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Background: Various peptidases, including angiotensin-con-
verting enzyme (ACE), inactivate some inflammatory peptides
that are considered to influence the pathogenesis of atopic dis-
eases. This enzyme is also involved in the conversion or activa-
tion of 2 bronchoconstriction mediators: angiotensin II from
angiotensinogen and endothelin (ET), respectively.
Objective: We tested a hypothesis that asthma or other atopic
diseases are associated with insertion/deletion ACE, M235T
angiotensinogen, and TaqI ET-1 gene polymorphisms.
Methods: A case-control approach was used in the study.
Healthy subjects (141 persons) were used as control subjects,
and 231 patients with histories of atopic asthma, allergic rhini-
tis, atopic dermatitis, or a combination thereof were studied.
ACE genotype was determined by PCR, angiotensinogen
M235T and ET-1 by PCR, and restriction analysis by AspI and
TaqI, respectively.
Results: We found the significant association of the
insertion/deletion polymorphism of the ACE, as well as that of
M235T polymorphism of the angiotensinogen genes, with the
group of patients with atopic diseases (P = .0025 and P = .0204,
respectively). No difference was proved for the intron 4 (posi-
tion 8000) polymorphism in the ET-1 gene when comparing
the atopic patients with the control group (P = .1774). A signif-
icant difference was found between groups of patients with
both asthma and rhinitis and patients without both respiratory
atopic diseases (P = .0033).
Conclusion: It follows that the examined polymorphisms in the
genes for ACE, angiotensinogen, and ET-1 could participate in
the etiopathogenesis of atopic diseases. (J Allergy Clin
Immunol 1999;103:702-8.)

Key words:Angiotensin-converting enzyme, angiotensinogen,
endothelin-1, genes, polymorphism, enzymes, asthma bronchiale,
atopy

Atopy is a genetic predisposition toward the develop-
ment of immediate hypersensitivity reactions against
common environmental antigens. Atopy commonly

exists without overt clinical manifestation, but it is also
associated with a heterogeneous group of clinical disor-
ders, including asthma bronchiale, allergic rhinitis, and
atopic dermatitis.

Allergy and asthma, like coronary heart disease, hyper-
tension, and diabetes, are common diseases. Although
asthma and atopy both have a strong genetic component,
they do not display a classic Mendelian mode of inheri-
tance attributable to a single gene locus.1 They are com-
plex genetic disorders in which multiple interactions from
numerous genes, combined with environmental influ-
ences, are involved. Allergic diseases are clearly defined
in accordance with clinical manifestation, and their defin-
ition according to laboratory results is difficult. These lab-
oratory results are variable in time, and sometimes they
lack a tight relation to relevance of disease. Many factors,
such as lack of penetrance and variable expressivity, envi-
ronmental effects, high gene frequency, and genetic het-
erogeneity, may complicate the study of the genetics of
atopy.2 Although discovering the genetics underlying
asthma and allergy is difficult, it appears that they are
closely interrelated, with most asthmatic patients having
clinical and serologic evidence of atopy.

On the assumption that in all symptoms, including
atopy, the same genes are involved, at least particularly
on the basis of linkage studies, the qualified estimate can
be made that only a limited number of genes seriously
influences the pathophysiology of the diseases men-
tioned above. Because the incidence of these diseases in
populations is high, the alleles of polymorphisms of
these genes would be frequent. That is why a limited (and
statistically predictable) number of probands might be
sufficient for the detection of the influence of the poly-
morphisms.

Asthma bronchiale is a pulmonary disease, which is
characterized by chronic inflammation.3,4 This chronic
inflammation is responsible for increased airway hyper-
responsiveness to a variety of stimuli and for the recur-
rent symptoms and airflow limitation characteristics of
asthma.5 Chronic inflammation also triggers pathophysi-
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ologic changes occurring in the upper airways of patients
with allergic rhinitis and in the skin of those with atopic
dermatitis.

Some naturally occurring inflammatory peptides, such
as bradykinin, substance P, and others, are involved in the
secondary inflammatory response.6 These peptides are
partially inactivated by angiotensin-converting enzyme
(ACE) (peptidyl-peptidase A, dipeptylcarboxy-peptidase
I, kininase II, EC 3-4-15-1). The levels of tissue7 and cir-
culating ACE activity are under tight genetic control.8 An
association between the ACE polymorphism and ACE lev-
els was found. The highest level was observed in homozy-
gotes for the deletion (D) allele, and the lowest level was
observed in persons with the insertion (I) allele. An inter-
mediate level was found in heterozygotes.9-11 I/D ACE
polymorphism not only modulates the level of plasma
ACE but was also shown to modulate the intracellular
level of ACE in T lymphocytes.12 Apart from inactivating
the above-mentioned peptides, ACE is also involved in the
conversion of angiotensin I to angiotensin II. Augmented
secretion of proinflammatory cytokines (eg, IL-1) in the
site of inflammation results in an enhanced angiotensino-
gen expression.13-15 Expression of angiotensinogen by
leukocytes may provide a mobile angiotensin-generating
system of potential importance in the regulation of local
inflammatory responses. It is possible that local generation
of angiotensin II by infiltrating leukocytes16,17 in a tissue
undergoing an inflammatory response might, by means of
the intrinsic renin-angiotensin system, modulate activation
tissue blood flow, increase vascular permeability and fluid
filtration across capillaries, and increase granulomatous
responses.18,19Angiotensin II is not only a vasoactive pep-
tide, but it may also increase vascular smooth muscle
growth.20,21 Angiotensin II, as well as IL-1, thrombin,
bradykinin, or hypoxia, can stimulate endothelin-1 (ET-1)
release.22 ET was originally identified as a potent 21-
residue vasoconstrictor peptide in vascular endothelial
cells, and it is presently known to be produced by many
different tissues.23-26 ET-1 may be involved in the patho-
genesis of asthma by causing bronchial smooth muscle
constriction and airway remodeling and activating alveolar
macrophages. The inflammatory process may induce ET-
1 production, thus setting off a cytokine cascade, which
may in turn promote cellular infiltration and intensify the
chronic phase of airway inflammation. Bronchial epithe-
lial cells represent an important source of ET-1 in this
state, and an increased release of epithelial cell–derived
ET-1 may contribute to the genesis of subepithelial fibro-
sis by promoting fibroblast proliferation and collagen pro-
duction.27 Although immunoreactive ET-1 and mRNA for
ET-1 were detected from cells of epithelial origin,28-30 it
has not been characterized as an autocrine growth factor
for epithelial cells. On the other hand, normal human ker-
atinocytes were found to be stimulated to human ker-
atinocyte growth and DNA synthesis, and their differenti-
ation was suppressed by ET-1.

Although genes coding ACE and angiotensinogen, in
contrast to ET-1, have not been supposed to be candidate
genes for atopy, there are several pathophysiologic rea-

sons for testing a hypothesis that asthma or other atopic
diseases may be associated with I/D ACE (as a modula-
tor of proliferation of hemopoietic cells and a neuromod-
ulator), M235T angiotensinogen (as an intersection of
the stress activation axis and both IL-1 and acute-phase
protein activation), and T/C ET-1 (both as a vasocon-
strictive and proliferative factor) gene polymorphisms. 

METHODS

Study population

Probands. White subjects of Czech nationality (n = 372) were
included in the cross-sectional comparative study. Probands were
selected by using a detailed questionnaire modified from the Amer-
ican Thoracic Society respiratory questionnaire31 regarding lifetime
symptoms suggestive of asthma, rhinitis, and eczema, with addi-
tional questions on symptoms and therapy, as well as on other types
of disease, especially cardiovascular disease. The questionnaires
were filed by the physician by means of anamnesis and data avail-
able in the documentation. Phenotype status was assigned without
previous knowledge of genotypes by 2 independent investigators.

The control group consisted of 141 healthy subjects (74 men and
67 women) aged 41.3 ± 15.7 years (mean ± SD) without clinical
symptoms of any lung disease and/or immunologic symptoms. The
subjects had no evidence of personal history of atopy, cardiac dis-
orders, or hypertension, and they were taking no medications. The
subjects were recruited from those persons registered in general
practitioners’ practices. In the control sample laboratory tests and
skin prick tests were unobtainable. Hypertension was excluded by
means of repeated blood pressure measurement (according to World
Health Organization criteria).

Two hundred thirty-one patients (119 men and 112 women) aged
34.4 ± 16.9 years (mean ± SD) with histories of atopic asthma,
allergic rhinitis, atopic dermatitis, or a combination thereof were
studied. All subjects had a history of physician-diagnosed atopic
disease, and they received several months of minimal treatment for
the given disease. Twenty-five of the 231 patients had atopic asth-
ma (14 men and 11 women), 53 had allergic rhinitis (25 men and 28
women), 10 had atopic dermatitis (4 men and 6 women), 73 had
both asthma and rhinitis (35 men and 38 women), 7 had asthma and
dermatitis (3 men and 4 women), 7 had rhinitis and dermatitis (2
men and 5 women), and 56 had all 3 diseases (36 men and 20
women). The patients were recruited from the Department of
Immunology, St Ann University Hospital, Brno, and from practic-
ing allergologist surgical records (4 centers). All clinicians used the
same criteria for diagnosis, inclusive of the same prick tests and the
same criteria of pulmonary function testing for diagnosis, and each
center followed a uniform protocol with regard to minimum crite-
ria, allowing the comparison of data among centers. The main ques-
tionnaire collected information on upper and lower airways symp-
toms, description of asthma attacks, and/or symptoms of skin dam-
age. The patients were also asked about seasonal variations, the fre-
quency of the symptoms, and precipitants such as dust exposure,
exercise, cold air, and infections. Detailed data on environmental
quality were collected (active and passive smoking, indoor aller-
gens, irritant exposure, and occupational exposures).

Asthma was defined according to American Thoracic Society
criteria.32 The presence of asthma was documented by evaluation
through history, physical examination, and the presence of
reversible airways disease on pulmonary function testing. In our
study bronchial hyperresponsiveness was not measured during the
original evaluation. All patients were in the stable phase of disease
in the course of the medical examination. Disease severity ranged
from slight to severe status, with several patients requiring only
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intermittent, seasonal therapy. The others were treated continuous-
ly, including systemic corticotherapy. Treatment resulted in normal
values of pulmonary function tests. Because all patients meeting the
criteria of our study were included, the distribution of studied dis-
ease severity in this study was not very different from that found in
the general population in our country; the studied group was a rep-
resentative sample of the Czech population.

Patients must have had the classic definitions of asthma and not
represent unusual phenotypes that may or may not be labeled “asth-
matic.” Patients with asthma must meet the following criteria: (1)
recurrent symptoms of cough, wheezing, and dyspnea; (2) history
of a physician diagnosis of asthma and/or prior history of asthma
therapy; and (3) the absence of exclusion criteria, consisting of
items to exclude those disorders that cause airway obstruction. All
patients had to satisfy all 3 criteria.

Atopic dermatitis was defined according to the major and minor
diagnostic criteria for atopic dermatitis initially proposed by Hani-
fin and Rajka33 in 1980—for diagnosis, at least 3 major criteria and
at least 3 minor criteria must be present. Diagnosis of atopic der-
matitis was determined by the specialist. These patients were first
seen with a typical clinical appearance, a positive personal history
for atopic disorders, positive skin prick test responses, and faculta-
tively elevated IgE levels.

Subjects with allergic rhinitis had atopy and symptoms of hay
fever confirmed by a specialist before entry into our study. 

The diagnosis of atopy was made on the basis of several criteria,
including clinical signs of atopic disease. Atopy was defined (wide-
ly used clinical criteria) by the presence of 1 or more of the follow-
ing criteria. The first criterion was a positive skin prick test response
(>3 mm than the negative control) to 1 or more of the following
common antigens: house dust mite (Dermatophagoides pteronyssi-
nus), common grass pollens and tree pollens, animal fur extracts
(cat and dog dander), common molds (Alternaria, Cladosporium,
and Aspergillusspp), histamine (as a positive control), and physio-
logic solution (as a negative control). We used standardized test pro-
cedures, and a set of commercially available allergens routinely
used in practice in our country (Sevapharm, Czech Republic). The
second criterion was a total serum IgE level above normal values
(ie, more than 150 IU/mL in nonsmoking adults). Measurement of
total serum IgE was performed by an immunoturbidimetric test
(Boering). The total serum IgE levels in our atopic patients were
306 ± 349 IU/mL (mean ± SD). The third and final criterion was the
presence of raised specific serum IgE levels (>0.35 kU/L, by ELISA
[Biovendor]) to 1 or more of the following common antigens:D
pteronyssinus, mixed epithelia (cat, dog, horse, and cow), mixed
grasses, and mixed molds.

Control subjects and patients with clinical evidence of any car-
diovascular disease were excluded because of a possible association
between the I/D polymorphism of the ACE gene and some variants
of the angiotensinogen gene with an increased risk of cardiovascu-
lar disease.

All subjects gave written informed consent to participation in the
study. The study was approved by the Committee for the Ethics of
Medical Experiments on Human Subjects, Medical Faculty,
Masaryk University, Brno (No 64/93, 1993).

Detection of ACE gene polymorphism

The human ACE gene is located at chromosome 17q23. The
287-bp I/D polymorphism is located in intron 16 of the ACE gene.
The insertion itself corresponds to 1 alu repetitive sequence, which
is not present at the D allele.

Genomic DNA from the subjects was prepared from peripheral
blood leukocytes by standard procedures. A 287-bp I/D polymor-
phism in intron 16 of the ACE gene was examined by PCR,34 with
a subsequent verification of the DD genotype by the method of

Shanmugam et al.35 The PCR products were separated by elec-
trophoresis on 2% agarose gel and identified with ethidium bromide
staining. The polymorphism detected by PCR was characterized by
a 490-bp product in the presence of the insertion and as a 190-bp
fragment in the absence of the insertion, which results in 3 different
genotypes: DD and II homozygotes and ID heterozygotes.9

Determination of missense mutation with

methionine to threonine amino acid substi-

tution at codon 235 in the angiotensinogen

gene

The human angiotensinogen gene is located on chromosome
1q42-43. The T→C transition at nucleotide 704 in exon 2 leads to
the substitution of threonine (T) for methionine (M) at amino acid
position 235. The threonine allele was associated with the elevated
plasma levels of angiotensinogen.

Polymorphism M235T of the angiotensinogen gene was detect-
ed by the method of Russ et al.36 PCR products were digested with
AspI at 37°C for 3 hours. The digested fragments were separated by
electrophoresis in 2.5% agarose gel and visualized with ethidium
bromide. The homozygous methionine allele of the angiotensinogen
gene (M235) appears as a nondigested single 165-bp band and the
T235 genotype as digested 141- and 24-bp bands. Heterozygotes
had all 3 bands (ie, 165, 141, and 24 bp).

Determination of point mutation T/C ET-1 in

intron 4, position 8000

The human ET-1 gene is located on chromosome 6p23-24. Taq
polymorphism of the ET-1 gene in intron 4, position 8000, either
contains a target sequence for TaqI-restricting enzyme or the allele
loses this cleavage site.

Taq polymorphism of the ET-1 gene (intron 4, position 8000)
was detected by using our original PCR method. The PCR product
of the length of 358 bp (primers 5´-CAA ACC GAT GTC CTC TGT
A-3´ and 5´-ACC AAA CAC ATT TCC CTA TT-3´) in its nonmu-
tated form contains a target sequence for TaqI-restrictive enzyme,
whereas a mutated product loses this cleavage site. Restriction
analysis with enzyme TaqI and electrophoretic separation in 2.5%
agarose gel stained with ethidium bromide is then followed by eval-
uating the genotype of the individual (homozygote [++], 150 and
208 bp; heterozygote [+–], 150, 208, and 358 bp; and homozygote
[– –], 358 bp).

To assess the statistical structure of the set (namely the random-
ness and mutual independence of the occurrence of alleles) and to
detect the presence of possible interactions between the genes, we
used tests for Hardy-Weinberg equilibrium, as well as those for
mutual independence of the allelic combinations (applying the chi-
squared test). The Fisher exact test was applied to evaluate differ-
ences between the groups in the occurrence of the single alleles in
all 3 genes. Program package Statistica v 3.0 (Statsoft Inc) was
used.

RESULTS

For our analysis, subjects were organized in the fol-
lowing 9 groups: healthy control subjects, asthmatic
patients, nonasthmatic patients, patients with rhinitis,
patients without rhinitis, patients with eczema, patients
without eczema, patients with both asthma and rhinitis,
and patients without both asthma and rhinitis.

The genotype distribution in all 9 groups for all 3
polymorphisms (27 combinations) was within the Hardy-
Weinberg equilibrium.
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The results are summarized in Tables I to IV. Regard-
ing the fact that a multiple comparison is involved, only
P values less than .05 after Holm’s procedures are listed
as significant (in bold letters).

The significant shifts (Table I) in the allelic frequen-
cies in the I/D ACE and angiotensinogen gene polymor-
phisms occurred in the patients with atopic disease 
compared with healthy control subjects (P = .0025 and 
P = .0204, respectively). No significant difference in the
allelic frequencies was found for T→C transition in
intron 4, position 8000, in the ET-1 gene, having com-
pared all atopic patients with the control subjects (P =
.1774, not significant).

The differences in the I/D ACE and the M235T
angiotensinogen genotypes between single subgroups of
atopic diseases were not significant, and they are caused
by differences in single-size groups (Tables II and III).

Although no significant differences in allelic frequen-
cy of ET-1 polymorphism between patients and control
subjects was found, significant differences were found
among single types of atopic diseases (Table IV). The
difference has high significance between patients with
both asthma and rhinitis and patients without both respi-
ratory manifestations. In detailed analysis the presence of
the (–) allele is more frequent in asthmatic patients, as
well as in patients with rhinitis, and it is most frequent in
patients with a combination of both respiratory diseases
(although the frequency of the [–] allele is indistinguish-
able from that of healthy control subjects). The lower sig-
nificance of difference proved between asthmatic and
nonasthmatic patients and between patients with and
without rhinitis is influenced by lower numbers of sub-
jects in groups of patients without either asthma or rhini-
tis.

Detailed analysis of a mutual coincidence of the al-
leles done by examining each pair of genes did not reveal
any deviations from their random combining in any of
the groups. The results of this analysis indicate an
absence of any serious role of mutual interactions of the
examined mutations in the occurrence of the diseases in
the study.

DISCUSSION

Our results confirm originally published data on the
association of the DD genotype of the ACE gene with
asthma; the first reported evidence for an association
between the I/D polymorphism of the ACE gene and
asthma was published in 1997 by Benessiano et al.37 In
addition, we demonstrated a significant difference in the
frequency of the D allele itself between healthy and
atopic persons. Detailed analyses showed that shift in
this direction was observed in all subgroups indepen-
dently on different clinical manifestation. Hypothetical-
ly, the high ACE levels in the plasma and the tissues asso-
ciated with the D allele, and eventually with the DD
genotype, could be expected to have a considerable influ-
ence on the pathogenesis of the atopic disease, either
because of its effect on the smooth muscle of the bronchi

by activating angiotensin II, or on proinflammatory cells
by releasing various mediators of inflammation or bron-
choconstriction from the cells. This influence is probably
easier to demonstrate in asthmatic patients than in
nonasthmatic atopic individuals because ACE is heavily
expressed in the lungs.38

ACE has been identified as a membrane-bound enzyme
in several types of cells, including vascular endothelial
cells, various absorptive epithelial cells, neurons, and
macrophages. It is also present in a circulating form in
biologic fluid such as plasma. In addition to the well-
established circulating (endocrine) renin-angiotensin sys-
tem, cellular (autocrine) renin-angiotensin systems have
been described.39-41 The biologic function of ACE in T
lymphocytes, as well as in macrophages, remains largely
unknown. ACE transcription may be activated during T-
cell differentiation, or conversely it may be suppressed in
mature B lymphocytes, but few B cells are present in the
bronchi of asthmatic subjects. The ACE in mononuclear
cells may participate in local production or degradation of
regulatory peptides (eg, at the site of an inflammation
reaction). Atopic diseases are accompanied by increased
numbers of mast cells, activated eosinophils, and CD4-
positive cells with a TH2 functional phenotype, with their
altered distribution and increased releasibility. The renin-
angiotensin system itself is likely to influence cytokine
synthesis. This is supported by a study demonstrating
induction of platelet-derived growth factor by angiotensin
II in smooth muscle cells.42,43 IL-1–induced cytokine
synthesis was increased by approximately 20% in the
presence of angiotensin II.

Angiotensinogen, a precursor of angiotensin I, is pro-
duced by hepatocytes and other cells. Its transcription is

TABLE I. Genotype distribution and allele frequencies of
ACE, angiotensinogen, and ET-1 genes

Healthy

control All atopic

subjects patients

(n = 141) (n = 231)

II 37 40
ID 75 114
DD 29 77
I allele 0.528 0.420
D allele 0.472 0.580

P = .0025
MM 35 80
MT 75 112
TT 31 37
M allele 0.514 0.594
T allele 0.486 0.406

P = .0204
++ 85 157
+– 44 64
– – 5 7
+ allele 0.799 0.829
– allele 0.201 0.171

P = .1774

P values in bold are significant.
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TABLE II. ACE genotype distribution and allele frequencies

Patients Patients 

with without 

Non- Atopic Atopic both both 

Healthy asthmatic Patients patients Patients patients asthma asthma 

control Asthmatic atopic with without with without and and 

subjects patients patients rhinitis rhinitis eczema eczema rhinitis rhinitis 

(n = 141) (n = 161) (n = 70) (n = 189) (n = 42) (n = 80) (n = 151) (n = 129) (n = 102)

Genotype 
distribution

II 37 23 17 34 6 14 26 18 22
ID 75 85 29 94 20 40 74 70 44
DD 29 53 24 61 16 26 51 41 36

Allelic 
frequency

I allele 0.528 0.407 0.450 0.429 0.381 0.425 0.417 0.411 0.431
D allele 0.472 0.593 0.550 0.571 0.619 0.575 0.583 0.589 0.569

P values* NS NS NS NS

NS,Not significant.
*Probability of difference between atopic groups.

TABLE III. Angiotensinogen M235T genotype distribution and allele frequencies

Patients Patients

with without

Non- Atopic Atopic both both

Healthy asthmatic Patients patients Patients patients asthma asthma

control Asthmatic atopic with without with without and and

subjects patients patients rhinitis rhinitis eczema eczema rhinitis rhinitis

(n = 141) (n = 161) (n = 68) (n = 187) (n = 42) (n = 80) (n = 149) (n = 129) (n = 100)

Genotype 
distribution

MM 35 56 24 68 12 33 47 48 32
MT 75 77 35 90 22 32 80 59 53
TT 31 28 9 29 8 15 22 22 15

Allelic 
frequency

M allele 0.514 0.587 0.610 0.604 0.548 0.612 0.584 0.601 0.585
T allele 0.486 0.413 0.390 0.396 0.452 0.388 0.416 0.399 0.415

P values* NS NS NS NS

NS,Not significant.
*Probability of difference between atopic groups.

TABLE IV. ET-1 genotype distribution and allele frequencies

Patients Patients

with without

Non- Atopic Atopic both both

Healthy asthmatic Patients patients Patients patients asthma asthma

control Asthmatic atopic with without with without and and

subjects patients patients rhinitis rhinitis eczema eczema rhinitis rhinitis

(n = 134) (n = 161) (n = 69) (n = 187) (n = 41) (n = 80) (n = 148) (n = 129) (n = 100)

Genotype 
distribution

++ 85 105 54 125 32 58 99 79 78
+– 44 50 14 55 9 18 46 43 21
– – 5 6 1 7 0 4 3 6 1

Allelic 
frequency

+ allele 0.799 0.807 0.884 0.816 0.890 0.838 0.824 0.785 0.885
– allele 0.201 0.193 0.116 0.184 0.110 0.162 0.176 0.215 0.115

P values* .0248 .0670 NS .0033

P value in bold is significant.
NS,Not significant.
*Probability of difference between atopic groups.
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actually responsive to 3 known mediators of the acute-
phase response (ie, glucocorticoids and 2 cytokines, IL-1
and TNF-α).13-15The gene expression is greatly subject-
ed to tissue-specific hormonal and developmental con-
trol. We studied polymorphism M235T of the
angiotensinogen gene, which is correlated with plasma
angiotensinogen levels.44 It is interesting to note that
atopic patients show a higher M allele frequency com-
pared with the control group. The prevalence of MM
genotype with the lowest angiotensinogen levels as a
substrate, and conversely the prevalence of the D allele
(and DD genotype) of the ACE gene with the highest
activities of the enzyme, may lead to differences in the
kinetics of the enzyme-substrate reaction.

In the vessel wall ET-1 can be released by angiotensin
II.22,45,46ET-1 is a potent vasoconstrictor agent with
pressor and growth-promoting actions,47 and it acts pri-
marily as a local hormone48,49 that can function as a
proinflammatory peptide. Macrophages are a source of
ET secretion,50 and although polymorphonuclear lym-
phocytes fail to synthesize ET, they rapidly convert
exogenous pro-ET to bioactive ET.51 At the sites of
inflammation, both these cells are present and likely to
increase the local concentration of ET. In patients with-
out both respiratory manifestations, a significant
decrease in the frequency of the (–) allele was found
compared with patients with both asthma and rhinitis at
T→/C transition in intron 4 of the ET-1 gene. Simultane-
ously, the allele’s frequency in atopic patients with both
asthma and rhinitis does not differ from that found in
healthy volunteers. Considering the lack of published
data on the relationship of this polymorphism to the plas-
matic or local levels of ET-1, it is not possible to discuss
the relationship of the polymorphism and the levels to the
etiopathogenesis of the atopic phenotype.

Our results would be confirmed by a larger case-con-
trol study with other investigators if these genes would be
included in the genetic background of atopic diseases.

REFERENCES

1. Sandford A, Weir T, Pare P. Genetics of asthma. Am J Respir Crit Care
Med 1996;153:1749-65.

2. Aberg N. Familial occurrence of atopic disease: genetic versus environ-
mental factors. Clin Exp Allergy 1993;23:829-34.

3. Kay AB. Asthma and inflammation. J Allergy Clin Immunol
1991;87:893-910.

4. Bonini S. Bronchial asthma: No more doubts? Allergy 1996;51:203-5.
5. Holgate ST. Cournand Lecture. Asthma: past, present and future. Eur

Respir J 1993;6:1507-20.
6. Barnes PJ. New concepts in the pathogenesis of bronchial hyperrespon-

siveness and asthma. J Allergy Clin Immunol 1989;83:1013-26.
7. Jan Danser AH, Schalekamp MADH, Bax WA, Maassen van den Brink

A, Saxena PR, Riegger GA, et al. ACE in the human heart: effect of the
deletion/insertion polymorphism. Circulation 1995;92:1387-8.

8. Tiret L, Rigat B, Visvikis S, Breda C, Corvol P, Cambien F, et al. Evi-
dence from combined segregation and linkage analysis, that a variant of
the angiotensin I-converting gene controls plasma ACE levels. Am J Hum
Genet 1992;51:197-205.

9. Riggat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F. An
insertion/deletion polymorphism in the angiotensin I-converting enzyme
gene accounting for half the variance of serum enzyme levels. J Clin
Invest 1990;86:1343-6.

10. Cambien F, Costerousse O, Tiret L, Lecerf L, Gonzales MF, Evans A, et
al. Plasma level and gene polymorphism of the angiotensin-converting
enzyme in relation to myocardial infarction. Circulation 1994;90:669-76.

11. Nakai K, Itoh C, Miura Y, Hotta K, Musha T, Itoh T, et al. Deletion poly-
morphism of the angiotensin I-converting enzyme gene association with
serum ACE concentration and increased risk for CAD in the Japanese.
Circulation 1994;90:2199-202.

12. Costerousse O, Allegrini J, Lopez M, Alhenc-Gelas F. Angiotensin I-con-
verting enzyme in human circulating mononuclear cells: genetic poly-
morphism of expression in T-lymphocytes. Biochem J 1993;290:33-40.

13. Brasier AR, Ron D, Tate JE, Habener JF. A family of constitutive C/EBP-
like DNA binding proteins attenuate the IL-1 α induced, NFkB mediated
trans-activation of the angiotensinogen gene acute-phase response ele-
ment. EMBO J 1990;9:3933-44.

14. Ron D, Brasier AR, Habener JF. Angiotensinogen gene-inducible
enhancer-binding protein 1, a member of a new family of large nuclear
proteins that recognize nuclear factor κB— binding sites through a zinc
finger motif. Mol Cell Biol 1991;11:2887-95.

15. Ron D, Brasier AR, Wrihgt KA, Habener JF. The permissive role of glu-
cocorticoids on interleukin-1 stimulation of angiotensinogen gene tran-
scription is mediated by an interaction between inducible enhancers. Mol
Cell Biol 1990;10:4389-95.

16. Wintroub BU, Klickstein LB, Dzau VJ, Watt KWK. Granulocyte-
angiotensin system: identification of angiotensinogen as the plasma pro-
tein substrate of leukocyte cathepsin G. Biochemistry 1984;23:227-32.

17. Padgett RC, Vasquez R, Brooks RM, Heistad DD. Human leukocytes
release angiotensin II [abstract]. Hypertension 1992;20:408A.

18. Lazzarini-Robertson A, Khairallah PA. Effects of angiotensin II and
some analogues on vascular permeability in the rabbit. Circ Res
1972;31:923-31.

19. Weiss SJ. Tissue destruction by neutrophils. N Engl J Med
1989;320:365-76.

20. Kato H, Suzuki H, Tajima S, Ogata Y, Tominaga T, Sato A, et al.
Angiotensin 2 stimulates collagen synthesis in cultured vascular smooth
muscle cells. J Hypertens 1991;9:17-22.

21. Daeman MJAP, Lanbardi DM, Bosman FT, Schwartz SM. Angiotensin II
induces smooth muscle cell proliferation in the normal and injured rat
arterial wall. Circ Res 1991;68:450-6.

22. Imai T, Hirata Y, Emori T, Yanagisawa M, Masaki T, Marumo F. Induc-
tion of endothelin-1 gene by angiotensin and vasopressin in endothelial
cells. Hypertension 1992;19:753.

23. Yanagisawa M, Kurihara S, Kimura S, Tomobe Y, Kobayashi M, Mitsui
Y, et al. A novel potent vasoconstrictor peptide produced by vascular
endothelial cells. Nature 1988;332:411-5.

24. Schiffrin EL. Endothelin: potential role in hypertension and vascular
hypertrophy. Hypertension 1995;25:1135-45.

25. Hahn AWA, Resink TJ, Scott-Burden T, Powell J, Dohi Y, Buhler FR.
Stimulation of endothelin mRNA and secretion in rat vascular smooth
muscle cells: a novel autocrine function. Cell Regul 1990;1:649-59.

26. Yu JCM, Davenport AP. Secretion of endothelin-1 and endothelin-3 by
human cultured vascular smooth muscle cells. Br J Pharmacol
1995;114:551-7.

27. Djukanovic R, Roche WR, Wilson JW, Beasley CR, Twentyman OP,
Howarth RH, et al. Mucosal inflammation in asthma. Am Rev Respir Dis
1990;142:434-57.

28. Suzuki N, Matsumoto H, Kitada C, Kimura S, Fujino M. Production of
endothelin-1 and big-endothelin-1 by tumor cells with epithelial-like
morphology. J Biochem 1989;106:736-41.

29. Giaid A, Hamid QA, Springall DR, Yanagisawa M, Shinmi O, Sawamu-
ra T, et al. Detection of endothelin immunoreactivity and mRNA in pul-
monary tumors. J Pathol 1990;162:15-22.

30. Saenz de Tejada I, Mueller JD, De Las Morenas A, Machado M, More-
land RB, Krane RJ, et al. Endothelin in the urinary bladder. I. Synthesis
of endothelin-1 by epithelia, smooth muscle and fibroblasts suggests
autocrine and paracrine cellular regulation. J Urol 1992;148:1290-8.

31. Ferris BJ. Epidemiology standardization project. Am Rev Respir Dis
1978;118(Suppl):1-88.

32. American Thoracic Society. Definition and classification of chronic
bronchitis, asthma and pulmonary emphysema. Am Rev Respir Dis
1962;85:762-8.

33. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm
Venereol (Stockh) 1980;92:44-7.



708 Hollá et al J ALLERGY CLIN IMMUNOL

APRIL 1999

34. Riggat B, Hubert C, Corvol P, Soubrier F. PCR detection of the inser-
tion/deletion polymorphism of the human angiotensin converting enzyme
gene (DCP1) (dipeptidyl carboxypeptidase 1). Nucleic Acids Res
1992;20:1433.

35. Shanmugam V, Sell KW, Saha BK. Mistyping ACE heterozygotes. PCR
Methods and Applications 1993;3:120-1.

36. Russ AP, Maerz W, Ruzicka V, Stein U, Gross W. Rapid detection of the
hypertension-associated Met235→Thr allele of the human angiotensino-
gen gene. Hum Mol Genet 1993;2:609-10.

37. Benessiano J, Crestani B, Mestari F, Klouche W, Neukirch F, Hacein-Bey
S, et al. High frequency of a deletion polymorphism of the angiotensin-
converting enzyme gene in asthma. J Allergy Clin Immunol 1997;99:53-7.

38. Johnson AR, Ashton J, Schulz WW, Erdös EG. Neutral metalloendopep-
tidase in human lung tissue and cultured cells. Am Rev Respir Dis
1985;132:564-8.

39. Campbell DJ, Habener JF. Angiotensinogen gene is expressed and differ-
entially regulated in multiple tissues of the rat. J Clin Invest 1986;78:31-9.

40. Campbell DJ. Circulating and tissue angiotensin systems. J Clin Invest
1987;79:1-6.

41. Vuk PZ, Kreofsky TJ, Rohrbach MS. Characteristics of monocyte
angiotensin-converting enzyme (ACE) induction by dexamethasone. J
Leukoc Biol 1989;45:503-9.

42. Naftilan AJ, Pratt RF, Dzau VJ. Induction of platelet derived growth fac-
tor A-chain and c-myc gene expression by angiotensin II in cultured rat
vascular smooth muscle cells. J Clin Invest 1989;83:1419-24.

43. Shindler R, Dinarello CA, Koch KM. Angiotensin-converting enzyme
inhibitors suppress synthesis of tumor necrosis factor and interleukin 1
by human peripheral blood mononuclear cells. Cytokine 1995;7:526-33.

44. Jeunemaître X, Soubrier F, Kotelevtsev YV, Lifton RP, Williams CS,
Charru A, et al. Molecular basis of human hypertension: role of
angiotensinogen. Cell 1992;71:169-80.

45. Rubanyi GM, Parker-Botelho LH. Endothelins. FASEB J 1991;5:2713-
20.

46. Uemam J, Munemura C, Fujihara M, Kawasaki H. Inhibition of plasma
endothelin-1 concentration by captopril in patients with essential hyper-
tension. Clin Nephrol 1994;41:150-2.

47. Haynes WG, Web DJ. The endothelin family of peptides: Local hor-
mones with diverse roles in health and disease? Clin Sci 1993;84:485-
500.

48. Sporn MB, Roberts AB. Peptide growth factors and inflammation, tissue
repair, and cancer. J Clin Invest 1986;78:329-32.

49. Simonson MS, Dunn MJ. The molecular mechanisms of cardiovascular
and renal regulation by endothelin peptides. J Lab Clin Med
1992;119:622-39.

50. Ehrenreich H, Anderson RW, Fox CH, Rieckmann P, Hoffman GS, Travis
WD, et al. Endothelins, peptides with potent vasoactive properties, are
produced by human macrophages. J Exp Med 1990;172:1741-8.

51. Sessa WC, Kaw S, Hecker M, Vane JR. The biosynthesis of endothelin-
1 by human polymorphonuclear leukocytes. Biochem Biophys Res Com-
mun 1991;174:613-8.


