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Angiotensin Converting Enzyme (ACE) Gene Polymorphism and
Sasang Constitution in Patients with Cerebral Infarction

Ju Jong-chun - Bae Young-choon - Kweon Deog-yun - Kim Kyung-yo

Dept. of Sasang Constitutional Medicine, College of Oriental Medicine, Wonkwang Univ.

The correlation between angiotensin converting enzyme (ACE) polymorphisms and cerebral infarction (CI)
has been controversial. Such controversy may be due to different classifications of cerebrovascular diseases
and ethnic differences.

I studied the correlation between ACE genotypes and CI patients by case-control study in the Korean
population. I also classified CI patients and control group into four types according to Sasang
constitutional medicine.

Furthermore I investigated the correlation among ACE genotypes, CI and Sasang constitutions. The
frequencies of D allele were 0.32 in subjects with CI and 0.40 in the control group without CI (X
2=0.128, p=0.720). In patients with CI, the frequency of Taeumins, one of four Sasang constitutional
types, was significantly higher than that in controls (X2=15.425, p<0.001).

I did not find any correlation between ACE polymorphism and CI in Koreans. However, there were
significant differences in allele frequencies between Koreans and Europeans, while similarities were shown
to those of Japanese and Chinese populations.

KEY WORDS: Koreans, Cerebral infarction, Angiotensin converting enzyme gene, Sasang constitutional
medicine
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Fig. 1. Genotyping of ACE gene by PCR
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Agarose gel electrophoresis with ethidium
bromide staining showing the three genoty
pes of the ACE polymorphism in DNA obta
ined from whole blood samples, using prim
ers ACEl(forward), ACE3(reverse), and A
CE2(insert). M=50~1,000bp molecular size
marker.
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1. &xlel 53

satEel BF vole ed7r1274AT A
2480 B BEE e TITh 229
AHE 195.1248.6 mg/dl; SR 175.5+149.
4 mg/dl. BAEQ 565%7F YL Az
doH, 163%= TS 7IX U 3
73%E S99 ACE FAAEA @2 F
o) xpolE A THTable 1),
Table 1. Characteristics of Cl patients (n=61)

according to the ACE genotypes

ACE genolype
l D oD
Age,y BATEI27  B36%127 656012 646+i1d

Variabies Mean

Tofal Cholesterol 1951486 206.3t434 1845538  2074+320

Triglyoeride 175561494 1932+2087 164651109 174011152
Hypertension, % %5 18 57 115
Digbetes Melitus, % 163 A0 73 67
Smoker, % 33 419 462 129

Lipid values are mean*SD (mg/dl).

2. RANXY BEQ HE REA HIE

61 sate] ACE fAAR 2¥E ¢
L3} Zorthil, 28 (45.9%); ID, 278 (44.3%);, D
D, 6 (9.8%). °|5& 5208 Y223 ¥nd
w §2l3 zbole QIATHIL 190 (36.5%); ID,
249 (47.9%); DD, 81 (15.6%) (X’=2.628, p=0.2
69).
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SRR ¥TE XF2AQ) 1=041, D=0.59, X°=
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o, YEQ (=063, D=037"3 2 (=0.
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Table 2. Association between ACE genotypes

and Cl
No.{%) of men
ACE , No.[%) of men g
genotype Wr'}fsfl witnout C1 p=rgy P~ Vvalue
Il 28(45.9) 190(36.5}
D 27(44.3) 249(47.9) 0.269
BD 608 81(156)

A total of 61 men with CI and 520 without CI
were studied. X test was used to test the hypothe
sis by Mantel-Haenszel linear-by-linear test, genoty
pe versus groups. Numbers in parentheses are pesc

entage of study population.
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Table 3. Allele frequency in other population

Population | D p-value
Korean 0.60 0.40
Japanese 0.63 0.37
Chinese 0.7 0.3
French 0.41 0.59

Australian 0.48 0.52 p<0.05
Dutch 0.37 0.63

Fig. 2. Allele frequency in other population
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Table 4. Distribution of Sasang constituti
ons in Cl patients and controls

No.(%) of men No.(%) of men

n 5 )
o o%i?i?ut%)n W,‘E 653! W|rt1ll%lg7aCl p-value
Taeumin 32(53.3) 327(36.9)
Soyangin 24(40.0) 314(35.4) p<0.001
Soeumin 46.7) 246(27.7)
Taeyangin 00 0(0)

A total of 61 men with CI and 887 withour CI
were studied. X° test was used to test the hypothe
sis by Mantel-Haenszel linear-by-linear test. The *
was quoted from Park et al™. In CI patients, 60
of 61 cases were valid, while the data of one case

was missing.

Table 5. Association between ACE genot
ypes and Sasang constitution in
Cl patients (n=61)

ACE Constitution
genotype Taeumin  Soyangin - Soeumin
Count 14 10 3 2
f % within ACE 519 &0 111 1000
% within Constitution 438 417 750 450
Count 16 10 1 27

D % within ACE 503 ¥ 37 1000
% within Constitution 500 417 250 450

Count 2 4 0 6
DD % within ACE B3 667 0 1000
% within Conslitution 6.3 16.7 0 10.0

Count 2 24 4 60
Total % within ACE 53 400 67 1000
% within Constitution 1000 1000 1000 1000

In CI

patients, 60 of 61 cases were valid, while the data

A total of 61 men with CI were studied.
from one case was missing.

v. 1 &

16H Intron Wol X3+ ACE FA4A9 o}
o] 7 ACE 847 &l e 2

—135—



- ARSHE o Ex| X143 12 2002 -

T oe] XolA FotE F iy o AR 7]
A A QA gt T Y @A) gy
BIL Adste g2 BFF gl gl
B Aoz FFsta Ao HR340] 7=
o] Yt AL FHAAT} A (AN
$Ao] gL vxE Aog ARY £ Yo
25-27)' ACE "9’_;‘(__]_2]_ T}]-f‘z‘,‘}‘gi’—} 3‘176“‘-394 g%@
o HaixE 2 7Rl go)d A3t Wy
We AT A= B =] Ut
2 g F Utk AREE HEREES
deozittm 3 ACE thadel AR/
298 7L A= PPE 2} e,
U ACE $Az ThEAel olF Aol
olzgt Aol W FHo] Yok Holum
0 e aZx go: Aot e
At Azbs ohe FJdzte] REF wjAol
U 54 Aol HEH AT diF £R/Y
e 7& froz Yzt

B d7oNE HAA Bad g2F Aol
dlX DD fAAF] T FAdolA AR

O
I

el

9 J¥AAYE Yehle AL 2
gk o ATe HVAL Aoz @

A
o
2 Ko mlbo' g

T2 AP, 29 HaPoly o
Adez & Ayse dukEle Aot
A7 A HAA BFAEQ 2 2HE
Ade) A= I, ID, DD FAAE 287
E AT Aol %oy, 19 D FAA
ol Do HlE] 47t whth o], mHE<h
G, el oAl FYF Aole WA
T Ak

WY /AR NeE AR A7 @29

& ZZ2Y, 5F”, 5YQY Yurg g
22 B3d Ades FAsHA than, JrQ)
2, 227 Y AR fAEGE AL
¢ F AJT o BAZFE S A7F
o} 222 3H¢ dRAAR WES A}
Az doe AL FAAE 5 gdon, 37
do] FHJIRTGE JBUAoI} FTAT F4}

& EAS 7R3 gutn 48 £ 4 ok
AVEAE BXEA 9ol HAN BT o
L3 2tk ¥-29453.3%), 29(40.0%), &
£01(6.7%), EA¥N(0.0%). HZETY AR
X9 &ME T BT HEU0669%),
A9¥R1(35.4%), A-SR1(27.7%), B%1(0.0%). F
S vy HA4E 7R e &
UL HFNE XA B Aol AFR
oo £ 8eg /- e wide
AN 7 289 vEL HAAE 714
2 & Ade AR o Fdrt oy 2
e B AR & ARA4 v o
Ao d&] HIHE AT Jdeon, 28

& Aoz AAAYY. oo BANE O BL
A7+ Bady A48

AP ae Ade disoz

AR gete Rt R4 £¥ a8
t}. o]2]3t o8B FHAE ojLslad AMAHA]
Ag Austetn Y] gEelE Be @
77} AdEojd gon Al FAAA
A el e dFgEoiR uiE g
go fAAS ApAdel B o
e A7/t gastelet Azdc

V.2 E

=2 -

L 972348 Aol e) ACE FAA4Ze] BE
E gz A% voy o fo@ Aoje
ATk W7 Ao Y FAHAF BT
QoI E el olg 22T £ Uk

2 AVEAR B2 ueh AR €734 @
AT EEe ACG FAAFLS FB #



- Z|HA 8Xjo| QX|QEIA HEFA

°|E Holx] it}

32 o o o &

3. @9UE ez & B 47 279
B fAR HEE ZFa), 379, 5U
g & A7 ZF4s vayg o fo
Aozt lslen, dEloly 23U o

2 8 97 AT $A8 A%e Yeny

2Io1Ed

. Lee JM, Choi SH(Eds). Longevity & Life Preser

vation In Oriental Medicine. Seoul, Korea:Kyun
g Hee University Press. 1996.

. Wiemer G, Scholkens BA, Becker RH, Busse

R Ramiprilat enhances endothelial autacoid for
mation by inhibiting breakdown of endothelium
-derived bradykinin. Hypertension. 1991;18:558-
563.

Ueda S, Weir CJ, Inglis GC, Mutray GD, Mui
KW, Lees KR. Lack of association between ang
iotensin converting enzyme and gene insertion/d
eletion polymorphism and stroke. J. Hypertens.
1995;13:1597-1601.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien
F, Corvol P, Soubrier F. An insertion/deletion p
olymorphism in the angiotensin I-converting enz
yme gene accounting for half the variance of se
rum enzyme levels. J. Clin. Invest. 1990;86:134
3-1346.

Tiret L, Rigat B, Visvikis S, Breda C, Corvol
P, Cambien F, Soubrier F. Evidence, from com
bined segregation and linkage analysis, that a v
ariant of the angiotensin I-converting enzyme(A
CE) gene controls plasma ACE levels. Am. J.
Hum. Genet. 1992;51:197-205.

Sharma P, Carter ND, Barley J, Brown MM.
Molecular approach to assessing the genetic risk

of cerebral infarction: deletion polymorphism in

SRR CHIAT M -

the gene encoding angiotensin I-converting enzy
me. J. Hum. Hypertens. 1994;8:645-648.

7. Markus HS, Barley J, Lunt R, Bland JM, Jeffer
y S, Carter ND, Brown MM. Angiotensin-conve
rting enzyme gene deletion polymorphism-A ne
w risk factor for lacunar stroke but not carotid
atheroma. Stroke. 1995;26:1329-1333.

. Kario K, Kanai N, Saito K, Nago N, Matsuo
T, Shimada K. Ischemic stroke and the gene fo
t angiotensin-converting enzyme in Japanese hy
pertensives. Circulation. 1996;93:1630-1633.

. Abbud ZA, Wilson AC, Cosgrove NM, Kostis
JB. Angiotensin-converting enzyme gene polymo
rphism in systemic hypertension. Am. J. Cardio
1. 1998;81:244-246.

10. Ledru F, Blanchard D, Battaglia S, Jeunemaitr

e X, Cowbon D, Guize L, Guermonprez JL,

Ducimetiere P, Diebold B. Relation between s

everity of coronary artery disease, left ventricu

lar function and myocardial infarction, and inf

luence of the ACE I/D gene polymorphism. A

m. J. Cardiol. 1998;82:160-165.

Seino Y, Ikeda U, Maeda Y, Haga Y, Yashi

ma H, Shimada K. Angiotensin-converting enz

11.

yme gene polymorphism and plasminogen acti
vatot inhibitor 1 levels in subjects with cerebr
al infarction. J. Thromb. and Thrombolysis. 1
998;5:263-267.

Vleming LJ, van der Pijl JW, Lemkes HH,
Westendorp RG, Maassen JA, Daha MR, van
Es LA, van Kooten C. The DD genotype of

the ACE gene polymorphism is associated wit

12.

b progression of diabetic nephropathy to end
stage renal failure I IDDM. Clin. Nephrol. 19
99;51:133-140.

13. Jeunemaitre X, Soubrier F, Kotelevtsev YV, Li
fron RP, Williams CS, Charru A, Hunt SC,
Hopkins PN, Williams RR, Lalouel JM. Mole

—137—



14.

15.

16.

17.

18.

19.

20.

21.

- AlabAiE ol st3x) M43 HM1E 2002 -

cular basis of human hypertension: role of an
giotensinogen. Cell. 1992;71:169-180.
Lindpaintner K, Pfeffer MA, Kreutz R, Stampf
er MJ, Grodstein F, LaMotte F, Buring J, He
nnekens CH. A prospective evaluation of an a
ngiotensin-converting-enzyme gene polymorphis
m and the risk of ischemic heart disease. N.
Engl. J. Med. 1995;332:706-711.

Catto A, Carter AM, Barrerr JH, Stickland
M, Bamford J, Davies JA, Grant PJ. Angiot
ensin-converting enzyme insertion/deletion poly
morphism and Cerebro-vascular disease. Stroke.
1996;27:435-440.

Bloem 1J, Manatunga AK, Boatright E, Pratt
JH. Relation of race and a polymorphism in ¢
he angiotensin converting enzyme gene to enz
yme levels. Hypertension. 1993;22:407.

Lee EJ. Population genetics of the angiotensi
n-converting enzyme in Chinese. Br. J. Clin.
Pharmac. 1994;37:212-214.

Miller SA, Dykes DD, Polesky HF. A simple
salting out procedure for extracting DNA fro
m human nucleated cells. Nucleic Acids Res.
1998;16:1215.

Evans AE, Poirier O, Kee F, Lecerf L, McCru
m E, Falconer T, Crane J, O'Rourke DF, Ca
mbien F. Polymorphisms of the angiotensin-co
nverting enzyme gene in subjects who die fro
m coronary heart disease. Q. J. Med. 1994;8
7:211-214.

Zee RY, Lou YK, Griffiths LR, Morris BJ. As
sociation of a polymorphism of the angiotensi
n I converting enzyme gene with essential hy
pertension. Biochem. Biophys. Res. Commun.
1992;184:9-15.

Schmide S, van Hooft IM, Grobbee DE, Gant
en D, Ritz E. Polymorphism of the angiotensi

n I converting enzyme gene is apparently not

22.

23,

24.

25.

26.

27.

28.

29.

—138—

related to high blood pressure: Dutch Hyperte
nsion and Offspring Study. J. Hypertens. 199
3;11:345-348.

Ishigami T, Iwamoto T, Tamura K, Yamaguc
hi S, Iwasawa K, Uchino K, Umemura S, Ish
ii M. Angiotensin I converting enzyme (ACE)
gene polymorphism and essential hypertension
in Japan. Ethnic difference of ACE genotype.
Am. J. Hypertens. 1995;8:95-97.

Park SS, Park EK, Choi JY. Analysis of Inter-
Questionnaire Agreement in determining Sasan
g constitution. J. Sasang Constit. Med. 1999;
11:103-117.

Chrysant SG. Vascular remodeling: the role of
angiotensin-converting enzyme inhibitors. Am.
Heart J. 1998;135:521-S30.

Diaz JF, Hachinski VC, Pederson LL, Donald
A. Aggregation of multiple risk factors for str
oke in siblings of patients with brain infarctio
n and transient ischemic attacks. Stroke. 198
6;25:74-78.

Kiely DK, Wolf PA, Cupples LA, Beiser AS,
Myers RH. Familial aggregation of stroke-The
Framingham Study. Stroke. 1993;24:1366-137
1.

Graffagnino C, Gasecki AP, Doig GS, Hachins
ki VC. The importance of family history in ¢
erebrovascular disease. Stroke. 1994;25:1599-1
604.

Lin JJ, Yueh KC, Lin GY, Chang DC, Chang
CY, Shieh HL, Harn HJ. Lack of association
between angiotensin I-converting enzyme gene
deletion polymorphism and cerebrovascular dise
ase in Taiwanese, J. Formos. Med. Assoc. 200
0;99:895-901.

Kostulas K, Huang WX, Crisby M, Jin YP,
He‘ B, Lannfelt L, Eggertsen G, Kostulas V,

Hillert J. An angiotensin-converting enzyme g



- 52N B XN HEsA SRR ChEMY AMHE -

ene polymorphism suggests a genetic distinctio
n between ischaemic stroke and carotid stenosi

s. Eur. J. Clin. Invest. 1999,;51:478-483.

30. Amar K, MacGowan S, Wilcock G, Lewis T,

Scott M. Are genetic factors important in the
aetiology of leukoaraiosis? Results from a me
mory clinic population. Int. J. Geriatr. Psychia
ry. 1998;13:585-590.

31. Kim KY, Han JH, Hong SY. A study on th

e change of blood contituent in male student
of TAE-UM-IN. J. Sasang Constit. Med. 199
1;3:151-172.

32. Kim MH, Kim KS, Jee SE, Choi SM, jo D

W. Study on Sasang constitution by genetic a

nalysis using four short tandem repeatr loci.

33.

34,

—139~—

J. Sasang Constit. Med. 1999;11:169-183.
Koh BH, Kim SH, Park BG, jonathan DL,
Marianne T, Anthony RJ, Ron H, Frank Z,
Chin KH. A study on the Sasang constitution
al distribution among the people in the Unite
d States of America. J. Sasang Constit. Med.
1999;11(2):119-150.

Montgomery HE, Marshall R, Hemingway H,
Myerson S, Clarkson P, Dollery C, Hayward
M, Holliman DE, Jubb M, World M, Thoma
s EL, Brynes E, Saced N, Barnard M, Bell |
D, Prasad K, Rayson M, Talmud PJ, Humph
ries SE. Human gene for physical performanc
¢. Narture. 1998;393:221-222.



