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An I/D Polymorphism in Angiotensin-Converting Enzyme Gene
in Myocardial Infarction

Hyun Young Park, M.D., Hyuck Moon Kwon, M.D., Hyun-Seung Kim, M.D.,
Kyung Soon Song, M.D.,** Chung Ho Kim, M.D.**

Department of Internal Medicine, Clinical Pathology,** University of Yonsei, Seoul, Korea

Background : The angiotensin-converting enzyme(ACE) plays an important role in the car-
diovascular disease by production of angiotensin II and degradation of bradykinin. Cloning of
ACE gene revealed an insertion/deletion(I/D) polymorphism according to the presence/ab-
sence of a 287 base pair fragment in the 16th intron of ACE gene, and the ACE po-
lymorphism was associated with ACE activity. The genotype DD was identified as a risk factor
for myocardial infarction in several studies. We analyzed the ACE I/D polymorphism in 62 pa-
tients with myocardial infarction and 67 normal subjects.

Methods : Genomic DNA from peripheral blood was amplified by polymerase chain reaction
and characterized by three ACE genotypes; two insertion alleles(genotype II), two deletion al-
leles(genotype DD) and heterogenous alleles(genotype ID). ACE activity was determined by
spectrophotometric method utilizing the synthetic substrate.

Results : There was no significant difference in ACE polymorphism between patients and
normal subjects. But, the frequency of genotype DD was significantly increased in the low-risk
group of patients compared with the high-risk group. The multi-vessel disease was more strong-
ly associated with genotype DD, but there was no statistical significance. The ACE activity was
strongly associated with ACE polymorphism with the activity being highest in genotype DD.
There was no significant difference between patients and control subjects of the same genotype.

Conclusion : There was no significant difference in ACE polymorphism between patients and
normal subjects. The frequencies for genotype II, ID, DD were 0.328, 0.537, 0.134, respec-
tively in normal subjects. There was high frequency of genotype II compared with Caucasians.
A deletion polymorphism(genotype DD) may increase the risk for myocardial infarction in low-
risk group, and the serum ACE activity was correlated with three genotypes.

KEY WORDS : Angiotensin-converting enzyme - ACE polymorphism - ACE genotype - ACE
activity - Myocardial infarction.
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A 2
k)@ ElAl A #F A (angiotensin-converting en-
zyme, ©|3} ACEZ F8h) &= A A EZRE] AAH
o] AEF A (ectoenzyme) 2 A-&3IAL ooz g
=of, o8l 1§ ZHE o A A\
Iz AgA7a, 8834l bradykining &8
AFleEa AduAe] o] dFgFS wAYg. o
ACE®] &% ACE 43 93] & 98 i
oz A ghed?, A ACE F3A7F FHHEA,
1694 Q1EZ(intron)ollA] 287 base pair®] alu ¥HE-A]
"ol fHo wel I(insertion), D(deletion) tH#EAA}F

ol s 2

r

wiole b op

(allele) & HLTJ- FAEE 11 ID, DD goz BF3
t}. o] & DD&2] %%l ACES] 84%7} D, 13l

Ml e Aow °La1:<:1 Aep,

a2zte] ACE A7 A2A8E Jeh)s= Aalo)

A& A (remodelling) & lo‘ﬁ} ®  Schunkert &
58 *J?’éo 3 44 wEst ;th‘ 38 2 2
zZhje] ACEQ] A7t Z7ise] & ¥ ophe),

ACE mRNA% ZF7h=o] slcka stk 18l ok

SHlal 115 A% FU¢ 4% neointimal smooth

muscle cell?] $4& AT Bzt glof®, #

dE A% W Al v F 9lo] AOEYE F8.3 i)
[e]

71] Hugtow ACE T,—:\Hx}ﬁi,] thE o) M{L;géggl
1% 17“} Ae] eje)7t AAElem? Aage b
gol = AHEES o A3 ACE F2e o

Hagol tig AFATINE A2 F15ee) Qo)
gx7F 1o vl&] IDYe] 1.98), DDEo] 2.64] ¥
Ao unsYT,

2 agoiE 42448 BEe gaos ACE
A BEA 2 BYES 24 243k, ACE &
e
=)o) thaf obum, ACE BAE ¥ T2 xS
she} peiAol s obn ma} it

AT Chat B
1.cH &

HezAe W F A5 PI9S A9e 62902
519, 4 11%)€ BAE0E Sgom, Y4z E
44

ot

A

el

ZE gAY A glon ANE 274 A
oy A4 ujF A7do] glu, ¥ 2 #eto] %
678 (gt 539, A 14%) o2 8k} Sarcoidosis,
Gaucher’s disease, 28-& Este] FHu} 7hof ojit
270l 9IE 49 ACE 84571 37H F demz?,
T AR 274 ool AU 1Tl ool A
B A% ddTlA A9

3 Az JAE vastded 9%,
TEA g9 SY2HELS 27N ERo(P <
0.05), ¥]9F% (Body mass index, 8} BMIZ 23},
%4A%, HDL 28 EE g4 F9g xbol7}
AATHP > 0.05) (Table 1).

TS @ o

2.8 d

D=
AAHAE oA = TEAHA AwomHE
EDTA g9 5ml ¥ &&347F $iE £7](plain tube)

Table 1. Clinical parameters of the patients with Ml and control subjects

. Patients(n=62) Controls(n=67) P value
Variables
(Mean + SD) (Mean + SD)
Age (years) 51.5£120 45.3+10.7 0.002
BMI (kg/m?) 246+ 3.0 236+ 3.0 0.078
FBS (mg/dL) 103.9+30.0 92.5+11.1 0.017
Cholesterol (mg/dL) 203.0+46.8 182.0+27.7 0.004
Triglyceride (mg/dL) 136.6+60.1 130.0+51.4 0.519
HDL-C (mg/dL) 369+ 94 39.8+ 8.9 0.078

BMI : body mass index, FBS : fasting blood sugar, HDL-C : high density lipoprotein cholesterol.
Statistical analysis : Comparisons of clinical parameters between the patients and controls were analyzed by unpaired t-test.
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o e 4mlE A3 3l9t}. Plain tubed] 33 Hhe
ZA AEs S A F3 0% BF 23t
Hom, EDTA 8 A4 F3} 200 B3ttt

ACE YAAIE FoFod IS AAANFH J&
148 ARE ACE JAAE YA 393 F A4S A4F
st

2) DNAZZE 4 S¢ta 4 A etS(PCR)

AH 4} 20 Be3 EDTA Eduol Qe BdT
22E Easy-DNA Kit(Introgen Corp.)E o]&3ld
genomic DNAZ F&3l5ith. &3 DNA 0.2ugs
Tris/HCl(pH 8.3) 10mmol/L, KCl 50mmol/L, MgCl,
3mmol/L, dNTP(Pharmacia Corp.) 0.05mmol/L,
Taq DNA polymerase(Perkin Elmer Corp.) 0.5unit,
Primer 0.2 umol/L(&F=83) EFF FHEL A
HHE-S- A3t DNA $Z2 GeneAmp PCR Sys-
tem 9600(Perkin Elmer Corp.)& o|-&&t3.29, A4
94% 0| A 287t denaturationAZ] ¥, 94%0A 15
7t denaturation, 58=°lA 15%7Fe] annealing,
T2%0]A 30%7t extensionAl 7] FAE wHES KT
353]9] utE3lgo] SE W 72xoA 587 THA] ex-
tension A1 ZATH?,

3) ACE #TIXI¥

FZ¥ DNAE 2437 98l d4Y(ethidium
bromide)® 42 1.5% agarose geldl A719%5% &
UV transilluminator2 PCR productsS <13+
t}. ACE f4zgo] 18 2% 490bp XA, 2
211, DD¥¢! Z4$+= 190bp $1X]91A PCR product’}
gaFReH IDYQ F$E 490bpst 190bp XA
2%<] PCR product’} 2= A1}HFig. 1).

4) ACE &Mz &3

A== AW e ACEel 98] N-(3-(2-
furyl)acryloyl)-L-phenylalanylglycylglycine
(FAPGG, Sigma, United States)°] N-(3-(2-furyl)
acryloyl)- L-phenylalanine(FAP)$} glycylglycine
(GQ)Z 7= 9E g o]83t9, ACE 4=
2 FAPGGY 5% Z4AE ACE calibratordl 7]1&
3l Aslglen, §FEE Hitachi 747 automatic
analyzer(Hitachi Corp.) 2 340nmelA &34,

12345M

Fig. 1. Identification of the three ACE genotypes by the
PCR products stained with ethidium bromide on 1.
5% agarose electrophoresis. Lane 1 contains the
190 bp product from genotype DD; lane 2, 3, 4,
the 490 bp products from genotype II; and lane 5,
the product from genotype ID with both the 490
and 190 bp fragments.
M : molecular marker (100 bp ladder marker, BRL,
United States)

3. A1 24 Uy

Ay Ao 54 B4 SAS statistical software
g olg3td, 7+ FoAe ACE #+3A¥9 ¥4 ¢
ACE tigQate] 22 vlmoE 7|thel =47} 5 o] ARl
Aol x-testE o]&st] EA3g o, e
7} 5 "%kl A$olE Fisher's exact testE ©]-&3lo
EA34th ACE #3214 & 93, BMI, 384
g9, ZY2HE, 444, HDL S82HE, Lp(a)
2 ACE 49 HiE ANOVAE ol&3lgeH, &
dg ACE FaAgUeAN Balrs Az
ACE 84 =9] H] o= unpaired t-testS ©]&3t5h.

Z ot
1. B8R0 YAUUEZoM oxQE MEtx

2 RAXEEe H|m
A7 11:ID : DD AthE v]&& 0.226: 0.
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Table 2. Distribution of ACE genotypes and allele fre-
quencies in the patients and control subjects

ACE Patients n=62(%)  Controls n=67(%)

Genotype

i 14(22.6) 22(32.8)

1D 39(62.9) 36(53.7)

DD 9(14.5) 9(13.4)

P value 0.859%/0.627**
Allele

| 0.54 0.60

D 0.46 0.40

P value 0.428
ACE : angiotensin-converting enzyme, | : insertion allele,

D : deletion allele.
*Comparison involving the genotypes(ll+ID) vs DD.
**Comparison involving the genotype I vs DD.

Table 3. Distribution of ACE genotypes and allele fre-
quencies in the low-risk group

ACE Patients (%) Control (%)
Genotype
1l 2(16.7) 11(39.3)
1D 6(50.0) 10(35.7)
DD 4(33.3) 7(25.0)
P value 0.704*%/0.357**
Allele
I 0.42 0.57
D 0.58 0.43
P value 0.305

* Comparisons involving the genotypes(il+1D) vs DD.

**Comparisons involving the genotype {l vs DD.
629:0.145°]3 T ¥ D gAY H&2 0.54:0.
4602, A4z 11 ID: DD=0.328 : 0.537 : 0.
134, T EA - D ti¥A2E=0.60 : 0.4091 ®]ars] =
o frojgt Zol7k AATHP > 0.05). ¥ DDHFoR
whro] A7 e B EE v wdti S DDE
A A8 E(0dds ratio)7} 1.572 E%ou EA414
o2 fog ztol= JUATHP > 0.05)(Table 2).

2. MLAgTOM X284
o sl

ANgrer FY2H S5 HDL S¢ 2659 v7}

5 v|gto]dA] FAlo] o] 554|v|T, BMIZ} 26ke/

m? vl A2 stle, DDES W= % D gy

2o} w7} EakreAl g9k, 1Eel vls] DDE A

AZ7AA whe] AU Es) 3142 Edou A

HEELs XY

Table 4. Comparison of ACE genotypes and allele fre-
quencies between the low and high risk groups
in the patients with MI

Low-Risk Groupf

ACE High-Risk Group?t

n=12(%) n=50(%)
Genotype
i 2(16.7) 12(24.0)
D 6(50.0) 33(66.0)
DD 4(33.3) 5(10.0)
P value 0.039%/0.162**
Allele
I 0.42 0.57
D 0.58 0.43
P value 0.260

T Low-risk group was selected on the bases of TC/HDL-
C <5, BMI < 26 kg/m® and age < 55 years.

tTHigh-risk group was composed of the patients who
had one or more risk factors among TC/HDL-C>5,
BMI>26 kg/m® and age>55 years.

* Comparison involving the genotypes(ll+ID) vs DD.

**Comparison involving the genotype 1l vs DD.

02 g zhel= PATHP > 0.05)(Table 3).

3. BAlZuiolA MeETE LT olAM
ACE &4

Aol e 2HE3 HDL Ed28E9 w7}
5 vlxtolHA] 554n| 9t} BMIZF 26kg/m” P9kl 74
AP ToR ko Hojk §7hx] o)del HEAA7E )
T AF ndTes oo vt Beken, AH¥
w4 DDER A7 11 IDY! 25l Bl3) frofshAl
57kl AATHP=0.039). A7 Aol g Foi
=¥ DDEY AL ID £ 11 7o vlsiAe 4,54, 11
ool BlEiME 4.882 F7HH T D ikt
I digzte] viwel M= Agzel D dddAte]
H7F S7hE o] IAAT TAH o2 folg Abol= /I
tHP> 0.05)(Table 4).

ol W=7} w9k,
che el dig DDE e AP =st &l vl
5002 F7H ol et SAAL Sole= YIUATHP
>0.05). D R T A E@AAE vl F5ollHe D iy
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Table 5. Association between coronary artery lesions and
the ACE genotypes in the patients with Ml

ACE Minimal or SVD Multi-Vessel
n=26(%) disease n=19(%)
Genotype
I 8(30.8) 4(21.2)
D 16(61.5) 10(52.6)
DD 2(7.7) 5(26.3)
P value 0.114%0.170**
Allele
| 0.61 0.47
D 0.39 0.53
P value 0.184

SVD : single vessel disease.
*Comparison involving the genotypes(li+ID) vs DD.
**Comparison involving the genotype Il vs DD.

Table 6. Comparison of other cardiovascular risk factors
among the three different genotypes

ACE G
Variables CE Genotype

Il (n=14) ID (n=39) DD (n=9)
Agelyears) 527+ 9.0 50.8+£136 52.5+ 84
BMitkg/m’) 251+ 2.6 248+13.6 23.1+ 84
Smoker(n) 8 19 6
Hypertension(n) 7 15 4
FBS(mg/dL) 105.5+24.1 103.84+30.5 103.0+429

Cholesterolimg/dL) 213.0+44.6 199.44+50.9 201.3£34.0
Triglyceride(mg/dL) 147.6:64.3 135.1£68.7 109.4£24.9
HDL-C(mg/dL) 374+ 93 355+ 7.5 4194133
Lp(a)(mg/dL) 27.3+134 19.7+£166 194+ 7.2

BMI : body mass index, FBS : fasting blood sugar,
HDL-C : high density lipoprotein cholesterol,
Lp(a) : lipoprotein(a).

QAe] Hle7} th ol A WS Bl 7ol AT
A ool AT (P> 0.05)(Table 5).

5. ACE RHAIgD} che Agataiael A& UXt
Eote| TA
AR AZ B5E ACE F3x8d wat 11, D,
DD¥Eo2 Yol A BMI, ¥EA 8%, 2y
2, FA4A4, HDL 28 £HE, lipoprotein(a)$-S 4
wate] Bokguf Al w3tell Fo3 Zole JNTHP>
0.05)(Table 6).

6. ACE #XXI&oll g ACE 24
o Ae] ACE 84%E [PdlA 23.48+8.64
U/L, ID¥eIA 32.73+16.42 U/L, DDEeA 59.75+

p=0.001
™ p=0.001 p=0.001 !
NS
100 p=NS 2=
« Control ™ .
S 80} . patient : - e
2 - :
z 60 s I .
2 b= ; 3 . 3
S 40 L. I - .
g i i !
< II 3 H
20 LI 1 .
8 ° .
0 i D DD
ACE Genotype

Fig. 2. Serum ACE activities among the three different
genotypes.

18.89 U/LZ DD#o| 71 &%, ID¥# 113 1))
F2lgk 2kl 7k QIATHP=0.001). IDF 3} 18-S vlagh
A9l % 113o] ws) IDHo] ACE #4%E7t 2l
Z7HH0] JAATHP=0.001). AAHZFANME ACE &
AeE [18olA 25.36+6.30 U/L, ID B4 38.09+
11.02 U/L, DD¥IA 58.27+11.65 U/LZ DDHoA
ACEZA 7} 7V E3taL, Al &7kl -8 Afol7t A
AHP=0.001). 54% ACE #3A% oA a7
3 Aoz FoM e ACE BAEE vlud 23 F 7+
7l f2) 3 2o} QIATHP > 0.05) (Fig. 2).
il et
ACEfARRE dAA 1792391 $1Xsk=d intron
1601141 287 base pair®] alu ¥HEA G o] Ea)4-F ol wz}
AR, Ase] gert ok dejzl 9, o] ACE #-3&
&o] dul o) d¥AARR e BAE FIsleE
A7t ¥PPn gk, ECTIM(Etude Cas-Temoin
de Tinfarctus de Myocarde) &7l ACE #2319
vy el A4 wAlw Bl vty g A $7,
F3as A4 H(PCR)o] B#H3lgd wel ACE
FHAte] dEAe] AR SYAA AFAAEH
ojo7} glgo) Bt A4 71EYe] e A
FES Y2 Z ACEFHALY Tt & #413 At
A% DD& 3} IDFNA 1150l H]s] A7 wAle] 4
NP =st 242t 2.6, 1.9 2 Erha B st
B Ao SgaL Ague-S o83t ACE &
Aate] tgAd S BAg Ao AddizaelA 101D
DD¥¢] ®WE7} 0.328:0.537 : 0.1342 IDFo] 713
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B, oo 11, DDFY wolfith. o3 Rxe
AgFe] ofe] delM WY Aok ezt gl
82279 MYAE ooz AFAR)NE 111 1D
DD ¢l W=7} 0.193 : 0.456 : 0.3502.2 232 DD
Fo] HImsh RATH. RAA 9] dFATME 11
ID : DD¥} ¥1%7k0.41:0.33: 0.262.2 1F 9] ¥l

= B o] AART HE 5 AT Hgoy
2 D AR vl fARIIGH?. ojd AR ]
T°1 ACE #8189} o] NS} FFAEIA

2ol & Ho|3, FEAEAAE
of Q%7 Evha Aztent
AZAA gk A ETY ACE #32te] o
4 2 g g vludgldd, & d7dAM e &
o]k Apol7h g, Bt ol ANAT I nH P
0.2 ol EAG Ao E APl A
o] wAIgH 3¢ DDE S Wlert AR frofshA =
sttt Aol DDE ) ik 7) A7) gEed] &
ARFRe g ARE BHsr]e o, og
A DDES A4 A2AA BRI Aol
VS AALsH T2 HPARES aBetA] gokgd
A7 Azl A ACE FraatEg el ol zlol
7F AE AL £ A9 gidTelA DD Hest %
%fﬂ gz Azted, &, @7y Fdors s

DD¥ell B3 11, IDF

HE7h vy A4 28 T
2H o]9] 7]of 5 A 1 v 5 8l Aol

F373t5e Axst ACE faAde & 49
B7) 98 42485 s deE va £ g
E AT HEIERAT O o] Bl
o, DD¥ Y] ¥z} i Tel A Ekort §4
o= Fog Aol gilen, ol dRMe FHi
M= ACE frAzte] ¢d& vud a7 22 2
FRATH?.

o ~HE, $44%, HDL F82HE%52 ACEY
FAE we froldt 2oz §iler Lp(a)d] s
zh gl whE zpolzk Y. A2 ACE A
Lp(a) #5=9 #ddo] lvta BuHJ=d?, o=
#A7HA Lp(a)e] F5= 24 oW F129 847}
wojsh=a] FAskA) gonz 3 A7dA vehd &
&3 FAAR A3 THeAE A 5 fick

ACE 84%% ACE Al wet Zzte] wolA

B $o% zhol7} gilEd], DDEIA ACES &4
=7} 7V %‘E‘" ol Rigat 579 B} A3

CE FRAGANME AN F2r
%! }EHZ’_Y" Alolell gt Aol gtk ol
ACE 4%/t ACE faaAg sy 58402 427
Aol gjgaglo] & 4 glom ACE A|A|9] FdA]
ACE 8A%71 Z7kstx, DD #4389 49 ACE 24
29 F7F O FEs] Jepdthe Ba'ee Ajolrt
otk 2 AFdd 821 i) ACE dAAE &

1 A, 27 FY F ZHF AL 2 ACE

SRR AR zTo M fel@ Holst gl
ool tfsiME oz o s} WaEolok stzleh A
Zheict,

ACE #4218 9] o] 435 7sl5o] Aoyt
0¥t ATHEEY wA dwo] e AR A
Abgl vk glA|w ACE 1/D t}&lAde] intron 169149
@71 gl o8] AAH ] intrond FAAS] AA
g F LAEE F9olng, o] ACE I/D thiAdol
oj® 7)o o3 oj2]d Ay} HeHol YA E of
7 B3t D gzt A0 growth
regulator) 2 a‘i‘%{ c-myc, cfos, cjunse &HH
#}Honcogene) ¢t #H o] gltiE Bk 9 ACE
Aze] A7 }"é’é T2 fxek 233 JernE
ACE #4748 & A& ge7t Adsadel 43 v
A AZAETY “é% o] £A8h= smooth muscle cell9]
AEE 94 B R d3E & Zolgke MR A
01}1219 o}z AF A 0 & Z g R gk},

ACE #3x18el we} ACE 84%9] zol7} glom
2, ACE A% Z712 Q&) A S8l 119 EA4o] F
7kl ojaid oz ATAE F Fde] UdE smooth
muscle cell®] 2l #Hd FE k. F, AL EA
s 2ﬂ_’—‘.‘
F|3'"®  adrenergic activity’} F7He

2

F918 4% noradrenergic activity?} 7+
3¢ g
smooth muscle cell|lA platelet-derived growth
factor A chain gene®] mRNA activity7} S7Fth
a7k o), DD #3498 49 ACE 84% &
7tell o3 e HshFolvt AdaHlE, n8tE
#afdt 7hsA el st
B A A2 weEle] gl dxEd ANdz
TolAe] ACE 43418 2 A s st AlFollA &
"oz gAd Aow ACE 44489 /D thdAlo

- 470 -



B4 AZBATE ATe] A oud JFE A
A, g AW el Aol e Af Fhed
(collateral circulation)#}2] #Alo] dhalir=
Fataed olgd A e ko o B #xES
oz gk A AFr dasteet Az

o
=

kx| @ }lAl M3 F A (angiotensin-converting en-
zyme, ACE)& P2 Q &4l 1§ QHA Q ’IAT TIR 34|
713, bradykining EB&43A71m24 A A
d&e vA £ gk #2 ACEY f4x intron
16%-912] 9715204 287 base pair®] Z&f-Fol u}
2 ty<URE  insertion, deletion2® FEEl1
ACE #4284 11, ID, DDE o2 EHsla, 2tz
FHAH| wgl ACES] 457} thso] Bagu} 9]
o} Bk ohjet Al A vlstE oy 715
5ol DDEY WIrt Hrh= Bk Qo) oo B ¢
FoAE AL 1;3;\}10] J)r7.]a!o] 2= 621 9] gxlel A
AT 678 tdoR 3t ACE 4 4
ACE 84x%E A% 3? ol &7 AN waAy
of e etolr iz} shgich,

) '%':a" :

]ol‘—

5E genom-

zgdoz
ic DNAE .7;:3—5—} %'JJ A Ak Aol w1,
&

ID. DDY O $Hatslon, ACEe] $4=: sota)
FY471S ol gate] 7] 4 Fapul Aoz SAaiele)
Z o}
ACE

Aol S i YRR §
oJg Aol7k giglent, #xE ol 29l
dEow ol BAade A919E04 DDA

M
?
M
2l
2
S

‘3157} FrolshAl Esdth SabrellA v £ g
W oEE g8 gudes o] B Ade
tEd yawA DDYY vlErh wgkov FAH
olef= gldich

7:( 2.

ACE #Aa-g o] £33 @bt Addizdel A f
o3t ztol 7k et Azl 9] 11, ID, DD 9]
HIEE 747F 32.8%, 53.71%. 13.4% 3 Al ]3|

i X
Ige] Mert dojdes vt ACE e ¥

DD&E2 Aol A3 4dA) wiel #o] 9l
om, ACE 84+ ACE friate] el et Afo
(o] [e]
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