The Angiotensin Converting Enzyme Genetic Polymorphism in Acute
Coronary Syndrome - ACE polymorphism as a risk factor of acute coronary syndrome -

The deletion polymorphism of angiotensin converting enzyme (ACE) genotype
has been reported as an independent risk factor for the development of myo-
cardial infarction (MI). However there are conflicting data showing no relationship
between the ACE genotype and coronary artery disease. The present study
was performed to investigate the correlation between ACE genetic polymor-
phism and acute coronary syndrome by comparing the distribution of ACE
genotypes and ACE activities in patients with acute MI and unstable angina
with those in control group. The frequency of genotype DD was significantly
higher in patients with acute coronary syndrome than in controls. Logistic
regression analysis showed that ACE polymorphism affected the development
of acute coronary syndrome in recessive pattern of D allele. When we divided
the patients into MI and unstable angina groups, the frequencies of genotype
DD and D allele were significantly higher in unstable angina group than in M
or control groups. In the patients with MI, the frequency of D allele was
significantly higher in patients without previous angina than in those with
previous angina. There was no significant difference in ACE genotype or allelic
frequency according to the severity of coronary lesions. The ACE genotype was
associated with marked differences of ACE activity, but there was no difference
between the patient and control groups for each genctype. In conclusion, the
genotype DD of ACE gene associated with acute coronary syndrome, but not
with the severity of coronary artery lesion. These results showed that the
genotype DD of ACE gene might be associated with acute coronary syndrome
by ancther mechanism rather than the coronary atherosclerosis.

(JKMS 1997;12:391~7)
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INTRODUCTION

Angiotensin I converting enzyme (ACE), which is one
of the two major enzymes of the renin-angiotensin sys-
temn, converts the angiotensin I into angiotensin II and
inactivate vasodilator peptide bradykinin (1). The dele-
tion polymorphism of angiotensin converting enzyme
(ACE) which results from the absence of the alu repeat
in intron 16 of the ACE gene, has been studied exten-
sively concerning its relationships with myocardial infarc-
tion (MI) (2~4), hypertension (5), myocardial hypertro-
phy (6) and cardiomyopathy (7, 8). Many studies have
reported that deletion polymorphism of ACE is an inde-
pendent risk factor of coronary artery disease, however
recently some studies repotted that the atherosclerotic
change of vasculature was not associated with ACE
polymorphism (9, 10), even though there are several re-
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ports which showed marked reduction in atheroscletosis
with treatment of ACE inhibitors in animal studies (11,
12). The mechanisms of positive correlation between
ACE polymotphism and IHD have not been known yet.
The pathophysiology of acute coronaty syndrome in-
cluding unstable angina, non-Q wave MI and Q-wave MI
is somewhat different from chronic stable angina. The
atheromatous plaque ruptute and thrombus formation ate
the major causes of acute coronaty syndrome (13). The
plaque rupture is influenced by the factors including intra-
luminal pressure, sympathetic activity and vasoconstric-
tion. Renin-angiotensin system controls the systemic and
local vascular tone through the angiotensin II receptor
and bradykinin. So there is high possibility that renin-
angiotensin system, especially angiotensin-converting en-
zyme is related with the acute coronary syndrome.
Recently, Lee et al. repotted that there was no dif-
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ference of ACE genotype frequency between the patient
group of acute cotonaty syndrome and normal conttol
group in Korean (14). In our previous repott, the geno-
type DD was weakly related with development of MI
in low tisk group, but the frequency of D allele of MI
group was not significantly different from that of control
group (15). The effect of ACE polymorphism on the
development of acute coronaty syndrome is stll contro-
versial in Korean population. In the present study, we
exploted the distribution of ACE genotype and ACE
activity in patients with acute MI and unstable angina
to investigate the cortelation of ACE polymotphism with
acute coronaty syndrome.

MATERIALS AND METHODS
Subjects

This study included 189 patients with acute coronary
syndrome (140 MI, 49 unstable angina) and 73 healthy
controls (who visited the Severance Hospital in Seoul,
Kotea). The MI was clinically verified by electrocardi-
ography and echocardiography, and both acute and old
MI were included. The MI patient with previous angina
was defined the patient who had the exertional chest pain
at least two months before attack of MI, and the MI
patient without previous angina was defined who did not
expetience the exertional chest pain before attack of ML
All those patients who wete classified as having unstable
angina had an increase in pain frequency ot rest pain.
Patient with diabetes, hypertension ot personal history of
ischemic heart disease was not included in the control
group. Patients with sarcoidosis, tuberculosis ot liver
disease were excluded for the analysis of ACE activity
because those disease ate known to increase the ACE
activity. In patient group cotonaty angiogtaphy was
petformed in 160 patients among 189 patients, and the
sevetity of coronaty attery stenosis was determined by the
number of significantly stenosed coronary attery. The
cotonaty artety lesion was defined as stenosed if mote
than 50% diameter natrowing in any major epicardial
vessel which was demonstrated by angiography. Total
cholesterol, triglyceride and HDL cholesterol were mea-
suted by routine chemical methods.

Plasma ACE activity measurement

Priot to the sampling of blood, patients stopped medi-
cation of ACE inhibitor for at least two weeks, and plasma
was stored in a freezer (-70C) for a mean petiod of 2
months. The activity of plasma ACE was measutred by
automatic kinetic method using N-(3-(2-furyDactyloyl)-
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L-phenylalanylglycylglycine (FAPGG, Sigma, St. Louis,
USA) as a substrate.

Genotype determination

DNA was extracted from 10 ml of whole blood with
a DNA extraction matrix (Instagene, Biorad, UK). Poly-
metase chain reaction (PCR) to detect insettion/deletion
(I/D) polymotphism of ACE was carried out with 200
ng genomic DNA as a template. The sense oligonucle-
otide primer was 5-CIG GAG ACC ACT CCC ATC
CTT TCT-3', and the antisense primer was 5'-GAT GTG
GCC ATC ACA TTC GTC AGA T-3'. Reactions were
petformed with 4 pmole of each primer, 3 mM MgCl,
50 mM KCl, 10 mM Tris-HCI pH 8.3, 0.5 mM of each
dNTP, 0.5 unit of Tag polymerase (Petkin Elmet, Fostet,
USA) in a final volume of 20 yl. The DNA was ampli-
fied for 30 cycles with denaturation at 94C for 15
seconds, annealing at 58 C for 15 seconds, and extension
at 72°C for 2 min using a GeneAmp PCR system 9600
(Petkin Elmer, Foster, USA). PCR products were sepa-
rated by 1.5% agarose gel electrophoresis and visualized
by ethidium bromide staining. Each sample revealed one
of three patterns after electrophoresis: a 490-bp band
(genotype II), a 190-bp band (genotype DD), ot both
490 and 190-bp band (genotype ID) (Fig. 1).

490 bp

e 190 bp

e <—
ID Il DD

Fig. 1. Identification of the three ACE genotypes by the PCR
products stained with ethidium bromide on 1.5% agarose electro-
phoresis. M : molecular marker (100 bp ladder marker, BRL, United
States), ID: genotype ID, Il genotype Il, DD : genotype DD
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Statistical analysis

The differences for age, body mass index (BMI), total
cholesterol, triglycetide, and HDL cholesterol between
patient group and control group wete analyzed by
ANOVAR. The ACE activities among three genotypes
were analyzed by ANOVA. The genotype and allele
frequencies were determined from observed genotypic
counts and evaluated by x? analysis. Logistic regression
compating patients and control subjects was used to
assess the independent effects of the ACE I/D poly-
motphism on MI risk after adjustment on covariates. A
value of p<0.05 was considered significant.

RESULTS
Clinical parameters

The mean age was higher in the patient groups than
in the control group (p<<0.001). There was no significant
differences in BMI, total cholestercl, HDL cholesterol
between two groups, but concentration of triglyceride
was significantly low in the control group in comparison

Table 1. Clinical characteristics of study population

Controls(n=73)  Patients(n=189)

Age (y) 454+104 555+11.6*
Sex (M:F) 63:10 145: 44
Smoker (n) - 89
Diabetes (n) - 36
Hypertension (n) - 86

BMI (kg/m?) 235429 242429
Total cholesterol (mg/dl) 181.3+28.0 196.0£43.3
Triglyceride (mg/dl) 130.0£53.7 1711 £117.3*
HDL cholesterol (mg/dl) 402+9.4 38.1+19.0

Results are given as mean=SD; n=number of subjects in each

group.
*p<0.05
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with patient group (p=0.008) (Table 1).

Distribution of ACE genotype in patients and controls

Genotype and allele frequencies in the control and
patient groups were shown in Table 2, and there was
no detectable distortion from Hatrdy-Weinberg’s equilib-
rium in any data set ( x* =1.073, df=2, p>0.05 for con-
trol group, x?=3.948, df=2, p>0.05 for all patients,
x2=0.282, df=2, p>0.05 for patients with MI, and
22 =5.479, df=2, p>0.05 for patients with unstable
angina).

As shown in Table 2, the frequency of genotype DD
was significantly higher in the patient group including
MI and unstable angina than in the control group. When
the patient group was divided into two subgroups, MI
group and unstable angina group, the frequency of
genotype DD in patients with unstable angina wete
significantly higher than in the control group and in
patients with MI (p<<0.001 and p=0.002, respectively).
The frequency of D allele showed the same results
(p<0.001 and p=0.004, respectively). When the pa-
dents with MI were divided into two groups according
to the presence or absence of angina before the attack
of MI, the frequency of genotype DD was higher in
patients without previous angina than in patients with
previous angina even if there was no significant difference
(p=0.076). The frequency of D allele was significantly
higher in patients without previous angina than in
patients with previous angina (p=0.047) (Table 3).

Effect of the ACE polymorphism on the risk of acute
coronary syndrome

The effects of the ACE polymorphism on the risk of
acute coronary syndrome was assessed by logistic regres-
sion analysis adjusted on control group (Table 4). The
ACE I/D polymorphism was entered in the models as an
ordered vatiable (0, 1, and 2 was assigned for genotype

Table 2. ACE genotype and allele frequencies in patients and controls

Controls Al patients Ml patients UA patients
n=73 n=189 n=140 n=49
ACE genotype
Il 22(0.301) 47(0.249) 37(0.264) 10(0.204)
D 40(0.548) 88(0.466) 73(0.521) 15(0.306)
DD 11(0.151) 54(0.286)* 30(0.214) 24(0.490)**
Allele
I 0.575 0.481 0.525 0.357
D 0.425 0519 0.475 0.643**

Number of subjects with frequency in parenthesis is for ACE genotype.

* P<0.05 when compared with controls
** p<0.05 when compared with controls and Ml patients
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Table 3. ACE genotype and allele frequencies in Ml patients ac-
cording to presence of previous angina

Previous angina(+) Previous angina(—)

n=47 n=80

ACE genotype

Il 15(0.319) 16(0.200)

ID 25(0.532) 41(0512)

DD 7(0.149) 23(0.288)
Allele

I 0.585 0.456

D 0.415 0.544*

Number of subjects with frequency in parenthesis is for ACE
genotype.
* p<0.05 when compared with the patients with previous angina

Table 4. Analysis of the risk of acute coronary syndrome accord-
ing to ACE genotype

Logistic Regression

Coefficient(SE) p value
All patients
DD vs. ID vs. T 1.036(0.507)/0.007(0.409)  0.041/0.999
DD vs. ID and It 1.076(0.497) 0.030

Patients with low

cholesteral level*
DD vs. ID vs. |l
DD vs. ID and I

0.995(0.610)/-0.154(0.496)  0.103/0.756
1.036(0.432) 0.016

* Patients in this group had the total cholesteral level less than
200 mg/dL.

T Additive effect of the D allele

+ Recessive effect of the D allele

Table S. Relationship between ACE genotypes and coronary artery
lesions

Minimal 1 VD 2VD 3 VD

n=15 n=g61 n=45 n=39
ACE genotype
Il 2(0.133)  18(0.295) 11(0.244)  8(0.205)
D 10(0.667) 24(0.393) 20(0.444) 18(0.462)
DD 3(0.200) 19(0.311)  14(0.311) 13(0.333)
Allele

| 0.467 0.492 0.467 0.436
D 0.533 0.508 0.533 0.564

Number of subjects with frequency in parenthesis is for ACE
genotype.

II, ID, and DD, respectively). The ACE polymotphism
was only weakly associated with acute cotonaty syn-
drome. To see the recessive effect of D allele, we changed
the otdered vatiable 0 for combined genotypes of II and
ID, and 1 for genotype DD. When the genotype DD
was compared with the genotype ID and II (assuming
recessive effect of D allele), the genotype DD was asso-
clated with acute cotonaty syndrome (0=0.030). When
the patients with low choleterol level were included for
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p<0.001

70 [ p<0.001

60 -

50 [
40 -

ACE Activity (U/L)

10

I D DD

% Control Patient

Fig. 2. Serum ACE activities among three different genotypes.
Results are mean+S8D. Il : genotype Il, ID : genotype ID, DD : ge-

notype DD

the logistic analysis, the genotype DD was also associated
with acute coronary syndrome (p=0.016).

Relationship between the ACE genotypes and coronary
artery lesions

As shown in Table 5, there was no significant differ-
ence in the frequencies of genotype DD or allele D
according to the number of major coronary attery nat-
rowing (p=0.550 and p=0.8906, respectively).

Serum ACE activity among three different genotypes

Serum ACE activity levels were 26.51£10.3, 38.2+
16.1, and 54.3+21.3 U/L in patient group and 25.4+
6.3, 37.3110.9, and 57.9%£11.1 U/L in control groups
for genotypes I, ID, and DD, respectively (Fig. 2). There
wete significant differences in ACE activity among each
genotypes (p<0.001), but thete were no differences
between the patient group and control group for each
genotypes (p=>0.05).

DISCUSSION

The results of Etude Cas-Temoin de [l'infarctus de
Myocatde (ECTIM) study suggested that a deletion poly-
motphism of ACE gene was an independent risk factor
for myocardial infatction in the low risk Caucasian popu-
lation (2). After that, there were many reports which
showed the relationship between the ACE polymorphism
and coronaty attety disease. But recently, thete is much
conflicting data on the relation between ACE genotype
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and the risk for myocardial infarction ot coronary artery
disease (3, 4, 7, 16). In the present study, the frequency
of genotype DD was associated with acute coronaty
syndrome especially with unstable angina, but there was
no relationship between ACE genotype and development
of coronaty atherosclerosis. These are consistent with the
report of Ludwig et al. (9). This result shows the pos-
sibility that the ACE genotype is telated with acute
cotonaty syndrome through the thrombotic modulation
ot vasoconsttiction rather than the degree of cotonaty
atherosclerosis.

The ruptute of atheromatous plaque is considered to
be the common pathophysiological substrate of acute
cotonaty syndrome, and the process of plaque ruptute is
related to the intrinsic properties of individual plaque and
the extrinsic factors acting on plaque including sympa-
thetic activity, intraluminal pressure and vasoconsttiction
(13). In patients with unstable angina, quantitative angi-
ography showed hyperreactive vasomotor tone localized
to the regions of preexisting coronary atheroma (17).
After plaque ruptute, cotonary artety lumen is obstructed
by thrombus which produce the acute coronary synd-
rome. Thrombosis can occur on preexisting distupted
plaque or intact plaques when thrombotic tendency is
high due to platelet hyperaggregability or impaired
fibrinolysis (18, 19). The pathophysiological mechanisms
linking the ACE genotype and cardiovascular events have
not been proven yet. There are several hypotheses. One
of them is a relation between ACE genotype and ACE
activity. The plasma and cellular levels of ACE activity
are associated with an ACE I/D polymotphism, and the
presence of the D allele is associated with a higher level
of plasma ACE activity (20, 21). In this study, we also
observed higher serum ACE activity in the subjects with
genotype DD than in those with genotype ID or II,
which agreed with other reports. However, no apparent
relation was noted between the plasma ACE activity and
the risk of MI (16, 22). In addition, ACE activity has
no limiting influence on systemic angiotensin I genera-
tion and its effects (23). In this report, we also could not
find any difference of ACE activity in one genotype
between patients with acute coronaty syndrome and
control, and the ACE activity did not effect the devel-
opment of acute coronary syndrome by logistic regression
analysis (data not shown). But, this does not exclude the
possibility that ACE polymorphism affect the plaque
vulnetability through the increasing the tissue ACE
activity. Recently Diet et al. reported marked ACE
accumulation in region of inflammatory cells, especially
in areas of clusteted macrophage and T lymphocyte,
which is considered to be vulnerable patt of plaque (24).
They speculated that the increased ACE expression in the
cotonaty vessel may promote the induction of acute
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coronaty events through the effect of angiotensin II.
Angiotensin II can contribute to the acute cotonaty
events by inducing vasoconstriction, stimulating plas-
minogen activator inhibitor (PAI-1) production and
increasing platelet aggregation (25~27). Decteased brady-
kinin due to increasd ACE activity can also potentiate
the acute coronaty events. But, there is no confirmative
data which show the increased ACE actvity in DD
genotype compared to ID and I genotype in atheroscle-
rotic coronaty lesions to date.

The other hypothesis is a linkage disequilibrium of
ACE gene with another gene. The ACE I/D polymot-
phism, located in intron 16, can act as a marker in tight
linkage to a functional variant yet to be identified (28).
Our results did not show the mechanism of relationship
between the acute coronary syndrome and ACE geno-
type, even if there was significant association with geno-
type DD and acute coronary syndrome.

The genotype frequencies were 30%, 55%, and 15%
for genotype II, ID and DD, respectively for control sub-
jects. This result showed that the frequencies of genotype
DD and D allele were lower than those of Caucasians,
as reported by outr previous study (15), but similar to
those of Japanese (29). Lee et al. also reported similar
genotype frequency for control subjects, and they specu-
lated that D allele is associated with the development
of acute coronary syndrome in patients with normal lipid
profile when compated with patients with high lipid
profile (14). We also analyzed distribution of genotypes
accotding to lipid profile (data not shown), but there was
no any significant difference of genotype frequencies.
Interestingly, in patients with acute coronary syndrome,
the subgroup with unstable angina showed higher fre-
quency of genotype DD than patients with MI, and
when we divided the patient group with MI according
to the presence of previous angina, the allele and geno-
type frequencies of patients without angina revealed high
frequencies of D allele and genotype DD than those of
patients with previous angina. Since the pathophysiologic
mechanisms of unstable angina and MI is similar, we
cannot explain the different distributions of ACE geno-
types between two groups exactly. When we compared
the clinical features and other risk factors, the number
of women was higher in unstable angina group than in
MI group (p<0.05). And the frequency of genotype DD
was higher in women with acute coronary syndrome
compated with the men (0.364 vs. 0.262, p>0.05). This
can be an one explanation for higher frequency of
genotype DD in unstable angina group than in MI
group, and implies that the ACE polymorphism is a risk
factor of acute coronaty syndrome independent of other
traditional risk factots. In addition, there was a tendency
of less severity of cotonaty artery lesions in unstable
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angina group and patients without previous angina, but
there was no significant difference.

Due to the time disctepancy between the ischemic
attack and performing coronary angiogram, we may
undetestimate the role of ACE genotype for the severity
of coronary artery lesions. The other limitation is the age
disttibution of control group is younger than that of
patient group. Therefore, in control group, there is pos-
sibility that the subjects who might exhibit the acute
cotonaty syndrome within several years were included.

In conclusion, the genotype DD was an independent
risk factor of acute coronary syndrome in out study, and
ACE polymotphism may be related with acute coronaty
syndrome through the other pathophysiological mech-
anism than the progression of undetlying atherosclerotic
lesion.
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