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Angiotensin Background: Angiotensin converting enzyme (ACE) is expressed at high levels in the lungs and
converting enzyme; plays a role in the metabolism of the endogenous peptides involved in asthma pathogenesis.
Asthma; ACE gene polymorphisms have been reported to be linked to asthma. However, the results
Atopy; are conflicting, with no reported studies on Egyptian asthmatics. We aimed to assess ACE gene
Gene; polymorphism among Egyptian asthmatics, and to determine its possible association with asthma
Genotype; severity.

Polymorphism Methods: This case-control study was conducted on 30 adult asthmatic patients, and 30

healthy controls with no history of asthma or atopy. Atopic status among asthmatics was deter-
mined by skin prick test (SPT). Lung functions were assessed by spirometry. Determination
of ACE genotypes was performed for all subjects. Total serum IgE levels were measured by
ELISA.

Results: The frequencies of the DD, ID and Il genotypes were 46.7%, 40%, and 13.3%, respectively
among the cases, and 33.3%, 40%, and 26.7%, respectively among the controls. No significant
differences in ACE genotype distribution were observed between cases and controls (p=0.37).
Genotype distribution did not differ according to age of onset or severity of asthma, total serum
IgE levels, SPT positivity, or number of positive SPT reactions. Furthermore, ACE polymorphism
was not statistically different between asthmatic patients without any associated atopic disease
and those with an associated atopic disease.

Conclusion: The results of our study indicate that ACE gene polymorphism is not significantly
associated with bronchial asthma or with its severity among Egyptian adults.

© 2011 SEICAP. Published by Elsevier Espana, S.L. All rights reserved.

Introduction

Asthma is broadly defined as a chronic disease of

the airways that is characterised by variable airflow
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on the interplay between genetic factors and environmen-
tal exposures.? It is impossible to relate one single gene, or
a group of genes to asthma. Numerous studies have exam-
ined polymorphisms in several hundred genes for association
with asthma and allergy phenotypes.>*

Angiotensin converting enzyme (ACE) gene is one of
these genes. ACE is expressed at high levels in the
lungs, and exhibits an anti-inflammatory effect through
catabolising bradykinins and tachykinins, which induce
smooth muscle airway constriction, bronchial edema, mucus
hyper-secretion, and neurogenic inflammation.> On the
other hand, ACE converts angiotensin | into the vasoac-
tive angiotensin Il, which through causing proliferation and
contractility of airway smooth muscles, can contribute to
excessive airway obstruction.®

The ACE gene contains a polymorphism based on the pres-
ence (or insertion [I]), or absence (or deletion [D]) of a
287-base pair element in intron 16 on chromosome 17q23.
According to the presence of this element, three differ-
ent genotypes may occur: DD and Il homozygotes, and ID
heterozygotes.” Several studies have investigated the asso-
ciation between ACE gene polymorphism and asthma. There
are however many inconsistencies in these studies; whereas
some studies have shown a significant association between
DD polymorphism and asthma,?® " others have reported
no significant association.'''* This discrepancy has been
attributed to the ethnic diversities in the various studies.

We therefore aimed to assess ACE gene polymorphism
among Egyptian asthmatics, a previously unstudied ethnic
group, and to determine its possible association with asthma
severity.

Materials and methods

This case-control study was conducted on 30 adult asth-
matic patients who were recruited from the Allergy and
Clinical Immunology outpatient clinic of Ain Shams Uni-
versity Hospital over a six-month period from December
2009 to May 2010. Asthma was diagnosed according to
the guidelines of the Global Initiative for Asthma (GINA)
2007." The study also included a control group of 30 healthy
individuals with no history of asthma, atopy or other aller-
gic diseases, and with normal spirometric results. Subjects
with cardiac diseases or hypertension were excluded due
to the possible association of these diseases with ACE gene
polymorphisms.'®'7 An informed consent was obtained from
all participants, and the study was approved by the Research
Ethics Committee of Ain Shams University.

All cases completed a questionnaire on asthma symp-
toms, triggering factors and other associated atopic
diseases. Atopic status among cases was determined by skin
prick test (SPT) reaction to the most common locally encoun-
tered allergens. These included mites, mixed pollens,
moulds, cat hair, dog hair, horse hair, pigeon, cockroach, and
tobacco. Histamine (0.1%) in phosphate-buffered saline and
physiologic saline were used as positive and negative con-
trols, respectively. After 20 min, a wheal size >3 mm greater
than the negative control was considered a positive result.

Spirometry was performed at the Pulmonary Functions
Laboratory at Ain Shams University Hospital, using the Flow-
mate V Plus spirometer (Spirometrics, ME, USA). Reference

values used were those proposed by the European Respira-
tory Society.®

Determination of ACE genotypes

Peripheral blood samples were obtained from all individuals.
Genomic DNA was extracted using phenol-chloroform and
stored at —20°C. The ACE gene |/D polymorphism was deter-
mined by real-time polymerase chain reaction using MagNA
Pure LC Total Nucleic Acid Isolation Kit (Roche Diagnos-
tics, Mannheim, Germany), and LightCycler FastStart DNA
MasterP-YS SYBR Green | kit (Roche Diagnostics, Mannheim,
Germany). The sense oligonucleotide primer was 5-CTG
GAG ACC ACT CCC ATC CTT TCT-3/, and the antisense primer
was 5-GAT GTG GCC ATC ACA TTC GTC AGA T-3'. The
reactions were performed according to the manufacturers’
instructions. Subjects were classified into the DD, ID, or Il
genotype according to the presence (or insertion [l]), or
absence (or deletion [D]) of the 287-base pair insertion in
intron 16 of the ACE gene.

In addition, total serum IgE levels were measured using
a sandwich enzyme-linked immunosorbent assay (ELISA) kit
(BioCheck Inc., CA, USA). The normal limit of total IgE was
100 1U/mL.

The primary outcome measure of the study was the dif-
ference in frequency of ACE gene polymorphisms between
asthmatic patients compared to healthy controls. Secondary
outcome measures were possible associations of ACE gene
polymorphisms with asthma severity, atopic status, and with
the different associated atopic diseases.

Statistical analysis

Data were analysed using SPSS (Statistical Program for
Social Sciences) version 12. Data were expressed as
mean =+ standard deviation (SD) for parametric data, and
as median and interquartile range (IQR) for non-parametric
data, respectively. Parametric data were analysed using Stu-
dent’s t-test and one-way analysis of variance (ANOVA) for
the comparison of two and three groups, respectively. Non-
parametric data were analysed using the Mann-Whitney U
and Kruskal-Wallis tests to compare two and three groups,
respectively. Chi-square test was used to compare cate-
gorical data. A p-value of less than 0.05 was considered
significant.

Results

This case-control study was conducted on 30 adult asth-
matic patients and 30 healthy controls. As shown in Table 1,
both groups were comparable for age and sex. The mean per-
centage of predicted forced expiratory volume in 1s (FEV1)
was significantly lower among cases than among controls.
Asthmatic patients had significantly higher levels of total
serum IgE than controls.

The characteristics of asthmatic patients are summarised
in Table 2. The majority of patients (43.3%) had moderate
persistent asthma. More than two thirds of the patients (70%)
were atopic, having a positive SPT reaction to the tested
allergens, and more than 75% had an associated atopic dis-
ease. The most frequent associated atopic disease observed
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Table 1 Characteristics of the study groups.
Cases (n=30) Controls (n=30) p

Age (years), mean =+ SD 34.8+14.2 34.9+13.7 0.98
Sex

Male, n (%) 11 (36.7) 14 (46.7) 0.43

Female, n (%) 19 (63.3) 16 (53.3)
FEV1 (%), mean + SD 69.9+21.1 93.1+8.3 <0.001
Total serum IgE (IU/mL) 92.4 19.9 0.001
Median (IQR) (22.7, 290.5) (11.2, 45.6)

FEV1, forced expiratory volume in 1s; IgE, immunoglobulin E; IQR, interquartile range.

was allergic rhinitis (56.7%), followed by allergic conjunc-
tivitis (36.7%), and atopic dermatitis (26.7%).

ACE genotype distribution among both groups

ACE genotype distributions are shown in Fig. 1. In the asth-
matic group, the frequencies of the DD, ID and Il genotypes
were 46.7%, 40%, and 13.3%, respectively. In the control
group, the corresponding frequencies were 33.3%, 40%, and
26.7%, respectively. The DD genotype was more prevalent
among asthmatics than among controls, yet this association
did not achieve any statistical significance (p=0.37).

ACE genotypes in asthmatics according to the
studied parameters

ACE genotype distributions according to the various studied
parameters are shown in Table 3. There were no significant

Table 2 Characteristics of the asthmatic patients.

Parameter?
Age of onset (years), mean =+ SD 27.4+10.7
Severity of asthma
Mild persistent 8(26.7)
Moderate persistent 13 (43.3)
Severe persistent 9 (30)
Atopy (positive SPT reaction) 21 (70)
No. of positive SPT reactions
0 9 (30)
1 10(33.3)
>1 11 (36.7)
Associated atopic disease(s)
Present 23(76.7)
Absent 7 (23.3)
Type of associated atopic disease
Allergic rhinitis 17 (56.7)
Allergic conjunctivitis 11 (36.7)
Atopic dermatitis 8(26.7)

SPT, skin prick test.
a All values except age of onset are given as numbers
(percentages).

associations between genotype distribution and age of
onset of asthma, FEV1 values, or total serum IgE levels.
Genotype distribution did not differ significantly according
to the severity of asthma, SPT positivity, or number of
positive SPT reactions. Furthermore, ACE polymorphism
was not statistically different between asthmatic patients
without any associated atopic disease and those with an
associated atopic disease.

Discussion

Bronchial asthma is a multifactorial disease influenced
by genetic, environmental and neurohormonal factors.
However, the nature of the genetic factors is unclear."
Polymorphisms of the ACE gene have been shown to be asso-
ciated with differences in plasma ACE levels. The insertion
appears to reduce ACE expression. Thus, the DD genotype
is associated with the highest plasma levels of ACE, while
the Il genotype is associated with the lowest levels.” Sev-
eral studies have attempted to find associations between
ACE polymorphisms and the risk of asthma; however, the
results have been very conflicting. To our knowledge, our
study is the first to investigate the potential associations
between polymorphisms in ACE gene and asthma among
Egyptian asthmatics.

In the present study, we measured the frequency of ACE
gene polymorphisms among 30 Egyptian adult asthmatics

Bl
mID
HDD

(46.7%)

p=0.37

Cases Controls

Values are given as number (%)
I, insertion; D deletion

Figure 1  Angiotensin converting enzyme genotype distribu-
tions among cases and controls.
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Table 3  ACE genotype distribution in asthmatics according to various parameters.

Parameter? ACE genotype p
DD (n=14) ID (n=12) Il (n=4)
Age of onset (years), mean + SD 23.8+10.7 28.2+10.4 35.3+8.6 0.15
Severity of asthma
Mild persistent 5 (35.7) 4 (33.3) 0 (0) 0.64
Moderate persistent 5 (35.7) 5 (41.7) 3 (75)
Severe persistent 4 (28.6) 3 (25) 1(25)
FEV1 (%), mean + SD 714+24.5 70.94+21.2 63.1+8.5 0.80
Skin test reaction
Positive 10 (71.4) 9 (75) 2 (50) 0.63
Negative 4 (28.6) 3 (25) 2 (50)
No. of positive SPT reactions
0 4 (28.6) 3 (25) 2 (50) 0.91
1 5 (35.7) 4 (33.3) 1 (25)
>1 5 (35.7) 5 (41.7) 1 (25)
Associated atopic disease(s)
Present 10 (71.4) 9 (75) 4 (100) 0.48
Absent 4 (28.6) 3 (25) 0 (0)
Total serum IgE levels (IU/mL) 79.2 92.0 140.9 0.97
Median (IQR) (22.7,465.3) (21.0,393.3) (36.8,252.6)

ACE, angiotensin converting enzyme; FEV1, forced expiratory volume in 1s; IgE, immunoglobulin E; IQR, interquartile range; SPT, skin

prick test.
@ Unless indicated, values are given as numbers (percentages).

and 30 healthy controls. We found no significant differ-
ences between polymorphisms in the ACE gene between
asthmatic patients and controls. A number of investigators
have reported similar results. Chagani et al.° found no sig-
nificant association between ACE genotype distributions and
asthma among Canadian asthmatics. Studies of the same
polymorphism in Japanese, 2?22 Korean, "' British,' and
Turkish? adult asthmatics also reported similar distributions
of ACE gene polymorphisms between asthmatic patients
and controls. In striking contrast to the previous studies,
fewer investigators demonstrated that ACE gene polymor-
phism was significantly associated with bronchial asthma.
Benessiano et al.® were the first to report the higher preva-
lence of the DD genotype among French asthmatic adults as
compared to healthy controls. This was followed by similar
studies among Czech?* and Turkish'® adults, and Taiwanese®
and Chinese?® children, confirming the association of ACE
gene polymorphisms with an increased prevalence of the
DD genotype in asthmatics. In our present study, we also
detected a higher prevalence of DD genotype among asth-
matics as compared to controls, although this association
did not reach any statistical significance, perhaps due to
the relatively small sample size of the study. The discrep-
ancy between the findings of the previous studies may be
explained by the ethnic differences between these studies.

The role of ACE genotypes in modulating the therapeutic
response to ACE inhibitors has been demonstrated among
patients with coronary heart disease,?® hypertension,?’
diabetic nephropathy,?® and among patients who have
undergone renal transplantation.? Systemic reviews on
these studies demonstrated a trend towards a better

response in Caucasian patients with the DD genotype com-
pared to those with the Il genotype. However, among Asians,
DD genotype patients did not benefit from ACE inhibitor
therapy while Il genotype patients showed large treat-
ment responses.3%3' The difference in treatment responses
between Caucasians and Asians demonstrates that ethnic
differences affect these genotype-phenotype relationships.

Increased serum ACE levels may affect asthma sever-
ity, and studies have shown increased levels of angiotensin
Il in patients with severe asthma.3? In the present study,
no association was observed between ACE gene polymor-
phisms and the severity of asthma, and the frequencies
of the different genotypes did not differ according to the
severity of asthma. Although the French study had shown
an increased frequency of the ACE DD genotypes among
asthmatic patients, no correlation could be demonstrated
between disease severity and the increased frequency of
this genotype.® Similar findings have also been confirmed in
other studies, demonstrating that ACE gene polymorphisms
do not appear to be linked to the severity of disease among
asthmatics. '0-12:20.23

Several investigators have failed to detect any signifi-
cant differences between ACE genotype distributions and
atopy.'%:12.21.33 A study on atopic Taiwanese children with
allergic rhinitis demonstrated a significantly higher fre-
quency of the DD genotype among patients with associated
asthma than among those with allergic rhinitis only, and
that allergic rhinitis patients with the DD genotype were
over three times more likely to have associated asthma than
those with the ID or Il genotypes.® Concerning the atopic sta-
tus in our study, we failed to find any significant differences
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in the frequency of ACE genotypes between atopic and non-
atopic asthmatics, and between asthmatic patients without
any associated atopic disease and those with an associated
atopic disease. ACE genotypes did not differ according to
the number of positive SPT reactions. We also did not detect
any significant association between ACE genotype distribu-
tion and total serum IgE levels, a finding similarly reported
before.'?'3 It is therefore probable that ACE gene polymor-
phism is associated more with asthma than with other atopic
diseases.

In summary, although a slightly higher prevalence of
the ACE DD genotype was detected among our asthmatic
patients as compared to controls, the difference did not
reach any statistical significance. Accordingly, our present
findings cannot support the hypothesis that ACE gene poly-
morphisms are linked to asthma or to its severity among
Egyptians. Further studies with a much larger patient
population will be necessary to confirm this association. Dis-
covery of an association of the ACE genotype with asthma
among Egyptians might help to provide other options in
asthma treatment.
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