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ABSTRACT

Essential hypertension has been considered as multifactorial disease resulted from the interaction of both

environmental and genetic factors. The renin—angiotensin system (RAS) plays an important role in the

regulation of bload pressure homeostasis. Recently, a homologue of angiotensin | converting enzyme, ACE2

has been focused on as a candidate gene of essential hypertension in the experiments using animal model and

human being. In this study, we carried out an association study in order to clarify the relationship between the

A1075G polymorphism in the ACE2 gene and essential hypertension in Korean subjects. Because this

polymorphism is located on human chromosome X, the statistical analysis for each gender was performed

separately. There were no significant differences in allele distribution of the A1075G polymorphism in the

ACE2 gene between normotensives and hypertensives in the both gender groups, respectively. However, this

polymorphism was significantly associated with systolic blood pressure (SBP) and diastolic blood pressure
(DBP) values in only female groups (P<0.05). Thus, these results may suggest the probable role of ACE2
gene in the inter—individual susceptibility of female group to blood pressure variability.
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A3k Zskg w3l oefs Ay A
ol W7 Fagt 93 29dE F shtol (oA
T, 1995). o] Ak i fllel] whebr] e 1

3]t (essential hypertension)®} o] x}A & (se-
condary hypertension) 0.2 s 4= gled), 2eljA
aEste) A m™gt Fxbe) oF 95% o) e AHA
3tat ghe Aoz A=A sioEAS, 1987).
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A4 DAY Do) A Aol walHA o
& mge A, G fAH 2903 2
4 2elgs 3 AxAgel o) sk
Roz A s

1y

o3l W &8 $-A1A}(candidate gene)
HUE ¥ ohleh o5 Fr A B
A 48l (genetic predispo-
sition) © 2 2R3 @ ] Ho| HEA
(single nucleotide polymorphism, SNP) o] % =
3 ok (Cargill er al., 1999). o] 5 ZojA] R4
TRk Wy Bl Aade) A 22
A2 <A renin—angiotensin system (RAS)E
Hape e ey wEsel $84 4l
& el ATAES A BE F3E Wolgh
©ow, X3, renin, angiotensinnogen, angiotensin |
converting enzyme (ACE) % angiotensin II type 1
receptor (AT |R) §-3 A} ol A= @2 #-83 SNPE
o] ¥ ¢lv}Hasimu et al., 2003; Tsai ef al., 2003;
Zhu et al., 2003; A& %, 2005).

Hzolx ACE §aiakeh 2ol 2h4 elelA]
42%¢] AEA-E ehlin angiotensin [§ 7|22
0] £-3}= carboxypeptidase2] 9%&<3] ACE22}&= A
298] &A47} =& 59} (Donoghue et al., 2000;
Tipnis ef al., 2000). ¢ EAE AlAl|A 714 &
FE2 UAEY, 7 o9e] AdnA e} HAtA
Mz W= oz delHyd Harmer ef al.,
2002). ¢] &A= ACES $-A}s}Al angiotensin 1
(Ang D& 7142 o] &3l Aqk, 10 29| olw|xAb
o2 o]Fo]7l Ang lo|A 2848 ofw] AR Al
Astel 738t A3 422 (vasoconstrictor) Q] an-
giotensin II (Ang IDE AA st ACESIE= Hi,
Ang 102 28] B 13242) ob]wAlg A) 7 3he]
I 4% 7)% 0] 9l angiotensin 1-9(Ang 1-9)
2 A& =31 Ang 1-9% ACE27} ol ACE
o] 98t zhg- 07 282} ofmlicAke] A HH Ang
1-7& AA3=d Ang 1-7-2 78 3t 54
2}l Ang [19}= vt = &2 g=bel ) (vasodilator)
2 g3l Zlew odeA gl Aldyl ACE2:
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ACE2] Ao o) AAE Ang loA = [HA}2
ofmixcAbE AlAS Ang 1-7& AT 4 W7
o], Ang 118] 83 3 7158 Wsiga} 54
of A3 A 715 FAAZIH. oligk ACE29)
Al 7158 B3led, A o|x 2] ACE2 b
A3} ofife] Eol AL ojfom AZFH] £
P9 zEgte) g 2T 5 g A
o} mEbA, ACE2 444 FejA] m8gke] i
FARAET & 4 9lew, o] FAR) ERsh=
A4 Wol7} o] Az Hiue)] oJ3ke miA 7}
430l A7|=E A

ACE2 373174 Q17ke] X g Aol $1=|3t3 3l
or, EqHo] ghllof] o3 o] RAIANAE 4%
F2] SNP7} 7H&H v Benjafield et al., 2004). 1
Zo| A o) $-AAFS] intron 1o $)H 3= A1075G
)3 ACE29] AAF A=Al & 294

woole}l Alg &AQl Avallel] o8 44 H29
F 9l7) el Rejd zyste] 3 AqlE
2171 A 83 /A8 2AE FEE BT

AUt ofel], & AFelME T ATE ez
sfe] ACE2 53#H2] A1075G e Al o] el Ad
okt f2lg A=Al e AE 2AWEIIA 8

st

3

S ERCRTTY
1. AT i
F3q Aeld ACE2 §Rx el EA)she

AL075G3Ae) 2ot e Tt A

Q7 At dgalch 2
o 4=27] P9t (systolic blood
pressure, SBP) Zto] 140 mmHg o]} o] Av} #4H7]
&9} (diastolic blood pressure, DBP) Zko] 90 mmHg
o)Akel 799} #t7}s}A) (anti-hypertensive agent)
2 E43s ARER AdAsiden, ol yhe
et pAE UebiEAs dAsAlE 5884
A= ARES A o= Rkt

ek
o
g
2
[

B} & (total cholesterol, TC) =%}
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ZA A8} (triglyceride, TG) ¥ =3 2+ cholesterol
oxidase &4 =AW} glycerol phosphate oxidase
54 2AYE olaskel Sqsglon, WA Ex
2 (glucose) F=+ glucose oxidase 7 A& o] &
sle] Zx13}9iv}. @A HDL-cholesterol =+
dextran sulfate MgCl, A8 0|83l ZA 3}
om, d3A LDL-cholesterol %%+ Friedewald 5
o &3 TA197)& ol 43 Ak 8
Lipoprotein (a) (Lp (a)) %=+ immunoprecipitation
"k (SPQ Test System, INCSTAR Corporation,
Stillwater, Minnesota, USA)&- o] &3}e] =3 3}5]
o, &3 apolipoprotein Al (ApoAl) %%+ immu-
noturbidimetric method (COBAS INTEGRA, Roche,
Diagnostics, USA)E o|-&-8}e] &4l

A7 HAAES] total genomic DNAE (F)ule]
£l A~ 2k2] Miniban DNA isolatorE ARg-3le] £-2]
stglom, o} PCR WSS 93 F5o2 o4l
gl ACE2 §-AA}e &A3= A1075G t}3Ad S
7A&sl7] g primer -2 d7]9] & o] £33
o} (Benjafield e al., 2004).

Primer ACE2AVAI1 5-TAA C A GTG CAA
GGA TTT AGG-3’

Primer ACE2AVA2 5-AAG CTG CA TGA ATC
ATG AT-3".

Table 1. Clinical characteristics of the study subjects
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PCR uF-2-o]| = 100~200ng9] total genomic DNA,
10 pmol %2 primer, 200 UM %=¢] dNTP, 10
mM Tris—HCI (pH 8.3), 0.01% geiatin, 50 mM KCl,
1.5mM MeChg Z3Hsh= SomLe] Hh-gel g o] &
sledc). oA Fu|® ul-2olg PCR cyclerol A
94°Col| A} 582r 7hdstlar, L o] Foll 94°CollA
135, 58°Col| A} 132, 72°CollA] 185 1F57]2. &}
30%7) B4k PORE 430333 PCR 8kgo] £
Fol, SAE F 10ULE s ATmAQ
Avall2. A 2jste] 37°Cell A} 18A17F WA 7 Feol,
2% agarose gel 17|93} ethidium bromide %344
ofor PG B3l band FefE WA

A
A

s

4. £

ACE2 §3 A= Q17ke] X gAA|el &x18}7] w)
o, ¥ AR B2 ofAtell A gizlel] Ao
2 Vel dAY Agelle, 24 oy 2E
T X 9AAE Feiy] dfel] A G| dF
Az A2 A3} e, A o] Aol o
Aoz Re X GAAE Bely] died] A28
9 £3x3= AAY GGe} 22 33 AgAe AGS]
o]3g A Az EA| g} ulebr, B ATl
= ACE2 $-4=}2] A1075G Shaj A7 2ejd 1d
gte) FAAel I BAE ST W), AE
ofg] v Ao oA EAFAY BAE
uhg o] A fo Al ACE2 42+ A1075G of

& o g2

Mean £ SD' (Number)

Variables - Probability
Normotensives Hypertensives
Age (year) 54.8+10.1(60) 61.0+12.5(101) <0.05
SBP (mmHg)’ 119.6+9.4 (31) 153.5+17.6(39) <0.05
DBP (mmHg) 73.4+7.8(31) 94.1+15.3(39) <0.05
BMI (kg/m?)?* 23.943.8(60) 24.342.9(98) NS
Glucose (mg/dL) 116.3+96.6 (27) 79.3+46.1(25) NS
TG (mg/dL)’ 143.54107.7 (35) 138.6+69.5(51) NS
TC (mg/dL)® 165.6+35.7(35) 164.9+51.1(51) NS
LDL—chol (mg/dL)’ 105.7+36.7 (30) 104.1+28.8(47) NS
HDL- chol (mg/dL)* 28.4+9.2(30) 23.9+7.9(47) <0.05
Lp (a) (mg/dL)y’ 16.6+13.1(35) 19.3+12.6 (40) NS
ApoAl (mg/dL)" 65.7+15.4(5) 108.0 +28.0(20) <0.05
Male No./female No. 20/40 46/62 NS

Abbreviations: 'standard deviation, “systolic blood pressure, *diastolic blood pressure, *body mass index, “triglyceride, ‘total cholesterol,

"low density lipoprotein cholesterol, ®high denstiy lipoprotein cholesterol, *lipoprotein (a), '“apolipoproteinAl and 1 inot significant.
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Table 2. Genotype and allele frequencies of the A1075G polymorphism in the intron 1 of the ACE2 gene between

normotensives and hypertensives

Genotype No. (%) Allele No. (%) 7
7P _ AlldleNo.(%) H' PIC?
AA AG GG A G
Female
Normotensive 17 (42.5) 17 (42.5) 6(15.0) 51(63.7) 29(36.3) 0.4622 0.3554
Hypertensive 16(25.8) 30(48.4) 16(25.8) 62 (50.0) 62 (50.0) 0.5000 0.3750
Chi-square 3.5936 3.1851 '
Probability 0.1658 0.0743
Male
Normotensive - - - 16(80.0) 4(20.0) - -
Hypertensive - - - 32(69.6) 14(30.4) - -
Chi-square - 0.3296
Probability - 0.5659
"Heterozygosity was calculated as H = | —Zpi® (p; allele frequency). *Polymorphism Information Content was calculated as PIC = 1 —Ypi’—

¥ ¥ 2pi’pj’ (p; allele frequency). Frequency is given as a percentage in parenthesis. Observed genotype distributions of female group were in
Hardy-Weinberg equilibrium (For normotensives, x* = 0.2590, df = 1, P=0.6109; For essential hypertensives, x* = 0.0650, df = 1, P=0.7995).

YAE FAKE A% st h $94 1
=7} AR Fol7h A 2] Slahod
S-S54 A olestdon, Aae 494
ol g AA AZAEH G 29257
o) By oABE 2279 U $9A2 o) Fol
A G A A= E8 &R (-7 A (independent

[o3

(<]

ttes) & ol8ato] FH BP0, 3572 A
& 2e @4 e Asole U HA B

(onc-way ANOVAYE olfsfe] BAs)9ch =&
EAA §¢ 422 P=0.052 slgdon, x84
+ Statistical Package for Social Science (SPSSWIN)
version 11.0 X3 73]-8- o] 8-3}o] 48] 38}9iv}.

z o

1. A7 chaxle S

Table 12 & 1629 2] GF tAAE FolA4] 108
We) B AgeH 4] 2eld T 29
WA AZA P A 2HA B I SY=
# -4 A3t ek Aol

A B4 Ash E A7 AelA A4 Ak
3 peld oEGEDAE Ad, $27) A 2
g27) Wsk 2203, 99 TAE A 2o
% 5% 9 ApoAl FEIA F 23] EAH0
ol 2ol e P<0.05).

;

Fig. 1. An Avall RFLP of the ACE2 gene in the female
subjects. Lane M, molecular size marker; lane 1 and
5, GG genotypes; lane 2, 4, 6 and 8, AG genotypes;
lane 3, 7 and 9~ 10 AA genotypes.

2. ACE2 {H™x}le] A1075G ClaiMe| 2x

ACE2 #-318] A1075G w13Ad-2 PCR %3}
AgrE A Avalld] oJste] Hes]z] k= 471 bp
o} Ay fFIALS), o] AgtE Aol 2Jste] 305bp
o} 166bp2 A|F == G AHY FAAR o] F
o124 Aot (Fig. 1).

A4 g EejA el ACE2 54
Zk2] A1075Ge) EAshs s3] A3 o
H§AA EX Table 20 AAH e gleh A4 3
g A mEe fAAE 4 dgeA
A WlED vuie A Y T =
Z7rel] BEAA o=m £-9]31 zpo]E JERYR] oot
on), ¥ Z 2% AYg §Axe] wws} G 9
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Table 3. The comparison of the clinical characteristics according to the genotypes in the A1075G polymorphism of the

ACE2 gene in female subjects

Mean=+ SD' (Number)

Variables
AA (No.) AG (No.) GG (No.)
Age (year) 60.6+12.2(33) 60.7+12.9 (44) 61.0+£8.8(22)
SBP (mmHg)>* 124.2+17.5(13) 137.2+19.6(17) 158.0+41.7 (4)
DBP (mmHg)** 72.7+11.7(13) 83.5+8.3(17) 109.0+34.2(4)
BMI (kg/m%)* 23.943.1(30) 23.7+3.8(43) 24.0+2.3(20)
Glucose (mg/dL) 101.4427.8(7) 128.14+100.9 (14) 85.2+52.1(9)
TG (mg/dL)>* 114.9+34.4(16) 110.7 £54.3(29) 174.3+90.9 (14)
TC (mg/dL)° 171.1+£31.1(16) 160.7+28.8(29) 176.8+78.6(14)
LDL~—chol (mg/dL)’ 118.5+24.3(14) 111.9422.3(26) 96.5+30.5(13)
HDL-chol (mg/dL)® 25.4+8.3(14) 243+8.2(26) 245+6.8(13)
Lp (a) (mg/dL)’ 20.8+12.8(14) 19.84+16.9(23) 16.6+7.1(15)
ApoAI (mg/dL)" 102.0£32.8(5) 104.04+32.1(7) 101.8440.2(5)

Abbreviations: 'standard deviation, systolic blood pressure, *diastolic blood pressure, *body mass index, *triglyceride, iotal cholesterol,

"low density lipoprotein cholesterol, *high denstiy lipoprotein cholesterol, *lipoprotein (a) and "apolipoproteinAl.

*Statistically significant (One-way ANOVA test, P<0.05).

Table 4. The comparison of the clinical characteristics
according to the alleles in the A1075G polymor-
phism of the ACE2 gene in male subjects

Mean =+ SD' (Number)

Variables
A (No.) G (No.)
Age (year) 55.6+11.7(44) 55.3+12.6(18)
SBP (mmHg)? 140.04£20.9(29) 151.1+16.1(7)
DBP (mmHg)* 85.9+14.6(29) 93.4%13.5(7)
BMI (kg/m%)* 248+34(47)  23.9+22(18)
Glucose (mg/dL) 64.8+36.3(14) 1183x121.1(8)
TG (mg/dL)’ 179.44135.3(18) 152.4£68.2(9)
TC (mg/dL)** 173.8+47.7(18) 134.0+23.3(9)

LDL-chol (mg/dL)’  104.4+458(15) 74.7%£21.2(9)

HDL-chol (mg/dL)®  27.3+8.1(15)  28.8+13.2(9)
Lp (a) (mg/dL)’ 163+£12.7(14)  14.4+8.1(9)
ApoAT(mg/dL)" 80.7+31.8(5)  97.6%255(3)

Abbreviations: 'standard deviation, *systolic blood pressure,
3diastolic blood pressure, *body mass index, “triglyceride, “total
cholesterol, low density lipoprotein cholesterol, *high denstiy
lipoprotein cholesterol, *lipoprotein (a) and ®apolipoproteinAl
*Statistically significant (Unpaured t-test, P<0.05).

FAA] MiERe 2 oFhE JePie 38R
o SAREE deRIE o4 AR Ao, 5
A9 Axg Jepf:= ©3A R = (polymorphism
information content, PIC)Zt2 A4} 9k, e
Tk 2 AHA R mE 025184 =8 7re
eldle] $--AF theFA] (genetic diversity)o] ul-$-

¥& Hos ek

ANl BHHT BY

1

343 Ao ACE2 §442] A1075G 84
3 QA AR 8 A SRAde] A
Table 30 eliSish B AFoA o] §04 B3
e o3y Aeld +57) dst 9 ) 4
93 WA FAAY sEs 5% BAE
AL P<0.05). ©)3=, ACE2 447} =4l
PaAel By TE) 9 4L ohet
Aekz Wsre] Al Flodahe $44 29
2o shtd FpsAe AT Aol £E
qheb Az Algdch whelel, ¢ Akl e
4307 Siel 94 & FAsHE wmo)
A% ARAAE vehiole QAT 257 9
% B W 428 A4S vEhiR
ok} (Table 4).

&3m$=l°£n$mlnnﬁ‘-'

o H

B d3e g A9e dAbe=z ACE2 4
Aol EAeHE A1075G B34S BEE AN,
o] el F=al AdollM Gl BeAd 1
dda feldk #AHAe] AdeAE M A 4
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CEPEE

¥ A7l AHst ACE2
Za)5l= A1075G T Al
ekl & el o] 3ap-d=F A (case-control
study)E 4305} 7)o] A3t F-4R} EXjQl Aoz
ebgeh SA T, -l 978 4 A
ML o] $AA chAe] W EE AwelA
A w3k R AFAAL bRl Ot
o} ACE2 Az}l &A1k A1075G tH A2 3
=] dFellA Fel AFeR WAl FltelA T
7% SNPZ, o] dollM = A 2efd ¥k}
F91% VAL deplA 2] dEel 2 AT
Azl FARE oFAFe el ¢t} Benjafield ef al.,
2004). AN, B ATelAE oA AdlA o] 7
Aol £57] "st 9 ] st o3 #-
e vell 7] diell, gk 2 3t o] vy
9] A&s kA wiAlE 5 ol FxA7kA e A
T AFE =g & o, ACE2 £4x12] A1075G
SeAe 457) dgk R ) Akl mAR
&7} (minor effect)E e AL} o] §x12 U3}
s Ao g $AA6) sk Wskel §
Sl e AL A3 fude Q3 29y
(linkage disequilibrium) Aol 917] wjF-of o]2}3}k
A3} he Aoz Amd,

2 o7 AzeA] ACE2 $8x1e] A1075G B3
o) Aol wheh Wskshe] AAMeNA FolE 1}
Bt olft Rala shoit Wz Aaw
2] zAol| A hormone #¥]E v]F£3 A<l =}
o7k 0 moke Ao e g2 waA
A ez Aot FR {fHalel )3t
SNPeh 2ej A wdqhzte] fA-AA oA ekt
A7t }o]& estrogen receptor)—o (ER-o) 5
Ae) Xbal SFANN = HER v} Aok (RA1]
2005) o2 Ao g ACE2 §A44

d o] angiotensin II type 2 receptor (AT:R) -S4 2}

22 2z X @Al Ak ek =85
HE o E Al ACE2 Azt Asahg
sz ofAbel ATl AtelE dehd JsA = Wl
A 4 gehCdE 4 5. 2005).

ACE2 -42}e] A1075G 3] Al2 A3}y
A e #HAAE BHT A3 A4 A2
Selle 8 AW T FoF AN S
chd el W4 AAAE WA 3 FoovE

2. 22}9] intron 19|

SEEJESTAES &

rA‘i i‘l oEL off l"_u i rir oY

L o, _ll)l'

Vol. 20, No. 4

Tzt o7t IR &AL g F4A
Wt & ZaH e v s ¥ AR
o] Fod A9 252 d=HA 9l7]) dil
(Dammerman and Bresiow, 1994; Hegele, 1996), ¢]
S A ACE2 444 dR4el a4 A%
Qg7 fola BN el Asde A
+ A=A F5A9. 32 A3 AF knockout
mouse)Z ©]-&3F AT AE ACE2 §-Ax}7} A4
F5EE 243 F deoz yszle
™ (Crackower er al., 2002), AR AZ A} E A=
ACE2 47 W] 2715k h4he vehdo)
AY BBE ol AT A% VA o
ot} Goulter ef al., 2004). =31, ACE SRS v £

g RASE A3k fAALE &gk 934

| ASAAE v P AR {9
g RS Vel AIAERE o] RuElr] o
F-ol| (Samani et al., 1996), ACE2 §#4x}2] A1075G
SeAel delAE ol sl dE 7
Hab) slg Q7E ATy Felze Ass)
e 4 Qe Aoz 4z,

@2 A Ak Aol A ACE2 &
AAke) AL075G SHAel Hla o8 fAA e
wlma As), @Fel ARl G AP 4% 1
022)7F Al AHQA0)S] BIsIA i3

7 o 2 velyttl Benjafield ef al., 2004). o] =
A W7o Aol g Wi, Ay ae)
A7 3 Hd 98 AT (genetic
epidemiological study)el| A, o] FAA} o} A-E o]

83 A90) NEAH Aolg ekl saol B
Aoz AR, w4t 1% ATe qaow o
T8 sddob uet o AE 97 AoE A
& 2 9le Aoz AZESHKim er al., 1998).

AgA oz, ¥ A7 ACE2 f3Abe) &3l
AL07SG ShRiAel B o4 AslA] 4-37)
Q9 9 B) Y] AR eble 1A
E2AY 7P S AT H folE Far 9l
owm, o] {32} HEA o] HTol deizl Al Tt
F oot RS AgkE datez & Fot A7t
o Zoz Ayztdo.

03 A Q

N

F4 v EA, o)7Fe. gh=elol| A angiotensin II type 2
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