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Introduction

Hereditary angiooedema (HAE) results from a genetic
deficiency of C1 inhibitor (C1 Inh). It is characterized by
recurrent, acute attacks of localized subcutaneous or
submucosal oedema [1]. The most severe clinical manifes-
tations include potentially life-threatening laryngeal
oedema and gastrointestinal symptoms that may imitate

acute abdominal emergency. Subcutaneous limb and face
tissue and, on rare occasions, urogenital tract mucous
membranes may also be affected. Markedly decreased
expression of C1 Inh in the plasma is called type I HAE,
while expression of a dysfunctional C1 Inh protein,
together with decreased levels of normal protein, is
termed type II HAE [2]. Even though the genetic basis
of HAE has been clearly identified and almost 200
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Abstract

Hereditary angiooedema (HAE) is a life-threatening disease with poor clinical
phenotype correlation with its causal mutation in the C1 inhibitor (SERPING1)
gene. It is characterized by substantial symptom variability even in affected
members of the same family. Therefore, it is likely that genetic factors outside
the SERPING1 gene have an influence on disease manifestation. In this study,
functional polymorphisms in genes with a possible disease-modifying effect,
B1 and B2 bradykinin receptors (BDKR1, BDKR2), angiotensin-converting enzyme
(ACE) and mannose-binding lectin (MBL2), were analysed in 36 unrelated HAE
patients. The same analysis was carried out in 69 HAE patients regardless of
their familial relationship. No significant influence of the studied polymor-
phisms in the BDKR1, BDKR2, ACE and MBL2 genes on overall disease
severity, localization and severity of particular attacks, frequency of oedema
episodes or age of disease onset was detected in either group of patients. Other
genetic and ⁄ or environmental factors should be considered to be responsible
for HAE clinical variability in Caucasians.
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mutations in the C1 inhibitor (SERPING1) gene have
been described so far [3, 4] (http://hae.enzim.hu), oedema
pathogenesis has not been yet fully understood.

Patients usually become symptomatic during child-
hood or adolescence and demonstrate variability in the
frequency and severity of oedema episodes. The frequency
of attacks is neither correlated with the age of onset nor
with their localization or severity and is highly variable
even among family members carrying the same mutation
in the SERPING1 gene [2, 5, 6]. The character and loca-
tion of mutation can only provide evidence for HAE type
I and II, but it provides no information on the clinical
course of the disease. A limited genotype–phenotype cor-
relation has been described in some splicing-defective
mutations that seemed to be associated with a milder
course of the disease. A recent family-based study indi-
cated that the c.)21t ⁄ c polymorphic variant at the second
base of exon 2 in the SERPING1 gene, when present in a
non-mutated allele, may confer an increased risk of severe
forms of the disease [7]. A similar observation was found
in one family by Duponchel et al. [8], who additionally
showed that a minigene construct carrying the c variant
at position c.)21, when transfected to Hep G2 and Hep
3B cell lines, yielded a consistently weak RT-PCR prod-
uct lacking exon 2, together with a strong full-length
fragment. Nevertheless, this polymorphism is in a non-
coding region of the gene and is quite rare with fre-
quency of about 8% in heterozygotes in the general pop-
ulation [7–9], which could explain a more severe
phenotype in a minority of HAE patients. It seems likely
that genetic factors outside of the SERPING1 gene play a
substantial role as disease modifiers.

Both complement and contact system activation take
place in angiooedema development. Two molecules, a
peptide derived from the C2 component of complement
and bradykinin, have been suspected to mediate HAE
symptoms. Different lines of evidence now favour brady-
kinin to be the primary mediator of angiooedema [10].
Significantly increased levels of bradykinin concentration
in the plasma of HAE patients during attacks were
detected as compared to asymptomatic periods [11], and
this difference was even more evident if the blood sample
was taken from the site of oedema [12]. Moreover,
another study has shown that bradykinin-mediated
increase in vascular permeability in C1 Inh-deficient mice
is facilitated by B2 bradykinin receptors [13].

Becasue of the evidence given previously, the B2
bradykinin receptor (BDKR2) gene was examined as one of
the candidate genes, the product of which might influ-
ence the clinical manifestation of HAE [14]. A hypothesis
was formulated that a polymorphic variant with a 9-bp
deletion in the first exon of the BDKR2 gene, which has
a higher expression in comparison with the variant with-
out the deletion, facilitates oedema manifestation in HAE
patients [14]. However, no effect of this polymorphism

on the clinical manifestation of HAE was reported in our
group of patients [15]. Nevertheless, this finding does
not exclude other bradykinin receptor (BDKR) genes’ poly-
morphisms to modify the course of the disease. The role
of bradykinin B1 and B2 receptors (B1R, B2R) in the
pathogenesis of other diseases has been described repeat-
edly [16, 17]. Another disease modifier may be the angio-
tensin-converting enzyme (ACE), which is known to
inactivate bradykinin. The deletion ⁄ insertion (D ⁄ I) poly-
morphism in the 16th exon of the angiotensin 1 converting
enzyme (ACE) gene has been shown to modulate bradyki-
nin metabolism in vivo in humans, when the D variant
increased bradykinin degradation in comparison with the
I variant [18]. Also relevant to our analysis, becasue of its
participation in the complement activation pathway, is a
potential role of mannose-binding lectin (MBL) in HAE
pathogenesis. Recently, a strong correlation between
MBL levels and activity of the lectin pathway was
described in both HAE patients and healthy controls
[19].

In this study, we evaluated possible associations of the
HAE clinical phenotype with polymorphisms and muta-
tions in the B1 and B2 bradykinin receptors (BDKR1,
BDKR2), ACE and MBL2 genes.

Materials and methods

Subjects. A detailed personal history via questionnaires
from 80 patients of 37 Czech families was obtained. All
patients had laboratory and with two exceptions also
clinical findings consistent with a diagnosis of HAE. The
clinical phenotype of patients was graded using two scor-
ing systems. The first one, based on the localization and
frequency of attacks, was adopted from Cumming et al.
[7] (score 1). The second one used the former system
modified by adding criterion regarding the disease onset,
and the disease severity was considered by a more com-
plexed approach (score 2) (see Table 1 for details). Beca-
sue of a lack of correlation among particular disease
manifestations, patients were also grouped separately
according to the number of oedema episodes per year, the
age of first angiooedema episode and the overall disease
severity (see Table 2). All phenotypic data were related
to the period without treatment.

The control group of general Czech population
included 104 umbilical cord blood samples obtained
from consecutively born newborns of Caucasian origin.
This group was supplemented by 255 heathy children for
MBL2 genotyping [20]. All persons involved in the study
(mothers in case of newborns and one of parents in case
of children) provided a written statement of informed
consent approved by the Ethics Committee of the Centre
for Cardiovascular Surgery and Transplantation Brno.

Molecular genetic analyses. DNA was isolated from
peripheral blood leucocytes using routine techniques. The
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polymorphisms )699g ⁄ c and 1098a ⁄ g in the BDKR1,
and )58c ⁄ t and 181c ⁄ t in the BDKR2 genes were
detected using PCR with subsequent restriction analyses
as described previously [16, 21, 22]. PCR products were
visualized under UV light after electrophoresis in 3%
agarose gel (NuSieve, FMC) and subsequent ethidium
bromide staining.

The polymorphism D ⁄ I in the ACE gene was exam-
ined using PCR with forward (5¢ GCC CTG CAG GTG
TCT GCA TGT 3¢) and reverse (5¢ GGA TGG CTC
TCC CCG CCT TGT CTC 3¢) primers. Briefly, 100–
500 ng of genomic DNA were combined with 25 ll of
reaction mix containing 10 mM Tris (pH 8.4), 50 mM

KCl, 0.2 mg ⁄ ml bovine serum albumin (BSA), 0.2 mM

dNTP, 2.0 mM MgCl2, 1.0 lM of each primer and 1 U
of Taq polymerase (MBI Fermentas). The PCR amplifica-
tion was for thirty cycles at 95 �C for 30 s, 62 �C for
30 s and 72 �C for 90 s, with a terminal elongation at
72 �C for 7 min. PCR products of 312 and 599 bp cor-
responding to D and I variant, respectively, were visual-
ized under UV light after electrophoresis on a 2%
agarose ethidium bromide stained gel.

Mannose-binding lectin 2 genotyping was performed
using multiplex-PCR with sequence-specific primers, as
described elsewhere [20]. Mutations in codons 52, 54 and
57 in the coding region and polymorphisms –550g ⁄ c and
–221c ⁄ g in the promotor region of the MBL2 gene were
detected. Three groups of MBL2 genotypes resulting in
low (0 ⁄ 0, XA ⁄ 0), intermediate (XA ⁄ XA, YA ⁄ 0) and nor-
mal (YA ⁄ YA, XA ⁄ YA) MBL plasma levels, respectively,
were considered for statistical analysis.

Statistics. The association of particular genetic variants
with the HAE phenotype, determined by scoring systems,
was analysed using a Kruskal–Wallis ANOVA test for com-
parison of the three variants and Mann–Whitney U-tests
for comparison of two variants. All other statistical analy-
ses were performed by maximal likelihood v2 test in Statis-
tica for Windows 9.1 software (StatSoft, Tulsa, OK, USA).

Results

A total number of 69 patients from 36 families were
analysed after the exclusion of eight patients who were
under the age of 12 years at the time of analysis and
three patients (including one proband) whose DNA were
not available in sufficient amount and ⁄ or quality. The
cut-off level of 12 years was used because symptoms
develop before this age in 75% of patients [23]. Two
asymptopmatic patients, 14- and 44-year-old men, were
left in the analysis. The basic characterization of the
patients is provided in Table 2.

In addition to the examination of unrelated patients,
another analysis was carried out for a group of patients
regardless of their familial relationship because the HAE
phenotype variability reported in unrelated patients does
not significantly differ from that of affected members in
single families [2, 6].

The frequency of studied polymorphisms in the
BDKR1, BDKR2 and ACE genes, and the MBL2 geno-
types, did not differ in HAE unrelated patients and con-
trol individuals (see Table S1). Both the unrelated and
all HAE patient groups showed no association between

Table 1 Two scoring systems for the Hereditary angiooedema clinical phenotype.

Course of disease Frequency of attacks Score 1a Course of diseaseb
Frequency of

attacks per yearc

Score 2 related to

disease onsetd

<12 12–15 >15

Fatal 10 Fatal 12

Laryngeal oedema High 9 Severe >24 11 10 9

Intermediate 8 12–24 10 9 8

Low 7 <12 9 8 7

Gastrointestinal oedema High 6 Intermediate >24 8 7 6

Intermediate 5 12–24 7 6 5

Low 4 <12 6 5 4

Subcutaneous oedema High 3 Mild >24 5 4 3

Intermediate 2 12–24 4 3 2

Low 1 <12 3 2 1

Asymptomatic 0.5 Asymptomatic 0.5

A + norm. C1 Inhe 0 A + norm. C1 Inhe 0

aAdopted from Cumming et al. [7].
bDivision of Hereditary angiooedema (HAE) patients according to disease severity: severe course of HAE – the history of laryngeal oedema or ileus;

intermediate course – other symptoms of HAE requiring hospitalisation and ⁄ or infusion of C1 Inh containing medication; mild form of HAE –

symptomatic patients with neither the need for hospitalisation nor infusion of C1 Inh containing medication.
cFrequencies of attacks per year were estimated from data in questionnaires, where they reported frequency either per week, per month or per year.
dDivision of HAE patients according to the disease onset: the first manifestation prepubertally (before 12), from 12 to 15, and at 16 years of age or

later.
eA + norm. C1 Inh, asymptomatic patient with normal levels of C1 Inh.
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the HAE clinical phenotype score (score 1, score 2) and
the analysed gene variants in the BDKR1, BDKR2, ACE
and MBL2 genes (see Table 3 for the unrelated patients
results, Table S2 for the all patients group). Similarly, no
significant differences were found in the frequency of par-
ticular gene variants in the BDKR1, BDKR2, ACE and
MBL2 genes between subgroups of both unrelated and
all HAE patients, sorted separately according to the dis-
ease severity, age of disease onset and oedema episode fre-
quency (see Table 4 for results in unrelated patients,
Table S3 for the all patients group).

Discussion

Clinical manifestation of monogenic disorders, including
severity of particular symptoms, age of onset and respon-
siveness to treatment, is determined by an underlying
defect in the causal gene and its interaction with other
genetic and environmental factors. Understanding such
factors may help to better estimate the course of a disease

Table 2 Patients stratified according to disease severity, onset of clini-

cal manifestation and frequency of attacks.

Factor

Unrelated patientsa All patientsa

n = 36 n = 69

Gender

Female, n (%) 19 (52.8) 37 (53.6)

Male, n (%) 17 (47.2) 32 (46.4)

Ageb

Median (5–95th percentile) 37 (14–63) 37 (14–63)

HAE type

I, n (%) 31 (86.1) 58 (84.1)

II, n (%) 5 (13.9) 11 (15.9)

Course of diseasec

Severe, n (%) 13 (36.1) 26 (37.7)

Intermediate, n (%) 17 (47.2) 24 (34.8)

Mild, n (%) 5 (13.9) 17 (24.6)

Asymptomatic, n (%) 1 (2.8) 2 (2.9)

Disease onsetd,e (years of age)

Median (5–95th percentile) 14 (3–24) 15 (3–28)

<12, n (%) 13 (36.1) 24 (34.8)

‡12, n (%) 22 (61.1) 43 (62.3)

Frequency of attacks per yeare,f

<12, n (%) 12 (34.3) 26 (38.8)

12–24, n (%) 10 (28.6) 14 (20.9)

>24, n (%) 12 (34.3) 23 (34.3)

Data not available, n (%) 1 (2.9) 4 (6.0)

Score 1g

Median (5–95th percentile) 6.5 (1.0–9.0) 6.0 (1.0–9.0)

Score 2g

Median (5–95th percentile) 7.0 (1–11) 7.0 (1–11)

aOnly patients 12 years of age and older with DNA available for analy-

sis are included.
bAge in time of data collection (years).
cDivision of Hereditary angiooedema (HAE) patients according to dis-

ease severity: severe course of HAE – the history of laryngeal oedema or

ileus; intermediate course – other symptoms of HAE requiring hospital-

isation and ⁄ or infusion of C1 Inh containing medication; mild form of

HAE – symptomatic patients with neither the need for hospitalisation

nor infusion of C1 Inh containing medication.
dDivision of HAE patients according to disease onset: the first manifes-

tation prepubertally (before 12), and at 12 years of age or later.
eDisease onset and frequency of attacks per year considered in symptom-

atic patients (35 in unrelated and 67 in all patients group).
fFrequencies of attacks per year were estimated from data in question-

naires, where they reported frequency either per week, per month, or

per year.
gScoring of complex phenotype (Score 1, Score 2) described in details in

Table 1.

Table 3 Association of Hereditary angiooedema (HAE) clinical score

and analysed gene variants in the B1 and B2 bradykinin receptors

(BDKR1, BDKR2), angiotensin-converting enzyme (ACE) and mannose-bind-
ing lectin (MBL2) genes in unrelated HAE patients.

n

Score 1a Score 2a

Median SD P* Median SD P*

ACE genotype

I ⁄ I 11 7.0 2.8 8.0 3.1

I ⁄ D 20 6.0 2.3 7.0 3.4

D ⁄ D 5 6.0 1.9 0.695 7.0 1.7 0.838

D ⁄ D 5 6.0 1.9 7.0 1.7

I ⁄ I + I ⁄ D 31 7.0 2.5 0.764 7.0 3.3 0.612

I ⁄ I 11 7.0 2.8 8.0 3.1

D ⁄ D + I ⁄ D 25 6.0 2.2 0.395 7.0 3.1 0.665

BDKR2-58 genotype

C ⁄ C 8 6.5 2.0 7.0 2.3

C ⁄ T 14 6.5 2.6 8.0 2.8

T ⁄ T 13 7.0 2.5 0.961 8.0 3.5 0.349

T ⁄ T 13 7.0 2.5 8.0 3.5

C ⁄ C + C ⁄ T 22 6.5 2.3 0.973 7.0 2.7 0.717

C ⁄ C 8 6.5 2.0 7.0 2.3

T ⁄ T + C ⁄ T 27 7.0 2.5 0.812 8.0 3.1 0.153

BDKR2 181 genotype

C ⁄ C 30 7.0 2.4 7.5 3.1

C ⁄ T 6 6.0 2.4 0.563 5.5 3.0 0.256

BDKR1-699 genotype

G ⁄ G 32 6.5 2.4 7.5 3.1

G ⁄ C 3 7.0 1.5 0.404 7.0 1.5 0.929

BDKR1 1098 genotype

A ⁄ A 32 6.5 2.0 7.0 2.8

A ⁄ G 3 8.0 4.4 0.699 8.0 4.7 1.000

MBL phenotypeb

N 23 6.0 2.5 7.0 3.2

I 7 6.0 2.6 8.0 3.2

L 6 7.5 1.9 0.638 9.0 1.3 0.129

N + I 30 6 2.4 7 3.2

L 6 7.5 1.9 0.371 9 1.3 0.064

N 23 6 2.5 7 3.2

I + L 13 7 2.3 0.537 8 2.6 0.093

SD, standard deviation.
aScoring systems described in details in Table 1.
bNormal (N), intermediate (I) and low (L) MBL phenotypes were pre-

sented by YA ⁄ YA or YA ⁄ XA, YA ⁄ 0 or XA ⁄ XA, and 0 ⁄ 0 or XA ⁄ 0
genotypes, respectively.
*P values were calculated using Kruskal–Wallis ANOVA test for compari-

son of the three variants, and Mann–Whitney U-tests for comparison of

two variants.
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Table 4 Association of Hereditary angiooedema (HAE) disease severity, frequency of attacks and disease onset with analysed gene variants in the B1

and B2 bradykinin receptors (BDKR1, BDKR2), angiotensin-converting enzyme (ACE) and mannose-binding lectin (MBL2) genes in unrelated HAE patients.

Disease severitya Number of attacks per yearb Disease onsetc

Severe

(n = 17)

(%)

Intermediate

(n = 13)

(%)

Mild ⁄
asymptomatic

(n = 6) (%) P*

<12

(n = 12)

(%)

12–24

(n = 10)

(%)

>24

(n = 12)

(%) P* n

Median

(years) SD P**

<12 years

(n = 13)

(%)

‡12 years

(n = 22)

(%) P*

ACE genotype

I ⁄ I 41.2 15.4 33.3 25.0 50.0 25.0 11 15.0 6.5 23.1 36.4

I ⁄ D 47.1 61.5 66.7 66.7 40.0 50.0 19 13.0 6.4 69.2 45.4

D ⁄ D 11.7 23.1 0.0 0.331 8.3 10.0 25.0 0.510 5 19.0 7.8 0.149 7.7 18.2 0.368

ACE allele

I 64.7 46.1 66.7 58.3 70.0 50.0 57.7 59.1

D 35.3 53.9 33.3 0.288 41.7 30.0 50.0 0.400 42.3 40.9 0.909

BDKR2-58 genotype

C ⁄ C 17.6 30.8 20.0 27.3 20.0 25.0 8 13.5 6.5 15.4 28.6

C ⁄ T 41.2 46.1 60.0 18.2 60.0 33.3 13 15.0 7.4 46.1 33.3

T ⁄ T 41.2 23.1 60.0 0.599 54.5 20.0 41.7 0.353 13 13.0 6.9 0.980 38.5 38.1 0.616

BDKR2-58 allele

C 38.2 53.9 30.0 36.4 50.0 41.7 38.5 45.2

T 61.8 46.1 70.0 0.322 63.6 50.0 58.3 0.668 61.5 54.8 0.582

BDKR2 181 genotype

C ⁄ C 94.1 69.2 83.3 83.3 90.0 75.0 29 14.0 6.8 84.6 81.8

C ⁄ T 5.9 30.8 16.7 16.7 10.0 25.0 6 15.0 7.7 0.726 15.4 18.2

T ⁄ T 0.0 0.0 0.0 0.185 0.0 0.0 0.0 0.645 0 – – 0.0 0.0 0.831

BDKR2 181 allele

C 97.1 84.6 91.7 91.7 95.0 87.5 92.3 90.9

T 2.9 15.4 8.3 0.215 8.3 5.0 12.5 0.672 7.7 9.1 0.839

BDKR1-699 genotype

G ⁄ G 88.2 92.3 100.0 90.9 100.0 83.3 31 13.0 6.6 92.3 90.5

G ⁄ C 11.8 7.7 0.0 9.1 0.0 16.7 3 19.0 9.1 0.287 7.7 9.5

C ⁄ C 0.0 0.0 0.0 0.574 0.0 0.0 0.0 0.274 0 – – 0.0 0.0 0.854

BDKR1-699 allele

G 94.1 96.2 100.0 95.5 100.0 91.7 96.2 95.2

C 5.9 3.8 0.0 0.583 4.5 0.0 8.3 0.286 3.8 4.8 0.857

BDKR1 1098 genotype

A ⁄ A 88.2 100.0 80.0 91.7 90.0 91.7 32 13.5 6.8 100.0 86.4

A ⁄ G 11.8 0.0 20.0 8.3 10.0 8.3 3 21.0 4.9 0.165 0.0 13.4

G ⁄ G 0.0 0.0 0.0 0.206 0.0 0.0 0.0 0.988 0 – – 0.0 0.0 0.086

BDKR1 1098 allele

A 94.1 100.0 90.0 95.8 95.0 95.8 100.0 93.2

G 5.9 0.0 10.0 0.217 4.2 5.0 4.2 0.989 0.0 6.8 0.091

MBL phenotyped

N 52.9 69.2 83.3 66.6 50.0 75 22 15.0 6.3 53.8 68.2

I 17.7 23.1 16.7 16.7 20.0 16.7 7 13.0 7.8 15.4 22.7

L 29.4 7.7 0.0 0.288 16.7 30.0 8.3 0.726 6 8.0 7.7 0.415 30.8 9.1 0.267

N + I 92.3 70.6 100.0 83.3 70.0 91.7 29 15.0 6.6 69.2 90.9

L 7.7 29.4 0.0 0.091 16.7 30.0 8.3 0.412 6 8.0 7.7 0.312 30.8 9.1 0.106

N 69.2 52.9 83.3 66.7 50.0 75.0 22 15.0 6.3 53.8 68.2

I + L 30.8 47.1 16.7 0.345 33.3 50.0 25.0 0.469 13 12.0 7.5 0.203 46.2 31.8 0.398

aDivision of HAE patients according to disease severity: Severe course of HAE – the history of laryngeal oedema or ileus; intermediate course – other

symptoms of HAE requiring hospitalisation and ⁄ or infusion of C1 Inh containing medication; mild form of HAE – symptomatic patients with nei-

ther the need for hospitalisation nor infusion of C1 Inh containing medication.
bDivision of HAE patients according to the number of attacks per year in untreated patients.
cDivision of HAE patients according to disease onset: The first manifestation before puberty (< 12 years of age) or post-pubertally (in 12 years of age

or later).
dNormal (N), intermediate (I), and low (L) MBL phenotypes were presented by YA ⁄ YA or YA ⁄ XA, YA ⁄ 0 or XA ⁄ XA, and 0 ⁄ 0 or XA ⁄ 0 genotypes,

respectively.
*P values were calculated using maximum likelihood v2 test.
**P values were calculated using Kruskal–Wallis ANOVA test for comparison of the three variants, and Mann–Whitney U tests for comparison of two

variants.
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and its prognosis and ⁄ or show new targets for therapeuti-
cal intervention.

It is important in an analysis of the influence of
any factor on disease phenotype to have the precise
phenotypical characteristics of patients. As no generally
accepted grading of HAE severity exists, and owing to
the extensive variability of mutually independent symp-
toms, we used several models of phenotype evaluation in
our study. First, we applied two scoring systems: one
recently described by Cumming et al. [7], the second
modified by using a quantitative determination of attack
frequency and a more complex definition of symptom
severity, not only reflecting the body site affected
(Table 1). Next, we separately sorted the patients
according to particular disease manifestations such as
disease course in relation to laryngeal oedema or ileus
occurrence, need for hospitalization, frequency of epi-
sodes and age of disease onset, all of them known to
appear independently (Table 2). It should be emphasized
that all phenotypic data were related to the period with-
out treatment to avoid misclassification becasue of pro-
phylactic treatment. However, worsening of a disease
course in young patients later in life could not be con-
sidered in our study. Making an effort to minimize con-
fusion caused by this factor along with the risk of
falsely asymptomatic patients included into the study,
we performed analyses only in individuals older than
12 years. HAE is a rare condition and a limited number
of patients were available for analysis, so we decided to
examine, in addition to a group of unrelated patients, a
larger group of all affected persons. We assumed that
such an analysis might be of value because substantial
variability of disease phenotype occurs among members
of the same family [2, 6].

Bradykinin currently has the most evidence for a role
as a primary oedema mediator in HAE. Thus, while
looking for factors that modify the clinical manifestation
of oedema, we decided to primarily analyse genes that
code for proteins with a possible direct influence on
bradykinin action, such as the BDKR1, BDKR2 and
ACE gene. Earlier, we did not confirm a supposed influ-
ence of the BDKR2 gene variant with 9 bp deletion in
the first exon in our group of patients [14, 15]. In this
study, we focused on polymorphisms )58c ⁄ t and 181c ⁄ t
in BDKR2, )699c ⁄ g and 1098g ⁄ c in BDKR1, and I ⁄ D
in the ACE gene. Other researchers have shown that
promoter variants )58c and )699c in the BDKR2 and
BDKR1 gene, respectively, increased transcription of
these genes in comparison with variants )58t and
)699g [16, 21]. We assumed that higher expression of
bradykinin receptors could represent higher susceptibil-
ity to oedema development. Another polymorphism in
the BDKR1 gene, 1098g ⁄ c, located in the 3¢ untrans-
lated region, might have an influence on mRNA stabil-
ity [16]. The D variant in the 16th exon of the ACE

gene was shown to increase degradation of bradykinin
compared to variant I [18]. Thus, we might suggest a
hypothesis that oedemas will develop more frequently in
I variant carriers. An alternative hypothesis might be
that oedema manifestation is enhanced by the D variant
in cases when up-regulation of bradykinin receptors
becasue of lower bradykinin concentration is predomi-
nant. Nevertheless, our results did not support any of
above-mentioned hypotheses. We did not detect any sig-
nificant difference in the distribution of particular gene
variants in subgroups of HAE patients sorted according
to their clinical phenotype.

Mannose-binding lectin was identified as an important
part of natural human immunity and a basic protein acti-
vating the lectin complement pathway. Mutations in the
promotor and coding area of MBL2 gene are known to
lead to significant decreases in serum MBL concentration
which might be connected with immunodeficiency mani-
festation in young age [24]. Infections have been described
as a potential trigger of oedema formation in HAE
patients [25]. One could speculate that MBL gene muta-
tions could positively influence the HAE phenotype beca-
sue of lower MBL potential to complement activation,
which could mean a lowered disposition to triggering the
complement cascade and oedema development after infec-
tious stimulus in patients with C1 Inh deficiency. How-
ever, Cedzynski et al. [26] did not find any relationship
between the HAE phenotype and MBL levels and ability
of MBL to activate complement, respectively. Our study,
which considered a number of varied parameters character-
izing a course of the disease, also did not find any evidence
on MBL involvement in HAE clinical manifestation.

In conclusion, examination of particular functional
polymorphisms in BDKR1, BDKR2, ACE and MBL2
genes did not support a hypothesis about the potential
disease-modifying role of these genes on the HAE
phenotype. It seems likely that other genetic and ⁄ or
environmental factors are responsible for HAE clinical var-
iability in Caucasians. However, it has to be emphasized
that the study was performed on a limited number of het-
erogenous patients and therefore with a limited power of
performed analyses. Becasue of a heterogeneous nature of
the disease and its rare occurrence, it seems to be difficult
to collect sufficiently large amount of homogeneous HAE
patients for powerful analysis in a single country. It is
noteworthy that comparable numbers of patients were
used also in other studies addressing the influence of
genetic factors on HAE clinical manifestation [7, 8, 14,
26]. Evidently, only a large international multicentre
study could bring powerful results targeting these topics.
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