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ABSTRACT : Hypertension is a multifactorial disease. Both genetic and environmental factors have been impli-
cated in its etiology. Since the impairment of nitric oxide (NOS) production plays an important role in the patho-
genesis of hypertension, endothelial nitric oxide synthase (ecNOS) gene is supposed to be a candidate gene of
hypertension. OQur study group investigated the 27 bp insertion/deletion (Ins/Del) polymorphism of ecNOS gene
in 99 Korean normotensives and 98 hypertensives, respectively. There was no significant association with any
cardiovascular risk factors as well as hypertension in Koreans. The Ins/Del polymorphism of the ecNOS gene
indicated the similar allele distribution among ethnic groups studied. Further studies using larger sample size
and subject information is required to describe the general picture of the association between the ecNOS gene

polymorphic loci and hypertension
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Nitric oxidel= & A2 34 2 43 835 A
A7) E3t PAA EA (vasodilator)2A A EAA) 2 gle] o
glo| = Fed gt (Schmidte} Walter, 1994). ¢] 222 nitric
oxde synthaseNOSyl| &3] A=, o] &= okt
AE g A oM L-arginine>ZFE] nitric oxide®] A4S
Z8= &Aol(Moncada 5, 1991). FA7HA] NOSE
neuronal constitutive NOS(nNOS), endothelial constitutive
NOS(ecNOS)#} inducible NOSGNOS)Y] 371+] #ele] o}
3 subtype)22 EAshs ZloR deiFle. ol olHES
27 o8 GAA Al SAshe FrAAEel s gaslE
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L Aoz gz, nNOS A= 123 FAH 9
q24.2 F3lell x]el| 9l om, ecNOS A= 7 GAA]
9] ¢35-36 41l 1= U Marsden 5, 1993). 1&]
3L iNOS AAR= 178 9AA)19) cen-gl1.2 F-9lo) $1X]
8 9= Aoz ez} (Chartrain 5, 1994).

ecNOS A= Zol7} 21 kbolT 26702] exondt} 25
719] intron®. 2 o]Fo]A Qlth(Marsden =, 1993). Zol,
o] f-4A1¢] 44 intronollXl 27 bp insertion/deletion (Ins/
Del) A e] A= AMde] a3 I(Wang 5,
1996), FAHEHAZ(Wang &, 1996) L &3F (Uwabo
&, 19987 F3Ae] Al Aeg sk

olof] B AFolM= ke AR sFsAel sl
#4218l ecNOS -S4l ZEA)8)2= Ins/Del AL 44
AL A (genetic markenZ ©|-83}eq, o] i3S =<l
Hedol| M) X5 AR B2, w8k f2)3 3314
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o) Sl A8 ZABP] A% BAAEE DTS S,

o oy

W} BAL RS 19739 WA W 2T NE
Spee) gl RE S8 Qo) S50,
oI5 % o53e MY B A0 Assle. Y
o 712E 4571 Wl 140 mmHg olabol A} 2]
Yol 90 mmHg oV S AR = Bjic).

Total genomic DNA £2|

DNA®] ¥} Sambrook 5(1989)%] HPHE ozt W
ate] Alsgailct. AP 4L 1,000 rpmellM 10874
Aelgt & AR HETF Aboo) Sl oF2 <l wH
FZ(buffy coa)S ¥2]8l3, 02% NaCl#} 5% NaClE
Z+z} 2314 MR sle] HYEFE AA3IsIE AR E de 7S
of] AL L4l A=W (nucleic lysis buffer: 10 mM Tris-HCI,
pH8.0; 1M EDTA, pH 80; 400mM NaCl; 0.5% SDS)&
o] A ¥ =h(resuspension)*] 7] 3L, proteinase K(100 ug/mhyE
Wi AejE F 55°CoA 3AIZE B wkRIEIsd). 7)ol
phenots E#22 E3Fled 4,000 pmell A WAlE2]’E Fo)
Azl (suspernatantyS #|3le] ©HA] phenol/chloroform(1:1)
< TR E¥Eld ARk, i 5o
2gEA ] WS Aol $9 AAE ukEsgn}. Belg
Arz=alel] 2ull volume®] cold absolute ethanols €Il o
2 W E3sle] DNAE F5311, ©]F 70% ethanolollA]
A A5 ¥ TE $3F4(10 mM Tris-HCI, pH 8.0; 1 mM
EDTA, pH 8.0)>2 £3A|A AME-a wj7hx] —20°Cell A
B3

ofh

SEga csfHkZ(polymerase chain reaction)

PCRZ Saiki 5(1988)%] W& oF7} wid)sle] A|3f3le]
o} PCRE 43)317] 9138 primer®] |71 L2 sense
primer®] 7-$-o)1=5-AGGCCCTATGGTAGTGCCTTT-3] 2,
antisense primer®] 7-$¢ll= 5-TCTCTTAGTGCTGTGGT
CAC-3o|ch(Wang 5, 1996). PCR ®hg-<ll&= 200-400 ng2)
genomic DNA, 20 pmol %¥X=9] primer, 200 uM dNTP,
10 mM Tris-HCI(pH 8.3), 0.01% gelatin, 50 mM KClI,
1.5 mM MgCLE EFeH= & 50ule] vl AM-E3]
a1, o] Wkgelo]l 2.5 unit®] Tag DNA polymeraseZ 7}t
% oJ7)ell 70ul®] mineral oitE go] FUE upAs
olgA Fu|g whEHE PCR cyclerlld 94°C(1E), 56°C
(1), 72°CEYe 15712 3] 3557] E<F PCRE 53}

3l PCR BhSo] Bt vb-gARE-E 2% agarose gelollA]
Z71¢353t F, ethidium bromide QY02 W= |2 8
Qlsiedet.

MskEtE 2 (biochemical analysis)

A £ Z# 28| E(total cholesterol, TC) % W FA4
A} E(triglyceride, TG): Z+7} cholesterol oxidase
enzymatic method®} glycerol phosphate oxidase enzymatic
method® 43}t ¥ HDL-cholesterol %% dextran
sulfate-MgCl2 WS o83 ZA3l99 e, 99 34
d 5%E 7)%= 3dlod Friedwald (1972)Z2o)] o] &3
LDL-cholesterol =% AAFsIs]c}.

£ £ (statistical analysis)

AR Wiss sk AAF dehEels 5018
U 55 o]43led AAFS}% T, Hardy-Weinberg 332 23E]
9] o] AF= AR FAHS o83l BAEA
T A g Aol fAAE H -3t |l
Eo Aol -5 AAUES o83l A AHE
ZAAsIde. kel wigt A Y9 =el odds ratio %k
3} o] Zholl W3t 95% A12)F-7k(confidence interval}e 2
A28 3]HZH(logistic regression model)el] 23] AArs}
et SIS AEE Uehie o)WY (heterozygosiy)
9l o}3 A B % (polymorphism information content, PIC)=
Bostein =(1980)2] # o2 Akt ecNOS 54212
AR A3t AAASA S} A3k ABE3e] I3
A e EE (parametric) WHHQ] 49 AR (one-
way ANOVA testyS o]-83fe] AxpS BAslgic) »&
AA EAM-L SPSSWIN ver8.0 programs o]-&3le] 3)
shdet.

ity

Hn o

ecNOS -41212] 44 intronoll= 27bp Ins/Delel] £]3F =}
Ao TAgRs AMde] deizlsl (Wang 5, 1996),
o3 A& PCRe 93 135 bpe] 4a HH-FA1=Ee} 108 bp
2] 4b HFARE o) FoA QJrhFig. 1). B QTN o
G S FA BAZ o] 45 Rz ATE 53
3 Ax, F 7 EFolM 23R 4189 ¥ Hardy-
Weinberg 332248 f2l3M slouiA] o= F4s &
go, gt} g27S naS o o B £
Az Y FAA} Hl =N F bl F2J3 2feol7) ¢l
ATK(Table 1). =3}, o] APAS A A AFA B
AE3E A FETe] ABA o RE AR AT E f2)
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Fig. 1. Schematic diagram of Ins/Del polymorphic patterns of
ecNOS gene. Lane 1, 2 and 6, Ins/Ins genotypes; Lane 3 Del/
Del genotype; lane 4 and 5, Ins/Del genotypes.

g AL 5T 4 ANk Table 2). &, ecNOS A
o] Zafsl= o] AL QS YARSE Sled 13
o FAA FA2 AME & goa ARG

o|2)3}l Ay} k& olf: A IIRE A9 4 gt
% WA= ecNOS 4L Tagke] 9J3kE njA 4= gle=
FEAADANE B3l 23] Heldesh A2

ouwlg} FFES n|xR] gherls AMIEA A9E & 9lem,
ER1Z, A9 Ins/Del H33Ad0] dtze] #RAS 93
= A dgker, 9% B3 (linkage disequilibrium)
S 59 AR e = o2 ogide] AWl o3RS 1)
A 7PsAE 93] FAE $= gt AR E, 3R] A
eof| gloJA] Ael HZ (selection bias)e] Lolwhe 7FsA=E
wiAlE 4 glet. o] FAlE FF A AT-(prospective
studyYZ FaiAut A 4 oS Aelvt 3 viz|A| 2]
A nitric oxide A3} olAFe] Tt el Tredhel=
AMde] 4449 (Panza 5, 1990) ¥ TEERE o4 A
T(Konishi®} Su, 1983; Luscher®} Vanhoutte, 1986;
Lockette 5, 1986; Luscher 5, 1987)llX #I=ie}. up
2hA nitric oxide?] Aol TR whiAS 3R 9l
FAA1l ecNOS AR T8t {33 FH FAAle
shtz AEE

ecNOS 37F] 49 intronell £A)51= 27 bp Ins/Del
HAJ2 skt ARAE A7) A% AH BAR
o] 8= edl, Ll AclM FH4F Fejst A=A o]
e ALFE dHF I (Miyamoto 5, 1998, Uwabo 5,
1998). reu}, &gt ulel 2o] E AFlME: o] U3
2] AR AFAA vl =l F 7kl frejgt 2ol
7} siet. olegt Atk A3} vhe ol A1 v
9] zlell A A ot Azt WA =S v
g 23 g=41(0.12)9] 4b HR-FAA] FE B
(0.03~0.11) @ &F<) Ash0.149)7 ¥ 2|7} glel7] dF

Tible 1. Genotype and allele frequencies of Ins/Del polymorphism of the ecNOS gene in normotensives and hypertensives

Genotype No. (%)

Allele No. (%) - Pi e

4bb 4ba 4aa 4b 4a
Normotensives 75(76) 24(24) 0(0) 174(88) 24(12) 0.2130 0.1903
Hypertensives 79(81) 17(17) 2(2) 175(89) 21(11) 0.1913 0.1730
1 3.2940 0.1927
P 0.1926 0.6607
Jdds ratio(CI)® 0.87(0.47-1.62)
'Feterozygosity, Polymorphism Information Content, *95% Confidence Interval.
Frequency is given as a percentage in parenthesis.
Tuble 2. Clinical characteristics according to genotypes of Ins/Del polymorphism in the ecNOS gene
Variables Genotypes
4bb (No.)® 4ba (No.) 4aa (No.)
Age (year) 60.0 + 10.7(153)’ 57.8 £ 11.7(40) 57.5 £ 24.7(2)
BMI (kg/m?%)' 23.6 £2.4(137) 24.0 + 2.8(40) 224 £0.1(2)
Tg (mg/dl) 130.9 + 80.6(123) 112.5 £ 47.1(26) 170.5 + 94.0(2)
TC (mg/dl)® 150.9 + 36.9(123) 147.5 + 29.4(26) 148.0 + 14.1(2)
LDL-chol (mg/di)* 98.1 + 36.5(123) 96.9 + 30.3(26) 82.4 +20.9(2)
HDL-chol (mg/dly’ 26.4 £9.7(123) 28.1 + 8.5(26) 31.5 £ 12.0(2)

'Body Mass Index, *Triglyceride, *Total cholesterol, *LDL-cholesterol, "HDL-cholesterol and *Number. "Values are mean + SD (Standard

Deviation).
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Table 3. Comparison of allele frequencies of Ins/Del polymorphism
in the ecNOS gene from various healthy populations

Popula- Sample  Allele frequencies

tions Number 4b 4a Reference
Australian 148 0.86 0.14 Wang et al., 1996
Japanese 120 0.97 0.03 Uwabo et al., 1998
Japanese 240 0.89 0.11 Miyamoto et al., 1998
Korean 99 0.88 0.12  Present study

o]th(Table 3). WM 8 to] wiglaM] Aste|ar, o] A
25 A3 4= Qe s F7 33 o] A
Aol A R A ) zle]7) Ak Aol FExe® 3
AP eSS A ¢ Qo AR, 35 FdelA
4b HH-FAAT FARPN A B ERA s A[AE B
Qg AHde] olefdt 7S ol FeETH(Wang 5, 1996).
a2 o g =E9lelA ecNOS 1Ak} 8 state] FAdS
H&3] dF3] e T T A5E ¥R Tl
B3 AAEE AR o] ofEfst Autsl ATE ols|sl=d)
F83 AL & Aoz A7y,

HAEXHORE ecNOS 4AF] intron 44l EA3l= 27
bp Ins/Del 3432 3F=34lol| A 2&gtel] whgt f-4dz) &4
2A AR g2 7o Moy, @7d HE WS EHe]
B|EE FallA, o] dEAle] Ai¥ A HlEs o RIS
ZHll Ak g el
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