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Description

[0001] The present invention relates to a method of diagnosing hereditary angioedema type Il (HAE Ill) or a predis-
position 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 encoding coagulation factor XlI; the mutation being (i) a 6927C—A or a 6927C—G
mutation of the wild-type sequence of SEQ ID NO: 3, or (ii) affecting amino acid residue 309 which corresponds to amino
acid residue 328 of the sequence depicted in SEQ ID NO: 2, wherein the presence of such a mutation is indicative of a
hereditary angioedema type Ill or a predisposition thereto.

[0002] If not specified otherwise, 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.

[0003] 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 I) or a dysfunctional C1 inhibitor (HAE type Il). Recently, 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 Ill 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 auto-
somally 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 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 angioede-
ma type lll, 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 Il angioedema symptoms are precipitated or exacerbated
by oral contraceptives or hormone replacement therapy (Bork et al. 2003), pregnancy might also be an important pre-
cipitating factor, at least in some families (Binkley & Davis 2000). Itis 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 Il appears to be highly similar to
HAE type | or Il, except for the unique occurrence in women.

[0004] Cugno et al. (Immunopharmacology, 33 (1996) 361-364) describes activation of factor Xll and cleavage of high
molecular weight kinogen during acute attacks in hereditary and acquired C1-inhibitor deficiencies. US 2004/033582
describes human single nucleotide polymorphisms. Schloesser et al. (Blood, 90, 10 (1997) 3967-3977) describes mu-
tations in the human factor Xll gene. Bork et al. (The American Journal of Medicine, 114 (2003) 294-298) describes
recurrent episodes of skin angioedema and severe attacks of abdominal pain induced by oral contraceptives or hormone
replacement therapy. Kanaiji et al. (Blood, 91, 6 (1998) 2010-2014) describes that a common genetic polymorphism (46
C to T substitution) in the 5’-untranslated region of the coagulation factor XllI gene is associated with low translation
efficiency and decrease in plasma factor XllI level. WO 01/79228 describes haplotypes of the human coagulation factor
XII gene. WO 92/14843 describes aptamers specific for biomolecules. Database Genbank accession AF538691 de-
scribes homo sapiens coagulation factor XlII (Hageman factor) (F12) gene. EP 0989184 describes a transgenic coagu-
lation factor Xlll defective animal. Bork et al. (The American Journal of Medicine, 116 (2004) 644-645) describes hereditary
angioedema type Ill and angioedema associated with angiotensin Il receptor antagonists. Bork et al. (The Lancet, 356
(2000) 213-217) describes hereditary angioedema with normal C1-inhibitor activity in women. Soria et al. (Am J. Hum.
Genet, 70 (2002) 567-574) describes that a quantitative-trait locus in the human factor Xl gene influences both plasma
factor Xll levels and susceptibility to thrombotic disease. Agostini et al. (Journal of Allergy and clinical Immunology, 114,
3 (2004) S51-S131) describes hereditary and acquired angioedema. GeneSeq database accession number AAF98777
describes a colony stimulating factor | receptor oligonucleotide.

[0005] The deficiency of functional C1 esterase inhibitor provides a useful means of detecting hereditary angioedema
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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 lll still remains to be identified.

[0006] Thus, the technical problem underlying the present invention was to provide means and methods for diagnosis
of hereditary angioedema type lll or a predisposition thereto, as well as for prevention and treatment of hereditary
angioedema type Il

[0007] The solution to this technical problem is achieved by providing the embodiments characterized in the claims.
[0008] Accordingly, the present invention relates to a method of diagnosing hereditary angioedema type Il (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 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 encoding coagulation factor XII; the mutation being (i) a 6927C—A or a
6927C—G mutation of the wild-type sequence of SEQ ID NO: 3, or (ii) affecting amino acid residue 309 which corresponds
to amino acid residue 328 of the sequence depicted in SEQ ID NO: 2, wherein the presence of such a mutation is
indicative of a hereditary angioedema type Il or a predisposition thereto.

[0009] Theterm "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.

[0010] 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 will 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.

[0011] Theterm "diagnosing" means assessing whether or not an individual or a subject has a specific mutation linked
with hereditary angioedema type Ill and concluding from the presence of said mutation that the individual or subject has
ahereditary angioedematype lll (HAE Ill), or a predisposition thereto, a predisposition to develop a hereditary angioedema
type lll or is a carrier for hereditary angioedema type .

[0012] 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 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
etal. 2001, Clin. Immunol. 98: 157-163). The defective gene produces either no C1 inhibitor (HAE type I) or a dysfunctional
C1 inhibitor (HAE type Il). 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 etal. 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).

[0013] The term "hereditary angioedema type III", 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 presentinvention, hereditary angioedema type Il 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 pre-
sented by Bork et al. (2003, 2000), it appears thatin almost one third of patients symptoms are not influenced by estrogen
exposure; these patients may represent a third subtype (3) of HAE type Il regarding estrogen-sensitivity. A fourth subtype
(4) of HAE type Il 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
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be 'HAE type lll with negative family history’, aterm 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 lll, namely HAE type Ill 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 Ill may be manifested in men, eventually
only in the presence of certain (genetic or environmental) precipitating factors.

[0014] The term "predisposition”, in accordance with the present invention, refers to a genetic condition that (a) in-
creases 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.

[0015] 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.

[0016] The term "mutation" comprises, inter alia, substitutions, additions, insertions, inversions, duplications or dele-
tions 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 XII 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 human reference
sequence of the UCSC Genome Browser, v.53 (vide infra). A mutation may affect preferably up to 1, 2, 3, 4, 5, 6, 7, 8,
9, 10 oreven 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 shutdown 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.

[0017] 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).
[0018] 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 XII
is known to occur in a number of variations comprising polymorphisms or polymorphic variants such as those deposited
in the databank of Seattle (http://pga.gs.washington.edu, University of Washington, 'Seattle SNPs’).

[0019] 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 atleast 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.

[0020] Takinginto accountthe existence of polymorphic variants, itis 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.

[0021] 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.

[0022] For the skilled artisan and under certain circumstances, the terms "polymorphic variant" ("polymorphism") and
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"mutation" have the same connotation and refer to the same molecular phenomenon, namely alteration in or deviation
from a paradigmatic wild-type sequence.

[0023] 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 Ill and which is linked with hereditary
angioedema type lll or a predisposition thereto. In accordance with the presentinvention, 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 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 Il 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 blood 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.

[0024] In cases where more than one mutation is present in a nucleic acid molecule, wherein said mutation is linked
with HAE type lll, 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 Ill. 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.

[0025] GenBank accession number AF538691 lists a consensus sequence of the human coagulation factor XlI 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, itis 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 Ill or modulating
the pathogenic effect of another mutation associated with hereditary angioedema type lll.

[0026] For example, it is envisaged that a common polymorphism (46C/T) in the 5-UTR (in exon 1) of the human
coagulation factor Xll gene can be ofimportance for the presentinvention. Itis known that this polymorphism is significantly
associated with the plasma concentration of coagulation factor XII (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.
[0027] Itis 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.
[0028] Itis 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 XII gene including extended
flanking regulatory sequences (vide infra) as well as sequences or nucleic acid molecules which are physically unrelated
to the coagulation factor XII gene but which exert regulatory 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.

[0029] 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.
Theterm "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, polyade-
nylation sequences, transport signals, transcription terminator and the like. Itis also envisaged that nucleic acid sequences
physically unrelated to the coagulation factor Xll gene locus can participate in the regulation of the expression of coag-
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ulation 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.

[0030] Sequences "encoding coagulation factor XII" refer to the coding sequence of the coagulation factor XIl gene.
Said term relates to the genomic coding sequence as well as the coding sequence in a RNA or cDNA molecule.
[0031] Theterm"coagulation factor XII" preferably relates to coagulation factor Xll, 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 XlIl gene sequence and which includes
5’ promoter sequences (up to 1581 bp upstream from exon 1), coding and non-coding exon sequences, intronic se-
quences, and 3’ flanking regulatory sequences, including 1598 bp downstream from the end of exon 14 which corresponds
to the end of the coagulation factor XIl mMRNA 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 Xll (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&l=F12"). Fur-
ther, the present invention also relates to species homologues in other animals, preferably mammals including rat,
mouse, guinea pig, pig, cattle or rabbit. Polymorphic variants of coagulation factor Xll may also comprise variants with
large deletions in, for example, intron regions. Said variants may nevertheless encode a coagulation factor Xl (poly)pep-
tide of wild-type sequence. Itis important to note that when aligned to the sequence of AF538691, the calculated 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 XII 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, WI 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
(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.

[0032] 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 Il can be associated with a mutation in a nucleic acid molecule encoding
coagulation factor XII.

[0033] The described 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 XII 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 XIl and/or an increased
stability of its mRNA, (4) a mutation that results in an increased activity of coagulation factor Xll, (5) a mutation that
results in an alteration of substrate specificity of coagulation factor XlI, (6) a mutation that results in an aberrant proteolytic
processing of coagulation factor Xl or (7) a mutation that results in an irregular interaction with C1 esterase inhibitor.
[0034] Further, without being bound by any theory, it is believed that certain mutations or variations within certain
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regions of the coagulation 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 GPRK6 protein, respectively. GPRK6 has a
direct functional relationship for example with the p2-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 XIl 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, B1604127 [isoform h]) that arise
from or are related to genomic sequences within the coagulation factor Xll gene or its extended promoter region.
[0035] As stated above, factor XII (i.e. coagulation factor Xll) 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 png/ml. From
expression data one has to assume a coagulation factor XlI 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 Xll gene is located on chromosome 5, at 5935.3 (Royle et al. 1988, Somat.
CellMol. Genet. 14:217-221), itis 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-I domain, another epidermal growth
factor-like domain, a kringle domain, a proline-rich region, and a serine-protease catalytic region.

[0036] In vitro activation of factor XIl 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 Ap protein of Alzheimer’s
disease. In vivo, the subendothelial vascular basement membrane and/or the stimulated endothelial cell surface might
be important for factor XlI activation (Pixley & Colman 1993). On endothelial cell membranes, urokinase plasminogen
activator receptor, gC1 gR (the receptor that binds to the globular heads of complement C1 q), and cytokeratin 1 might
be involved in the interaction with factor Xll (Joseph K. et al. 1996, Proc. Natl. Acad. Sci. USA 93: 8552-8557; Joseph
K. etal. 2001, Thromb. Haemost. 85: 119-124; Mahdi et al. 2002, Blood 99 : 3585-3596).

[0037] Primary activation of factor Xll is due to cleavage of the molecule at a critical Argss5-Valss, bond contained
within a disulfide bridge, mediated for example by kallikrein or plasmin (or factor Xlla itself). The resultant factor Xlla (a-
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 Asp4,, Hiszg3, Sersyq, triad. Two subsequent
cleavages are responsible for the formation of the two forms of factor XlIf (Kaplan et al. 2002, J. Allergy Clin. Immunol.
109: 195-209): these cleavages occur at Arg334-Asn335 and Arg343-Leu344 and result in the formation of "factor XII
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 Xl to factor Xla. However, FXIIf
is still a potent activator of prekallikrein. In summary, activation of the factor XIl 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).

[0038] The presentinvention’s disclosure allows to specifically identify individuals with (a) mutation(s) in a nucleic acid
molecule encoding coagulation factor XIl and link this/these mutation(s) with the individual's hereditary angioedema
type Ill or its predisposition to develop HAE type Il 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.
[0039] 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.

[0040] 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 (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. Said mutant sequence is the disease-associated mutant sequence in accordance with the
main embodiment.

[0041] The term "hybridizing under stringent conditions", as used in the description of the present invention, is well
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known to the skilled artesian and corresponds to conditions of high stringency or selectivity. Appropriate stringent hy-
bridization 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 example, conditions
comprising overnight incubation at 42° C in a solution comprising: 50% formamide, 5x SSC (750 mM NaCl, 75 mM
trisodium 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.

[0042] 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.

[0043] 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-hexachlorofluorescein (HEX), 5-carboxyflu-
orescein (5-FAM) or N,N,N’,N'-tetramethyl-6-carboxyrhodamine (TAMRA), radioactive labels, e.g. 32P, 353, 3H; 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.

[0044] 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.

[0045] 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 be 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 amplification 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 XlI. 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 het-
erocyclic 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 borano-
phosphates. Achiral phosphate derivatives include, but are not limited to, 3’-O’-5’-S-phosphorothioate, 3’-S-5’-O-phos-
phorothioate, 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’-deoxycytidine for de-
oxycytidine; 5-propynyl-2’-deoxyuridine and 5-propynyl-2’-deoxycytidine for deoxythymidine and deoxycytidine, respec-
tively.

[0046] 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.
Said mutant sequence is the disease-associated mutant sequence defined above.

[0047] Inanother 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.
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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 etal., PCT Application WO 88/10315). Preferably, amplification of DNA is accomplished by using polymer-
ase chain reaction (PCR) [Methods in Molecular Biology, Vol. 226 (Bartlett J. M. S. & Stirling D., eds.): PCR protocols,
2nd edition; PCR Technology: Principles and Applications for DNA Amplification (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.
[0048] 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, 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 ul reaction
mixture containing 5 pl of 10 x PCR buffer with 1.5 mM MgCl,, 200 uM of each deoxynucleoside triphosphate, 0.5 pl
of each primer (10 wM), 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.

[0049] A further method of nucleic acid amplification is the "reverse transcriptase polymerase chain reaction" (RT-
PCR). This method is used when the nucleic 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 myeloblas-
tosis 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 com-
mercially available from Perkin Elmer. The latter enzyme is widely used in the 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 20ul reaction mix containing: 4 pl of 5x ANV-RT buffer, 2 pl of Oligo dT (100 wg/ml), 2l of 10 mM dNTPs, 1ul 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 temperatureis thenraised to 95 C° for 1 minute to 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.

[0050] Theterm"primer" or "oligonucleotide" refers to a short nucleic acid molecule from about 8 to about 30, eventually
to about 50 nucleoctides 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., 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
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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. Carboxyfluo-
rescein (FAM) and 6-carboxy-X-rhodamine (ROX) are preferred labels. However, other preferred labels include fluoro-
chromes, e.g. fluorescein isothiocyanate (FITC), rhodamine, Texas Red, phycoerythrin, allophycocyanin, 6-carboxyflu-
orescein (6-FAM), 2’,7’-dimethoxy-4’,5"-dichloro-6-carboxyfluorescein (JOE), 6-carboxy-2',4’,7’,4,7-hexachlorofluores-
cein (HEX), 5-carboxyfluorescein (5-FAM) or N,N,N’,N’-tetramethyl-6-carboxyrhodamine (TAMRA), radioactive labels,
e.g. 32P, 353, 3H; etc. The label may also be a two stage system, where the primer 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. The label may be conjugated to one or both of the primers.

[0051] 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 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. 2nd edition, 2001; Galas D. J. & McCormack S. J., Genomic
Technologies: Present and Future. Caister Academic Press, Wymondham, UK, 2002).

[0052] 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.

[0053] 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, electro-
phoretical 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.

[0054] 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 semiquantitative gene dosage methods including competitive PCR, differential PCR, real-time PCR, multiplex ampli-
fiable probe hybridization; or long-range PCR (Armour et al. 2002, Human Mutation 20: 325-337).

[0055] 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 Xll or regulating its expression. For this purpose, nucleic
acid arrays may be useful, such as those described in: WO 95/11995.

[0056] 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 differ-
entiate 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.

[0057] In yetanother 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.

[0058] The present invention also 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
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hereditary angioedema type lll or in a subject being suspected of being a carrier for hereditary angioedema type lll, the
method comprising assessing the presence and/or amount of a disease-associated mutant coagulation factor Xll in said
subject, and including the steps of: (a) determining from a biological sample of said subject in vitro, the presence and/or
amount of a (poly)peptide encoded by a mutant coagulation factor Xll gene, the mutation affecting amino acid residue
309 which corresponds to amino acid residue 328 of the sequence depicted in SEQ ID NO: 2; (b) comparing said
presence and/or amount 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 predis-
position thereto wherein the mutant comprises a mutation affecting amino acid residue 309. 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.
Described is also that 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
XII precursor or any of its maturation products generated for example by activating processes including autoactivation
and proteolytic processing of coagulation factor Xll. Therefore, assessing or determining the amount of coagulation
factor XlI 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 XIl, 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=33&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 XII 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)peptidesinclude, forexample, (8) coagulation factor Xla/co-
agulation factor Xl; (9) coagulation factor Vlla/coagulation factor VII; (10) kallikrein/prekallikrein; (11) plasmin/plasmino-
gen; (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 com-
plementcomponent C2/complement component C2; (18) cleavage products of complement component C4 /complement
component C4; and (19) activated bradykinin type 2 receptor / bradykinin type 2 receptor.

[0059] 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.

[0060] 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.

[0061] Generally, any of the known protein detection methods may be used. These include, for example, immuno-
chemical, 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, 5th ed., Boston 1993; or in Weir's Handbook of Experimental
Immunology, 5th ed., 1996 (Herzenberg L. et al., eds.); see also e.g. LAmmle 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.
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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).

[0062] The presentinvention 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. 2nd 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 XlI (poly)peptide is present in a sample.

[0063] 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 XII 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 XIlI, eventually indirectly. It is important to note that mutations of coagulation factor
XII 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 Xll expressed in the individual under study.
[0064] 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 XIl 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: 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).

[0065] 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 cerebros-
pinalis, semen, synovial fluid, amniotic fluid, milk, lymph, pulmonary sputum, bronchial secretion, or stool.

[0066] 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 cer-
ebrospinalis, semen, synovial fluid, amniotic fluid, milk, lymph, pulmonary sputum, bronchial secretion, or stool. However,
itisimportant to note that many other samples might be useful for this purpose, for example a sample taken for histological
or cytological purposes.

[0067] 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 intracellular 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).

[0068] It is apparent that, for analysis of mMRNA, cDNA, or protein, the sample must be obtained from a tissue in which
coagulation factor Xll/the coagulation factor XlI gene is expressed, or, respectively, from a tissue or body fluid, in which
coagulation factor Xll is expressed or in which it is secreted.

[0069] Described is also that 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 Xl 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 monoclonal 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(ab,)’, 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
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obtained by the phage display technique, surface plasmon resonance 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.

[0070] 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. 32P, 35S, 3H; 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 label. In another preferred embodiment of the present invention the label is a toxin,
radioisotope, or fluorescent label.

[0071] 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.

[0072] Said antibody or aptamer may be specific for a (poly)peptide encoded by the coagulation factor XIl 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 XII
(poly)peptides. For example, the identification of coagulation factor XIlI (poly)peptides by an immunoblotting procedure
following an electrophoretic separation step, might well allow for the recognition of a mutant coagulation factor XII
(poly)peptide. However, regarding the preferred differentiation between wild-type and disease-associated mutant coag-
ulation factor XII (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 Xl (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 XlI (poly)peptides. More preferably, the epitope or target
region recognized by the antibody or aptamer comprises the mutant position/region in coagulation factor XII.

[0073] Various antibody-based methods for the determination of coagulation factor XIl (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), Lammle et al. 1987 (Semin. Thromb. Hemost. 13: 106-114).

[0074] The presence, amount and/or activity of the (poly)peptide(s) encoded by the coagulation factor XII gene may
be 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.
[0075] Coagulant activity of coagulation factor XII 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 Xll using various synthetic chromogenic substrates (for
example S2302, S2337, 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 etal. 1989 (Thrombosis
Research 55: 709-715).

Another example for assessing a coagulation factor XII 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).
[0076] 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 Xll on HepG2 cells; coagulation factor Xll as well as coagulation
factor Xlla (kaolin-activated coagulation factor XII) enhanced cell proliferation and thymidine and leucine incorporation
in HepG2 cells. Gordon et al. 1996 (Proc. Natl. Acad. Sci. U.S.A. 93: 2174-2179) assessed a growth factor activity of
factor XII 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 XII 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-
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associated mutant forms of coagulation factor Xl when compared to wild-type coagulation factor XlI (poly)peptide(s).
[0077] 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 XlI (poly)peptides may be determined by using a
binding assay. The skilled person knows from in vitro studies that coagulation factor XII 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 XIl to complexes of gC1 g-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 etal. 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 XlI (poly)peptide(s) with normal or aberrant binding characteristics. This will allow deductions
on the nature of the coagulation factor Xll (poly)peptide(s) present in the sample under study.

[0078] Described herein is also a method of identifying a compound modulating coagulation factor Xll 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 XlI (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 IlI.

[0079] 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 XllI. 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 XII, preferably functionally related to coagulation factor XIl 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
XIl. The modulator can be, for example, a 'small molecule’, an aptamer, or an antibody (see below). The modulator may
be a compound interacting with a coagulation factor XlIlI (poly)peptide, and, more preferably, an inhibiting compound.
[0080] The term "contacting" means bringing in contact the targeted (poly)peptide, preferably a coagulation factor XII
(poly)peptide with a potential modulator. Said coagulation factor XlI (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 Xl (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.

[0081] Coagulation factor XII (poly)peptide(s) used for contacting with a potential modulator may generate from various
sources. For example, coagulation factor Xll (poly)peptide(s) may be isolated from human plasma, either from healthy
individuals or from patients affected by HAE type lll; 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 be produced synthetically. Further, coagulation factor Xll (poly)peptide(s) may be recombinantly
expressed. To this end, nucleic acid molecules encoding coagulation factor XlI (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 meth-
ods. 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 mMRNA, the protein coding sequence, and signals required for
the termination of transcription and polyadenylation of the transcript. Additional elements mightinclude 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, neomycin,
hygromycin allows the identification and isolation of the transfected cells. The transfected nucleic acid can also be
amplified 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; Bebbington et
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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 et
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. Repre-
sentative 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.

[0082] 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 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 XlI (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 to identify antagonists of hiL-5. See, D. Bennett et al., J. Molecular Recognition 8:52-58 (1995) and
K. Johanson et al., J. Biol. Chem. 270:9459-9471 (1995). Coagulation factor Xl (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 chro-
matography, affinity chromatography and/or hydroxylapatite chromatography. Most preferably, high performance liquid
chromatography ("HPLC") is employed for purification.

[0083] The step of contacting the recovered coagulation factor XlI (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 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.

[0084] 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. 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:
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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 substrate. Variations on Rhodamine 110 molecule methods, suitable for caspase assays, are taught by U.S. Pat.
No. 6,248,904.

[0085] The test for protease activity of coagulation factor Xl (poly)peptides may be performed in solution or with the
coagulation factor XII (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 polyeth-
yleneimine 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.

[0086] 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 liquid 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 XlI (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 XII 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.
[0087] In the described method of identifying a modulator compound, the coagulation factor XII (poly)peptide of step
(a) may be 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 XIl (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 III.

[0088] In the described method of identifying a modulator compound, said testing may be 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.

[0089] 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, 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 Il (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 XlI to a binding
partner could be visualized by incubating the solid support with a labeled antibody specific for coagulation factor XII.
Preferred methods comprise biacore based detection methods, ELISA based methods.

[0090] It is also envisaged here, that the (poly)peptide targeted by the potential modulator can be - instead of a
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coagulation factor Xll (poly)peptide - a (poly)peptide functionally related, upstream or downstream within the contact
system, with coagulation factor XII, i.e. interacting with coagulation factor Xll. Nevertheless, as further envisaged here,
this may cause a modulation of coagulation factor Xl activity.

[0091] 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).

[0092] 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 XlI gene with sufficient specificity, wherein sufficient specificity
means preferably a dissociation constant (Kd) of less than 500nM, more preferable less than 200nM, still more preferable
less than 50nM, even more preferable less than 10nM and most preferable less than 1 nM.

[0093] Itis 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 XIlI. 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 Xll, wherein the peptide bond between P1 and P1’ is replaced by a non-cleavable bond.

[0094] The peptide-based compounds and others, like compounds based on heterocyclic structures, may be for ex-
ample 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, forexample, to the substrate binding site of coagulation
factor Xll 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.

[0095] The design of molecules with particular structural relationships to part of a protein molecule like coagulation
factor Xll 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 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 design
of new drug compounds in 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
etal., JMB, 261,470-489 (1996)) DOCK (Kuntz, |.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 trimmed 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 physio-
logical 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 coordinates 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 use 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).

[0096] The modulator may be an inhibitor of coagulation factor XlI activity, selected from the group consisting of: (a)
an aptamer or inhibitory antibody or fragment or derivative thereof, specifically binding to a coagulation factor XII (po-
ly)peptide and/or specifically inhibiting a coagulation factor Xl activity; (b) a small molecule inhibitor of coagulation factor
XIl and/or coagulation factor XII activity; and (c) a serine protease inhibitor selected from group (I) consisting of wild-
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type and modified or engineered proteinaceous inhibitors of serine proteases including C1 esterase inhibitor, antithrombin
Ill, a2-antiplasmin, a.1-antitrypsin, ovalbumin serpins, and a2-macroglobulin, or selected from group (Il) of Kunitz-type
inhibitors including bovine pancreatic trypsin inhibitor.

[0097] The inhibitor can be an aptamer, preferably an aptamer specifically binding to coagulation factor XII. 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 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). 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).

[0098] 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 coag-
ulation factor Xll and/or to a mutant of coagulation factor XII.

[0099] 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 XII (poly)peptide or an
antigenic fragment thereof, to a host animal.

[0100] As pointed out above, the antibody may also be a monoclonal antibody. Such monoclonal antibodies can be
prepared using hybridoma technology (Kohler et al., Nature 256:495 (1975); Kohler et al., Eur. J. Immunol. 6:511 (1976);
Koéhler 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 XlI 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 XII protein antigen.

[0101] 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).

[0102] Forinvivouse of antibodies in humans, itmay 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).

[0103] Preferably, the antibodies specifically bind a coagulation factor XlI (poly)peptide and include IgG (including
IgG1, 1gG2,1gG3, 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 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 com-
prising either a V| or V,; 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.

[0104] "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 XlII 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 5X10-6M, 10-6M, 5X10-7M, 10-"M, 5X10-8M, 10-8M, 5X10-°M, 10-°M, 5X10-10M, 10-10M, 5X10-11M, 10-11M,
5X10-12M, 10-12M, 5X10-13M, 10-13M, 5X10-14M, 10-14M , 5X10-15M, and 10-15M.

[0105] 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).
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Substances discussed by these authors include, for example, (i) peptide-based inhibitors, like phosphorus-based inhib-
itors (including a-aminoalkyl diphenylphosphonate esters and mixed phosphonate esters), fluorine-containing inhibitors
(including for example trifluoromethyl ketones [as well as analogues containing the trifluoromethyl 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, 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 a-keto heterocycles, like a-keto benzoxazoles or a-
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-hydroxysuc-
cinimide heterocycles and related compounds, compounds based on the isocoumarin scaffold, and p-lactam - based
inhibitors (including, for example, cephalosporin-derived compounds and analogues of monocyclic and bicyclic -
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.

[0106] Any of the known protease inhibitors may be useful for developing modulators or inhibitory modulators of
coagulation factor Xll 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.

[0107] With respect to natural or engineered proteinaceous inhibitors of serine proteases, selective changes or mod-
ifications 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 a1-antitrypsin (Schapira et al.
1985, J. Clin. Invest. 76: 645-647), various P1-P2-P3 mutants of a1-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.

[0108] Particularly with respect to (a) and (b), it is also envisaged that the "inhibitor of coagulation factor XII activity"
could be a compound that does not primarily target a coagulation factor Xll (poly)peptide, but still inhibits coagulation
factor XII activity, for example by inhibiting the activation of coagulation factor Xl due to interference with an activating
protein. Described is also a method of identifying a compound modulating coagulation factor XIl 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 XlI 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 XlI 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 Xll or regulating its expression. Preferably, "specific hybridization" also means
that no other genes or transcripts are affected.

[0109] 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. Alterna-
tively, expression may also, for example, be monitored by analyzing the amount of RNA transcribed from a coagulation
factor XII gene.

[0110] 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.

[0111] 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 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.

[0112] 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
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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).

[0113] 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 mMRNA 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.

[0114] 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%.

[0115] Further, the modulator can be an antisense nucleic acid molecule specifically hybridizing to a nucleic acid
molecule encoding coagulation factor XII or regulating the expression of coagulation factor XIl. 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.

[0116] Antisense techniques are discussed, for example, in Okano, J. Neurochem. 56: 560 (1991); "Oligodeoxynu-
cleotides 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 com-
plementary DNA or RNA. For example, the 5’ coding portion of a polynucleotide that encodes a coagulation factor XlI
(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 Xll. The antisense RNA oligonucleotide hybridizes to the mRNA
in vivo and blocks translation of the mMRNA molecule into coagulation factor Xl polypeptide.

[0117] 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-Femandez 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 XIl 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 mRNA. The sole requirement is that the target
mRNA have the following sequence of two bases: 5’-UG-3’. The construction and production of hammerhead ribozymes
is well known in the art and 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 mMRNA; 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 XII. 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 mMRNA in
order to alleviate a mutant phenotype.

[0118] In accordance with the present invention, coagulation factor Xl is a disease-associated mutant of coagulation
factor Xll as defined above. 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
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the coagulation factor Xll 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.

[0119] Said modulator may be selective for a disease-associated mutant of coagulation factor XllI, the method com-
prising (a) comparing the effect of the modulator on wild-type and disease-associated coagulation factor XlI activity or
their expression and/or secretion; and (b) selecting a compound which (i) modulates disease-associated coagulation
factor XII activity or its expression and/or secretion and which (ii) does not affect wild-type coagulation factor XII activity
orits 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 XII. 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.

[0120] Described are furthermore the following disease-associated mutants or mutations: (a) a mutant located in the
fibronectin type 1l 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; (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; (g) 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 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 XII gene; and/or (I) a mutation located in a
flanking regulatory genomic sequence of the coagulation factor Xl gene, within the region encompassing 4000bp up-
stream 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.

[0121] The above numbering of amino acid residues of human coagulation factor XlI refers to the numbering as given
for example in Cool & MacGillivray 1987 (J. Biol. Chem. 262: 13662-13673). The numbering of mMRNA 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 Ge-
nome 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 XII
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.

[0122] In accordance with the present invention said mutant is a mutant affecting amino acid residue 309 of human
coagulation factor XIlI. This refers 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 XlI gene could be detected. This mutation is one example of the mutations expected according to the
teaching of the present invention and useful for diagnosis of HAE Ill 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
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 Ill. Moreover, the skilled person can search for the
additional specific mutations within the coagulation factor Xll gene, as expected according to the teaching of the present
invention.

[0123] Asused herein, position 309 and 310 refer to the numbering of the mature coagulation factor Xll protein, wherein
the first amino acid at the N-terminal end of the mature factor Xll protein is amino acid residue number 1.

[0124] In a 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.
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[0125] In another more preferred embodiment of the present invention, said basic or positively charged amino acid
residue is a lysine or arginine.

[0126] 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
patientin 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.

[0127] Described herein is also the 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 21; (c) a nucleic acid
molecule capable of expressing coagulation factor XlI or a fragment thereof; and/or (d) a nucleic acid molecule capable
of expressing a modulator of coagulation factor XIlI 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. Said modulator of
coagulation factor XIl 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 XII gene or may modulate the secretion or function of coagulation factor XII.
Preferably, the modulating compound is an inhibitor of coagulation factor XlI 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 Xl (vide infra).

[0128] 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.

[0129] As ageneral 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, intraperi-
toneally, 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 example to modes of administration
which include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and intraarticular injection and
infusion.

[0130] Thepharmaceutical composition is also suitably administered by sustained-release systems. Suitable examples
of sustained-release compositions include semipermeable 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., 1d.) 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.

[0131] 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.

[0132] It is further envisaged in relation to the described use, that said coagulation factor Xl or said (poly)peptide is
a mutant coagulation factor XII or mutant (poly)peptide or a fragment thereof. In particular; the mutant may be a disease-
associated mutant of coagulation factor XlI 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 least
5, 6, 7, 8 or 9 consecutive amino acid residues of coagulation factor Xl to provide an effective immunogen. For this
purpose the fragment may 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 immuno-
genicity are known in the art (see e.g. Rittershaus et al. 2000, Arterioscler. Thromb. Vase. Biol. 20:2106-2112). Alter-
natively, it is conceivable to engineer coagulation factor Xll in such a way that the resulting mutant can for example
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displace a disease-associated mutant coagulation factor XII (poly)peptide from one of its interaction partners. Adminis-
tering such a recombinant, i.e. mutant coagulation factor XlI construct to a host may therefore be useful in treating,
eventually also in preventing HAE type lll. 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 XII (poly)peptide, or gene or mRNA species, is or contains a disease-associated mutant or mutation.

[0133] In relation to the described use, it is envisaged that the mutant is or is based on: (a) a mutant located in the
fibronectin type 1l 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; (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; (g) 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 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 XII gene; and/or (I) a mutation located in a
flanking regulatory genomic sequence of the coagulation factor XII gene, within the region encompassing 4000bp up-
stream 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. Numbering of
sequences etc. is as outlined earlier (vide supra).

[0134] Inrelation to the described use, said mutant located in the proline-rich region may be a mutant affecting amino
acid residue 309 or 310 of human coagulation factor XII.

[0135] In relation to the described use, said amino acid residue at position 309 may be 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.

[0136] Inrelation to the described use, said basic or positively charged amino acid residue may be a lysine or arginine.
[0137] In relation to the described use, it is envisaged that the modulator is an inhibitor of coagulation factor XII, its
activity, its expression and/or its secretion, comprising: (a) 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 XII or
(i) wild-type and disease-associated coagulation factor XllI; (b) a small molecule inhibitor of (i) disease-associated
coagulation factor Xll and/or disease-associated coagulation factor XII activity; or (ii) wild-type and disease-associated
coagulation factor Xl and/or wild-type and disease-associated coagulation factor XlI activity; (c) a serine protease
inhibitor of (i) disease-associated coagulation factor XII or of (ii) wild-type and disease-associated coagulation factor XI|
selected from a first group consisting of wild-type and modified or engineered proteinaceous inhibitors of serine proteases
including C1 esterase inhibitor, antithrombin Ill, a2-antiplasmin, a.1-antitrypsin, ovalbumin serpins, and a2-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 XlI or regulating the expression of coagulation factor XIlI, either affecting (i) disease-asso-
ciated coagulation factor Xll or (ii) 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 XII, its activity, ex-
pression 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 XlI, their activity, expression or secretion; such an option appears particularly
reasonable whenever the treatment is not a long-term or ultralong-term treatment.

[0138] Described herein is also 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 Xll or regulating its
expression; (b) an aptamer or an inhibitory antibody or fragment or derivative thereof, specifically binding coagulation
factor XII (poly)peptide; (c) coagulation factor Xll 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
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esterase inhibitor, antithrombin I1l, a2-antiplasmin, a.1-antitrypsin, ovalbumin serpins, and a2-macroglobulin, or selected
from group (ii) of Kunitz-type inhibitors including bovine pancreatic trypsin inhibitor.

[0139] 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 XlI (poly)peptide; (c) coagulation factor Xll or a
fragment thereof; or (d) a proteinaceous serine protease inhibitor, for example C1 esterase inhibitor, antithrombin IIl,
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 XIlI, preferably disease-associated mutant coagulation factor XIl,
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, or:
M. 1. 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)). 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, lung, liver, and the like). The nucleic acid molecule used in gene therapy may be delivered
in a pharmaceutically acceptable liquid or aqueous carrier.

[0140] 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, 5,589,466, and 5,580,859.

[0141] 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
maijor 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 pro-
moters; 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 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.

[0142] 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 con-
nective 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.

[0143] 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
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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 or mucous membranes of the nose.
[0144] 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 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.

[0145] 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 (Feigner et al., Proc. Natl. Acad. Sci. USA (1987) 84:7413-7416); mRNA
(Malone et al., Proc. Natl. Acad. Sci. USA (1989) 86:6077-6081); and purified transcription factors (Debs et al., J. Biol.
Chem. (1990) 265:10189-10192), 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 trade-
mark Lipofectin, from GIBCO BRL, Grand Island, N.Y. (See, also, Feigner et al., Proc. Natl Acad. Sci. USA (1987)
84:7413-7416). Other commercially available liposomes include transfectace (DDAB/DOPE) and DOTAP/DOPE (Boe-
hringer). 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 for a description of the synthesis of DOTAP (1,2-bis(oleoyloxy)-3-(tri-
methylammonio)propane) liposomes. Preparation of DOTMA liposomes is explained in the literature, see, e.g., Feigner
et al., Proc. Natl. Acad. Sci. USA 84:7413-7417. 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 (Birming-
ham, 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 ratios. Methods for making liposomes using these materials are well known in
the art. For example, commercially available dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol
(DOPG@G), 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 gas 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.
[0146] 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. Cells may be engineered, ex vivo or in vivo, using a retroviral particle containing RNA which comprises
asequence 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). 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 CaPO, precipitation. In one alternative, 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 therapeu-
tically active nucleic acid, such as siRNA, intended to be used for gene therapy. Such retroviral vector particles then
may be employed, to transduce eukaryotic cells, either in vitro or in vivo.

[0147] Cells may be 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 muta-
genesis. 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
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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 et al., Cell
68:143-155 (1992); Engelhardt et al., Human Genet. Ther. 4:759-769 (1993); Yang et al., Nature Genet. 7:362-369
(1994); Wilson et al., Nature 365:691-692 (1993); and U.S. Patent No. 5,652,224. 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. The adeno-
viruses used may be replication deficient. Replication deficient adenoviruses require the aid 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.
[0148] Described is also 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
(ii) a gene encoding human wild-type coagulation factor XII; (c) a nucleic acid molecule causing an altered expression
of human coagulation factor Xll 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.
[0149] Said described transgenic animal of (a) to (d) will be very important, for example, for studying the pathophys-
iological consequences of certain coagulation factor XlI alterations, and for the screening of new medicaments effective
in the treatment and/or prevention of hereditary angioedema type lll. 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.

[0150] The described 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 inves-
tigate potential differential effects of a medicament, including any of the modulators discussed above, on wild-type and
disease-associated human coagulation factor Xll. The described 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 Xll. 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 XIl 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 human disease
or disease predisposition can be imitated in the animal by altering the animal’s species-specific coagulation factor XII
gene to contain a human disease-associated mutation.

[0151] 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 XII, 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
etal., J. Embryol. Exp. Morph. 87: 27-45 (1985)), the CCE line (Robertson et al., Nature 323: 445-448 (1986)), the AK-
7 line (Zhuang et al., Cell 77: 875-884 (1994)). 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 bom 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 DNA of offspring so as to identify transgenic animals heterozygous
for either the recombinase or reporter locus/loci.

[0152] 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,
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3959-70, Plasterk, (1995) Reverse genetics: from gene sequence to mutant worm. Methods Cell Biol 48, 59-80.
[0153] The described non-human transgenic animal may additionally express siRNA or shRNA, a ribozyme or an
antisense nucleic acid molecule specifically hybridizing to the transgene(s) or to the altered species-specific gene con-
tained 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.

[0154] It may also be desirable to inactivate coagulation factor XII 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, develop-
mental 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.

[0155] The non-human transgenic animal’s native species-specific genes encoding coagulation factor XIl may be
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 useful in order to eliminate any effects of the animal’s
species-specific coagulation factor Xl genes when studying for example the pathophysiological effects and/or the pos-
sible therapeutic targeting of the human transgene(s).

[0156] Described is also 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 .

[0157] 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 Xl nucleotide sequence, foreign sequences. Moreover, e.g. intronic regions may
be e.g. mutated or replaced with foreign nucleic acid sequence.

[0158] Said molecule has a length of at least 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.

[0159] The term "fragment" as used herein refers to a portion of the human coagulation factor XIl gene. Said fragment
comprised in the nucleic acid molecule of the present invention may have a length of at least 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.

[0160] 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.

[0161] Moreover, the present invention also relates to an oligonucleotide containing at least 17 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 (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 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 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 desoxiribo-
nucleic acid bases. These may be mixed and/or modified.

[0162] The presentinvention alsorelates to a (poly)peptide or afragmentthereof, 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 Xl amino acid sequence. Preferably, said amino acid
residue is a lysine, an arginine or a histidine.

[0163] Described is also 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 con-
ceivable 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.

[0164] The antibody may be a monoclonal or polyclonal antibody.

[0165] Described is also a hybridoma producing the monoclonal antibody of the present invention.

[0166] Finally, the present invention also relates to the use of a kit for diagnosis of hereditary angioedema type Il or
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a 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 coagulation factor XIlI; (b) a restriction enzyme capable
of discriminating between wild-type and disease-associated mutant nucleic acid encoding coagulation factor XIlI; and/or
(c) a pair of primers complementary to nucleic acid a disease-associated coagulation factor XllI; (d) the nucleic acid
molecule of the present invention; and/or (e) the polypeptide of the present invention; and/or the oligonucleotide of the
present invention; and optionally instructions for use.

[0167] The disease-associated mutant is affecting amino acid residue 328 of the sequence of SEQ ID NO: 2..
[0168] In another preferred embodiment (a) of the present invention’s use of a 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 a probe or pair of probes and optionally instructions for use.

[0169] The nucleic acid molecule(s) of (a) may be suitable for example for use as probes or primers. The kit may 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, optionally dissolved in
suitable buffer for storage.

Figure legends:

[0170]

Figure 1: mRNA reference sequence of human coagulation factor Xll 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.

Figure 2:  Genomic reference sequence of the coagulation factor XII 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.

Figure 3:  Structure of the human coagulation factor Xl gene, arrow indicating the position of the missense mutations
in exon 9.

Figure 4:  Pedigree situation illustrating the transmission of the disease through a clinically unaffected male.
[0171] The Examples illustrate the invention:
Example 1: Oligonucleotide primer design for coagulation factor Xll gene amplification and sequencing

[0172] Pairs of oligonucleotide primers were designed to amplify the complete human coagulation factor XII 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’-aggaagttgctccacttggcttt-3’
F12-Ex1-R 5'-tgcagagatttcticccaagacc-3’
F12-Ex2-F 5'-ctatgtggaaaggtgaggccag-3’
F12-Ex2-R 5’-ctcaaggatcacacagctcacg-3’
F12-Ex3-4-F 5'-tgagggtctgtccttttcctga-3’
F12-Ex3-4-R 5'-ggtgtgtggggtctggtgatac-3’
F12-Ex5-6-F 5'-gtaggttcaagaagggccttgg-3’
F12-Ex5-6-R 5’-gagctctccttccecggeac-3’
F12-Ex7-F 5’-gagcagatggttgggaacg-3’
F12-Ex7-R 5'-tgaggagaaagggggctc-3’
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(continued)

Primer ID Primer Sequence

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'-ccttgttctctgagagcetgtgga-3’

F12-Intr2-pt1-F

5'-tgtatggtgcagtgtgtgcagt-3’

F12-Intr2-pt1-R

5'-ggcatgtaggtaatttagtgtctggaa-3’

F12-Intr2-pt2-F

5'-ccttttagatgaagggtacctgcc-3’

F12-Intr2-pt2-R

5’-gagaaacttttgggtgtggggt-3’

F12-Intr2-pt3-F

5'-ctgacttggtggggttgagtct-3’

F12-Intr2-pt3-R

5'-tgccactattttgttcaaggca-3’

F12-Intr2-pt4-F

5'-ccatttgcatcttaaaggtccatc-3’

F12-Intr2-pt4-R

5'-tcacactttgtgcttttgctgg-3’

F12-Intr2-pt5-F

5’-acacacgctttctccctaaggt-3’

F12-Intr2-pt5-R

5’-ggagtagactcctgactccacaa-3’

F12-Intr2-pt6-F

5’-agtattattaagtgcctactttgtggc-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’-gtaaacccactcatgcccttce-3’
F12-P(-1)-F 5'-cgtcttcttctcatgttccage-3°
F12-P(-1)-R 5’-actggccaaaggtcttggaaat-3’
F12-P(-2)-F 5’-cacagcatctttccatccttcc-3’
F12-P(-2)-R 5’-atcttggggccatcttagcatt-3’
F12-P(-3)-F 5'-gtgtcctcacaacacagtggct-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'-gtcacgtcaatgactttgaaacc-3’
F12-P(-5)-R 5’-cgacatttgagaactagtactgatgg-3’
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(continued)

Primer ID Primer Sequence

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’-aaccattcaacccccagattgt-3’
F12-Ex9-seqint1-R 5’-cccccacttcctaaccteee-3’

F12-P(-1)-S2-R 5'-tttgagacggagtctcgct-3’

F12-Ex9-ARMS-Mt1-F 5’-cgccgaagcctcagcccaa-3’
F12-Ex9-ARMS-Mt1-R 5’-gcgggtcatcgaagacagact-3’
F12-Ex9-RFLP-Mt2-F 5’-cccggtgtecccctaggcettc-3’
F12-Ex9-RFLP-Mt2-R 5’-ctgccggcgcagaaactgt-3’

F12-Intr10-RFLP-Mt3-F | 5-aagcgcggaactggggact-3’

F12-Intr10-RFLP-Mt3-R | 5’-gctgaacgtaaggcgacaggag-3’

Example 2: Coagulation factor Xll gene amplification and direct sequencing of PCR products

[0173] 50-100 ng of genomic DNA was amplified by PCR in a total reaction volume of 50 gel containing 2.5 mM MgCl,,
200 pM 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 Tag 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.

[0174] In general, reactions were thermocycled with an initial denaturation step of 95°C/5 mins [10 min when AmpliTaq
Gold DNA polymerase (Applied Biosystems) was used] followed by 35 cycles of 94°C/40secs; T,nnealing/40s€CS;
72°C/45secs. Foramplimers 20 and 29 subperiods of each cycle of 60 sec/60 sec/120 sec were chosen. Afinal elongation
step of 72°C/10mins completed the amplification. Annealing temperatures for specific primer pairs and amplimer sizes
are presented in Table 2.

[0175] Direct sequencing of PCR products was done according to standard procedures (using BigDyeTM terminator
cycling conditions; purification of reacted products using ethanol precipitation; ABl Automatic Sequencer 3730) known
to the skilled artisan (Sambrook et al., "Molecular Cloning, A Laboratory Manual"; ISBN: 0879695765, CSH Press, Cold
Spring Harbor, 2001).

Table 2: Amplimer sizes and annealing temperatures

Amplimer Primer Pair Size (bp) | Taun (°C)
1 F12-Ex1-F and F12-Ex1-R 478 62 °C
2 F12-Ex2-F and F12-Ex2-R 469 62 °C
3 F12-Ex3-4-F and F12-Ex3-4-R 504 62 °C
4 F12-Ex5-6-F and F12-Ex5-6-R 546 62 °C
5 F12-Ex7-F and F12-Ex7-R 386 60 °C
6 F12-Ex8-F and F12-Ex8-R 386 59 °C
7 F12-Ex9-F and F 12-Ex9-R 459 59 °C
8 F12-Ex10-F and F12-Ex10-R 550 59 °C
9 F12-Ex11-12-F and F12-Ex11-12-R 548 60 °C
10 F12-Ex13-F and F12-Ex13-R 445 60 °C
11 F12-Ex14-F and F12-Ex14-R 507 60 °C
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(continued)

Amplimer Primer Pair Size (bp) | T nn (°C)
12 F12-Intr2-pt1-F and F12-Intr2-pt1-R 651 63 °C
13 F12-Intr2-pt2-F and F12-Intr2-pt2-R 557 63 °C
14 F12-Intr2-pt3-F and F12-Intr2-pt3-R 598 60 °C
15 F12-Intr2-pt4-F and F12-Intr2-pt4-R 548 57 °C
16 F12-Intr2-pt5-F and F12-Intr2-pt5-R 540 63 °C
17 F12-Intr2-pt6-F and F12-Intr2-pt6-R 584 57 °C
18 F12-Intr4-F and F12-Intr4-R 489 59 °C
19 F12-Intr12-F and F12-Intr12-R 518 59 °C
20 F12-P(-1)-F and F12-P(-1)-R 1275 64 °C
21 F12-P(-2)-F and F12-P(-2)-R 547 62 °C
22 F12-P(-3)-F and F12-P(-3)-R 642 60 °C
23 F12-P(-4)-F and F12-P(-4)-R 442 60 °C
24 F12-P(-5)-F and F12-P(-5)-R 655 60 °C
25 F12-3'UTR-pt1-F and F12-3'UTR-pt1-R 559 58 °C
26 F12-3'UTR-pt2-F and F12-3'UTR-pt2-R 559 59 °C
27 F12-Ex9-ARMS-Mt1-Fand F12-Ex9-ARMS-Mt1-R 257 63 °C
28 F12-Ex9-RFLP-Mt2-F and F12-Ex9-RFLP-Mt2-R 390 64 °C
29 F12-Intr10-RFLP-Mt3-F and F12-Intr10-RFLP-Mt3-R 1204 60 °C

Example 3: Sequencing of the coagulation factor Xll gene in unrelated patients with hereditary angioedema type
][]

[0176] Initially, twenty unrelated patients diagnosed with hereditary angioedema type Il 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.

[0177] In these 20 patients, all 14 exons (with flanking intron sequences) of the coagulation factor Xll gene were
amplified and sequenced. Approximately 1 kb of promoter sequence was studied in 18 of these patients.

[0178] 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. P007438).

[0179] 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.
[0180] ‘Mutation 2’is a C—G substitution (1032C—G) resulting in an AGG triplet encoding an arginine residue.
[0181] Thus, with respect to both mutations, the wild-type threonine residue is substituted by a basic amino acid
residue. Both substitutions are transversions.

[0182] 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://www.cbs.dtu.dk/databas-
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es/OGLYCBASE/Oglyc.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 glyco-
sylation at Thr310 (O’Connell et al. 1991, BBRC 180:1024-1030).

[0183] In all cases, patients were heterozygous for the mutation, in accordance with a dominant inheritance pattern
of the disease.

[0184] The Thr309Lys mutation (‘'mutation 1’; 1032C—A) was observed in five of the 20 unrelated patients.

[0185] The Thr309Arg mutation ('mutation 2’; 1032C—G) was observed in one of the 20 unrelated patients.

[0186] Subsequently, an additional 6 unrelated patients diagnosed with HAE type Ill were selectively examined with
respect to 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).

[0187] Two out of the 20 patients initially studied revealed a nucleotide substitution (g.7418C>T) in intron 10 which
has previously not been observed, in the course of studies on a considerable number of (normal) individuals (ht-
tp://pga.gs.washington.edu/; WO 01/79228). In position 7418 of the genomic reference sequence (GenBank acc. No.
AF 538691), these two patients were 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 g.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).

[0188] 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) (g.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) (g.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], resulting 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) (g.7532T>C) in intron 10 (amplimer 9) ;

e var(640) (g.640A>G) in the promoter region (amplimer 20);

e var(654) (g.654C>T) in the promoter region (amplimer 20);

e var (668) (g.668A>C) in the promoter region (amplimer 20).

Example 4: Family studies

[0189] 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.

[0190] There was complete co-segregation between the disease and the presence of the (respective) missense mu-
tation: all ten individuals affected by angioedema symptoms were heterozygous for the Thr309Lys or the Thr309Arg
mutation, respectively.

[0191] 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.

[0192] 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).
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Haplotypic data

[0193] Inseveral 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 - g.7040C - g.7532T -
haplotype. Also the 1032C—A mutation appears to be associated with this haplotype.

Example 5: Studies in healthy control individuals

[0194] In 61 healthy control individuals (blood donors) the exon 9 fragment (amplicon 7; Table 2) of the coagulation
factor Xll 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.

[0195] Thus, regarding the presence of a missense mutation of codon 309, there is a highly significant difference
between patients and healthy controls (Fisher’'s exact test for comparison of 26 patients with the 61 sequenced controls:
p=0.000027).

[0196] Two (known) intronic polymorphic variabilities were observed among the control individuals: a mononucleotide
insertion/deletion polymorphism in intron 9 [g.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 diagnosed 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.
[0197] 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.

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)

[0198] Forthe specific amplification of the 1032C—A mutation the following primer pair was designed (see also Table 1):
F12-EX9-ARMS-MT1-F: 5’-cgccgaagcctcageccaa-3’
F12-Ex9-ARMS-MT1-R: 5’-gcgggtcatcgaagacagact-3’

[0199] 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).

[0200] 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.

[0201] 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.
[0202] 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 con-
cordance between the sequencing results and the result of the ARMS assay.

[0203] 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 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
[0204] The 1032C—G mutation creates a new restriction site for restriction endonuclease BstN | (recognition sequence:
cclwgg).

[0205] A primer pair (see also Table 1) was designed so that the amplified product contains a constant BstN | site -
in addition to the mutation-dependent variable site:
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F12-Ex9-RFLP-Mt2-F: 5’-cccggtgtccecctaggcttc-3’
F12-Ex9-RFLP-Mt2-R: 5’-ctgccggcgcagaaactgt-3’

[0206] The PCR conditions were as those for the exon 9 amplimer, except that an annealing temperature of 64 °C
was used (Table 2).

[0207] The undigested product has a size of 390 bp. The presence of a constant BstN I 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 intron 10

[0208] The g.7418C>T mutation in intron 10 of the coagulation factor Xll gene creates a new Nla Il restriction site
(recognition sequence: CATGY).

[0209] A primer pair (F12-Intr10-RFLP-Mt3-F, F12-Intr10-RFLP-Mt3-R; see Table 1) was designed so that the amplified
product contains a constant Nla Ill site - in addition to the mutation-dependent variable site.

[0210] The undigested product has a size of 1203 bp. The presence of two constant Nla Il 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 (g.7418C>T allele) will be produced.

SEQUENCE LISTING

[0211]
<110> Dewald, Georg
<120> Hereditary Angioedema Type I
<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> /note="translation product as given in GenBank accession no. NM_0 00505.2"

<400> 1
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cuauugaucu
gecugcuccuyg
agcceccaag
ggagcccugce
gggccggceca
auggggauac

ccagaaagga

ggacucecugyg

ggguuccuge

gagcauvaagu
cacuuccccu
ggcecucage
uguuuggagc

gggaccugug

EP 1766 063 B1

avaggcagcu ggaccaacgg acggacgcca ugagggcucu

uggugagcuu
acaaagcuga
uccaguacca

ccuggugugce

ccaagaaagu gaaagaccac

ugaacaugcc

ggagucaaca
agagcacaca
ccggecageug

uaccaccccce

aagcggecce

36

cuuucgauuc
gucguucuca
uaccacaaau
aacuuugauc
ugcagcaaac

cacugucucu

caccuuggga
cugucaccgg
guacccacaa

aggaccagcg

acagccccug |

guccacaaca

60
120
180
200
300
360

420
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ccucacugga

ccacaagaau

‘ggguccugau

ccaugggggu
caccggacec
cuaccgeggce
ggccaccuac
cuucugcegg
gcugﬁgCugg
gacecccggug
gccucagecc
gcgggageag
caagagucug
ccocuacauc
cugcugggug
gguggugcuc
gcgcuccuac
guugcgccuu

ggugugccug

cuggggecac

accguuccuc
cggcaugcuc
aggccecgeug

cagcugggga

cuaccuggcc’

uccuugguga
ucecccagug

augcugag

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

aaccacugce
gagauauggu
gcccacugece
cgecugccuag
uucugcgacg
cuggccagga
cggaacguga
aacccggaca
gaguacugcg
ucccéuaggc
acgaccegga
cegecuuccee
ucuucgauga
gccgegeugu
cugacggccg

ggccaggaac

cgcuugcacyg

caggaggaug
ccaagcggcg
caguucgagg
ucccuggagc
ugcgcagggﬁ
gugugugagg
ucgggcugug
uggauccggg
uuccgeagug

cggccageuc

<213> Homo sapiens

<220>

<221> MISC_FEATURE

<223> /note="translation product as given in GenBank accession no. NM_0 00505.2; the length of 615 residues
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agaaagagaa gugcuuugag ccucagcuuc

auvagaacuga

agcggeuggce

agguggaggg

uggacaccaa-

ccacgcucuc
cugccgagea
acgacauccg
accuggcaca
uucauguccce
cccegecuca
ugaccaggaa
ccegegucgu
acuggggcca
cucacugecu
gccguaacca
aggccuucuc
cggacggcag
cégcgcgécc
gggeggagga
gcugcucage
uccucgaggg
accaagcugc
gugaccgcaa
agcacaccgu
agagaguggc

cgcgccagga

gcaagcagcu
cagecaggec
ccaccgecug
ggcaagcugc
gggugcgcecc
agcgcggaac
cccéuggﬁgc
gugcéagacc
acucaugcce
gucccagaéc
cggcccacug
uggcgggcug
caguuucugc
gcaggaccgg
cagcugugag

gcccgucage

cugcgegeuc

cuccgagace
auaugccagce
cceggacgug

cggcaccgau

guggccagau
ugccgcacca
ugccacugcece

uaugauggcc

.ugucagccgu

uggggacugg
uucgugcuga
ccaacccagg
gcgcaéccgg
ccgggagecu
agcugcgggc
guggcgcuac
gccgécagcc
cecgeacecyg
ccgugecaga
uaccagcacg
cugucgecuu
acgeucugec

uuccugcagyg

cacggauccu

gcgugccagg

agagcgeegg_cucacctugc

caagccaggce

uuccugauug
uggggcaugg

uggcgaggaa

37

gucuacaccg
cucagggacu
aaggcaagau

cucaauaaag

uccgguuuuu
gccagugcaa
acccgugecu
cggugggcua
gcgggcucag
gggccucggé

gcggecacgce

accgecgaccyg

cggcgecucc
caccgcecgaa
ugccggcgaa
agcggcuccg
gcggggcgca
ucaucgcccc
aggaucugac
cguuggccgu
accuggcucu
acguucagcece
agguggecgg
aggcgeaggu
ccaﬁﬁcuccc
gugauuccgg
aaggcaucau
auguggccua
caucuuuccc
ﬁgugucccau

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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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 (1 to 596)"
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<400> 2

Met
1
Thr
Ala
.Phe
Gly
65
Gln
His
Met
His
His
145
Cys

Ala

Arg
Leu
Glu
Pro
50

Arg
Asp
Cys
Pro
Cys
130
Lys

Gln

Cys

Ala

Ser

Glu

Phe

4Pro

Gln

Ser

Ser

115

Gln

Asn,

Cys

Arg

Leu

Ile

20

His

Gln

Gly

Arg

Lys
100

Gly

Lys

Glu

Lys

Thx

180

Leu
5 -

Pro

Thr val

TYXr

Pro

Trp

-85

His

Pro

Glu

Ile

Gly

Leu

Pro

His’

Gln
70

Gly
Ser
His
Lys
Trp
150

Pro

165 -

Asn

Pro

Leu
Trp
val

Arg

Pro

TYyr

Pro

Cys

Cys

i3s

Tyr

Asp

Cys

Gly
Glu
Leu
40

Gln
Trp
Cys
Cys
Leu
120
Phe
Arg

Ala

Leu

38

Phe
Ala
25

Thr
Leu
Cys
Leu
Gln
105
Cys

Glu

Thr

His
185

Leu
10

Pro.

val
Tyr

Ala

Leu
Lys
'I.‘hr
His

Thr

. 75

Glu

90

Lys

Pro

Pro

Giu

Cys

170

Cly

Pro

Gly

éln

Gln

Gln

155

Gln

Gly

val

Glu

Gly
Lys
60

Thr
Lys
Gly
His
Leu
140
Ala

Axg

Arg

Serxr

His

Glu

Cys

Pro

Lys

‘Thr

Leu
125

Leu

Ala

Leu

Cys

Leu
Lys
30

Pro
Thr
Asn
val
Cys
110
Thx
Arg
Val
Ala

Leu
190

Glu

15

Cys
His
Phe
Lys
95

val
Gly

Phe

Ala

Ser
175

Glu

Ser

Lys

Lys
Asp
80
Asp -
Asn '
Asn
Phe
Arg
160

Gln

Val
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Glu
Cys
Tyr
225
Trp

Asn

Ile

TYyr

Thr
305
Ala
Thr
Arg
Ser
Pro
385

Leu

Arg

Asn

G;y
Asp
210

Arg

Ala

Trp.

Arg
Cys
290
Pro
Pro
Pro
Asn
Met
370
Ile

Pro

His

His Arg
195
Val Asp

Gly Leu

Ser Glu

Gly Leu

260

.Pro Trp

275

Asp Leu
Val Ser
Pro Lys

Gly Ala
340

Gly Pro
3558

Thf;Arg
Ile Aia
Ala Pro
Ala Pro

420

Ser Cyé
435

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
Axg
310
Gln

Pro

Ser

val.

Leu
390
TP
Asp

Pro
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His

Ala

215

Thr

Tyx

His

Val

Cys
295
Leu
Pro
Ala
Cys
Gly
375
Tyr
val
Leu

Cys

Cys

200

Ser

Thr

Arg

Ala

Leu
280

Gln

Hisg
Thr
Lys

Gly

360

Gly

Trp

Leu

Thr

Gln
440

39

Pro Val
Cys fyr
Leu Ser
Asn Val

250
Phe Cys
265
Asn Arg
Thr Pro

Val Pro

Thr Arg
© 330

‘Arg Glu
"345

Gln Arg
Leu"va¥
Gly His
Thr Ala

410

val val
425

Thr Leu’

Gly
Asp
Gly
235
Thr
Axg
Asp

Thx

Leu
315

Thr

Gln

Leu

Ala

Ser

395

Ala

Leu

Ala

TYyr
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

Gly

Pro

Phe

Gly Leu Ser

Cys

Gln

Asp

270

Ser

285 |

Ala
P;o
Pro
Pro
Lys
365
Arg
Cys
Cys

Gln

Arg
445

Alg
Ala
Gln
Ser

350

Ser

Gly

Ala
Leu
Glu
430

Sef

Gln

Ala
255

"Asn

Trp

Pro

Gln

Ser
335
Leu
Leu
Ala
Gly
Gin
415

Arg

Tyr

Pro
240
Arg
Aép
Glu
Pro
Pro
320
Gln
¢hr
Ser
His
Ser
400
Asp
Arg

Arg



10

15

20

25

30

35

40

45

50

55

Leu

Leu
465

Tyr
Thr
Glu
Leu
Gly
545
Gly
Arg>
Arg
Ile

<210> 3
<211> 10616
<212> DNA

His

450

Arg

val

Thr

Glu

Glu

530

Met

Asp

Leu

Asn

Arg

610

Glu

Leu

Gln

Leu

Tyr
515

Arg

Leu

Sef
Thr
Lys
595

Glu

<213> Homo sapiens

<220>

<221> misc_feature

Ala

Gln

"Pro

Cys
500

Ala

Cys

Cys

Gly

Leu

580

Pro

His

Phe
Glu
val
485
qln
Ser
Ser
Ala
Gly

565

Gln

Gly

Thr

Ser
AsSp
470

Cys

val

. Phe

Ala

Gly
550

Pro-

Gly

val

val
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Pro Val Ser Tyr

455

Ala
Leu
Ala
Leu
Pro
535
Phe
Leu
ile
TYYr

Ser
615

Asp

Pro

Gly

Gln

520

Asp

Leu

val

Ile

Thr
600

Gly

Ser:
505
Glu
val
Giu
Cys
Ser
585

Asp

Ser

Gly
490

Gly

Ala

His

Gly

Glu
570

Trp

val

Gln

Cys
475

Ala

His

Gln

Gly

Gly

555

Asp

Gly

Ala

His

460
Ala
Ala
Gln
val
Ser
540
Thr
Gln

Ser

Asp

Leu

Arg

Phe

Pro

525

Ser

Asp

Ala

Gly

Tyr
605

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

<400> 3

40

Leu-

Leu

Pro

Glu

-510.

?he
Ile
Ala
Ala
Cys

590

Leu

Ala
Ser

Ser
495

Giy
Leu
Leu
Cys
Glu
575

Gly

Ala

Leu

Pro

- 480

Glu

Ala

Ser

Pro

Gln

560

Arg

Asp

Trp
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acatgctctg
aagtéccaag
éacﬁgtggat
agctctgagg
gcéaaaggaa
cacceegtct
tctcattaaa
ccccaagate
tagatgctte
aaataaggag
gaggccaagg
aaaccccate

tcccagcetac

agtgagccaa

aaaaaaaaaa
aaaggcgaca
cgaggcgggt
ccgtctctac
gctacteggg
gcggagattg
aazaaaaaaaa
gtttgttaca
tctttgatct
tctacttcecca
caccéacaaa
getttecaca
ttccaagacce
gacggacgece
actttcggtg
éacagccatg
tgtggaaagg

tggatacaag

tgcttagtaa
ctagcacttt
tagagatgtc
gtagagttgg
aaatcaaagt
tcttctcatg
tcatttgett
tctaccectg
tgtgaaagaa
aatggcaggyg
cgggcagate
tctactaaaa
ccaggaggct
gatcgtgeca
aaaaaaggag
catggecegg
ggatcacgag
taaaaagaca
aggctgagge
cgccactgea
aaaaagaaaa
tgacaataga
ccttaaccte
gtcccactat
ctcccaactt
aacagcctgt
tttggccagt
atgagggctc
agtgctgtgga
agccatggee
tgaggccagce

ggcacagect
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ccccagtgca
aattggccﬁa
atgctctgat
cagcactagg
gtcattaccg
ttccagcetge
tcttgcctc§
gtgtttgeac
ttttgcacat
ccaggcatgg
acgaggtcag
atacaaaaaa
gaggcaggag
ctgcactcca
aatggctttyg
tgcagtggct
gtcaggagat
aaaaattagc
aggagaatgg
ctccagectg
ttaaaagtgg
aaatgaacac
ctgatctcca
ctagaaaaga
tccggeecte
gccecaccag
cctattgatce
tgetgctect
gaaccaggat
tctgctcatg
ccggaagécc

gecatttctgg

acttttttgc
aattgtgtat
tgaccagacc

gcccatggaa

‘aaccaggaca

acatcttagt -
cttcétgtgg
acctcccagt
gtaatttéag
tggctcatac
gagatcgaga
ttagctggge
aatggcgtga
gcectgggtga
gtgggectga
caggcctgta
cgagaccatc
tgggcgtggt
cgtgaacccg
ggcgacagag
gtattgtﬁgt
acttcacagt
caggacccag
gaggaggagc
aaggggtgac
gctcaggagg
tggactcctg
ggggttcctg
tgtcccagga
acctgtgégt
caggcagagg.

gggagatggg

41

tttcccaaaa

atgettatct
tagg&cacat
gaagfaagag
gatgctgggce
gccecttggt
ttggtagaat
tattctgtca
tcccaaattg
ctgtaétccc
ccatcctggé
gtggtggegg
acccgggagg
cagagccaga
cctagtcagg
atecccageac
ctggctaaca
ggtgggctcc
ggaggcggag
cgagactccg
aagatgctga
g§$ctccaag
agcataagaa
ccagectette
caaggaagtt
gcagcttgac
gataggcagc
ctggtgagct
ttgttctggg
ccaggtgact
agacagacaa

ccttaagaag

gttctggcaa
ctgaaccaat
ctctagcect
aggagtcgtt

agcacatgtg

ttagcacttt

gctaagatgg
aacatgaatg
tttgacctta
agcactttgg
taacacagtg

gtgcctgtat

cgtagcettge

ctctgtctca
tgagttctta
tttgggagge
tggtgaaacc
tgtagtccca
cttgcagtga
tctcaaaaaa
gtttatggta
atccceccatga
tgtecettet
atttcacccc
gcteccacttg
caatctctat
tggéccéacg
tggagtcaac
gggtcegetat
aggaggccta
ccagactggg

acaacggggg

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
tctctecectt
agcacacagt
atggtgcagt
tatgcccatg
tgtgtctaag
ccatcacacc
ctttecccecag
ggcaaggaag
cacttatgag
ttctgtgaaé
gtgaggtatg
atgaaactac
agcteccccat
tcatgcctgt
tcgagaccag
caggcatggt
cttgaacctg
ggcaacacag
tagcagggcc
tctctaageca
cttcaccececa
ccttgcctaa

tttttttttt

tcttggetca

agttgctggg
agacagggtt
ccaccttage
ttgcatctta
ccttggcaag

ttgtgccaga

gggtttgggt,

agcaacagat
gtagattcca
cgétaégtgg
gtgtgcagtc
ggcactagag

tgccecacgag

tgggctectg

tacgtctcat
gatcaagagc
ctgggtgact
ccaggttgat
cagcccatca
cttttagaté
tgctttcatt
aatcccageca
cctggccaac
ggcatgcegee
ggaggtgaag

caagéctécg

tgtgaaccag

tggcgttgag

cacccaaaag

tcecetgeet

tttgagatgg
ttgcaacctc
aﬁtacaggca
tcaccatgtt
ctcccaaagt
aaggtccatce
fgéactttgc

cactgctcag
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cttgggaaga
cggtggcagg
ccttgggaag
cctggectect
tcagggcagt

tgatcgtgag

¢ctggetegg

ccagccttcee
gggcatcatt

ttgtctectgg

ctgggcgagg

aacagtaaac
ccﬁggtgcat
aagggtacct
ctteccagaca
ctttgggagg

atggtgaaat

agtagtccca’

gttgcagtga
tctcaaaaaa

atggacctta

gcccagcaca’

tttctcctet
aaggtccecc
égtctggétc
cécctcctgg
cacaacttca
ggccaggctg
getgggatta
tcagatccat
cttgaacaaa

catttcatgg

aatctctgca
ctatgactta
cccccaagga
cctececeggga
ctagtctagt
ctgtgtgatc
agcaggtgcet
tcagtttccee
catgccacac
catctgaaﬁg
gatttgggtt
ctcttagggt
anaatgctt
gccatttécc
cﬁaaattacc

ccaaggtcgagg

gctgtctcta'

gctactcggg
acgaagatca
aaaaaaaaaa
ccctggtggg
ttccaaccct
ctcttgectt
tectectectgt
tgtcccectag
gttcaagcga
tgctcageta
gtctcgaact
caggcgtgag
ttccatttac
atagtggcaa

cattatctca

42

tttctgggcet
tagtcagttce
gcataagtac

acccttgggt

gcctacectgg

cttgagggca
tgagatatgt
cagcttctce
agaggccagyg
cctctgaagé
ctccaagcectt
tgttgagaag

tacaaatatt

ccttectcaa

tacatgccag
tggatcatga
ctaaaagtac
aggctgaggc
caccattgca
tttacctaga
cctgacttgg
ggactccectce
acccaaactt
ccgtccatee
gctagagtéc
tfctctgcct
atttttgtat
cctgeectcea
ccaccgegece
tgtcctagtt
aagcttattg

tgaagccceca

gtgagaggaa
cctgecttet
aaagctgaag
ggggatgtgt
tgctaggtct

gggtatggge

gctgetggeg

ccttetttte

gecttcaatg’

ccagctttat”

caatttcece
ggaaacccat
agcttttatt
gctctgecat
gcatggtgge
gdtcaggagt
aaaaattagc
agaagaattg
ctcecagettg
gtgtggcaca
tggggttgag
agcctccfct
ggtgccctat
catctgéatc
aatggcgcga
cagecteccg
tttttagtag
ggtggtccge
tggcccccét
ctggtttggt
agcéggtact

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
tgaacﬁttga
tcaaccaaca
tatatgtgtt
agegtc;aac
cttcagcagg
gtgaaaaacg
aagcagcagc
ctctgtgecat
ataaaattca
gtactattat

cagtgactte

‘tggecttggg

tctactcecag
Ecactctgtc
tccegggtte
gccaccaccc
ccaggatggt
ggattacagg
tttcaatgca
agtgectgag

cactgtcacc

-atgtaceccac

gcaggggcct
agaggggact
ctetttctac
tttggagcce
tecteecgee
cagcecccettce
égtggtccca
aggcaagtag

cettcecacca

acacaggcaa
actagcaaac
gcatataatc
gctgattéat
acacgcetttce
aggctcagag
ttgcactaag
agcgtgacgc
gcccacaaat
gcaagtaggc
tactgccgtt
aacattcaéc
actgaagact
ctatctgact

acccaggectg

acaccattct

ccagctaatt
cttgatctcc
cttgagccac
cagcgacctt
cagttgagta
ggggageccct
aagggccggc
gggagacatg
gtgatagggc
agétgtgcta
aagaaagtga
tcattactct
tctcectceca
ttttgcaggt
gttcaagaag

tgtccatctc
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ttctcattat
agtattaggt
tggttttatg
caatgctaag
tcectaaggt
gccatttceca
tagactgaga
cttgttgaac
ggccatgaaa
acattctcga
ttacagataa
aagtattatt
tacccaaggt
cctgaaccca
gagtgcagtg
cctgectegg
tttttgtatt
tgacctcgtg
cchcccggc
tttgagggte
caggggaagt
gccacttcece
caggccctca
taccctgect
agggtgggec
ccacccccaa
aaggtgctac
cctggtatca
éaataccctt
gggtaaacca
ggccttggéc

tcagaccact

tcgcgatggt
tcectgtgage
tatgattctg

ctgatggcac

-agecttcttg

aaagccaaat

aggacactca

cttaactggg
acatttcaag
tgtagaacca
ggaaaccaag
aagtgcctac
ﬁacacagcta
agtttttttt
gcgegatcte
ccteccgagt
tttagtagag
étctgcccgc
cctgaaccca
tgtectttte
cctcagagag
cttccagtac
gccctggtaa
gtcettctgt
aggccectgg
ctttgatcag
acacagccte
ccagaccccea
tggaagtcca
agcttggaaa
cccagetgtg

gcagcaaaca

43

tatgttctat
ctctggtcac
tttaaagaca
tatagcacac

tgcttaggaa

ccecagcaaa

ttcaatagga
aatgtgcéaa
tattgacttg
gagaagéatg
gctcagatca
tttgtggcéa'
gcaggttgtg
tttttcttta
ggctcactge
agctgggacﬁ
agggggtttc
cttggectee
acttttagag
ctgaccagac
tgtgttgtece
caécggcagc
gactacgcég
écaaggaact
gtagagcagg
gaccagegat
tggggtggece
cacacctggg
gagggagagt
cttggagtag
tgactéagct

cagcccctge

aaaatcacag
aacattttca
ttttatttag
acctgaatca
ctacacagct
agcacaaagt
gagctgaaac
tttttcactg
ggagttacaa
aggatcaact
gagtggttaa

gtgctcttece

gagtcaggag

agatggagtc

aagctccgec

acaggcacct -

actgtattag
caaagtgctg
cagaaagtgt
cctgagggac
ctgcagttet
tgtaccacaa
aggagttgga
ctgcttggag
gaagccttat
ggggatactg

tggégctctc

attctggacc:

tctgggaagy
caaggtcaca
ccetgetett

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

caaccctoggg

‘ctectgagac

gtttttccac
gtgcaagggt
gaacgggceca
gaaggagagc
aagcctgeeg
gectgtgeeca
ctggggcaag
agtgcggaaa
ccgttctcct
ctggccagga
cggaacgtga
tgcgeegegt
cggegccecg
gctgaaccge
ccaggcggcyg

geceggecaceg

aggttaggaa

gcecagcegge

.gecgggagcag:

caagagtétg
ccéctacatc
ctgctgggtg
gcegecccag
ccgtgeecta
ggaagctgga
caggtctgag
cggtggtget

tgcgctecta

gaacatgcca
gaaaggtgag
cctacagaat
cactatccct
aagaatgaga
cctgatgcce
gggaggagcg
tctctggggg
caccaacccg
ctgcceggtg
cagaaggcca
gcagatgéga
cagacaccaa
ccacgctcté
ctgcecgagceca
ggggctgggt
tcgtgtgact
gaccggcectga
cctecgacee
ccgaagcctc
gtggggg9gg
cgcgggctce
ccgecttcee
tcttcgatga
gecgegetgt
ctgacggceceg
gggceecgeggce
cctteteecg
acécgggatt
agcgctgect
cggccaggaa

ccgcettgecac
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agcggeecce
gagatgtgga
aggttgctgg
ctttgtcecce
tatggtatag
actgccagcg
tCéggaagac
ggtctttagg
tgcctccatg

ggctacaccg

gccceccaggt

gggaggcagg
ggcaagétgc
éggtgcgccc
agcgcggaac
gacccctceg
acaggaacce
gctgggagta
cggtgtcecee
agcécacgac
gaaggaggag

ccgtectcecag

tgaccaggaa -

ccegegtegt
actggggcca
ctcactgect
tcctccétct
ccccaccctt
ggggttcggg
ctececctace
cgécgtaacc

gaggccttcet

actgtctctg
ggaccﬁgggc
atactcggag
agagaagtgce
aactgagcaa

gctggececage

aggctggcag

cccaggggtg
ggggtcgctg
gacccttcté
gggacgggct
agagcccagc
tétgatggcc

tgtcageccgt

tggggactgg

ceccaggact
ggacaacgac
ctgcgacetg
taggcttcat
ccggacceceg
ccgagagggc
ccectgetee
cggcccactg
tggcgggctyg
cagtttctgce
gcaggaccgg
cccagegeag
ctttccacge
agcaggggge
ctecceccgecag
acagctgtga

cgcccgtcag

44

tccacaacac
ggggtgctgg
acttggcatg
tttgagecte
gcagctgtgg
cagggtgagc
gaggccgggt
gctcactgceg
cctagaggtg
cgacgtgggt
tgccaggaag
cttggctgcce
gcgggctecag
gggectegga

gcggccacge

ccgggetecee

‘atccgcccgt

gcacagtgcecc
gtcccactca
cctcagtcce
gecgggegag
tccacagecet
agetgegggce
gtggcgctac
gccggcagéc
cgagtacccg
cttccacgcect
ccctecggag
ttcceccagaa
géccgcaccé
gcegtgecag

ctaccagcac

ctcactggaa
gggacagggg
gtectagact
agcttctceeg
ccagatgcca
agatggttgg
ggtgtgcegg

ttcecctceece

gagggccace '

gagtgagggt

gaggagggag
cagggagccce
ctaccgecgge
ggccacctac
cttctgccgg
ggcgctctaa
ggtgcttegt

agaccccaac

tgcececgegea

agaccceeggyg
ctagattccg

tgccggcgaa

-ageggacteeg

gcggggcgca
tcatcgcece
ccecgeccaga
gcacccgaac
ctceccgggga
cgettgtgge
gaggatctga
acgttggeceg

gacctgagtg

5820
5880
5940 -
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840

16900

6960
7020
7080
7140
7200
7260
7320
7380
7440
7500

7560

7620

.7680
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cgtgggggcg
ctcctétccg
gctcetgteg
gaccacgcte
gggécagggg

ttggtatcgt

tgtaggtgaa

tcctggggat
aggccaécta
ctggatgggt
tctctggacce
gcttgctgeg
aﬁcgtccggg
ggcggaggaa
ctgctecagece
cctcgagggce

gaggccgtca

tgattccgga

aggcatcatc
tgtggcctac
atctttccct
gtgtcccatg
tgectttgaaa
agacagaaaa
taacgﬁgcaa
ccaagcectg
acagagcagt
tatgcccaag
gtggtatatt
tfagaaatac
gaggccaagg

ccecgteteta

ccccgcgggg
ccecgggttag
ccttacgttce
tgccaggtgg
taggggagga
tccgggtgee
ﬁcqcaggtag
acagggagaa
ggacgctggce
ggtgggggag
tcagcctect
agagaggaég
cggcaagcegt
tatgccagct
ccggacgtge
ggcaccgatg
ggcacaaatc
QQCCFQCEQQ
agctgggéat
tacctggect
ccttggtgat
cccccagtge
atgctgagaa
écgattcaca
aatctagatg
tgcéaggaga
agttctcaga
ttcecacctea
tgtaaaactc
ttagcattgg
caggtggatt

ctaaaataca
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acgggaagag
ctctgttgeg
agccggtgtg
ccggetgggg
gacctttgat
taéagaétgg
aatcccaggg
tcgaacttgce
cccgegetee
gggtttetgt
tgcctatgaé
ggcatgagtg
tgtcagatgg
tcctgcagga
acggatcctc
cgtgccaggt
Ecaggtccac
tgtgtgagga
cgggctgtag
ggatccggga
tcecgecagtga
ggccagcetcee
ggaaagctct
gcttctecac
ccagcccage
agctgcatgt
ccatacatta

gaccaattaa

cccagataat

ccgggcgcgyg

gctcaggagt

agaaattagce

agcttgggge
ccttcaggag
cctgccaage
ccaccégttc
cactgggtta
gtggcgctga
cctgggattce
tcttégttcé
gggctagtgt
tteccgetecg
attgaattaa
ggtttacaag
ggtgtgaaga
ggcgcaggta
catcctcece
gagctcttag
agcgctgage
ccaagctgca
tgaccgcaac
gcacaccgtt
gagagtggct
gcgecaggat
tttcttcatg
agctctéaga
taatgtttac
tattccttat
aggtcacttg
atcagtatgt
tccaﬁgtaca
tggctcacgce
tcgaaaccag

cgggcacggc

45

ccecggegtec
gatgcggacg
ggcgecgcegce
gagggfaggc
ggcggaagaa
cctgatgggt
éctgctggga
ctctgggege
gggagccagg
cccattcaaa
tggcacctcce
cgcctggagq
aggecgctctg
ccgttectet
ggcatgctct
cceggttgge
tgcgtgtttc
gagcgccggce
aagccaggcy
tcctgattge
ggggcatgga

ggcgcaggaa

ggtccegecg

gaacaaggte
tgagcctagg
gagaaactaa
gggagégttt
ctagggatgg
gccaaggttg
ctgtaatcct
cctgggcaac

ggcgtgcegec

ccgcctcacg

gcagcetgege
gaccctcecega
acaactgcta
gcecegegact
tgtgagaatg
tccecaaatce
cgggctgcaa
ttctgcgact
tectggettte

tceeccttegyg

agctttgtec.

tgttecgcagg
ccctggagceg
gcgcagggtt
geecttecee
cgacccéggg
tcaccctgca
tctacaccga
tcagggactc
aggcaagatt
ctcaataaag
ggaaatgcca
tatgagatct
atactgtata
cattttgttt
tgagccaate
ggcatgggta

agaatcgtgg

agcactttaa -

acgatgaaac

tgtagtccca

7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820

8880

8940

9000

9060

9120

‘9180

9240
9300
9360
9420
9480
9540
9600
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gctactcagg
aacagaggga
cattgactgt
gcactagtgt
tacacataac
cccagcaatc
acaatctggg
acatccﬁttt
gttcacgcecet
gacttcctga
taaaatttgt
agcgacacga
gecteggect
tecctacagga
cctgggtggt
cacagcgeccg

gctgggcegea

<210> 4
<211> 2420
<212> DNA

aggctgaggce
gggaaagaga
ggcgtggacc
agtgggtctg
aaattctcgg
tgtttaacag
ggttgaatgg
ttcacaaaac
gtaatctcgf
cecegectggg
ttttgetttt
tcctataéta
cccaaagcege
taaécttagé
cgctccggga
caggccttee

ctcggagege

<213> Homo sapiens

<220>

<221> misc_feature
<223> /note="Extended upstream genomic sequence (extending the upstream sequence given in AF538691.1),
corresponding to (taken from) UCS C Genome Browser/July 2003 human reference sequence/ >chr5:176819
111-176821530 (reverse complement)"

<400> 4

agecegggtgt ggtggetcac gecectgtaatt ccagcacttc gggaggeccga ggtgggcaga

EP 1766 063 B1

aggagaatca
gagacagaaa
ctaagggctyg
agagtcectt
gctacacttt
ccttgcgagg
ttggttecect
cagcttttta
cactttgaga

caacatagtg

ttagagacgg

gtttactata
tgggattaca
actgcgacag
cggcgecttg
ccgcgthCg

gatgggcgac

cttgaaccgg
gaaaagaaaa
ggtgacatat
ggctagcagt
atactgetga
gattctgatg
tacaagtgaa
aaattaaaaa
ggctgaggcg
agacctcat§
ggcctegete
atctcgctac
ggagtgagcc
cactaaacéc
tgtgacgtca

cctctatatt

tggaaggtct'

caggaaggaa
aagaaaatag
cgttgtcccece
accatcacca
acagaaagtc
ttctectecatg
ggtctggetg
tagattggcc
ggaggattgt
tcaaaaaaat
tgtggctcag
tgagttcaag
gctgcgetcet
ccacgccccé
cagccecegcec
tcecccgagag

acatcagtgc

ggaaggaagg
aaaaaaagag
accccaacac
gggaacttgt
taggggtggag
cttaagaacc
tccagacaca
aQatgcggtg
ttgagctcaa
tttttttaat
gctggegtge
cgatccgece
gccaaaccca
cétgccccag
cagcctgecect
gtgecgaggeg

agtgct

tcatgaggtce aggagttcga gaccaacctg gccaacatgg tgaagccctg gtctctacta

aggagacaaa aaattagccg ggcatggtgg cgtgggcectg taatggcage tacttgggag

gctgaggcag gagaatcact tgaacctggg aggtggaggt tgtagtgage cgagatcgcea

46

2660
9720
9780
9840
9900
9960
10020
10080
10140

© 10200

10260
10320
10380
10440
10500
10560
10616

60
120

. 180
240
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ccatggcagt
aaataataat
étgggagagg
ctéacacctc

cacgctgcat

gtggcgaaga

gaggaaggag
gaactgacag
agcgagagga
agtctctttg
atatctaata
ccagttaccet
tgtgtttctg
tgctacactce
tgaaagtgac
tteteeette

atcacggctce

aagtagcegg’

agatgggatc

aagtgatccce

taactgacca

aaatcaatcce

ttaaagcaac

ggtctttcat
agcttattca
ctacatgggc
ccagagtgag
tggaagtcca
ccaggctgga
gcgattctcc
ggétaatttt

ttgaactcect

ccagtttggg
aaagtaccct
aagaggaagyg
atctcacact
tcaggcttct
cctgttcaaa
écaatgtggg
agccaggcat
tcacttgege
aaacaacaaa
gtttcacttt
ttéaaaccag
ttccaégaag
agtct:éatt
agaagtccac
ﬁttggagata
acagcatttt
aactacaggc
tcactatgtt
cagcctecca
agtcttaagg
atcagtécta
aacéﬁéﬁaét
aaga;tgcaa
tgtggctgte
ttctetgecag
caacctaaga
acaccctcac
gtgcaatgge
tgcétcagcc
tgtatttttc

gacctagagt
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cgacagcgcyg
ttcaccacca
gagatggatg
ccctacaagg
gtgcagttgt
aggceccctte
agtggcctta
ggtggeatge
ccagaagtte
aaaggtgaca
catcatggag
tggttggaaé
tcttccacag
tccecataaat
tcaaattggt

cagtctcagt

ggacctctgg

acgcgecace
gcecctacatca
gagtgﬁtggg
atacttctag
gttctcaaat
ééﬁgatttat

gccaaatgtc

caattggcac

ggctgcatgt

gaccgaggca

.ttctgccata

acaatctctg
tcacgggtag

atagagatgg

gatctgectg

agactccatc
cagctgggga
ttgaacatce
caccttatge
éttactcact
catgtagagg
gggccagggt
acctgtaatc
caggctagcce
aéggtagttt
ttaacagctg
ggtgccéctc
cctgectcete
tactttgtat
tttattgget
ctgecttccececa
gctcaagcaa
atgectgget
gtctggaact
attacaggecg
ttttaggatg
gﬁcgtgtaac
cacégttgct
agcgagggct
tggctgtcag
gtgtcctcac
gaaactgcaa
ttteteetet
ctcacéacaa
ctgggattac
ggtttggeca

ccttggeatce

47

tcaaataaat
ggggtgatca
aaatgaccat
tcaccacatt
ctgcctgcaa
aacagctgee
ctatactcag
ccagctatte
tgggcaactt
cgctttaatg
tcacgtcaat
ctctectgece
ttccagcaga
aacttaggac
catataactg
gactggagtg
tectcetgec
aatgttaaat
cctgggctca
tgagccactg
taggctctca
aaatcaccct
éaéggtcage
gcagtatcca
cagggtgctt
aacacagtgyg
tgtcttttat
tttgagacag
cctccacttce
aggcacacgc
acacgttggce

ccaaagtgct

aactaaataa
caaaatgaaa
taétgtccac
ccccatttgé
acccctactt

ttctcéccaa

gagcaatcaa

aggaggatga
aataagaccg
actcgtcaat
gactttgaaa
ctcetettte
atﬁaataaat
tttgtataac
agaagtctat
cagtggcaca
tcagactcag
ttttttggaé
agtgatccte
tgecctagcceca
aagtcatgag

aacttgtgge

tttgeettga

cttccaagge
tcctttcetece
ctggcttect
gacctgggcet

tcectgtege

ctgggttcaa

cactacgdcc-v

caggccggtce

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
1920
1980
2040
2100
2160
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gtgtgagcca ccacacccag ccacttetgt catattctga tggacacaca gaacagecct

aactcaatgt gggaagacac

ggctgtcttt gaggctgtet

cttttcctat gtgtaggett

tcatcaatgt gttcagacce

<210>5
<211> 1402
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<223> /note="Extended downstream genomic sequence (extending the downst ream sequence given in
AF538691.1), corresponding to (taken from) UCSC Genome Browser/July 2003 human reference sequence/
>chr5:17 6807094-176808495 (reverse complement)”

<400> 5

gcgggaccag
ggcttegegy
‘ggggeeggac
cgtcateege
gctggacgeg
ccgacgegge
gegecatgecag
actgtgaéct
aggaaactgg
gccaggeccc

tgactgctge

caagggtggyg

cacacattag
atcagggtgt

tagcaagttg

cgcatcgacg
cccgggggec
aggcacacct
gaccacctge
cgcgeegtgt
gtacatgagy
ggcgectage
gggcgcgget
tctttgcaag
tgtgcectac

tcettggege

ggcttctcaa.

gcaggacaag
caggctggag

tgagtgggtg

EP 1766 063 B1

catacaaggg catgaatcct aggtgctgag gatcaatggg

accacagcat ctttccatce ttcctgeeet gtttgetttg

cattctcaaa caggccctce ctagagagtg acaaaggtga

acgtggccat
tgctggegge
tcctgecagge

tggccgaggyg

gegtgggecg

gcatcctcaa

cggecageca

ggdtcctcct

acggttacct
accctgetcet
gttcccaggg
agtctgtttce
taaagggégc
gccaatttge

acaggatggg

cgtgggccat
catctcgecy
gggcctgage
tgacggegty
tgcgeecgege
caagacggtg
ggccgeecac
ccacttgcge
ggtggagceg
cccatggacyg
tcctagggac
agccttageg
cccctcccéa
tccﬁqccccc

cttggtgget

48

gcggacaaca
caggaggtgg
gtggggggee
ctggacgcac
gcgctcctgg
cacgaéctca
tggtagcgeg
ggtgggggga
ggattttgag
ccttgecagag
teccgeagetg
tcctttcteca
tcecegegaac
tccactcaté

tgtaaagcag

gctgcgtgtyg

gcgtgcetcac

geegetgetyg

gcaccaaggy

tgctaatggg

tacgcgaget

ggccaaataa

gttgtaaata
tctagaggct
gctcéctggee
aggaagagtc

gagatattcc

acctctceccece.

cctcaagcac

ttctgggget

2220
2280
2340
2400
2420

60
120
180
240
300
360
420
480
540
600
660
720
780

840

900



10

15

25

30

35

40

45

50

55

EP 1766 063 B1

cacaggcectce tgcatctcﬁg qccacattcc»tccaagggga gecctactgag agggctcatg 960
tccaagacca tcgcaattggﬁgtttgagacc ttacatcctg ccttceccag gecttecgaaa 1020
aggccccgca'ggagtccctg gactagaggg aggaéctctg gcatccctac ccgggagtet 1080
cactctgecag gcctcagttt cagggtgace tatggaggag ggggaattga aaagettggg 1140:
taagtttgag gectggttta ttgcccaaag atagtggaca aaagtgggag ggagggtgtc 1200
tggtccctéc cctececatgtyg ctggggecca. gggecatggee tcectettgecee acccccapcc. 1260
ttcccgtcéc ctcecccage ggccqtgatg gcagacccca cctgtcéctt attctggagc 1320 .
cctgatctta tcccagcagg aaggagtgat gtgtggetga ggtgggtgaa tﬁtagagggc »1380
égagggagac cagaggaag€ tc 1402
Claims

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 Ill 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 encoding coagulation factor XlI; the mutation being (i) a 6927C—A or a 6927C—G mutation
of the wild-type sequence of SEQ ID NO: 3, or (ii) affecting amino acid residue 309 which corresponds to amino
acid residue 328 of the sequence depicted in SEQ ID NO: 2, wherein the presence of such a mutation is indicative
of a hereditary angioedema type Il 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 the 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
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 elec-
trical 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 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
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subject being suspected of being a carrier for hereditary angioedema type lll, the method comprising assessing the
presence and/or amount of a disease-associated mutant coagulation factor Xll in said subject, and including the
steps of:

(a) determining from a biological sample of said subject in vitro, the presence and/or amount of a (poly)peptide
encoded by a mutant coagulation factor Xll gene, the mutation affecting amino acid residue 309 which corre-
sponds to amino acid residue 328 of the sequence depicted in SEQ ID NO: 2;

(b) comparing said presence and/or amount 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

wherein the mutant comprises a mutation affecting amino acid residue 309.

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.

The method of any preceding claim, wherein said amino acid residue at position 309 is substituted by a basic or
positively charged amino acid residue.

The method of claim 10, wherein said basic or positively charged amino acid residue is a lysine or arginine.

The method of any one of claims 1 to 9, 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 lll, excluding the transfusion of
blood or components thereof from said donor.

A nucleic acid molecule comprising the human coagulation factor XlI nucleotide sequence or a fragment thereof
having at least 30, nucleotides, having a mutation at a position corresponding to position 6927 of SEQ ID NO: 3,
wherein the wild-type C is substituted by an A or by a G.

An oligonucleotide containing at least 17 nucleotides of:

(a) the mutant nucleotide sequence of claim 13 comprising position 6927, wherein the oligonucleotide contains
a nucleotide corresponding to mutant position 6927; or
(b) the complementary sequence of (a).

A (poly)peptide, encoded by the nucleic acid molecule of claim 13.

Use of a kit for diagnosis of hereditary angioedema type lll or a susceptibility or predisposition thereto, said kit
comprising:

(a) atleast one nucleic acid molecule capable of hybridizing under stringent conditions to a nucleic acid molecule
encoding a mutant coagulation factor XII;

(b) a restriction enzyme capable of discriminating between nucleic acid encoding wild-type coagulation factor
Xl and a disease-associated mutant coagulation factor XIl;

(c) a pair of primers complementary to nucleic acid encoding a disease associated mutant coagulation factor XII;
(d) the nucleic acid molecule of claim 13;

(e) the oligonucleotide of claim 14; and/or

(f) the (poly)peptide of claim 15;

and optionally instructions for use, wherein the mutant comprises a mutation affecting amino acid residue 309 which
corresponds to amino acid residue 328 of the sequence depicted in SEQ ID NO: 2.

The use of claim 16, wherein said disease-associated mutant is a mutant as defined in any one of claims 10 or 11
or a mutant as defined in claim 13.

The use of claim 16, wherein (a) is a primer pair capable of amplifying exon 9 of human coagulation factor XII gene

50



10

15

20

25

30

35

40

45

50

55

EP 1766 063 B1

or a part thereof comprising the mutant position as defined in claim 13, or a probe or pair of probes.

19. A kit for use in diagnosis of hereditary angioedema type Il or a susceptibility or predisposition thereto, said kit

comprising:

(a) the nucleic acid molecule of claim 13;
(b) the oligonucleotide of claim 14; and/or
(c) the (poly)peptide of claim 15;

and optionally instructions for use, wherein the mutant comprises a mutation affecting amino acid residue 309 which
corresponds to amino acid residue 328 of the sequence depicted in SEQ ID NO: 2.

Patentanspriiche

1.

Verfahren zum Diagnostizieren von erblichem Angioddem vom Typ Il (HAE 1ll) oder einer Veranlagung dazu in
einem Individuum, das im Verdacht steht, erbliches Angio6dem vom Typ Ill entwickelt zu haben oder eine Veran-
lagung zu haben, es zu entwickeln, oder in einem Individuum, das im Verdacht steht, ein Trager fiir erbliches
Angioédem vom Typ Il zu sein, wobei das Verfahren das in vitro-Bestimmen des Vorliegens oder der Abwesenheit
einer krankheitsassoziierten Mutation in einer den Koagulationsfaktor Xl kodierenden Nukleinsaure in einer biolo-
gischen Probe des Individuums umfasst, wobei die Mutation (i) eine 6927C—A- oder eine 6927C—G-Mutation in
der Wildtypsequenz der SEQ ID NO:3 ist, oder (ii) den Aminosaurerest 309 betrifft, der dem Aminoséaurerest 328
der in SEQ ID NO:2 dargestellten Sequenz entspricht, wobei das Vorliegen einer solchen Mutation auf erbliches
Angioédem vom Typ lll oder eine Veranlagung dazu hinweist.

Verfahren nach Anspruch 1, wobei das Bestimmen das Hybridisieren mindestens eines Paares von Nukleinsaure-
sonden mit dem Nukleinsduremolekil unter stringenten Bedingungen umfasst, wobei die erste Sonde des Paares
komplementar zur Wildtypsequenz des Nukleinsauremolekils und die zweite Sonde des Paares komplementar zur
mutierten Sequenz des Nukleinsduremolekills ist, wobei ein perfektes Passen, das Vorliegen stabiler Hybridisierung,
zwischen (i) der ersten Hybridisierungssonde und dem Zielnukleinsduremolekdil das Vorliegen einer Wildtypsequenz
anzeigt, und (ii) der zweiten Hybridisierungssonde und dem Zielnukleinsduremolekil das Vorliegen einer mutierten
Sequenz anzeigt, wobei die erste Hybridisierungssonde und die zweite Hybridisierungssonde einen differenziellen
Nachweis erlauben.

Verfahren nach Anspruch 1, wobei das Verfahren das Hybridisieren einer Hybridisierungssonde, die spezifisch fir
die mutierte Sequenz ist, mit dem Nukleinsduremolekil unter stringenten Bedingungen umfasst.

Verfahren nach einem der Anspriiche 1 bis 3, umfassend einen Schritt der Nukleinsdureamplifizierung und/oder
Nukleinsauresequenzierung.

Verfahren nach einem der Anspriiche 1 bis 4, wobei das Verfahren ein Allelunterscheidungsverfahren ist oder
umfasst, das ausgewabhlt ist aus der Gruppe bestehend aus allelspezifischer Hybridisierung, allelspezifischer Pri-
merverlangerung einschlieBllich allelspezifischer PCR, allelspezifischer Oligonukleotidligierung, allelspezifischer
Spaltung einer Flap-Sonde und/oder allelspezifischer Spaltung unter Verwendung einer Restriktionsendonuklease.

Verfahren nach einem der Anspriiche 1 bis 5, umfassend ein Nachweisverfahren ausgewahlt aus der Gruppe
bestehend aus Fluoreszenznachweis, zeitaufgel6ster Fluoreszenz, Fluoreszenzresonanzenergietransfer (FRET),
Fluoreszenzpolarisation, kolorimetrischen Verfahren, Massenspektrometrie, (Chemi)lumineszenz, elektrophoreti-
schem Nachweis und elektrischen Nachweisverfahren.

Verfahren nach einem der Anspriiche 1 bis 6, wobei die Sonde oder das Nukleinsduremolekiil des Individuums mit
einem festen Trager verbunden ist.

Verfahren zum Diagnostizieren von erblichem Angioddem vom Typ Il (HAE 1ll) oder einer Veranlagung dazu in
einem Individuum, das im Verdacht steht, erbliches Angio6dem vom Typ Ill entwickelt zu haben oder eine Veran-
lagung zu haben, es zu entwickeln, oder in einem Individuum, das im Verdacht steht, ein Trager fir erbliches
Angioddem vom Typ Ill zu sein, wobei das Verfahren das Beurteilen des Vorliegens und/oder der Menge einer
krankheitsassoziierten Mutante des Koagulationsfaktors Xll in dem Individuum umfasst und die folgenden Schritte
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einschlief3t:

(a) Bestimmen des Vorliegens und/oder der Menge eines (Poly)peptids, das von einem mutierten Koagulati-
onsfaktor XlI-Gen kodiert wird, in einer biologischen Probe des Individuums in vitro, wobei die Mutation Ami-
nosaurerest 309 betrifft, der Aminosaurerest 328 der in SEQ ID NO:2 dargestellten Sequenz entspricht;

(b) Vergleichen des Vorliegens und/oder der Menge mit dem/der in einer Referenzprobe bestimmten; und

(c) Diagnostizieren des pathologischen Zustands eines erblichen Angioddems vom Typ Il oder einer Veranla-
gung dazu, basierend auf dem Unterschied zwischen den in Schritt (b) verglichenen Proben,

wobei die Mutante eine den Aminosaurerest 309 betreffende Mutation umfasst.

Verfahren nach einem der Anspriiche 1 bis 8, wobei die biologische Probe aus Haar, Haut, Schleimhautoberflachen,
Korperflissigkeiten, einschlieRlich Blut, Plasma, Serum, Urin, Speichel, Sputum, Tranen, Zerebrospinalflissigkeit,
Samenflussigkeit, Gelenkflissigkeit, Fruchtwasser, Milch, Lymphe, Lungensputum, bronchialer Sekretion oder Stuhl
besteht oder daraus enthommen ist.

Verfahren nach einem vorangegangenen Anspruch, wobei der Aminosaurerest an Position 309 durch einen basi-
schen oder positiv geladenen Aminoséaurerest ersetzt ist.

Verfahren nach Anspruch 10, wobei der basische oder positiv geladene Aminosaurerest ein Lysin oder Arginin ist.

Verfahren nach einem der Anspriiche 1 bis 9, umfassend das in-vitro-Testen einer Probe eines Blutspenders, um
zu bestimmen, ob das Blut des Spenders oder Komponenten davon flir die Transfusion in einen Patienten, der
dessen bedarf, verwendet werden kann, wobei ein positives Testen eine Veranlagung fir erbliches Angioédem vom
Typ Il anzeigt, das die Transfusion von Blut oder Komponenten davon von diesem Spender ausschlieft.

Nukleinsauremolekil umfassend die menschliche Koagulationsfaktor XlI-Nukleotidsequenz oder ein Fragment da-
von, das mindestens 30 Nukleotide hat, das eine Mutation an einer Position hat, die Position 6927 der SEQ ID NO:3
entspricht, wobei das C vom Wildtyp durch ein A oder G ersetzt ist.

Oligonukleotid enthaltend mindestens 17 Nukleotide von:

(a) der mutierten Nukleotidsequenz gemafR Anspruch 13, umfassend Position 6927, wobei das Oligonukleotid
ein Nukleotid enthalt, das der mutierten Position 6927 entspricht; oder
(b) der zu (a) komplementéren Sequenz.

(Poly)peptid, das von dem Nukleinsduremolekiil gemaR Anspruch 13 kodiert wird.

Verwendung eines Kits zur Diagnose von erblichem Angioddem vom Typ Il oder einer Empfanglichkeit oder Ver-
anlagung dazu, wobei der Kit umfasst:

(a) mindestens ein Nukleinsduremolekdil, das in der Lage ist, unter stringenten Bedingungen mit einem Nukle-
insduremolekil zu hybridisieren, das einen mutierten Koagulationsfaktor Xl kodiert;

(b) ein Restriktionsenzym, das in der Lage ist, zwischen Nukleinsdure, die den Wildtyp-Koagulationsfaktor XII
und die einen krankheitsassoziierten mutierten Koagulationsfaktor XIl kodiert, zu unterscheiden;

(c) ein Paar von Primern, die zu einer Nukleinsdure komplementar sind, die einen krankheitsassoziierten mu-
tierten Koagulationsfaktor XlI kodiert;

(d) das Nukleinsduremolekiil nach Anspruch 13;

(e) das Oligonukleotid nach Anspruch 14; und/oder

(f) das (Poly)peptid nach Anspruch 15;

und gegebenenfalls Anweisungen flr die Verwendung, wobei die Mutante eine Mutation umfasst, die den Amino-
saurerest 309 betrifft, der dem Aminosaurerest 328 der in SEQ ID NO:2 dargestellten Sequenz entspricht.

Verwendung nach Anspruch 16, wobei die krankheitsassoziierte Mutante eine Mutante ist, wie sie in einem der
Anspriche 10 oder 11 definiert ist oder eine Mutante, wie sie in Anspruch 13 definiert ist.

Verwendung nach Anspruch 16, wobei (a) ein Primerpaar ist, das in der Lage ist, Exon 9 des Gens des menschlichen

52



10

20

25

30

35

40

45

50

55

19.

EP 1766 063 B1

Koagulationsfaktors XlI oder einen Teil davon zu amplifizieren, der die in Anspruch 13 definierte mutierte Position
umfasst, oder eine Sonde oder ein Sondenpaar.

Kit fur die Verwendung in der Diagnose von erblichem Angioédem vom Typ Ill oder einer Empfanglichkeit oder
Veranlagung dazu, wobei der Kit umfasst:

(a) das Nukleinsduremolekiil nach Anspruch 13;
(b) das Oligonukleotid nach Anspruch 14; und/oder
(c) das (Poly)peptid nach Anspruch 15;

und gegebenenfalls Anweisungen flr die Verwendung, wobei die Mutante eine Mutation umfasst, die den Amino-
saurerest 309 betrifft, der dem Aminosaurerest 328 der in SEQ ID NO:2 dargestellten Sequenz entspricht.

Revendications

Procédé de diagnostic d'un angio-oedeme héréditaire de type Il (HAE lll) ou d’'une prédisposition a celui-ci chez
un sujet suspecté d’avoir développé ou de présenter une prédisposition a développer un angio-oedéme héréditaire
de type lll ou chez un sujet suspecté d’étre porteur d’'un angio-oedéme héréditaire de type lll, le procédé comprenant
la détermination in vitro a partir d’'un échantillon biologique dudit sujet de la présence ou de I'absence d’'une mutation
associée a la maladie dans une molécule d’acide nucléique codant pour le facteur de coagulation XII ; la mutation
étant (i) une mutation 6927C—A ou 6927C—G de la séquence de type sauvage de SEQ ID NO : 3, ou (ii) I'affectation
du résidu d’acide aminé 309 qui correspond au résidu d’acide aminé 328 de la séquence représentée par SEQ ID
NO : 2, ou la présence d’une telle mutation indique un angio-oedéme héréditaire de type Ill ou une prédisposition
a celui-ci.

Procédé selon la revendication 1, dans lequel ladite détermination comprend I'hybridation dans des conditions
stringentes a ladite molécule d’acide nucléique d’au moins une paire de sondes d’acide nucléique, la premiére
sonde de ladite paire étant complémentaire de la séquence de type sauvage de ladite molécule d’acide nucléique
et la seconde sonde de ladite paire étant complémentaire de la séquence mutante de ladite molécule d’acide
nucléique, ou une correspondance parfaite, la présence d’'une hybridation stable, entre (i) la premiére sonde d’hy-
bridation et la molécule d’acide nucléique cible indique la présence d’une séquence de type sauvage, et (ii) la
seconde sonde d’hybridation et la molécule d’acide nucléique cible indique la présence d’une séquence mutante,
ou la premiére sonde d’hybridation et la seconde sonde d’hybridation permettent une détection différentielle.

Procédé selon la revendication 1, ledit procédé comprenant I'hybridation dans des conditions stringentes a ladite
molécule d’acide nucléique d’'une sonde d’hybridation spécifique de la séquence mutante.

Procédeé selon 'une quelconque des revendications 1 a 3, comprenant une étape d’amplification d’acide nucléique
et/ou de séquencage d’acide nucléique.

Procédeé selon I'une quelconque des revendications 1 a 4, ou ledit procédé est ou comprend un procédé de discri-
mination d’alléles choisi dans le groupe constitué d’'une hybridation spécifique des alléles, d’une extension d’'amorce
spécifique des alleles y compris une PCR spécifique des alleles, une ligature d’oligonucléotides spécifique des
alléles, un clivage spécifique des alleles d’'une sonde flap et/ou un clivage spécifique des alléles en utilisant une
endonucléase de restriction.

Procédé selon I'une quelconque des revendications 1 a 5, comprenant un procédé de détection choisi dans le
groupe constitué par une détection de fluorescence, une fluorescence en temps résolu, un transfert d’énergie par
résonance en florescence (FRET), une polarisation de fluorescence, des procédés colorimétriques, une spectro-
métrie de masse, une (chimio)luminescence, une détection électrophorétique et des procédés de détection électri-
que.

Procédeé selon 'une quelconque des revendications 1 a 6, dans lequel la sonde ou la molécule d’acide nucléique
du sujet est fixée a un support solide.

Procédé de diagnostic d'un angio-oedeme héréditaire de type Ill (HAE Ill) ou d’'une prédisposition a celui-ci chez
un sujet suspecté d’avoir développé ou de présenter une prédisposition a développer un angio-oedéme héréditaire
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de type lll ou chez un sujet suspecté d’étre porteur d’'un angio-oedéme héréditaire de type lll, le procédé comprenant
I'estimation de la présence et/ou de la quantité d’'un facteur de coagulation XII mutant associé a la maladie chez
ledit sujet, et comprenant les étapes suivantes :

(a) la détermination a partir d'un échantillon biologique dudit sujet in vitro, de la présence et/ou de la quantité
d’'un (poly)peptide codé par un géne mutant du facteur de coagulation XII, la mutation affectant le résidu d’acide
aminé 309 qui correspond au résidu d’acide aminé 328 de la séquence représentée par SEQ ID NO : 2 ;

(b) la comparaison de ladite présence et/ou quantité avec celle déterminée a partir d’'un échantillon de référence ;
et

(c) le diagnostic, basé sur la différence entre les échantillons comparés dans I'étape (b), de I'état pathologique
d’'un angio-oedéme héréditaire de type Ill ou d’'une prédisposition a celui-ci

ou le mutant comprend une mutation affectant le résidu d’acide aminé 309.

Procédé selon I'une quelconque des revendications 1 a 8, dans lequel I'échantillon biologique est constitué de ou
est prélevé a partir de cheveux, peau, surfaces mucosales, liquides corporels y compris du sang, du plasma, du
sérum, de I'urine, de la salive, des crachats, des larmes, du liquide céphalo-rachidien, du sperme, du liquide synovial,
du liquide amniotique, du lait, de la lymphe, des crachats pulmonaires, des sécrétions bronchiques ou des selles.

Procédé selon I'une quelconque des revendications précédentes, dans lequel ledit résidu d’acide aminé au niveau
de la position 309 est substitué par un résidu d’acide aminé basique ou chargé positivement.

Procédé selon la revendication 10, dans lequel ledit résidu d’acide aminé basique ou chargé positivement est une
lysine ou une arginine.

Procédé selon I'une quelconque des revendications 1 a9, comprenant I'analyse in vitro d’un échantillon d’'un donneur
de sang pour déterminer si le sang dudit donneur ou des composants de celui-ci peuvent étre utilisés pour une
transfusion a un patient en ayant besoin, ou une analyse positive indique une prédisposition pour un angio-oedéme
héréditaire de type lll, excluant la transfusion du sang ou des composants de celui-ci provenant dudit donneur.

Molécule d’acide nucléique comprenant la séquence nucléotidique du facteur de coagulation XII humain ou un
segment de celle-ci présentant au moins 30 nucléotides, comportant une mutation au niveau d’'une position corres-
pondant a la position 6927 de SEQ ID NO : 3, ou le C de type sauvage est substitué par un A ou par un G.

Oligonucléotide contenant au moins 17 nucléotides de :

(a) laséquence nucléotidique mutante selon larevendication 13 comprenant la position 6927, ou I'oligonucléotide
contient un nucléotide correspondant a la position 6927 mutante ; ou
(b) la séquence complémentaire de (a).

(Poly)peptide codé par la molécule d’acide nucléique selon la revendication 13.

Utilisation d’un kit de diagnostic d’'un angio-oedéme héréditaire de type lll ou d’'une sensibilité ou d’une prédisposition
a celui-ci, ledit kit comprenant :

(a) au moins une molécule d’acide nucléique capable de s’hybrider dans des conditions stringentes a une
molécule d’acide nucléique codant pour un facteur de coagulation XII mutant ;

(b) une enzyme de restriction capable de faire la discrimination entre un acide nucléique codant pour un facteur
de coagulation XlI de type sauvage et un facteur de coagulation Xll mutant associé a une maladie ;

(c) une paire d’amorces complémentaires de I'acide nucléique codant pour un facteur de coagulation Xl mutant
associé a une maladie ;

(d) la molécule d’acide nucléique selon la revendication 13 ;

(e) 'oligonucléotide selon la revendication 14 ; et/ou

(f) le (poly)peptide selon la revendication 15 ;

et éventuellement des instructions d’utilisation, ou le mutant comprend une mutation affectant le résidu d’acide
aminé 309 qui correspond au résidu d’acide aminé 328 de la séquence représentée par SEQ ID NO : 2.
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Utilisation selon la revendication 16, ou ledit mutant associé a une maladie est un mutant tel que défini dans l'une
quelconque des revendications 10 ou 11 ou un mutant tel que défini dans la revendication 13.

Utilisation selon la revendication 16, ou (a) est une paire d’'amorces capables d’amplifier 'exon 9 du géne du facteur
de coagulation XII humain ou d'une partie de celui-ci comprenant la position mutante telle que définie dans la
revendication 13, ou une sonde ou une paire de sondes.

Kit pour une utilisation dans le diagnostic d’un angio-oedéme héréditaire de type Ill ou d’'une sensibilité ou d'une
prédisposition a celui-ci, ledit kit comprenant :

(a) la molécule d’acide nucléique selon la revendication 13 ;
(b) I'oligonucléotide selon la revendication 14 ; et/ou

(c) le (poly)peptide selon la revendication 15 ;

et éventuellement des instructions d’utilisation, ou le mutant comprend une mutation affectant le résidu d’acide
aminé 309 qui correspond au résidu d’acide aminé 328 de la séquence représentée par SEQ ID NO : 2.
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ctattgatct
gctgectectg
agcccccaag
ggagccctgce
gggccggeca
atggggatac
ccagaaagga
cctcactgga
ccacaagaat
gggtcctgat
ccatgggggt
caccggacce
ctaccgcgge
ggccacctac
cttctgecgg
gctgagetgg
gaccccggtg

gcctecagecc

gcgggagcag
caagagtctg
ccectacate
ctgctgggtg
ggtggtgctc
gegctectac
gttgegectt
ggtgtgeetg
ctggggccac
accgttecte
cggcatgcete

* aggccegetg

cagctgggga
ctacctggcc

tccttggtga
tcceccagtg

"atgctgag

ggactcctqgg
gggttcctge
gagcataagt
cacttcecct
ggcectcage
tgtttggagc
gggacctgtg
aaccactgcc
gagatatggt
gcccactgce
cgctgectag
ttetgegacg
ctggccagga
cggaacgtga
aacccggaca
gagtactgeg
tcccctagge

g
a

acgacccgga
Thx
Lys
Arg

ccgectteee
tecttegatga
gccgegetgt
ctgacggccg
ggccaggaac
cgcttgcacg
caggaggatg
ccaagcggcg

cagttcgagg-

tccetggage
tgcgcagggt
gtgtgtgagg
tegggetgtyg
tggatccggg
ttcecgeagtg
cggccagctce
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ataggcagct
tggtgagett
acaaagctga
tccagtacca
cctggtgtge
ccaagaaagt
tgaacatgcce
agaaagagaa
atagaactga
agcggctgge
aggtggaggg
tggacaccaa
ccacgctctce
ctgcecgagea
acgacatccg
acctggcaca
ttcatgtcce

ccecgectea

tgaccaggaa
ccegegtegt
actggggcca
ctcactgect
gcecgtaacca
aggccttcte
cggacggcag
ccgegegace
gggceggagga
gctgctcage
tcctegaggg
accaagctgce
gtgaccgcaa
agcacaccgt
agagagtggce
cgegecagga

~ Figure 1
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ggaccaacgg .
ggagtcaaca
agagcacaca
ccggecagetg
taccacccce
gaaagaccac
aagcggccece
gtgctttgag
gcaagcagct

.cagccaggcec

ccaccgectg

ggcaagctgce

gggtgegeec
agcgcggaac
cccgtggtge
gtgccagace
actcatgeee

gtcccagaéc

cggcccactg
tggcgggetg
cagtttctgce
gcaggaccgg
cagctgtgag
gcecgtecage
ctgcgcecgete
ctccgagace
atatgccagce
ccecggacgtg
cggcaccgat
agagcgceegg
caagccaggc

‘ttcetgattyg

tggggcatgg
tggcgaggaa

acggacgcca
ctttegatte
gtcgttctea
taccacaaat
aactttgatc
tgcagcaaac
cactgtctct
cctcagette
gtggccagat
tgccgeacca
tgeccactgcece
tatgatggcce
tgtcagecegt
tggggactgg

‘ttecgtgetga

ccaacccagg
gcgcageegg

ccgggagect

agctgeggge

gtggcgctac
gccggecagee
ccegecacceeg
ccgtgecaga
taccagcacg
ctgtecgectt
acgctctgee
ttcctgeagg
cacggatcct
gegtgecagg
ctcaccetge
gtctacaccg
ctcagggact
aaggcaagat
ctcaataaag

tgagggctet
caccttggga
ctgtcaccgg
gtacccacaa
aggaccageg
acagcccctyg
gtccacaaca
teccggttttt
gccagtgcaa
accegtgect
cggtgggeta |
gcgggetcag
gggcctcegga
gecggecacge
accgcgaccg
cggegectec
caccgccgaa

tgccggegaa

agcggectecg
gcggggegea
tcatcgeece
aggatctgac
cgttggcecegt
acctggctct
acgttcagce
aggtggecag
aggcgecaggt
ccatcctcecce
gtgattccgg
aaggcatcat
atgtggecta.
catctttcee
tgtgtcccat
tgctttgaaa
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acatgctctg
aagtcccaag
cactgtggat
agctcectgagg
gctaaaggaa
cacccegtct
tctcattaaa
ccccaagate
tagatgctte
aaataaggag

gaggccaagy-

aaaccccate

teccagetac
agtgagccaa
aaaaaaaaaa
aaaggcgaca
cgaggegggt
ccgtetetac
gctactecggg
gcggagattg
aaaaaaaaaa
gtttgttaca
tctttgatct
tcétgctteea
cacccacaaa
gctttecaca
ttccaagace

GacGeageee

ACTTTCGgtyg
cacagccatg
tgtggaaagg
tggatacaag
gaggtagaaa
gctgecagact
tctetecett
agcacacagt
atggtgcagt
tatgceccatg
tgtgtctaag
ccatcacace
ctttececag
ggcaaggaag
cacttatgag
ttctgtgaaa
gtgaggtatt
atgaaactac
agctecccat
tcatgcctgt
tcgagaccag
caggcatggt
cttgaacctg
ggcaacacag
tagcagggcece
tctetaagea
cttcacccca
ccttgcctaa
ttttetttte
tcttggcteca
agttgctagg
agacagggtt
ccaccttage
ttgecatctta
ccttggcaag
ttgtgccaga
tctgaagaag
tgaacattga
tcaaccaaca
tatatgtgtt
agtgtctaac
cttcagcagg
gtgaaaaacg

tgcttagtaa
ctagcacttt
tagagatgtc
gtagagttgg
aaatcaaagt
tcttctecatg
tecatttgett
tctaccectg
tgtgaaagaa
aatggcaggg

cgggcagatce
tctactaaaa

ccaggaggct
gatcgtgeca
aaaaaaggag
catggceegg
ggatcacgag
taaaaagaca
aggctgaggce
cgccactgea
aaaaagaaaa
tgacaataga
ccttaacctc
gteccactat
ctcecaactt
aacagectgt
tttggecagt

ATGAGGGCTC

agtgctgtog
agccatggec
tgaggccage
ggcacagect
gggtttgggt
agcaacagat
gtagattcca
cggtaagtgg
gtgtgcagte
ggcactagag
tgcccacgag
tgggctectg
tacgtctcat
gatcaagage
ctgggtgact
ccaggttgat
cagcccatca
cttttagatg
tgettteatt
aatcccageca
cctggecaac
ggcatgegee
ggaggtgaag
caagactceg
tgtgaaccag
tggegttgag
cacccaaaag
tceectgeet
tttgagatgg
ttgcaacctce
attacaggca
tcaccatgtt
ctcccaaagt
aaggtccatce
tgcactttge
cactgctcag
acacaggcaa
actagcaaac
gcatataate
getgattcat
acacgettte
aggctcagag
ttgcactaag
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ccccagtgca
aattggccta
atgctctgat
cagcactaga
gtcattaccg
ttccagctge
tcttgectea
gtgtttgcac
ttttgcacat
ccaggeatgg

acgaggtcag
atacaaaaaa

gaggcaggag
ctgcactcca
aatggctttg
tgcagtgget
gtcaggagat
aaaaattage
aggagaatgg

‘ctccagectg

ttaaaagtgg
aaatgaacac
ctgatctcca
ctagaaaaga
teccggeccte
gececcaccag
CCTATTGATC

PGCTGCTCCT

gaaccaggat
tetgetecatg
ccggaaggec
gcatttctgg
cttgggaaga
cggtggcagg
cettgggaag
cctggctect
tcagggecagt
tgatcgtgag
cctggctegg
ccagecttee
gggcatcatt
ttgtctetgg
ctgggcgagg
aacagtaaac
cctggtgcat
aagggtacct
cttccagaca
ctttgggagg
atggtgaaat
agtagtececa
gttgcagtga
tctcaaaaaa
atggacctta
gcccagecaca
tttctectet
aaggteccece
agtctegete
cgecteetgg
cacaacttca
ggccaggetg
gctgggatta
tcagatccat
cttgaacaaa
catttcatgg
ttctcattat
agtattaggt
tggttttatg
caatgctaag
tccctaaggt
gccatttcca
tagactgaga

acttttttgc
aattgtgtat
tgaccagacce
gcccatggaa
aaccaggaca
acatcttagt
cttectgtag
acctcceagt
gtaatttaag
tggctcecatac

gagatcgaga
ttagctgggc

aatggcgtga
gcctgggtga
gtgggcctga
caggcctgta
cgagaccatce
tgggcgtggt.
cgtgaaccecg
ggcgacagag
gtattgttgt
acttcacagt
caggacccag
gaggaggage
aaggggtgac
gctcaggagy
TGGACTCCTG

GGGGTTCCTG

tgtcccagga
acctgtgggt
caggcagagg
gggagatggg
aatctctgea
ctatgactta
cccccaagga
ceteecggga
ctagtctagt
ctgtgtgatce
agcaggtget
tcagtttcee
catgccacac
catctgaatg

gatttgagtt"

ctcttagggt
ggaaatgcett
geecattteee
ctaaattacc
ccaaggtegg
getgtctceta
gctactcggg
acgaagatca
aaaaaaaaaa
ccctggtggg
ttccaaccect
ctettgectt
tectctetgt
tgtececcctag
gttcaagcga
tgetecagecta
gtctegaact
caggcgtgag
ttcecatttac
atagtggcaa
cattatctca
tcgecgatggt
tcctagtgage
‘tatgattetyg
ctgatggcac
agccttettg
aaagccaaat
aggacactca

Figure 2
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tttceccaaaa
atgcttatct
taggccacat
gaagtaagag
gatgctggge
gcececettggt
ttggtagaat
tattctgtca
tceccaaattg
ctgtaatcce

ccatcctgge
gtggtggcgg

accegggagg
cagagccaga
cctagtcagg
atcccagceac
ctggctaaca

‘ggtgggctce

ggaggceggag
cgagactceg
aagatgectga
ggactccaag
agcataagaa
ccagectette
caaggaagtt
gcagcttgac
GATAGGCAGC

CTGGTGAGCT
ttgttctgog

ccaggtgact
agacagacaa

ccttaagaag’

tttetggget
tagtcagtte
gcataagtac
acccttgggt
gcctacctgg
cttgagggca
tgagatatgt
cagcttetce
agaggccagg
cctctgaagce
ctccaagctt
tgttgagaag
tacaaatatt
ccttectecaa
tacatgccag
tggatcatga
ctaaaagtac
aggctgagge
caccattgca
tttacctaga
cctgacttgg
ggactcccte
acccaaactt
ccgtecatee
gctagagtge
ttetctgect
atttttgtat
cectgecectea
ccaccgegec
tgtcctagtt
aagcttattg
tgaagcecceca
tatgttctat
ctetggtcac
tttaaagaca
tatagcacac
tgcttaggaa
ccccagcaaa
ttcaatagga

gttctggcaa
ctgaaccaat
ctctagcecet
aggagtcott
agcacatgtg’
ttagcacttt
gctaagatgg
aacatgaatg
tttgacctta
agcactttgg

taacacagtg
gtgectgtat

cgtagettge
ctctgtctca
tgagttctta .
tttgggaggc
tggtgaaacc
tgtagtccca
cttgcagtga
tctcaaaaaa
gtttatggta
atccccatga
tgtccecttet
atttcaccce
gctccacttg
caatctctat
TGGACCAACG

TGGAGTCAAC

gggtecgectat
aggaggcecta
ccagactggg.
acaacgggayg
gtgagaggaa
cctgeettet
aaagctgaag
ggggatgtgt
tgctaggtct
gggtatggge
gctgetggeg .
ccttetttte
gccttecaatg
ccagetttat
caattteccc
ggaaacccat
agcttttatt
gectctgecat

.gcatggtgge

ggtcaggagt
aaaaattagce
agaagaattg
ctecagettg
gtgtggcaca
tggggttgag
agectectcet
ggtgcectat
catctgeatce
aatggcgega
cagcctceeeg
tttttagtag
ggtggtecge
tggcccecat
ctggtttggt
agcaggtact
cgacaattee
aaaatcacag .
aacattttca
ttttatttag
acctgaatca
ctacacagcet
agcacaaagt
gagctgaaac
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aagcagcagc
ctctgtgecat
ataaaattca
gtactattat
cagtgacttce
tggecttagy
tctactccag
tcactctgte
tccegggtte
gecaccacee
ccaggatggt
ggattacagg
tttcaatgca
agtgectgag
cactgtcace
atgtacccac
gcaggggcct
agaggggact
ctctttctac
tttggagcece
tectecegece
cagcecctte
agtggteccca
aggcaagtag
ccttccacca
ggacctgtgt
accactgcca
caaccctggg
ctcctgagac
gtttttecac
gtgcaagggt
gaacgggcca
gaaggagagce
aagcctgecg
geetgtgeca
ctggggcaag
agtgcggaaa
cetttetect

ctggccagga

cggaacgtga
tgcgcegegt
cggcgececceg
gctgaaccge
ccaggcggceg
gccggeacceg

aggttaggaa
gccagccgge

gegggagcag
caagagtctg
ccectacate
ctgctgggtyg
gccgececag

cegtgeecta

ggaagctgga
caggtctgag
cggtggtget
tgcgectecta
cgtgggggeg
cteectctceg
gctcctgteg
gaccacgcte
ggggcagggg
ttggtatcgt
tgtaggtgaa
teetggggat
aggccaacta
ctggatgggt
tctetggace
gettgetgeg

agcgtgacge
gcccacaaat
gcaagtaggc
tactgcegtt
aacattcaac
actgaagact
ctatctgact
acccaggetg
acaccattet
ccagctaatt
cttgatctce
cttgagcecac
cagcgacctt
cagttgagta
ggggagccet
aagggccgge
gggagacatg

.gtgatagggc

aggtgtgcta
aagaaagtga
tcattactcet
tctececteca
ttttgcaggt
gttcaagaag
tgtccatcte
gaacatgcca
gaaaggtgag
cctacagaat
cactatccct
aagaatgaga
cctgatgaece
gggaggagcg
tctectggggg
caccaaccceg
ctgceecggtg
cagaaggcca
gcagatgaga
cagacaccaa

ccacgetete

ctgeccgagea
ggggctgggt
tcgtgtgget
gaccggctga
cctcegacec
ccgaagectce

gtaggaggagy
cgegggeteg

ccgectteee
tecttegatga
gecgegetgt
ctgacggecg
gggccgeggce

cctteteeeg

acacgggatt
agcgctgect
cggccaggaa
ccgettgeac
cceegegggg
cecegggttag
ccttacgtte
tgeccagatgg
taggggagga
tecgggtgee
tececaggtag
acagggagaa
ggacgctgge
ggtgggggag
tecagcctecet
agagaggaag
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cttgttgaac
ggccatgaaa
acattctcaa
ttacagataa
aagtattatt
tacccaaggt
cctgaacceca
gagtgcagtg
cctgectegg
tttttgtatt
tgacctegtg
cgegeeceggce
tttgagggte
caggggaagt
gccacttece
caggccctca
taccectgecet
agggtgggec
ccacceccaa
aaggtgctac
cetggtateca
caataccctt
gggtaaacca

ggccttggece.

tcagaccact
ageggeocec
gagatgtgga
aggttgctgg
ctttgtcecece
tatggtatag
actgeccageg
tcaggaagac
ggtctttagg
tgecctecatg
ggctacaccg
gecccecaggt
gggaggcagg
ggcaagctge

gggtgcgeeg

agcgcggaac
gaccecteeg
acaggaaccce
gctgggagta
cggtgtecece
agcccacgac

gaaggaggag
cegtcctecag

tgaccaggaa
cecgegtegt
actggggcca
ctcactgect
tectecgtet

cccecacectt
ggggttcggg

ctccectace
cgccgtaacce

gaggccttet -

acgggaagag
ctectgttgcg
agccggtgtg
ceggetgggg
gacctttgat
tacagaatgg
aatcccaggg

‘tegaacttge

cccgegetee
gggtttetgt
tgectatgaa
ggcatgagtg

cttaactggg
acatttcaag
tgtagaacca
ggaaaccaag
aagtgectac
cacacagcta
agtttttttt
gecgegatcte
cecteccgagt
tttagtagag
atctgecege
cctgaaccca
tgtcetttte
cctcagagag
cttecagtac
gcectggtaa
gtecttetgt
aggececectgg
ctttgatcag
acacagccte
ccagacceca
tggaagtcca
agcttggaaa
cccagetgty
gcagcaaaca
actgtetctg
ggacctggge
atactcggag
agagaagtgce
aactgagcaa
gctggeccage
aggctggecag
cccaggggty
ggggtegetg
gacccttcetg
gggacgggct
agagcccagce
tatgatggec

tgtcagecgt

tggggactgg
cecccaggget
ggacaacgac
ctgcgacctg
taggcttecat
ccggacceceg

ccg: é.g a.gggc

ccecetgetee

cggcccacty
tggegggetyg
cagtttetge
gcaggaccgg
cccagegeag

cttteccacge

agcagggggce
ckeececgeag
acagcetgtga
cgeecgtcag
agcttgggge
ccttecaggag
cctgeccaage
ccaccagttce
cactgggtta
gtggcgetga
cctgggatte
tettggttece
gggetagtgt
ttcegcteeg
attgaattaa
ggtttacaag

Figure 2 (ff)
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aatgtgcaaa
tattgacttg
gagaagaatg
gctcagatca
tttgtggcaa
gcaggttgty
tttttcttta
ggctcactge
agctgggact
agggggttte
cttggectece
acttttagag
ctgaccagac
tgtgttgtce
caccggcage
gactacgcag
ccaaggaact
gtagagcagg
gaccagcgat
tggggtggee
cacacctggg
gagggagagt
cttggagtag
tgactcagct
cagcccctge
tccacaacac
ggggtgctgyg
acttggcatg
tttgagecte
gcagctgtagg
cagggtgage
gaggcegggt
gctcactgeg
cctagaagtyg
cgacgtgagt
tgccaggaag
cttggetgee
gegggctcag

gggcectecgga

geggecacge
ccgggectecee
atccgecegt
gcacagtgec
gtcccacteca
cctecagtece

gceecgggcegayg
tccacagect

agctgcggge
gtggcgctac
gccggcagee
cgagtacccg
cttccacget

cceteaoggag

ttccecagaa
gceecgeacee
gecgtgecag
ctaccagcac
‘cceggegtec
gatgcggacg
ggcgecgege
gagggtagge
ggcggaagaa
cctgatgogt
actgctggga
ctctgggcge
gggagccagg
cccattcaaa
tggcacctee
cgectggage

tttttcactg
ggagttacaa
aggatcaact
gagtggttaa
gtgetcttee

.gagtcaggag

agatggagtc
aagctcegece
acaggcacct
actgtattag

caaagtgctg

cagaaagtgt
cctgagggac
ctgcagttct
tgtaccacaa
aggagttgga
ctgcttggag
gaagcctigt
ggggatactg
tggggctetce
attctggacc
tctgggaagg
caaggtcaca
ccctgetert
cagaaaggag
ctcactggaa
gggacagggg
gtectagact
agcttctceeg
ccagatgcca
agatggttgg
gatgtgecgg
ttecectecee
gagggccace
gagtgagggt
gaggagggag
cagggagccec
ctacecgegge

ggccacctac

cttetgecgg
ggcgctctaa
ggtgcttegt
agaccccaac
tgceccgegea
agaccccggg

ctagattccg
tgccggecgaa

agcggeteeg
gcggggcgea
tcatcgeeccce
ccegeccaga
gcacccgaac

ctccegggga

cgettgtgge
gaggatctga
acgttggcey
gacctgggtg
cecgectecacy
gcagetgege
gaccctecga
acaactgcta
gccegegact
tgtgagaatg

‘tececcaaatce

cgggctgcaa
ttetgegact
tectggettt
teecccttegg
agectttgtee



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

atcgtececggg
ggcggaggaa

.ctgctcagece

cctegagggce
gaggccgtca
tgattccgga
aggcatcatc
tgtggectac
atctttecct
gtgtcccatt
tgctttgaaa
agacagaaaa
taacgtgcaa
ccaagcectg

‘acagagcagt

tatgcccaag
gtggtatatt
ttagaaatac
gaggccaagg

-ceccgteteta

gctactecagg
aacagaggga
cattgactgt
gcactagtgt
tacacataac
cccagcaatce
acaatctggg
acatcctttt
gttecacgect
gacttectga
taaaatttgt
agcgacacga
geceteggeet
teoctacagga
cctgggtggt
cacagcgecg
getgggegea

cggcaagcegt
tatgccaget
ccggacgtge
ggcaccgatg
ggcacaaatce
ggcecegetgg
agctggggat
tacctggecet
ccttggtgat
cccecagtge
atgctgagaa
gcgattecaca

‘aatctagatg

tgcaaggaga
agttctcaga
ttccacctca
tgtaaaactc
ttagcattgg
caggtggatt
ctaaaataca
aggectgagge
gggaaagaga
ggegtggace
agtgggtcetg
aaattctcgg
tgtttaacag
ggttgaatgg
ttcacaaaac
gtaatctegt
cecegectggg

ttttgetttt:

tectataata
cccaaagcegce
taaccttaga
cgctecggga
caggccttee
ctcggagege
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tgtcagatgy
tectgecagga
acggatccte
cgtgccaggt
tcaggtccac
tgtgtgagga
cgggetgtgg
ggatccggga
tccgcagtga
ggccagectece
ggaaagctct
gcttctcecac
ccagcccagce
agctgcatgt
ccatacatta
gaccaattaa
cccagataat
ccgggcegegg
gctcaggagt
agaaattagce

‘aggagaatca

gagacagaaa
ctaagggcetg
agagtcecctt

gctacacttt

cettgegggyg
ttggttcect
cagcttttta
cactttgaga
caacatagtg
ttagagacgg
gtttactata
tgggattaca
actgcgacag
cggegectty
cecgegtggey
gatgggcgac

ggtgtgaaga
ggcgcaggta
catectecee
gagctcttag
agcgctgage
ccaagctgea
tgaccgecaac
gcacaccgtt
gagagtggcet
gcgecaggat
tttcttcatg
agctctcaga
taatgtttac
tattccttat
agatcacttg
atcagtatgt
tcecatgtaca
tggctcacge
tcgaaaccag
cgggcacggce
cttgaaccgg
gaaaagaaaa
ggtgacatat
ggctagcagt
atactgetga
gattctgatg
tacaagtgaa
aaattaaaaa
ggctgaggeg
agacctcate
ggectegete
atctcgcetace
ggagtgagec
cactaaacge
tgtgacgtca
cctctatatt
tggaaggtct

 Figure 2 (ff)
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aggcgetetg
ccgttectet
ggcatgetct
cceggttgge
tgecgtgttte
gagecgeegge
aagccagged
tcctgattge
ggggcatgga
ggcgcaggaa
ggtcecgecg
gaacaaggtce
tgagcctagg
gagaaactaa
gggagegttt
ctagggatgg
gccaaggttg
ctgtaatcct
cctgggecaac
ggcgtgegece
caggaaggaa
aagaaaatag
cgttgtcecee
accatcacca
acagaaagte
ttetctcatg
ggtctggetg
tagattggce
ggaggattgt
tcaaaaaaat
tgtggctcag
tgagttcaag
getgecgetet
ccacgceeccea
cagcceecgec

teceecgagag

acatcagtge

tgttegecagyg
cecctggageyg
gcgcagggtt
gececttecee
cgacccaggg
tcacectgea
tctacaccga
tcagggacte
aggcaagatt
ctcaataaag
ggaaatgeca
tatgagatct
atactgtata
cattttgtet
tgageccaatce
ggcatgggta
agaategtgg
agcactttaa
acgatgaaac
tgtagtccca
ggaaggaagg
aaaaaaagag
accccaacac
gggaacttgt
tggggtgagg
cttaagaacce
tccagacaca
agatgeggty
ttgagctcaa
tttttttaat
getggecgtac
cgatcecgece
gccaaaccca
cgtgeccecag
cagecetgect
gtgcgaggeg
agtgct
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