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ABSTRACT. Hypertension leads to major health problems in many industrialized countries, and mul-
tiple etiologic factors are involved in the pathogenesis of this disorder. The genetic components of the
natriuretic peptide system might be involved in the pathogenesis of hypertension. In this regard, the
atrial natriuretic peptide (ANP) gene has been proposed as a candidate hypertension gene. There-
fore, we investigated the G1837A.and C-664G polymorphisms of the ANP gene in 143 Korean nor-
motensives and 118 hypertensives. There were no significant differences in the genotype and allele
frequencies between the two groups. Although the frequencies in each of these polymorphisms were
not significantly different between normotensives and hypertensives, our results provide additional eth-
nic information for linkage analysis and associated studies of this disorder with cardiovascular dis-
ease.
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Table 1. Clinical characteristics of the study subjects
Mean + SD' (Number)

Probability

Variables

- Normotensives  Hypertensives )
*Age (year) 54.0+11.4 (134) 61.5+12.0(108) <0.05
BMI (kg/m?y’ 238+34(134) 245+29(105) NSt
TG (mg/dly’ 137.7+81.1(91) 1464+746(®B1) NS
TC (mg/dly* 1702+46.3(91) 173.14529(62) NS

LDL-chol (mg/dl¥ 985+32.8(65) 103.5+£288(48) NS
"HDL-chol (mg/dl)® 30.1+8.3(65) 240+7.8(48)  <0.05

Lp(a) (mg/dly’ 16.9+12.1(64) 193+126(40) NS

Abbreviations: 'standard deviation, “oody mass index, *trigly-
ceride, “total cholesterol, *low-density lipoprotein cholesterol,
®high-density lipoprotein cholesterol, “lipoprotein(a) and °not
significant. *P<0.05.

A 9¥xel odds ratio & ©] Zholl thdk 95% 4+
7+e- logistic regression modelel] <]3] 7%]“0}03\3} =5
Aol A=E VERE heterozygosity 2 polymorphm
information content(PIC}= Bostein et a/.(1980«] H
Hoz Aslgtt. F 59 O RS Aol A
B9y o488 veilie A5 A 2 D' g2 Hill 3
Robertson(1968) ¥ Lewontin(1964)2] Wy o = A4lsl
A1, o]F o) ™3| 2] maximum likelihood estimate
= Morgan et a/{1990)9] #hyoz ALkttt ANP
FAzk] A g AR ASEE XER st
7 AgEHe] #EA e 23 A Student's
ttest @ one-way ANOVA testE ARgsle] Ax2 24
gt 2E B4 B4 SPSSWIN ver. 13.0& A3}
o F3siArt.

4

ANP f-#82}te] C-664G th84-L promoter 9ol ¢
X8, G1837A tF8AL A intron £l SAlgH
tHKato et a/, 2000; Ramasawmy et &/, 1993). Table
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Table 3. The comparison of the clinical characteristics
according to the alleles in the C-664G polymorphism of
ANP gene in normotensive

Mean £ SD' (Number)

Variables

CC (No.) CG (No))
Age (year) 54.0 £ 11.5 (131) 55014 (2)
BM! (kg/m?)? 238 +£34(131) 242 +1.3(2)
TG (mg/d)® 137.8 £ 81.9(88) 9751247 (2)
TC (mg/dl)’* 169.4 £ 45.7 (88) 154.0 £ 31.1 (2)

LDL-chol (mg/d)y®
HDL-chol (mg/dl)®  30.3 £ 8.3 (63) 250+57(2)
Lp(a) (mg/dly’ 16.7 + 12.1 (62) 247 £132(2)

Abbreviations: 'standard deviation, 2body mass index, ‘trigly-
ceride, “total cholesterol, *low-density lipoprotein cholesterol,
®high-density lipoprotein cholesterol and “lipoprotein(a). *P<0.05.

98.1£329(63) 1095 +41.7 (2)

2 1y

Table 2& ANP §34z}e] C-664G thdA 2] genotype
9 allele =7 YERY 1o, Hardy-Weinberg equi-
librium 71X ZE Bojubx] 2ttt GenotypeS Yol
A BlaEtS uf 2eld 28 B 1188 F 113%
o] CC genotypeS YERISH, 5ol CG genotype
< YepidYh 23u, GG genotype IEE HEH
2| ekokel. AAF "ol 1434 F 14199 CC genotype
S BYow 2Wo] CG genotyped HATE Al GG
genotyped dHE AL egit I o]FHI=
2 g8 dHEE 24 78 R4 0.0415
0.04062.2 JehgGon, AHA dgFo|AE 0.0139
0.01832.& yehdt}. g=lollA ANP £-27e] C-664G
EAde gt 2E C alleles o] 7R e,
allele ¥ genotype 1% EAdx= FATHLE /9
g 2pol& Kol ¥kt

Table 37 Table 4= ANP 3212 &g 2 £
A IEJE AAAZSE FAE 7+ genotype HE
Hwgk A5 Bogrh. ZARle A¢, TG, TC R

NE F

)

N

Table 2. Genotype and allele frequencies of a C-664G polymorphism in the ANP gene between normotensives and essential

hypertensives
Genotype No. (%) Allele No. (%) H PIC2
cc CcG GG C G
Normotensives 141 (98.6) 2(1.4) 0(0.0) 284 (99.3) 2(0.7) 0.0139 0.0183
Hypertensives 113 (95.8) 5(4.2) 0(0.0) 231 (97.9) 5(2.1) 0.0415 0.0406
Total 254 (97.3) 72.7) 0(0.0) 515(98.7) 7(1.3) 0.0265 0.0261
Chi-square 1.0566 1.0422
Probability (P) 0.3040 0.3073

Odds ratio (CI°)

3.07 (0.59-15.99)

Abbreviations: 'heterozygosity, “polymorphism information content and 3confidence interval. *P<0.05.
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Table 4. The comparison of the clinical characteristics
according to the alleles in the C-664G polymorphism of
ANP gene in essential hypertensives

Table 6. The comparison of the clinical characteristics ac-

cording to the alleles in the Smal RFLP of ANP gene in
normotensives -

Mean  SD' (Number)

Mean + SD' (Number)

Variables Variables
CC (No.) CG (No.) GA (No.) AA (No.)

Age (year) 61.5+12.3(98) 63.2+11.6 (5) Age (year) 56.6 + 12.8 (18) 53.1 £ 11.0 (95)
BMI (kg/m?)? 24.4 2.9 (95) 254 +3.4(5) BMI (kg/m?)? 23.3+3.6(18) 236+3.2(95)
TG (mg/dty’ 146.6 + 76.8 (57) 1435+ 36.2 (4) TG (mg/dly’ 119.1 £48.2 (18) 139.2 + 87.8 (64)
TC (mg/dl)’ 172.7 £53.8 (58) 1785+ 441 (4) TC (mg/dly* 159.3 £ 35.1 (18) 167.6 +47.6 (64)
LDL-chol (mg/dI)® 103.6 + 29.6 (45) 102.5+ 15.6 (3) LDL-chol (mg/dl)® 92.5+18.4 (13) 99.6 + 36.2 (50)
HDL-chol (mg/d!)® 2391 7.9 (45) 253+£9.0(3) HDL-chol (mg/dI)® 30.9+9.0(13) 30.1 £8.2 (50)
Lp(a) (mg/dIy’ 19.2£12.9(38) 21.91£23(2) Lp(a) (mg/dly’ 13.9+6.0 (12) 17.8 £ 13.2 (49)

Abbreviations: 'standard deviation, 2body mass index, trigly-
ceride, “total cholesterol, *low-density lipoprotein cholesterol,
®high-densiiy lipoprotein cholesterol and “lipoprotein(a). *P<0.05.

HDL-cholesterole] CG genotypeRt} CC genotype®l
o =A JERey, SAEES] fod2 il Bgl,
el 8429 49, CC ¥ CG genotype 7+e]
23 ol fldled, BAEAL o AAl YeRA|
2=

Table 5= ANP #3442 G1837A tFgAl2l genotype
2 allele ¥MIRg RAFT glon, o]s F HAukzke] 44
AFd 9] £E7} Hardy-Weinberg H& ol 23RS 2A}
3 Az}, ¥ & 25 HardyWeinberg 3¥¥-g w3},
Genotype FZolA Hlwaigle o 2epy TEY B4
o 99% = 20%0°] GA genotyped VeI oW, 797
o] AA genotypeg WERAITH 124, GG genotype
< S AEER stk A g 1118 5 198
o] GA genotypeS HAom 102%°] AA genotypes
Btk 9A) GG genotyped R FHIH A A9t}
TS ol¥HTE W UE HEwe 2 ¥
oA 01816 2 (0.16512 et on, AAF k2ol
ME 01447 2 013422 e 1004 ANP #
Aze] G1847A T84S I BT A allele o] 7}

A3 9ded, allele 3 genotype Rl= #4dAAM= &

Abbreviations: 'standard deviation, body mass index, 3trigly-
ceride, “total cholesterol, ®low-density lipoprotein cholesterol,
®high-density lipoprotein cholesterol and lipoprotein(a). *P<0.05.

Table 7. The comparison of the clinical characteristics ac-
cording to the alleles in the Smal RFLP of ANP gene in
essential hypertensives

Mean + SD' (Number)

Variables

GA (No.) AA (No.)
Age (year) 61.3+10.7 (16) 61.5+12.8 (70)
BMI (kg/m?)? 253 +2.8(18) 241128 (63)
TG (mg/dIy® 1487 163.1(10)  136.7+71.3 (42)
TC (mg/dly* 187.8+39.8(10) 159.8 +51.8 (42)

LDL-chol (mg/dly’
HDL-chol (mg/d)®
Lp(a) (mg/dI)’

1212+ 24.5(7)
26.9£10.2 (7)
19.319.3 (6)

101.0 + 28.8 (40)
236 £ 7.5 (40)
18.91 13.2 (33)

Abbreviations: 'standard deviation, 2body mass index, *trigly-
ceride, “total cholesterol, ®low-density lipoprotein cholesterol,
%high-density lipoprotein cholesterol and “lipoprotein(a). *P<0.05.

Aoz {ofgh afo]E HolX] ettt

Table 63 Table 7& ANP #3212 A9l 2 &)
4 Y] AAAZEH 25 7 genotype BE
vk ARs HoFErh Adle] A4, TG, TC %
HDL-cholesterolo] GA genotypeXth AA genotype®]
o A4 vepdod, SATEA o8 iieh =35
24 187 49, TG, TC 2 LDL-cholesterol <

Table 5. Genotype and allele frequencies of a G1837A polymorphism in the ANP gene between normotensives and essential

hypertensives
: Genotype No. (%) Allele No. (%) " pIC?
GG GA AA G A

Normotensives 0(0.0) 19 (15.7) 102 (84.3) 19 (7.9) 223 (92.1) 0.1447 0.1342
Hypertensives 0 (0.0) 20 (20.2) 79 (79.8) 20 (10.1) 178 (89.9) 0.1816 0.1651
Total 0(0.0) 39 (17.7) 181 (82.3) 39(8.9) 401 (91.1) 0.1616 0.1485
Chi-square 0.4788 0.4323

Probability 0.4890 0.5109

Odds ratio (CF) 1.32 (0.68-2.55)

Abbreviations: 'heterozygosity, “polymorphism information content and *confidence interval. *P<0.05.
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Table 8. Haplotype frequencies and linkage disequilibrium

statistics (D', A) between pairs of two genetic polymorphisms
in the ANP gene
Haplotypes Normotensives Hypertensives
C-664G  G1837A
C G 0.0763 0.0817
C A 0.0000 0.0100
G G 0.9153 0.8968
G A 0.0085 0.0118
Total chromosomes 236 196
D’ -1.0000 0.3945
A -0.0266 0.1844
X2 2.5172 6.6634
P 0.6827 0.0100

27k GA genotype®] AA genotypeRth ] &4 et
o} BAEEA ol A JeERER] Qgit

ANP 27212} C-664G tHaAds+ G1837A T A7k
A5 #AE3) Y3le] haplotyped A9
AIE Table 82 UYERAITH £41¥ haplotype
F 22 U v«] 3k Aol vEpA] gsten, 2
T BAXCE fog A% BEHY o

Table 9 2 Table 10&
Aoty C-664G T4 <]

AZS] allele M7} nl<sigon, Fa

73

Table 9. Comparison of allele frequencies of Rsal RFLP in
the ANP gene from various ethnic populations

Sample Allele frequencies

Population . References
size c G
Caucasian
Italian 442 0.98 0.02 Rubattu et al,, 2004
Mongolian
Japanese 480 0.99 0.01  Kato et al,, 2000
Korean 261 0.99 0.01 Present study
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Table 10. Comparison of allele frequencies of Smal RFLP in the ANP gene from various ethnic populations

Population Sample Allele frequencies References
size G A
Caucasian
French 145 0.01 0.99 Ramasawmy et al., 1993
German 103 0.03 0.97 Schorr et al., 1997
German 299 0.08 0.92 Beige et al., 1997
ltalian 440 0.02 0.98 Rubattu ef al., 2004
Negroid
Mauritian Indian 55 0.1 0.89 Ramasawmy ef al., 1993
African-American 104 0.16 0.84 Rutledge et al., 1995
Mongolian
Hong Kong Chinese 217 0.18 0.82 Cheung et al., 1999
Japanese 446 0.01 0.99 Rahmutula et al., 2001
Korean 220 0.09 0.91 Present study
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