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WHAT IS ALREADY KNOWN ABOUT

THIS SUBJECT

WHAT THIS STUDY ADDS

AIMS
The pathophysiology of angiotensin-converting enzyme inhibitor
(ACEi)-induced angio-oedema remains unclear. We have investigated
the impact of ACE insertion/deletion (I/D) polymorphism in
combination with serum ACE activity as well as the bradykinin B,
receptor 2/3 and c.C181T polymorphisms.

METHODS

We analysed the ACE I/D as well as bradykinin B, (2/3 and C181T)
receptor polymorphisms in 65 patients with documented episodes of
ACEi-induced angio-oedema and 65 patients matched for age and sex
being under ACEi treatment without history of angio-oedema.
Furthermore, we determined serum ACE activity in 47 of the 65
angio-oedema patients 3 months after the angio-oedema attack and
compared these values with 51 healthy individuals (control Il).

RESULTS

No risk association was identified between ACE I/D (l-allele: 0.42 vs.
0.41, D-allele: 0.58 vs. 0.59; P = 0.095) or bradykinin B, receptor
polymorphisms and the development of angio-oedema during ACEi
treatment. We found a trend of lower serum ACE activity in ACE /]
genotypes in comparison with control Il (I/1:28 = 4.5vs. 33 = 1.8 U |
ID:39 +#33vs.41 =1UI;DD:56 = 6.7vs.52 = 1.8U I, P=0.9).

CONCLUSIONS

Our data suggest that polymorphism of ACE I/D and the bradykinin B,
receptor polymorphisms are not involved in the development of
ACEi-induced angio-oedema when considered individually. Further
studies should be carried out to clarify whether a combination of these
polymorphisms might be a risk factor for ACEi-induced angio-oedema.
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Introduction

Sudden occurrence of subcutaneous or submucosal swell-
ing, so-called angio-oedema, is a well-known side-effect of
angiotensin-converting enzyme inhibitors (ACEi), which
may become life-threatening if the upper airway is
involved [1-3]. More than 6.5 million patients in Germany
receive ACEi and, in view of the estimated incidence of
0.5% (1:4000) drug-induced angio-oedema, this medica-
tion is believed to cause most of the bradykinin-induced
angio-oedema [1, 4].

The duration of ACEi treatment at the first manifesta-
tion of angio-oedema has been reported as from 1 day
to 8 years and it may take up to 10 years until the causal
relationship is recognized and the ACEi is discontinued [1].
In our experience, a considerable part of all ACEi-induced
angio-oedema occurs at an average of 35.8 = 5.3 months
after initiation of treatment [5]. This substantial delay can
be viewed as an important cause for non-identification
of late-onset angio-oedema as a drug-related side-effect.
Thus, it appears to be of clinical relevance to develop mea-
sures that allow to predict ACEi-induced angio-oedema
to a certain extent and thereby prevent episodes of this
potentially dangerous condition.

At present, ACEi-induced angio-oedema ia believed to
result from alterations of bradykinin metabolism pathways
causing increased concentrations of bradykinin, a media-
tor of inflammation, vasodilation and capillary leakage
[6-12].In general, changes of bradykinin steady-state con-
centration in plasma and tissue can follow either dimin-
ished activity of degrading enzymes such as ACE or
increased activity of generating enzymes such as kal-
likrein. So far, it remains unclear why angio-oedema occurs
in a small fraction of the many patients treated with ACEi
and why many such cases occur only after a considerable
time interval of uneventful ACEi medication [5,13].Further-
more, several factors other than bradykinin might play
a role in the aetiology of ACEi-induced angio-oedema,
including substance P and prostaglandin E; [6]. Recently,
we reported on significantly increased serum levels of
C-reactive protein and fibrinogen in patients with acute
ACEi-induced angio-oedema but not in patients with other
angio-oedema of unknown origin (idiopathic angio-
oedema) [5, 13]. These findings are indicative of an inflam-
matory pathophysiology of angio-oedema. However, the
observation of increased acute-phase proteins during
angio-oedema may be an epiphenomenon as well and is
currently under further investigation.

ACE catalyses the transformation of angiotensin | to
angiotensin Il, a key molecule in cardiovascular regulation
[14].In addition, ACE substantially contributes to the inac-
tivation of bradykinin and, therefore, inhibitors of ACE
inevitably account for both decreased angiotensin Il and
increased bradykinin plasma levels [15].

The ACE gene is located on chromosome 1723 and
harbours a functionally relevant polymorphism in intron
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16, where a 287-bp alu repeat is either present (l-allele:
insertion) or absent (D-allele: deletion) [16, 17]. The ACE
D-allele has been found to be associated with higher
serum enzyme activity compared with the I-allele, i.e.
bradykinin is more (D-allele) or less (l-allele) readily
degraded [18-20].

Further determinants that might be involved in genetic
predispositions to develop ACEi-induced angio-oedema
are bradykinin receptors. In general, nonapeptide bradyki-
nin binds to two distinct G-protein-coupled receptors,
the bradykinin receptors B; and B, [21]. Activation of
bradykinin receptors has been implicated in a variety
of physiological and pathological processes, including
vasodilation, increased vascular permeability, oedema,
pain, smooth muscle contraction and cell proliferation [22].
Most of the physiological activities are mediated by the B,
receptor [23, 24]. Hence, genetic variations of the bradyki-
nin B, receptor may be responsible for triggering ACEi-
induced angio-oedema. Two well-defined and frequently
occurring polymorphisms have been described for this
receptor. One polymorphism located in exon 1 next to the
promoter region is a repeat tandem polymorphism con-
sisting of three alleles and starting at nucleotide position
12 after the transcription starting point. DNA sequencing
has revealed two (2G) and three (3G) repeat units
(GGTGGGGAQ), respectively [25]. The second polymor-
phism,a C—T transition (c.C181T), which leads to an amino
acid exchange from arginine to cysteine in the receptor
protein at position 14 (p.R14C), is located in exon 2 at
nucleotide position 181 [22, 24, 25].

We have investigated the ACE I/D polymorphism in
combination with serum ACE activity as well as the brady-
kinin B, receptor 2/3 and c.C181T polymorphisms.

Materials and methods

Patients

In a bi-centre setting, 65 consecutive patients presenting
with acute ACEi-induced angio-oedema were included,
(the characteristics of these patients are summarized in
Table 1). Patients with angio-oedema of unknown
origin and those with known aetiology other than ACEi-
treatment (e.g.C1-esterase inhibitor deficiency type 1/type
2 or urticaria) were excluded. The mean duration of treat-
ment with ACEi was 36.7 = 4.8 months.The mean duration
of the swellings was 60 = 10 h and the event-free time
after diagnosis was 4.3 = 0.24 years. In 47 (72%) of the 65
angio-oedema patients, we were able to measure serum
ACE activity (at least) 3 months after discontinuation of
ACEi treatment.

The control group consisted of 65 age- and sex-
matched patients with similar risk factors and comorbidity
also under ACEi medication but without a history of angio-
oedema episodes (control ). The mean duration of treat-
ment with ACEi was 49 * 3.5 months. Furthermore, 51
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Table 1

Characteristics of patients with angiotensin-converting enzyme inhibitor
(ACEi)-induced angio-oedema (values are given as mean * SEM)

Base-line characteristics of the patients

Female (%) 47
Age (years) 62+ 16
Blood pressure (mmHg)
Systolic 148 + 3
Diastolic 82 +2
Heart rate (frequency min~") 85+ 2
Duration of treatment with ACEi 36.7 = 4.8
until occurrence of angio-oedema (months)
ACE serum activity (U I-") 42.7 * 3.1
Diseases (n)
Hypertension 47
Coronary artery disease 25
Diabetes 14
Hyperlipidaemia 7
Chronic renal failure 1
Laboratory results
Leucocytes (x 1000 pul-") 9.1 =04
Fibrinogen (mg dI-") 429 + 23
C-reactive protein (mg dI-") 3.9 +05
Haemoglobin (g I") 14 +0.3

healthy age- and sex-matched individuals without ACEi
medication served as control group for normal serum ACE
activity (control Il).

The study was approved by the local Ethics Committee.
All patients submitted their written consent forms.

ACE I/D genotyping

Genomic DNA was extracted from peripheral blood leuco-
cytes using the QIAmp DNA Blood Mini Kit (Qiagen, Hilden
Germany) according to the instructions of the manufac-
turer. The ACE-I/D polymorphism was analysed by poly-
merase chain reaction (PCR) amplification of genomic DNA
using the following primers (MWG Biotech, Ebersberg,
Germany):sense 5" GCC CTG CAG GTGTCT GCA GCATGT 3/,
antisense 5" GGA TGG CTC TCC CCG CCT TGT CTC 3’.Ther-
mocycling included an initial denaturation step (5 min at
94°C), and 31 cycles consisting of 30 s at 94°C, 25 s at 64°C
and 2 min at 70°C, followed by a final extension step at
70°C for 7 min. Amplification with this primer pair pro-
duced products of 597 bp and 310 bp corresponding to
the |- and D-alleles, respectively. Since the D-allele is pref-
erentially amplified, mistyping of ID heterozygotes as DD
homozygotes is possible; therefore, each sample found to
have the DD genotype was subjected to a second inde-
pendent PCR amplification with an insertion-specific
primer pair (MWG Biotech): sense 5" TGG GAC CAC AGC
GCC CGC CACTAC 3, antisense 5" TCG CCA GCC CTC CCA
TGC CCA TAA 3'.The reaction yielded a 335-bp amplicon
only in the presence of an I-allele.

Serum ACE activity
The activity of ACE was determined with a colorimetric
assay (ACE kinetic test®; Buehlmann Laboratories, Schoe-

nenbruch, Switzerland) in serum immediately obtained
from venous blood draws. In 47 patients of the 65 (72%)
angio-oedema group, we were able to collect a second
serum sample 3 months after discontinuation the ACEi
medication; here any drug-related alteration of ACE activ-
ity could no longer be expected. The control group con-
sisted of healthy sex- and age-matched individuals (n=51)
without ACEi medication.

Bradykinin B, polymorphisms (exon 1 and
exon 2)

The bradykinin B, receptor exon 1 polymorphism (2/3-
polymorphism) was analysed by PCR amplification of
genomic DNA using the following primers (MWG Biotech):
sense 5-GCC CTT GAA AGA TGA GCT-3’, antisense 5-AAC
TCC CCA CGA CCA CAG-3'.For analyses of the exon 2 poly-
morphism (c.T181C-polymorphism), we used the primers:
sense 5-CCA TTT CTC CTC CCT GCT CGGA-3’, antisense
GGT GGG CAC GGA GTC CTC TC-3" [24, 26]. Cycling condi-
tions for the PCR of exon 1 were an initial 5 min at 95°C,
followed by 40 s at 94°C,40 s at 53°C and 40 s at 72°C for 29
cycles, and a final extension time of 7 min at 72°C. Cycling
conditions for the PCR of exon 2 were an initial 5 min at
95°C, followed by 40 s at 94°C,40 s at 61°C and 40 s at 72°C
for 34 cycles,and a final extension time of 5 min at 72°C.For
the exon 1 polymorphism, PCR products were subjected to
single-strand conformation polymorphism electrophore-
sis. A 10-ul portion of the PCR product was denatured at
95°C for 5 min. Electrophoresis was carried out in 1x TBE
buffer (89 mM Tris-borate, 2 mM Na, ethylenediamine
tetraaceticacid) at room temperature at constant 50V
for 24 h. For the exon 2 polymorphism, 10 ul of the PCR
product was digested with 2 U (0.2 ul) Tagl (Boehringer
Mannheim, Mannheim, Germany) at 65°C for 1 h. Electro-
phoresis separation was done by 2% TBE-gel with 1x TBE
buffer containing 2 ul Orange G at 90 V for 120 min.

Statistical analysis

Data were expressed as percentages or means = SD. For
categorical data, Pearson’s y? test was used. Differences
in continuous variables were tested with one-way ANOVA.
The expected allele frequencies under the assumption of
Hardy-Weinberg equilibrium were compared with those
observed in the control group. Furthermore, odds ratios
(OR) and their 95% confidence intervals (Cl) were deter-
mined. Statistical analysis was performed using a standard
computer program (Graph Pad Prism®, version 4.0, San
Diego, CA, USA). All tests were two-sided and statistical
significance was defined as P < 0.05.

Results

ACE-gene 1/D polymorphism
Of the 65 patients with ACEi-induced angio-oedema, the
ACE I/D genotypes showed the following distribution: 10
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Table 2

Genotype frequencies of angiotensin-converting enzyme (ACE) I/D,
bradykinin B, receptor exon 1 (2/3) and exon 2 (c.C181T) polymorphism in
65 patients with ACE inhibitor (i)-induced angio-oedema and 65 control
subjects under ACEi treatment but without angio-oedema episodes
(control 1)

ACEi angio-
oedema cases ACEi controls
Allele Allele
frequency frequency
Gene polymorphism (%) (%)
ACE
/1 0.18 10 0.17 12
I/D 0.24 35 0.24 29
D/D 0.34 20 0.35 24
B> receptor exon 1
2/2 0.23 16 0.18 1
2/3 0.25 30 0.24 32
3/3 0.27 19 0.34 22
B, receptor exon2
c/C 0.85 55 0.83 54
T 0.07 10 0.08 10
T 0.006 0 0.008 1

I/l (15%), 35 I/D (54%) and 20 D/D (31%) individuals
(Table 2).In the group of 65 control | subjects (ACEi-treated
patients without angio-oedema), the distribution of the
three genotypes were: 12 1/1 (18%),291/D (45%) and 24 D/D
(37%) individuals (Table 2).

No significant differences were observed in the allele
frequencies of the ACE-gene I/D polymorphisms in the
group of angio-oedema patients (l-allele 0.42, D-allele
0.58) and ACEi-treated patients without angio-oedema
attack (l-allele 0.41, D-allele 0.59, P = 0.095) (Figure 1). The
expected allele frequencies under the assumption of
Hardy-Weinberg equilibrium showed no differences in
the two groups (Table 2). In addition, no risk association
between germ-line heterozygosity (I/D: OR 1.45, 95% Cl
0.7,2.9) or homozygosity (DD: OR 0.76,95% Cl 0.4, 1.5) and
the development of an angio-oedema during ACEi treat-
ment could be demonstrated.

Serum ACE activity

Serum ACE activity correlated well with ACE-gene I/D poly-
morphisms, i.e. the D-allele is associated with increased
serum ACE activity (Figure 2). ACE activity after the discon-
tinuation of ACEi medication for (at least) 3 months was
not significantly different in any ACE I/D polymorphism
subgroups of the 47 angio-oedema patients (I/I 28 =
45U17,ID39 =33UI",DD 56 = 6.7 UI; Figure 2) com-
pared with the 51 healthy individuals of control group Il (I/I
33+1.8UI,1/D41 = 1UI",D/D52 = 22Ul P=0.9)
(Figure 2). However, the results showed a trend for a
decrease of ACE activity in patients with the I/l or I/D
polymorphism.
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Genotype frequencies of angiotensin-converting enzyme (ACE) I/D
polymorphism in 65 patients with ACE inhibitor (i)-induced angio-
oedema and 65 control subjects under ACEi treatment but without angio-
oedema episodes (control I). ACEi angioedema (n = 65) (CJ); ACEi control |
(n=65) (M)
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Figure 2

Serum angiotensin-converting enzyme (ACE) activity depending on ACE
I/D polymorphism in 47 patients with ACE inhibitor (i)-induced angio-
oedema 3 months after discontinuation of ACEi medication and 51
healthy individuals (control Il).In both groups of individuals the polymor-
phism had a significant effect on ACE serum activity (P < 0.0001, two-way
ANOVA), but there was no significant difference between angio-oedema
patients and controls (P = 0.730, two-way ANOVA). ACEi angiooedema (CJ);
Healthy control 2B (H)

Bradykinin B; receptor polymorphisms

Exon 1 (2/3) polymorphism Of the 65 patients with ACEi-
induced angio-oedema, the exon 1 polymorphisms
showed the following distribution: 16 (25%) 2/2, 30 (46%)
2/3, and 19 (29%) 3/3 (Table 2). In control group | (ACEi-
treated patients without angio-oedema), the genotypes
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Figure 3

Genotype frequencies of bradykinin B, receptor exon 1 (2/3) polymor-
phism in 65 patients with angiotensin-converting enzyme inhibitor
(ACEi)-induced angio-oedema and 65 control subjects under ACEi treat-
ment but without angio-oedema episodes (control 1). ACEi angioedema
(n = 65) (J); ACEi control | (n = 65) (H)

2/2,2/3 and 3/3 were found in 11 (17%) 2/2, 32 (49%) 2/3
and 22 (34%) 3/3 individuals, respectively. No significant
differences were observed in the allele frequencies of the
bradykinin B, receptor 2/3 polymorphism (2-allele 0.48 vs.
0.42, 3-allele 0.52 vs. 0.58, P = 0.26; Figure 3), and the
same was true for the expected allele frequencies under
the assumption of Hardy-Weinberg equilibrium (Table 2).
The ORs for development of an ACEi-induced angio-
oedema were 1.6 (Cl 067, 3.8), 0.88 (Cl 0.44, 1.76) and
0.6 (Cl 0.26, 1.47) for (2/2), (2/3) and (3/3) individuals,
respectively.

Exon 2 (c.C181T) polymorphism The group of angio-
oedema patients showed only the genotypes C/C 55 (85%)
and C/T 10 (15%). Control | subjects showed a similar dis-
tribution: C/C 54 (83%), C/T 10 (15%) and T/T 1 (2%). We
found no significant differences in the allele frequencies
of the bradykinin B, receptor c.C181T polymorphism in
angio-oedema patients (C-allele 0.92, T-allele 0.08) and
controls (C-allele 0.91, T-allele 0.09, P = 0.1; see Figure 4).
The expected allele frequencies assuming Hardy-
Weinberg equilibrium did not differ from those observed
in both groups (see Table 2). Finally, the OR for patients to
develop an ACEi-induced angio-oedema was 1.12 (Cl 0.44,
2.85) in case of homozygote alleles (C/C) and 1.00 (C/T, Cl
0.39, 2.59) in case of heterozygote alleles.

Discussion

The clinical importance of uncovering the pathogenic
mechanism of ACEi-induced angio-oedema results from

1.00
S
S 015
7]
2
v
&
9 050
T
9
&
Q£ 0.25
2
<

ooo L L OO

| | |
C/C Cc/T TIT
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Figure 4

Genotype frequencies of bradykinin B, receptor exon 2 (c.C181T) poly-
morphism in 65 patients with angiotensin-converting enzyme inhibitor
(ACEi)-induced angio-oedema and 65 control subjects under ACEi treat-
ment but without angio-oedema episodes (control 1). ACEi angioedema
(n = 65) (J); ACEi control | (n = 65) (H)

the urgent need to identify predictive markers for the
development of this potentially life-threatening drug-
related side-effect. ACEi inhibits the degradation of brady-
kinin, and it is therefore not surprising that previous
studies have shown increased bradykinin levels during
ACEi treatment [10, 11]. Interestingly, a higher risk for the
development of ACEi-induced angio-oedema has been
described for Black Americans [27, 28], suggesting that
a genetic predisposition may modulate the vascular
response to bradykinin. Furthermore, it would be expected
to find a correlation between occurrence of angio-oedema
and the I/l polymorphism, because the highest bradykinin
concentrations were found in patients with this particular
genotype [29, 30]. In the present study we investigated
whether the ACE I/D and two different bradykinin B, recep-
tor polymorphisms are related to the occurrence of ACEi-
induced angio-oedema.

It was shown that the ACE I/D polymorphism is associ-
ated with cardiovascular and renal diseases such as myo-
cardial infarction and idiopathic nephrotic syndrome [31,
32]. According to the results of our study there appears to
be no independent association between the occurrence of
ACEi-induced angio-oedema and ACE I/D polymorphism.
However, we have found a trend of decreased serum ACE
activity in the angio-oedema group within the subgroups
carrying the ACE I/l polymorphism in comparison with
healthy individuals (control Il).The medication-free interval
should preclude a persisting effect of ACEi on the enzyme
activity. Theoretically, this particular genotype might be
associated with increased plasma and tissue levels of
bradykinin, but this has not yet been proven in clinical
trials.
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ACE-inhibitors act in a competitive manner and their
activity is dependent on their plasma concentration. A
previous report has shown that the ACE I/D polymor-
phism might have an effect on ACE activity [33], although
the 35% decrease of ACE activity in Il vs. DD was not sig-
nificant. In addition, Rigat et al. have provided data sug-
gesting that there is a 40% decrease of serum ACE
concentration in Il vs. DD [17]. ACE activity has not been
measured. The results of our study extend these previous
observations and suggest that ACE activity might be
influenced by yet unknown conditions and/or genetic
variations different from the I/D polymorphism. We found
that control patients and angio-oedema patients with a
DD genotype showed a higher serum ACE activity and
therefore may have a risk of developing angio-oedema.
The ACE D allele has been associated with increased con-
version of angiotensin | to angiotensin Il and increased
degradation of bradykinin in predominantly White popu-
lations [33]. The racial difference was most pronounced
in subjects heterozygous at the ACE I/D locus in which
Blacks had a markedly attenuated response to bradykinin
compared with Whites [34]. However, we did not detect a
significant increase of the ACE I/I polymorphism in angio-
oedema patients, although a trend in this direction could
be observed. It is unknown whether this trend may
become significant if the number of patients is enhanced.
So far, our results suggest that ACE I/D polymorphisms
are not involved in the development of ACEi-induced
angio-oedema when considered individually.

In some cases there was a time interval of up to 3 years
between discontinuation of ACEi and measurement of ACE
activity. This might raise some doubts on the diagnosis of
ACEi-induced angio-oedema. However, previous investiga-
tions have shown that such uneventful periods are not rare
[5]. Furthermore, during the mean observation period of
approximately 4 years after the study qualifying event and
discontinuation of the ACEi, none of the patients experi-
enced another angio-oedema attack.ln summary, observa-
tions of other groups and those presented in this study
suggest that patients with primarily reduced serum ACE
activity might have a higher risk of developing angio-
oedema in response to ACEi. Further investigations should
be performed to clarify (i) whether the low serum ACE
activity arises as a result of a reduced concentration or
represents a functional disorder at normal ACE plasma
concentrations, and (ii) whether a low ACE activity level
might be a useful marker to predict the occurrence of
ACEi-induced angio-oedema.

Another potential candidate possibly involved in the
development of ACEi-induced angio-oedema is the gene
for the bradykinin B, receptor. A noncoding exon 1 poly-
morphism in which alleles differ by a 9-bp deletion has
been suggested to be of clinical significance [29]. The (-)
allele determines a splice variant that is more resistant to
the action of RNases and appears to confer a higher level
of bradykinin B, receptor expression, because it is always
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present in the most symptomatic cases of C1 inhibitor
deficiency-induced hereditary angio-oedema, i.e. episodes
with increased activation of plasma kallikrein and other
blood proteases. Hence, the B, receptor (-) allele may
modulate the penetrance of the underlying genetic defect
in C1 inhibitor deficiency in a dominant fashion. On the
other hand, in a cohort of 37 hereditary angio-oedema
patients no correlation was found between clinical status
and bradykinin B, receptor polymorphism in exon 1 [35].
Interestingly, ACEi-induced cough has been reported to be
associated with the bradykinin B, receptor exon 1 poly-
morphism [36]. In our study, we could find no association
between the occurrence of angio-oedema and either of
the two investigated bradykinin B, receptor polymor-
phisms. However, it should be added that an investigation
in a larger group of patients might have revealed a signifi-
cant influence of the bradykinin B, receptor exon 1 poly-
morphism 3/3. Nevertheless, the potential influence of this
polymorphism on the incidence of angio-oedema appears
to be slight.

In summary, the present study has shown no significant
correlation between ACE I/D or bradykinin B, (2/3; C181T)
gene polymorphisms and the occurrence of ACEi-induced
angio-oedema. We detected a nonsignificant increase of
the ACE I/l polymorphism in angio-oedema patients, but it
is unknown whether this trend may become significant if
the number of patients is enhanced. Further studies should
be carried out to clarify whether a combination of these
polymorphisms might be a risk factor for ACEi-induced
angio-oedema.
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