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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-

Abbreviations used
ACE: Angiotensin-converting enzyme

eases. This enzyme is also involved in the conversion or activa- D: Deletion

tion of 2 bronchoconstriction mediators: angiotensin Il from ET: Endothelin

angiotensinogen and endothelin (ET), respectively. I: Insertion

Objective: We tested a hypothesis that asthma or other atopic

diseases are associated with insertion/deletion ACE, M235T

angiotensinogen, and Tagl ET-1 gene polymorphisms. exists without overt clinical manifestation, but it is also
Methods: A case-control approach was used in the study. associated with a heterogeneous group of clinical disor-

Healthy subjects (141 persons) were used as control subjects,  ders, including asthma bronchiale, allergic rhinitis, and
and 231 patients with histories of atopic asthma, allergic rhini- atopic dermatitis.
tis, atopic dermatitis, or a combination thereof were studied. Allergy and asthma, like coronary heart disease, hyper-
ACE genotype was determined by PCR, angiotensinogen tension, and diabetes, are common diseases. Although
M235T and ET-1 by PCR, and restriction analysis by Aspl and ’ ' N

asthma and atopy both have a strong genetic component,

Tagql, respectively. . . . . .
Results: We found the significant association of the they do not display a classic Mendelian mode of inheri-

insertion/deletion polymorphism of the ACE, as well as thatof ~ t&nce attrit_)Uta_‘ble to a_Singl_e gene !Otﬂ-_fhey are com-
M235T polymorphism of the angiotensinogen genes, with the plex genetic disorders in Wh|Ch mU|t|p|e _'nteraCt|0nS_fr0m
group of patients with atopic diseases?(= .0025 andP = .0204, numerous genes, combined with environmental influ-

respectively). No difference was proved for the intron 4 (posi- ences, are involved. Allergic diseases are clearly defined
tion 8000) polymorphism in the ET-1 gene when comparing in accordance with clinical manifestation, and their defin-
the atopic patients with the control group P = .1774). Asignif- jtion according to laboratory results is difficult. These lab-
icant difference was found between groups of patients with oratory results are variable in time, and sometimes they

both asthma and rhinitis and patients without both respiratory

atopic diseasesR = .0033). lack a tight relation to relevance of disease. Many factors,

o= ) . . such as lack of penetrance and variable expressivity, envi-
Conclusion: It follows that the examined polymorphisms in the | off hiah f d ic h
genes for ACE, angiotensinogen, and ET-1 could participate in ronmental effects, high gene irequency, and genetic het-

the etiopathogenesis of atopic diseases. (J Allergy Clin erogeneity, may complicate the study of the genetics of
Immunol 1999;103:702-8.) atopy? Although discovering the genetics underlying

asthma and allergy is difficult, it appears that they are

Key words:Angiotensin-converting enzyme, angiotensinogen,  qjoqely interrelated, with most asthmatic patients having

endothelin-1, genes, polymorphism, enzymes, asthma bronchiale, . . . .
9 polymorp 4 clinical and serologic evidence of atopy.

atopy . . . .
On the assumption that in all symptoms, including
Atopy is a genetic predisposition toward the develop-atopy, the same genes are involved, at least particularly
ment of immediate hypersensitivity reactions againsion the basis of linkage studies, the qualified estimate can
common environmental antigens. Atopy commonly 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
From the Institute of Pathological Physiology, Medical Faculty, Masaryk Uni- these genes would be frequent. That is why a limited (and
versity Brno. statistically predictable) number of probands might be
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ologic changes occurring in the upper airways of patientsons for testing a hypothesis that asthma or other atopic
with allergic rhinitis and in the skin of those with atopic diseases may be associated with I/D ACE (as a modula-
dermatitis. tor of proliferation of hemopoietic cells and a neuromod-
Some naturally occurring inflammatory peptides, suchulator), M235T angiotensinogen (as an intersection of
as bradykinin, substance P, and others, are involved in tithe stress activation axis and both IL-1 and acute-phase
secondary inflammatory resporfs&@hese peptides are protein activation), and T/C ET-1 (both as a vasocon-
partially inactivated by angiotensin-converting enzymestrictive and proliferative factor) gene polymorphisms.
(ACE) (peptidyl-peptidase A, dipeptylcarboxy-peptidase
I, kininase Il, EC 3-4-15-1). The levels of tis$wad cir- METHODS
culating ACE activity are under tight genetic confrdin Stud lati
association between the ACE polymorphism and ACE lev tudy population
els was found. The highest level was observed in homozy Probands.White subjects of Czech nationality (n = 372) were
gotes for the deletion (D) allele, and the lowest level Wa!mcluded in the_ cross-se_ctlonal co_mpar_atlve stl_J_dy. Probands were
observed in persons with the insertion (1) allele. An inter-.seIeCted by using a detailed questionnaire modified from the Amer-

. . ican Thoracic Society respiratory questionridiregarding lifetime
mediate level was found in heterozygdtés.l/D ACE symptoms suggestive of asthma, rhinitis, and eczema, with addi-

polymorphism not only modulates the level of plasmayjon,| questions on symptoms and therapy, as well as on other types
ACE but was also shown to modulate the intracellulaiof gisease, especially cardiovascular disease. The questionnaires
level of ACE in T lymphocyte¥2 Apart from inactivating  were filed by the physician by means of anamnesis and data avail-
the above-mentioned peptides, ACE is also involved in thable in the documentation. Phenotype status was assigned without
conversion of angiotensin | to angiotensin Il. Augmentedprevious knowledge of genotypes by 2 independent investigators.
secretion of proinflammatory cytokines (eg, IL-1) in the  The control group consisted of 141 healthy subjects (74 men and
site of inflammation results in an enhanced angiotensing®? women) aged 41.3 + 15.7 years (mean + SD) without clinical
gen expressioh3.'15 Expression of angiotensinogen by symptoms of any lung disease and/or immunologic symptoms. The

. . - - - _subjects had no evidence of personal history of atopy, cardiac dis-
leukocytes may provide a mobile angiotensin generatln!orders, or hypertension, and they were taking no medications. The

,SyStem of potential |mport§mce In, the regulation of loc_alsubjects were recruited from those persons registered in general
|nflammator¥ reSpon.Se.S' It.IS possible that chal g.enerat'opractitioners’ practices. In the control sample laboratory tests and
of angiotensin Il by infiltrating leukocyt&s17in a tissue  skin prick tests were unobtainable. Hypertension was excluded by
undergoing an inflammatory response might, by means cmeans of repeated blood pressure measurement (according to World
the intrinsic renin-angiotensin system, modulate activatiorHealth Organization criteria).

tissue blood flow, increase vascular permeability and fluic  Two hundred thirty-one patients (119 men and 112 women) aged
filtration across capillaries, and increase granulomatou34.4 + 16.9 years (mean + SD) with histories of atopic asthma,
responses.19Angiotensin Il is not only a vasoactive pep- aIIerglc rhinitis, _atoplc dermat_ltls, or a com_bl_natlo_n thereof were
tide, but it may also increase vascular smooth musclisF“d'ed' All subjects hgd a history of physmaq-@agnosed atopic
growth?orzlAngiotensin I, as well as IL-1, thrombin, disease, and they received several months of minimal treatment for

s . . . the given disease. Twenty-five of the 231 patients had atopic asth-
bradykinin, or hypoxia, can stimulate endothelin-1 (ET-1) ma (14 men and 11 women), 53 had allergic rhinitis (25 men and 28

rele_asez'z ET was o_rlglnally "_jent_'f'ed as a potent 21'_ women), 10 had atopic dermatitis (4 men and 6 women), 73 had
residue vasoconstrictor peptide in vascular endotheligpoth asthma and rhinitis (35 men and 38 women), 7 had asthma and
cells, and it is presently known to be produced by manydermatitis (3 men and 4 women), 7 had rhinitis and dermatitis (2
different tissued3-26 ET-1 may be involved in the patho- men and 5 women), and 56 had all 3 diseases (36 men and 20
genesis of asthma by causing bronchial smooth musciwomen). The patients were recruited from the Department of
constriction and airway remodeling and activating alveolalmmunology, St Ann University Hospital, Brno, and from practic-
macrophages. The inflammatory process may induce E1ng aIIergoIggist sgrgical recprds (4 centers). All cIin_icians used the
1 production, thus setting off a cytokine cascade, whicrsame cn_terl_a for diagnosis, |nc|u_S|ve of t_he same prick Fests and the
may in turn promote cellular infiltration and intensify the same criteria of pulmonary function testing for diagnosis, and each

hronic bh f ai infl ti B hial ith center followed a uniform protocol with regard to minimum crite-
chronic phase of arway inflammation. bronchial epl e'ria, allowing the comparison of data among centers. The main ques-

lial cells represent an important source of ET-1 in thisjonnaire collected information on upper and lower airways symp-
state, and an increased release of epithelial cell-deriveioms, description of asthma attacks, and/or symptoms of skin dam-
ET-1 may contribute to the genesis of subepithelial fibro-age. The patients were also asked about seasonal variations, the fre-
sis by promoting fibroblast proliferation and collagen pro-quency of the symptoms, and precipitants such as dust exposure,
duction2? Although immunoreactive ET-1 and mRNA for exercise, cold air, and infections. Detailed data on environmental
ET-1 were detected from cells of epithelial orighr#0 it quality were collected (active and passive smoking, indoor aller-
has not been characterized as an autocrine growth factdens irritant exposure, and occupational exposures). _

for epithelial cells. On the other hand, normal human ker. Asthma was defined according to American Thoracic Society
atinocytes were found to be stimulated to human kercrltena.32 The presence of asthma was documented by evaluation

. . L . through history, physical examination, and the presence of
at!nocyte growth and DNA synthesis, and their d|1'.ferentl'reversible airways disease on pulmonary function testing. In our
ation was suppressed by ET-1.

. . . . study bronchial hyperresponsiveness was not measured during the
Although genes coding ACE and anglotensmogenz IMoriginal evaluation. All patients were in the stable phase of disease
contrast to ET-1, have not been supposed to be candidéin the course of the medical examination. Disease severity ranged

genes for atopy, there are several pathophysiologic redrom slight to severe status, with several patients requiring only
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intermittent, seasonal therapy. The others were treated continuouShanmugam et & The PCR products were separated by elec-
ly, including systemic corticotherapy. Treatment resulted in normaltrophoresis on 2% agarose gel and identified with ethidium bromide
values of pulmonary function tests. Because all patients meeting thstaining. The polymorphism detected by PCR was characterized by
criteria of our study were included, the distribution of studied dis-a 490-bp product in the presence of the insertion and as a 190-bp
ease severity in this study was not very different from that found irfragment in the absence of the insertion, which results in 3 different
the general population in our country; the studied group was a refgenotypes: DD and Il homozygotes and ID heterozydbotes.
resentative sample of the Czech population. i . . . .

Patients must have had the classic definitions of asthma and nDetermination of missense mutation with
represent unusual phenotypes that may or may not be labeled “astmethionine to threonine amino acid substi-
matic.” Patients with asthma must meet the following criteria: (1) tution at codon 235 in the angiotensinogen
recurrent symptoms of cough, wheezing, and dyspnea; (2) histor‘gene
of a physician diagnosis of asthma and/or prior history of asthms )
therapy; and (3) the absence of exclusion criteria, consisting o 1he human angiotensinogen gene is located on chromosome

items to exclude those disorders that cause airway obstruction. A1q42-43. The T. C transition at nucleotide 704 in exon 2 leads to
patients had to satisfy all 3 criteria. the substitution of threonine (T) for methionine (M) at amino acid

Atopic dermatitis was defined according to the major and minorPosition 235. The threonine allele was associated with the elevated
diagnostic criteria for atopic dermatitis initially proposed by Hani- Plasma levels of angiotensinogen. )
fin and Rajka3in 1980—for diagnosis, at least 3 major criteria and ~ Polymorphism M235T of the angiotensinogen gene was detect-
at least 3 minor criteria must be present. Diagnosis of atopic der€d by the method of Russ efaPCR products were digested with
matitis was determined by the specialist. These patients were firASPI at 37°C for 3 hours. The digested fragments were separated by
seen with a typical clinical appearance, a positive personal historielectrophoresis in 2.5% agarose gel and visualized with ethidium
for atopic disorders, positive skin prick test responses, and facultgPromide. The homozygous methionine allele of the angiotensinogen

tively elevated IgE levels. gene (M235) appears as a nondigested single 165-bp band and the
Subjects with allergic rhinitis had atopy and symptoms of hay 7235 genotype as digested 141- and 24-bp bands. Heterozygotes
fever confirmed by a specialist before entry into our study. had all 3 bands (ie, 165, 141, and 24 bp).

The diagnosis of atopy was made on the basis of several criteri; . . . . -4
including clinical signs of atopic disease. Atopy was defined (Wide-!)eu:'lrmInatlon of point mutation T/C ET-1 in

ly used clinical criteria) by the presence of 1 or more of the follow-intron 4, position 8000

ing criteria. The first criterion was a positive skin prick test response  The human ET-1 gene is located on chromosome 6p23-24. Taq
(>3 mm than the negative control) to 1 or more of the following polymorphism of the ET-1 gene in intron 4, position 8000, either
common antigens: house dust n(ilEermatophagoides pteronyssi- contains a target sequence for Tagl-restricting enzyme or the allele
nus) common grass pollens and tree pollens, animal fur extractioses this cleavage site.

(cat and dog dander), common molddtérnaria, Cladosporium Tag polymorphism of the ET-1 gene (intron 4, position 8000)
andAspergillusspp), histamine (as a positive control), and physio- was detected by using our original PCR method. The PCR product
logic solution (as a negative control). We used standardized test prof the length of 358 bp (primers 5'-CAA ACC GAT GTC CTC TGT
cedures, and a set of commercially available allergens routinelA-3" and 5"-ACC AAA CAC ATT TCC CTA TT-3) in its nonmu-
used in practice in our country (Sevapharm, Czech Republic). Thtated form contains a target sequence for Tag|-restrictive enzyme,
second criterion was a total serum IgE level above normal valuewhereas a mutated product loses this cleavage site. Restriction
(ie, more than 150 IU/mL in nonsmoking adults). Measurement ofanalysis with enzyme Tagl and electrophoretic separation in 2.5%
total serum IgE was performed by an immunoturbidimetric testagarose gel stained with ethidium bromide is then followed by eval-
(Boering). The total serum IgE levels in our atopic patients wereuating the genotype of the individual (homozygote [++], 150 and
306 + 349 IU/mL (mean % SD). The third and final criterion was the 208 bp; heterozygote [+-], 150, 208, and 358 bp; and homozygote
presence of raised specific serum IgE levels (>0.35 kU/L, by ELISA[-—], 358 bp).

[Biovendor]) to 1 or more of the following common antigebs: To assess the statistical structure of the set (namely the random-
pteronyssinusmixed epithelia (cat, dog, horse, and cow), mixed ness and mutual independence of the occurrence of alleles) and to
grasses, and mixed molds. detect the presence of possible interactions between the genes, we

Control subjects and patients with clinical evidence of any car-used tests for Hardy-Weinberg equilibrium, as well as those for
diovascular disease were excluded because of a possible associatmutual independence of the allelic combinations (applying the chi-
between the I/D polymorphism of the ACE gene and some variantsquared test). The Fisher exact test was applied to evaluate differ-
of the angiotensinogen gene with an increased risk of cardiovasciences between the groups in the occurrence of the single alleles in
lar disease. all 3 genes. Program package Statistica v 3.0 (Statsoft Inc) was

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

. . For our analysis, subjects were organized in the fol-
Detection of ACE gepe polymorphism lowing 9 groups: healthy control subjects, asthmatic

The human ACE gene is located at chromosome 17923. Thpatients, nonasthmatic patients, patients with rhinitis,
287-bp I/D polymorphism is located in intron 16 of the ACE gene. aiients without rhinitis, patients with eczema, patients
The insertion itself corresponds to 1 alu repetitive sequence, WhchithOUt eczema, patients with both asthma and rhinitis,

is not present at the D allele. . . Lo
Genomic DNA from the subjects was prepared from periphera\and patients without both asthma and rhinitis.

blood leukocytes by standard procedures. A 287-bp I/D polymor- 1 he genotype diStribU.tior! in all 9 groups for all 3
phism in intron 16 of the ACE gene was examined by PGRth ~ Polymorphisms (27 combinations) was within the Hardy-
a subsequent verification of the DD genotype by the method oWeinberg equilibrium.
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The results are summarized in Tables | to IV. Regard-TABLE I. Genotype distribution and allele frequencies of
ing the fact that a multiple comparison is involved, only ACE, angiotensinogen, and ET-1 genes

P values less than .05 after Holm’s procedures are liste Healthy

as significant (in bold letters). control All atopic
The significant shifts (Table ) in the allelic frequen- subjects patients

cies in the I/D ACE and angiotensinogen gene polymor- (n=141) (n=231)

phisms occurred in the patients with atopic disease I 37 40

compared with healthy control subjecBB=% .0025 and ID 75 114

P = .0204, respectively). No significant difference in the DD 29 7

allelic frequencies was found for-IC transition in | allele 0.528 0.420

D allele 0.472 0.580

intron 4, position 8000, in the ET-1 gene, having com-

pared all atopic patients with the control subjeéts=( MM 35 P=.0025 80
1774, not significant). MT 75 112
The differences in the I/D ACE and the M235T |7 31 37
angiotensinogen genotypes between single subgroups ¢  aliele 0.514 0.594
atopic diseases were not significant, and they are cause T allele 0.486 0.406
by differences in single-size groups (Tables Il and Il1). P =.0204
Although no significant differences in allelic frequen- ++ 85 157
cy of ET-1 polymorphism between patients and control +- 44 64
i iqnifi i - 5 7
subjects was found, significant differences were found
; in i + allele 0.799 0.829
among single types of atopic diseases (Table V). The el 0.201 0171
difference has high significance between patients with ~ 2" SR

both asthma and rhinitis and patients without both respi:
ratory manifestations. In detailed analysis the presence cp values in bold are significant.
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 diseasedby activating angiotensin II, or on proinflammatory cells
(although the frequency of the [-] allele is indistinguish- by releasing various mediators of inflammation or bron-
able from that of healthy control subjects). The lower sig-choconstriction from the cells. This influence is probably
nificance of difference proved between asthmatic anceasier to demonstrate in asthmatic patients than in
nonasthmatic patients and between patients with annonasthmatic atopic individuals because ACE is heavily
without rhinitis is influenced by lower numbers of sub- expressed in the lungs.
jects in groups of patients without either asthma or rhini- ACE has been identified as a membrane-bound enzyme
tis. in several types of cells, including vascular endothelial
Detailed analysis of a mutual coincidence of the al-cells, various absorptive epithelial cells, neurons, and
leles done by examining each pair of genes did not reveemacrophages. It is also present in a circulating form in
any deviations from their random combining in any of biologic fluid such as plasma. In addition to the well-
the groups. The results of this analysis indicate arestablished circulating (endocrine) renin-angiotensin sys-
absence of any serious role of mutual interactions of thdéem, cellular (autocrine) renin-angiotensin systems have
examined mutations in the occurrence of the diseases ibeen describegf-4! The biologic function of ACE in T

the study. lymphocytes, as well as in macrophages, remains largely
unknown. ACE transcription may be activated during T-
DISCUSSION cell differentiation, or conversely it may be suppressed in

mature B lymphocytes, but few B cells are present in the

Our results confirm originally published data on the bronchi of asthmatic subjects. The ACE in mononuclear
association of the DD genotype of the ACE gene withcells may participate in local production or degradation of
asthma; the first reported evidence for an associatioiregulatory peptides (eg, at the site of an inflammation
between the I/D polymorphism of the ACE gene andreaction). Atopic diseases are accompanied by increased
asthma was published in 1997 by Benessiano®tlal. numbers of mast cells, activated eosinophils, and CD4-
addition, we demonstrated a significant difference in thepositive cells with a [, functional phenotype, with their
frequency of the D allele itself between healthy andaltered distribution and increased releasibility. The renin-
atopic persons. Detailed analyses showed that shift ilangiotensin system itself is likely to influence cytokine
this direction was observed in all subgroups indepensynthesis. This is supported by a study demonstrating
dently on different clinical manifestation. Hypothetical- induction of platelet-derived growth factor by angiotensin
ly, the high ACE levels in the plasma and the tissues assdl in smooth muscle cell443IL-1-induced cytokine
ciated with the D allele, and eventually with the DD synthesis was increased by approximately 20% in the
genotype, could be expected to have a considerable inflpresence of angiotensin II.
ence on the pathogenesis of the atopic disease, eithi Angiotensinogen, a precursor of angiotensin |, is pro-
because of its effect on the smooth muscle of the bronctduced by hepatocytes and other cells. Its transcription is
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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
1] 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
| 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 lll. 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 =280) (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-10.

phase response (ie, glucocorticoids and 2 cytokines, IL-:
and TNFe).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 plasmz
angiotensinogen levefd.lt is interesting to note that

atopic patients show a higher M allele frequency com-

pared with the control group. The prevalence of MM 13,

genotype with the lowest angiotensinogen levels as
substrate, and conversely the prevalence of the D allel
(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 angiotensii
[1.224546ET-1 is a potent vasoconstrictor agent wit
pressor and growth-promoting acticfisand it acts pri-
marily as a local hormod&49that can function as a

proinflammatory peptide. Macrophages are a source 016.

ET secretior?? and although polymorphonuclear lym-
phocytes fail to synthesize ET, they rapidly convert .
exogenous pro-ET to bioactive ETAt the sites of

inflammation, both these cells are present and likely tcis.

increase the local concentration of ET. In patients with-
out both respiratory manifestations, a significant
decrease in the frequency of the (-) allele was founc

compared with patients with both asthma and rhinitis aizo.

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-22.

matic or local levels of ET-1, it is not possible to discuss
the relationship of the polymorphism and the levels to the23
etiopathogenesis of the atopic phenotype.

Our results would be confirmed by a larger case-con-

trol study with other investigators if these genes would be24.

included in the genetic background of atopic diseases.
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