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The Deletion Polymorphism of the Angiotensin-Converting
Enzyme Gene Is Associated with Acute Aortic Dissection
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Aortic dissection (AD) is a disease characterized by tear of the aortic intimal layer and separation of the
arterial wall. Some risk factor such as hypertension and Marfan syndrome is well known in AD. However,
the role of genetic factors in AD is largely unknown. Insertion/deletion (I/D) polymorphism of the
angiotensin-converting enzyme (ACE) gene is associated with cardiovascular diseases; patients with D
allele have higher serum and tissue ACE levels. We investigated the relationship between the 1/D
polymorphism of the ACE gene and non-syndromic acute AD. Sixteen patients diagnosed with AD were
included in the study (mean age: 60.1 = 6.2 years). The diagnosis was established by clinical evaluation
and imaging techniques. The control group consisted of 22 age-matched patients without AD (60.9 + 7.3
years), who suffered from chest pain. Incidence of hypertension was similar in dissection and control
groups (62% vs. 59%). The I/D polymorphism was investigated in both groups by PCR analysis.
Dissection types according to the DeBakey classification were identified as type 1 (proximal + distal) in 7
patients (43%), type 2 (proximal) in 5 patients (31%), and type 3 (distal) in 4 patients (25%). The D/D and
D/I polymorphisms are present in 13 and 3 AD patients, respectively. None of patients with AD have the I
polymorphism. The frequencies of the D allele (DD + ID) are significantly higher in dissection group than
control (100% vs. 68%, P < 0001). These results indicate that the D allele of ACE gene is a risk factor for

AD.
Hypertension.
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Aortic dissection (AD) is a relatively uncommon vas-
cular disease characterized with a tear in the intimal layer of
the aorta, hematoma formation and separation of the arterial
wall. It is associated with high degree of mortality, despite
current diagnostic and treatment techniques (Hagan et al.
2000). The cause of aortic dissection is multifactorial, with
genetic, environmental, and physiologic factors (Erbel et al.
2001; Khan and Nair 2002). A small proportion of cases of
AD are associated with inherited diseases and syndromes,
such as Marfan syndrome (Caglayan and Dundar 2009).
Although numerous studies have revealed genetic factors in
Marfan syndromes, the specific genetic factor associated
with non-syndromic acute AD is unknown (Biddinger et al.
1982; De Bakey et al. 1982; Boileau et al. 2005; Robinson
et al. 2006).

The renin—angiotensin system is a complex regulator
of blood pressure, cardiovascular remodeling and vascular
tone. It is composed of angiotensinogen, angiotensin-con-

verting enzyme (ACE), angiotensin II and various receptors
(Erdos 1990). Angiotensin-converting enzyme is an impor-
tant enzyme in the renin—angiotensin system and has con-
siderable impact on cardiovascular structure and function
(Hubert et al. 1991; Ehlers and Riordan 1989). The ACE
gene, located on chromosome 17, has been cloned and is
characterized in humans by a major insertion (I)/deletion (D)
polymorphism consisting of the presence or absence of a
287-bp alu repeat sequence within intron 16.

Previous studies have shown the potential genetic risk
of the ACE genotype in cardiovascular disease and hyper-
tension (Lindpaintner et al. 1995; Matsubara 2000; Uemura
et al. 2000). Cardiovascular risk increases in patients with
D allele (Cambien et al. 1992). The cause of increased
cardivascular risk may be associated with increase in plas-
ma ACE activity or level. The polymorphism of ACE gene
is associated with serum and tissue ACE level (Rigat et al.
1990; Esther et al. 1997). Higher circulating ACE activity
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has been measured presence of the D allele and DD poly-
morphism (Tsutaya et al. 1997; Jalil et al. 1999).

While patients with DD polymorphism have the high-
est serum ACE activity, patients with II polymorphism have
the lowest serum ACE activity (Agerholm-Larsen et al.
2000).

Some risk factors for AD such as systemic hyperten-
sion, the Marfan syndrom and bicuspid aortic valve are well
known (Larson and Edwards 1984). However, the relation
between the ACE gene D/I polymorphism and non-syn-
dromic AD is unclear. In the current study, we investigated
whether the D/I polymorphism of the ACE gene is a predis-
posing factor for AD in the absence of a known genetic syn-
drome.

Materials and Methods

Patients

In present study, ACE gene polymorphism was prospectively
investigated in patients with acute AD. Patients diagnosed with acute
AD in the emergency and cardiology department of the Erciyes
University Medical School between September 2005 and October
2007 were enrolled in the study. Patients with iatrogenic, traumatic,
or syndromic aortic dissections were excluded.

Age, gender, body mass index, and rates of diabetes mellitus
and hypertension were recorded. Blood pressure was measured in all
patients twice at both arms. Hypertension was defined as blood pres-
sure above systolic = 140 and diastolic = 90 mmHg (World Health
Organization, International Society of Hypertension Writing Group
2003). Diabetes mellitus was defined as a fasting blood glucose level
of 127 mg/dl or greater, or a clinical diagnosis of diabetes with use of
oral antidiabetic or insulin treatment. Aortic dissection was defined as
the presence of any dissection in aortic arch with presentation within
14 days of symptom onset. The diagnosis of acute AD was estab-
lished according to clinical evaluation and imaging techniques (chest
radiography, transthoracic echocardiography, transesophageal echo-
cardiography, computed tomography) (Erbel et al. 2001). The AD
group was composed of 16 patients with confirmed acute AD. In sim-
ilar population with AD, 22 well-matched patients who were admitted
to our cardiology department due to any chest pain of an origin other
than aortic dissection was included the control group.

All patients with suspected AD were evaluated with transthora-
sic and multiplanar transesophageal echocardiography using the
Wingmed System V echocardiography device (General Electric,
Vingmed System 5, Horten, Norway). Helical Computed tomography
(Shimadzu, CT/SCT-7000XT, Kyoto, Japan) was performed on 14

Fig. 1. Determination of ACE Genotypes by PCR Amplification.

patients using non-ionic contract agent (100 mL Omnipaque,
Nycomed, Amersham Health, Cork, Ireland). The diagnosis of AD
was based on the demonstration of an intimal flap and true and false
lumen with imaging techniques. Aortic dissections were classified
into three types according to their anatomic location using De Bakey
classification (De Bakey et al. 1965); namely, type 1 involves ascend-
ing and descending aorta, Type 2 involves only ascending aorta, and
Type 3 involves only descending aorta.

D/I Polymorphism on Intron 16 of ACE Gene

Venous blood was collected in 6 mL EDTA tubes, and genomic
DNA was isolated using Nucleospin Blood kit (NucleoSpin Blood,
Macherey-nagel GmbH&Co, Germany) and stored at 4°C. Detection
of the ACE gene polymorphism was performed using PCR methodol-
ogy according to previously published protocols (Rigat et al. 1990;
Lindpaintner et al. 1995) using primers 5-GCC CTG CAG GTG TCT
GCA GCA TGT-3" and 5"-GGA TGG CTC TCC CCG CCT TGT
CTC-3". Cycling conditions were an initial denaturation at 95°C for 4
min, followed by 35 cycles of 45 s at 94°C, 60 s at 58°C, and 72°C for
60 s. PCR was carried out in a reaction mixture containing 20 pmol
of each primer, 2.5 mM MgCl,, 0.2 mM of each dNTP, and 0.5 U of
Tag DNA polymerase. The resulting PCR products were separated on
2% agarose gels with ethidium bromide staining and visualized under
ultraviolet light. The presence of D allele (319 bp fragment) and I
allele (597 bp fragment) indicates the genotypes DD, DI, and II (Fig.
1). To minimize errors introduced by possible misreading, a second
independent PCR amplification with a primer pair that recognizes the
insertion-specific sequence (I allele) was performed in each sample
found to have the DD genotype (5a, 5-TGG GAC CAC AGC GCC
CGC CAC TAC-37; 5b, 5°-TCG CCA GCC CTC CCA TGC CCA
TAA-3"). A further control group of 22 samples was also analyzed.
Samples with non-concordant results between two observers, or the
absence of a PCR product were rejected. Thirty-six results were con-
sidered valid for statistical analysis of the ACE polymorphism.

Statistical analysis

Data were expressed as mean + standard deviation or as propor-
tions. Differences between groups (continuous variables) were com-
pared with the student #-test. Chi-square analysis was used to evaluate
genotype distribution between patient and control groups. Fisher’s
exact test was used to evaluate allele distribution. Distribution differ
significantly (P < 0.05) from that predicted by the Hardy-Weinberg
equilibrium. P value < 0.05 was considered statistically significant.
Analysis of data was performed SPSS for Windows software (SPSS
inc. Chicago, Illinois, Version 7.5).
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The resulting PCR products were separated on 2% agarose gels with ethidium bromide staining and visualized under
ultraviolet light. The presence of 319-bp fragment (D allele) and 597-bp fragment (I allele) indicates the possible geno-
types DD or DI and DI or II. Genotypes are illustrated together with a molecular weight marker (lane M).
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Results

Sixteen patients with AD were eligible for inclusion in
the analysis, and 22 patients were included in the control
group. Demographic characteristics are shown in Table 1.
Mean age was 60.1 years in dissection group. Rate of
hypertension was 62% in dissection group and 59% control
group (P = 0.7). Among the patients with acute AD, four
patients have been followed up with aortic aneurism (Patient
numbers: 3, 7, 11 and 13).

Table 2 shows individual data of patients in the dissec-
tion group. Frequencies of dissection type to DeBakey
classification were 43% (7) for type 1, 31% (5) for type 2,
and 25% (4) for type 3. Deletion/deletion and DI polymor-
phisms were shown in 13 and 3 patients, respectively.
However, none of patients with AD had II polymorphism.

The genotype distributions and allele frequencies of
the ACE D/I polymorphism in dissection and control sub-
jects are shown in Table 3. The frequencies of ACE geno-

type were 81 % for DD and 19% for DI genotypes in dis-
section groups and 27% for DD and 41% for DI genotypes
in control group, respectively. A statistically significant dif-
ference in the frequency of the homozygous DD genotype
was observed between dissection and control groups (81%
vs. 27%). The overall proportion of the D and I allele was
0.91 and 0.09, respectively, in dissection group and 0.48
and 0.52 in control group. There was a deviation of the
observed from the Hardy-Weinberg equilibrium (P < 0.05).
The frequency of I allele in dissection group was signifi-
cantly lower in control group (9.4% vs. 52.2%). The fre-
quencies of patients with ACE D allele (DD + ID) was sig-
nificantly higher in dissection group (100%) than control
(68%) (P <0001)

Discussion

Aortic dissection is associated with one of the highest
mortality rates of all cardiovascular diseases. The ability to

Table 1. Demographic Characteristics of Patients in Dissection and Control Groups.

Dissection group

Control group

n=16 n=22 P
Age (years) 60.1 £6.2 609+73 0.7
Female n (%) 6 (38) 8 (36) 0.9
BMI (kg/m?) 30.1£3.7 309 +4.1 0.5
Hypertension n (%) 10 (62) 13 (59) 0.6
Diabetes Mellitus n (%) 2 (12) 3(14) 0.9

Data expressed mean =+ s.p.; BMI, Body Mass Index; p < 0.05 accepted as statistically

significant.
Table 2. Individual Data of Patients with Aortic Dissection.
Partllgnt Sex Age Dissection Polymorphism
DD DI 11
1 M 71 Type II +
2 M 68 Type II
3 F 59 Type I
4 F 52 Type I +
5 M 65 Type 1 +
6 M 72 Type 11 +
7 M 64 Type 111 +
8 F 51 Type 11 +
9 F 62 Type I +
10 M 51 Type 11 +
11 M 65 Type I +
12 M 70 Type 111 +
13 M 70 Type I +
14 M 70 Type 11 +
15 F 71 Type 111 +
16 F 59 Type I +

Dissection types were classified as De Bakey classification.
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Table 3. Genotype Distribution and Allele Frequencies in Dissection and Control Groups.

Genotypes n (%)

Frequency alleles (%)

Groups n
DD DI 1T D 1
Dissection 16 13 (81) 3(19) 0(0) 29 (90.6) 3094
Control 22 6 (27) 941 7(32) 21 (47.7) 23 (52.2)
X? 11.9
P <0.001
Fisher's Exact Test <0.001

AD, Aorta dissection; p < 0.05 accepted as statistically significant.

predict, diagnose and treat AD early in its course is there-
fore important if morbidity and mortality are to be
decreased. Determination of genetic profile of patient may
be helpful in predicting patients with AD. In our study, we
demonstrated that the ACE DD genotype is significantly
higher than the II genotype in patients with AD. This obser-
vation may be relevant to clinical practice in a number of
ways.

Chronic systemic hypertension is accepted as the most
common predisposing factor for AD and is present in 62 to
78% of patients with dissection (Khan and Nair 2002).
Numerous studies have demonstrated a relation between
ACE gene polymorphisms and arterial hypertension in dif-
ferent patient populations. In a previous study, the frequen-
cies of the DD, ID, and II ACE genotypes was 39%, 48%,
and 13 in hypertensive patients and 30%, 57% and 13% in
normotensive subjects (Bedir et al. 1999). These rates high-
light the issue of ACE gene polymorphism in hypertensive
population in our population. In our study, rates of hyper-
tension were 62% in patients with AD and 59% in the con-
trol group (P = non significant). However, frequencies of
DD and DI genotype were 81% and 19% in dissection
group. Interestingly, we did not find any patients with II
genotype in the dissection group, whereas this was present
in 32% of the control group.

Our observations clearly indicate that a majority of
patients with AD have an ACE DD gene polymorphism, and
they also suggest that ACE gene polymorphism may be a
factor related to AD, independent of its relationship with
hypertension. Further epidemiologic studies in different
patient populations are required to confirm this important
relation.

The determination of the genetic profile of non-syn-
dromic AD may contribute to our understanding of the
underlying pathophysiology. In our study, approximately
80 percent of subjects in dissection group had DD, and this
rate was significantly higher than controls (81% vs. 27%).
If our results are confirmed by further studies, determination
of DD genotype might contribute towards prediction of the
development of AD in non-syndromic patients.

The presence of DD genotype or D allele may influ-
ence development of AD via a number of different mecha-
nisms. For example, damage to the intimal and medial lay-
ers of the aortic wall can cause aneurysm and dissection in

aorta. It is known that ACE activity is higher in patients
with D allele, resulting increase in AT II and aldosterone
levels in these patients. Increased levels of AT II and aldo-
sterone are atherogenic and have unfavorable effects on
vascular system such as cellular apoptosis, lipoprotein per-
oxidation, vascular smooth muscle proliferation and vascu-
lar matrix synthesis (Dzau 1993; Camsari et al. 2003). We
suggest that such changes in the vasculature of patients with
DD gene polymorphism might result in a predisposition to
dissection of the aortic arc. Histological studies examining
vascular changes in patients with AD with and without DD
polymorphism may help to confirm this hypothesis.

The proteolytic degradation of aortic wall connective
tissue, inflammation and immune responses, oxidative
mechanisms, molecular genetics and atherosclerosis of aor-
tic wall are postulated pathogenesis for aortic aneurism and
AD (Wassef et al. 2001). These pathophysiologic factors
lead to weakening of the aorta’s media and cause to higher
wall stress, and aortic dilatation (Erbel et al. 2001). Aortic
aneurisms eventuate with AD or rupture in most patients
(Erbel et al. 2001). Hence, pathogenesis of aortic aneurism
and AD is closely associated. In this study, four patients
with dissection have aortic aneurysm. Further large studies
are needed to determinate genetic properties of both aortic
aneurism and AD.

The main limitation of our study lies in the limited
number of patients examined, which is related to the fact
that AD is a very rare disease of the vascular system.
Despite its small size, however, we suggest that our study
reveals an important relationship between AD and ACE
gene polymorphism which warrants further investigation. A
further limitation of our study is the relation between mor-
tality and ACE gene polymorphism in AD was not investi-
gated. Further survival studies may provide useful clinical
information in such patients.

In summary, our data demonstrate that ACE DD gene
polymorphism is an associated factor with acute AD. This
observation may be important in clinical practice and should
be confirmed in further large studies in different patient
populations.
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