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ABSTRACT

Background: Angiotensin Converting Enzyme in-
hibitors (ACEi) may cause angioedema, with an inci-
dence of 0.1 % to 1 %, which may be life-threaten-
ing. ACEi induce angioedema by increasing the levels
of bradykinin. Angiotensin Il receptor blockers
(ATRB), have a pharmacological profile similar to
ACEiI. The polymorphism of the ACE gene is based
on the presence or absence of a 287-bp element on
intron 16 on chromosome 17. The plasma level of
ACE is related to gene polymorphism. ACE level in
genotype DD is double that in genotype II.

Objective: The aim of this study was to investigate
whether the relationship between ACE gene poly-
morphism and ACEi induced angioedema is present
or not.

Methods: ACE gene polymorphism was investi-
gated in patients with angioedema due to the use of
ACEi or ATRB (n:32, group 1), in patients receiving
ACEI or ATRB without angioedema (n:46, group 2),
and healthy controls (n:96, group 3).
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Results: ID polymorphism was the most frequent
genotype in all groups, without any significant differ-
ence among the groups (p:0.868). ACE gene poly-
morphism was not related with the drugs used (ACEi
or ATRB), localisation of angioedema, and female
sex, in group 1.

Conclusion: Our results showed that ACE gene
polymorphism has no effect on ACEi or ATRB in-
duced angioedema.

Key words: Angioedema, ACE gene polymorphism,
ACE inhibitors.

INTRODUCTION

Angioedema is described as a swelling that in-
volves skin or mucosal membrane, or respiratory and
gastrointestinal system epithelium.’? Angioedema
frequently occurs with urticaria, but can also happen
as an isolated finding itself. Angioedema due to ACEi
and ATRB mostly presents as an isolated finding
without urticaria.

ACE is a two membrane-bound zinc-containing
metallopeptidase and it has widespread tissue distri-
bution including the vascular endothelium and
smooth muscle cells, cardiac myocytes and fibrob-
lasts, the kidney and the brain.®

ACEi exert their effects on the regulation of blood
pressure and electrolyte balance as it converts An-
giotensin | (AT I) to AT Il. AT Il is a potent vasocon-
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strictor, and increases blood pressure. ACEi are used
frequently in the treatment of hypertension, conges-
tive heart failure, and diabetic nephropathy.*¢ Cardiac
effects of ACEi are the prevention of cardiac hyper-
trophy and the reduction in infarct size.® ACE inhibi-
tion also increases kinin peptide levels. Kinins are po-
tent vasodilators, promote diuresis and natriuresis,
and have cardioprotective actions. However, high lev-
els of kinin peptides produce inflammation and un-
commonly ACEi produce marked elevation of kinin
peptide levels, resulting in angioedema.? The rate of
angioedema in patients receiving ACEi was found to
range between 0.1-0.7 %."27'2 Although the patient
declared rate is low, it is possible to observe an-
gioedema in more patients than expected consider-
ing the widespread use of these drugs. Although the
exact mechanism of ACEi induced angioedema is not
known, bradykinin and substance P have been impli-
cated in the pathogenesis of angioedema.’* ACEi
precipitate attacks by directly interfering with the
degradation of bradykinin, thereby potentiating its bi-
ological effect. Bradykinin is a nanopeptide which
shows a strong vasoactive activity on human skin.'®
Bradykinin concentration is increased in ACEi related
angioedema due to reduced bradykinin catabolism
rather than to increased bradykinin production.#'6.17
Nevertheless ATRB which do not affect bradykinin
levels may also cause angioedema. There is still no
marker to predict which patients using ACEi will de-
velop angioedema. Carboxypeptidase N (CPN) is re-
sponsible for the transformation of bradykinin into its
active metabolite des-arginine-bradykinin. This
metabolite has a poor affinity for B2 receptors.
Des-arg bradykinin level is increased in ACE induced
angioedema.’® It was suggested that a decrease in
degradation of des-arg-bradykinin might play a role in
ACEi dependent angioedema in patients with hyper-
tension.’® The plasma activity and levels of enzymes
such as CPN and aminopeptidase P (APP) were found
to be low in patients with angioedema.'®'”° In a ge-
netic study, C-2399A variant in XPNPEP2 —which is
candidate gene encoding membrane-bound APP-is
associated with reduced APP activity and higher inci-
dence of ACEiinduced angioedema.'” Dipeptidyl pep-
tidase IV (DPPIV) activity is decreased in patients with
ACEi induced angioedema.'®

ACE gene is localized in the 17th chromosome in
humans. Polymorphism is detected in an area with
286 bases in the 16th intron of ACE gene.8'%?5The
average serum ACE level on patients with dele-
tion/deletion (DD) genotype is more than on patients
with insertion/insertion (Il) genotype. ACE gene poly-
morphism was found to be correlated with hyper-
tension,?® physical performance,?” left ventricle hy-
pertrophy,?® and diabetic nephropathy?® in different

societies. Up to our current knowledge, the associa-
tion between angioedema due to ACE inhibitor and
ACE gene polymorphism has never been studied.
The aim of this study was to investigate whether the
relationship between ACE gene polymorphism and
ACEi induced angioedema is present or not.

METHODS

This study was conducted as a single-centre study
in the Department of Allergy of Gulhane Military
Medical Academy between 2003 and 2006. Patients
informed consent and local ethic committee approval
was received.

Patient Selection

Patients admitted to hospital with angioedema
were evaluated and among them ACEI and/or ATRB
drug users were registered to this study. Medical his-
tory (using drugs, onset of reaction time, drug period,
and association of angioedema with taking drug) were
analysed and thorough physical examinations were
performed. The mucosal regions in which reaction
was observed were determined. We excluded pa-
tients using non-steroidal anti-inflammatory drugs and
acetylsalicylic acid. Also, hereditary angioedema in-
quiry was made. When patients interrogated for using
diuretic combination, single use of diuretic was not as-
sociated with angioedema, however, after adding
ACE or ARB, reactions became visible. On the basis of
this finding, patients were enrolled to the study group.
Patients were also asked for sulphonamides allergy.
Furthermore, diuretic associated angioedema has not
been detected without cross reaction to sulphona-
mides up to our knowledge. The patients who were
included in Group 1 had been followed for essential
hypertension. Patients with secondary hypertension
were excluded from the study.

Laboratory tests

Complete blood count, routine biochemical tests,
erythrocyte sedimentation rate, TSH, Anti-TPO, C3,
C4, HBsAg, Anti-HCV were performed on all patients
with angioedema. Also, mixed epidermal prick test
(grass mix, cereals, tree mix-1, tree mix-Il, cockroach,
mould mix, weed mix, latex, Der. Farinea, Der. Ptero-
nyssinus, dog epitelia, cat epitelia. Allergopharma
D-21462 Reinbek) and food prick test (40 food anti-
gens Allergopharma D-21462 Reinbek) were per-
formed.
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After all these evaluations, patients who had no
other risk factors to cause angioedema were includ-
ed in the study group. Patients who experienced an-
gioedema during ACEi or ATRB user were selected
as the patient group (Group 1, n: 32).

ACEi and ATRB drugs which are responsible for
angioedema were substituted with alternative anti-
hypertensive drugs. The drugs which were adminis-
trated after changing the treatment are shown in
table |. Due to the risk of laryngeal edema, challenge
test was not applied.

Control groups

Control group consisted of the patients without an-
gioedema taking neither ACEi nor ATRB. Patients with-

out angioedema under treatment with ACEi or ATRB
constituted the control group (Group 2, n: 46). The
drugs which were used in Group 2 are shown in
table Il. In addition, volunteers who did not have any
history of chronic diseases and did not use the previ-
ously mentioned drugs were enrolled in this study.
Healthy volunteers formed the control group (Group 3,
n: 96).

Genetic study

We collected 5¢cc of blood in EDTA tube from pa-
tient group and each of the two control groups.
Blood samples were transported to the genetic labo-
ratory on the same day, the blood samples were
saved at =20 °C after DNA isolation. The blood sam-

Table |

Characteristics of patients in Group 1

Patient Age/sex Drugls) Reaction time Reaction New antihypertensive
No g ¢ (months) Area drug
1 60 M Codiovan 160/12.5 mg (valsartan + hydrochlorothiazide) 2 lip Doksazosin 4 mg
2 48 F Codiovan 80/12.5 mg (valsartan + hydrochlorothiazide) 8 lip, eye Metoprolol 50 mg
3 64 F Delix plus 5/12.5 mg (ramipril + hydrochlorothiazide) 20 lip, eye Metoprolol 50 mg
4 66 M Cozaar 50 mg (losartan) 20 lip, uvula Doksazosin 2 mg
5 73F Inhibace 1 mg (cilazapril) 6 lip Rilmenidine 1 mg
6 60 F Codiovan 160/25 mg (valsartan + hydrochlorothiazide 6 lip, eye Amlodipine 5 mg
7 64 F Pritor 80 mg (telmisartan) 3 lip, eye Metoprolol 50 mg
8 63 F Inhibace 2.5 mg (cilazapril) 24 lip, eye Amlodipine 5 mg
9 61M Hyzaar 50/12.5 mg (losartan + hydrochlorothiazide) 14 lip, eye Doksazosin 4 mg
10 b6 F Inhibace 5 mg (cilazapril) 36 lip, tongue Amlodipine 10 mg
11 64 M Inhibace 2.5 mg (cilazapril) 20 lip, eye Metoprolol 50 mg
12 55 M Delix 2.5 mg (ramipril) 3 lip, eye Amlodipine 5 mg
13 63 F Delix 5 mg (ramipril) 8 lip eye Metoprolol 100 mg
14 52 M Delix 2.5 mg (ramipril) 5 tongue Amlodipine 5 mg
15 64 M Karvezid 300/12.5 mg mg (irbesartan + hydrochlorothiazide) 2 lip Doksazosin 4 mg
16 62 M Delix 5 mg (ramipril) 20 lip Amlodipine 10 mg
17 1M Codiovan 160/12.5 mg (valsartan + hydrochlorothiazide) 1 lip, eye Amlodipine 5 mg
18 46 F Sinoretik 20/12.5 myg (lisinopril + hydrochlorothiazide) 8 lip Metoprolol 50 mg
19 65 M Codiovan 80/12.5 mg (valsartan + hydrochlorothiazide) 9 lip, eye Doksazosin 2 mg
20 60 F Cozaar 50 mg (losartan) 2 lip Rilmenidine 1 mg
21 46 F Acuitel 5 mg (quinapril) 6 lip, eye Metoprolol 50 mg
22 56 F Coversyl 5 mg (perindopril) 3 lip Amlodipine 5 mg
23 46 F Coversyl 5 mg (perindopril) 2 lip, eye Amlodipine 5 mg
24 47 F Delix 2.5 mg (ramipril) 1 Lip Metoprolol 50 mg
25 73M Sinoretik 20/12.5 myg (lisinopril + hydrochlorothiazide) 1 lip, eye Doksazosin 4 mg
26 63 F Delix 5 mg (ramipril) 3 lip Amlodipine 5 mg
27 72 F Delix 2.5 mg (ramipril) " lip Metoprolol 50 mg
28 43 F Tarka 180/2 mg (trandolapril + verapamil) 2 lip Metoprolol 50 mg
29 51F Diovan 80 mg (valsartan) 5 lip Metoprolol 50 mg
30 52 F Inhibace 5 mg (cilazapril) 2 lip, eye Amlodipine 5 mg
31 64 F Inhibace 5 mg (cilazapril) 7 eye Amlodipine 5 mg
32 58 F Accuzide 20/12.5 mg (quinapril + hydrochlorothiazide) 12 lip Metoprolol 100 mg
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Table Il

Drugs used in Group 2 (without angioedema)

Pa’z;?)nt Age/sex Drug(s)
1 b9 F Accuzide 20/12.5 mg
(quinapril + hydrochlorothiazide)
2 66 M Delix 5mg (ramipril)
3 48 M Inhibace 5 mg (cilazapril)
4 59 M Inhibace 5 mg (cilazapril)
5 53 F Delix 2.5 mg (ramipril)
6 75M Coversyl 5 mg (perindopril)
7 80 F Delix bmg (ramipril)
8 57 F Inhibace 2.5 mg (cilazapril)
9 72M Karvezide 300/12.5 mg mg
(irbesartan + hydrochlorothiazide)
10 65 F Diovan 80 mg (valsartan)
11 61F Hyzaar 50/12.5 mg
(losartan + hydrochlorothiazide)
12 61F Eklips 50/12.5 mg
(losartan + hydrochlorothiazide)
13 69 F Acuitel 5 mg (quinapril)
14 58 M Delix 2.5 mg (ramipril)
15 65 M Zestoretic 20/12.5 mg
(lisinopril + hydrochlorothiazide)
16 78 M Hyzaar 50/12.5 mg
(losartan + hydrochlorothiazide)
17 39M Delix 2.5 mg (ramipril)
18 b9 F Vasolapril 10 mg (enalapril)
19 74 M Diovan 80 mg (valsartan)
20 51 F Diovan 160 mg (valsartan)
21 32F Diovan 80 mg (valsartan)
22 47 F Diovan 80 mg (valsartan)
23 50 F Coversyl 5 mg (perindopril)
24 77M Rilace 20 mg (lisinopril)
25 b8 F Diovan 80 mg (valsartan)
26 41F Micardis 80 mg (telmisartan)
27 73 M Inhibace 5 mg (cilazapril)
28 42 M Coversyl 5 mg (perindopril)
29 b4 F Delix 2.5 mg (ramipril)
30 65 F Cozaar 50 mg (losartan)
31 70F Eklips 50/12.5 mg
(losartan + hydrochlorothiazide)
32 53 F Rilace 20 mg (lisinopril)
33 b2 F Hyzaar 50/12.5 mg
(losartan + hydrochlorothiazide)
34 47 F Diovan 80 mg (valsartan)
35 66 F Delix 5 mg (ramipril)
36 68 M Cozaar 50 mg (losartan)
37 63 F Cozaar 50 mg (losartan)
38 77F Inhibace 5 mg (cilazapril)
39 77F Delix 5 mg (ramipril)
40 63 F Diovan 160 mg (valsartan)
41 53 F Sinoretic 20 mg (lisinopril)
42 51F Diovan 80 mg (valsartan)
43 60 F Inhibace 2.5 mg (cilazapril)
44 64 F Pritor 80 mg (telmisartan)
45 58 F Ayra 8 mg (candesartan)
46 b5 F Gopten 2 mg (trandolapril)

ples were studied by the same person in the same
working session.

DNA isolation

The 16th intron of the ACE gene from peripheral
blood was multiplied using Genomic DNA isolation
kit (Genemark, No: DP023-50, Hopegen Biotechnolo-
gy Development Enterprise-Taiwan), and was exam-
ined and scanned with gel electrophoresis under UV.
To multiply the studied gene area, sense; 5'-CTG
CAG ACC ACT CCC ATC CTT TCT-3' and anti-sense;
5'-GAT GTG GCC ATC ACATTC GTC AGA-3’ primers
were used. The bands received on gel were detect-
ed inversion being 335bc, deletion being 190bc.

Statistical Analysis

Statistical evaluations were performed by using
SPSS for Windows version 11.0 (Chi, Ill, USA) soft-
ware package. Results were reported as the mean
value = sd rate and as percentage. One-way ANOVA
analysis and chi square test were applied for evalua-
tion of the importance of differences among the
groups. A p value < 0.05 was considered as statisti-
cally significant.

RESULTS

One hundred and seventy-four participants
(115 female and 59 male) were enrolled in the study.
The mean age was 59.21 = 10.81 years (39 to 92).
The distributions of gender and ages between the
groups were similar (table Il1).

With respect to the ACE genotype there was no
significant difference between the groups (table 1V).

Table IlI

Distribution of sex and age among groups

Group 1 Group 2 Group 3 o
Number of
participants 32 46 96
Male 9(27.6%) 13(28.2%) 37(38.5%)
Female 23(724%) 33(71.8%) 59 (61.5%)
Age (years) 58.06+8.71 60.43+10.62 59.1+11.55 0.614

Group 1: Patients with angioedema during ACEi or ATRB therapy.
Group 2: Patients without angioedema during ACEi or ATRB therapy.
Group 3: Healthy control group.

p (One way ANOVA analysis).
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Table IV

The distribution of ACE genotype among groups

Group 1 Group 2 Group 3
(n:32) (n:46) (n:96) o
ACE Il 7(21.9%) 13 (28.3 %) 21(21.9%)  0.866
ACEID 18 (56.3 %) 24 (52.2 %) 50 (52.1%)  0.868
ACE DD 7(21.9%) 9(19.6 %) 25(26.0%)  0.570

I Insertion/ insertion polymorphism.

DD: Deletion/ deletion polymorphism.
ID: Insertion/ deletion polymorphism.
p (chi square test).

Table V

The distribution of ACE genotype and drugs
used in Group 1

ACEi ATRB o
ACE Il 4(19.0 %) 3(27.3%) 0.845
ACEID 12 (57.1%) 6 (54.5 %) 0.847
ACEDD 5(23.8%) 2(18.2%) 0.580

p (chi square test).

The drugs which caused angioedema, the onset of
symptoms and angioedema localization, the alterna-
tive drugs given and the age and gender of patients
is summarised in table |. There is a slight dominance
of ID genotype in all groups, about half of patients in
Group 1 (n: 18). The time of onset of angioedema af-
ter the drug(s) introduction was less than 6 months.
The earliest reaction was on a patient on the first day,
while the latest one was after 36 months.

The distribution of the affected body parts with
respect to ACE genotypes was also evaluated. The
most frequently affected site was lips; however,
there was no significance between ACE genotypes.

In group 1, 21 patients (65 %) were used ACEi and
11 patients (35 %) ATRB, while this ratio was 25
(55 %) and 21 (45 %) in group 2 respectively.

The patients with angioedema were compared
with respect to used drugs and no significance was
observed (table V).

DISCUSSION
In this study, the relation between angioedema
due to ACEi and ATRB and ACE gene polymorphism

was investigated. To our knowledge there has been

Allergol et Immunopathol 2008;36(3):134-40

no previous study addressing this issue. However,
possible relation between the ACE genotype and an-
gioedema has previously been mentioned in one
study.®

ACE gene polymorphism has been studied in
many diseases, even in physiological conditions, and
connections have been looked for between geno-
type and clinic.

ACE gene polymorphism had been evaluated in
asthma, and DD genotype in patients who suffered
from asthma was found to be significantly higher,
compared with the control group.® In another study
on asthma, high DD genotype was demonstrated not
to have a meaningful effect. 2!

Behcet disease is basically a vasculitis in which
endothelial dysfunction is evident. Because the tis-
sue renin angiotensin system is effective on en-
dothelium, ACE gene polymorphism has been stud-
ied on these patients, and no genotype has been
found to be dominant.??

Patients who suffered ACEi induced angioedema
were older than the other angioedema groups.? Near-
ly half of the cases appear in the first week of the
treatment, but lesion can appear later as well.23" In
our study in 18 (56.4 %) of the patients, reactions
were observed in the first 6 month period.

It was demonstrated in retrospective studies that
angioedema was observed more on blacks.?3? The
increased risk in black patients may be related to
racial differences in the kallikrein-kinin system and in-
creased sensitivity to bradykinin."”:32

When ACEi were evaluated one by one, angioede-
ma was found to be associated with the group but
not to the drug itself.? The provocation test with ACEi
or ATRB to confirm the diagnosis was not applied
due to ethical considerations. In addition, a patient
had used ACEi mistakably and tongue and uvula ede-
ma repeated in a short period, the patient was kept
under watch at a hospital for 24 hours, in case the
clinical situation were severe.

Angioedema related to ACEi usually appears above
the neck, around the face area, but the reason for this
is not known. Angioedema was observed in the head
and neck region in all patients in our study. Serious
complications can happen related to tongue and
oropharyngeal and sometimes speech defect may
occur.”2® Reactions can be fatal, and could need intu-
bation.® In none of our cases intubation is indicated.
Angioedema on the lip was observed mostly. For in-
stance, extraordinary situations can cause wrong di-
agnosis and treatment. One patient attended the
emergency room for shortness of breath, but was di-
agnosed as a case of panic attack. Tongue edemain a
patient with thyroidectomy considered as a myxede-
ma. The same patient was examined for speech im-
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pairment and hoarseness. All these symptoms and
findings ceased when ACEi stopped and angioedema
treatment was applied briefly.

When angioedema related with the use of ACEi
was first noted, it was thought that the best alterna-
tive treatment was ATRB. But this treatment caused
the reappearance of angioedema and also the ATRB
were not safe. In literature, there are many reports
about this.®*%7 Also in our study, in 11 patients ATRB
related angioedema were reported during the three
year follow-up period. After ACEi treatment had been
stopped, ATRB were not started to these patients.

It is known that the ATRB exert their antihyperten-
sive effects by selectively binding to their angiotensin
receptors.®38 In contrast to ACEi, it is supposed that
the ATRB do not affect bradykinin levels. However,
the mechanism of developing angioedema with
ATRB has not been still identified.*® Probable mecha-
nisms are rising bradykinin or metabolites in the cir-
culation, and the effect of kininase-I enzyme which
plays a role in hereditary angioedema pathophysiolo-
gy may reduce as a result of ATRB treatment.®®

It was determined that angioedema dependent on
ACEi and ATRB was higher in blacks,®* and Il geno-
type was dominant in blacks as well. All the patients
included in this study are Caucasian and ID is domi-
nant in genotype distribution. In a study carried out
with healthy Turkish individuals, it had been observed
that ID genotype was dominant.?

Angioedema due to ACEi and ATRB are not usual-
ly taken under control following cease of the drug
with antihistamines and corticosteroid treatment,’’
although some patients may respond to treatment.
As a matter of fact this condition was stated in litera-
ture. In one article, a patient of African origin with
angioedema who did not respond to corticosteroid,
antihistamine, and adrenaline had been described.
This patient had been treated with fresh-frozen plas-
ma infusion.” Fresh-frozen plasma supplies ACE to
patient and accelerates the breakdown of bradykinin.

The incidence of a disease or a side effect of a drug
in a population is not the only factor determining its
importance; also the morbidity and mortality rate are
as important as its incidence. Reducing probable side
effects on patients is an issue that can be appraised
by preventive medicine. In daily practice, doctors pay
close attention to known contraindications and rela-
tive contraindications, as they prescribe.

Angioedema due to ACEi and ATRB, when evalu-
ated statistically, is a rare complication. But some-
times it could be as serious as a fatal complication
that can lead to loss of life of patients. If the relation
between ACE gene polymorphism or single nu-
cleotide mutations determined by further research
and development of angioedema can be found, pa-

tients can be treated with selective drug treatments.
Even though pharmacogenomic studies focus espe-
cially on chemotherapy resistance in cancer treat-
ment, ACE activity difference related to genotype and
widespread using of drugs effecting the above en-
zyme are going to be an important study field in the
future. In today's treatment planning, specific drugs
are suggested to patient groups with a similar diag-
nosis. Side effects and overall effects of drugs show
different results on the patients. In our opinion, ACEi
related angioedema is going to be a new field of
study for pharmacogenomic studies which research
the place of genetics in individual drug treatments.

REFERENCES

1. Cicardi M, Zingale LC, Bergamaschini L, Agostini A. Angioede-
ma associated with angiotensin-converting enzyme inhibitor
use. Outcome after switching to a different treatment. Arch
Intern Med. 2004; 164: 910-913.

2. Kaplan AP, Greaves MW. Angioedema. J Am Acad Dermatol
2005; 373-388.

3. Campell DJ. Vasopeptidase inhibition a double-edged sword?
Hypertension. 2003 41: 383-389.

4. ACE inhibitorleri. Cev. Editori: Uresin Y. 2004 Avrupa Tip Yay-
nevi sayfa: 1-9.

5. Stergiou GS, Skeva Il. Renin-Angiotensin System blockade at
the level of the Angiotensin Converting Enzyme or the An-
giotensin Type-1 Receptor: Similarities and differences. Cur-
rent Topics in Medicinal Chemistry 2004; 4: 473-481.

6. Angiotensin I-Converting Enzyme. OMIM (Online Mendelian
Inheritance in Man). Johns Hopkins University. Victor A.
Mckusick (last updated) 2006.

7. Karim MY. Fresh-frozen plasma as a treatment for life-threat-
ening ACE-inhibitor angioedema. J Allergy Clin Immunol.
2002; 109: 2, 370-371.

8. Vleeming W, van Amsterdam JG, Stricker BH, Wildt DJ. ACE
inhibitor-induced angioedema. Incidence, prevention and
management. Drug Saf. 1998 Mar; 18(3): 171-188.

9. Chan TF, Kalira D. Angiotensin — converting enzyme inhibitors
as a cause of unilateral tongue angioedema in a 68-year-old
woman. Am J Emerg Med. 2006 Mar; 24(2): 249-50.

10. Bas M, Hofmann TK, Bier H, Kojda G. Increased C-reactive
protein in ACE-inhibitor-induced angioedema. Br J Clin Phar-
macol. 2005 59(2): 233-238.

11. Bhalla M, Thami GP. Delayed diagnosis of angiotensin — con-
verting enzyme (ACE) inhibitor induced angioedema and ur-
ticaria. Clin Exper Derm. 2003; 28: 321-334.

12. Morimoto T, Gandhi TK, Fiskio JM, Seger AC, So JW, Cook EF,
et al. An evaluation of risk factors for adverse drug events as-
sociated with angiotensin-converting enzyme inhibitors. J
Eval In Clin Prac. 2004; 10, 4: 499-509.

13. Lefebvre J, Murphey LJ, Hartert TV, Shan RJ, Simmons WH,
Brown NJ. Dipeptidyl peptisade IV activity in patients with
ACE inhibitor associated angioedema. Hypertension 2002;
39(part 2): 460-464.

14. Cugno M, Nussberger J, Cicardi M, Agostoni A. Bradykinin
and the pathophysiology of angioedema. International Im-
munopharmacology 2003 3: 311-317.

15. Kim KS, Kumar S, Simmons WH, Brown NJ. Inhibition of
aminopeptidase P potentiates wheal response to bradykinin in
angiotensin-converting enzyme inhibitor-treated humans. J
Pharmacol Exp Therap. 2000; 292: 295-298.

Allergol et Inmunopathol 2008;36(3):134-40



140

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gulec M et a.—ACE GENE POLYMORPHISM AND ANGIOEDEMA

Nussberger J, Cugno M, Amstutz C, Cicardi M, Pellacani A,
Agostoni A. Plasma bradykinin in angioedema. The Lancet
1998; 351: 1693-1697.

Duan QL, Nikpoor B, Dube MP, et al. A variant in XPNPEP2 is
associated with angioedema induced by angiotensin I-convert-
ing enzyme inhibitors. Am J Hum Genet. 2005; 77: 617-626.
Molinaro G, Cugno M, Perez M, Lepage Y, Gervais N, Agos-
toni A. Angiotensin-Converting enzyme inhibitor-associated
angioedema is characterized by a slower degradation of
des-arginine-bradykinin. J Pharma and Exper Therapeutics.
2002; 303 (1): 232-237.

Moreau ME, Garbacki N, Molinaro G, Brown NJ, Marceau F,
Adam A. The kallikrein-kinin system: Current and future phar-
macological targets. J Pharmacol Sci. 2005; 99: 6-38.

Urhan M, Deg’irmenci |, Harmanci E, Gunes HV, Metintas M,
Basaran A. High frequency of DD polymorphism of the An-
giotensin-Converting Enzyme gene in Turkish asthmatic pa-
tients. Allergy and Asthma Proc. 2004; 25: 243-247.

Oztiirk MA, Calgtineri M, Kiraz S, Ertenli |, Onat AM, Ureten K,
et al. Angiotensin-converting enzyme gene polymorphism in
Behget's disease. Clin Rheumatol. 2004; 23: 142-146.

Bor Kucukatay M, Turgut S, Emmungil G, Turgut G, Kucukatay
V. Increased deformability of red blood cell is associated with
a deletion polymorphism of the Angiotensin-Converting en-
zyme gene. Tohoku J Exp Med. 2006; 208: 147-155.
Sayed-Tabatabaei FA, Oostra BA, Isaacs A, van Duijn C.M,
Witteman JCM. ACE Polymorphisms. Circ Res. 2006; 98:
1123-1133.

Scharplatz M, Puhan MA, Steurer J, Bachmann LM. Study
Protocol. What is the impact of the ACE gene insertion/dele-
tion (/D) polymorphism on the clinical effectiveness and ad-
verse events of ACE inhibitors? — Protocol of a systematic re-
view. BMC Medical Genetics 2004; 5:23, 1-6.

Mc Namarra D.M, Holubkov R, Janosko K, Palmer A, Wang
JJ, MacGowan GA, et al. Pharmacogenetics interaction be-
tween B-blocker therapy and the angiotensin —converting en-
zyme deletion polymorphism in patients with congestive
heart failure. Circulation 2001; 103: 1644-1648.

Matsubara M, Suzuki M, Fujiwara T, Kikuya M, Metoki H,
Michimata M, et al. Angiotensin-converting enzyme /D poly-
morphism and hypertension: The Ohasama study. J Hyper-
tens. 2002 20: 1121-1126.

Allergol et Immunopathol 2008;36(3):134-40

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kritchevsky SB, Nicklas BJ, Visser M, Simonsick EM, New-
man AB, Harris TB, et al. Angiotensin-converting enzyme in-
sertion/deletion genotype, exercise, and physical decline.
JAMA. 2005 Aug 10;294 (6):691-8.

Tanriverdi H, Kaftan HA, Evrengul H, Dursunoglu D, Turgut G,
Kilic M. QT dispersion and left ventricular hypertrophy in ath-
letes: relationship with angiotensin-converting enzyme 1/D
polymorphism. Acta Cardiol. 2005 Aug;60(4):387-93.

Ergen HA, Hatemi H, Agachan B, Camlica H, Isbir T. An-
giotensin-l converting enzyme gene polymorphism in Turkish
type 2 diabetic patients. Experimental and Molecular Medi-
cine 2004; 36(4): 345-350.

Benassiano J, Crestani B, Mestari F, Klouche W, Neukirch F, Ha-
cein-Bey S, et al. High frequency of a deletion polymorphism of
the ACE gene in asthma. J Allergy Clin Immunol. 1997; 53-57.
Pillans PI, Coulter DM, Black P. Angioedema and urticaria with
angiotensin converting enzyme inhibitors. Eur J Clin Pharma-
col. 1996 51: 123-126.

Gibbs CR, Lip GY, Beevers DG. Angioedema due to ACE in-
hibitors: increased risk in patients of African origin. Br J Clin
Pharmacol. 1999 Dec;48(6):861-5.

Zirkle M, Bhattacharyya N. Predictors of airway intervention in
angioedema of the head and neck. Otolaryngol Head and
Neck Surg. 2000; 123: 240-245.

Borazan A, Ustiin H, Yilmaz A. Angioedema induced by an-
giotensin Il blocker telmisartan. Allergy 2003; 58:454.

Chiu AG, Krowiak EJ, Deeb ZE. Angioedema associated with
angiotensin Il receptor antagonists; Challenging our knowl-
edge of angioedema and its etiology. Laryngoscope 2001;
111:1729-1731.

Martinez Alonso JC, Dominguez Ortega FJ, Méndez Alcalde
J, Fuentes Gonzalo MJ. Angioedema due to valsartan. Allergy
2003:58: 367-369.

Howes LG, Tran D. Can angiotensin receptor antagonists be
used safely in patients with previous ACE inhibitor-induced an-
gioedema? Drug Saf 2002; 25(2):73-6.

Baykal Y, Gok F. Anjiotensin || Reseptor Blokerleri ve Tedavide
Kullanimi. Sendrom 2002 S,ubat: 91-99.

Ducroix JP, Outurquin S, Benabes-Jezraoui B, Gras V, Chaby
G, Strunski V, et al. Angioedema and angiotensin converting
enzyme inhibitors: A report of 19 cases. La revue de
médecine interne. 2004; 25: 501-506.



	The role of ace gene polymorphism in the development of angioedema secondary to angiotensin converting enzyme inhibitors and ang����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Introduction����������������������������������������������������
	Methods�������������������������������������
	Results�������������������������������������
	Discussion����������������������������������������������
	References����������������������������������������������


