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Abstract

Background: Recurrent aphthous stomatitis (RAS) is multifactorial disease with unclear etiopathogenesis. The aim of
this study was to determine distribution of the angiotensin | converting enzyme (ACE) gene polymorphisms and their
influence on RAS susceptibility in Czech population.

Methods: The study included 230 subjects (143 healthy controls and 87 patients with RAS) with anamnestic, clinical
and laboratory data. Five ACE gene polymorphisms (rs4291/rs4305/rs4311/rs4331/rs1799752 = ACE /D) were deter-
mined by TagMan technique.

Results: The allele and genotype distributions of the studied ACE I/D polymorphisms were not significantly different
between subjects with/without RAS (P, > 0.05). However, carriers of Il genotype were less frequent in the RAS group
(OR=048,95% Cl=0.21-1.12, P=0.059). Stratified analysis by sex demonstrated lower frequency of Il genotype in
women (OR=0.33,95% Cl=0.09-1.17, P<0.035, P, > 0.05, respectively) than in men with RAS (P> 0.05). Moreover,
the frequency of AGTGD haplotype was significantly increased in RAS patients (OR=13.74,95% Cl=1.70-110.79,
P=0.0012, P, <0.05). In subanalysis, TGD haplotype was significantly more frequent in RAS patients (P <0.00001) and
CGl haplotype was less frequent in RAS patients (P<0.01), especially in women (P=0.016, P, >0.05).

Conclusions: Our study indicates that while the AGTGD and TGD haplotypes are associated with increased risk of
RAS development, CGl haplotype might be one of protective factors against RAS susceptibility in Czech population.
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Background

Recurrent aphthous stomatitis (RAS) is a chronic mul-
tifactorial disease characterized by the presence of
recurrent painful erosions or ulcers on the oral mucosa.

*Correspondence: holla@med municz Although exact etiopathogenesis of RAS is uncertain,
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work several factors such as local trauma, stress, nutrition,
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Hospital, Faculty of Medicine, Masaryk University, Pekarska 664/53, have been implicated in this disease [1]. Besides them,
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genetic background can also play a role [2, 3]; it has been
found that >40% RAS patients have a familial history [4].

One of the candidate genes for RAS encodes angioten-
sin I converting enzyme (ACE). This zinc metallopepti-
dase is a regulatory component of the renin—angiotensin
(RA) system by hydrolyzing angiotensin I (Ang I) to angi-
otensin II (Ang II) and inactivating the bradykinin [5].
Ang II not only increases blood pressure but is also a
potent proinflammatory modulator which through the
production of reactive oxygen species can induce tissue
damage. Besides systemic RA, the local renin—angioten-
sin system contributes to the inflammatory process via
stimulation of the production of cytokines [6].

The ACE gene is mapped on chromosome 17q23.3
and contains a number of variable polymorphic regions
with possible functional implications. More than half of
the inter-individual variability in ACE levels is a conse-
quence of polymorphism (rs1799752) that consists of the
presence (insertion, I) or absence (deletion, D) of a 287-
bp Alu repeat sequence in intron 16 of this gene. The I
allele is associated with lower enzyme activity compared
with the D allele [7]. The location of this polymorphism
in a non-coding region of the gene, however, makes it
unlikely to be a functional variant. Despite considerable
efforts, the precise location of the functional polymor-
phisms is still unknown [8]. Previously, the ACE poly-
morphisms (including the ACE I/D polymorphism) and
ACE plasma levels were analyzed in Caucasian British
families. Due to strong linkage disequilibrium (LD) oper-
ating over this small chromosomal region where the ACE
gene is located, the analysis of polymorphisms revealed a
limited number of haplotypes [9]. Alterations in the ACE
gene have been associated with different multifactorial
diseases with inflammatory background and the presence
of oral ulcers as one of the symptoms such as Behget’s
disease (BD) [10, 11]. In addition, case—control study in a
Turkish population suggested that the ACE I/D polymor-
phism in intron 16 might affect RAS development [12].

The aim of our study was to determine the distribution
of ACE gene polymorphisms and their influence on RAS
susceptibility in the Czech population.

Methods

Study design, clinical examination and sample collection
This case—control genetic association study was con-
ducted in the period of from 2014 to 2018. Individu-
als were recruited from pools of Clinic of Stomatology,
Institution Shared with St. Anne’s Faculty Hospital and
Faculty of Medicine, Masaryk University, Brno, Czech
Republic and from Institute of Immunology and Micro-
biology, General University Hospital and First Faculty of
Medicine, Charles University, Prague, Czech Republic.
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The diagnosis of RAS was based on the generally
accepted criteria [13]. The inclusion criteria were the
presence of aphthous lesions examined and diagnosed by
an oral medicine specialist and recurring episodes of aph-
thous ulcers according to patient’s history. RAS was fur-
ther divided into three types according to Karakus et al.
[12]: (1) minor (less than 1 cm in diameter, healing within
10-14 days, (2) major (larger than 1 cm and deeper than
the minor form, healing within 10-30 days, (3) herpeti-
form aphthae (grouped aphthae, 1-2 mm in size). The
exclusion criteria included the presence of any local oral
disease or systemic disorder with oral manifestations
including BD, celiac disease, and the use of immunomod-
ulatory drugs or systemic steroids. To exclude systemic
disorders, the routine biochemical (e.g. glucose, liver
function tests), haematological (e.g. blood count with dif-
ferential, red blood cell folate assay, ferritine levels, vita-
min B12), serological tests (e.g. anti-herpes simplex virus
antibodies) and immunological tests (e.g. ASCA IgA and
IgG and ANCA) were performed. The control group was
recruited from systematically healthy individuals with-
out history of RAS and the above-mentioned exclusion
criteria.

The study protocol was approved by the Commit-
tees for Ethics of Masaryk University, Faculty of Medi-
cine (39/2015), General University Hospital and First
Faculty of Medicine, Charles University, Prague (53/14)
and St. Anne’s Faculty Hospital Brno (8G/2015). Writ-
ten informed consent was obtained from the study par-
ticipants in line with the Declaration of Helsinki prior to
their inclusion in the study.

Isolation of genomic DNA and genetic analysis

Genomic DNA was purified from peripheral blood leu-
kocytes by the standard method using the phenol-chlo-
roform extraction and proteinase K digestion of cells.

Five ACE polymorphisms (rs4291, rs4305, rs4311,
rs4331 and rs1799752 (I/D) polymorphism) were selected
based on the study by Staalsg et al. [14]. These authors
used the pairwise tagging algorithm in the Haploview 4.2
software [14] taking into account possible functional rel-
evance of these polymorphisms [15-21] and minor allele
frequency (MAF) in the European population (MAF
higher than 10%).

Genotyping of the ACE I/D polymorphism (rs1799752)
was based on polymerase chain reaction (PCR) using
TagMan® assays with ABsolute QPCR Mix, ROX Thermo
Fisher Scientific, Waltham, MA, USA) and primers
designed by Koch et al. [22]. Allele genotyping from flu-
orescence measurements was then obtained using the
ABI PRISM 7000 Sequence Detection System. SDS ver-
sion 1.2.3 software was used to analyze real-time and
end-point fluorescence data as described previously
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[23]. Genotyping of ACE A/T rs4291, ACE A/G rs4305,
ACE C/T rs4311 and ACE A/G rs4331 were performed
by quantitative PCR using 5" nuclease TagMan® assays
(C__11942507_10, C__1247703_20, C__ 1247707_1_,
C__11942537_20). The reaction mixture and conditions
were designed according to the manufacturer’s instruc-
tions (Thermo Fisher Scientific, Waltham, MA, USA) and
fluorescence was measured using Roche LightCycler®
96 System. The LightCycler® 96 Application Software
Version 1.1 was used to analyze real-time and endpoint
fluorescence data. Genotyping was verified by rerun-
ning > 5% of the samples, which were 100% concordant.

Statistical analysis

Power analysis was performed with respect to the case—
control design of the study, taking the incidence rate of
markers and the estimate of OR as end-point statistical
measures. Absolute and relative frequencies for categori-
cal variables and mean and standard deviation (SD) for
quantitative variables were calculated. The allele frequen-
cies were counted from the observed numbers of the gen-
otypes by Fisher exact test. The chi-square test was used
for analysis of Hardy—Weinberg equilibrium (HWE) and
for comparison of the differences in the genotypes. Odds
ratio (OR), confidence intervals (CI) and P values were
calculated. All statistical analyses were performed using
the program package Statistica v. 13 (StatSoft Inc., Tulsa,
Okla., USA). The haplotype frequencies were calculated
by SNP analyzer (http://snp.istech.info/istech/board/
login_form.jsp). The problem of multiple hypothesis
testing was corrected by Bonferroni method. The criti-
cal value (alpha) for an individual test was obtained by
dividing the familywise error rate (0.05) by the number of
tests. Correction due to multiple parameter testing was
applied using standard computation based on the num-
ber of the dimensions involved. In the case of haplotype
testing, we used an algorithm imbedded directly into the
standardized SW toolkit (http://snp.istech.info/istech/
board/login_form.jsp).

Results

Two hundred and thirty Czech subjects were enrolled
in this study: 143 healthy controls (65 males and 78
females; mean age+SD: 47.6+12.4 vyears) and 87
patients with RAS (34 males and 53 females; mean
age+SD: 39.0+15.4 years). Their demographic data
are shown in Table 1. The male/female distribution
was not significantly different between both groups
(P>0.05), however, the healthy controls were statisti-
cally significantly older than the RAS patients (P<0.01).
Most of the patients with RAS (96.6%) suffered from
minor apthae, only three patients had the major form.
Almost 85% of the recruited RAS patients had at
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Table 1 Clinical characteristics of the examined subjects

Clinical parameters Controls RAS patients
N=143 N=87
Mean age (years=SD) 476+124 39.0+154

Sex [N of men/women (%)] 65/78 (45.5/54.5) 34/53(39.1/60.9)

Type of apthae
Minor [N (%)] NA 84 (96.6)
Major [N (9)] NA 3(34)
Herpetiform [N (%)] NA
Mean number of lesions in each episode*
<3 lesions [N (%)] NA 30(35.3)
>3 lesions [N (%)] NA 55(64.7)
Duration of lesions to healing*
Less than 1 week [N (%)] NA 43 (50.6)
Less than 2 weeks [N (%)] NA 24 (28.2)
Two or more weeks [N (%)] NA 18 (21.2)
Number of oral ulcer recurrences*
Less than 3 times per year [N (%)] NA 8/5(9.4/5.9)
At least one per 3 months [N (%)] NA 18(21.2)
At least one per month [N (%)] NA 15(17.6)
At least 2 times per month [N NA 12 (14.1)
(%)]
Permanently [N (%)] NA 27 (31.8)

N number of subjects, RAS recurrent aphthous stomatitis, SD standard deviation,
NA non applicable

*In 2 patients this information was not available

least four recurrences of oral erosions/ulcers per year
(Table 1).

The power of the study was set up with respect to
Fisher exact test as the principal method comparing rela-
tive frequencies between groups and finally, with focus on
quantitative estimate of OR. Given the recruited sample
size, the test allowed to detect OR in the range of 0.5-2.3
as statistically significant at standard level of alpha=0.05
and beta 0.80. The allele and genotype distributions of
the ACE polymorphisms rs4291, rs4305, rs4311, rs4331
and rs1799752 (I/D) are presented in Table 2. The fre-
quencies were in compliance with those expected by the
HWE in the group of controls as well as in subgroups of
healthy men and women (P> 0.05).

The pairwise LD was calculated, ACE polymorphisms
rs4291 and rs4305 were in one LD block, while rs4311,
rs4331 and rs1799752 (I/D) were in the other LD block
(Fig. 1). Although the allele and genotype frequencies of
the ACE polymorphisms rs4291, rs4305, rs4311, rs4331
and rs1799752 (I/D) between the groups of patients with
RAS and healthy controls did not differ significantly, car-
riers of the II genotype of the ACE I/D polymorphism had
a lower risk of RAS development than carriers of other
genotypes (OR=0.48, 95% CI=0.21-1.12, P=0.059).
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Fig. 1 Linkage disequilibrium (LD) maps for 5 polymorphisms in the
angiotensin | converting enzyme (ACE) gene. Strong LD is illustrated
with red colour. LD blocks are marked by a black triangle (identified

using the Solid spine of the LD method)

Moreover, the frequency of haplotype AGTGD
(rs4291/rs4305/rs4311/rs4331/rs1799752)  was  sig-
nificantly increased in RAS patients in comparison
to healthy controls (5.6% vs. 0.0%, OR=13.74, 95%
CI=1.70-110.79, P=0.0012, P, <0.05). In subanaly-
sis, the frequency of the haplotype TGD (rs4311/rs4331/
rs1799752) was significantly higher in patients with
RAS (10.5% vs. 0.4%, OR=24.94, 95%CI=3.25-191.40,
P<0.00001, P_,,.<0.001) and the haplotype CGI (rs4311/
rs4331/rs1799752) was less frequent in patients with RAS
(31.5% vs. 46.5%, OR=0.58, 95%CI=0.39-0.85, P<0.01,
P,_,..<0.05) (Table 3).

A sex-stratified analysis demonstrated that the fre-
quency of II genotype was lower in comparison with
other genotypes in women (OR=0.33, 95%CI=0.09—
1.17, P<0.035, P, >0.05, respectively). However, no
significant differences among ACE alleles or genotypes in
men with/without RAS were found (P>0.05), (Table 2).
In case of haplotypes, the haplotype CGI (rs4311/rs4331/
rs1799752) was less frequent in women with RAS (28.5%
vs. 44.9%, OR=0.53, 95% CI. 0.32-0.90, P=0.016,
P,,..>0.05), while the frequency of the haplotype TGD
(rs4311/rs4331/rs1799752) was higher in women with
RAS (7.8% vs. 0.6%, OR=9.30, 95% CI: 1.10-78.41,
P=0.012, P_,,.>0.05; Table 3) than in healthy controls.

corr
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Discussion

RAS is a very common disease; its etiopathogenesis
involves complex interactions of genetic and environ-
mental factors [2, 24]. The genetic control of immunity,
cytokine production and inflammatory response led us
to investigate the role of the ACE gene polymorphisms.
I/D polymorphism in intron 16 belongs to the most
investigated ACE gene variants. This polymorphism
was primarily associated with cardiovascular diseases
in several populations including Czech subjects [25, 26].
In addition, we also suggested the important role of the
I/D ACE variant in atopic diseases [27], dental caries in
permanent dentition [23] and marginally in chronic peri-
odontitis [28]. However, we did not find any significant
association between this polymorphism and pulmonary
disease severity, fibrosis, and progression [29] or car-
ies in primary dentition [23]. The variability in the ACE
gene has previously been identified as a susceptibility fac-
tor for ulcers as one of the symptoms of BD in a Turk-
ish population but with conflicting results [10, 11, 30, 31].
Although the ACE I/D polymorphism did not seem to
play a role in etiopathogenesis of BD in the two smaller
studies (N=90 BD and N=30 healthy controls, N=73
BD and N =90 controls) by Ozturk et al. [31] and Dursun
et al. [30], Turgut and colleagues [10] found a statistically
significant association of the ACE I/D polymorphism
with BD in 35 patients and 150 healthy individuals. Simi-
larly, a significant difference in frequencies of the ACE
I/D alleles and genotype distribution between controls
and patients with BD was found in the largest study of
566 subjects (266 patients and 300 healthy individuals)
by Yigit and co-workers [11]. In addition, the ACE I/D
polymorphism was significantly associated with RAS in
Turkey where the authors found that the DD genotype
and D allele were more common in RAS patients than in
control subjects [12]. It is in agreement with our results
of protectivity of II genotype of this polymorphism in the
Czech population. Moreover, the frequency of the haplo-
type CGI (rs4311/rs4331/rs1799752) was less frequent in
patients with RAS in our population. This haplotype con-
tains C allele rs4311 and I allele rs1799752, which both
were previously associated with lower ACE serum levels
[14, 32, 33].

ACE has a significant role in inflammatory processes
and is widely distributed in many tissues; some studies
have reported that this enzyme can be expressed in the
T-lymphocytes and ACE levels in these cells were signifi-
cantly higher in the subjects who were homozygote for
the deletion than in the others [32, 33]. Cellular immunity
involves an important part of pathogenesis in RAS/BD; the
damage in the oral mucosal epithelia in these diseases may
result from immunological processes with a T-cell origin
[34]. In addition, it has been demonstrated that ACE DD
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cells have higher levels of Ang II and are more prone to cell
death than II cells. Ang II stimulation can lead to regula-
tion of leukocyte extravasation, activation, chemotaxis,
and proliferation of mononuclear cells and upregulation of
proinflammatory mediators including cytokines and adhe-
sion molecules [35]. As the levels of ACE are higher in DD
carriers in comparison to II homozygotes, we speculate
that the DD genotype has higher proinflammatory poten-
tial and may be associated with an increased risk of RAS
than less active ACE II gene variant which, according to
our results, can confer the protection against this disease.
However, the direct mechanism responsible for the effect
of different ACE alleles and/or genotypes on the develop-
ment of RAS remains unclear.

Further, in this study, we investigated sex differences in
the presence of ACE 1/D allele and/or genotype distribu-
tions in RAS and demonstrated that the frequency of the
II homozygotes was lower in comparison with other gen-
otypes in women, but not in men with RAS. Some studies
have reported that gonadal hormones might affect ACE
activity through the ACE gene more in women than in
men [36] and confirmed evidence that gene regulation
of the RA system is strongly influenced by testosterone
and estrogen; this may to some extent explain the sexual
dimorphism found [37]. The hypothesis that sex steroids
alter the activity of the RA system was also confirmed
by Sandberg and Ji in their review [38], but much still
remains unknown about the molecular mechanisms by
which estrogen and androgen alter the system. Therefore,
the significant effect of sex found in this study could be a
marker for some unmeasured variables that may explain
the observed interactions.

Limitations of our study are related to the case—control
approach which is vulnerable to population stratification.
However, all our subjects were selected from a relatively
homogeneous population. The next complicating factor
is that the small number of subjects enrolled, especially in
the group of RAS patients, may limit the statistical power
of this study. Especially, our results of ACE gene-by-sex
interaction in relation to increased/decreased risk of RAS
should be taken carefully. Further, we did not directly
study the association between gene polymorphisms and
the plasma ACE levels. Nevertheless, the ACE genotypes
have been previously clearly associated with the plasma
and tissue levels of ACE.

In contrast to limitations, the strength of the study is
the fact that we focused on five polymorphisms in the
ACE gene in RAS and that this study provides the first
haplotype analysis in this disease. Compared with an iso-
lated study of only one polymorphism, the involvement
of the haplotypes may better reveal biological effects
caused by an interaction of several polymorphisms in a
complex multifactorial disease.
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Conclusion

In summary, this study represents the first evidence
of association between ACE polymorphisms and RAS
in European Caucasians. Although the causal effect of
ACE variants on the development of RAS is not clear,
our results confirm the previous findings of association
between ACE I/D polymorphism and RAS in a Turkish
population. However, further studies in larger independ-
ent cohorts are required to prove our results.
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