and disclosed, namely those
parts relating to the polynucleotide of SEQ ID No. 2

The terms "inhibitory agent or enhancing agent" used in claim 53-54 and
56-60 are vague and unclear and leave the reader in doubt as to the
meaning of the technical features to which they refer, therby rendering
the definition of the subject-matter of said claims unclear (Article 6
An attempt is made to define the “agent" by reference to a result to be
achived {inhibitor or enhancing). Again, this lack of clarity in the
present case is such as to render a meaningful search over the whole of
the claimed scope impossible.

The applicant's attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International

JP 2004-511253 A 2004.4.15
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(181)

International Application No. PCT/DK 01 /00695

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.

JP 2004-511253 A 2004.4.15
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(182)

International Application No. PCT/DK 01 /00695

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 2-11, 13-52, 55, 62 and part of claims 1, 12,
53-54, 56-60

A polynucleotide (SEQ. ID. No 1} and the corresponding
polypeptide (SEQ. ID. Ne 2), relating to PAPP-A2,according
to clajms 2-11,13-52, 55, 62 and part of claims 1, 12,53-54,
56-60.

2. Claims: 63-67
A method for diagnosing a clinical condition, measuring the

level of protein-complex in a body sample,according to
claims 63-67.

JP 2004-511253 A 2004.4.15
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Information on patent ramily memners.

Inters

(183)

nal Application No

PCT/DK 01/00695

Patent document Publication Patent family ‘ Publication

cited in search report date member(s)

WO 0054806 A 21-69-2000 AU 3627800 A 04-10-2000
EP 1169058 Al 09-01-2002
Wo 0054806 Al 21-09-2000

WO 0175667 A 11-10-2001 AU 3486501 A 14-08-2001
AU 3995501 A 12-09-2001
AU 4925101 A 15-10-2001
AU 4972801 A 15-10-2001
AU 5119401 A 15-10-2001
AU 5521401 A 15-10-2081
Wo 0157266 Al 09-08-2001
Wo 0164839 A2 07-69-2001
Wo 0175067 A2 11-10-2001
Wo 0175064 A2 11-10-2001
W0 0174836 Al 11-10-2601
WO 0175093 Al 11-10-2001
US 2002061567 Al 23-05-2002

WO 0195855 A 20-12-2001 AU 7410701 A 24-12-2001
Wo 0195855 A2 20-12-2001

Form PCTASA210 (patent family annex) (July 1982}

JP 2004-511253 A 2004.4.15
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