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METHODS AND KITS TO DETECT HEREDITARY ANGIOEDEMA TYPE lli

The present invention relates to a method of diagnosing hereditary angioedema
type Il (HAE 11l) or a predisposition thereto in a subject being suspected of having
developed or of having a predisposition to develop a hereditary angioedema type Il
or in a subject being suspected of being a carrier for hereditary angioedema type lll,
the method comprising determining in vitro from a biological sample of said subject
the presence or absence of a disease-associated mutation in a nucleic acid
molecule regulating the expression of or encoding coagulation factor XlI; wherein
the presence of such a mutation is indicative of a hereditary angioedema type Ill or
a predisposition thereto. The present invention also relates to a method of
diagnosing hereditary angioedema type Ill (HAE Ill) or a predisposition thereto in a
subject being suspected of having developed or of having a predisposition to
develop a hereditary angioedema type Il or in a subject being suspected of being a
carrier for hereditary angioedema type lll, the method comprising assessing the
presence, amount and/or activity of coagulation factor Xl in said subject and
including the steps of: (a) determining from a biological sample of said subject in
vitro, the presence, amount and /or activity of: (i) a (poly)peptide encoded by the
coagulation factor Xl gene; (ii) a substrate of the (poly)peptide of (i); or (iii) a
(poly)peptide processed by the substrate mentioned in (ii); (b) comparing said
presence, amount and/or activity with that determined from a reference sample; and
(c) diagnosing, based on the difference between the samples compared in step (b),
the pathological condition of a hereditary angioedema type Il or a predisposition
thereto. The present invention also relates to a method of identifying a compound
modulating coagulation factor XlI activity which is suitable as a medicament or a
lead compound for a medicament for the treatment and/or prevention of hereditary
angioedema type lll, the method comprising the steps of: (a) in vitro contacting a
coagulation factor Xll (poly)peptide or a functionally related (poly)peptide with the
potential modulator; and (b) testing for modulation of coagulation factor XII activity,
wherein modulation of coagulation factor Xl activity is indicative of a compound’s
suitability as a medicament or a lead compound for a medicament for the treatment
and/or prevention of hereditary angioedema type lll. Furthermore, the present
invention relates to gene therapy methods and to a kit for diagnosing hereditary
angioedema type III.
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Several documents are cited throughout the text of this specification. The disclosure
content of the documents cited herein (including any manufacturer’s specifications,

instructions, etc.) is herewith incorporated by reference.

All or any combination of steps (including single steps only) carried out in the
method of the present invention and cited throughout this specification can be

carried out in any combination of in vivo, ex vivo or in vitro.

The conventional or classic forms of hereditary angioedema (HAE) are known to be
autosomal dominant disorders. Two types are recognized (Rosen et al. 1965,
Science 148: 957-958), both related to a C1 inhibitor deficiency caused by
mutations in the C1 inhibitor gene (Bissler et al. 1997, Proc. Assoc. Am. Physicians
109: 164-173; Zuraw & Herschbach 2000, J. Allergy Clin. Immunol. 105: 541-546;
Bowen et al. 2001, Clin. Immunol. 98: 157-163). The defective gene produces either
no C1 inhibitor (HAE type 1) or a dysfunctional C1 inhibitor (HAE type Il). Récently, a
further type of hereditary angioedema has been described (Bork et al. 2000, Lancet
356: 213-217; Binkley & Davis 2000, J. Allergy Clin. Immunol. 106: 546-550; Martin
et al. 2001, J. Allergy Clin. Immunol. 107: 747), and it appears that this new type is
closely related, possibly identical, to a disease entity described already in 1986 by
Warin et al. (Br. J. Dermatol. 115:731-734) in two sisters. In patients with this new
type of inherited/familial angioedema, C1 inhibitor protein levels and C1 inhibitor
function (as determined by antigenic and functional assays) are normal. This
disease has been termed HAE type lll by Bork et al. 2000 (Lancet 356: 213-217).
The genetic defect underlying hereditary angioedema type lll is still unknown. Until
now, this disease has been reported exclusively in women, but from pedigree
analysis one must postulate the existence of male carriers (Binkley & Davis 2000;
Martin et al. 2001). Inheritance is assumed to be autosomally dominant (Binkley and
Davis, 2000; Martin et al., 2001; Binkley and Davis 2001, J. Allergy Clin. Immunol.
107: 747-748), male-to-male transmission has been observed in one family (Martin
et al., 2001). Nevertheless, the possibility of genetic heterogeneity, including the
possibility of X-chromosomal inheritance eventually in some families, has been
discussed (Bork et al. 2000; Martin et al. 2001; Binkley & Davis 2001). The clinical
manifestation of HAE type lll, in particular regarding frequency and intensity of
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symptoms, appears to be quite variable, and penetrance of the disease can be
reduced (Bork et al. 2000, Lancet 356: 213-217; Bork et al. 2003, Am. J. Med. 114:
294-298). One therefore might speculate that some patients diagnosed as
‘idiopathic angioedema’ eventually are affected by hereditary angioedema type I,
and that the disease has not (yet) manifested in any of their relatives (Bork et al.
2003, Am. J. Med. 114: 294-298). In about two thirds of women affected with HAE
type [l angicedema symptoms are precipitated or exacerbated by oral
contraceptives or hormone replacement therapy (Bork et al. 2003), pregnancy might
also be an important precipitating factor, at least in some families (Binkley & Davis
2000). It is assumed that exogenous, respectively endogenous estrogens are
responsible for these precipitating or exacerbating effects (Binkley & Davis 2000,
2001; Bork et al. 2000, 2003). Based on presently available information, the clinical
presentation of HAE type lll appears to be highly similar to HAE type | or I, except

for the unique occurrence in women.

The deficiency of functional C1 esterase inhibitor provides a useful means of
detecting hereditary angioedema types | and Il, as the substitution with a
pharmaceutical preparation of human C1 inhibitor does provide a useful means of
treating as well as of preventing these types of hereditary angioedema. In contrast,
an effective method for the detection, treatment, and prevention of hereditary
angioedema type Il still remains to be identified.

Thus, the technical problem underlying the present invention was to provide means
and methods for diagnosis of hereditary angioedema type Il or a predisposition

thereto, as well as for prevention and treatment of hereditary angioedema type lIl.

The solution to this technical problem is achieved by providing the embodiments

characterized in the claims.

Accordingly, the present invention relates to a method of diagnosing hereditary
angioedema type Il (HAE Ill) or a predisposition thereto in a subject being
suspected of having developed or of having a predisposition to develop a hereditary
angioedema type [l or in a subject being suspected of being a carrier for hereditary
angioedema type lll, the method comprising determining in vitro from a biological
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sample of said subject the presence or absence of a disease-associated mutation in
a nucleic acid molecule regulating the expression of or encoding coagulation factor
Xll: wherein the presence of such a mutation is indicative of a hereditary

angioedema type Il or a predisposition thereto.

The term “nucleic acid” or “nucleic acid molecule” refers to DNA or RNA, including
genomic DNA, cDNA, mRNA, hnRNA etc as well as chimeras thereof. Included are
artificially modified nucleic acid molecules carrying chemically modified bases. All

nucleic acid molecules may be either single or double stranded.

In principle, the detection of at least one disease-associated mutation such as 2, 3,
4,5,6,7,8,9, 10 or more mutations or combinations of various different mutations
in at least one allele is an indication that the subject to be diagnosed either with
respect to a potentially existing disease predisposition or susceptibility or because of
being affected by the disease is a carrier. In general, if a disease-associated
mutation is dominant, it may be causative for the onset or progress of the disease
and a diagnosis of heterozygosity as only of its presence in the genome at all, will
be indicative of the subject being prone to developing the disease if it does not
already suffer from it. A recessive character of a mutation will more likely indicate
that only its homozygous occurrence Wwill Have a direct impact on the onset or
progress of the disease, whereas its occurrence in heterozygous form will rather
qualify the subject as a carrier only, unless other concomitantly occurring mutations

contribute to the onset or progress of the disease.

The term “diagnosing” means assessing whether or not an individual or a subject
has a specific mutation linked with hereditary angioedema type Il and concluding
from the presence of said mutation that the individual or subject has a hereditary
angioedema type Il (HAE 1ll), or a predisposition thereto, a predisposition to
develop a hereditary angioedema type Ill or is a carrier for hereditary angioedema

type Il

The term “hereditary angioedema” refers to an inherited abnormality to cause skin
swellings, gastrointestinal symptoms (abdominal pain attacks) due to edema of the

intestinal wall, or edema of the tongue, or laryngeal edema, which may ultimately
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result in death by asphyxiation. Until recently two forms of hereditary angioedema
(HAE), type | and type Il, were recognized (Rosen et al. 1965, Science 148: 957-
958); both are inherited in an autosomal dominant fashion and are related to a C1
inhibitor deficiency caused by mutations in the C1 inhibitor gene (Bissler et al. 1997,
Proc. Assoc. Am. Physicians 109: 164-173; Zuraw & Herschbach 2000, J. Allergy
Clin. Immunol. 105: 541-546; Bowen et al. 2001, Clin. Immunol. 98: 157-163). The
defective gene produces either no C1 inhibitor (HAE type ) or a dysfunctional C1
inhibitor (HAE type 1l). With respect to hereditary angioedema due to C1 inhibitor
deficiency, it is generally assumed that bradykinin (and eventually related kinins) is
an important mediator of angioedema development (Nussberger et al. 1998, Lancet
351: 1693-1697; Kaplan et al. 2002, J. Allergy Clin. Immunol. 109 : 195-209; Han et
al. 2002, J. Clin. Invest. 109 : 1057-1063; Cugno et al. 2003, Int. Immunopharmacol.
3: 311-317). However, also a kinin derived from complement component C2 —
following an eventually increased or uncontrolled activation of the classical
complement pathway - has been considered to be of pathophysiological significance
(Donaldson et al. 1977, Trans. Assoc. Am. Physicians 90: 174-183; Strang et al.
1988, J. Exp. Med. 168: 1685-1698).

The term “hereditary angioedema type IlI”, as used throughout the description of the
present invention, relates to the disease described by Bork et al. 2000 (Lancet 356:
213-217) and Binkley and Davis 2000 (J. Allergy Clin. Immunol. 106: 546-550), the
disease described by Warin et al. 1986 (Br. J. Dermatol. 115: 731-734) probably
being closely related or even identical. Type Il of hereditary angioedema is
characterized by similar symptoms as observed in HAE | and Il, however, the blood
plasma level and activity of C1 esterase inhibitor are normal and until now the
disease has exclusively been reported in women. According to the present
invention, hereditary angioedema type lll may include several potential subtypes:
Binkley & Davis 2001 (J. Allergy Clin. Immunol. 107: 747-748) suggested to
differentiate between (1) an estrogen-sensitive type (in which symptoms worsen but
are not strictly dependent on high estrogen levels) and (2) an estrogen-dependent
type (in which there is an absolute dependence of symptoms). In addition, according
to data presented by Bork et al. (2003, 2000), it appears that in almost one third of

patients symptoms are not influenced by estrogen exposure; these patients may
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represent a third subtype (3) of HAE type Ill regarding estrogen-sensitivity. A fourth
subtype (4) of HAE type lll appears to be the disease described by Warin et al.
1986: a familial type of recurrent angioedema with normal C1 inhibitor levels,
oestrogen-induced, but with occasional symptoms of urticaria. A fifth subtype (5)
may be ‘HAE type Il with negative family history’, a term that is understood here as
being equivalent to ‘idiopathic angioedema’, i.e. a recurrent angioedema that cannot
be attributed to any of the C1 inhibitor-related forms of hereditary or acquired
angioedema or to any of the known drug-induced and physical causes: certain
patients classified as cases of “idiopathic angioedema“ may, in fact, represent
patients with HAE type Ill, namely HAE type lil patients where the disease has not
yet manifested in any relative (e.g. because of reduced penetrance), or HAE type Il
patients with a negative family history because of a de novo mutation. Finally, a
sixth subtype (6) of HAE type [l may be manifested in men, eventually only in the
presence of certain (genetic or environmental) precipitating factors.

The term "predisposition”, in accordance with the present invention, refers to a
genetic condition that (a) increases the risk for the development of a disease or
promotes or facilitates the development of a disease and/or that (b) facilitates to
pass on to the offspring specific alleles of a gene increasing the risk for or promoting
the development of such condition or disease.

The term “biological sample”, in accordance with the present invention, relates to
the specimen taken from a mammal. Preferably, said specimen is taken from hair,
skin, mucosal surfaces, body fluids, including blood, plasma, serum, urine, saliva,
sputum, tears, liquor cerebrospinalis, semen, synovial fluid, amniotic fluid, breast

milk, lymph, pulmonary sputum, bronchial secretion, or stool.

The term “mutation” comprises, inter alia, substitutions, additions, insertions,
inversions, duplications or deletions within nucleic acid molecules, wherein one or
more nucleotide positions can be affected by a mutation. These mutations occur
with respect to the wild-type nucleic acid sequence. As the “wild-type” or “normal”
nucleic acid sequence of the coagulation factor Xl gene is considered herein the
sequence (bases 1 to 10616) given under GenBank acc. no. AF 538691 and, with

respect to extended flanking sequences, the sequence given in the July 2003
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human reference sequence of the UCSC Genome Browser, v.53 (vide infra). A
mutation may affect preferablyupto1,2,3,4,5,6,7,8,9,10 or even of up to
20, 30, 40, 50, or up to 1000 nucleotides. However, it is also conceivable that even
larger sequences are affected. Therefore, the term “mutation” also relates to, e.g., a
nucleotide deletion, substitution or insertion of up to 10000 or up to 20000
nucleotides, also comprising the situation when the entire coding, non-coding and/or
regulating sequence of a gene is affected. Mutations can involve coding or non-
coding gene regions. The term “non-coding” preferably relates to introns, to the non-
coding parts of exons, to 5- and 3'-flanking regulatory sequences, thus also to
expression control sequences including control elements such as promoter,
enhancer, silencer, transcription terminator, polyadenylation site. It is well known to
the person skilled in the art that mutations in these regions of a gene can have a
substantial impact on gene expression, eventually also with respect to specific
tissues. For example, mutations in these sites can result in a nearly complete shut-
down of gene expression or in a drastic overexpression. However, mutations in non-
coding regions can also exert important effects by altering the splicing process; such
mutations, for example, can affect the intron consensus sequences at the splice and

branch sites, sometimes they activate cryptic sites, or create ectopic splice sites.

On the other hand, a mutation can also reside in the coding region of a gene and
severely affect the protein’s structural and/or functional characteristics, for example
by causing amino acid substitutions. However, even so-called silent or synonymous
mutations must not necessarily be silent. For example, mutations within exonic
splicing enhancers or silencers may affect mRNA splicing, which may for example
alter protein structure or cause phenotypic variability and variable penetrance of
mutations elsewhere in the gene (Liu H.-X. et al. 2001, Nature Genet. 27: 55-58;
Blencowe 2000, TIBS 25: 106-110; Verlaan et al. 2002, Am. J. Hum. Genet. 70;
Pagani et al. 2003, Hum. Mol. Genet. 12: 1111-1120).

However, it is well known in the art that not any deviation from a given reference
sequence must necessarily result in a disease condition or a predisposition thereto.
For example the gene encoding human coagulation factor Xll is known to occur in a

number of variations comprising polymorphisms or polymorphic variants such as
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those deposited in the databank of Seattle (http:/pga.gs.washington.edu, University
of Washington, ‘Seattle SNPs’).

The term “polymorphism” or “polymorphic variant” means a common variation in the
sequence of DNA among individuals (NHGRI glossary). “Common” means that
there are two or more alleles that are each present at a frequency of at least 1% in a
population. Usually it is understood, that polymorphisms, or at least the majority of
polymorphisms, represent variations that are benign, functionally neutral, not having
an adverse effect on gene function. However, it is also clear that polymorphic
variants exist which can have an impact with respect to the development of a
disease. This impact can be not only a disease-predisposing one, but, in certain

cases, it can also be a protective effect reducing the risk of disease manifestation.

Taking into account the existence of polymorphic variants, it is reasonable to
consider the existence of numerous alternative wild-type sequences. For various
purposes of the present invention, for example for the design of nucleotide probes
and primers and also for the design of oligonucleotides to be used therapeutically, it
will be important to carefully take into account the existence of such variant

sequences.

Although the term “mutation” basically describes any alteration or change in a gene
from its natural state, it is often understood as a disease-causing change, as a

change that causes a disorder or the inherited susceptibility to a disorder.

For the skilled artisan and under certain circumstances, the terms “polymorphic
variant” (“polymorphism”) and “mutation” have the same connotation and refer to the
same molecular phenomenon, namely alteration in or deviation from a paradigmatic

wild-type sequence.

For the purpose of the present invention, the term “disease-associated mutation”
refers to a mutation in a nucleic acid molecule regulating the expression of or
encoding coagulation factor XII and which is linked with hereditary angioedema type
[l or a predisposition thereto. In accordance with the present invention, a “disease-
associated mutation” is preferably a rare mutation, preferably with a frequency <1%,

and more preferably a mutation with an important disease-causing effect, a



WO 2005/111233 PCT/EP2005/005404

9
dominant mutation. Nevertheless, in accordance with the present invention, it is also
envisaged that polymorphic variants exist that can have an influence on disease
predisposition and/or the onset or progress of a disease (vide infra), and which,
thus, also represent a “disease-associated mutation”. It is important to note that an
affected individual may carry more than one disease-associated mutation. In order
to determine whether or not a mutation is disease-associated, the person skilled in
the art may for example compare the frequency of a specific sequence change in
patients affected by HAE type lll with the frequency of this sequence change in
appropriately chosen control individuals, preferably individuals who never showed
any angioedema symptoms, and conclude from a statistically significantly deviating
frequency in the patient group that said mutation is a disease-associated mutation.
The person skilled in the art knows how to design such a comparison of patients
and controls. For example, patients and controls should be matched for age and
sex. Controls could be individuals assumed to be healthy, like biood donors, but
also a population-based control sample appears to be possible, although it is
appreciated that among such samples there might be a small percentage of
individuals included who have a predisposition for the disease. Thus, preferably,
controls should be individuals who never experienced any angioedema symptoms
According to the present invention, the term “statistically significant” describes a
mathematical measure of difference between groups. The difference is said to be
statistically significant if it is greater than what might be expected to happen by
chance alone. Preferably, a P-value < 0.10, more preferred a P-value < 0.05, even
more preferred, a P-value < 0.01, calculated without using any corrections like those

for multiple testing, is considered to be indicative of a significant difference.

In cases where more than one mutation is present in a nucleic acid molecule,
wherein said mutation is linked with HAE type llI, it may suffice to detect the
presence of one mutation only or of a lower number of mutations than are actually
present in the nucleic acid molecule and associated with HAE type lil. Normally, it is
not relevant for the purpose of diagnosis, whether such associated mutations are
solely indicative, thus having for example a bystander effect, and not causative or

whether they are causative for the onset or progress of the disease.
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GenBank accession number AF538691 lists a consensus sequence of the human
coagulation factor Xl gene and a number of polymorphic variants observed in
Caucasian and Negroid individuals. For a large part, these and potentially existing
other polymorphic variants may be functionally neutral. Nevertheless, it is possible
that at least some polymorphic variants are not neutral, i.e. that they can exhibit
functional, quantitative or qualitative consequences like, for example, influencing
directly the susceptibility or predisposition for the development of HAE type Il or
modulating the pathogenic effect of another mutation associated with hereditary
angioedema type Ill.

For example, it is envisaged that a common polymorphism (46C/T) in the 5-UTR (in
exon 1) of the human coagulation factor XlI gene can be of importance for the
present invention. It is known that this polymorphism is significantly associated with
the plasma concentration of coagulation factor Xl (Kanaji et al. 1998, Blood 91:
2010-2014), the T allele being associated with a decreased translation efficiency; in
functional and antigenic assays, individuals with the genotype C/C show 170% of
the ‘concentration seen in pooled normal plasma, whereas in individuals with the
genotype T/T the factor XII plasma concentration is 80% of that seen in pooled
normal plasma. In accordance with the present invention, one, therefore, may
consider the C allele being a risk factor whose presence can increase the risk for
the development of angioedema, for example in case that it is present in one

haplotype with a dominant disease-associated mutation.

Thus, in a less preferred alternative, it is conceivable that, in fact, some of said
polymorphic variants represent a disease-associated mutation. It is also envisaged
that such a situation might arise from linkage disequilibrium phenomena. With these
limitations in mind, the deposited consensus sequence mentioned above, is

considered herein to represent the “wild-type” sequence.

It is important to note that the term “nucleic acid molecule regulating the expression
of or encoding coagulation factor XII” preferably comprises the complete genomic
sequence of the coagulation factor XIl gene including extended flanking regulatory
sequences (vide infra) as well as sequences or nucleic acid molecules which are

physically unrelated to the coagulation factor XlI gene but which exert regulatory
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effects on the expression of coagulation factor XII. The term “nucleic acid molecule
regulating the expression of or encoding coagulation factor XII” also refers to

portions of the above sequences, for example the promoter of said gene.

The term “regulating the expression” means influencing, including increasing or
decreasing transcription or translation. Accordingly, increasing or decreasing means
producing more or less, respectively, RNA or (poly)peptides. The term “regulating
the expression” also refers to influencing splicing processes, as well as the tissue-
specific expression of a gene. The skilled person knows that expression may be
regulated, for example, by enhancer or silencer sequences, splicing signals as well
as other sequences which affect splicing processes, binding of transcription factors,
polyadenylation sequences, transport signals, transcription terminator and the like. It
is also envisaged that nucleic acid sequences physically unrelated to the
coagulation factor Xl gene locus can participate in the regulation of the expression
of coagulation factor Xil, and thus may have an impact on the development of
angioedema symptoms. For example, a gene locus on the short arm of
chromosome 10, around marker D10S1653, envisaged to be located within the
nucleotide sequence comprising nucleotides chr10:10,554,416 to chr10:18,725,506
(UCSC Genome Browser/July 2003) has been demonstrated to affect coagulation
factor XIl plasma level (Soria et al. 2002, Am. J. Hum. Genet. 70:567-574) and may,

thus, also affect disease susceptibility or disease development.

Sequences “encoding coagulation factor XII” refer to the coding sequence of the
coagulation factor XII gene. Said term relates to the genomic coding sequence as

well as the coding sequence in a RNA or cDNA molecule.

The term “coagulation factor XII” preferably relates to coagulation factor XIl, which is
a serine protease circulating in plasma as a single-chain inactive zymogen of
approximately 80kDa. Particularly preferred in accordance with the present
invention is the coagulation factor Xli corresponding to the mRNA sequence given
under GenBank accession no. NM_000505.2 and encoded by the nucleic acid
molecule deposited under GenBank accession number AF538691 which is
considered by the present invention as the wild-type coagulation factor Xl gene

sequence and which includes 5" promoter sequences (up to 1581 bp upstream from
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exon 1), coding and non-coding exon sequences, intronic sequences, and 3’
flanking regulatory sequences, including 1598 bp downstream from the end of exon
14 which corresponds to the end of the coagulation factor Xl mRNA as given under
GenBank accession number NM_000505.2. With respect to genomic sequences
further extending into upstream and downstream direction, the sequence considered
here to represent the wild-type sequence may be taken from the July 2003 human
reference sequence of the UCSC Genome Browser, v.53, namely from the reverse
complement sequence of chr5:176,807,093 — 176,821,530 (representing 4000 bp
upstream of exon 1 and 3000 bp downstream of exon 14). The GenBank entry
AF538691 relates to the gene of Homo sapiens coagulation factor XII (Hageman
factor) (F12) of which several variants are known in the art (vide supra). The term
“coagulation factor XII” also relates to sequences with an identity of at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% when compared with the
sequence of GenBank accession number AF538691. In addition, the present
invention also relates to various protein isoforms corresponding to different
transcripts produced by alternative splicing (for example, those shown in
“http://www.ncbi.nih.gov/IEB/Research/Acembly/av.cgi?db=human&Il=F 12”). Further,
the present invention also relates to species homologues in other animals,
preferably mammals including rat, mouse, guinea pig, pig, catitle or rabbit.
Polymorphic variants of coagulation factor XIl may also comprise variants with large
deletions in, for example, intron regions. Said variants may nevertheless encode a
coagulation factor XII (poly)peptide of wild-type sequence. It is important to note that
when alignhed to the sequence of AF538691, the caiculated sequence identity may
be considerably lower than expected for normal polymorphic variation. Thus,
preferred in accordance with the present invention are biologically active variants
and also fragments of coagulation factor Xll encoded by a nucleic acid molecule
with a sequence identity of at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% when compared with the sequence of databank accession number
AF538691. Sequence identity may be determined by using the Bestfit® program
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer
Group, University Research Park, 575 Science Drive, Madison, W1 53711). Bestfit®
uses the local homology algorithm of Smith and Waterman to find the best segment

of homology between two sequences (Advances in Applied Mathematics 2:482-489
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(1981)). When using Bestfit® or any other sequence alignment program to
determine whether a particular sequence is, for instance, 95% identical to a
reference sequence, the parameters are set, of course, such that the percentage of
identity is calculated over the full length of the reference nucleotide sequence and
that gaps in homology of up to 5% of the total number of nucleotides in the
reference sequence are allowed. The identity between a first sequence and a
second sequence, also referred to as a global sequence alignment, is determined
using the FASTDB computer program based on the algorithm of Brutlag and
colleagues (Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the
query and subject sequences are both DNA sequences. An RNA sequence can be
compared by converting U’s to T’s. The result of said global sequence alignment is
in percent identity. Preferred parameters used in a FASTDB alignment of DNA
sequences to calculate percent identity are: Matrix=Unitary, k-tuple=4, Mismatch
Penalty=1, Joining Penalty=30, Randomization Group Length=0, Cutoff Score=1,
Gap Penalty=5, Gap Size Penalty 0.05, Window Size=500 or the length of the
subject nucleotide sequence, whichever is shorter.

The present invention is related to the observation that patients affected by
hereditary angioedema type Il show no deficiency of C1 esterase inhibitor.
According to the present invention, the symptoms observed in patients affected by
hereditary angioedema type Ill can be associated with a mutation in a nucleic acid

molecule regulating the expression of or encoding coagulation factor XII.

Such mutations may comprise, but are not limited to, for example (1) a mutation that
favours, directly or indirectly, the production of a vasoactive kinin, (2) a mutation that
alters the interaction of coagulation factor Xl with activating surfaces or with a cell
surface receptor or a cell surface receptor complex or with another physiologically
interacting molecule, (3) a mutation that results in an increased stability of
coagulation factor Xl and/or an increased stability of its mRNA, (4) a mutation that
results in an increased activity of coagulation factor XiIl, (5) a mutation that results in
an alteration of substrate specificity of coagulation factor XII, (6) a mutation that
resUIts in an aberrant proteolytic processing of coagulation factor XlI or (7) a

mutation that results in an irregular interaction with C1 esterase inhibitor.
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Further, without being bound by any theory, it is believed in accordance with the
invention, that certain mutations or variations within certain regions of the
coagulatioh factor XIl gene may be mutations that affect the splicing, the
expression, the structure and/or function of the GPRK6 (G protein-coupled receptor
kinase 6) gene or a GPRK®6 protein, respectively. GPRK6 has a direct functional
relationship for example with the B2-adrenergic receptor, the vasoactive intestinal
polypeptide type-1 (VPAC1) receptor, and the calcitonin gene-related peptide
(CGRP) receptor (Shetzline et al. 2002, J. Biol. Chem. 277: 25519-25526; Aiyar et
al. 2000, Eur. J. Pharmacol. 403: 1-7), thus possibly also being involved in the
regulation of mechanisms underlying angioedema pathogenesis. The GPRK6 gene
is located ~15 kb telomeric from the coagulation factor XII gene, being encoded on
the opposite strand. There appear to exist certain splice variants/isoforms of GPRK6
(c.f. AceView and UCSC Genome Browser; GenBank acc nos. BX355118,
BX463737, BI604127 [isoform h]) that arise from or are related to genomic
sequences within the coagulation factor Xl gene or its extended promoter region.

As stated above, factor Xil (i.e. coagulation factor Xil) is preferably a serine
protease produced by the liver, circulating in human plasma as a single-chain
inactive zymogen at a concentration of approximately 30 pg/ml. From expression
data one has to assume a coagulation factor XIl production also by other tissues,
possibly as isoforms. Coagulation factor XII has a molecular weight of about 80 kDa
on SDS gel electrophoresis and was originally cloned and sequenced by Cool et al.
1985 (J. Biol. Chem. 260: 13666-13676) and by Que & Davie 1986 (Biochemistry
25: 1525-1528). The human coagulation factor XlI gene is located on chromosome
5, at 5935.3 (Royle et al. 1988, Somat. Cell Mol. Genet. 14: 217-221), it is
approximately 12 kb in size and consists of 14 exons and 13 introns (Cool &
MacGillivray 1987, J. Biol. Chem. 262: 13662-13673). The mature plasma protein
consists of 596 amino acids (following a leader peptide of 19 residues) and is
organized in several domains. From N-terminus to C-terminus, these domains are: a
fibronectin type-ll domain, an epidermal growth factor-like domain, a fibronectin
type-1 domain, another epidermal growth factor-like domain, a kringle domain, a

proline-rich region, and a serine-protease catalytic region.
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In vitro activation of factor Xl occurs on negatively charged surfaces (including
glass, kaolin, Celite, dextran sulfate, and ellagic acid), by autoactivation, by
proteolytic cleavage, by conformational change, or by some combination of these
mechanisms (Pixley & Colman 1993, Methods Enzymol. 222: 51-65). Further
activating substances include sulfatides, chondroitin sulfate, endotoxin, some mast
cell proteoglycans, and also aggregated AB protein of Alzheimer’s disease. In vivo,
the subendothelial vascular basement membrane and/or the stimulated endothelial
cell surface might be important for factor XII activation (Pixley & Colman 1993). On
endothelial cell membranes, urokinase plasminogen activator receptor, gC1gR (the
receptor that binds to the globular heads of complement C1q), and cytokeratin 1
might be involved in the interaction with factor Xl (Joseph K. et al. 1996, Proc. Natl.
Acad. Sci. USA 93: 8552-8557; Joseph K. et al. 2001, Thromb. Haemost. 85: 119-
124; Mahdi et al. 2002, Blood 99 : 3585-3596).

Primary activation of factor Xl is due to cleavage of the molecule at a critical Argsss-
Valsss bond contained within a disulfide bridge, mediated for example by kallikrein or
plasmin (or factor Xlla itself). The resultant factor Xlla (o-coagulation factor Xlla) is
thus a two-chain, disulfide-linked 80-kDa enzyme consisting of a heavy chain (353
residues; 50 kDa) and a light chain (243 residues; 28 kDa). The heavy chain binds
to negatively charged surfaces, the light chain represents the serine protease part of
the molecule containing the canonical Aspas2, Hisags, Serss triad. Two subsequent
cleavages are responsible for the formation of the two forms of factor XIIf (Kaplan et
al. 2002, J. Allergy Clin. Immunol. 109: 195-209): these cleavages occur at Arg334-
Asn335 and Af9343-Leu344 and result in the formation of “factor Xll fragment,
FXIIf, also called B-FXlla. FXIIf consists of the light chain of factor Xlla,
corresponding to the serine protease domain, and a very small piece, either 19 or 9
amino acids in length, of the original heavy chain. Factor XIIf lacks the binding site
for the activating surface as well as the ability of factor Xlla to convert factor XI to
factor Xla. However, FXIIf is still a potent activator of prekallikrein. In summary,
activation of the factor Xl zymogen results in an enzyme with decreasing size, a
decrease in surface-binding properties, and a decrease in coagulant activity, but
retained, eventually increased kinin-forming capacity (Colman & Schmaier 1997,
Blood 90: 3819-3843).
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The present invention’s disclosure allows to specifically identify individuals with (a)
mutation(s) in a nucleic acid molecule encoding coagulation factor XIl or regulating
the expression of coagulation factor XIl and link this/these mutation(s) with the
individual’'s hereditary angioedema type Il or its predisposition to develop HAE type
[l or to pass on to their offspring (a) specific mutation(s) which is/are associated
with an increased risk for the development of HAE type Ill. Said nucleic acid
molecule may be DNA or RNA.

Any method including those known to the person skilled in the art may be used to
determine the presence or absence of such a mutation.

In a preferred embodiment of the present invention’s method of diagnosing, said
determination comprises hybridizing under stringent conditions to said nucleic acid
molecule at least one pair of nucleic acid probes, the first probe of said pair being
complementary to the wild-type sequence of said nucleic acid molecule and the
second probe of said pair being complementary to the mutant sequence of said
nucleic acid molecule, wherein a perfect match, the presence of stable hybridization,
between (i) the first hybridization probe and the target nucleic acid molecule
indicates the presence of a wild-type sequence, and (i) the second hybridization
probe and the target nucleic acid molecule, indicates the presence of a mutant
sequence, wherein the first hybridization probe and the second hybridization probe
allow a differential detection. Preferably, said mutant sequence is a disease-

associated mutant sequence.

The term “hybridizing under stringent conditions”, as used in the description of the
present invention, is well known to the skilled artesian and corresponds to
conditions of high stringency or selectivity. Appropriate stringent hybridization
conditions for each sequence may be established by a person skilled in the art on
well-known parameters such as temperature, composition of the nucleic acid
molecules, salt conditions etc.: see, for example, Sambrook et al., "Molecular
Cloning, A Laboratory Manual™; ISBN: 0879695765, CSH Press, Cold Spring
Harbor, 2001, or Higgins and Hames (eds.), "Nucleic acid hybridization, a practical
approach”, IRL Press, Oxford 1985, see in particular the chapter "Hybridization
Strategy" by Britten & Davidson, 3 to 15. Stringent hybridization conditions are, for
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example, conditions comprising overnight incubation at 42° C in a solution
comprising: 50% formamide, 5x SSC (750 mM NaCl, 75 mM frisodium citrate), 50
mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran sulfate, and
20 micrograms/ml denatured, sheared salmon sperm DNA, followed by washing the
filters in 0.1x SSC at about 65°. Other stringent hybridization conditions are for
example 0.2 x SSC (0.03 M NaCl, 0.003 M sodium citrate, pH 7) at 65°C.

Depending on the particular conditions, for example the base composition of the
probe, the person skilled in the art may have to vary, for example the salt
concentration and temperature in order to find conditions which (a) prevent the
hybridization of probes differing from the target nucleic acid molecule in only one
position and (b) still allow hybridization of probes which completely match the same
region of the target nucleic acid molecule. However, said conditions can be
established by standard procedures known to the person skilled in the art and by

routine experimentation.

The probe of hybridization is usually a nucleic acid molecule containing one or more
labels. The label can be located at the 5’ and/or 3’ end of the nucleic acid molecule
or be located at an internal position. Preferred labels include, but are not limited to,
fluorochromes, e.g. carboxyfluorescein (FAM) and 6-carboxy-X-rhodamine (ROX),
fluorescein isothiocyanate (FITC), rhodamine, Texas Red, phycoerythrin,
allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-dimethoxy-4',5"-dichloro-6-
carboxyfluorescein (JOE), 6-carboxy-2'.4',7',4,7-hexachloroflucrescein (HEX), 5-
carboxyfluorescein (5-FAM) or N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMRA),
radioactive labels, e.g. 2P, *°S, ®H; etc. The label may also be a two stage system,
where the probe is conjugated to biotin, haptens, etc. having a high affinity binding
partner, e.g. avidin, specific antibodies, etc., where the binding partner is conjugated
to a detectable label.

As stated above, two probes used as a pair must allow a differential detection. This
can be accomplished, for example, by labeling the probes with two different labels

that can be differentiated in a detection process.
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The hybridization probe is usually a nucleic acid molecule of about 20 to about 2000
bases in length. When used for hybridization reactions such as southern or northern
blot reactions, the probe can bé an oligonucleotide or primer which are typically in
the range of about 15 to 50 bases in length or can be considerably longer and may
range from about 50 bases to about 2000 bases. The term “oligonucleotide”, when
used in an ampilification reaction, refers to a nucleic acid molecule of typically 15 to
50 bases in length with sufficient complementarity to allow specific hybridization to a
nucleic acid sequence encoding or regulating the expression of coagulation factor
XII. Preferably, an oligonucleotide used for hybridization or amplification is about 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50 bases in length.
However, probes of about 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950 or 1000 bases are also contemplated by the
present invention. Moreover, according to the particular conditions chosen for
hybridization, the nucleotide probe may even be several hundred or thousand bases
longer. Said probe or oligonucleotide may be composed of DNA or RNA. When
used as a hybridization probe, it may be, e.g., desirable to use nucleic acid analogs,
in order to improve the stability and binding affinity. The term "nucleic acid" shall be
understood to encompass such analogs. A number of modifications have been
described that alter the chemistry of the phosphodiester backbone, sugars or
heterocyclic bases. Among useful changes in the backbone chemistry are
phosphorothioates; phosphorodithioates, where both of the non-bridging oxygens
are substituted with sulfur; phosphoroamidites; alkyl phosphotriesters and
boranophosphates. Achiral phosphate derivatives include, but are not limited to, 3'-
O'-5'-S-phosphorothioate, 3'-S-5'-O-phosphorothioate, 3'-CH2-5-O-phosphonate
and 3'-NH-5'-O-phosphoroamidate. Peptide nucleic acids replace the entire
phosphodiester backbone with a peptide linkage. Sugar modifications are also used
to enhance stability and affinity. The a-anomer of deoxyribose may be used, where
the base is inverted with respect to the natural b-anomer. The 2'-OH of the ribose
sugar may be altered to form 2'-O-methyl or 2'-O-allyl sugars, which provides
resistance to degradation without comprising affinity. Modification of the heterocyclic
bases must maintain proper base pairing. Some useful substitutions include

deoxyuridine for deoxythymidine; 5-methyl-2'-deoxycytidine and 5-bromo-2'-
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deoxycytidine for deoxycytidine; 5-propynyl-2'-deoxyuridine and 5-propynyl-2'-
deoxycytidine for deoxythymidine and deoxycytidine, respectively.

In another preferred embodiment of the present invention’s method of diagnosing,
said method comprises hybridizing under stringent conditions to said nucleic acid
molecule a hybridization probe specific for a mutant sequence. Preferably, said

mutant sequence is a disease-associated mutant sequence.

In another preferred embodiment of the present invention, the method of diagnosing
comprises a step of nucleic acid amplification and/or nucleic acid sequencing.
Preferably, nucleic acid sequencing is DNA sequencing. A widely used method‘of
diagnosing is for example direct DNA sequencing of PCR products containing a
mutation to be diagnosed. The term "amplification” or “amplify” means increase in
copy number. The person skilled in the art know various methods to amplify nucleic
acid molecules, these methods may also be used in the present invention’s method
of diagnosing. Amplification methods include, but are not limited to, “polymerase
chain reaction” (PCR), “ligase chain reaction”(LCR, EPA320308), “cyclic probe
reaction” (CPR), “strand displacement amplification” (SDA, Walker et al. 1992,
Nucleic Acid Res. 7: 1691-1696), “transcription based amplification systems” (TAS,
Kwoh et al. 1989, Proc. Nat. Acad. Sci. USA 86: 1173; Gingeras et al., PCT
Application WO 88/10315). Preferably, amplification of DNA is accomplished by
using polymerase chain reaction (PCR) [Methods in Molecular Biology, Vol. 226
(Bartlett J. M. S. & Stirling D., eds.): PCR protocols, 2" edition; PCR Technology:
Principles and Applications for DNA Ampilification (Erlich H. A., ed.), New York 1992;
PCR Protocols: A guide to methods and applications (Innis M. A. et al., eds.),
Academic Press, San Diego 1990]. Nucleic acid amplification methods may be
particularly useful in cases when the sample contains only minute amounts of
nucleic acid. If said nucleic acid is RNA, an RT-PCR might be performed.
Subsequently, another amplification step involving PCR may be performed.
Alternatively, if said nucleic acid contained in the sample is DNA, PCR may be

performed.

The PCR, generally, consists of many repetitions of a cycle which consists of: (a) a

denaturing step, which melts both strands of a DNA molecule; '(b) an annealing step,
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which is aimed at allowing the primers to anneal specifically to the melted strands of
the DNA molecule; and (c) an extension step, which elongates the annealed primers
by using the information provided by the template strand. Generally, PCR can be
performed for example in a 50 pl reaction mixture containing 5 pl of 10 x PCR buffer
with 1.5 mM MgClz, 200 puM of each deoxynucleoside triphosphate, 0.5 pl of each
primer (10 pM), about 10 to 100ng of template DNA and 1 to 2.5 units of Taq
Polymerase. The primers for the amplification may be labeled or be unlabeled. DNA
amplification can be performed, e.g., with a model 2400 thermal cycler (Applied
Biosystems, Foster City, CA): 2 min at 94°C, followed by 35 cycles consisting of
annealing (30 s at 50°C), extension (1 min at 72°C), denaturing (10 s at 94°C) and a
final annealing step at 55°C for 1 min as well as a final extension step at 72°C for 5
min. However, the person skilled in the art knows how to optimize these conditions
for the amplification of specific nucleic acid molecules or to scale down or increase

the volume of the reaction mix.

A further method of nucleic acid amplification is the “reverse transcriptase
polymerase chain reaction” (RT-PCR). This method is used when the nucieic acid to
be amplified consists of RNA. The term "reverse transcriptase” refers to an enzyme
that catalyzes the polymerization of deoxyribonucleoside triphosphates to form
primer extension products that are complementary to a ribonucleic acid template.
The enzyme initiates synthesis at the 3'-end of the primer and proceeds toward the
5'-end of the template until synthesis terminates. Examples of suitable polymerizing
agents that convert the RNA target sequence into a complementary, copy-DNA
(cDNA) sequence are avian myeloblastosis virus reverse transcriptase and Thermus
thermophilus DNA polymerase, a thermostable DNA polymerase with reverse
transcriptase activity marketed by Perkin Elmer. Typically, the genomic RNA/cDNA
duplex template is heat denatured during the first denaturation step after the initial
reverse transcription step leaving the DNA strand available as an amplification
template. Suitable polymerases for use with a DNA template include, for example,
E. coli DNA polymerase | or its Klenow fragment, T.sub.4 DNA polymerase, Tth
polymerase, and Taq polymerase, a heat-stable DNA polymerase isolated from
Thermus aquaticus and developed and manufactured by Hoffmann-La Roche and

commercially available from Perkin Elmer. The latter enzyme is widely used in the
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amplification and sequencing of nucleic acids. The reaction conditions for using Taq
polymerase are known in the art and are described, e.g., in: PCR Technology,
Erlich, H. A. 1989, Stockton Press, New York; or in: Innis, M. A., D. H. Gelfand, J. J.
Sninsky, and T. J. White. 1990, PCR Protocols: A guide to methods and
applications. Academic Press, New York. High-temperature RT provides greater
primer specificity and improved efficiency. Copending U.S. patent application Serial
No. 07/746, 121, filed Aug. 15, 1991, describes a "homogeneous RT-PCR" in which
the same primers and polymerase suffice for both the reverse transcription and the
PCR amplification steps, and the reaction conditions are optimized so that both
reactions occur without a change of reagents. Thermus thermophilus DNA
polymerase, a thermostable DNA polymerase that can function as a reverse
transcriptase, can be used for all primer extension steps, regardless of template.
Both processes can be done without having to open the tube to change or add
reagents; only the temperature profile is adjusted between the first cycle (RNA
template) and the rest of the amplification cycles (DNA template). The RT Reaction
can be performed, for example, in a 20pl reaction mix containing: 4 pl of 5x ANV-RT
buffer, 2 pl of Oligo dT (100 pg/ml), 2ul of 10 mM dNTPs, 1pl total RNA, 10 Units of
AMV reverse transcriptase, and H,O to 20l final volume. The reaction may be, for
example, performed by using the following conditions: The reaction is held at 70 C°
for 15 minutes to allow for reverse transcription. The reaction temperature is then
raised to 95 C° for 1 minute fo denature the RNA-cDNA duplex. Next, the reaction
temperature undergoes two cycles of 95°C for 15 seconds and 60 C° for 20 seconds
followed by 38 cycles of 90 C° for 15 seconds and 60 C° for 20 seconds. Finally, the
reaction temperature is held at 60 C° for 4 minutes for the final extension step,
cooled to 15 C° and held at that temperature until further processing of the

amplified sample.

The term "primer" or “oligonucleotide” refers to a short nucleic acid molecule from
about 8 to about 30, eventually to about 50 nucleotides in length, whether natural or
synthetic, capable of acting as a point of initiation of nucleic acid synthesis under
conditions in which synthesis of a primer extension product complementary to a
template nucleic acid strand is induced, i.e., in the presence of four different

nucleoside triphosphates or analogues thereof and an agent for polymerisation (i.e.,
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DNA polymerase or reverse transcriptase) in an appropriate buffer and at a suitable
temperature. Preferably, a primer is a single-stranded oligodeoxyribonucleotide. The
appropriate length of a primer depends on the intended use of the primer but
typically ranges for PCR primers and primers used in sequencing reactions from 10
to 25 nucleotides. Short primer molecules generally require cooler temperatures to
form sufficiently stable hybrid complexes with the template. A primer need not reflect
the exact sequence of the template but must be sufficiently complementary to
hybridize specifically with a template, provided its ability to mediate amplification is
not compromised. "Hybridize" refers to the binding of two single stranded nucleic
acids via complementary base pairing, i.e. A to T (in RNA: U), G to C. The term
“primer pair” refers to two primers that hybridize with the + and - strand,
respectively, of a double stranded nucleic acid molecule, and allow the amplification
of e.g. DNA fragments, as for example in a PCR reaction. A primer can be labeled, if
desired, by incorporating a compound detectable by spectroscopic, photochemical,
biochemical, immunochemical, or chemical means. For example, useful labels
include, but are not limited to, fluorescent dyes, electron-dense reagents, biotin, or
small peptides for which antisera or monoclonal antibodies are available. A label
can also be used to "capture" the primer, so as to facilitate a selection of amplified
nucleic acid or fragments thereof. Carboxyfluorescein (FAM) and 6-carboxy-X-
rhodamine (ROX) are preferred labels. However, other preferred labels include
fluorochromes, e.g. fluorescein isothiocyanate (FITC), rhodamine, Texas Red,
phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-dimethoxy-4',5'-
dichloro-6-carboxyfluorescein (JOE), 6-carboxy-2',4',7',4,7-hexachlorofluorescein
(HEX), 5-carboxyfluorescein (5-FAM) or N,N,N',N'-tetramethyl-6-carboxyrhodamine
(TAMRA), radioactive labels, e.g. %P, %S, °H; etc. The label may also be a two
stage system, where the primer is conjugated to biotin, haptens, efc. having a high
affinity binding partner, e.g. avidin, specific antibodies, etc., where the binding
partner is conjugated to a detectable label. The label may be conjugated to one or
both of the primers.

During said method for diagnosing, a step of nucleic acid sequencing may be
performed. Any methods known in the art may be used for sequencing. Preferably,

the nucleic acid sequence is determined by a method based on the sequencing
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techniques of Sanger or Maxam/Gilbert (see for example: Methods in Molecular
Biology, Vol. 167 (Graham C. A. & Hill A. J. M., eds.): DNA sequencing protocols.
2" edition, 2001; Galas D. J. & McCormack S. J., Genomic Technologies: Present
and Future. Caister Academic Press, Wymondham, UK, 2002).

In another preferred embodiment of the present invention’s method of diagnosing,
said method is or comprises an allele discrimination method selected from the group
consisting of allele-specific hybridization, allele-specific primer extension including
allele-specific PCR, allele-specific oligonucleotide ligation, allele-specific cleavage of
a flap probe and/or allele-specific cleavage using a restriction endonuclease. These
methods are known to the skilled person and described and further referenced for
example by Kwok P-Y & Chen X 2003, Curr. Issues Mol. Biol. 5:43-60; Kwok P-Y
2001, Annu. Rev. Genomics Hum. Genet. 2:235-258; Syvanen, A.-Ch. 2001, Nature
Rev. Genet. 2; 930-942.

In yet a further preferred embodiment, the present invention’s method of diagnosing
may comprise a detection method selected from the group consisting of
fluorescence, time-resolved fluorescence, fluorescence resonance energy transfer
(FRET), fluorescence polarization, colorimetric methods, mass spectrometry,
(chemi)luminescence, electrophoretical detection and electrical detection methods.
These methods for the detection of an allele discrimination reaction are known to
the skilled person and described and further referenced for example by Kwok P-Y &
Chen X 2003, Curr. Issues Mol. Biol. 5:43-60; Kwok P-Y 2001, Annu. Rev.
Genomics Hum. Genet. 2:235-258; Syvanen, A.-Ch. 2001, Nature Rev. Genet. 2:
930-942.

In certain cases it might be necessary to detect large deletions, insertions, or
duplications. Preferably, this may be done by using methods well known in the art
and comprising, for example, Southern blotting methods; quantitative or semi-
quantitative gene dosage methods including competitive PCR, differential PCR,
real-time PCR, multiplex amplifiable probe hybridization; or long-range PCR
(Armour et al. 2002, Human Mutation 20: 325-337).
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It may often be desirable to obtain, from a single individual, an allelic diagnosis at
several regions or positions of the nucleic acid molecule(s) encoding coagulation
factor XlI or regulating its expression. For this purpose, nucleic acid arrays may be
useful, such as those described in: W0 95/11995.

Further, for some purposes it may be desirable to determine the presence of two or
more mutations/variations as a haplotype, i.e. to determine which alleles from
several mutant/variant positions occur together on one haplotype. This can be
achieved by methods known in the art, for example by a segregation analysis within
families, and also and preferably by methods allowing molecular haplotyping. For
example, a double digest of a single PCR product, containing two mutant/variant
positions, with two restriction endonucleases, each one of these two enzymes being
able to differentiate the allelic situation at one of the two investigated positions, can
yield such haplotype information from the fragment sizes obtained. However,
numerous other methods are known to the person skilled in the art (see, for
example: Tost et al. 2002, Nucleic Acids Res. 30: €96; Eitan & Kashi 2002, Nucleic
Acids Res. 30: e62; Pettersson et al. 2003, Genomics 82: 390-396; Ding et al. 2003,
Proc. Natl. Acad. Sci. U.S.A. 100: 7449-7453; Odeberg et al. 2002, Biotechniques
33: 1104,1106,1108; McDonald et al. 2002, Pharmacogenetics 12: 93-99; Woolley
et al. 2000, Nature Biotechnol. 18: 760-763), and are envisaged to be applicable for
the purposes of the present invention.

In yet another preferred embodiment of the present invention’s method of
diagnosing, the probe or the subject’'s nucleic acid molecule is attached to a solid
support. Solid supports that may be employed in accordance with the invention

include filter material, chips, wafers, microtiter plates, to name a few.

The present invention also relates to a method of diagnosing hereditary angioedema
type Il (HAE 1) or a predisposition thereto in a subject being suspected of having
developed or of having a predisposition to develop a hereditary angioedema type IlI
or in a subject being suspected of being a carrier for hereditary angioedema type lII,
the method comprising assessing the presence, amount and/or activity of
coagulation factor Xll in said subject and including the steps of: (a) determining from

a biological sample of said subject in vitro, the presence, amount and /or activity of:
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(i) a (poly)peptide encoded by the coagulation factor Xll gene; (ii) a substrate of the
(poly)peptide of (i);'or (iii) a (poly)peptide processed by the substrate mentioned in
(ii); (b) comparing said presence, amount and/or activity with that determined from a
reference sample; and (c) diagnosing, based on the difference between the samples
compared in step (b), the pathological condition of a hereditary angioedema type I
or a predisposition thereto. The term “(poly)peptide” refers alternatively to peptide or
to (poly)peptides. Peptides conventionally are covalently linked amino acids of up to
30 residues, whereas polypeptides (also referred to herein as “proteins”) comprise
31 and more amino acid residues. The term “assessing the amount” or “determining
the amount” means assessing or determining the amount of a (poly)peptide
encoded by the coagulation factor Xll gene, comprising for example the coagulation
factor XIl precursor or any of its maturation products generated for example by
activating processes including autoactivation and proteolytic processing of
coagulation factor XlI. Therefore, assessing or determining the amount of
coagulation factor XII also may refer to determining the amount of (1) mature FXII,
(2) FXlla (80 kDa, arising from the cleavage at Arg353 — Val354); (3) FXIIf (2
subforms: 30 kDa/28.5 kDa; 19-peptide or nonapeptide linked via S-S to the
catalytic chain; arising from the cleavage of Arg334 — Asn335 and the additional
cleavage of Arg343 — Leu344); (4) a third form of activated factor Xll, a 40kDa
molecule (mainly produced by autoactivation), in which the serine protease domain
is linked to a 12,000-MW fragment of the heavy chain (Kaplan & Silverberg 1987);
(5) potential protein isoforms (AceView,
http://www.ncbi.nim.nih.gov/IEB/Research/Acembly/av.cgi?db=338&c=Gene&I=F12);

(6) coagulation factor XII forms or fragments that arise from an irregular proteolytic
processing, eventually caused by a mutation of the present invention; or (7) a
mutant of any one of the forms (1) to (5), including any of the mutants of the present
invention. However, “assessing the amount” or “determining the amount” also refers
to determining the amount of substrates and/or their activation products of any of
the above-mentioned coagulation factor Xli forms. Preferably, the ratio of activated
and native (non-activated) forms of these substrates is determined. Also included
are (poly)peptides processed by these (activated) substrates. These substrates and
processed  (poly)peptides include, for example, (8) coagulation factor

Xla/coagulation factor Xl; (9) coagulation factor Vlla/coagulation factor VII; (10)
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kallikrein/prekallikrein; (11) plasmin/plasminogen; (12) activated complement
C1r/C1r; (13) activated complement C1s/C1s; (14) activated hepatocyte growth
factor (HGF) / hepatocyte growth factor; (15) activated macrophage stimulating
protein (MSP) / macrophage stimulating protein. Also included is (16) the
determination of “cleavage products of high-molecular weight kininogen” or the ratio
of the “cleavage products of high-molecular weight kininogen” with “high-molecular
weight kininogen”. Said cleavage products comprise cleaved kininogen, bradykinin
and/or other kinins. Furthermore included are (17) cleavage products of complement
component C2 / complement gomponent C2; (18) cleavage products of complement
component C4 / complement component C4; and (19) activated bradykinin type 2

receptor / bradykinin type 2 receptor.

The term “assessing the activity” or “determining the activity” means determining a
biological activity, wherein biological activity refers to (a) the known activities,
preferably those of wild-type (poly)peptides, and (b) aberrant activities, including
those of mutant coagulation factor Xl (poly)peptides which are apparent from
comparing the activity of a mutant with that of a wild-type (poly)peptide. The known
and aberrant activities may comprise the activity of any of the proteins (1) to (19)
mentioned above. The term “assessing the presence” or “determining the presence”
means determining which of the aforementioned (poly)peptides or proteins is
present in the sample. Said term also refers to determining whether wild-type or a
mutant (poly)peptide is present in the sample. Preferably, said (poly)peptide is any
of the (poly)peptides (1) to (7) as mentioned above. In some cases, it may also be
useful to analyze any of the (poly)peptides (8) to (19) as mentioned above, their

native and/or activated forms.

Step (i) of the method, which reads “a (poly)peptide encoded by the coagulation
factor Xl gene”, may comprise the determination of at least one of the
(poly)peptides listed above under (1), (2), (3), (4), (5), (6) and (7).

Step (ii) of the method, which reads “a substrate of the (poly)peptide of (i)’, may
comprise the determination of at least one of the polypeptides listed above under
(8), (9), (10), (11), (12), (13), (14), (15) and (16).
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Step (iii) of the method, which reads “a (poly)peptide processed by the substrate
mentioned in (i), may comprise the determination of at least one of the
polypeptides listed above under (186), (17), (18), and (19).

This method of diagnosing is based on determining from a sample of an individual to
be diagnosed and a reference sample the quantity and/or quality of, for example,
any of the proteins listed under (1) to (19) and determining, based on the difference
between said samples, a pathological condition in said individual's sample. Said
pathological condition is hereditary angioedema type lll or a predisposition thereto.
The reference sample is a standard sample obtained from a healthy subject or
healthy subjects, preferably from a subject or subjects particularly not affected by
angioedema symptoms.

Generally, any of the known protein detection methods may be used. These include,
for example, immunochemical, antibody-based methods such as ELISA, RIA,
Western Blotting, preferably following any kind of electrophoretic separation step,
and the like. Such methods are, for example, described by Clark & Hales:
Immunoassays. In: Clinical Aspects of Immunology (P. J. Lachmann et al., eds.),
vol.2, 5™ ed., Boston 1993; or in Weir's Handbook of Experimental Immunology, 5%
ed., 1996 (Herzenberg L. et al., eds.); see also e.g. Ldmmle et al. 1987 (Semin.
Thromb. Hemost. 13: 106-114). Methods for the determination of biological activities
of the polypeptides listed above are known in the art. Biological activity can be
measured for example by providing substrates for the (poly)peptides and measuring
substrate conversion by the methods known in the art. For example, measuring the
activity of (pre)kallikrein on a chromogenic substrate, which may be monitored by
detecting cleavage of said substrate, has been described by Kluft 1978 (J. Lab. Clin.
Med, 91:83-95), Kluft 1988 (Meth. Enzymol. 163: 170-179). Functional assays for
measuring prekallikrein have also been described by de la Cadena et al. 1987 (J.
Lab. Clin. Med. 109: 601-607) and Silverberg & Kaplan 1988 (Meth. Enzymol. 163:
85-95). A functional assay for high molecular weight kininogen using a chromogenic
substrate has been described by Scott et al. 1987 (Thromb. Res. 48: 685-700) and
also by Gallimore et al. 2002 (Blood Coagul. Fibrinolysis 13: 561-568).
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The present invention also employs methods for determining the amino acid
sequence of a (poly)peptide. Such methods are known in the art (see for example:
Methods in Molecular Biology, Vol. 211 (Smith B. J., ed.): Protein Sequencing
Protocols. 2™ edition, 2002). Preferably, protein sequence analysis is performed by
Edman degradation (P. Edman, Acta Chem. Scand. 4: 283 (1950)) or by Matrix-
assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-TOF
MS). Hence, by using amino acid sequence analysis, the skilled person may
determine whether a wild-type or mutant coagulation factor XIl (poly)peptide is

present in a sample.

The proteins listed above, include on the one hand coagulation factor XIl and its
various forms. These are part of a cascade known as, for example, the intrinsic
coagulation pathway or contact system or kinin-forming pathway (see e.g. Kaplan et
al. 1997, Adv. Immunol. 66: 225-272; Kaplan et al. 2002, J. Allergy Clin. immunol.
109: 195-209). On the other hand, proteins listed above are proteins which follow
coagulation factor XIl downstream in said cascade, and, in addition, proteins which
are not directly related to the kinin-forming pathway but for which it has been shown
that they can be activated by coagulation factor XlI, eventually indirectly. It is
important to note that mutations of coagulation factor XIl may have an impact on
these downstream steps in the cascade and, for example, can result in a
quantitatively or qualitatively abnormal activation of (poly)peptides located
downstream in the cascade. This effect may be measured and may allow for
deductions on the nature of the specific coagulation factor Xlil expressed in the

individual under study.

The methods of the present invention are not limited to measuring individual
(poly)peptides as listed above, but also refer to the measuring or determination of
complexes of said (poly)peptides. Such complexes are for example complexes
consisting of activated factor Xl and complement C1 inhibitor; or complexes
consisting of kallikrein and complement C1 inhibitor; or complexes consisting of
kallikrein and alpha2-macroglobulin. Such complexes can be detected, for example,
by using ELISA or RIA based techniques (Nuijens et al., 1987 Thromb. Hemost. 58:
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778-785; Kaplan et al., 1985, Blood 66: 636-641; Kaplan et al., 1989, Clin. Immunol.
Immunopathol. 50 : S41-S51; Dors et al. 1992, Thromb. Haemost. 67 : 644-648).

In a preferred embodiment of the present invention’s method, the biological sample
consists of or is taken from hair, skin, mucosal surfaces, body fluids, including
blood, plasma, serum, urine, saliva, sputum, tears, liquor cerebrospinalis, semen,
synovial'ﬂuid, amniotic fluid, milk, lymph, pulmonary sputum, bronchial secretion, or

stool.

The term “biological sample” relates to the specimen taken from a mammal.
Preferably, said specimen is taken from hair, skin, mucosal surfaces, body fluids,
including blood, plasma, serum, urine, saliva, sputum, tears, liquor cerebrospinalis,
semen, synovial fluid, amniotic fluid, milk, lymph, pulmonary sputum, bronchial
secretion, or stool. However, it is important to note that many other samples might
be useful for this purpose, for example a sample taken for histological or cytological

purposes.

A variety of techniques for extracting nucleic acids from biological samples are
known in the art. For example, see those described in Rotbart et al., 1989, in PCR
Technology (Erlich ed., Stockton Press, New York) and Han et al. 1987,
Biochemistry 26:1617-1625. If the sample is fairly readily disruptable, the nucleic
acid need not be purified prior to amplification by the PCR technique, i.e., if the
sample is comprised of cells, e.g. peripheral blood lymphocytes or monocytes, lysis
and dispersion of the intraceliular components may be accomplished merely by
suspending the cells in hypotonic buffer. Suitable methods will vary depending on
the type of specimen and are well known to the person skilled in the art (see e.g.
Sambrook et al., "Molecular Cloning, A Laboratory Manual"; ISBN: 0879695765,
CSH Press, Cold Spring Harbor, 2001).

It is apparent that, for analysis of mRNA, cDNA, or protein, the sample must be
obtained from a tissue in which coagulation factor Xll/the coagulation factor Xl gene
is expressed, or, respectively, from a tissue or body fluid, in which coagulation factor

Xll is expressed or in which it is secreted.
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In another preferred embodiment, said presence, amount and/or activity is
determined by using an antibody or an aptamer, wherein the antibody or aptamer is
specific for (a) a (poly)peptide encoded by the coagulation factor XII gene, (b) a
substrate of the (poly)peptide of (a), or (c) a (poly)peptide processed by the
substrate mentioned in (b). The term “antibody” refers to monocional antibodies,
polyclonal antibodies, chimeric antibodies, single chain antibodies, or a fragment
thereof. Preferably the antibody is specific for a polypeptide listed under (1) to (19).
The antibodies may be bispecific antibodies, humanized antibodies, synthetic
antibodies, antibody fragments, such as Fab, F(aby)’, Fv or scFv fragments etc., or a
chemically modified derivative of any of these, all comprised by the term “antibody”.
Monoclonal antibodies can be prepared, for example, by the techniques as originally
described in Kéhler and Milstein, Nature 256 (1975), 495, and Galfré, Meth.
Enzymol. 73 (1981), 3, which comprise the fusion of mouse myeloma cells to spleen
cells derived from immunized mammals with modifications developed by the art.
Furthermore, antibodies or fragments thereof to the aforementioned (poly)peptides
can be obtained by using methods which are described, e.g., in Harlow and Lane
"Antibodies, A Laboratory Manual", CSH Press, Cold Spring Harbor, 1998. When
derivatives of said antibodies are obtained by the phage display technique, surface
plasmon resohance as employed in the BlAcore system can be used to increase the
efficiency of phage antibodies Swhich bind to an epitope of the peptide or
polypeptide to be analyzed (Schier, Human Antibodies Hybridomas 7 (1996), 97-
105; Malmborg, J. Immunol. Methods 183 (1995), 7-13). The production of chimeric
antibodies is described, for example, in WO89/09622.

Antibodies may be labelled. Preferably said label is selected from the group
consisting of fluorochromes, e.g. fluorescein isothiocyanate (FITC), rhodamine,
Texas Red, phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-
dimethoxy-4',5'-dichloro-6-carboxyfluorescein (JOE), 6-carboxy-X-rhodamine(ROX),
6-carboxy-2',4',7',4,7-hexachlorofluorescein (HEX), 5-carboxyfluorescein (5-FAM) or
N,N,N',N"-tetramethyl-6-carboxyrhodamine (TAMRA), radioactive labels, e.g. *P,
%3, ®H; etc. The label may also be a two stage system, where the antibody is
conjugated to biotin, haptens, etc. having a high affinity binding partner, e.g. avidin,
specific antibodies, etc., where the binding partner is conjugated to a detectable
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label. In another preferred embodiment of the present invention the label is a toxin,

radioisotope, or fluorescent label.

The term “aptamers” refers to RNA and also DNA molecules capable of binding
target proteins with high specificity, comparable with the specificity of antibodies.
Methods for obtaining or identifying aptamers specific for a desired target are known
in the art. Preferably, these methods may be based on the “systematic evolution of
ligands by exponential enrichment” (SELEX) process (Ellington and Szostak,
Nature, 1990, 346: 818-822; Tuerk and Gold, 1990, Science 249: 505-510;
Fitzwater & Polisky, 1996, Methods Enzymol. 267: 275-301). Preferably, said
aptamers may be specific for any of the (poly)peptides listed under (1) to (19). The
use of aptamers for detection and quantification of polypeptide targets is described
in, for example, McCauley et al., 2003, Anal. Biochem., 319:244-250; Jayasena,
1999, Clin.Chem. 45:1628-1650.

In a more preferred embodiment, said antibody or aptamer is specific for a
(poly)peptide encoded by the coagulation factor Xl gene. Said reagents will allow
for assessing the quantity and/or quality of (a) coagulation factor XII
(poly)peptide(s), and eventually also for the differentiation between wild-type and
mutant, preferably disease-associated mutant coagulation factor Xll (poly)peptides.
For example, the identification of coagulation factor Xl (poly)peptides by an
immunoblotting procedure following an electrophoretic separation step, might well
allow for the recognition of a mutant coagulation factor Xil (poly)peptide. However,
regarding the preferred differentiation between wild-type and disease-associated
mutant coagulation factor Xl (poly)peptides, preferably, said antibody or aptamer is
specific for a disease-associated mutant of the present invention. Such an antibody
or aptamer would fail to bind to wild-type coagulation factor XII (poly)peptide(s) but
bind to a disease-associated mutant with high specificity. This antibody or aptamer
would therefore be most useful to discriminate between wild-type and mutant
coagulation factor Xl (poly)peptides. More preferably, the epitope or target region
recognized by the antibody or aptamer comprises the mutant position/region in

coagulation factor XII.
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Various antibody-based methods for the determination of coagulation factor XII
(poly)peptide(s), like radial immunodiffusion, electroimmunoassay according to
Laurell, dot immunobinding assay, radioimmunoassay, enzyme immunoassay,
enzyme-linked immunosorbent assay, immunoblotting, or alike, have been
described or employed for example by Mannhalter et al. 1987 (Fibrinolysis 1: 259-
263), Gevers Leuven et al. 1987 (J. Lab. Clin. Med.), Wuillemin et al. 1990 (J.
Immunol. Methods 130: 133-140), Saito et al. 1976 (J. Lab. Clin. Med. 88: 506-514),
Ford et al. 1996 (J. Immunoassay 17: 119-131), Ld&mmle et al. 1987 (Semin.
Thromb. Hemost. 13: 106-114).

In a preferred embodiment of the present invention, the presence, amount and/or
activity of the (poly)peptide(s) encoded by the coagulation factor Xl gene is
determined in (a) a coagulation assay; or in (b) a functional amidolytic assay; or in
(c) a mitogenic assay; or in (d) a binding assay measuring binding of a (poly)peptide
encoded by the coagulation factor XIl gene to a binding partner.

Coagulant activity of coagulation factor XlI may be quantified using methods in
which correction of the abnormal clotting time, the prolonged activated partial
thromboplastin time, of plasma of a person with a severe hereditary deficiency of
coagulation factor Xll is measured (see for example: Pixley R. A. & Colman R. W.
1993; Methods in Enzymology 222: 51-65). Functional amidolytic assays for
coagulation factor XIlI using various synthetic chromogenic substrates (for example
S2302, 82337, S2222) have been described for example by Vinazzer 1979
(Thrombosis Research 14: 155-166), Tans et al. 1987 (Eur. J. Biochem. 164: 637-
642), Gallimore et al. 1987 (Fibrinolysis 1: 123-127), Walshe et al. 1987
(Thrombosis Research 47: 365-371), Kluft 1988 (Methods Enzymol. 163: 170-179),
Stiirzebecher et al. 1989 (Thrombosis Research 55: 709-715).

Another example for assessing a coagulation factor XlI functional activity may be a
measurement of the hepatocyte growth factor activating activity of coagulation factor
Xl (Shimomura et al. 1995, Eur. J. Biochem. 229: 257-261).

Schmeidler-Sapiro et al. 1991 (Proc. Natl. Acad. Sci. U.S.A. 88: 4382-4385)
described assay systems allowing to assess a mitogenic activity of coagulation

factor XIl on HepG2 cells; coagulation factor Xll as well as coagulation factor Xlla
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(kaolin-activated coagulation factor XIl) enhanced cell proliferation and thymidine
and leucine incorporation in HepG2 cells. Gordon et al. 1996 (Proc. Natl. Acad. Sai.
U.S.A. 93: 2174-2179) assessed a growth factor activity of factor XIl on several
other target cells. Any of the aforementioned methods may be modified and used for
determining the activity of (poly)peptides encoded by the coagulation factor Xl
gene. Various activators can be used in these assays, for example dextran sulfate,
kaolin, a cephalin ellagic acid based reagent (Walshe et al. 1987, Thromb. Res. 47:
365-371), or others, and it is conceivable that the extent and/or the nature of
activation achieved could be different for disease-associated mutant forms of

coagulation factor Xl when compared to wild-type coagulation factor XII
(poly)peptide(s). '

The term “binding partner” refers to a molecule capable of interacting with a
(poly)peptide encoded by the coagulation factor XII gene. The binding activity of
coagulation factor XII (poly)peptides may be determined by using a binding assay.
The skilled person knows from in vitro studies that coagulation factor Xil may bind
for example to activating surfaces or substances, proteins or protein complexes.
The prior art reported for example about the binding of coagulation factor XlI to
complexes of gC1g-R, cytokeratin 1 and urokinase plasminogen activator receptor
present on the surface of endothelial cells (Joseph et al. 1996, Proc. Natl. Acad. Sci.
USA 93: 8552-8557; Joseph et al. 2001, Thromb. Haemost. 85 119-124; Mahdi et
al. 2002, Blood 99 : 3585-3596). The binding partner can also be an antibody.
Binding assays are described in detail in the prior art and may be used by the skilled
person in order to determine whether a sample contains coagulation factor XII
(poly)peptide(s) with normal or aberrant binding characteristics. This will allow
deductions on the nature of the coagulation factor XlI (poly)peptide(s) present in the
sample under study.

The present invention also relates to a method of identifying a compound
modulating coagulation factor XII activity which is suitable as a medicament or a
lead compound for a medicament for the treatment and/or prevention of hereditary
angioedema type lll, the method comprising the steps of: (a) in vitro contacting a
coagulation factor Xl (poly)peptide or a functionally related (poly)peptide with the
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potential modulator; and (b) testing for modulation of coagulation factor Xl activity,
wherein modulation of coagulation factor Xl activity is indicative of a compound’s
suitability as a medicament or a lead compound for a medicament for the treatment

and/or prevention of hereditary angioedema type ll.

The term “modulator” or “modulating compound” refers to a compound which alters’
the activity and/or the expression and/or the secretion of coagulation factor XII. This
includes also the modulation of a “functionally related (poly)peptide”, thus of (a)
(poly)peptide(s) or the expression thereof being related to the function and/or
expression and/or secretion of coagulation factor Xll, preferably functionally related
to coagulation factor Xl upstream or downstream within the contact system/kinin
pathway. In principle, a modulator can have an activating or an inhibiting effect. It is
also envisaged that the modulator can differentially modulate only one or more of
the various functions of coagulation factor Xll. The modulator can be, for example, a
‘small molecule’, an aptamer, or an antibody (see below). In accordance with the
present invention, the modulator is preferably a compound interacting with a

coagulation factor XlI (poly)peptide, and, more preferably, an inhibiting compound.

The term “contacting” means bringing in contact the targeted (poly)peptide,
preferably a coagulation factor Xll (poly)peptide with a potential modulator. Said
coagulation factor XII (poly)peptide is preferably a polypeptide selected from any of
the aforementioned (poly)peptides (1) to (7). By bringing in contact the (poly)peptide
with a potential modulator of activity, the skilled person can test the impact of the
modulator on the (poly)peptide’s activity. Examples for assays for measuring various
activities of coagulation factor XIl (poly)peptides, including the binding to activating
substances or other binding partners, have been described above and can be used
for testing of potential modulators.

Coagulation factor XII (poly)peptide(s) used for contacting with a potential modulator
may generate from various sources. For example, coagulation factor Xli
(poly)peptide(s) may be isolated from human plasma, either from healthy individuals
or from patients affected by HAE type llI; to this end, various methods known in the
art may be used, for example those described by Pixley & Colman 1993 (Methods
Enzymol. 222: 51-65). Alternatively, coagulation factor XII (poly)peptide(s) may also
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be produced synthetically. Further, coagulation factor Xl (poly)peptide(s) may be
recombinantly expressed. To this end, nucleic acid molecules encoding coagulation
factor XiI (poly)peptides may be introduced into a host cell. The term "introducing”
refers to the process of transfecting or transforming a host cell with such a nucleic
acid molecule. Introduction of the construct into the host cell can be effected by
calcium phosphate transfection, DEAE-dextran mediated transfection, cationic
lipid-mediated transfection, electroporation, transduction, infection or other methods.
Such methods are described in many standard laboratory manuals, such as Davis
et al, Basic Methods In Molecular Biology (1986). Said nucleic acid molecule
introduced into the host cell comprises an open reading frame encoding a
coagulation factor XII (poly)peptide in expressable form. A typical mammalian
expression vector contains the promoter element, which mediates the initiation of
transcription of mRNA, the protein coding sequence, and signals required for the
termination of transcription and polyadenylation of the transcript. Additional
elements might include enhancers, Kozak sequences and intervening sequences
flanked by donor and acceptor sites for RNA splicing. Highly efficient transcription
can be achieved with the early and late promoters from SV40, the long terminal
repeats (LTRs) from retroviruses, e.g., RSV, HTLVI, HIVI, and the early promoter of
the cytomegalovirus (CMV). However, cellular elements can also be used (e.g., the
human actin promoter). Suitable expression vectors for use in practicing the present
invention include, for example, vectors such as pSVL and pMSG (Pharmacia,
Uppsala, Sweden), pRSVcat (ATCC 37152), pSV2dhfr (ATCC 37146) and pBC12MI
(ATCC 67109). Mammalian host cells that could be used include, human Hela, 293,
H9 and Jurkat cells, mouse NIH3T3 and C127 cells, Cos 1, Cos 7 and CV1, quail
QC1-3 cells, mouse L cells and Chinese hamster ovary (CHO) cells. Alternatively,
the recombinant (poly)peptide can be expressed in stable cell lines that contain the
gene construct integrated into a chromosome. The co-transfection with a selectable
marker such as dhfr, gpt, neomyacin, hygromycin allows the identification and
isolation of the transfected cells. The transfected nucleic acid can also be ampilified
to express large amounts of the encoded (poly)peptide. The DHFR (dihydrofolate
reductase) marker is useful to develop cell lines that carry several hundred or even
several thousand copies of the gene of interest. Another useful selection marker is
the enzyme glutamine synthase (GS) (Murphy et al.1991, Biochem J. 227:277-279;
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Bebbington et al. 1992, Bio/Technology 10:169-175). Using these markers, the
mammalian cells are grown in selective medium and the cells with the highest
resistance are selected. Chinese hamster ovary (CHO) and NSO cells are often
used for the production of proteins. The expression vectors pC1 and pC4 contain
the strong promoter (LTR) of the Rous Sarcoma Virus (Cullen et al. 1985, Molecular
and Cellular Biology 5: 438-447) plus a fragment of the CMV-enhancer (Boshart ef
al. 1985, Cell 41:521-530). Multiple cloning sites, e.g., with the restriction enzyme
cleavage sites Bam HI, Xba | and Asp 718, facilitate the cloning of the gene of
interest. The vectors contain in addition the 3 intron, the polyadenylation and
termination signal of the rat preproinsulin gene. As indicated above, the expression
vectors will preferably include at least one selectable marker. Such markers include
dihydrofolate reductase, G418 or neomycin resistance for eukaryotic cell culture and
tetracycline, kanamycin or ampicillin resistance genes for culturing in E. coli and
other bacteria. Representative examples of appropriate hosts include, but are not
limited to, bacterial cells, such as E. coli, Streptomyces and Salmonella typhimurium
cells; fungal cells, such as yeast cells; insect cells such as Drosophila S2 and
Spodoptera Sf9 cells; animal cells such as CHO, COS, 293 and Bowes melanoma
cells; and plant cells. Appropriate culture mediums and conditions for the

above-described host cells are known in the art.

The recombinantly expressed polypeptide may contain additional amino acid
residues in order to increase the stability or to modify the targeting of the protein.
For instance, a region of additional amino acids, particularly charged amino acids,
may be added to the N-terminus of the polypeptide to improve stability and
persistence in the host cell, during purification, or during subsequent handling and
storage. Also, peptide moieties may be added to the polypeptide to facilitate
purification. Such regions may be removed prior to final preparation of the
polypeptide. The addition of peptide moieties to polypeptides to engender secretion
or excretion, to improve stability and to facilitate purification, among others, are
familiar and routine techniques in the art. A preferred fusion protein comprises a
heterologous region from immunoglobulin that is useful to stabilize and purify
proteins. For example, EP-A- 0 464 533 (Canadian counterpart 2045869) discloses

fusion proteins comprising various portions of constant region of immunoglobulin
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molecules together with another human protein or part thereof. In many cases, the
Fc part in a fusion protein is thoroughly advantageous for use in therapy and
diagnosis and thus results, for example, in improved pharmacokinetic properties
(EP-A 0 232 262). On the other hand, for some uses it would be desirable to be able
to delete the Fc part after the fusion protein has been expressed, detected and
purified in the advantageous manner described. This is the case when the Fc
portion proves to be a hindrance for example for the catalytic activity of a
coagulation factor Xll (poly)peptide. In drug discovery, for example, human proteins,
such as hlL-5, have been fused with Fc portions for the purpose of high-throughput
screening assays fo identify antagonists of hlL-5. See, D. Bennett ef al, J.
Molecular Recognition 8:52-58 (1995) and K. Johanson ef al., J. Biol. Chem.
270:9459-9471 (1995). Coagulation factor XII (poly)peptide(s) can be recovered and
purified from recombinant cell cultures by well-known methods including ammonium
sulfate or ethanol precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography and/or hydroxylapatite chromatography.
Most preferably, high performance liquid chromatography ("HPLC") is employed for

purification.

The step of contacting the recovered coagulation factor Xl (poly)peptide with a
potential modulator is essentially a step by which the efficacy of a potential
modulator is tested. Generally, the coagulation factor XII (poly)peptide is present at
conditions assumed to be physiological conditions or in a test solution representing
such conditions. When examining, for example, enzymatic activity, the following
may be of importance: after optimum substrate and enzyme concentrations are
determined, a candidate modulator is added to the reaction mixture at a range of
concentrations. The assay conditions ideally should resemble the conditions under
which the modulator is to be active, i.e., under physiologic pH, temperature, ionic
strength, etc. For example, when the modulator is an inhibitor of protease activity,
suitable inhibitors will exhibit strong protease inhibition at concentrations which do
not raise toxic side effects in the subject. Inhibitors which compete for binding to the
protease’s active site may require concentrations equal to or greater than the
substrate concentration, while inhibitors capable of binding irreversibly to the
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protease’s active site may be added in concentrations in the order of the enzyme
concentration. Substrate conversion, i.e. proteolytic cleavage is conveniently
measured by using labelled substrates such as labelled peptides representing the

cleavage site of a natural substrate of coagulation factor XII.

One of the more popular protease detection methods is the use of fluorescence
resonance energy transfer between a donor fluorophore at one end of the peptide
chain, and a quencher at the other end of the peptide chain. These methods were
reviewed by Knight "Fluorimetric assays of proteolytic enzymes,” Methods in
Enzymol. (1995) 248:18-34, the contents of which are incorporated herein by
reference. Here, proteolytic cleavage of the peptide link connecting the fluorophore
and quencher liberates the quencher to diffuse away from the fluorophore. This
results in an increase in fluorescence. A variation on this quencher method is taught
by U.S. Pat. Nos. 5,605,809 and 6,037,137. This variation brings a first fluorophore
in close proximity to a second fluorophore via a folded peptide backbone. This
technique has the advantage that the protease cleavage site need not be
immediately adjacent to either of the fluorophores. However it has the disadvantage
that to avoid disrupting the folded structure, the length of the protease cleavage site
should ideally fall between 2-15 amino acid residues in length. Another very popular
method is the use of peptide-quenched fluorescent moieties, such as the 7-amino-4-
methylcoumarin  (AMC) fluorophore, the 7-amino-4-carbamoylmethylcoumarin
fluorophore (Harris, et. al. PNAS 97: 7754-7759 (2000)), or the peptide quenched
Rhodamine 110 fluorophore (Mangel et. al., U.S. Pat. No. 4,557,862). Here the
intrinsic fluorescence of a fluorophore is quenched by one or more covalently linked
peptides, and the fluorescence is restored upon cleavage of the peptide. Although
the Rhodamine 110 molecule operates with high efficiency, uses visible light for
excitation and emission, and is otherwise an excellent label for fluorescence based
protease assays, it has a few drawbacks that limit its use. The Rhodamine 110
molecule is divalent and normally incorporates two peptides of identical sequence,
with both "N" terminal peptide groups exposed. This has the drawback that peptides
with this polarity can not be incorporated into the interior of a larger peptide chain.
Thus this label has primarily been used for protease substrate assays where the

Rhodamine 110 molecule effectively represents the final "C" terminal group on the
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substrate. Variations on Rhodamine 110 molecule methods, suitable for caspase
assays, are taught by U.S. Pat. No. 6,248,904.

The test for protease activity of coagulation factor Xl (poly)peptides may be
performed in solution or with the coagulation factor XlI (poly)peptide or the substrate
or the modulator arrayed on a solid support, e.g. a microtiter plate. Microarray
methods have become widely used for pharmaceutical and biochemical research,
and a large number of microarrays are commercially available. Use of peptide
microarrays, constructed by photochemical methods, for antibody recognition of
peptide patterns was taught by Fodor et. al. 1991, Science 251: 767-773. Use of
peptide microarrays for protein kinase or protein-protein binding was taught by
MacBeath and Schreiber 2000, Science 289: 1760-1763. Here glass slides were
chemically activated to covalently bind peptides, and various peptides were spotted
onto the slides using conventional spotting equipment. The peptides formed a
covalent bond with the derivatized glass. Alternative methods to attach peptides to
solid supports are taught by U.S. Pat. No. 6,150,153, which teaches the use of
polyethyleneimine layers to facilitate peptide linkages. U.S. Pat. No. 4,762,881
teaches the use of incorporating an artificial benzoylphenylalanine into a peptide
and allowing the peptide to attach to a solid substrate having an active hydrogen
(such as polystyrene) using ultraviolet light. U.S. Pat. No. 4,681,870 teaches
methods for derivatizing silica surfaces to introduce amino or carboxyl groups, and
then coupling proteins to these groups. U.S. Pat. Nos. 5,527,681 and 5,679,773
teach methods for immobilized polymer synthesis and display suitable for
microarrays, and various fluorescent-labeling methods to detect proteolytic

cleavage.

For protease substrate microarrays, the peptides on the microarray will further
contain detection moieties (fluorescent tags, fluorescent quenchers, etc.) to
generate a detectable signal corresponding to the level of proteolytic cleavage of the
particular peptide zone in question. The peptides are bound to the surface of the
solid support (either covalently or non-covalently) to the extent sufficient to prevent
diffusion of the bound peptides upon application of liquid sample, and subsequent

digestion and processing steps. In use, the completed microarray is exposed to a
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liguid sample, which contains a coagulation factor Xll (poly)peptide under study. The
sample will typically be covered with an optional cover to help distribute the sample
evenly over the array, and to prevent evaporation. Typically the cover will be of a
transparent flat material, such as a glass or plastic cover slip, to enable observation
of the peptide zones during the course of the digestion reaction. During the protease
digestion reaction, peptides with differential sequences or different modifications will
typically be digested to a differential amount. The detectable signal generated by the
detection moieties attached to each peptide region will be interrogated, typically at
multiple time points during the digestion reaction. This conveys information as to the
relative proteolytic activity of the studied coagulation factor XII (poly)peptide in the
presence of a potential protease modulator or inhibitor, thus providing information
on the suitability of the modulator for modulating, eventually inhibiting coagulation
factor Xl activity. Optionally, at the end of the reaction, a non-specific protease or a
non-specific labeled moiety reacting agent may be added to the microarray to serve

as a positive or negative control.

In a preferred embodiment of the present invention’'s method of identifying a
modulator compound, the coagulation factor Xl (poly)peptide of step (a) is present
in cell culture or cell culture supernatant or in a subject’'s sample or purified from any
of these sources. The cell culture could be for example a cell culture in which a
coagulation factor Xl (poly)peptide is recombinantly expressed or a culture of cells,
for example hepatocytes, and preferably of human origin, that naturally express
coagulation factor XIl. The subject’'s sample could be for example blood plasma,
and the subject could be either affected or non-affected by hereditary angioedema

type lIl.

In another preferred embodiment of the present invention’s method of identifying a
modulator compound, said testing is performed by assessing the physical
interaction between a coagulation factor Xl (poly)peptide and the modulator and/or

the effect of the modulator on the function of said coagulation factor Xl
(poly)peptide.

The person skilled in the art knows of various methods for detecting the interaction

between a protein and a potential binding partner or modulator. One such method,
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for example, may be based on the testing of potential binding partners which are
spotted onto a solid support. If bound to a solid support, incubation of said potential
binding partners with a solution containing, for example, coagulation factor XII
(poly)peptide might identify positions on the solid support, occupied with candidate
binding partners. Binding of, for example coagulation factor XlI (poly)peptide(s) to
said binding partner may be detected by various methods known in the art. For
example, binding of coagulation factor Xll to a binding partner could be visualized by
incubating the solid support with a labeled antibody specific for coagulation factor
XIl. Preferred methods comprise biacore based detection methods, ELISA based
methods.

[t is also envisaged here, that the (poly)peptide targeted by the potential modulator
can be — instead of a coagulation factor Xl (poly)peptide — a (poly)peptide
functionally related, upstream or downstream within the contact system, with
coagulation factor XlI, i.e. interacting with coagulation factor Xll. Nevertheless, as
further envisaged here, this may cause a modulation of coagulation factor XiIl

activity.

A modulator may be based on known compounds which may also be modified in
order to adapt the compound to the requirements of the specific (poly)peptide to be
targeted. The modulator can be, for example, a small molecule, an aptamer, or an

antibody (vide infra).

Preferably, the modulator is a small molecule or small molecular compound and
may be selected by screening a library of small molecules (“small molecule library”).
The term "small molecule" or “small molecular compound” refers to a compound
having a relative molecular weight of not more than 1000 D and preferably of not
more than 500 D. It can be of organic or anorganic nature. A large number of small
molecule libraries, which are commercially available, are known in the art. Thus, for
example, a modulator may be any of the compounds contained in such a library or a
modified compound derived from a compound contained in such a library.
Preferably, such a modulator binds to the targeted (poly)peptide encoded by the
coagulation factor Xll gene with sufficient specificity, wherein sufficient specificity

means preferably a dissociation constant (Kd) of less than 500nM, more preferable
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less than 200nM, still more preferable less than 50nM, even more preferable less
than 10nM and most preferable less than 1nM.

[t is also envisaged to design small molecular compounds using so called molecular
modeling methods. Small molecular compounds can be for example peptide
derived. Preferred are compounds which mimic the transition state of substrates of
coagulation factor XII. Suitable compounds may be, for example, peptide-derived
substrates which do not contain a cleavable peptide bond. Preferably, such
compounds contain a cleavage site of a natural substrate of coagulation factor XII,

wherein the peptide bond between P1 and P1’ is replaced by a non-cleavable bond.

The peptide-based compounds and others, like compounds based on heterocyclic
structures, may be for example known inhibitors of serine proteases or new
compounds or compounds derived from preexisting inhibitors by derivatization.
Preferably, such compounds are designed by computer modeling, wherein
computer modeling means using virtual-screening tools for the search of
compounds that bind, for example, to the substrate binding site of coagulation factor
Xl by using homology-modeling tools. Generally, these methods rely on the three-
dimensional structure of proteins, preferably of proteins crystallized together with a
substrate. More preferably, the substrate is replaced with a candidate modulator or
inhibitor.

The design of molecules with particular structural relationships to part of a protein
molecule like coagulation factor Xl is well established and described in the literature
(see for example Cochran 2000, Chem. Biol. 7, 85-94: Grzybowski et al. 2002, Acc.
Chem. Res. 35, 261-269; Velasquez-Campoy et al. 2001, Arch. Biochem. Biophys.
380, 169-175; D’Aquino et al. 2000, Proteins: Struc. Func. Genet. Suppl. 4, 93-
107.). Any of these so-called ,molecular modeling“ methods for rational drug design
can be used to find a modulator of coagulation factor XIl. Most of these molecular
modeling methods take into consideration the shape, charge distribution and the
distribution of hydrophobic groups, ionic groups and hydrogen bonds in the site of
interest of the protein molecule. Using this information, that can be derived e.g. from
the crystal structure of proteins and protein-substrate complexes, these methods

either suggest improvements to existing proposed molecules, construct new
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molecules on their own that are expected to have good binding affinity, screen
through virtual compound libraries for such molecules, or otherwise support the
interactive desigh of new drug compounds jn silico. Programs such as GOLD (G.
Jones, et al., Development and J. Mol. Biol., 267, 727-748 (1997)); FLEXX (B.
Kramer et al., Structure, Functions, and Genetics, Vol. 37, pp. 228-241, 1999);
FLEXE (M. Rarey et al., JMB, 261,470-489 (1996)) DOCK (Kuntz, I.D. Science 257:
1078-1082, 1992); AUTODOCK (Morris et al., (1998), J. Computational Chemistry,
19: 1639-1662) are virtual screening programs designed to calculate the binding
position and conformation as well as the corresponding binding energy of an organic
compound to a protein. These programs are specially timmed to allow a great
number of "dockings”, that is calculations of the conformation with the highest
binding energy of a compound to a binding site, per time unit. Their binding energy
is not always a real value, but can be statistically related to a real binding energy
through a validation procedure. These methods lead to molecules, termed here
“hits” that have to be evaluated by experimental biochemical, structural-biological,
molecular-biological or physiological methods for their expected biological activity.
The term "molecular modeling” or “molecular modeling techniques" refers to
techniques that generate one or more 3D models of a ligand binding site or other
structural feature of a macromolecule. Molecular modeling techniques can be
performed manually, with the aid of a computer, or with a combination of these.
Molecular modeling techniques can be applied for example to the atomic co-
ordinates to derive a range of 3D models and to investigate the structure of ligand
binding sites. A variety of molecular modeling methods are available to the skilled
person for wuse according to the invention (G.Klebe and H.Gohlke,
Angew.Chem.Int.Ed.2002, 41, 2644 — 2676; Jun Zeng: Combinatorial Chemistry &
High Throughput Screening, 2000, 3, 355-362; Andrea G Cochran, Current Opinion
in Chemical Biology 2001, 5:654-659).

In a preferred embodiment, the modulator is an inhibitor of coagulation factor XII
activity, selected from the group consisting of: (a) an aptamer or inhibitory antibody
or fragment or derivative thereof, specifically binding to a coagulation factor XIl
(poly)peptide and/or specifically inhibiting a coagulation factor XIl activity; (b) a small

molecule inhibitor of coagulation factor Xl and/or coagulation factor Xl activity; and
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(c) a serine protease inhibitor selected from group (I) consisting of wild-type and
modified or engineered proteinaceous inhibitors of serine proteases including C1
esterase inhibitor, antithrombin Ill, o2-antiplasmin, o1-antitrypsin, ovalbumin
serpins, and a2-macroglobulin, or selected from group (lI) of Kunitz-typé inhibitors

including bovine pancreatic trypsin inhibitor.

The Inhibitor can be an aptamer, preferably an aptamer specifically binding to
coagulation factor XlI. The term “aptamer” refers to RNA and also DNA molecules
capable of binding target proteins with high affinity and specificity, comparable with
the affinity and specificity of monoclonal antibodies. Methods for obtaining or
identifying aptameré specific for a desired target are known in the art. Preferably,
these methods may be based on the “systematic evolution of ligands by exponential
enrichment” (SELEX) process (Ellington and Szostak, Nature, 1990, 346: 818-822;
Tuerk and Gold, 1990, Science 249: 505-510; Fitzwater & Polisky, 1996, Methods
Enzymol. 267: 275-301). Various chemical modifications, for example the use of 2'-
fluoropyrimidines in the starting library and the attachment of a polyethylene glycol
to the 5 end of an aptamer can be used to ensure stability and to enhance
bioavailability of aptamers (see e.g. Toulme 2000, Current Opinion in Molecular
Therapeutics 2: 318-324).

The inhibitor can also be an antibody or fragment or derivative thereof. As used
herein, the term “antibody or fragment or derivative thereof” relates to a polyclonal
antibody, monoclonal antibody, chimeric antibody, single chain antibody, single
chain Fv antibody, human antibody, humanized antibody or Fab fragment
specifically binding to coagulation factor XII and/or to a mutant of coagulation factor
XII.

The antibodies described herein may be prepared by any of a variety of methods
known in the art. For example, polyclonal antibodies may be induced by
administration of purified protein, a coagulation factor Xl (poly)peptide or an

antigenic fragment thereof, to a host animal.

As pointed out above, the antibody may also be a monoclonal antibody. Such

monoclonal antibodies can be prepared using hybridoma technology (Kéhler et al.,
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Nature 256:495 (1975); Kéhler et al., Eur. J. Immunol. 6:511 (1976); Kohler et al.,
Eur. J. Immunol. 6:292 (1976); Hammerling et al., in: Monoclonal Antibodies and
T-Cell Hybridomas, Elsevier, N.Y., 1981, pp. 563-681). In general, such procedures
involve immunizing an animal (preferably a mouse) with a coagulation factor XII
protein antigen. The splenocytes of such immunized mice are extracted and fused
with a suitable myeloma cell line. Any suitable myeloma cell line may be employed
in accordance with the present invention; however, it is preferable to employ the
parent myeloma cell line (SP2/0), available from the American Type Culture
Collection, Rockville, Maryland. After fusion, the resulting hybridoma cells are
selectively maintained in HAT medium, and then cloned by limiting dilution as
described by Wands et al. 1981 (Gastroenterology 80:225-232). The hybridoma
cells obtained through such a selection are then assayed to identify clones which

secrete antibodies capable of binding the coagulation factor Xl protein antigen.

it will be appreciated that Fab and F(ab'), and other fragments of the antibodies of
the present invention may be used according to the methods disclosed herein. Such
fragments are typically produced by proteolytic cleavage, using enzymes such as

papain (to produce Fab fragments) or pepsin (to produce F(ab'), fragments).

For in vivo use of antibodies in humans, it may be preferable to use "humanized"
chimeric monoclonal antibodies. Such antibodies can be produced using genetic
constructs derived from hybridoma cells producing the monoclonal antibodies
described above. Methods for producing chimeric antibodies are known in the art.
See, for review, Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214
(1986); Cabilly et al., U.S. Patent No. 4,816,567; Taniguchi et al., EP 171496;
Morrison et al., EP 173494; Neuberger et al., WO 8601533; Robinson et al., WO
8702671; Boulianne et al., Nature 312:643 (1984); Neuberger et al., Nature 314:268
(1985).

Preferably, the antibodies specifically bind a coagulation factor XlI (poly)peptide and
include IgG (including 1gG1, 1gG2, IgG3, and IgG4), IgA (including IgA1 and IgA2),
IgD, IgE, or IgM, and IgY. As used herein, the term "antibody" is meant to include
whole antibodies, including single-chain whole antibodies, and antigen-binding

fragments thereof. Most preferably the antibodies are human antigen binding
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antibody fragments and include, but are not limited to, Fab, Fab' and F(ab'),, Fd,
single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv) and
fragments comprising either a V. or Vy domain. The antibodies may be from any
animal origin including birds and mammals. Preferably, the antibodies are human,
murine, rabbit, goat, guinea pig, camel, horse, or chicken.

“Specific binding” of antibodies may be described, for example, in terms of their
cross-reactivity. Preferably, specific antibodies are antibodies that do not bind
polypeptides with less than 98%, less than 95%, less than 90%, less than 85%, less
than 80%, less than 75%, less than 70% and less than 65% identity (as calculated
using methods known in the art) to a (poly)peptide encoded by the coagulation
factor XlI gene. Antibodies may, however, also be described or specified in terms of
their binding affinity. Preferred binding affinities include those with a dissociation
constant or Kd less than 5X10°M, 10°M, 5X107M, 107M, 5X10M, 10°M, 5X10°M,
10°°M, 5X107%M, 10'°M, 5X10""M, 107'"M, 5X10°2M, 10°'2M, 5X1073M, 1073M,
5X107*M, 10M, 5X107°M, and 107"°M.

Further, the inhibitor can be a “small molecule” or “small molecular compound”. As
pointed out above, the term "small molecule" refers to a compound having a relative
molecular weight of not more than 1000 D and preferably of not more than 500 D.
Said compound may be of differing chemical nature, for example, it may be peptide-
based or based on heterocyclic structures. Small molecule inhibitors of serine
proteases have been extensively reviewed for example by Leung et al. 2000 (J.
Med. Chem. 43: 305-341) and Walker & Lynas 2001 (Cell. Mol. Life Sci. 58: 596-
624). Substances discussed by these authors include, for example, (i) peptide-
based inhibitors, like phosphorus-based inhibitors (including a-aminoalkyl
diphenylphosphonate esters and mixed phosphonate esters), fluorine-containing
inhibitors (including for example ftrifluoromethyl ketones [as well as analogues
containing the ftrifluoromethyl ketone moiety with lower peptidic characteristics],
difluoromethyl ketone-based and pentafluoroethyl ketone-based inhibitors),
inhibitors based on peptidyl boronic acids (including, for example, boroArg- or
boroLys- or boro-methoxy-propylglycine- or boroPro-containing substances),

inhibitors based on so-called ‘inverse substrates’ (including, for example,
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compounds containing a p-methoxybenzoic acid function), and peptide-based
inhibitors with novel functional groups (including, for example, compounds with C-
terminal electron-withdrawing groups based on o-keto heterocycles, like o-keto
benzoxazoles or o-keto thiazoles); (ii) natural product-derived inhibitors, like
cyclotheonamides (macrocyclic pentapeptides analogues), aeruginosins, and
radiosumin; (iii) inhibitors based on heterocyclic and other nonpeptide scaffolds, like
N-hydroxysuccinimide heterocycles and related compounds, compounds based on
the isocoumarin scaffold, and B-lactam - based inhibitors (including, for example,
cephalosporin-derived compounds and analogues of monocyclic and bicyclic B-
lactams); and (iv) metal-potentiated compounds, like compounds based on bis(5-
amidino-2-benzimidazolyl)methane (BABIM). All these (types of) substances, as
well as derivatives thereof, are considered to be applicable for the purposes of the

present invention.

Any of the known protease inhibitors may be useful for developing modulators or
inhibitory modulators of coagulation factor XII activity, although inhibitors of serine
proteases may be particularly useful. Any of the known compounds may be
modified, for example in order to change their binding characteristics or their

specificity.

With respect to natural or engineered proteinaceous inhibitors of serine proteases,
selective changes or modifications of the natural inhibitory characteristics, of the
natural specificity have been achieved, for example, with P2 mutants of C1 inhibitor
(Zahedi et al. 2001, J. Immunol. 167: 1500-1506), a P1 mutant of o1-antitrypsin
(Schapira et al. 1985, J. Clin. Invest. 76: 645-647), various P1-P2-P3 mutants of a/1-
antitrypsin (Sulikowski et al. 2002, Protein Science 11: 2230-2236), a P1-P2 mutant
of a1-antitrypsin (Schapira et al. 1987, J. Clin. Invest. 80: 582-585), various P3-P4
mutants of bovine pancreatic trypsin inhibitor (Grzesiak et al. 2000, J. Biol. Chem.
275: 33346-33352), among them one P3 mutant with high specificity for factor Xlla.

Particularly with respect to (a) and (b), it is also envisaged that the “inhibitor of
coagulation factor Xll activity” could be a compound that does not primarily target a

coagulation factor XII (poly)peptide, but still inhibits coagulation factor Xl activity, for



WO 2005/111233 PCT/EP2005/005404

48
example by inhibiting the activation of coagulation factor XII due to interference with
an activating protein. The present invention also relates to a method of identifying a
compound modulating coagulation factor XII expression and/or secretion which is
suitable as a medicament or lead compound for a medicament for the treatment
and/or prevention of hereditary angioedema type lll, the method comprising the
steps of: (a) in vitro contacting a cell that expresses or is capable of expressing
coagulation factor XII with a potential modulator of expression and/or secretion; and
(b) testing for altered expression and/or secretion, wherein the modulator is (i) a
small molecule compound, an aptamer or an antibody or fragment or derivative
thereof, specifically modulating expression and/or secretion of coagulation factor XlI;
or (i) a siRNA or shRNA, a ribozyme, or an antisense nucleic acid molecule
specifically hybridizing to a nucleic acid molecule encoding coagulation factor XIl or
regulating the expression of coagulation factor XII. “Specific hybridization” means
that the siRNA, shRNA, ribozyme or antisense nucleic acid molecule hybridizes to
the targeted nucleic acid molecule, encoding coagulation factor Xl or regulating its
expression. Preferably, “specific hybridization” also means that no other genes or

transcripts are affected.

A modulating compound will affect expression and/or secretion of coagulation factor
Xll. The skilled person knows a number of techniques for monitoring an effect on
protein expression or secretion. For example, protein expression may be monitored
by using techniques such as western blotting, immunofluorescence or
immunoprecipitation. Alternatively, expression may also, for example, be monitored

by analyzing the amount of RNA transcribed from a coagulation factor XIl gene.

The term “contacting a cell” refers to the introduction of a potential modulator
compound into a cell. As far as the compound is a nucleic acid molecule, the
contacting may be performed by any of the known transfection techniques such as
electroporation, calcium phosphate transfection, lipofection and the like. However,
the nucleic acid may also be entered into the cell by virus based vector systems.

As used herein, the term “siRNA” means “short interfering RNA”, the term “shRNA®
refers to “short hairpin RNA”. In RNA interference, small interfering RNAs (siRNA)

bind the targeted mRNA in a sequence-specific manner, facilitating its degradation
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and thus preventing translation of the encoded protein. Transfection of cells with
siRNAs can be achieved, for example, by using lipophilic agents (among them

Oligofectamine™ and Transit-TKO™) and also by electroporation.

Methods for the stable expression of small interfering RNA or short hairpin RNA in
mammalian, also in human cells are known to the person skilled in the art and are
described, for example, by Paul et al. 2002 (Nature Biotechnology 20: 505-508),
Brummelkamp et al. 2002 (Science 296: 550-553), Sui et al. 2002 (Proc. Natl. Acad.
Sci. U.S.A. 99: 5515-5520), Yu et al. 2002 (Proc. Natl. Acad. Sci. U.S.A. 99: 6047-
6052), Lee et al. 2002 (Nature Biotechnology 20: 500-505), Xia et al. 2002 (Nature
Biotechnology 20: 1006-1010). It has been shown by several studies that an RNAI
approach is suitable for the development of a potential treatment of dominantly
inherited diseases by designing a siRNA that specifically targets the disease-
associated mutant allele, thereby selectively silencing expression from the mutant
gene (Miller et al. 2003, Proc. Natl. Acad. Sci. U.S.A. 100: 7195-7200; Gonzalez-
Alegre et al. 2003, Ann. Neurol. 53: 781-787).

The siRNA molecules are essentially double-stranded but may comprise 3’ or 5’
overhangs. They may also comprise sequences that are not identical or essentially
identical with the target gene but these sequences must be located outside of the
sequence of identity. The sequence of identity or substantial identity is at least 14
and more preferably at least 19 nucleotides long. It preferably does not exceed 23
nucleotides. Optionally, the siRNA comprises two regions of identity or substantial
identity that are interspersed by a region of non-identity. The term “substantial
identity” refers to a region that has one or two mismatches of the sense strand of the
siRNA to the targeted mRNA or 10 to 15% over the total length of siRNA to the
targeted mRNA mismatches within the region of identity. Said mismatches may be
the result of a nucleotide substitution, addition, deletion or duplication etc. dsRNA

longer than 23 but no longer than 40 bp may also contain three or four mismatches.

The interference of the siRNA with the targeted mMRNA has the effect that
transcription/translation is reduced by at least 50%, preferably at least 75%, more
preferred at least 90%, still more preferred at least 95%, such as at least 98% and

most preferred at least 99%.
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Further, the modulator can be an antisense nucleic acid molecule specifically
hybridizing to a nucleic acid molecule encoding coagulation factor XIl or regulating
the expression of coagulation factor XlI. The term “antisense nucleic acid molecule”
refers to a nucleic acid molecule which can be used for controlling gene expression.
The underlying technique, antisense technology, can be used to control gene
expression through antisense DNA or RNA or through triple-helix formation.
Antisense techniques are discussed, for example, in Okano, J. Neurochem. 56: 560
(1991); "Oligodeoxynucleotides as Antisense Inhibitors of Gene Expression.” CRC
Press, Boca Raton, FL (1988), or in: Phillips Ml (ed.), Antisense Technology,
Methods in Enzymology, Vol. 313, Academic Press, San Diego (2000). Triple helix
formation is discussed in, for instance, Lee et al., Nucleic Acids Research 6: 3073
(1979); Cooney et al., Science 241: 456 (1988); and Dervan et al., Science 251:
1360 (1991). The methods are based on binding of a target polynucleotide to a
complementary DNA or RNA. For example, the 5' coding portion of a polynucleotide
that encodes a coagulation factor Xil (poly)peptide may be used to design an
antisense RNA oligonucleotide of from about 10 to 40 base pairs in length. A DNA
oligonucleotide is designed to be complementary to a gene region involved in
transcription thereby preventing transcription and the production of coagulation
factor XIl. The antisense RNA oligonucleotide hybridizes to the mRNA in vivo and

blocks transiation of the mRNA molecule into coagulation factor XlI polypeptide.

The term “ribozyme” refers to RNA molecules with catalytic activity (see, e.g.,
Sarver et al, Science 247:1222-1225 (1990)); however, DNA catalysts
(deoxyribozymes) are also known. Ribozymes and their potential for the
development of new therapeutic tools are discussed, for example, by Steele et al.
2003 (Am. J. Pharmacogenomics 3: 131-144) and by Puerta-Fernandez et al. 2003
(FEMS Microbiology Reviews 27: 75-97). While ribozymes that cleave mRNA at site
specific recognition sequences can be used to destroy coagulation factor XlI
mMRNAs, the use of trans-acting hairpin or hammerhead ribozymes is preferred.
Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions
that form complementary base pairs with the target mMRNA. The sole requirement is
that the target mMRNA have the following sequence of two bases: 5-UG-3'. The
construction and production of hammerhead ribozymes is well known in the art and



WO 2005/111233 PCT/EP2005/005404

51
is described more fully in Haseloff and Gerlach, Nature 334:585-591 (1988). There
are numerous potential hammerhead ribozyme cleavage sites within the nucleotide
sequence of the coagulation factor XII mRNA which will be apparent to the person
skilled in the art. Preferably, the ribozyme is engineered so that the cleavage
recognition site is located near the 5' end of the coagulation factor XIl mRNA; i.e., to
increase efficiency and minimize the intracellular accumulation of non-functional
mRNA transcripts. RNase P is another ribozyme approach used for the selective
inhibition of pathogenic RNAs. Ribozymes may be composed of modified
oligonucleotides (e.g. for improved stability, targeting, etc.) and should be delivered
to cells which express coagulation factor Xll. DNA constructs encoding the ribozyme
may be introduced into the cell in the same manner as described above for the
introduction of other nucleic acid molecules. A preferred method of delivery involves
using a DNA construct "encoding” the ribozyme under the control of a strong
constitutive promoter, such as, for example, pol Il or pol Il promoter, so that
transfected cells will produce sufficient quantities of the ribozyme to destroy
endogenous coagulation factor XIl messages and inhibit translation, Since
ribozymes unlike antisense molecules, are catalytic, a lower intracellular
concentration is generally required for efficiency. Ribozyme-mediated RNA repair is
another therapeutic option applying ribozyme technologies (Watanabe & Sullenger
2000, Adv. Drug Deliv. Rev. 44: 109-118) and may also be useful for the purpose of
the present invention. To this end, catalytic group | introns can be employed in a
trans-splicing reaction to replace a defective segment of target mRNA in order to

alleviate a mutant phenotype.

In a preferred embodiment of the method of the present invention, coagulation factor
Xl is a disease—associated mutant of coagulation factor XII. As pointed out above,
in order to determine whether or not a mutation is disease-associated, the person
skilled in the art may, for example, compare the frequency of a specific sequence
change, for example in the coagulation factor XlI gene, in patients affected by HAE
type il with the frequency in appropriately chosen control individuals and conclude
from a statistically significantly deviating frequency in the patient group that said

mutation is a disease-associated mutation.
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In another preferred embodiment of the present invention, said modulator is
selective for a disease-associated mutant of coagulation factor XII, the method
comprising (a) comparing the effect of the modulator on wild-type and disease-
associated coagulation factor Xl| activity or their expression and/or secretion; and
(b) selecting a compound which (i) modulates disease-associated coagulation factor
Xl activity or its expression and/or secretion and which (if) does not affect wild-type
coagulation factor XII activity or its expression and/or secretion. By using this
method, the skilled person can determine whether a modulating compound is a
general modulator of coagulation factor Xl or selective for disease-associated
coagulation factor XIl. It is also possible and envisaged that a modulator affects
preferably disease-associated coagulation factor XlI, and partially, but to a lesser
extent, also wild-type coagulation factor XII.

In yet another preferred embodiment of the present invention’s methods, the
disease-associated mutant or mutation is: (a) a mutant located in the fibronectin
type Il domain, within the region of amino acid position 1 to 76, and/or a mutation
located in the nucleic acid sequence encoding the fibronectin type 1l domain, within
mMRNA position 107 to 334; (b) a mutant located in the EGF-like domain 1, within the
region of amino acid position 77 to 113, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 1, within mRNA position 335 to 445; (c) a
mutant located in the fibronectin type | domain, within the region of amino acid
position 114 to 157, and/or a mutation located in the nucleic acid sequence
encoding the fibronectin type | domain, within mRNA position 446 to 577; (d) a
mutant located in the EGF-like domain 2, within the region of amino acid position
168 to 192, and/or a mutation located in the nucleic acid sequence encoding the
EGF-like domain 2, within mRNA position 578 to 682; (e) a mutant located in the
kringle domain, within the region of amino acid position 193 to 276, and/or a
mutation located in the nucleic acid sequence encoding the kringle domain, within
MRNA position 683 to 934; (f) a mutant located in the proline-rich region, within the
region of amino acid position 277 to 331, and/or a mutation located in the nucleic
acid sequence encoding the proline-rich region, within mRNA position 935 to 1099;
(9) a mutant located in the region of proteolytic cleavage sites, within the region of
amino acid position 332 to 353, and/or a mutation located in the nucleic acid
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sequence encoding the region of proteolytic cleavage sites, within mRNA position
1100 to 1165; (h) a mutant located in the serine protease domain, within the region
of amino acid position 354 to 596, and/or a mutation located in the nucleic acid
sequence encoding the serine protease domain, within mRNA position 1166 to
1894; (i) a mutant located in the signal peptide, within the region of amino acid
position —19 to -1, and/or a mutation located in the nucleic acid sequence encoding
the signal peptide, within mRNA position 50 to 106; (j) a mutation located in the
untranslated regions (UTRs) of coagulation factor XIl mRNA, within mRNA position
1 to 49 and/or 1895 to 2048; (k) a mutation located in an intron of the coagulation
factor Xl gene; and/or (I) a mutation located in a flanking regulatory genomic
sequence of the coagulation factor XII gene, within the region encompassing
4000bp upstream of the transcription initiation site of the coagulation factor XII gene
and/or within the region encompassing 3000bp downstream of the -nucleotide
sequence representing the 3'-UTR of the coagulation factor Xl mRNA.

The above numbering of amino acid residues of human coagulation factor XII refers
to the numbering as given for example in Cool & MacGillivray 1987 (J. Biol. Chem.
262: 13662-13673). The numbering of mRNA positions refers to GenBank acc. no.
NM_000505.2. Introns of the coagulation factor XII gene are preferably introns one
to thirteen as given for example in the Seattle data
(http://pga.gs.washington.edu/data/f12/f12.ColorFasta.html) or in the UCSC
Genome Browser/July 2003 human reference sequence/chr5:176,810,093—
176,817,530. Also according to the July 2003 human refence sequence of the
UCSC Genome Browser, flanking regulatory sequences of the coagulation factor XlI
gene, as given above, encompass nucleotide positions chr5:176,817,531 to
176,821,030 and nucleotide positions chr5:176,807,093 to 176,810,092

In a more preferred embodiment of the present invention said mutant located in the
proline-rich region is a mutant affecting amino acid residues 309 or 310 of human
coagulation factor XIl. This preferred embodiment refer to the observation, as
described in detail in the Examples of the present invention, that in a significant
number of patients studied a mutation in the region encoding the proline-rich region

of the human coagulation factor Xl gene could be detected. This mutation is one
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example of the mutations expected according to the teaching of the present
invention and useful for diagnosis of HAE IIl as well as for diagnostic evaluation of
any patient presenting with angioedema or angioedema-related symptoms. The
skilled person can now use the knowledge disclosed herein and adapt conventional
methods or use the methods of the present invention in order to e.g. diagnose a
patient suspectéd of having developed or of having a predisposition to develop a
hereditary angioedema type lll or in a subject being suspected of being a carrier for
hereditary angioedema type Ill. Moreover, the skilled person can search for the
additional specific mutations within the coagulation factor Xl gene, as expected

according to the teaching of the present invention.

As used herein, position 309 and 310 refer to the numbering of the mature
coagulation factor XlI protein, wherein the first amino acid at the N-terminal end of

the mature factor Xl protein is amino acid residue number 1.

In another more preferred embodiment of the present invention, said amino acid
residue at position 309 is substituted by a basic or positively charged amino acid
residue. The term “basic or positively charged amino acid residue” refers to arginine,

lysine and histidine.

In another more preferred embodiment of the present invention, said basic or

positively charged amino acid residue is a lysine or arginine.

In a preferred embodiment, the present invention’s method comprises the additional

step of producing the modulator identified in said methods.

In another preferred embodiment, the present invention’s method comprises in vitro
testing of a sample of a blood donor for determining whether the blood of said donor
or components thereof may be used for transfusion to a patient in need thereof,
wherein a positive testing indicates a predisposition for hereditary angioedema type
lll, excluding the transfusion of blood or components thereof from said donor.

The present invention also relates to the use of (a) a (poly)peptide encoded by the
coagulation factor XII gene or a fragment thereof, (b) a modulator of coagulation

factor Xl identified by any of the methods of claims 13 to 21; (c) a nucleic acid
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molecule capable of expressing coagulation factor Xl or a fragment thereof; and/or
(d) a nucleic acid molecule capable of expressing a modulator of coagulation factor
XlI activity or its expression and/or secretion, for the preparation of a pharmaceutical
composition for the treatment and/or prevention of hereditary angioedema type III.
Said modulator of coagulation factor XII may be any of the modulating compounds
identified by the methods of the present invention or any of the modulating
compounds disclosed in the present invention. As such, the modulator may be
affecting the expression from the coagulation factor X gene or may modulate the
secretion or function of coagulation factor XII. Preferably, the modulating compound
is an inhibitor of coagulation factor Xl activity or of its expression or secretion. The
use of (a) and (c) may be envisaged, for example, with the purpose of a vaccination,
either protein-based or DNA-based, to stimulate an immune response against

coagulation factor XIl (vide infra).

The active components of a pharmaceutical composition such as, e.g. a small
molecular compound or an antibody, will be formulated and dosed in a fashion
consistent with good medical practice, taking into account the clinical condition of
the individual patient, the site of delivery of pharmaceutical composition, the method
of administration, the scheduling of administration, and other factors known to
practitioners. The "effective amount" of the components of the pharmaceutical
composition for purposes herein is thus determined by such considerations.

As a general proposition, the total pharmaceutically effective amount of for example
a proteinaceous compound administered parenterally per dose will be in the range
of about 1 pg/kg/day to 10 mg/kg/day of patient body weight, although, as noted
above, this will be subject to therapeutic discretion. The length of treatment needed
to observe changes and the interval following treatment for responses to occur
appears to vary depending on the desired effect. Pharmaceutical compositions may
be administered orally, rectally, parenterally, intracistemally, intravaginally,
intraperitoneally, topically (as by powders, ointments, drops or transdermal patch),
bucally, or as an oral or nasal spray. By "pharmaceutically acceptable carrier" is
meant a non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or

formulation auxiliary of any type. The term "parenteral" as used herein refers for
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example to modes of administration which include intravenous, intramuscular,

intraperitoneal, intrasternal, subcutaneous and intraarticular injection and infusion.

The pharmaceutical composition is also suitably administered by sustained-release
systems. Suitable examples of sustained-release compositions include semi-
permeable polymer matrices in the form of shaped articles, e.g., films, or
mirocapsules. Sustained-release matrices include polylactides (U.S. Pat. No.
3,773,919, EP 58,481), copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate (Sidman, U. et al., Biopolymers 22:547-556 (1983)), poly (2- hydroxyethyl
methacrylate (R. Langer et al., J. Biomed. Mater. Res. 15:167-277 (1981), and R.
Langer, Chem. Tech. 12:98-105 (1982)), ethylene vinyl acetate (R. Langer et al., I1d.)
or poly-D- (-)-3-hydroxybutyric acid (EP 133,988). Sustained-release compositions
also include for example liposomally entrapped components. Liposomes containing
the active components of the pharmaceutical composition are prepared by methods
known per se: DE 3,218,121; Epstein et al., Proc. Natl. Acad. Sci. (USA) 82:3688-
3692 (1985); Hwang et al., Proc. Natl. Acad. Sci. (USA) 77:4030-4034 (1980); EP
52,322; EP 36,676; EP 88,046; EP 143,949; EP 142,641; Japanese Pat. Appl. 83-
118008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324. Ordinarily, the
liposomes are of the small (about 200-800 Angstroms) unilamellar type in which the
lipid content is greater than about 30 mol. percent cholesterol, the selected
proportion being adjusted for the optimal therapy.

Components to be used for therapeutic administration must be sterile. Sterility is
readily accomplished by filtration through sterile filtration membranes (e.g., 0.2
micron membranes). Therapeutic compositions generally are placed into a container
having a sterile access port, for example, an intravenous solution bag or vial having

a stopper pierceable by a hypodermic injection needle.

It is further envisaged in a preferred embodiment of the present invention’s use, that
said coagulation factor XII or said (poly)peptide is a mutant coagulation factor Xl or
mutant (poly)peptide or a fragment thereof. In one embodiment, the mutant is a
disease-associated mutant of coagulation factor Xll or a fragment thereof, which
may be used, for example, for preparation of a vaccine to stimulate an immune

response. In such a case, a fragment of coagulation factor XIl would comprise at



WO 2005/111233 PCT/EP2005/005404

57
least 5, 6, 7, 8 or 9 consecutive amino acid residues of coagulation factor XlI to
provide an effective immunogen. Preferably, for this purpose the fragment would be
a fragment comprising the mutant position of the disease-associated coagulation
factor XII (poly)peptide. The use of modified, chimeric peptide constructs and other
methods for creating a sufficient immunogenicity are known in the art (see e.g.
Rittershaus et al. 2000, Arterioscler. Thromb. Vasc. Biol. 20:2106-2112).
Alternatively, it is conceivable to engineer coagulation factor XlI in such a way that
the resulting mutant can for example displace a disease-associated mutant
coagulation factor XII (poly)peptide from one of its interaction partners.
Administering such a recombinant, i.e. mutant coagulation factor XII construct to a
host may therefore be useful in treating, eventually also in preventing HAE type IlI.
With respect to a modulator used for the preparation of a pharmaceutical
composition and/or a nucleic acid molecule expressing a modulator it is envisaged
here that the targeted coagulation factor Xil (poly)peptide, or gene or mRNA

species, is or contains a disease-associated mutant or mutation.

In a more preferred embodiment of the present invention’s use, it is envisaged that
the mutant is or is based on: (a) a mutant located in the fibronectin type Il domain,
within the region of amino acid position 1 to 76, and/or a mutation located in the
nucleic acid sequence encoding the fibronectin type 1l domain, within mRNA
position 107 to 334; (b) a mutant located in the EGF-like domain 1, within the region
of amino acid position 77 to 113, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 1, within mRNA position 335 to 445; (c) a
mutant located in the fibronectin type | domain, within the region of amino acid
position 114 to 157, and/or a mutation located in the nucleic acid sequence
encoding the fibronectin type | domain, within mRNA position 446 to 577; (d) a
mutant located in the EGF-like domain 2, within the region. of amino acid position
158 to 192, and/or a mutation located in the nucleic acid sequence encoding the
EGF-like domain 2, within mRNA position 578 to 682; (e) a mutant located in the
kringle domain, within the region of amino acid position 193 to 276, and/or a
mutation located in the nucleic acid sequence encoding the kringle domain, within
mRNA position 683 to 934; (f) a mutant located in the proline-rich region, within the
region of amino acid position 277 to 331, and/or a mutation located in the nucleic



WO 2005/111233 PCT/EP2005/005404

58

acid sequence encoding the proline-rich region, within mRNA position 935 to 1099;
(9) a mutant located in the region of proteolytic cleavage sites, within the region of
amino acid position 332 to 353, and/or a mutation located in the nucleic acid
sequence encoding the region of proteolytic cleavage sites, within mRNA position
1100 to 1165; (h) a mutant located in the serine protease domain, within the region
of amino acid position 354 to 996, and/or a mutation located in the nucleic acid
sequence encoding the serine protease domain, within mRNA position 1166 to
1894; (i) a mutant located in the signal peptide, within the region of amino acid
position ~19 to -1, and/or a mutation located in the nucleic acid sequence encoding
the signal peptide, within mRNA position 50 to 106; (j) a mutation located in the
untransiated regions (UTRs) of coagulation factor XIl mRNA, within mRNA position
1 to 49 and/or 1895 to 2048: (k) a mutation located in an intron of the coagulation
factor Xl gene; and/or () a mutation located in a flanking regulatory genomic
sequence of the coagulation factor XI| gene, within the region encompassing
4000bp upstream of the transcription initiation site of the coagulation factor Xl gene
and/or within the region encompassing 3000bp downstream of the nucleotide
sequence representing the 3'-UTR of the coagulation factor XII MRNA. Numbering
of sequences etc. is as outlined earlier (vide supra).

In a more preferred embodiment of the present invention’s use, said mutant located
in the proline-rich region is a mutant affecting amino acid residue 309 or 310 of

human coaguiation factor XII.

In another more preferred embodiment of the present invention’s use, said amino
acid residue at position 309 is substituted by a basic or positively charged amino
acid residue. The term “basic or positively charged amino acid residue” refers to

arginine, lysine and histidine.

In another more preferred embodiment of the present invention’s use, said basic or

positively charged amino acid residue is a lysine or arginine.

In @ more preferred embodiment of the present invention’s use, it is envisaged that
the modulator is an inhibitor of coagulation factor XlI, its activity, its expression

and/or its secretion, comprising: (a) an aptamer or an inhibitory antibody or fragment
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or derivative thereof, specifically binding to and/or specifically inhibiting the activity
of (i) disease-associated coagulation factor XII or (i) wild-type and disease-
associated coagulation factor Xll; (b) a small molecule inhibitor of (i) disease-
associated coagulation factor Xl and/or disease-associated coagulation factor XII
activity; or (ii) wild-type and disease-associated coagulation factor XII and/or wild-
type and disease-associated coagulation factor XlI activity; (c) a serine protease
inhibitor of (i) disease-associated coagulation factor XIl or of (i) wild-type and
disease-associated coagulation factor XIl selected from a first group consisting of
wild-type and modified or engineered proteinaceous inhibitors of serine proteases
including C1 esterase inhibitor, antithrombin lll, o2-antiplasmin, o1-antitrypsin,
ovalbumin serpins, and o2-macroglobulin, or selected from a second group
consisting of Kunitz-type inhibitors including bovine pancreatic trypsin inhibitor: or
(d) a siRNA or shRNA, a ribozyme or an antisense nucleic acid molecule specifically
hybridizing to a nucleic acid molecule encoding coagulation factor XII or regulating
the expression of coagulation factor Xil, either affecting (i) disease-associated
coagulation factor XlI or (i) wild-type and disease-associated coagulation factor XII.
In general, it may be a preferable type of treatment to target specifically the disease-
associated mutant coagulation factor XlI, its activity, expression and/or secretion.
However, it may also be possible to use an inhibitor that targets wild-type as well as
disease-associated mutant coagulation factor Xll, their activity, expression or
secretion; such an option appears particularly reasonable whenever the treatment is

not a long-term or ultralong-term treatment.

The present invention also relates to a method of gene therapy in a mammal,
characterized by administering an effective amount of a nucleic acid molecule
capable of expressing in the mammal: (a) siRNA or shRNA, a ribozyme or an
antisense nucleic acid molecule specifically hybridizing to a nucleic acid molecule
encoding coagulation factor Xl or regulating its expression; (b) an aptamer or an
inhibitory antibody or fragment or derivative thereof, specifically binding coagulation
factor XlI (poly)peptide; (c) coagulation factor Xl or a fragment thereof; or (d) a
serine protease inhibitor selected from group (i) consisting of wild-type and modified
or engineered proteinaceous inhibitors of serine proteases including C1 esterase

inhibitor, antithrombin lIl, a2-antiplasmin, o1-antitrypsin, ovalbumin serpins, and o2-
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macroglobulin, or selected from group (i) of Kunitz-type inhibitors including bovine
pancreatic trypsin inhibitor.

The gene therapy method relates to the introduction of nucleic acid sequences,
DNA, RNA and/or antisense DNA or RNA sequences, into a mammal. This method
requires a nucleic acid construct capable of expressing in the mammal (a) siRNA or
shRNA, a ribozyme, or an antisense nucleic acid molecule specifically hybridizing
to a nucleic acid molecule encoding or regulating the expression of coagulation
factor XII; (b) an aptamer or an inhibitory antibody or fragment or derivative thereof,
specifically binding coagulation factor XII (poly)peptide; (c) coagulation factor XIl or
a fragment thereof; or (d) a proteinaceous serine protease inhibitor, for example C1
esterase inhibitor, antithrombin lll, a2-antiplasmin, a2-macroglobulin, a/1-antitrypsin,
an ovalbumin serpin, or a Kunitz-type inhibitor, modified or engineered in such a
way to specifically inhibit coagulation factor XII, preferably disease-associated
mutant coagulation factor XII, and any other genetic elements necessary for the
expression of the desired (poly)peptide or nucleic acid molecule by the target tissue.
Such gene therapy and delivery techniques are known in the art, see, for example,
WO90/11092, which is herein incorporated by reference, or: M. . Phillips (Ed.):
Gene Therapy Methods. Methods in Enzymology, Vol. 346, Academic Press, San
Diego 2002. Thus, for example, cells from a patient may be engineered ex vivo with
a nucleic acid construct comprising a promoter operably linked to the nucleic acid
molecule corresponding to the molecule to be introduced, with the engineered cells
then being provided to a patient to be treated. Such methods are well-known in the
art. For example, see Belldegrun, A., et al., J. Natl. Cancer Inst. 85: 207-216 (1993);
Ferrantini, M. et al., Cancer Research 53: 1107-1112 (1993); Ferrantini, M. et al., J.
Immunology 153: 4604-4615 (1994); Kaido, T., et al., Int. J. Cancer 60: 221-229
(1995); Ogura, H., et al., Cancer Research 50: 5102-5106 (1990); Santodonato, L.,
et al., Human Gene Therapy 7:1-10 (1996); Santodonato, L., et al., Gene Therapy
4:1246-1255 (1997); and Zhang, J.-F. et al., Cancer Gene Therapy 3: 31-38 (1996)),
which are herein incorporated by reference. The cells which are engineered may be,
for example, blood or liver cells. The nucleic acid construct used in gene therapy
can be delivered by any method that delivers injectable materials to the cells of an

animal, such as, injection into the interstitial space of tissues (heart, muscle, skin,
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lung, liver, and the like). The nucleic acid molecule used in gene therapy may be

delivered in a pharmaceutically acceptable liquid or aqueous carrier.

The nucleic acid molecules may be delivered as a naked nucleic acid molecule. The
term "naked" nucleic acid molecule, DNA or RNA refers to sequences that are free
from any delivery vehicle that acts to assist, promote or facilitate entry into the cell,
including viral sequences, viral particles, liposome formulations, lipofectin or
precipitating agents and the like. However, the nucleic acid molecules used in gene
therapy can also be delivered in liposome formulations and lipofectin formulations
and the like that can be prepared by methods well known to those skilled in the art.
Such methods are described, for example, in U.S. Patent Nos. 5,593,972,
9,989,466, and 5,580,859, which are herein incorporated by reference.

The vector constructs used in the gene therapy method are preferably constructs
that will not integrate into the host genome nor will they contain sequences that
allow for replication. Appropriate vectors include PWLNEO, pSV2CAT, pOG44,
pXT1 and pSG available from Stratagene; pSVK3, pBPV, pMSG and pSVL
available from Pharmacia; and pEF1/V5, pcDNA3.1, and pRc/CMV2 available from
Invitrogen. Other suitable vectors will be readily apparent to the skilled artisan. Any
strong promoter known to those skilled in the art can be used for driving the
expression from the nucleic acid molecule used in gene therapy. Suitable promoters
include adenoviral promoters, such as the adenoviral major late promoter: or
heterologous promoters, such as the cytomegalovirus (CMV) promoter; the
respiratory syncytial virus (RSV) promoter; inducible promoters, such as the MMT
promoter, the metallothionein promoter; heat shock promoters; the albumin
promoter; the ApoAl promoter; human globin promoters; viral thymidine kinase
promoters, such as the Herpes Simplex thymidine kinase promoter; retroviral LTRs;
the b-actin promoter; and human growth hormone promoters. The promoter also
may be the native promoter of coagulation factor Xl or of any of the polypeptides
expressed in gene therapy. Unlike other gene therapy techniques, one major
advantage of introducing naked nucleic acid sequences into target cells is the

transitory nature of the nucleic acid molecule synthesis in the cells. Studies have
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shown that non-replicating DNA sequences can be introduced into cells to provide
production of the desired polypeptide for periods of up to six months.

The nucleic acid molecules used in gene therapy can be delivered to the interstitial
space of tissues within an animal, including of muscle, skin, brain, lung, liver,
spleen, bone marrow, thymus, heart, lymph, blood, bone, cartilage, pancreas,
kidney, ‘gall bladder, stomach, intestine, testis, ovary, uterus, rectum, nervous
system, eye, gland, and connective tissue. Interstitial space of the tissues comprises
the intercellular fluid, mucopolysaccharide matrix among the reticular fibers of organ
tissues, elastic fibers in the walls of vessels or chambers, collagen fibers of fibrous
tissues, or that same matrix within connective tissue ensheathing muscle cells or in
the lacunae of bone. They may be conveniently delivered by injection into the
tissues comprising these cells. They are preferably delivered to and expressed in
persistent, non-dividing cells which are differentiated, although delivery and
expression may be achieved in non-differentiated or less completely differentiated
cells, such as, for example, stem cells of blood or skin fibroblasts. In vivo muscle
cells are particularly competent in their ability to take up and express

polynucleotides.

For the naked nucleic acid sequence injection, an effective dosage amount of DNA
or RNA will be in the range of from about 0.0005 mg/kg body weight to about 50
mg/kg body weight. Preferably the dosage will be from about 0.005 mg/kg to about
20 mg/kg and more preferably from about 0.05 mg/kg to about 5 mg/kg. Of course,
as the artisan of ordinary skill will appreciate, this dosage will vary according to the
tissue site of injection. The appropriate and effective dosage of nucleic acid
molecules can readily be determined by those of ordinary skill in the art and may
depend on the condition being treated and the route of administration. The preferred
route of administration is by the parenteral route of injection into the interstitial space
of tissues. However, other parenteral routes may also be used, such as, inhalation
of an aerosol formulation particularly for delivery to lungs or bronchial tissues, throat

Oor mucous membranes of the nose.

The naked nucleic acid molecules are delivered by any method known in the art,

including, but not limited to, direct needle injection at the delivery site, intravenous
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injection, topical administration, catheter infusion, and so-called "gene guns". These
delivery methods are known in the art. The constructs may also be delivered with
delivery vehicles such as viral sequences, viral particles, liposome formulations,

lipofectin, precipitating agents, etc.

Liposomal preparations for use in the instant invention include cationic (positively
charged), anionic (negatively charged) and neutral preparations. However, cationic
liposomes are particularly preferred because a tight charge complex can be formed
between the cationic liposome and the polyanionic nucleic acid. Cationic liposomes
have been shown to mediate intracellular delivery of plasmid DNA (Felgner et al.,
Proc. Natl. Acad. Sci. USA (1987) 84:7413-7416, which is herein incorporated by
reference); mRNA (Malone et al., Proc. Natl. Acad. Sci. USA (1989) 86:6077-6081,
which is herein incorporated by reference); and purified transcription factors (Debs
et al., J. Biol. Chem. (1990) 265:10189-10192, which is herein incorporated by
reference), in functional form. Cationic liposomes are readily available. For example,
N[1-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium  (DOTMA) liposomes are
particularly useful and are available under the trademark Lipofectin, from GIBCO
BRL, Grand Island, N.Y. (See, also, Felgner et al., Proc. Natl Acad. Sci. USA (1987)
84:7413-7416). Other commercially available liposomes include transfectace
(DDAB/DOPE) and DOTAP/DOPE (Boehringer). Other cationic liposomes can be
prepared from readily available materials using techniques well known in the art.
See, e.g. PCT Publication No. WO 90/11092 (which is herein incorporated by
reference) for a description of the synthesis of DOTAP (1,2-bis(oleoyloxy)-3-
(timethylammonio)propane) liposomes. Preparation of DOTMA liposomes is
explained in the literature, see, e.g., Felgner et al., Proc. Natl. Acad. Sci. USA
84:7413-7417, which is herein incorporated by reference. Similar methods can be
used to prepare liposomes from other cationic lipid materials. Similarly, anionic and
neutral liposomes are readily available, such as from Avanti Polar Lipids
(Birmingham, Ala.), or can be easily prepared using readily available materials.
Such materials include phosphatidyl, choline, cholesterol, phosphatidyl
ethanolamine, dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol
(DOPG), dioleoylphoshatidyl ethanolamine (DOPE), among others. These materials
can also be mixed with the DOTMA and DOTAP starting materials in appropriate
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ratios. Methods for making liposomes using these materials are well known in the
art. For example, commercially available dioleoylphosphatidyl choline (DOPC),
dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl ethanolamine
(DOPE) can be used in various combinations to make conventional liposomes, with
or without the addition of cholesterol. Thus, for example, DOPG/DOPC vesicles can
be prepared by drying 50 mg each of DOPG and DOPC under a stream of nitrogen
gaé into a sonication vial. The sample is placed under a vacuum pump overnight
and is hydrated the following day with deionized water. The sample is then
sonicated for 2 hours in a capped vial, using a Heat Systems model 350 sonicator.
Alternatively, negatively charged vesicles can be prepared without sonication to
produce multilamellar vesicles or by extrusion through nucleopore membranes to
produce unilamellar vesicles of discrete size. Other methods are known and

available to those of skill in the art.

Generally, the ratio of nucleic acid to liposomes will be from about 10:1 to about
1:10. Preferably, the ratio will be from about 5:1 to about 1:5. More preferably, the
ratio will be about 3:1 to about 1:3. Still more preferably, the ratio will be about 1:1.

In certain embodiments, cells are engineered, ex vivo or in vivo, using a retroviral
particle containing RNA which comprises a sequence encoding any of the nucleic
acid molecules or (poly)peptides used in the method of gene therapy. Retroviruses
from which the retroviral plasmid vectors may be derived include, but are not limited
to, Moloney Murine Leukemia Virus, spleen necrosis virus, Rous sarcoma Virus,
Harvey Sarcoma Virus, avian leukosis virus, gibbon ape leukemia virus, human
immunodeficiency virus, Myeloproliferative Sarcoma Virus, and mammary tumor
virus. The retroviral plasmid vector is employed to transduce packaging cell lines to
form producer cell lines. Examples of packaging cells which may be transfected
include, but are not limited to, the PE501, PA317, R-2, R-AM, PA12, T19-14X, VT-
19-17-H2, RCRE, RCRIP, GP+E-86, GP+envAm12, and DAN cell lines as
described in Miller, Human Gene Therapy 1:5-14 (1990), which is incorporated
herein by reference in its entirety. The vector may transduce the packaging cells
through any means known in the art. Such means include, but are not limited to,

electroporation, the use of liposomes, and CaPOy precipitation. In one alternative,
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the retroviral plasmid vector may be encapsulated into a liposome, or coupled to a
lipid, and then administered to a host. The producer cell line generates infectious
retroviral vector particles which include the nucleic acid molecule encoding the
(poly)peptide or the therapeutically active nucleic acid, such as siRNA, intended to
be used for gene therapy. Such retroviral vector particles then may be employed, o

transduce eukaryotic cells, either in vitro or in vivo.

In certain other embodiments, cells are engineered, ex vivo or in vivo, with a nucleic
acid molecule to be used in gene therapy, contained in an adenovirus vector.
Adenovirus can be manipulated such that it expresses a construct of interest, and at
the same time is inactivated in terms of its ability to replicate in a normal lytic viral
life cycle. Adenovirus expression is achieved without integration of the viral DNA
into the host cell chromosome, thereby alleviating concerns about insertional
mutagenesis. Furthermore, adenoviruses have been used as live enteric vaccines
for many years with an excellent safety profile (Schwartz, A. R. et al. (1974) Am.
Rev. Respir. Dis.109:233-238). Finally, adenovirus mediated gene transfer has been
demonstrated in a number of instances including transfer of alpha-1-antitrypsin and
CFTR to the lungs of cotton rats (Rosenfeld, M. A. et al. (1991) Science
252:431-434; Rosenfeld et al.,, (1992) Cell 68:143-155). Furthermore, extensive
studies to attempt to establish adenovirus as a causative agent in human cancer
were uniformly negative (Green, M. et al. (1979) Proc. Natl. Acad. Sci. USA
76:6606). Suitable adenoviral vectors useful in the present invention are described,
for example, in Kozarsky and Wilson, Curr. Opin. Genet. Devel. 3:499-503 (1993);
Rosenfeld etal., Cell 68:143-155 (1992); Engelhardt et al., Human Genet. Ther.
4:759-769 (1993); Yang etal., Nature Genet. 7:362-369 (1994); Wilson et al.,
Nature 365:691-692 (1993); and U.S. Patent No. 5,652,224, which are herein
incorporated by reference. For example, the adenovirus vector Ad2 is useful and
can be grown in human 293 cells. These cells contain the E1 region of adenovirus
and constitutively express E1a and E1b, which complement the defective
adenoviruses by providing the products of the genes deleted from the vector. In
addition to Ad2, other varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) are also
useful in the present invention. Preferably, the adenoviruses used in the present

invention are replication deficient. Replication deficient adenoviruses require the aid
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of a helper virus and/or packaging cell line to form infectious particles. The resulting
virus is capable of infecting cells and can express a gene of interest which is
operably linked to a promoter, but cannot replicate in most cells. Replication
deficient adenoviruses may be deleted in one or more of all or a portion of the
following genes: E1a, E1b, E3, E4, E2a, or L1 through L5.

The present invention also relates to a non-human transgenic animal, comprising as
a transgene: (a) a gene encoding human disease-associated coagulation factor XII:
(b) (i) a gene encoding human disease-associated coagulation factor Xll and (i) a
gene encoding human wild-type coagulation factor XII; (c) a nucleic acid molecule
causing an altered expression of human coagulation factor Xl and a gene encoding
human wild-type coagulation factor XlI; and/or (d) a species-specific coagulation
factor XII gene which is specifically altered to contain a human disease-associated

mutation.

Said transgenic animal of (a) to (d) will be very important, for example, for studying
the pathophysiological consequences of certain coagulation factor XII alterations,
and for the screening of new medicaments effective in the treatment and/or
prevention of hereditary angioedema type Il Preferably, said animal is a
mammalian animal, including, but not limited to, rat, mouse, cat, hamster, dog,
rabbit, pig, or monkey, but can also be, for example, C. elegans or a fish, such as
Torpedo fish.

The non-human transgenic animal of (b) will be valuable for example for studying a
heterozygous situation, including possible dominant negative effects of a disease-
associated mutation. Further it may allow to investigate potential differential effects
of a medicament, including any of the modulators discussed above, on wild-type
and disease-associated human coagulation factor XIl. The non-human transgenic
animal of (c) may allow for example to study the consequences and potential
treatment of a mutated nucleic acid that leads to an altered expression of human
coagulation factor XIl. As envisaged here, such a mutation could relate for example
to a nucleic acid molecule which in the human genome is physically unrelated to the
coagulation factor XII gene. It is also envisaged that, for example in case of a

mutation at a highly conserved position or within a functionally conserved motif, the
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human disease or disease predisposition can be imitated in the animal by altering
the animal's species-specific coagulation factor Xl gene to contain a human
disease-associated mutation.

A method for the production of a transgenic non-human animal, for example
transgenic mouse, comprises introduction of the desired polynucleotide, for example
a nucleic acid encoding human wild-type or disease-associated mutant coagulation
factor XIl, or targeting vector into a germ cell, an embryonic cell, stem cell or an egg
or a cell derived therefrom. Production of transgenic embryos and screening of
those can be performed, e.g., as described by A. L. Joyner Ed., Gene Targeting, A
Practical Approach (1993), Oxford University Press. The DNA of the embryonal
membranes of embryos can be analyzed using, e.g., Southern blots with an
appropriate probe. A general method for making transgenic non-human animals is
described in the art, see for example WO 94/24274. For making transgenic non-
human organisms (which include homologously targeted non-human animals),
embryonal stem cells (ES cells) are preferred. Murine ES cells, such as AB-1 line
grown on mitotically inactive SNL76/7 cell feeder layers (McMahon and Bradley,
Cell 62: 1073-1085 (1990)), essentially as described in: Teratocarcinomas and
Embryonic Stem Cells: A Practical Approach. E. J. Robertson, ed. (Oxford: IRL
Press), 1987, pp. 71-112, may be used for homologous gene targeting. Other
suitable ES lines include, but are not limited to, the E14 line (Hooper et al., Nature
326: 292-295 (1987)), the D3 line (Doetschman et al., J. Embryol. Exp. Morph. 87:
27-435 (1985)), the CCE line (Robertson et al., Nature 323: 445-448 (1986)), the AK-
7 line (Zhuang et al., Cell 77: 875-884 (1994) which is incorporated by reference
herein). The success of generating a mouse line from ES cells bearing a specific
targeted mutation depends on the pluripotence of the ES cells (i. e., their ability,
once injected into a host developing embryo, such as a blastocyst or morula, to
participate in embryogenesis and contribute to the germ cells of the resulting
animal). The blastocysts containing the injected ES cells are allowed to develop in
the uteri of pseudopregnant nonhuman females and are born as chimeric animals.
The resultant transgenic animals are chimeric for cells having either the
recombinase or reporter loci and are backcrossed and screened for the presence of
the correctly targeted transgene (s) by PCR or Southern blot analysis on tail biopsy
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DNA of offspring so as to identify transgenic animals heterozygous for either the

recombinase or reporter locus/loci.

Methods for producing transgenic flies, such as Drosophila melanogaster are also
described in the art, see for example US-A-4,670,388, Brand & Perrimon,
Development (1993) 118: 401-415: and Phelps & Brand, Methods (April 1998) 14:
367-379. Transgenic worms such as C. elegans can be generated as described in
Mello, et al., (1991) Efficient gene transfer in C.elegans: extrachromosomal
maintenance and integration of transforming sequences. Embo J 10, 3959-70,
Plasterk, (1995) Reverse genetics: from gene sequence to mutant worm. Methods
Cell Biol 48, 59-80.

In a preferred embodiment of the present invention, the non-human transgenic
animal additionally expresses siRNA or ShRNA, a ribozyme or an antisense nucleic
acid molecule specifically hybridizing to the transgene(s) or to the altered species-
specific gene contained in the transgenic animal. Preferably, said transgene(s)
is/are of human origin. Such an approach can be useful, for example, for studying
options for treatment and/or prevention for example by using RNA interference.

It may also be desirable to inactivate coagulation factor XlI protein expression or
function at a certain stage of development and/or life of the transgenic animal. This
can be achieved by using, for example, tissue specific, developmental and/or cell
regulated and/or inducible promoters which drive the expression of, e.g., an
antisense or ribozyme directed against a mRNA encoding a coagulation factor XII
(poly)peptide. A suitable inducible system is for example tetracycline-regulated gene
expression as described, e.g., by Gossen and Bujard (Proc. Natl. Acad. Sci. 89 USA
(1992), 5547-5551) and Gossen et al. (Trends Biotech. 12 (1994), 58-62). Similar,
the expression of a mutant coagulation factor XII protein may be controlled by such

regulatory elements.

In another preferred embodiment, the non-human transgenic animal's native
species-specific genes encoding coagulation factor XIl are inactivated. The term
“inactivation” means reversible or irreversible inactivation. Appropriate methods to

obtain such an inactivation are well known in the art. Such an approach may be
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useful in order to eliminate any effects of the animal’s species-specific coagulation
factor XIl genes when studying for example the pathophysiological effects and/or
the possible therapeutic targeting of the human transgene(s).

The present invention also relates to the use of any of the transgenic animals of the
present invention, for screening for compounds for use in the diagnosis, prevention

and/or treatment of hereditary angioedema type lil.

The present invention also relates to a nucleic acid molecule comprising the human
coagulation factor XlI nucleotide sequence or a fragment thereof, having a mutation
at a position corresponding to position 6927 of GenBank accession no. AF 538691,
wherein the wild-type C is substituted by an A or by a G. This sequence may have,
e.g. 5 and 3' of the human coagulation factor XlI nucleotide sequence, foreign
sequences. Moreover, e.g. intronic regions may be e.g. mutated or replaced with

foreign nucleic acid sequence.

Said molecule may be of any length, however, preferably the nucleic acid molecule
comprising the human coagulation factor Xl nucleotide sequence or fragment
thereof has a length of at least 10, 30, 50, 100, 1000, 2000, 3000, 4000, 5000,
6000. Preferably the maximal length of said nucleic acid molecule is up to 30, 50,
100, 1000, 2000, 3000, 4000, 5000, 6000 or up to 20000 nucleotides or bases.
Moreover, the nucleic acid molecule may be a single or double stranded nucleic

acid molecule.

The term “fragment” as used herein refers to a portion of the human coagulation
factor XII gene. Said fragment comprised in the nucleic acid molecule of the present
invention may have a length of at least 10, 30, 50, 100, 1000, 2000, 3000, 4000,
5000, 6000. Preferably the maximal length of said fragment is up to 30, 50, 100,
1000, 2000, 3000, 4000, 5000, 6000 nucleotides or bases. Moreover, the nucleic

acid molecule may be a single or double stranded nucleic acid molecule.

The term “nucleic acid molecule” as used herein refers to DNA or RNA, including
cDNA, hnRNA, mRNA, unspliced, spliced or partially spliced RNA and genomic
DNA.
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Moreover, the present invention also relates to an oligonucleotide containing at least
8 nucleotides of (a) the mutant nucleotide sequence of the present invention,
comprising position 6927, wherein the oligonucleotide contains a nucleotide
corresponding to mutant position 6927, or the corresponding wild-type sequence of
said oligonucleotide or (b) the complementary sequence of (a).The term
“oligonucleotide” as used herein refers to a nucleic acid molecule useful e.g. as
primer for PCR reactions or as probe for specific detection of the mutation of the
present invention. Said oligonucleotide may have a length of at least 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
nucleotides. Preferably the maximal length of said oligonucleotide is up to 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 50 or
100 nucleotides in length. However, also larger oligonucleotides are in accordance
with the present invention. The oligonucleotide may be composed of ribonucleic acid
bases or desoxiribonucleic acid bases. These may be mixed and/or modified.

The present invention also relates to a (poly)peptide or a fragment thereof, encoded
by the nucleic acid molecule of the present invention. This (poly)peptide contains a
basic or positively charged amino acid residue in the position corresponding to
position 309 of the human coagulation factor XIl amino acid sequence. Preferably,

said amino acid residue is a lysine, an arginine or a histidine.

The present invention also relates to an antibody or antibody fragment specific for
the (poly)peptide of the present invention. This antibody is an antibody specifically
binding to an epitope containing the mutant position 309. However, it is also
conceivable that the mutation may induce a conformational change in the
coagulation factor Xli (poly)peptide, thereby generating new epitopes outside of this
region which may allow specific binding to the mutant (poly)peptide but not to the
wild-type coagulation factor (poly)peptide. Preferably, this antibody is capable of
discrimination between coagulation factor Xl with wild-type in respect of position
309 and the mutant having a basic or positively charged amino acid residue in the
same position. The antibody may be any antibody as defined herein, including
polyclonal or monoclonal antibody. The term antibody also includes antibody

fragments as described herein.
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In a preferred embodiment of the present invention, the antibody is a monoclonal or
polyclonal antibody.

The present invention also relates to a hybridoma producing the monoclonal
antibody of the present invention.

Finally, the present invention also relates to a kit for use in diagnosis of hereditary
angioedema type Ill or g susceptibility or predisposition thereto, said kit comprising:
(a) at least one nucleic acid molecule capable of hybridizing under stringent
conditions to a nucleic acid ‘molecule encoding or regulating the expression of
coagulation factor XlI; (b) an antibody or an aptamer specific for coagulation factor
Xl or a fragment thereof and/or a disease-associated mutant of these; (c) a
restriction enzyme capable of discriminating between wild-type and disease-
associated mutant nucleic acid encoding or regulating the expression of coagulation
factor XIl; and/or (d) a pair of primers complementary to nucleic acid regulating the
expression of coagulation factor XII or encoding wild-type and/or disease-associated
coagulation factor XII; (e) the nucleic acid molecule of the present invention; and/or
(f) the polypeptide of the present invention; (g) the antibody of the present invention:
(h) the hybridoma of the present invention; and/orthe oligonucleotide of the present
invention; and optionally instructions for use.

In a preferred embodiment of the present invention, the disease-associated mutant
is any of the mutants of the present invention or a mutant as defined in any one of
claims 21 to 23 or a mutant as defined in claim 38.

In another preferred embodiment (a) of the present invention’s kit is a primer pair
capable of amplifying exon 9 of human coagulation factor Xl gene or a part thereof
comprising the mutant position as defined in the present invention or as defined in

claim 38 or a probe or pair of probes and optionally instructions for use.

The nucleic acid molecule(s) of (a) may be suitable for example for use as probes or
primers. Preferably, the kit will also provide means for detection of a reaction, e.g.
nucleotide label detection means, labeled secondary antibodies or size detection
means. The various compounds of the kit may be packed in one or more containers,
dptionally dissolved in suitable buffer for storage.
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Figure legends:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

mRNA reference sequence of human coagulation factor XIl as given
under Genbank accession number NM_000505, together with the amino
acid sequence at the mutant position. The nucleotide affected by the two
newly identified mutations is highlighted.

Genomic reference sequence of the coagulation factor Xl gene as given
in Genbank accession number AF538691. Variable positions observed in
the patients studied and known from the literature already are underlined,
one additional variation newly observed in two patients of the present
study, is highlighted by bold/italic printing.

Structure of the human coagulation factor XII gene, arrow indicating the

position of the missense mutations in exon 9.

Pedigree situation illustrating the transmission of the disease through a

clinically unaffected male.
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The Examples illustrate the invention:

Example 1: Oligonucleotide primer design for coagulation factor Xll gene

amplification and sequencing

Pairs of oligonucleotide primers were designed to amplify the complete human
coagulation factor Xll gene including flanking sequences. Table 1 lists the

corresponding sequences of these primers.

Table1 : Oligonucleotide primer sequences (F=forward, R=reverse)

Primer ID Primer Sequence

F12-Ex1-F 5'-aggaagttgctccacttggctit-3'
F12-Ex1-R ' 5'-tgcagagatttcttcccaagacc-3'
F12-Ex2-F 5'-ctatgtggaaaggtgaggccag-3'
F12-Ex2-R 5'-ctcaaggatcacacagcicacg-3'
F12-Ex3-4-F 5'-tgagggtcigtccttticctga-3'
F12-Ex3-4-R 5'-ggtgtgtggggtctggtgatac-3'
F12-Ex5-6-F 5'-gtaggttcaagaagggcctigg-3'
F12-Ex5-6-R 5'-gagctctccticceggeac-3'
F12-Ex7-F 5'-gagcagatggttgggaacg-3'
F12-Ex7-R 5'-tgaggagaaagggggctc-3'
F12-Ex8-F 5'-ggtctggggcaagcagaag-3'
F12-Ex8-R 5'-tgtagccacacgacgggg-3'
F12-Ex9-F 5'-GAACGTGACTGCCGAGCAAG-3'
F12-Ex9-R 5'-aggagcaggggctgaggac-3'
F12-Ex10-F 5'-gaaggaggagccgagaggg-3'
F12-Ex10-R 5'-ggtaggggagaggcagcg-3'
F12-Ex11-12-F 5'-aggaagctggaacacgggatt-3'
F12-Ex11-12-R 5'-ataccaaagtcgcgggcttct-3'
F12-Ex13-F 5'-cccattcaaatcctggcttttc-3'
F12-Ex13-R 5'-AATCACCCTGGGTCGGAAAC-3'
F12-Ex14-F 5-GTGCCAGGTGAGCTCTTAGCC-3'
F12-Ex14-R 5'-cctigttctctgagagcigigga-3'
F12-Intr2-pt1-F 5'-tgtatggtgcagtgtgtgcagt-3'
F12-Intr2-pt1-R 5'-ggcatgtaggtaatttagtgtctggaa-3'
F12-Intr2-pt2-F 5'-ccttttagatgaagggtacctgcc-3'
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Primer ID

Primer Sequence

F12-Intr2-pt2-R

5'-gagaaacttttgggtgtggggt-3'

F12-Intr2-pt3-F

5'-ctgactiggtggggttgagtct-3'

F12-Intr2-pt3-R

5'-tgccactatttigttcaaggea-3'

F12-Intr2-pt4-F

5'-ccatttgcatcttaaaggtccatc-3'

F12-Intr2-pt4-R

5'-tcacacttigtgcitttigctgg-3'

F12-Intr2-pt5-F

5'-acacacgctitctccctaaggt-3'

F12-Intr2-pt5-R

5'-ggagtagactcctgactccacaa-3'

F12-Intr2-pt6-F

5'-agtattattaagtgcctacttigtgge-3'

F12-Intr2-pt6-R

5'-CAGTGAGAActgcagggacaac-3'

F12-Intr4-F 5'-gaggggactgtgatagggcag-3'
F12-Intr4-R 5'-ACACAGGTCCCTCCTTTCTGG-3'
F12-Intr12-F 5'-AGACCACGCTCTGCCAGGT-3'
F12-Intr12-R 5'-gtaaacccactcatgcccttcc-3'
F12-P(-1)-F 5'-cgtcttcttctcatgticcage-3'
F12-P(-1)-R 5'-actggccaaaggtcttggaaat-3'
F12-P(-2)-F 5'-cacagcatcitttccatccttce-3'
F12-P(-2)-R 5'-atcttggggccatcttageatt-3'
F12-P(-3)-F 5'-gtgtcctcacaacacagtggcet-3'
F12-P(-3)-R 5'-cacattgatgatcacctttgtcac-3'
F12-P(-4)-F 5'-tgtgcctagccataactgacca-3'
F12-P(-4)-R 5'-tggacttccaagcccaggt-3'
F12-P(-5)-F 5'-gtcacgtcaatgactitgaaacc-3'
F12-P(-5)-R 5'-cgacatttgagaactagtactgatgg-3'

F12-3'UTR-pt1-F

5'-TCAATAAAGTGCTTTGAAAATGCTGA-3'

F12-3'UTR-pt1-R

5'-tagagacggggtttcatcgtgt-3'

F12-3'UTR-pt2-F

5'-gaaatacttagcattggccggg-3'

F12-3'UTR-pt2-R

5'-aaccattcaacccccagatigt-3'

F12-Ex9-seqint1-R

5'-ccecccacttectaacctecec-3'

F12-P(-1)-S2-R

5'-tttgagacggagtctcget-3'

F12-Ex9-ARMS-Mt1-F

5'-cgccgaagectcageccaa-3'

F12-Ex9-ARMS-M{1-R

5'-gcgggtcatcgaagacagact-3'

F12-Ex9-RFLP-Mt2-F

5'-cceggtgtecectaggcetic-3'

F12-Ex9-RFLP-Mt2-R

5'-ctgccggegecagaaactgt-3'

F12-Intr10-RFLP-Mt3-F

5'-aagcgcggaactggggact-3'

F12-Intr10-RFLP-Mt3-R

5'-gctgaacgtaaggcgacaggag-3'
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Example 2: Coagulation factor Xll gene amplification and direct sequencing
of PCR products

50-100 ng of genomic DNA was amplified by PCR in a total reaction volume of 50 pl
containing 2.5 mM MgCl,, 200 uM each dATP, dCTP, dGTP, dTTP, 5 ul of a 10x
PCR buffer (of Invitrogen or Applied Biosystems), 50 pmol of each oligonucleotide
primer and 1.25 units Taq DNA polymerase. Occasionally, the buffer had to be
optimized by adding denaturing reagents such as DMSO and glycerol or other
compounds or compositions known to improve amplification efficiency and

specificity.

In general, reactions were thermocycled with an initial denaturation step of 95°C/5
mins [10 min when AmpliTag Gold DNA polymerase (Applied Biosystems) was
used] followed by 35 cycles of 94°C/40secs; Tanneaing/40secs; 72°C/45secs. For
amplimers 20 and 29 subperiods of each cycle of 60 sec/60 sec/120 sec were
chosen. A final elongation step of 72°C/10mins completed the ampilification.
Annealing temperatures for specific primer pairs and amplimer sizes are presented
in Table 2.

Direct sequencing of PCR products was done according to standard procedures
(using BigDyeTM terminator cycling conditions; purification of reacted products
using ethanol precipitation; ABI Automatic Sequencer 3730) known to the skilled
artisan (Sambrook et al.,, "Molecular Cloning, A Laboratory Manual”; ISBN:
0879695765, CSH Press, Cold Spring Harbor, 2001).
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Table 2: Amplimer sizes and annealing temperatures

Amplimer | Primer Pair Size (bp) |Tanmn (°C)

1 F12-Ex1-F and 478 |82°C
F12-Ex1-R

2 F12-Ex2-F and 469 62 °C
F12-Ex2-R

3 F12-Ex3-4-F and 504 62 °C
F12-Ex3-4-R

4 F12-Ex5-6-F and 545 62 °C
F12-Ex5-6-R
F12-Ex7- 0°

5 2-Ex7-F and 386 60 °C
F12-Ex7-R

6 F12-Ex8-F and 59 °C

386

F12-Ex8-R

7 F12-Ex9-F and 450 59 °C
F12-Ex9-R

8 F12-Ex10-F and 550 59 °C
F12-Ex10-R

9 F12-Ex11-12-F and 548 60 °C
F12-Ex11-12-R

10 F12-Ex13-F and 445 60 °C
F12-Ex13-R

11 F12-Ex14-F and 507 60 °C
F12-Ex14-R

12 F12-Intr2-pt1-F and 651 63 °C
F12-Intr2-pt1-R

13 F12-Intr2-pt2-F and 557 63 °C
F12-Intr2-pt2-R

14 F12-Intr2-pt3-F and 508 60 °C
F12-Intr2-pt3-R

15 F12-Intr2-pt4-F and 548 57 °C
F12-Intr2-pt4-R
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16 F12-Intr2-pt5-F and 540 63 °C
F12-Intr2-pt5-R
17 F12-Intr2-pt6-F and 57 °C
F12-Intr2-pt6-R 584
F12-Intr4-F and 59 °C
18 12-Intrd-F an 489
F12-Intr4-R
19 F12-Intr12-F and 518 59 °C
F12-Intr12-R
20 F12-P(-1)-F and 4 °C
(1)-F an 1275 |°
F12-P(-1)-R
21 F12-P(-2)-F o
(-2)-F and 547 62 °C
F12-P(-2)-R
22 F12-P(-3)- °
(-3)-F and 642 60 °C
F12-P(-3)-R
23 F12-P(-4)-F and 0°
(-4)-F an 442 60 °C
F12-P(-4)-R
24 F12-P(-5)- °
(-5)-F and 655 60 °C
F12-P(-5)-R
25 F12-3'UTR-pt1-F and 58 °C
F12-3'UTR-pt1-R 559
26 F12-3'UTR-pt2-F and 559 59 °C
F12-3'UTR-pt2-R
27 F12-Ex9-ARMS-Mt1-Fand 057 63 °C
F12-Ex9-ARMS-Mit-R
28 F12-Ex9-RFLP-Mt2-F and 390 64 °C
F12-Ex9-RFLP-Mt2-R"
29 F12-Intr10-RFLP-Mt3-F and 1204 |60 °C

F12-Intr10-RFLP-Mt3-R
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Example 3: Sequencing of the coagulation factor XIl gene in unrelated
patients with hereditary angioedema type il

Initially, twenty unrelated patients diagnosed with hereditary angioedema type 1l
were studied. All patients (as well as family members studied subsequently, see
below) had given informed consent. All these patients had experienced recurrent
angioedema attacks; in all patients immunochemical as well as functional assays of
complement C1 inhibitor had shown normal values. All had a positive family history
(at least one relative was reported to have experienced angioedema attacks). All

were female; all were Caucasian.

In these 20 patients, all 14 exons (with flanking intron sequences) of the coagulation
factor Xl gene were amplified and sequenced. Approximately 1 kb of promoter
sequence was studied in 18 of these patients.

Compared to previously reported data, two missense mutations were newly
identified ('mutation 1' and 'mutation 2'):

Both these missense mutations are located in exon 9 of the coagulation factor XII
gene, more specifically, both are located in exactly the same position, namely the
second position of the codon encoding amino acid residue 309 of the mature protein
(corresponding to amino acid residue 328 in the numbering of the primary

translation product [e.g. swissprot acc. No. P00748).

The wild-type sequence of this codon is ACG (encoding a threonine residue).
'Mutation 1'is a C—A substitution (1032C—A; numbering according to GenBank

acc. No. NM_000505) resulting in an AAG triplet encoding a lysine residue.

'Mutation 2'is a C—G substitution (1032C—G) resulting in an AGG triplet encoding

an arginine residue.

Thus, with respect to both mutations, the wild-type threonine residue is substituted

by a basic amino acid residue. Both substitutions are transversions.
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Both substitutions may alter the putative O-glycosylation pattern in this region
(McMullen & Fujikawa 1985, J. Biol. Chem. 260: 5328-5341; O'Connell et al. 1991,
BBRC 180:1024-1030). Glycosylation is known to affect protein folding, localisation
and trafficking, protein solubility, antigenicity, biological activity and half-life, as well
as cell-cell interactions. Importantly, in the wild-type protein (according to e.g.
OglycBase 6.00 (http://M.cbs.dtu.dk/databases/OGLYCBASE/Og|yc.base,html)
Thr309 as well as Thr310 of the mature protein (corresponding to Thr328 and
Thr329 of acc. No. P00748) are predicted to be glycosylated; and the missense
mutation of Thr309 may also affect the glycosylation at Thr310 (O'Connell et al.
1991, BBRC 180:1024-1030). “

In all cases, patients were heterozygous for the mutation, in accordance with a

dominant inheritance pattern of the disease.

The Thr309Lys mutation ('mutation 1'; 1032C—A) was observed in five of the 20

unrelated patients.

The Thr309Arg mutation ('mutation 2'; 1032C—G) was observed in one of the 20

unrelated patients.

Subsequently, an additional 6 unrelated patients diagnosed with HAE type lll were~
selectively examined with respect o their exon 9 sequence. Two of these six
patients were heterozygous for the Thr309Lys mutation ('mutation 1'; 1032C—A).
Thus, altogether 31 % (8/26) of the unrelated patients studied were heterozygous
for a missense mutation affecting the Thr309 residue. Considering that among 61
healthy controls no single carrier of such a mutation was observed (see below),
these data are highly significant (Fisher's exact test for comparison of 26 patients
with the 61 sequenced controls: p=0.000027).

Two out of the 20 patients initially studied revealed a nucleotide substitution
(9.7418C>T) in infron 10 which has previously not been observed, in the course of
studies on a considerable number of (normal) individuals
(http://pga.gs.washington.edu/; WO 01/79228). In position 7418 of the genomic

reference sequence (GenBank acc. No. AF 538691), these two patients were
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heterozygous Y (C/T), whereas the wild-type sequence is C. Both these patients
were at the same time heterozygous for a missense mutation of codon 309 (one
patient 1032C—A; the other patient 1032C—G). For the second patient it could be
shown by family studies that the allele carrying the missense mutation (1032C—G)
Is 9.7418C; the affected daughter of this patient inherited the missense mutation,
but not the g.7418T allele. Although in this situation there is no co-segregation of the
disease and the g.7418T allele, a relationship between this rare variation and the
disease cannot be excluded at present. The intron 10 sequence, including the
variable position g.7418C>T, may eventually be contained in certain transcripts from
the coagulation factor XII gene (c.f. e.g. GenBank acc. nos. CR616520, CR601747).

A number of common sequence variations, known from the literature and/or SNP
databases (some of them for example observed among the 23 normal individuals
within the Seattle sequencing project, see above), were also observed in the

present study:

e var(1627) (g9.1627C>T with respect to the genomic reference sequence AF
538691; 46C>T with respect to the mRNA reference sequence NM_000505)
in exon 1 (amplimer 1);

e var(6570) (9.6570C>T ; 760C>T) in exon 8 (amplimer 6);

* a mononucleotide insertion/deletion polymorphism in intron 9 [g.6981delG]
with respect to the genomic reference sequence AF 538691], resuiting in a
variable length (89/9g) of a mononucleotide (g) repeat (amplimer 7); var
(7040) (9.7040C>T) in intron 9 (amplimer 7, as well as in amplimer 8);

e var(7532) (9.7532T>C) in intron 10 (amplimer 9) ;

e var(640) (g.640A>G) in the promoter region (amplimer 20) ;
e var(654) (9.654C>T) in the promoter region (amplimer 20);
* var (668) (g.668A>C) in the promoter region (amplimer 20).
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Example 4: Family studies

With respect to four of the patients carrying a missense mutation of the Thr309
residue, the extended family was studied. Three of the four families segregated for
the Thr309Lys mutation, the fourth family segregated for the Thr309Arg mutation.
Altogether there were ten patients (all women) affected by angioedema symptoms in

these four families.

There was complete co-segregation between the disease and the presence of the
(respective) missense mutation: all ten individuals affected by angioedema
symptoms were heterozygous for the Thr309Lys or the Thr309Arg mutation,

respectively.

Examination of the exon 9 sequence in altogether 37 members of these four families
revealed - in addition to the clinically affected individuals - several further mutation
carriers who were apparently asymptomatic until now (mostly men, but in one family
also two women); this observation is in complete agreement with the incomplete
penetrance of the disease and the preference to affect the female sex. Remarkably,
taking a detailed medical history, revealed that at least two men carrying the
Thr309Lys mutation had a decade-long history of un-explained abdominal pain
attacks, well in agreement with the diagnosis of a monosymptomatic

(gastrointestinal) angioedema disease.

Among the asymptomatic mutation carriers there were also two men for whom it
was concluded from the pedigree structure that they must have transmitted the
disease (see, e.g. Figure 4: a pedigree illustrating transmission of the disease

through an asymptomatic male carrier).

Haplotypic data

In several of the unrelated patients the linkage phase between the (heterozygous)
missense mutation of Thr309 residue and further variable positions could be
established (in some cases with the help of segregation analysis). For example, it
was concluded that the 1032C—G mutation occurs on a g.1627C — g.6981delG —
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g.7040C — g.7532T — haplotype. Also the 1032C—A mutation appears to be

associated with this haplotype.

Example 5: Studies in healthy control individuals

In 61 healthy control individuals (blood donors) the exon 9 fragment (amplicon 7;
Table 2) of the coagulation factor XIl gene was amplified and sequenced. With
respect to the exonic sequence of this fragment, and in particular with respect to
codon 309 (of the mature protein), all these control individuals were apparently
homozygous for the wild-type sequence. In particular, no control individual showed
the 1032C—A mutation or the 1032C—G mutation.

Thus, regarding the presence of a missense mutation of codon 309, there is a highly
significant difference between patients and heaithy controls (Fisher's exact test for

comparison of 26 patients with the 61 sequenced controls: p=0.000027).

Two (known) intronic polymorphic variabilities were observed among the control
individuals: a mononucleotide insertion/deletion polymorphism in intron 9
[9.6981delG with respect to the genomic reference sequence AF 538691], resulting
in a variable length of a mononucleotide (g) repeat (8g-allele: 0.54; 9g-allele: 0.46);
and a single nucleotide polymorphism (g.7040C>T) at the end of intron 9 (=
var(7040) in the 'Seattle SNPs' data) (C: 0.55; T: 0.45, as counted from 57
individuals). 57 individuals could be diagnhosed with respect to both these
variabilities. There was complete linkage disequilibrium between between the 8g-

allele and g.7040C, and between the 9g-allele and g.7040T, respectively.

In addition to the 61 control individuals examined by sequencing of the exon 9
fragment, another 35 control individuals were studied by means of a specific RFLP
assay (see below) designed for the detection of the 1032C—G mutation. The results
indicated that the 1032C—G mutation was not present in any of these 35 control
individuals. Thus, altogether none out of 96 control individuals carried the
1032C—G mutation.
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Example 6: Specific detection of mutant alleles - Assay design for genotyping

A. Allele specific amplification (ARMS) assay for the detection of the 1032C—A
mutation (Thr309Lys)

For the specific amplification of the 1032C—A mutation the following primer pair

was designed (see also Table 1):
F12-EX9-ARMS-MT1-F: 5'-cgccgaagcectcageccaa-3'
F12-Ex9-ARMS-MT1-R: 5'-gcgggtcatcgaagacagact-3'

The 3' end of the forward primer (underlined) is located on the mutant position, and,
in this case, the primer sequence corresponds to the mutant allele (1032C—A); with
respect to the wild-type sequence the primer sequence represents a mismatch (so

that no successful amplification is possible).

In the presence of the 1032C—A mutation (a 1032C—A allele), this primer pair will
amplify a fragment of size 256 bp. However, if the 1032C—A mutation is not present
in the sample under study (in the absence of the mutation) no product will be

amplified.

To provide an internal control for the successful PCR amplification reaction, a
second primer pair (F12-Ex11-12-F/F12-Ex11-12-R; see Table 1) is included in the

reaction mixture, resulting in a constant fragment of size 548 bp.

The assay was validated on approximately 90 samples from which the exon 9
fragment had been sequenced previously (these samples included 15 samples
heterozygous for the 1032C—A mutation). There was complete concordance

between the sequencing results and the result of the ARMS assay.

It should be noted, that to exclude the remote possibility of homozygous occurrence

of the 1032C—A mutation, it may be necessary to sequence those samples positive
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in this assay, or to perform on such samples in addition a similar procedure specific

for the wild-type allele.

B. RFLP (restriction fragment length polymorphism) assay for the detection of the
Thr309Arg (1032C—G) mutation

The 1032C—G mutation creates a new restriction site for restriction endonuclease

BstN | (recognition sequence: cclwgg).

A primer pair (see also Table 1) was designed so that the ampilified product contains
a constant BstN | site - in addition to the mutation-dependent variable site:

F12-Ex9-RFLP-Mt2-F: 5'-cccggtgtceectaggcetic-3'
F12-Ex9-RFLP-Mt2-R: 5'-ctgccggcgcagaaactgt-3'

The PCR conditions were as those for the exon 9 amplimer, except that an

annealing temperature of 64 °C was used (Table 2).

The undigested product has a size of 390 bp. The presence of a constant BstN |
restriction site in the amplified fragment provides a convenient internal digestion
control. Cleavage in the this constant BstN | site produces in all individuals a
fragment of size 143 bp. Then, depending on the absence or presence of the
1032C—G mutation, either a fragment of 247 bp (wild-type allele) or two fragments
of 67 bp and 180 bp (1032C—G allele) are produced.

C. RFLP (restriction fragment length polymorphism) assay for the detection of the
g.7418C>T mutation in infron 10

The ¢.7418C>T mutation in intron 10 of the coagulation factor Xll gene creates a

new Nla Il restriction site (recognition sequence: CATGJ.).

A primer pair (F12-Intr10-RFLP-Mt3-F, F12-Intr10-RFLP-M{3-R; see Table 1) was
designed so that the amplified product contains a constant Nla Il site - in addition to

the mutation-dependent variable site.
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The undigested product has a size of 1203 bp. The presence of two constant Nla i
restriction sites in the amplified fragment provides a convenient internal digestion
control. Cleavage in the these constant Nla Il sites wioll produce in all individuals a
fragment of size 262 bp (beside a second constant fragment of size 11 bp). Then,
depending on the absence or presence of the g.7418C>T mutation, either a
fragment of 930 bp (wild-type allele) or two fragments of 526 bp and 404 bp
(9.7418C>T allele) will be produced.
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CLAIMS

A method of diagnosing hereditary angioedema type Ill (HAE Iil} or a
predisposition thereto in a subject being suspected of having developed or of
having a predisposition to develop a hereditary angioedema type lll or in a
subject being suspected of being a carrier for hereditary angioedema type I,
the method comprising determining in vitro from a biological sample of said
subject the presence or absence of a disease-associated mutation in a
nucleic acid molecule regulating the expression of or encoding coagulation
factor Xll; wherein the presence of such a mutation is indicative of a
hereditary angioedema type [l or a predisposition thereto.

The method of claim 1, wherein said determination comprises hybridizing
under stringent conditions to said nucleic acid molecule at least one pair of
nucleic acid probes, the first probe of said pair being complementary to the
wild-type sequence of said nucleic acid molecule and the second probe' of
said pair being complementary to the mutant sequence of said nucleic acid
molecule, wherein a perfect match, the presence of stable hybridization,
between (i) the first hybridization probe and the target nucleic acid molecule
indicates the presence of a wild-type sequence, and (ii) the second
hybridization probe and the target nucleic acid molecule, indicates the
presence of a mutant sequence, wherein the first hybridization probe and the
second hybridization probe allow a differential detection.

The method of claim 1, said method comprising hybridizing under stringent
conditions to said nucleic acid molecule a hybridization probe specific for a

mutant sequence.

The method of any one of claims 1 to 3, comprising a step of nucleic acid
amplification and/or nucleic acid sequencing.

The method of any one of claims 1 to 4, wherein the method is or comprises
an allele discrimination method selected from the group consisting of allele-

specific hybridization, allele-specific primer extension including allele-specific
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PCR, allele-specific oligonucleotide ligation, allele-specific cleavage of a flap

probe and/or allele-specific cleavage using a restriction endonuclease.

The method of any one of claims 1 to 5, comprising a detection method
selected from the group consisting of fluorescence detection, time-resolved
fluorescence, fluorescence resonance energy transfer (FRET), fluorescence
polarization, colorimetric methods, mass spectrometry, (chemi)luminescence,

electrophoretical detection and electrical detection methods.

The method of any one of claims 1 to 6, wherein the probe or the subject’s

nucleic acid molecule is attached to a solid support.

A method of diagnosing hereditary angioedema type Il (HAE Ill) or a
predisposition thereto in a subject being suspected of having developed or of
having a predisposition to develop a hereditary angioedema type Ill or in a
subject being suspected of being a carrier for hereditary angioedema type lIl,
the method comprising assessing the presence, amount and/or activity of
coagulation factor Xll in said subject and including the steps of:
(@) determining from a biological sample of said subject in vitro, the
presence, amount and /or activity of:
(i.) a (poly)peptide encoded by the coagulation factor XlI gene;
(ii.) a substrate of the (poly)peptide of (i); or
(iii.) a (poly)peptide processed by the substrate mentioned in (ii);
(b)  comparing said presence, amount and/or activity with that determined
from a reference sample; and
(c) diagnosing, based on the difference between the samples compared
in step.(b), the pathological condition of a hereditary angioedema type

Il ora predisposition thereto.

The method of any one of claims 1 to 8, wherein the biological sample
consists of or is taken from hair, skin, mucosal surfaces, body fluids,
including blood, plasma, serum, urine, saliva, sputum, tears, liquor
cerebrospinalis, semen, synovial fluid, amniotic fluid, milk, lymph, pulmonary

sputum, bronchial secretion, or stool.
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The method of claim 8 or 9, wherein said presence, amount and/or activity is
determined by using an antibody or an aptamer, wherein the antibody or
aptamer is specific for (a) a (poly)peptide encoded by the coagulation factor
XIl gene; (b) a substrate.of the (poly)peptide of (a); or (c) a (poly)peptide
processed by the substrate mentioned in (b).

The method of claim 10, wherein said antibody or aptamer is specific for a

(poly)peptide encoded by the coagulation factor XlI gene.

The method of any one of claims 8 or 9, wherein the presence, amount
and/or activity of the (poly)peptide(s) encoded by the coagulation factor XII
gene is determined in (a) a coagulation assay; or in (b) a functional
amidolytic assay; or in (c) a mitogenic assay; or in (d) a binding assay
measuring binding of a (poly)peptide encoded by the coagulation factor XII
gene o a binding partner.

A method of identifying a compound modulating coagulation factor XII activity

which is suitable as a medicament or a lead compound for a medicament for

the treatment and/or prevention of hereditary angioedema type llI, the

method comprising the steps of:

(@) in vitro contacting a coagulation factor Xl (poly)peptide or a
functionally related (poly)peptide with the potential modulator; and

(b) testing for modulation of coagulation factor XII activity,

wherein modulation of coagulation factor Xl activity is indicative of a

compound’s suitability as a medicament or a lead compound for a

medicament for the treatment and/or prevention of hereditary angioedema

type lll.

The method of claim 13, wherein the coagulation factor XlI (poly)peptide of
step (a) is present in cell culture or cell culture supernatant or in a subject’s

sample or purified from any of these sources.



15.

16.

17.

WO 2005/111233 PCT/EP2005/005404

89
The method of claim 13 or 14, wherein said testing is performed by
assessing the physical interaction between a coagulation factor Xili
(poly)peptide and the modulator and/or the effect of the modulator on the

function of said coagulation factor Xlil (poly)peptide.

The method of any one of claims 13 to 15, wherein the modulator is an
inhibitor of coagulation factor XII activity, selected from the group consisting
of:

(&) an aptamer or inhibitory antibody or fragment or derivative thereof,
specifically binding to a coagulation factor XIlI (poly)peptide and/or
specifically inhibiting a coagulation factor XlI activity;

(b)  a small molecule inhibitor of coagulation factor Xl and/or coagulation
factor Xll activity; and

(c) a serine protease inhibitor selected from group () consisting of wild-
type and modified or engineered proteinaceous inhibitors of serine
proteases including C1 esterase inhibitor, antithrombin lll, o2-
antiplasmin, o.1-antitrypsin, ovalbumin serpins, and o2-macroglobulin,
or selected from group (II) of Kunitz-type inhibitors including bovine
pancreatic trypsin inhibitor.

A method of identifying a compound modulating coagulation factor Xl
expression and/or secretion which is suitable as a medicament or lead
compound for a medicament for the treatment and/or prevention of hereditary
angioedema type lll, the method comprising the steps of:

(@) in vitro contacting a cell that expresses or is capable of expressing
coagulation factor XIl with a potential modulator of expression and/or
secretion; and

(b) testing for altered expression and/or secretion,

wherein the modulator is (i) a small molecule compound, an aptamer or an

antibody or fragment or derivative thereof, specifically modulating expression

and/or secretion of coagulation factor Xll; or (i) a siRNA or shRNA, a

ribozyme, or an antisense nucleic acid molecule specifically hybridizing to a
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nucleic acid molecule encoding coagulation factor Xl or regulating the
expression of coagulation factor XII.

The method of any one of claims 13 to 17, wherein coagulation factor Xl is a
disease—associated mutant of coagulation factor XII.

The method of any one of claims 13 to 18, wherein said modulator is
selective for a disease-associated mutant of coagulation factor Xll, the
method comprising (a) comparing the effect of the modulator on wild-type
and disease-associated coagulation factor XIl activity or their expression
and/or secretion; and (b) selecting a compound which (i) modulates disease-
associated coagulation factor Xll activity or its expression and/or secretion
and which (ii) does not affect wild-type coagulation factor Xl activity or its

expression and/or secretion.

The method of any one of claims 1 to 19, wherein the disease-associated

mutant or mutation is: ‘

(@)  a mutant located in the fibronectin type Il domain, within the region of
amino acid position 1 to 76, and/or a mutation located in the nucleic
acid sequence encoding the fibronectin type Il domain, within mRNA
position 107 to 334;

(b)  a mutant located in the EGF-like domain 1, within the region of amino
acid position 77 to 113, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 1, within mRNA position 335
to 445;

(c) a mutant located in the fibronectin type | domain, within the region of
amino acid position 114 to 157, and/or a mutation located in the
nucleic acid sequence encoding the fibronectin type | domain, within
MRNA position 446 to 577;

(d) a mutant located in the EGF-like domain 2, within the region of amino
acid position 158 to 192, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 2, within mRNA position 578
to 682;
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a mutant located in the kringle domain, within the region of amino acid
position 193 to 276, and/or a mutation located in the nucleic acid
sequence encoding the kringle domain, within mRNA position 683 to
934;
a mutant located in the proline-rich region, within the region of amino
acid position 277 to 331, and/or a mutation located in the nucleic acid
sequence encoding the proline-rich region, within mRNA position 935
to 1099;
a mutant located in the region of proteolytic cleavage sites, within the
region of amino acid position 332 to 353, and/or a mutation located in
the nucleic acid sequence encoding the region of proteolytic cleavage
sites, within mRNA position 1100 to 1165;
a mutant located in the serine protease domain, within the region of
amino acid position 354 to 596, and/or a mutation located in the
nucleic acid sequence encoding the serine protease domain, within
MRNA position 1166 to 1894
a mutant located in the signal peptide, within the region of amino acid
position —19 to -1, and/or a mutation located in the nucleic acid
sequence encoding the signal peptide, within mRNA position 50 to
106;
a mutation located in the untranslated regions (UTRs) of coagulation
factor XII mRNA, within mRNA position 1 to 49 and/or 1895 to 2048;
a mutation located in an intron of the coagulation factor XII gene;
and/or
a mutation located in a flanking regulatory genomic sequence of the
coagulation factor Xll gene, within the region encompassing 4000bp
upstream of the transcription initiation site of the coagulation factor XIl
gene and/or within the region encompassing 3000bp downstream of
the nucleotide sequence representing the 3'-UTR of the coagulation
factor XIl mRNA.

The method of claim 20, wherein said mutaht in (f) is a mutant affecting

amino acid residue 309 or 310.
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The method of claim 21, wherein said amino acid residue at position 309 is

substituted by a basic or positively charged amino acid residue.

The method of claim 22, wherein said basic or positively charged amino acid

residue is a lysine or arginine.

The method of any one of claims 13 to 23, comprising the additional step of

producing the modulator identified in said methods.

The method of any one of claims 1 to 12, comprising in vitro testing of a
sample of a blood donor for determining whether the blood of said donor or
components thereof may be used for transfusion to a patient in need thereof,
wherein a positive testing indicates a predisposition for hereditary
angioedema type Illl, excluding the transfusion of blood or components
thereof from said donor.

Use of (a) a (poly)peptide encoded by the coagulation factor Xll gene or a
fragment thereof, (b) a modulator of coagulation factor XlI identified by any of
the methods of claims 13 to 24; (c) a nucleic acid molecule capable of
expressing coagulation factor XIl or a fragment thereof; and/or (d) a nucleic
acid molecule capable of expressing a modulator of coagulation factor Xli
activity or its expression and/or secretion, for the preparation of a
pharmaceutical composition for the treatment and/or prevention of hereditary

angioedema type lll.

The use of claim 26, wherein said coagulation factor Xl or said (poly)peptide
is a mutant coagulation factor XII or mutant (poly)peptide or a fragment
thereof.

The use of claim 27, wherein said mutant is or is based on:

(@) a mutant located in the fibronectin type [I domain, within the region of
amino acid position 1 to 76, and/or a mutation located in the nucleic
acid sequence encoding the fibronectin type Il domain, within mRNA
position 107 to 334;
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a mutant located in the EGF-like domain 1, within the region of amino
acid position 77 to 113, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 1, within mRNA position 335
to 445;
a mutant located in the fibronectin type | domain, within the region of
amino acid position 114 to 157, and/or a mutation located in the
nucleic acid sequence encoding the fibronectin type | domain, within
mRNA position 446 to 577;
a mutant located in the EGF-like domain 2, within the region of amino
acid position 158 to 192, and/or a mutation located in the nucleic acid
sequence encoding the EGF-like domain 2, within mRNA position 578
to 682
a mutant located in the kringle domain, within the region of amino acid
position 193 to 276, and/or a mutation located in the nucleic acid
sequence encoding the kringle domain, within mRNA position 683 to
934;
a mutant located in the proline-rich region, within the region of amino
acid position 277 to 331, and/or a mutation located in the nucleic acid
sequence encoding the proline-rich region, within mRNA position 935
to 1099;
a mutant located in the region of proteolytic cleavage sites, within the
region of amino acid position 332 to 353, and/or a mutation located in
the nucleic acid sequence encoding the region of proteolytic cleavage
sites, within mRNA position 1100 to 1165;
a mutant located in the serine protease domain, within the region of
amino acid position 354 to 596, and/or a mutation located in the
nucleic acid sequence encoding the serine protease domain, within
mMRNA position 1166 to 1894;
a mutant located in the signal peptide, within the region of amino acid
position —19 to -1, and/or a mutation located in the nucleic acid
sequence encoding the signal peptide, within mRNA position 50 to
106;
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a mutation located in the untranslated regions (UTRs) of coagulation
factor Xl mRNA, within mRNA position 1 to 49 and/or 1895 to 2048;
a mutation located in an intron of the coagulation factor Xl gene;
and/or
a mutation located in a flanking regulatory genomic sequence of the
coagulation factor Xl gene, within the region encompassing 4000bp
upstream of the transcription initiation site of the coagulation factor XilI
gene and/or within the region encompassing 3000bp downstream of
the nucleotide sequence representing the 3'-UTR of the coagulation
factor XIl mRNA.

The use of claim 28, wherein said mutant in (f) is a mutant affecting amino
acid residue 309 or 310.

The use of claim 29, wherein said amino acid residue at position 309 is

substituted by a basic or positively charged amino acid residue.

The use of claim 30, wherein said basic or positively charged amino acid

residue is a lysine or arginine.

The use of any one of claims 26 to 31, wherein said modulator is an inhibitor

of coagulation factor XllI, its activity, its expression and/or its secretion,

comprising:

(@)

(b)

an aptamer or an inhibitory antibody or fragment or derivative thereof,
specifically binding to and/or specifically inhibiting the activity of (i)
disease-associated coagulation factor Xll or (ii) wild-type and disease-
associated coagulation factor XII;

a small molecule inhibitor of (i) disease-associated coagulation factor
Xll and/or disease-associated coagulation factor Xll activity; or (ii)
wild-type and disease-associated coagulation factor Xl and/or wild-
type and disease-associated coagulation factor Xl activity;

a serine protease inhibitor of (i) disease-associated coagulation factor
Xl or of (ii) wild-type and disease-associated coagulation factor XII

selected from a first group consisting of wild-type and modified or
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engineered proteinaceous inhibitors of serine proteases including C1
esterase inhibitor, antithrombin llI, a2-antiplasmin, o1-antitrypsin,
ovalbumin serpins, and a2-macroglobulin, or selected from a second
group consisting of Kunitz-type inhibitors including bovine pancreatic
trypsin inhibitor; or

a siRNA or shRNA, a ribozyme or an antisense nucleic acid molecule
specifically hybridizing to a nucleic acid molecule encoding
coagulation factor X!l or regulating the expression of coagulation factor
Xll, either affecting (i) disease-associated coagulation factor Xl| or (i)
wild-type and disease-associated coagulation factor XiI.

A method of gene therapy in a mammal, characterized by administering an

effective amount of a nucleic acid molecule capable of expressing in the

mammail:

(@)

(b)

(d)

siRNA or shRNA, a ribozyme or an antisense nucleic acid molecule
specifically hybridizing to a- nucleic acid molecule encoding
coagulation factor XII or regulating its expression;

an aptamer or an inhibitory antibody or fragment or derivative thereof,
specifically binding coagulation factor XlI (poly)peptide;

coagulation factor Xl or a fragment thereof; or

a serine protease inhibitor selected from group (i) consisting of wild-
type and modified or engineered proteinaceous inhibitors of serine
proteases including C1 esterase inhibitor, antithrombin I, o2-
antiplasmin, a1-antitrypsin, ovalbumin serpins, and o.2-macroglobulin,
or selected from group (i) of Kunitz-type inhibitors including bovine

pancreatic trypsin inhibitor.

A non-human transgenic animal, comprising as a transgene:

(a)
(b)

a gene encoding human disease-associated coagulation factor XII:
(i) a gene encoding human disease-associated coagulation factor XI|

and (if) a gene encoding human wild-type coagulation factor XII;
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() a nucleic acid molecule causing an altered expression of human
coagulation factor Xil and a gene encoding human wild-type
coagulation factor XIl; and/or
(d)  a species-specific coagulation factor XlI gene which is specifically

altered to contain a human disease-associated mutation.

The non-human transgenic animal of claim 34, additionally expressing siRNA
or shRNA, a ribozyme or an antisense nucleic acid molecule specifically
hybridizing to said human gene(s) of (a) 34(a), (b) 34(b)(i} or 34(b), (c) to the
nucleic acid molecule of claim 34(c), or (d) to the altered species-specific
gene of 34(d).

The non-human transgenic animal of claim 34 or 35, wherein the animal’s
native species-specific genes encoding coagulation factor Xl are inactivated.

Use of the transgenic animal of any one of claims 34 to 36, for screening for
compounds for use in the diagnosis, prevention and/or treatment of

hereditary angioedema type Il

A nucleic acid molecule comprising the human coagulation factor Xll
nucleotide sequence or a fragment thereof, having a mutation at a position
corresponding to position 6927 of GenBank accession no. AF 538691,
wherein the wild-type C is substituted by an A or by a G.

An oligonucleotide containing at least 8 nucleotides of (a) the mutant
nucleotide sequence of claim 38 comprising position 6927, wherein the
oligonucleotide contains a nucleotide corresponding to mutant position 6927,
or the corresponding wild-type sequence of said oligonucleotide or (b) the
complementary sequence of (a).

A (poly)peptide or a fragment thereof, encoded by the nucleic acid molecule
of claim 38.

An antibody or antibody fragment specific for the (poly)peptide of claim 40.

The antibody of claim 41, which is a monoclonal or polyclonal antibody.
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A hybridoma producing the monoclonal antibody of claim 42.

A kit for use in diagnosis of hereditary angioedema type il or a susceptibility

or predisposition thereto, said kit comprising:

(a)

()

(c)

(d)

(e)
(f
(9)
(h)
(i)

at least one nucleic acid molecule capable of hybridizing under
stringent conditions to a nucleic acid molecule encoding or regulating
the expression of coagulation factor XIl;

an antibody or an aptamer specific for coagulation factor Xl or a
fragment thereof and/or a disease-associated mutant of these;

a restriction enzyme capable of discriminating between wild-type and
disease-associated mutant nucleic acid encoding or regulating the
expression of coagulation factor XII;

a pair of primers complementary to nucleic acid regulating the
expression of coagulation factor XII or encoding wild-type and/or

disease-associated coagulation factor Xll;

the nucleic acid molecule of claim 38
the oligonucleotide of claim 39

the (poly)peptide of claim 40;

the antibody of claim 41 or 42; ; and/or
the hybridoma of claim 43;

and optionally instructions for use.

The kit of claim 44, wherein said disease-associated mutant is a mutant as

defined in any one of claims 21 to 23 or a mutant as defined in claim 38.

The kit of claim 44, wherein (a) is a primer pair capable of amplifying exon 9

of human coagulation factor Xll gene or a part thereof comprising the mutant

position as defined in claim 38 or a probe or pair of probes.
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ctattgatct
gctgctcectyg
agcccccaag
ggagccctge
gggceggeca
atggggatac
ccagaaagga
cctcactgga
ccacaagaat
gggtcctgat
ccatgggggt
caccggaccc
ctaccgegge
ggccacctac
cttetgeegg
gctgagctgg
gaccccggtg

gcctecagece

gcgggagcag
caagagtctg
ccectacate
ctgctgggtg
ggtggtgcte
gcgctectac
gttgcgeett
ggtgtgectg
ctggggccac
accgttecte
cggcatgcte
aggcccgetg
cagctgggga
ctacctggee
tcettggtga
tceececagtg
atgctgag

ggactcctgg
gggttcctge
gagcataagt
cacttcccct
ggccctecage
tgtttggage
gggacctgtg
aaccactgece
gagatatggt
gcccactgece
cgctgectag
ttctgegacg
ctggccagga
cggaacgtga
aacccggaca
gagtactgcg
tcecctagge

g
a

acgacccgga
Thr
Lys
Arg

ccgecettece
tcttegatga
gccgegetgt
ctgacggecceg
ggccaggaac
cgettgcacg
caggaggatg
ccaagcggcg

cagttcgagg-

tceetggage
tgcgeagggt
gtgtgtgagg
tcgggetgtg
tggatcecggg
ttccgeagtyg
cggccagcte
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ataggcagct
tggtgagett
acaaagctga
tccagtacca
cctggtgtge
Ccaagaaagt
tgaacatgcce
agaaagagaa
atagaactga
agcggctgge
aggtggaggg
tggacaccaa
ccacgctctc
ctgecgagea
acgacatccg
acctggcaca
ttcatgtcee

cceegectea

tgaccaggaa
cccgegtegt
actggggcca
ctcactgect
gccgtaacca
aggccttete
cggacggcag
ccgcegegace
gggcggagga
gctgctcage
tectegaggg
accaagctge
gtgaccgcaa
agcacaccgt
agagagtgge
cgcgccagga

Figure 1

ggaccaacgg
ggagtcaaca
agagcacaca
ccggcagctg
taccacccce
gaaagaccac
aagcggecce
gtgctttgag
gcaagcagct
cagccaggece
ccaccgectg
ggcaagctge
gggtgegece
agcgcggaac
ccegtggtge
gtgccagacce
actcatgccce

gtceccagace

cggcccactg
tggcgggetg
cagtttetge
gcaggaccgg
cagctgtgag
gceccgtceage
ctgecgegete
ctcegagacce
atatgccage
cccggacgtg
cggcaccgat
agagcgecgg
caagccaggce
ttcctgattg
tggggeatgg
tggcgaggaa

PCT/EP2005/005404

acggacgcca
ctttegatte
gtegttctcea
taccacaaat
aactttgatec
tgcagcaaac
cactgtctet
cctcagette
gtggccagat
tgccgecacca
tgccactgee
tatgatggce
tgtcagcegt
tggggactgg
ttegtgetga
ccaacccagg
gcgcagccgg

ccgggagect

agctgeggge
gtggcgctac
gccggcagece
ccegcacceeg
ccgtgccaga
taccagcacg
ctgtcgectt
acgctctgce
ttcctgeagg
cacggatcct
gcgtgecagg
ctecaccctge
gtctacaccg
ctcagggact
aaggcaagat
ctcaataaag

tgagggetct
caccttggga
ctgtcaccgg
gtacccacaa
aggaccagcg
acagcccctg
gtccacaaca
tcecggttttt
gccagtgeaa
acccgtgect
cggtgggeta
gcgggcectcag
gggcctegga
gcggccacge
accgcgacceg
cggcgcectee
caccgccgaa

tgccggegaa

agcggcectcceg
gcggggcgea
tcatcgeecce
aggatctgac
cgttggeegt
acctggctct
acgttcagec
aggtggeegg
aggcgcaggt
ccatccteee
gtgatteccgg
aaggcatcat
atgtggecta
catcttteece
tgtgtcceat
tgectttgaaa
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acatgctctg
aagtcccaag
cactgtggat
agctctgagg
gctaaaggaa
cacceegtet
tctcattaaa
ccccaagate
tagatgctte
aaataaggag

gaggccaagg
aaaccccatc

tcececagetac
agtgagccaa
aaaaaaaaaa
aaaggcgaca
cgaggegggt
cegtetcetac
gctactocggy
geggagattg
aaaaaaaaaa
gtttgttaca
tectttgatet
tetgetteca
cacccacaaa
gettteocaca
ttccaagacc

GACGGACGCC

ACTTTCGgtg
cacagccatg
tgtggaaagg
tggatacaag
gaggtagaaa
gctgcagact
tetcteectt
agcacacagt
atggtgcagt
tatgccecatg
tgtgtctaag
ccatcacacc
ctttececag
ggcaaggaag
cacttatgag
ttctgtgaaa
gtgaggtatt
atgaaactac
agctecccat
tcatgectgt
tcgagaccag
caggcatggt
cttgaacctg
ggcaacacag
tagcagggce
tctctaagea
cttecacccca
ccttgectaa
tttttttttt
tcttggctea
agttgetogg
agacagggtt
ccaccttage
ttgcatctta
ccttggcaag
ttgtgccaga
tectgaagaag
tgaacattga
tcaaccaaca
tatatgtgtt
agtgtctaac
cttcagcagyg
gtgaaaaacg

tgettagtaa
ctagcacttt
tagagatgtc
gtagagttgg
aaatcaaagt
tettcteatg
tcatttgett
tctacececetg
tgtgaaagaa
aatggcaggg

cgggcagatce
tctactaaaa

ccaggaggct
gatcgtgcca
aaaaaaggag
catggececgg
ggatcacgag
taaaaagaca
aggctgaggce
cgccactgca
aaaaagaaaa
tgacaataga
ccttaacctce
gtcccactat
ctceccaactt
aacagcctgt
tttggcecagt

ATGAGGGCTC

agtgctgtgg
agccatggec
tgaggccage
ggcacagect
gggtttaggt
agcaacagat
gtagattcca
cggtaagtgg
gtgtgcagtce
ggcactagag
tgcccacgag
tgggctectyg
tacgtctecat
gatcaagagc
ctgggtgact
ccaggttgat
cagcccecatca
cttttagatg
tgctttcatt
aatcccagca
cctggecaac
ggcatgcgece
ggaggtgaag
caagactccg
tgtgaaccag
tggcgttgag
cacccaaaag
tcecectgeet
tttgagatgg
ttgcaaccte
attacaggca
tcaccatgtt
ctcccaaagt
aaggtccatc
tgcactttge
cactgctcag
acacaggcaa
actagcaaac
gcatataatc
getgatteat
acacgctttc
aggctcagag
ttgcactaag
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ccccagtgea
aattggccta
atgctctgat
cagcactaga
gtcattaccg
ttccagetge
tcttgectea
gtgtttgeac
ttttgecacat
ccaggcatgg

acgaggtcag
atacaaaaaa

gaggcaggag
ctgcactcca
aatggectttg
tgcagtggct
gtcaggagat
aaaaattagc
aggagaatgg
cteccageetyg
ttaaaagtgg
aaatgaacac
ctgatcteca
ctagaaaaga
toecggeoecte
gccccaccag
cCTATTGATC

TGCTGCTCCT

gaaccaggat
tctgectecatg
ccggaaggec
gcatttctgg
cttgggaaga
cggtggcagy
ccttgggaag
cctggectect
tecagggcagt
tgatcgtgag
cetggetegg
ccagecttee
gggcatcatt
ttgtctetgg
ctgggegagg
aacagtaaac
cetggtgeat
aagggtacct
cttecagaca
ctttgggagg
atggtgaaat
agtagtccea
gttgcagtga
tctcaaaaaa
atggacctta
gcccagcaca
tttectectet
aaggtccccce
agtctcgete
cgcctectgg
cacaacttca
ggccaggctg
gctgggatta
tcagatcecat
cttgaacaaa
catttcatgg
ttctecattat
agtattaggt
tggttttatg
caatgctaag
tcectaaggt
gccattteea
tagactgaga

acttttttge
aattgtgtat
tgaccagacc
gcccatggaa
aaccaggaca
acatcttagt
cttecctgtagg
acctcccagt
gtaatttaag
tggctcatac

gagatcgaga
ttagctggge

aatggcgtga
gcectgggtga
gtgggcectga
caggectgta
cgagaccatc
tgggegtggt
cgtgaaccecy
ggcgacagag
gtattgttgt
acttcacagt
caggacccag
gaggaggagc
aaggggtgac
gctcaggagyg
TGGACTCCTG

GGGGTTCCTG

tgtcceagga
acctgtgggt
caggcagagg
gggagatggy
aatctctgea
ctatgactta
cccccaagga
ccteeceggga
ctagtctagt
ctgtgtgatc
agcaggtget
tcagtttece
catgccacac
catctgaatg
gatttgagtt
ctcttagggt
ggaaatgctt
gccatttece
ctaaattacc
ccaaggtcgg
gctgteteta
gctactcggyg
acgaagatca
aaaaaaaaaa
ccetggtggyg
ttccaaccct
ctcttgectt
tocctetetgt
tgtccectag
gttcaagcga
tgctcagecta
gtctegaact
caggcgtgag
tteccatttac
atagtggcaa
cattatctca
tegegatggt
tectgtgage
tatgattctg
ctgatggcac
agccttettg
aaagccaaat
aggacactca

Figure 2

tttecccaaaa
atgcttatct
taggccacat
gaagtaagag
gatgctggge
gcecettggt
ttggtagaat
tattctgtca
teccaaattg
ctgtaatcce

ccatcectgge
gtggtggegy

acccgggagy
cagagccaga
cctagtcagg
atcccagcac
ctggctaaca
ggtgggctece
ggaggcggag
cgagacteoceg
aagatgctga
ggactccaag
agcataagaa
ccagctctte
caaggaagtt
gecagcttgac
GATAGGCAGC

CTGGTGAGCT
ttgttetggg

ccaggtgact
agacagacaa

ccttaagaag

tttetggget
tagtcagttc
gcataagtac
acccttgggt
gcetacctgg
cttgagggea
tgagatatgt
cagcttctee
agaggccagyg
cctetgaage
ctccaagett
tgttgagaag
tacaaatatt
ccttecteaa
tacatgccag
tggatcatga
ctaaaagtac
aggctgagge
caccattgeca
tttacctaga
cctgacttgg
ggactcecctce
acccaaactt
ccgteecatee
gctagagtge
ttectetgect
atttttgtat
cctgecctea
ccaccgegec
tgtcctagtt
aagcttattg
tgaagceccca
tatgttctat
ctectggtcac
tttaaagaca
tatagcacac
tgcttaggaa
ccccagcaaa
ttcaatagga
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gttctggcaa
ctgaaccaat
ctectageceet
aggagtcegtt
agcacatgtg
ttagcacttt
gctaagatgg
aacatgaatg
tttgacctta
agcactttgg

taacacagtg
gtgcctgtat

cgtagcttge
ctctgtecteca
tgagttctta
tttgggagge
tggtgaaacc
tgtagtcccea
cttgcagtga
tctcaaaaaa
gtttatggta
atccccatga
tgtcecttet
atttcaccce
geteccacttyg
caatctctat
TGGACCAACG

TCGGAGTCAAC

gggtegetat
aggaggecta
ccagactggg
acaacggggyg
gtgagaggaa
cctgecttet
aaagctgaag
ggggatgtgt
tgctaggtet
gggtatggge
gctgetggeyg .
ccttetttte
gccttecaatg
ccagctttat
caatttccec
ggaaacccat
agcttttatt
gctctgecat
gcatggtgge
ggtcaggagt
aaaaattagc
agaagaattg
ctccagettg
gtgtggcaca
tggggttgag
agcctcctet
ggtgeectat
catctgcatc
aatggcgcga
cagecctceeg
tttttagtag
ggtggtecge
tggcccecat
ctggtttggt
agcaggtact
cgacaattce
aaaatcacag
aacattttca
ttttatttag
acctgaatca
ctacacaget
agcacaaagt
gagctgaaac
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aagcagcagc
ctctgtgcecat
ataaaattca
gtactattat
cagtgacttce
tggcettgag
tctacteccag
tcactectgte
teecgggttce
gccaccacee
ccaggatggt
ggattacagg
tttcaatgca
agtgcctgag
cactgtcacc
atgtacccac
gcaggggeet
agaggggact
ctetttctac
tttggagcce
tectecegec
cagcccctte
agtggtccca
aggcaagtag
ccttecacca
ggacctgtgt
accactgcca
caaccctggg
ctectgagac
gtttttccac
gtgcaagggt
gaacgggcca
gaaggagagce
aagcctgceg
gcectgtgceca
ctggggcaag
agtgcggaaa
cctttetect

ctggceagga

cggaacgtga
tgegcegegt
cggecgecoccyg
gctgaaccgce
ccaggcggcey
gcecggeaccyg

aggttaggaa
gceccageceggc

gcgggageag
caagagtctg
ccectacate
ctgetgggtyg
gecogeeccag

ccgtgececta

ggaagctgga
caggtctgag
cagtggtgct
tgcgetecta
cgtgggggeg
ctecteteeg
gcetectgteg
gaccacgcte
ggggcagdggy
ttggtategt
tgtaggtgaa
tecctggggat
aggccaacta
ctggatgggt
tctetggace
gcttgctgeg

agcegtgacge
gceccacaaat
gcaagtaggce
tactgcegtt
aacattcaac
actgaagact
ctatctgact
acccaggetg
acaccattet
ccagctaatt
cttgatectce
cttgageccac
cagcgacctt
cagttgagta
ggggagcect
aagggccggce
gggagacatg
gtgataggge
aggtgtgcta
aagaaagtga
tcattactct
tcteeccteea
ttttgcaggt
gttcaagaag
tgtccatcte
gaacatgcca
gaaaggtgag
cctacagaat
cactatccct
aagaatgaga
cctgatgaece
gggaggagcg
tetetggagy
caccaacccyg
ctgcceggtyg
cagaaggcca
gcagatgaga
cagacaccaa

ccacgctcte

ctgccgagcea
ggggctgggt
tegtgtgget
gaccggctga
cctecgacce
ccgaagectc

gtoggggagy
cgegggeteg

cegecttece
tettcecgatga
gcecgegetgt
ctgacggecg
gggccgegge

cctteteceg

acacgggatt
agcgctgect
cggecaggaa
cegettgeac
cceecgegggy
ceccgggttag
cettacgtte
tgecaggtgg
taggggagga
tecgggtgee
teccocaggtag
acagggagaa
ggacgctgge
ggtgggggag
tcagectect
agagaggaag

cttgttgaac
ggccatgaaa
acattctcaa
ttacagataa
aagtattatt
tacccaaggt
cctgaaccca
gagtgcagtg
cctgectegg
tttttgtatt
tgacctegtyg
cgegeccggce
tttgagggtce
caggggaagt
gccacttecec
caggcectca
taccctgeet
agggtgggee
ccaceeccaa
aaggtgctac
cctggtatca
caataccctt
gggtaaacca
ggcettggece
tcagaccact
agcggeccece
gagatgtgga
aggttgctgg
ctttgteece
tatggtatag
actgeccageg
tcaggaagac
ggtctttagg
tgcctecatyg
ggctacaccg
gccccecaggt
gggaggcagyg
ggcaagctgce

gggtgcgeee

agcgecggaac
gacceccteeg
acaggaaccc
gctgggagta
cggtgtcece
agccecacgac

gaaggaggag
ccegtecetecag

tgaccaggaa
cecgegtegt
actggggcca
ctcactgect
tecctecgtet

ccccaccectt

ggggttcggyg
ctccectacce
cgecgtaace
gaggecettet
acgggaagayg
ctctgttgeg
agccggtotyg
ceggetgggyg
gacctttgat
tacagaatgg

aatcccaggy

tecgaacttge
ceegegetee
gagtttetgt
tgectatgaa
ggcatgagtg
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cttaactggg
acatttcaag
tgtagaacca
ggaaaccaag
aagtgectac
cacacagcta
agtttttttt
gcgegatetce
ccteoecgagt
tttagtagag
atctgeecge
cctgaaccca
tgtectttte
cctcagagag
cttecagtac
gcectggtaa
gtecttetgt
aggccectgg
ctttgatcag
acacagcecte
ccagacccca
tggaagtcca
agcttggaaa
ccecagetgtyg
gcagcaaaca
actgtctctyg
ggacctggge
atactecggag
agagaagtgce
aactgagcaa
gctggecage
aggctggcag
ccecaggggty
ggggtcgetyg
gacccttetg
gggacgggct
agagceccage
tatgatggcce

tgtcagecegt

tggggactgg
ccccaggget
ggacaacgac
ctgcgacctyg
taggcttecat
cecggaccceg

ccgé.gagggc

ccecetgetece

cggcccactg
tggcgggcty
cagtttctge
gcaggaccgg
ccecagegeag

ctttececacge

agcagggggc
ckececegeag
acagctgtga
cgecegteag
agcttgggge
ccttecaggag
cctgeccaage
ccaccagttce
cactgggtta
gtggegetga
cctgggatte
tettggttec
gggctagtgt
tteecgeteeg
attgaattaa
ggtttacaag

Figure 2 (ff)

aatgtgcaaa
tattgacttg
gagaagaatg
gctcagatca
tttgtggcaa
gecaggttgtyg
tttttettta
ggctcactge
agctgggact
agggggttte
cttggectee |
acttttagag
ctgaccagac
tgtgttgtee
caccggcagce
gactacgcag
ccaaggaact
gtagagcagg
gaccagcgat
tggggtggce
cacacctggg
gagggagagt
cttggagtag
tgactcagct
cagccectge
tccacaacac
ggggtgctgg
acttggcatg
tttgagccte
gcagctgtgg
cagggtgage
gaggcegggt
gctecactgeg
cctagaggty
cgacgtgggt
tgccaggaag
cttggectgee
gcgggcteag

gggcctecgga

gcggecaacgae
ccgggetcee
atccgecegt
gcacagtgec
gtcccactcea
cctcagtece

geegggcegag

tccacagect

agctgecggge
gtggcgctac
gcocggeagee
cgagtacecg
ctteccacget

ccetecggag

ttceccecagaa
gceecgeacece
gcegtgecag
ctaccagcac
cceggegtee
gatgcggacg
ggcgecegege
gagggtaggc
ggcggaagaa
cctgatgggt
actgctggga
ctectgggcge
gggagccagg
ccecattcaaa
tggcacctec
cgcctggage
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tttttecactg
ggagttacaa
aggatcaact
gagtggttaa
gtgectecttec
gagtcaggag
agatggagtce
aagctccogec
acaggcacct
actgtattag
caaagtgctyg
cagaaagtgt
cctgagggac
ctgecagttet
tgtaccacaa
aggagttgga
ctgcttggag
gaageccttgt
ggggatactg
tggggctete
attctggacc
tetgggaagy
caaggtcaca
ccectgetett
cagaaaggag
ctcactggaa
gggacagggg
gtectagact
agctteteeg
ccagatgcca
agatggttgg
ggtgtgeegg
ttcecetecee
gagggccace
gagtgagggt
gaggagggag
cagggagccce
ctaccgceggce

ggccacctac

cttetgeegg
ggcgctectaa
ggtgcttegt
agaccccaac
tgcccgegea
agaccceggg

ctagatteccg
tgeccggegaa

ageggcteeg
gcggggcgea
tecategeccee
cceogeccaga
gcacccgaac

ctececegggga

cgettgtgge
gaggatctga
acgttggeceyg
gacctgggty
ccgectecacyg
gcagectgege
gaccctcececga
acaactgcta
gcecgegact
togtgagaatg
tcceccaaate
cgggctgcaa
ttctgegact
teoctggettt
tcceettegg
agcetttgtec



WO 2005/111233

8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561

atcgteccggy
ggcggaggaa
ctgctecagece
cctcgaggge
gaggcegteca
tgattececgga
aggcatcate
tgtggcctac
atctttcect
gtgtcceatt
tgetttgaaa
agacagaaaa
taacgtgcaa
ccaagecccety
acagagcagt
tatgecccaag
gtggtatatt
ttagaaatac
gaggccaagyg

-cecgtetceta

gctactecagg
aacagaggga
cattgactgt
gecactagtgt
tacacataac
cccagcaatce
acaatctggy
acatcctttt
gttcacgect
gacttcctga
taaaatttgt
agcgacacda
gccteggecet
tcoctacagga
ccetgggtggt
cacagcgacyg
gctgggegea

cggcaagegt
tatgeccagcet
ccggacgtge
ggcaccgatg
ggcacaaatc
ggccagetgyg
agctggggat
tacctggect
ccttggtgat
cccccagtge
atgctgagaa
gcgattcaca
aatctagatg
tgcaaggaga
agttctcaga
ttccacctea
tgtaaaactc
ttagcattgg
caggtggatt
ctaaaataca
aggctgaggce
gggaaagaga
ggcgtggace
agtgggtctg
aaattctcgg
tgtttaacag
ggttgaatgg
ttcacaaaac
gtaatctegt
cecgectggg
ttttgetitct
tecctataata
cccaaagcge
taaccttaga
cgectoocggga
caggccettece
ctcggagegce

4/6

tgtcagatgg
tcecctgeagga
acggatccte
cgtgccaggt
tcaggtecac
tgtgtgagga
cgggetgtgy
ggatccggga
tccgecagtga
ggccagctec
ggaaagctct
gecttcteocac
ccagcceagce
agctgecatgt
ccatacatta
gaccaattaa
cccagataat
ccgggcgcgyg
geteocaggagt
agaaattagc
aggagaatca
gagacagaaa
ctaagggetyg
agagtccett
gctacacttt
ccttgcgggyg
ttggttcect
cagcttttta
cactttgaga
caacatagtg
ttagagacgg
gtttactata
tgggattaca
actgcgacag
cggegecttg
ccgegtggeg
gatgggcgac

ggtgtgaaga
ggcgcaggta
catcctecce
gagctcttag
agcgctgagce
ccaagctgceca
tgaccgcaac
gcacaccgtt
gagagtggcet
gocgecaggakb
tttcettcatyg
agctctecaga
taatgtttac
tattccttat
agatcacttg
atcagtatgt
tccatgtaca
tggctcacge
tcgaaaccag
cgggcacggce
cttgaaccgg
gaaaagaaaa
ggtgacatat
ggctagcagt
atactgctga
gattctgatyg
tacaagtgaa
aaattaaaaa
ggctgaggeg
agacctcatc
ggcctegete
atctcgctac
ggagtgagece
cactaaacgc
tgtgacgtca
cctectatatt
tggaaggtct

Figure 2 (ff)

aggcgctetg
ccgttectet
ggcatgctcet
cceggttgge
tgegtgttte
gagcgeegge
aagccagged
tectgattge
ggggcatgga
ggcgcaggaa
ggtccegecy
gaacaaggte
tgagcctagg
gagaaactaa
gggagegttt
ctagggatgg
gccaaggttg
ctgtaatcct
cctgggeaac
ggcgtgegee
caggaaggaa
aagaaaatag
cgttgtecce
accatcacca
acagaaagte
ttectectecatg
ggtctggety
tagattggcc
ggaggattgt
tcaaaaaaat
tgtggcteag
tgagttcaag
gctgegetet
ccacgecccca
cagccecged
tcececgagag
acatcagtgce

PCT/EP2005/005404

tgttegcagg
ccetggageyg
gcgecagggtt
gcceettecee
cgacccaggdg
tcaccctgea
tctacaccga
tcagggactc
aggcaagatt
ctcaataaag
ggaaatgecca
tatgagatct
atactgtata
cattttgttt
tgagccaatca
ggcatgggta
agaatcgtgg
agcactttaa
acgatgaaac
tgtagtccca
ggaaggaagd
aaaaaaagagd
accccaacac
gggaacttgt
tggggtgggyg
cttaagaacc
tccagacaca
agatgcggtyg
ttgagctcaa
tttttttaat
gectggegtge
cgatccgece
gccaaaccca
cgtgcccecag
cagcetgeet
gtgcgaggeyg
agtgct
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SEQUENCE LISTING

auvaggcagcu

uggugagceuu

acaaagcuga

uccaguacca

couggugugce

CCaagaaagu

<110> Dewald, Georg
<120>
<130> G 3152 PCT
<150> 04 01 1790.5
<151> 2004-05-18
<160> 5
<170> PatentIn version 3.1
<210> 1
<211> 2048
<212> RNA
<213> Homo sapiens
<220>
<221> misc_feature
<223>

00505.2"
<400> 1
cuauugaucu ggacuccugd
gougcuccug ggguuccuge
agccecccaag gagcauvaagu
ggagceccuge cacuuccccu
gggceggeca ggeccucagce
auggggauac uguuuggagc
ccagaaagga gggaccugug

ugaacaugcc

Hereditary Angioedema Type III

ggaccaacgg

ggagucaaca

agagcacaca

ccggcageug

uaccaccccec

gaaagaccac

aagcggecece

acggacgcca

cuuucgauuc

gucguucuca

uaccacaaau

aacuuugauc

ugcagcaaac

cacugucucu

PCT/EP2005/005404

ugagggcucu

caccuuggga

cugucacegg

guacccacaa

aggaccagcg

acagccccug

guccacaaca

/note="translation product as given in GenBank accession no. NM_0

60
120
180
240
300
360

420
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ccucacugga

ccacaagaau

ggguccugau

ccaugggggu

caccggacce

cuacecgeggc

ggccaccuac

cuucugecgyg

gcugagcugyg

gacccceggug

gccucagece

gcgggagcag

caagagucug

ccccuacauc

cugcugggug

gguggugcuc

gcgcuccuac

guugcgcecuu

ggugugccug

cuggggeeac

accguuccuc

cggcaugeuc

aggcccgeug

cagcugggga

cuaccuggcce

uccuugguga

ucccceccagug

augcugag

<210> 2
<211> 615
<212> PRT

<213>

aaccacugcc
gagauauggu
gcccacugec
cgeugccuag
uucugcgacyg
cuggccagga
cggaacguga
aacccggaca
gaguacugceg
uccccuagge
acgacccgga
cegecuucee
ucuucgauga
gecegegeugu
cugacggcceg
ggccaggaac
cgeuugcacyg
caggaggaug
ccaagcggeg
caguucgagg
ucccuggagce
ugcgcagggu
gugugugagyg
ucgggcugug
uggauccggyg
uuccgcagug

cggccagcuc

Homo sapiens

agaaagagaa

auvagaacuga

agcggcuggce

agguggaggg

uggacaccaa

ccacgcucuc

cugccgagca

acgacauccg

accuggcaca

uucauguccce

cccegecuca

ugaccaggaa

ccecgegucgu

acuggggceca

cucacugccu

gccguaacca

aggccuucuc

cggacggcag

ccgcgcgacc

gggcggagga

gcugcucage

uccucgaggyg

accaageugce

gugaccgcaa

agcacaccgu

agagaguggce

cgcgeccagga
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gugcuuugag

gcaagcagcu

cagccaggec

ccaccgcecug

ggcaagcugce

gggugcgccce

agcgcggaac

cceguggugce

gugccagacce

acucaugccc

gucccagacc

cggeccacug

uggcgggcug

caguuucugc

gcaggaccgyg

cagcugugag

gcceogucage

cugecgcgeuc

cuccgagacc

auvaugccagce

ccecggacgug

cggcaccgau

agagcgccgg

caagccaggce

uuccugauug

uggggcaugg

uggcgaggaa

ccucagcuuc

guggccagau

ugccgcacca

ugccacugec

uaugauggcc

ugucagccgu

uggggacugg

uucgugcuga

ccaacccagg

gcgcagecgg

ccgggagecu

agcugcgggce

guggcgcuac

gccggeagec

cccgeacecey

ccgugecaga

uaccagecacg

cugucgccuu

acgcucugcc

uuccugcagyg

cacggauccu

gcgugeeadyg

cucacccuge

gucuacaccg

cucagggacu

aaggcaagau

cucaauvaaag

PCT/EP2005/005404

uccgguuuuu

gccagugcaa

acccgugccu

cggugggcua

gcgggcucag

gggccucgga

gcggccacgce

accgcgacceg

cggcgccucc

caccgecgaa

ugcecggcegaa

agcggecuccyg

gcggggcgcea

ucaucgcccce

aggaucugac

cguuggccgu

accuggcucu

acguucagcce

agguggccgg

aggcgcaggu

ccaucecucce

gugauuccgg

aaggcaucau

auguggccua

caucuuuccce

ugugucccau

ugcuuugaaa

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2048
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<220>

<221>

<223>

<400>

MISC_FEATURE
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PCT/EP2005/005404

/note="translation product as given in GenBank accession no. NM_0
00505.2; the length of 615 residues corresponds to the sum of a s
ignal peptide of length 19 residues (-19 to -1) and a mature prot

ein of length 596 amino acid residues

2

Met Arg Ala

1

Thr

Ala

Phe

Gly

65

Gln

His

Met

His

His

145

Cys

Ala

Leu

Glu

Pro

50

Arg

Asp

Cys

Pro

Cys

130

Lys

Gln

Cys

Ser

Glu

35

Phe

Pro

Gln

Ser

Ser

115

Gln

Asn

Cys

Arg

Leu

Ile

20

His

Gln

Gly

Arg

Lys

100

Gly

Lys

Glu

Lys

Thr
180

Leu

Pro

Thr

Tyr

Pro

Trp

His

Pro

Glu

Ile

Gly

165

Asn

Leu

Pro

val

His

Gln

70

Gly

Ser

His

Lys

Trp

150

Pro

Pro

Leu

Trp

val

Arg

55

Pro

Tyr

Pro

Cys

Cys

135

Ty

Asp

Cys

Gly

Glu

Leu

40

Gln

Trp

Cys

Cys

Leu

120

Phe

Arg

Ala

Leu

Phe

Ala

25

Thr

Leu

Cys

Leu

Gln

105

Cys

Glu

Thr

His

His
185

Leu

10

Pro

val

Tyr

Ala

Glu
90

Lys

Pro

Pro

Glu

Cys

170

Gly

Leu

Lys

Thr

His

Thr

75

Pro

Gly

Gln

Gln

Gln

155

Gln

Gly

(1 to 596)"

val

Glu

Gly

Lys

60

Thr

Lys

Gly

His

Leu

140

Ala

Arg

Arg

Ser

His

Glu

45

Cys

Pro

Lys

Thr

Leu

125

Leu

Ala

Leu

Cys

Leu

Lys

30

Pro

Thr

Asn

val

Cys

110

Thr

Arg

val

Ala

Leu
190

Glu

15

Tyxr

Cys

His

Phe

Lys

95

val

Gly

Phe

Ala

Ser

175

Glu

Ser

Lys

His

Lys

Asp

Asp

Asn

Asn

Phe

Arg

160

Gln

val



Glu

Cys

TyTr

225

Trp

Asn

Ile

Tyr

Thr

305

Ala

Thr

Arg

Ser

Pro

385

Leu

Arg

Asn

WO 2005/111233

Gly

Asp

210

Arg

Ala

Trp

Arg

Cys

290

Pro

Pro

Pro

Asn

Met

370

Tyr

Ile

Pro

His

His

195

val

Gly

Ser

Gly

Pro

275

Asp

Val

Pro

Gly

Gly

355

Thr

Ile

Ala

Ala

Ser
435

Arg

Asp

Leu

Glu

Leu

260

Trp

Leu

Ser

Lys

Ala

340

Pro

Arg

Ala

Pro

Pro

420

Cys

Leu

Thr

Ala

Ala

245

Gly

Cys

Ala

Pro

Pro

325

Leu

Leu

val

Ala

Cys

405

Glu

Glu

Cys

Lys

Arg

230

Thr

Gly

Phe

Gln

Arg

310

Gln

Pro

ser

val

Leu

390

Trp

Asp

Pro

His

Ala

215

Thr

Tyr

His

Val

Cys

295

Leu

Pro

Ala

Cys

Gly

375

Tyr

val

Leu

Cys

Cys

200

Ser

Thr

Arg

Ala

Leu

280

Gln

His

Thr

Lys

Gly

360

Gly

Trp

Leu

Thr

Gln
440
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Pro vVal Gly Tyr

Cys

Leu

Asn

Phe

265

Asn

Thr

val

Thr

Arg

345

Gln

Leu

Gly

Thr

val

425

Thr

Tyr

Ser

val

250

Cys

Arg

Pro

Pro

Arg

330

Glu

Arg

val

His

Ala

410

val

Leu

Asp

Gly

235

Thr

Arg

Asp

Thr

Leu

315

Thr

Gln

Leu

Ala

Ser

395

Ala

Leu

Ala

Gly

220

Ala

Ala

Asn

Arg

Gln

300

Met

Pro

Pro

Arg

Leu

380

Phe

His

Gly

val

Thr

205

Arg

Pro

Glu

Pro

Leu

285

Ala

Pro

Pro

Pro

Lys

365

Arg

Cys

Cys

Gln

Arg
445

Gly

Gly

Cys

Gln

Asp

270

Ser

Ala

Ala

Gln

Ser

350

Ser

Gly

Ala

Leu

Glu

430

Ser

Pro

Leu

Gln

Ala

255

Asn

Trp

Pro

Gln

Ser

335

Leu

Leu

Ala

Gly

Gln

415

Arg

Tyr

PCT/EP2005/005404

Phe

Ser

Pro

240

Arg

Asp

Glu

Pro

Pro

320

Gln

Thr

Ser

His

Ser

400

Asp

Arg

Arg
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Leu His Glu Ala Phe Ser Pro Val Ser Tyr Gln His Asp Leu Ala Leu
450 455 460

Leu Arg Leu Gln Glu Asp Ala Asp Gly Ser Cys Ala Leu Leu Ser Pro
465 470 475 480

Tyr Val Gln Pro Val Cys Leu Pro Ser Gly Ala Ala Arg Pro Ser Glu
485 490 495

Thr Thr Leu Cys Gln Val Ala Gly Trp Gly His Gln Phe Glu Gly Ala
500 - 505 510

Glu Glu Tyr Ala Ser Phe Leu Gln Glu Ala Gln Val Pro Phe Leu Ser
515 520 525

Leu Glu Arg Cys Ser Ala Pro Asp Val His Gly Ser Ser Ile Leu Pro
530 535 540

Gly Met Leu Cys Ala Gly Phe Leu Glu Gly Gly Thr Asp Ala Cys Gln
545 550 555 560

Gly Asp Ser Gly Gly Pro Leu Val Cys Glu Asp Gln Ala Ala Glu Arg
565 570 575

Arg Leu Thr Leu Gln Gly Ile Ile Ser Trp Gly Ser Gly Cys Gly Asp
580 585 590

Arg Asn Lys Pro Gly Val Tyr Thr Asp Val Ala Tyr Tyr Leu Ala Trp
595 600 605

Ile Axg Glu His Thr val Ser
610 615

<210> 3

<211> 10616

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature

<223> /note="translation product as given in GenBank accession no. AF53
8691.1"

<400> 3
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acatgctctyg
aagtcccaag
cactgtggat
agctctgagg
gctaaaggaa
caccccgtet
tctcattaaa
ccccaagate
tagatgcttce
aaataaggag
gaggccaadg
aaaccccatc
tcccagetac
agtgagccaa
aaaaaaaaaa
aaaggcgaca
cgaggcegggt
ccgtcectcectac
gctactcggg
gcggagattg
aaaaaaaaaa
gtttgttaca
tctttgatct
tctgcttcca
cacccacaaa
gctttecaca
ttccaagacc
gacggacgcc
actttcggtg
cacagccatg
tgtggaaagy

tggatacaag

tgcttagtaa
ctagcacttt
tagagatgtc
gtagagttgg
aaatcaaagt
tcttctecatg
tcatttgcett
tctacccetg
tgtgaaagaa
aatggcaggyg
cgggcagatc
tctactaaaa
ccaggaggcet
gatcgtgcca
aaaaaaggag
catggceccgyg
ggatcacgag
taaaaagaca
aggctgaggce
cgccactgea
aaaaagaaaa
tgacaataga
ccttaaccte
gtcccactat
ctcccaactt
aacagcctgt
tttggccagt
atgagggctce
agtgctgtgg
agccatggec
tgaggccage

ggcacagcct

ccececagtgea
aattggecta
atgctctgat
cagcactaga
gtcattaccyg
tteccagetge
tcttgectea
gtgtttgcac
ttttgcacat
ccaggcatgg
acgaggtcag
atacaaaaaa
gaggcaggag
ctgcactcca
aatggctttg
tgcagtggcet
gtcaggagat
aaaaattagc
aggagaatgg
ctccagectyg
ttaaaagtgg
aaatgaacac
ctgatctcca
ctagaaaaga
tccggececte
gccccaccag
cctattgatc
tgctgctect
gaaccaggat
tctgctcatg
ccggaaggec

gcatttectgg
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acttttttgce
aattgtgtat
tgaccagacc
gcccatggaa
aaccaggaca
acatcttagt
cttcctgtgg
acctcccagt
gtaatttaag
tggctcatac
gagatcgaga
ttagctgggce
aatggcgtga
gectgggtga
gtgggcctga
caggcctgta
cgagaccatc
tgggcgtggt
cgtgaaccceg
ggcgacagag
gtattgttgt
acttcacagt
caggacccag
gaggaggagc
aaggggtgac
gctcaggagg
tggactcctg
ggggttectyg
tgtcccagga
acctgtgggt
caggcagagg

gggagatggg

tttcccaaaa
atgecttatcet
taggccacat
gaagtaagag
gatgctgggce
gceccttggt
ttggtagaat
tattctgtca
tcccaaattyg
ctgtaatccc
ccatcectgge
gtggtggcgyg
acccgggagyg
cagagccaga
cctagtcagg
atcccageac
ctggctaaca
ggtgggctcc
ggaggcggag
cgagactceccg
aagatgctga
ggactccaag
agcataagaa
ccagctette
caaggaagtt
gcagcttgac
gataggcagc
ctggtgagct
ttgttctggg
ccaggtgact
agacagacaa

ccttaagaag

PCT/EP2005/005404

gttctggceaa
ctgaaccaat
ctctagecect
aggagtcgtt
agcacatgtg
ttagcacttt
gctaagatgg
aacatgaatg
tttgacctta
agcactttgg
taacacagtg
gtgcctgtat
cgtagettgce
ctctgtectca
tgagttctta
tttgggaggce
tggtgaaacc
tgtagtccca
cttgcagtga
tctcaaaaaa
gtttatggta
atccccatga
tgtececettet
atttcaccce
gctccacttg
caatctctat
tggaccaacg
tggagtcaac
gggtcgctat
aggaggccta
ccagactggg

acaacggggag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gaggtagaaa
gctgcagact
tecteteectt
agcacacagt
atggtgcagt
tatgecccatg
tgtgtctaag
ccatcacacc
ctttceceag
ggcaaggaag
cacttatgag
ttctgtgaaa
gtgaggtatt
atgaaactac
agctccccat
tcatgcctgt
tcgagaccag
caggcatggt
cttgaacctg
ggcaacacag
tagcagggcc
tctctaagea
cttcacccca
ccttygcctaa
tetttttttt
tcttggetca
agttgctggg
agacagggtt
ccaccttage
ttgcatctta
ccttggcaag

ttgtgccaga

gggtttgggt
agcaacagat
gtagattcca
cggtaagtgg
gtgtgcagtc
ggcactagag
tgccecacgag
tgggctectg
tacgtctcecat
gatcaagagc
ctgggtgact
ccaggttgat
cagcccecatca
cttttagatg
tgctttcatt
aatcccagea
cctggccaac
ggcatgecgec
ggaggtgaag
caagactccg
tgtgaaccag
tggcgttgag
cacccaaaag
tceectgect
tttgagatgg
ttgcaacctc
attacaggca
tcaccatgtt
ctcccaaagt
aaggtccatc
tgcactttge

cactgctcag

cttgggaaga
cggtggcagg
ccttgggaag
cctggetect
tcagggcagt
tgatcgtgag
cctggetegg
ccagccttcece
gggcatcatt
ttgtctctgg
ctgggcgagyg
aacagtaaac
cctggtgcat
aagggtacct
cttccagaca
ctttgggagg
atggtgaaat
agtagtccca
gttgcagtga
tctcaaaaaa
atggacctta
gccecagcaca
tttctectet
aaggtcccecc
agtctecgetc
cgcctcecectgg
cacaacttca
ggccaggcetg
gctgggatta
tcagatccat
cttgaacaaa

catttcatgg
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aatctctgeca
ctatgactta
cccccaagga
ccteceeggga
ctagtctagt
ctgtgtgatc
agcaggtgcect
tcagtttcce
catgccacac
catctgaatg
gatttgagtt
ctcttagggt
ggaaatgctt
gccatttcce
ctaaattacc
ccaaggtcgg
gctgtetcta
gctactcggg
acgaagatca
aaaaaaaaaa
ccetggtggyg
ttececaacccect
ctcttgectt
tcctetetgt
tgtccectag
gttcaagcga
tgctcagcta
gtctcgaact
caggcgtgag
ttccatttac
atagtggcaa

cattatctea

tttctgggct
tagtcagttc
gcataagtac
acccttgggt
gcctacctgg
cttgagggca
tgagatatgt
cagcttctcce
agaggccagg
cctectgaage
ctccaagett
tgttgagaag
tacaaatatt
ccttecteaa
tacatgccag
tggatcatga
ctaaaagtac
aggctgaggce
caccattgca
tttacctaga
cctgacttgg
ggactccctce
acccaaactt
ccgtecatcec
gctagagtge
ttctetgecet
atttttgtat
cctgeectea
ccaccgecgcec
tgtcctagtt
aagcttattg

tgaagccccea

PCT/EP2005/005404

gtgagaggaa
cctgecttet
aaagctgaag
ggggatgtgt
tgctaggtet
gggtatgggce
gctgetggeg
ccttetttte
gccttcaatg
ccagcetttat
caatttccce
ggaaacccat
agcttttatt
gctcectgcecat
gcatggtgge
ggtcaggagt
aaaaattagc
agaagaattg
ctccagettg
gtgtggcaca
tggggttgag
agcctecetcet
ggtgcectat
catctgcatc
aatggcgcga
cagccteceyg
tttttagtag
ggtggtcege
tggccceceat
ctggtttggt
agcaggtact

cgacaattcc

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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tctgaagaag
tgaacattga
tcaaccaaca
tatatgtgtt
agtgtctaac
cttcagcagg
gtgaaaaacg
aagcagcagc
ctctgtgecat
ataaaattca
gtactattat
cagtgactte
tggeecttggg
tctactccag
tcactectgte
tccegggttce
gccaccacce
ccaggatggt
ggattacagg
tttcaatgeca
agtgcctgag
cactgtcacc
atgtacccac
gcaggggcct
agaggggact
ctctttctac
tttggagcecce
tcecteccgece
cagccccectte
agtggtccca
aggcaagtag

cctteccacca

acacaggcaa
actagcaaac
gcatataatc
gctgattcat
acacgettte
aggctcagag
ttgcactaag
agcgtgacgce
gcccacaaat
gcaagtaggce
tactgccgtt
aacattcaac
actgaagact
ctatctgact
acccaggcetg
acaccattcet
ccagctaatt
cttgatctce
cttgagccac
cagcgacctt
cagttgagta
ggggagcccet
aagggccgge
gggagacatg
gtgatagggce
aggtgtgcta
aagaaagtga
tcattactct
tectececeteca
ttttgcaggt
gttcaagaag

tgtccatctce

ttctecattat
agtattaggt
tggttttatg
caatgctaag
tcecctaaggt
gccatttcca
tagactgaga
cttgttgaac
ggccatgaaa
acattctcaa
ttacagataa
aagtattatt
tacccaaggt
cctgaaccca
gagtgcagtg
cctgectegg
tttttgtatt
tgacctcgtyg
cgcegeecgge
tttgagggtc
caggggaagt
gccacttcece
caggccctcea
taccctgect
agggtgggcece
ccacccccaa
aaggtgctac
cctggtatceca
caataccctt
gggtaaacca
ggccttggcece

tcagaccact
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tcgegatggt
tcectgtgage
tatgattctg
ctgatggcac
agecttettg
aaagccaaat
aggacactca
cttaactggg
acatttcaag
tgtagaacca
ggaaaccaag
aagtgcctac
cacacagcta
agtttttttt
gcgcgatcte
cctecegagt
tttagtagag
atctgeccecge
cctgaaccca
tgtectttte
cctcagagag
cttccagtac
gccctggtaa
gtccttetgt
aggccectgg
ctttgatcag
acacagcctc
ccagacccca
tggaagtcca
agcttggaaa
cccagcectgtyg

gcagcaaaca

tatgttctat
ctctggtcac
tttaaagaca
tatagcacac
tgettaggaa
ccccagcaaa
ttcaatagga
aatgtgcaaa
tattgacttg
gagaagaatg
gctcagatca
tttgtggcaa
gcaggttgtyg
tttttecttta
ggctcactgce
agctgggact
agggggttte
cttggeccectec
acttttagag
ctgaccagac
tgtgttgtcc
caccggcagce
gactacgcag
ccaaggaact
gtagagcagg
gaccagcgat
tggggtggece
cacacctggg
gagggagagt
cttggagtag
tgactcagct

cagcccctge

PCT/EP2005/005404

aaaatcacag
aacattttca
ttttatttag
acctgaatca
ctacacaget
agcacaaagt
gagctgaaac
tttttcactg
ggagttacaa
aggatcaact
gagtggttaa
gtgctcttcec
gagtcaggag
agatggagtc
aagctccgec
acaggcacct
actgtattag
caaagtgctyg
cagaaagtgt
cctgagggac
ctgcagttcet
tgtaccacaa
aggagttgga
ctgcttggag
gaagccttgt
ggggatactg
tggggctctc
attctggacc
tctgggaagy
caaggtcaca
ccctgetett

cagaaaggag

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760
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ggacctgtgt
accactgcca
caaccctggg
ctcctgagac
gtttttccac
gtgcaagggt
gaacgggcca
gaaggagagc
aagcctgecg
gecctgtgeca
ctggggeaag
agtgcggaaa
cctttcectect
ctggccagga
cggaacgtga
tgcgeegegt
cggcgececyg
gctgaaccge
ccaggcggcg
gccggcaccg
aggttaggaa
gccagccgge
gcgggagcag
caagagtctg
ccecctacate
ctgetgggty
gccgecccayg
ccgtgececta
ggaagctgga
caggtctgag
cggtggtget

tgcgetecta

gaacatgcca
gaaaggtgag
cctacagaat
cactatcccet
aagaatgaga
cctgatgece
gggaggagcg
tctetggggy
caccaacccg
ctgcceggtyg
cagaaggcca
gcagatgaga
cagacaccaa
ccacgetete
ctgccgageca
ggggctgggt
tecgtgtgget
gaccggctga
ccteccgaccce
ccgaagectce
gtgggggggy
cgcgggetec
ccgecttece
tcttecgatga
gcegegetgt
ctgacggeccecg
gggccgeggce
ccttectececg
acacgggatt
agcgctgect
cggccaggaa

ccgettgeac

agcggccecce
gagatgtgga
aggttgctgyg
ctttgtccee
tatggtatag
actgccageg
tcaggaagac
ggtctttagg
tgcectceccecatg
ggctacaccg
gcececcaggt
gggaggcagg
ggcaagctgce
gggtgegecce
agcgeggaac
gaccccteeg
acaggaaccc
gctgggagta
cggtgtecccec
agcccacgac
gaaggaggag
ccgtecteag
tgaccaggaa
ccegegtegt
actggggcca
ctcactgcect
tcctecgtcet
cccecacccett
ggggttcggyg
ctececctace
cgccgtaacce

gaggccttcet
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actgtctctg
ggacctgggc
atactcggag
agagaagtgce
aactgagcaa
gctggeccage
aggctggcag
cccaggggty
ggggtcgcetg
gacccttctg
gggacgggct
agagcccage
tatgatggcc
tgtcagcegt
tggggactgg
cccecagggcet
ggacaacgac
ctgecgacctg
taggctteat
ccggaceecyg
cecgagaggge
cceetgetece
cggcccactg
tggcgggcetyg
cagtttctgce
gcaggaccgg
cccagegeag
ctttccacge
agcagggggc
ctceceegeag
acagctgtga

cgcccegteag

tccacaacac
ggggtgctgg
acttggcatg
tttgagcctce
gcagctgtgg
cagggtgagc
gaggccgggt
gctcactgeg
cctagaggtg
cgacgtgggt
tgccaggaag
cttggctgec
gcgggetecag
gggcectecgga
gcggccacgc
ccgggcetece
atccgceceecgt
gcacagtgcecce
gtcccactca
cctcagtcecec
gceggdgcegayg
tccacagect
agetgegggce
gtggecgctac
gceggeagec
cgagtacccyg
ctteccacgcet
ccectecggag
ttceccagaa
gcecgeaccec
gcegtgecag

ctaccagcac

PCT/EP2005/005404

ctcactggaa
gggacagggyg
gtcctagact
agctteteceg
ccagatgeea
agatggttgg
ggtgtgcegg
tteectecce
gagggccacc
gagtgagggt
gaggadgggag
cagggagccce
ctaccgegge
ggccacctac
cttctgeccgg
ggcgctctaa
ggtgcttegt
agaccccaac
tgccegegea
agaccccggyg
ctagattccg
tgeceggcgaa
agcggctceg
gcggggcgea
tcatecgceecce
ccecgeccaga
gcacccgaac
ctcecegggga
cgcttgtaggce
gaggatctga
acgttggceg

gacctgggtg

5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620

7680
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cgtgggggcy
ctectcteeg
gctcctgteyg
gaccacgctce
ggggcagggyg
ttggtatcgt
tgtaggtgaa
tcctggggat
aggccaacta
ctggatgggt
tctctggacce
gcttgectgeg
atcgtcececggg
ggcggaggaa
ctgctcagec
cctecgaggge
gaggccgtca
tgattccgga
aggcatcatc
tgtggcctac
atctttcecct
gtgtecccecatt
tgctttgaaa
agacagaaaa
taacgtgcaa
ccaagcectg
acagagcagt
tatgcccaag
gtggtatatt
ttagaaatac
gaggccaagg

ccegtceteta

ccecgcgggyg
ccegggttag
ccttacgtte
tgccaggtgg
taggggagga
tcegggtgece
tcccaggtag
acagggagaa
ggacgctgge
ggtgggggag
tcagcctcct
agagaggaag
cggcaagegt
tatgccagcet
ccggacgtge
ggcaccgatg
ggcacaaatce
ggccegetgyg
agctggggat
tacctggect
ccttggtgat
cceecagtge
atgctgagaa
gcgattcaca
aatctagatg
tgcaaggaga
agttctcaga
ttecacctea
tgtaaaactc
ttagcattgg
caggtggatt

ctaaaataca

acgggaagag
ctctgttgcg
agccggtgtg
ccggctgggyg
gacctttgat
tacagaatgg
aatcccaggg
tcgaacttge
ccecgegetcece
gggtttctgt
tgcctatgaa
ggcatgagtg
tgtcagatgg
tcctgcagga
acggatcctc
cgtgccaggt
tcaggtccac
tgtgtgagga
cgggetgtygg
ggatccggga
tcecgecagtga
ggccagcetcec
ggaaagctcect
gettetecac
ccagcccage
agctgcatgt
ccatacatta
gaccaattaa
cccagataat
ccgggcgcgg
gctcaggagt

agaaattagc
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agcttgggge
ccttcaggag
cctgeccaage
ccaccagttce
cactgggtta
gtggegetga
cctgggattce
tcttggttcc
gggctagtgt
ttcecgeteeg
attgaattaa
ggtttacaag
gogtogtgaaga
ggcgcaggta
catcctecce
gagctcttag
agcgectgagce
ccaagctgca
tgaccgcaac
gcacaccgtt
gagagtggcet
gcgecaggat
tttctteatg
agctctcaga
taatgtttac
tattccttat
agatcacttg
atcagtatgt
tccatgtaca
tggctcacge

tcgaaaccag

cgggcacggce

cceggegtec
gatgcggacg
ggcgecgcge
gagggtaggc
ggcggaagaa
cctgatgggt
actgctggga
ctctgggcge
gggagccagg
cccattcaaa
tggcacctcece
cgcectggage
aggcgctctg
ccgttceccectet
ggcatgctct
ccecgottgge
tgcgtgtttce
gagcgccggce
aagccaggeyg
tcetgattge
ggggcatgga
ggcgcaggaa
ggtcecegecyg
gaacaaggtc
tgagcctagg
gagaaactaa
gggagcgttt
ctagggatgg
gccaaggttyg
ctgtaatccet

cctgggcaac

ggcgtgegec

PCT/EP2005/005404
ccgectecacy 7740
gcagcetgcege 7800
gaccctecga 7860
acaactgcta 7920
gceccgcgact 7980
tgtgagaatg 8040
tccececaaatce 8100
cgggctgcaa 8160
ttctgcgact 8220
tcctggettt 8280
tceeccttegg 8340
agctttgtece 8400
tgttecgecagg 8460
ccctggageg 8520
gegecagggtt 8580
gcccttececece 8640
cgacccaggg 8700
tcaccctgea 8760
tctacaccga 8820
tcagggactc 8880
aggcaagatt 8940
ctcaataaag 9000
ggaaatgcca 9060
tatgagatct 9120
atactgtata 9180
cattttgttt 9240
tgagccaatc 9300
ggcatgggta 9360
agaatcgtgg 9420
agcactttaa 2480
acgatgaaac 9540
tgtagtccca 9600
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gctactcagg
aacagaggga
cattgactgt
gcactagtgt
tacacataac
cccagcaatc
acaatctggg
acatcctttt
gttcacgcect
gacttcctga
taaaatttgt
agcgacacga
gcctcggect
tcctacagga
cctgggtggt
cacagcgecyg

gctgggcgceca

<210> 4
<211>
<212> DNA

<213>

<220>
<221>

<223>

2420

aggctgaggce
gggaaagaga
ggcgtggacc
agtgggtctg
aaattctcgg
tgtttaacag
ggttgaatgg
ttcacaaaac
gtaatctcgt
ccegectggg
ttttgetttt
tcctataata
cccaaagcgce
taaccttaga
cgctceccggga
caggccttce

ctcggagege

Homo sapiens

migc_feature

aggagaatca
gagacagaaa
ctaagggctyg
agagtccctt
gctacacttt
ccttgegggy
ttggttcecet
cagcttttta
cactttgaga
caacatagtg
ttagagacgg
gtttactata
tgggattaca
actgcgacag
cggegecttg
ccgegtggeg

gatgggcgac
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cttgaaccgg
gaaaagaaaa
ggtgacatat
ggctagcagt
atactgctga
gattctgatg
tacaagtgaa
aaattaaaaa
ggctgaggeg
agacctcatc
ggcectegete
atctcgctac
ggagtgagcce
cactaaacgc
tgtgacgtca
cctctatatt

tggaaggtct

/note="Extended upstream genomic sequence
sequence given in AF538691.1),

caggaaggaa
aagaaaatag
cgttgtceccee
accatcacca
acagaaagtc
ttctctecatg
ggtctggctg
tagattggcce
ggaggattgt
tcaaaaaaat
tgtggctcag
tgagttcaag
gctgegetet
ccacgcccca
cagccccgec
tcceccgagag

acatcagtgc

corresponding to

PCT/EP2005/005404

ggaaggaagg
aaaaaaagag
accccaacac
gggaacttgt
tggggtgggg
cttaagaacc
tccagacaca
agatgcggtyg
ttgagctcaa
tttttttaat
gctggcgtge
cgatccgecce
gccaaaccca
cgtgccceag
cagcctgect
gtgcgaggeg

agtgct

9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560

10616

(extending the upstream
(taken from)

ucs

C Genome Browser/July 2003 human reference sequence/ >chr5:176819

111-

<400> 4

176821530

agcecgggtgt ggtggctceac

(reverse complement)"

gcctgtaatt ccagcactte gggaggecga

ggtgggcaga

tcatgaggtc aggagttcga gaccaacctg gccaacatgg tgaagccectg gtctctacta

aggagaceaaa aaattagccg ggcatggtgg cgtgggecctg taatggcage

gctgaggcag gagaatcact

tgaacctggg aggtggaggt tgtagtgagce

tacttgggag

cgagatcgca

60

120

180

240
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ccatggcagt
aaataataat
ctgggagagy
ctgacaccte
cacgctgeat
gtggcgaaga
gaggaaggag
gaactgacag
agcgagagga
agtctectttg
atatctaata
ccagttacct
tgtgtttctg
tgctacactce
tgaaagtgac
tttttttttt
atcacggcetc
aagtagccgg
agatgggatc
aagtgatccc
taactgacca
aaatcaatce
ttaaagcaac
ggtctttcat
agcttattca
ctacatgggc
ccagagtgag
tggaagtcca
ccaggctgga
gcgattctcc
ggctaatttt

ttgaactccet

ccagtttogg
aaagtaccct
aagaggaagg
atctcacact
tcaggcttct
cctgttcaaa
ccaatgtggg
agccaggcecat
tcacttgcge
aaacaacaaa
gtttcacttt
ttgaaaccag
ttccaagaag
agtcttcatt
agaagtccac
tttggagata
acagcatttt
aactacaggc
tcactatgtt
cagcctecca
agtcttaagg
atcagtacta
aacatttaat
aagattgcaa
tgtggctgtce
ttectetgeag
caacctaaga
acaccctcac
gtgcaatggc
tgcctcagece
tgtattttte

gacctagagt

cgacagcgeg
ttecaccacca
gagatggaty
ccctacaagg
gtgcagttgt
aggcccctte
agtggcctta
ggtggecatge
ccagaagttce
aaaggtgaca
catcatggag
tggttggaaa
tcttecacag
tcccataaat
tcaaattggt
cagtctcagt
ggacctctgg
acgcgecace
gcctacatceca
gagtgttggg
atacttctag
gttctcaaat
gatgatttat
gccaaatgtc
caattggcac
ggctgcatgt
gaccgaggca
ttctgecata
acaatctctg
tcacgggtag
atagagatgg

gatctgectyg
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agactccatce
cagctgggga
ttgaacatcc
caccttatge
attactcact
catgtagagg
gggccagggt
acctgtaatc
caggctagec
aaggtagttt
ttaacagctyg
ggtgccecte
cctgectete
tactttgtat
tttattgget
ctgcttcccea
gctcaagcaa
atgcctgget
gtctggaact
attacaggcg
ttttaggatg
gtcgtgtaac
cacagtttct
agcgagggct
tggctgtcag
gtgtcctceac
gaaactgcaa
tttttttttt
ctcactacaa
ctgggattac
ggtttggcca

ccttggecatc

tcaaataaat
ggggtgatca
aaatgaccat
tcaccacatt
ctgcctgcaa
aacagctgec
ctatactcag
ccagctattc
tgggcaactt
cgctttaatyg
tcacgtcaat
ctctcctgec
ttccagcaga
aacttaggac
catataactg
gactggagtyg
tccteetgece
aatgttaaat
cctgggetca
tgagccactg
taggctctea
aaatcaccct
gatggtcagt
gcagtatcca
cagggtgett
aacacagtgyg
tgtcttttat
tttgagacag
ccteccactte
aggcacacgc
acacgttggce

ccaaagtgcet

PCT/EP2005/005404

aactaaataa
caaaatgaaa
taatgtccac
ccececatttga
acccctactt
ttctcececcaa
gagcaatcaa
aggaggatga
aataagaccg
actcgtcaat
gactttgaaa
ctcectettte
attaataaat
tttgtataac
agaagtctat
cagtggcaca
tcagactcac
ttttttggag
agtgatcctc
tgcctagececa
aagtcatgag
aacttgtggc
tttgeccttga
cttccaagge
tcetttetee
ctggecttect
gacctgggct
tcectgtege
ctgggttcaa
cactacgccc
caggceggtce

gggattacag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1820

1980

2040

2100

2160
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gtgtgagcca
aactcaatgt
ggctgtcttt
cttttectat

tcatcaatgt

<210> 5
<211>
<212> DNA

<213>

<220>
<221>

<223>

1402

ccacacccag
gggaagacac
gaggctgtct
gtgtaggcett

gttcagaccc

Homo sapiens

misc_feature

ccacttectgt
catacaaggg
accacagcat

cattctcaaa
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catattctga
catgaatcct
ctttccatcc

caggccctce

/note="Extended downstream genomic sequence
corresponding to

ream sequence given in AF538691.1),
UCSC Genome Browser/July 2003 human reference seguence/ >chrb5:17

6807094-176808495

<400> 5
gcgggaccag

ggcttecgegyg
ggggccggac
cgtcatecge
gctggacgeyg
ccgacgegge
gcgcatgecag
actgtgacct
aggaaactgg
gccaggccecc
tgactgctgce
caagggtggy
cacacattag
atcagggtgt

tagcaagttg

cgcatcgacyg
ccecgggggec
aggcacacct
gaccacctge
cgcgeegtgt
gtacatgggg
ggcgcctage
gggcgegget
tctttgcaag
tgtgcectac
tcettggege
ggcttctcaa
gcaggacaag
caggctggayg

tgagtgggtg

acgtggccat
tgctggegyge
tcectgecagge
tggcegaggyg
gegtgggeeg
gcatcctcaa
cggccageca
ggctcectect
acggttacct
accctgetet
gttcccaggg
agtctgtttc
taaagggagc

gccaatttgce

acaggatggg

cgtgggccat
catctegeceg
gggcctgage
tgacggcegtyg
tgcgececgege
caagacggtg
ggccgececac
ccacttgegce
ggtggagceg
cccatggacg
tcctagggac
agccttageg
ccecteccea
tcectecccece

cttggtggcect

tggacacaca
aggtgctgag
ttcctgeecet

ctagagagtg

(reverse complement)”

gcggacaaca
caggaggtgyg
gtggggggce
ctggacgcecac
gcgetcectgg
cacgaactca
tggtagcgeg
ggtgggggga
ggattttgag
ccttgecagag
tccgecagetg
tecctttctea
tccecgegaac
tccactcata

tgtaaagcag

PCT/EP2005/005404

gaacagccct
gatcaatggg
gtttgctttg

acaaaggtga

gctgegtgtg
gegtgcetcecac
gcecgetgetg
gcaccaaggyg
tgctaatggg
tacgcggget
ggccaaataa
gttgtaaata
tctagaggct
gctcecectggce
aggaagagtce
gagatattcce
acctctcccece
cctcaagcac

ttctggggct

2220

2280

2340

2400

2420

(extending the downst
(taken from)

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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cacaggcectc
tccaagacca
aggcccegea
cactctgcag
taagtttgag
tggtcectge
ttcecgtecce
cctgatctta

agagggagac

tgcatctetyg
tcgcaattgg
ggagtccctg
gcctecagttt
gectggttta
cctecatgtg
ctcceccecage
tcccagecagg

cagaggaagt

cccacattec
gtttgagacc
gactagaggg
cagggtgacc
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