
The Role of ACE I/D Gene Mutations in The 
Etiology of Buergers’s Disease

ABSTRACT

Thromboangiitis obliterans (TAO), which is also known as Buerger’s disease, is 
a disease characterized by segmental inflammation together with vasoactive 
phenomena in the arteries and veins of the extremities. In the present study, 
the relationship between angiotensin-converting enzyme (ACE) insertion/de-
letion (I/D) gene mutations, which is known to be involved in vasodysfunc-
tion, and TAO was determined. Because of this relationship, it was aimed to 
determine whether the distribution of angiotensin-converting enzyme (ACE) 
insertion / deletion (I / D) gene mutations in patients with Thromboangiitis 
obliterans (TAO) is different from healthy subjects in the control group. Eighty 
patients who were previously diagnosed with TAO were included in the study. 
The patients were determined based on Olin’s criteria. The control group con-
sisted of 88 healthy volunteers. DNA isolation was performed by venous blood 
from the patients in both groups. The DNAs were amplified via polymerase 
chain reaction (PCR) using appropriate primers, the amplicons were eluted by 
running in 1% agarose gel, and defined via staining. In addition to the signifi-
cant difference between the patient and control groups in terms of age and 
smoking due to the selection criteria (Olin’s criteria), a statistically significant 
difference was also determined between the groups in terms of the distribu-
tion of the ACE I/D gene polymorphism. The significant difference between 
groups with respect to the ACE I/D polymorphism, together with the smoking-
like effects of ACE on the cardiovascular system, reveal a consequence which 
should not be neglected.
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Buerger Hastalığının Etyolojisinde ACE I/D Gen 
Mutasyonlarının Rolü

ÖZET

Burger hastalığı olarakta bilinen tromboanjitis oblitarans 
ekstremitelerin arter ve venlerinde vazoaktif fenomenler ile 
segemental inflamasyonun birlikte görülmesiyle karakterize 
bir hastalıktır. Bu çalışmada, vazodisfonksiyon oluşumuna 
katılan anjiotensin-konverting enzim (ACE) insersiyon/dele-
syon (I/D) gen mutasyonları ile tromboanjitis oblitarans 
(TAO) arasındaki ilişkiyi belirlemeye çalıştık. Bu ilişki nede-
niyle, tromboanjitis obliteranslı (TAO) hastalarda anjioten-
sin-konverting enzim (ACE) insersiyon/delesyon (I/D) gen 
mutasyonlarının dağılımının control grubundaki sağlıklı birey-
lerden farklı olup olmadığını belirlemeye amaçladık. Önceden 
TAO teşhisi konulmuş seksen hasta çalışmaya dahil edildi. Bu 
hastalar Olin’s kriterleri temel alınarak belirlendi. Kontrol 
grubu 88 gönüllü  sağlıklı bireyden oluşmaktaydı. DNA izola-
syonu her iki gruptada venzö kandan yapıldı. DNA’lar uygun 
primerler kullanılarak polimeraz zincir reaksiyonu (PZR) yoluy-
la çoğaltıldı. Amplikonlar agaroz jelde yürütülerek ayrıştırıldı, 
boyanarak belirlendi. Seçim kriterlerine (Olin’s kriterleri) 
bağlı olarak yaş ve sigara içimi açısından hasta ve control gru-
bu arasında önemli farklılıklar görülmesine ek olarak  ACE I/D 
gen polimorfizimlerinin dağılımı açısındanda istatisiksel olarak 
önemli farklar bulunmuştur. Kardiyovasküler sistem üzerinde 
ACE’nin sigara içimine benzer etkileri ile birlikte  ACE I/D poli-
morfizmi açısından iki grup arasındaki bu önemli fark ihmal 
edilmemesi gereken bir sonuç ortaya çıkarmaktadır.

Anahtar Kelimeler: Polimeraz zincir reaksiyonu, Anjiotensin, 
mutasyon, genotip

INTRODUCTION

Thromboangiitis obliterans (TAO), also called Buergers’s 
disease, is a vaso-occlusive inflammatory disease involv-
ing small and medium arteries or veins in the upper and 
lower extremities (1-3). TAO was first defined in 1908 by 
Buerger (4). The diagnostic criteria of TAO, which was 
determined in 1998 by Shionoya, were revised in 2000 
by Olin (4,5). The frequency of TAO varies according 
to the regions and the differences in  the  diagnostic               
methods. While TAO is relatively rare in western Europe 
(0.5%-5.6% of peripheral arterial diseases), it is common 
among Ashkenazi Jews living in Israel (80% of peripher-
al arterial diseases), whereas. The prevalence of TAO, 
which was determined to be 104/100.000 in 1947 in the 
US, has dec-reased to 12.6/100.000 in 1986 (6,7).

 Although the pathology of TAO has not been clearly elu-
cidated, smoking is considered the leading etiologic fac-
tor. In addition to the toxic, carcinogenic, and mutagenic 
molecules, it is known that cigarettes also contain free 
radicals and reactive oxygen species (ROS) (8-10). Some 
of the water-soluble components of cigarettes lead to the 
production of superoxide anion (Oˉ), hydrogen peroxide 
(H2O2), and reactive hydroxyl radicals (HO), thus causing 
cellular damage (11-14). It has been reported that the 
glutathione level is decreased in smokers and this has led 
to a decrease in antioxidant capacity (15). Furthermore, 
smoking, by accelerating the passage of polymorphonu-
clear (PMN) leukocytes from the bone marrow into the 
circulation, accelerates inflammatory processes (16).

Impairment of endothelium-dependent vasorelaxation 
has been demonstrated in patients with TAO. While an 
increase in response to intra-arterial acetylcholine is 
expected in patients with TAO compared to normal sub-
jects, non-endothelial mechanisms of vasodilatation are 
not impaired. Unlike many autoimmune vascular diseases, 
no signs of systemic inflammatory responses, such as an 
increased erythrocyte sedimentation rate and C-reactive 
protein level, are generally encountered in TAO (17).

Angiotensin-converting enzyme (ACE) is a zinc metallo-
protease that exists on the surface of endothelial and 
epithelial cells. ACE converts angiotensin I, which is an 
inactive decapeptide, into angiotensin II, an active oc-
tapeptide. Angiotensin II is a potent vasoconstrictor (18-
20). ACE plays a key role in the production of angiotensin 
II (21). Angiotensin II, which is a member of the renin-
angiotensin system, is a potent vasoconstrictor that also 
affects the inflammatory processes (22-24). In addition to 
the systemic rennin-angiotensin system, the local rennin-
angiotensin system contributes to cardiovascular inflam-
mation (25). It has been observed that angiotensin II is ef-
fective in almost all steps of the inflammatory response, 
such as leukocyte activity, leukocyte-endothelium in-
teraction, vascular permeability, and tissue remodeling 
(26). It has been demonstrated that angiotensin II led to 
leukocyte endothelium interactions in the post-capillary 
venules by increasing the ROS (27). This effect can be 
inhibited by the use of antioxidants (28). While ACE is 
effective in increasing the angiotensin level, it inhibits 
the release of vasodilators, such as nitric oxide (NO) and 
prostacyclin, from the endothelium by increasing the 
level of bradykinin (29).

The ACE gene is localized on chromosome 17 and a to-
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tal of 78 polymorphisms have been determined (30). The 
ACE insertion (I) deletion (D) polymorphism is the most 
studied among these polymorphisms (31). The presence 
or absence of a 287-base pair sequence in intron 16 of 
the ACE gene leads to these polymorphisms (30,32,33). 
While the insertions observed at this site in the ACE gene 
decrease the expression of ACE, the deletions increase 
its expression. Compared to II homozygotes, DD homozy-
gotes express 65% more ACE, whereas ID heterozygotes 
express 31% more ACE (32). An association between ACE 
I/D polymorphisms with coronary heart disease, ven-
tricular hypertrophy, and myocardial infarction was re-
ported (34-40). Furthermore, it was determined that the 
release of endothelial bradykinin and NO decreased in 
the subjects carrying the DD genotype (41,42).

Since TAO is a disease characterized by inflammation 
and thrombotic attacks resulting in vaso-occlusion, the 
ACE and thereby its mutations have been considered to 
have an effect in the pathogenesis of the disease. Thus, 
in the present study it was aimed to determine the dis-
tribution of ACE I/D polymorphisms in patients with TAO.

MATERIALS AND METHODS

Eighty patients (74 men, 6 women) who were diagnosed 
with TAO in Konya Education and Research Hospital, 
and Goztepe Konya Education and Research Hospital 
between 2008 and 2009, and 88 (46 men, 42 women) 
healthy subjects were enrolled in the present study. 
The patients and the healthy control subjects were 
randomly selected. The age, height, weight, and body 
mass indexes (BMI) of the patient and control groups 
were assessed.

TAO was diagnosed in accordance with Olin’s criteria 
(43), as follows: 1) onset of symptoms before 45 years 
of age; 2) history of smoking at the time of diagnosis 
or up to recent times; 3) presence of distal extremity 

ischemia (infrapopliteal or infrabrachial), indicated by 
claudication, rest pain, ischemic ulcers, and gangrene; 
4) absence of an autoimmune or connective tissue dis-
ease, and also hypercoagulability states, or diabetes; 
5) undetermined emboli originating from a proximal 
source via echocardiography or cardiography; and 6 
the presence of permanent arteriographic findings in 
the clinically involved and noninvolved extremities.

Determination of Gene Mutations

DNA was isolated from the blood samples using 
Standard procedures (salting out).(44) The II, ID, and 
DD genotypes were detected by PCR according to the 
method of Lindpaintner et al [45] with some modifi-
cations. The insertion and deletion alleles of the ACE 
gene were identified by using a set of oligonucleotide 
primers flanking the polymorphic site in intron 16. 
The final volume of the PCR mix was 20 ml, contain-
ing 50 ng DNA as template and 1X PCR buffer (Gibco), 
1.3 mmol/l MgCl2, 200 mmol/l dNTPs, 20 pmol primer 
mix and 0.35 U Taq polymerase in a thermal cycler 
(Bioder/Thermal Blocks SP Cycler, Tokyo, Japan). The 
thermocycling procedure was completely identical to 
the method of Lindpaintner et al  [45]. The result of 
amplification was a 319 bp and a 597 bp amplicon for 
the D and I alleles respectively.

In the post-PCR analyses, 10 ml of PCR product was 
loaded onto a 3% agarose gel. Fragments were visual-
ised using etidium brominde staining and UV transillu-
mination. 

Statistical Analysis

SPSS 15.0 package program was used for the analysis 
of data. The Kolmogorov-Smirnov test was used in or-
der to test the normal distribution, and one-way ANOVA 
test was used to determine the homogeneity of data. 
One-way ANOVA and Tukey tests was used for paramet-
ric comparisons. Independent chi-square test was used 
for non-parametric comparisons. A p value <0.05 was 
considered as statistically significant. 

Ethical Approval

The study was approved by the Ethics Committee of 
Konya Selcuk University Meram Faculty of Medicine in 
Turkey.

RESULTS

When the characteristic features of the control and pa-

Table 1. Characteristics of the patients with thrombo-
angiitis obliterans (TAO) and the control group

  Control group TAO  p* 
  (Mean±SD) (Mean±SD) 
Age (years) 42±13.02  33.84±5.06       <0.001
Body Weight (kg) 74.48±8.64 76.62±9.46         0.824
BMI (kg/m2) 27.20±3.29 26.43±2.76         0.438

•One-way ANOVA and Turkey, TAO: Thromboangiitis obliterans; BMI: Body mass 
index; SD: Standard deviation
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tient groups, such as age, weight, and body mass index 
(BMI), were compared, a significant difference existed 
between the control and patient groups with respect to 
age (42±13.02 vs. 33.84±5.06 years, respectively) which 
was attributed to the selection criteria (Olin criteria; 
p<0.05) (Table 1). No difference was observed between 
the control and patient groups with respect to body 
weight (74.48±8.64 vs. 76.62±9.46 kg, respectively), 
and BMI (27.20±3.29 vs. 26.43±2.76 kg/m2, respective-
ly; p>0.05) (tablo 1). The smoking rate was significantly 
higher in the patient group (100%) compared to the con-
trol group (43.2%), (p<0.05) (Table 2). 

A significant difference existed between the groups 
with respect to the distribution of ACE I/D gene poly-
morphisms (p<0.05). This difference was particularly re-
markable in the DD genotype. According to the ACE I/D 
gene polymorphisms, the distribution of the genotypes 
in the control group was 20 (22.7%) for the II allele, it 
was 54 (61.4%) for the ID allele, and it was 14 (15.9%) for 
the DD allele, whereas the distribution of the genotypes 
in the patient group was 26 (32.5%) for the II allele, it 
was 24 (30%) for the ID allele, and 30 (37.5%) for the DD 
allele. When the allele distribution of the control and 
the patient groups was examined, similar rates were 
determined for allele I (94 [53.41%] and 76 [47.5%], re-
spectively) and allele D (82 [46.59%] and 84 [52.50%], 
respectively) (Table 3).

DISCUSSION

Since smoking and angiotensin II have similar effects on 
the vascular endothelium, it was considered that both 
might have a synergistic effect in the pathogenesis of 
TAO. In the present study, the ACE DD genotype was sig-
nificantly higher in the patient group (37.5%) compared 

to the control group (15.9%), thus supporting this no-
tion. It was observed that there is a homozygous mu-
tant (ACE DD) genetic inheritance in the patient group 
that should be taken into consideration. This condition, 
which leads to an increase in the ACE enzyme activity 
by approximately 65%, indirectly leads to an increase in 
the angiotensin II levels (32). Thus, while ACE exhibits a 
vasoactive feature via bradykinin, it becomes effective 
on the vascular endothelium accelerating the oxidative 
and inflammatory processes (11,12,29). It is probable 
for the pathologic processes to be accelerated with the 
additive synergistic effects of smoking. 

Although the pathology of TAO has not been clearly 
elucidated, smoking is considered the leading etio-
logic factor. In addition to the toxic, carcinogenic, and 
mutagenic molecules, it is known that cigarettes also 
contain free radicals and reactive oxygen species (ROS) 
(8-10). Some of the water-soluble components of ciga-
rettes lead to the production of superoxide anion (Oˉ), 
hydrogen peroxide (H2O2), and reactive hydroxyl radi-
cals (HO), thus causing cellular damage (11-14). It has 
been reported that the glutathione level is decreased 
in smokers and this has led to a decrease in antioxidant 
capacity (15). Furthermore, smoking, by accelerating 
the passage of polymorphonuclear (PMN) leukocytes 
from the bone marrow into the circulation, accelerates 
inflammatory processes (16).

A history of smoking as a selection criterion presented 
a remarkable difference between the patient (100%) 
and the control (36.4%) groups with respect to smoking. 
While the rate of female smokers in the control group 
was 13.6%; the rate increased to 59.1% for male smok-
ers. This corroborates the suggestion that Buerger’s dis-
ease is predominantly a disease of males. Nevertheless, 
only 7.5% of the patient group consisted of females. 
These results are in agreement with the characteristic 
features of the disease.

The significant difference between groups with respect 
to the ACE I/D polymorphism, together with the smok-
ing-like effects of ACE on the cardiovascular system, re-
veal a consequence which should not be neglected. The 
lack of the the determining of distribution of the ACE 
I / D polymorphisms in TAO patients in literature has 
prevented us to compare our results with the different 
data. Despite to the our study group were limited and 
exclusion of environmental factors such as smoking was 
not achieved, we hope that our the results to be leading 

Table 2. The smoking rates and the gender distri-
bution of the control group and the patients with 
thromboangiitis obliterans (TAO)

   Control Group  TAO  p*
  n (%)  n (%)
Smoking 
Yes   32 (36.4)  80 (100.0)        <0.001
No  56 (63.6)  0 (0.0) 
Gender 
Male   46 (52.27) 74 (92.5)         <0.001
Female  42 (47.73) 6 (7.5) 
*Chi-square analysis was used
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for the next studies. ACE I / D polymorphisms, especially 
because of its relationship with ACE inhibitors should be 
considered in terms of pharmacogenetics. Finding of 
the similar results with more extensive studies be per-
formed in future in patients with TAO will be able to 
contribute to the pharmacogenetic studies taking into 
account the ACE I / D polymorphisms.

The significant difference between groups with respect 
to the ACE I/D polymorphism, together with the smok-
ing-like effects of ACE on the cardiovascular system, re-
veal a consequence which should not be neglected. The 
present study may add to a better understanding of the 
pathogenesis of TAO.
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