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Total Cholesterol and Alkaline Phosphatase are Increased in
D/D Type of Angiotensin Converting Enzyme

Sung-Su Kim'

Department of Biomedical Laboratory Science, Daejeon University, Daejeon 300-716, Korea

The polymorphism (insertion, I or deletion, D) of angiotensin converting enzyme (ACE) gene is designated as the
presence of a 287 bp Alu repeat. The D/D homozygote carrier is associated with high ACE activity, and this high
activity has been implicated with hypertension, coronary artery disease, or diabetic nephropathy. We studied the clinical

candidate marker in ACE gene polymorphism using chemical and hematological analysis. The subjects are divided into

normotensive and hypertensive groups and ACE genotype in the group was confirmed by PCR method. Chemical

analysis was preceded with Hitachi7060, and hematological analysis was performed using Mythic 22. In 116 targeted
people, 17 (38.64%) of 44 1/1 genotype group are hypertension, 15 (34.09%) in 44 with D/I, but, D/D type in the 28
cases is 15 patients (53.57%) in hypertension. In hypertension group, biochemical analysis (triglyceride, and alkaline

phosphatase) and hematological analysis (white blood cell, platelet) are showed high value in D/D genotype of ACE

gene. The relationship between hypertension and ACE genotype is the same results as previously reported and we

thought that the high laboratory value of white blood cell, platelet, triglycerides, and alkaline phosphatase are also

indicator of hypertension in D/D type of ACE.
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A, AEGE Fehe A T 3}‘/}%7\1 A= o
$FPHQu et al., 2001). ACE 71432 intron 1601 4] 287
bpe] Alu repeat®] EA19] ol mEhA 133 DIo=
Urolzith. DDE el 4% Vv DI FEjshs t2A 9
A WellA & ACES] 55 frAlshks 31o% HAilE
I A HRigat et al., 1990; Tiret et al., 1992).

ACE+= zinc metallopeptidase @, ©] Zd¢HS o
T8 AR ACES] #gome= e =4
angiotensin®] &g 8}7}F it} AUl 91+ angiotensin
type 1 (AT D3} type 2 (AT 1) 5 7FA ez} li=w,
ACE<9] =#Hg-o] 9J3)] u]&4d2] angiotensin 1] 2
angiotensin 1= FZE ™, IS FHEA|7|=
©lolo] ®rhi oA QIrh. = ACES] ur&lofo
= AUollA o] 753 aldosterone EHIZE QI H s
EFS A7 dojut ddo] Bskal ard ko] llo]
Hr}h =3 ACEE 83 -EZ< bradykinin®] £/
315 doA gl ¥le] Erhk(Erdos and Skidgel,
1987).

ACE+ RASY| T8 Q1A Z (Forsyth et al., 2004), |
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Fig. 1. PCR primer location and its diagram of PCR results according to the presence of type D and L.

o} A1) endothelial cell?} epithelial cellol] 325 %
= ACE®} angiotensin II (AT )= 3} b9
Fe A= 7Tl vkl LA lomMiller et
al., 1977; Reid et al., 1978) AT [12] 5= 220 A
vascular smooth muscle cell 2] <213} H]|t(hypertrophy) &
fEettha 4 A It Campbell-Boswell and Robertson,
1981; Geisterfer et al., 1988).

ACE F3A= 170 A2A]2] thekshort arm)ol] $]X]
3kaL, A7) 24,070 bpol™ 26709] exon} intron o2 T
’JE Th(Rieder et al.,, 1999). ©]% intron 169 &3} 287
bp B4 5ol wa} AL(deletion, DZ: 190 bp)Z 4
Q(insertion, 13: 490 bp)2] FZZ<Ql t}adAdo] EAsla
oA (Fig. 1) U1, DD, DAS] Al 7HA] 82+ 2kl o

< 18 ddrdzes AuAES 24sks SeA=
D thyfrdxtEct ’\Efﬂ’“” Z}:Loﬂ i3] Bt o A
T7ge] star ZE AL &7de] =2 Wi DD
e A3 A3 L X-linked syndrome T #EAdo] 2
2 Aoz AALE o] gEtHCambien et al., 1992; Jones et al.,

2002)

A7 Aol = 7% ACE SAAl X 5e BAel A
BiLh, AR e Ao R Qg AMES Eole Al
2 dHA JtHKober et al., 1995; Keavney et al., 2000). 4]
B el ACE FrAte] DDE-S #44e) nihel A
Aol F24 WY (Zintzaras et al., 2008)°1 84 E&=
3dAd AT (Ham et al,, 1995; Lindpaintner et al., 1995)2]
AFEE Fol= Aoz deA qurh

ACE 7] frddol whet A&l A7) 9]

AAAE 2HA] = gt A Ale] =Y eI A

2 2hg5to] HaEglon, D allele®] &% 5 ACE
Z\ © 2 X% tHDanser etal., 1995).

Azl wheh v ardehte)

E«l el uhe AstetH, 9

oBsla] 2|32 total cholesterol (T-CHO), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), white blood cell (WBC), red blood cell
(RBC), Platelet (PLT), Hematocrit (HCT), creatine (CRE),
gamma-glutamyl transpeptidase (y-GT), blood urea nitrogen
(BUN), triglyceride (TG), hemoglobin (HGB), glucose (GLU),
pulse 5= 5743to], ACEY] FHxtgol & HAMA %
o] Wgts dolr iz} sl

ATChA

2 AFolA ndPT> FF7] d(systolic blood
pressure) 130 mmHg ©]’o]AY ©o]¢k7] &< (diastolic
blood pressure) 90 mmHg ©]’d o2 Ho|&}3 o, Aol
d aeal 9 o vE 29 7H Ak 23
wo] A &t XMOHHEELQEL 2=%7] 89to] 130
mmHg "Rk AL o]2k7] FSto] 90 mmHg mIRFe|w
W, HEE A sdsk T WEo] glal, o]gh
Agke] 7HE5Eo] glom Hista dAdAZE gl oA
gt A F W 116S tid o= Sgith & AT
EE o] d3AERSE Fd2 Akl did AW

FOAE we F Sapsl

rr

2 xHF X DNA =&

FAg AF Aol AL 12417 o) 28 A 116
o] oY 2 ccE AHE3to] EDTA tbeoll Wol SiLE ¥
Aeka 1 ol 200 pe] FE AMgEe] DNAS
2] &} th DNA 555 LaboPass™ Blood mini kit (Cosmo
Genetech, Korea)5 AF&-31o] Al5ith

O~

A
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DNA SZ3} 2R} S0| SHEAS

ACE +73219] intron 169] 4FSl/2A<EWD)eZ A71E
FA1 T gS glskr] fAsiA 2+ primer ACE-F
(5-CTG GAG ACC ACT CCC ATC CTT TCT-3')¢} ACE-R
(5-GAG GTG GCC ATC ACA TTC GTC AGA T-3)Z ©]
g3lo] FZaPT. TEELS AMNHS 92 DNA
template 1 pgs ©]-8-3ko] Al&et3ith. Aol 31412 190
bpe] W¥ Hol= ZH$-E D/D, 287 bp AYE o] =438t
o 17119] wRk Hol= 490 bpe] B-9-E 11, 190 bp¥} 490
bpo] 27§¢] W& Fo] Hol= A5 DIRE HE3GIT

(Fig. 2)
S 0188 MEBIN A}

N 3 ccE AP F, SST tubeo] Har PA4lE 7]
£ ol&ste] EHS wLElsiglth EElE dF 500 wE
7}A] a1, HITACHI 7060 (Hitachi chemical Co. America, Ltd)
& olgalo] AFE AR AT AR AAl FEe
T-CHO, ALT, AST, ALP, CRE, y-GT, BUN, TG, GlucoseE -
ek 971 PALE AAs.

OH
el

OH
20

!
o

0|8

o
gk
i

= ZiAL

A 116780 "N 2 ccE |83t EDTA tubedl] ¥
3 Mythic 22 (Orphée SA-Medical, Swiss)E ©]-&3to] &l
4 ArE stk sy 7AAl= WBC 5], RBC
=], platelet 5=X], hematocrit 5~X|, hemoglobin =%, %

AEEEEN

574 AR

SAH 24

I

EE 2% A= Origin 8.0 ©]§ 0}03] Hat o 3%
HZH(mean + SD)E ¥ 7|5} o,
frolgt a7t A Lo —r]EH P-valuei= student's
T-testE Aldate] AAh

ACE REXIH0 M2 el 2%

o]gk7] dgte] 130 mmHgE ¥
dor A7t ol Joe v 5 Je
kY] FA1E gle W3
ACE 3289 3= 11 A2 0] 449(38%), DI
AR o] 44 (38%), D/D A o] 28 (24%)°] U
th 11 FARE 0l 447 T E S 1778(38.64%), D/
FAAE ) 4478 F UL 157(34.09%), DD FH 4}
fféfd 287 T LS 1578(53.57%) 2 18I} ACE

FAA] D alleleo] -2 #HO] S AT = U
CKTable 1). Wure] Z9-=D/D, VI FHAFol DI
Az e] FHegtell= E tE 2ol E HolA fdes
& = 2THTable 2).
ACE SHXIH0| w2 M35t AL At

A8}t 7ALeHE-S T-CHO, ALT, AST, ALP, CRE, y-GT,
BUN, TG, Glucoses E&3t= 9714 HA S Aldstgint
ol te] Askety A FEES DAY 1 22 ACES]
AR FAgle] A G| oA
o] 71¢] {IAAINE, ALP (P-value: 0.035), TG (P-value: 0.007),

Table 1. Distribution of blood pressure in different ACE genotype

Genotype D/Dtype  D/Itype I type
Fie. 2. D fTorD ACE M 100 Normal blood pressure 13 29 27
ig. 2. Detecti . I¥
bp ];%\I A ladiizrc ;?JISO or genotype. M represents a High blood pressure 15 15 17
Table 2. Pulse rate per minute in different ACE genotype

Genotype D/D type D/ type I/ type
Blood pressure High Normal High Normal High Normal
Pulse 772 £ 115 783 £ 145 723 + 89 80.7 £ 12.0 749 £ 99 75.0 £ 9.8
Mean * SD.
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FAAE DD 449 A5 BEEY
oA % o
0.079), T-CHO (P-value: 0.113), y-GT (P-value: 0.174)= &

o] =85 < /\l‘}i‘jr(Table 3).

ol A BTt

23%10™ Glucose (P-value:

L PvalueZ

o T nm =2

ACE SIEKIH0| e BoHsix ZAL Z1}

LR

A= WBC %], RBC 3|, platelet 5=%],

=

hematocrit =*|, hemoglobin %] &, & 57F4 HALE A]
i), dAed X% 5 RBC %], hematocrit 53],
hemoglobin §~%] &5 ACES] FAA 3 #Agle]
B G FoAdol Ao AN
WBC FX|(P-value: 0.082)%} platelet 5| &H=(P-value:
0.053)°14= D/D 32483 DI 431 49 8%
ool A Bop gl & S83E HMB

Table 3. Biochemical analysis in different ACE genotype

Genotype D/D D/ "

Blood pressure High Normal  P-value High Normal  P-value High Normal  P-value
AST (IULL) S O 5 A2E IR e 28 21E e
wrwn AR W am PIEOEE e 20 BEE e
orwn  BE T am TE BT e 15 BT owe
wwn BT e T Y we BET MY o
CRE (mg/dl) 09+ 09 % 0568 09+ 0% 080 b0 FOE g6
BUN (mg/dl) 12’3 + I;:} £ 0556 15:8 + 1% £ 0056 1(3):2 + 1(3):2 £ om3
oown EEE OB e R MY e G0 W om
T L
Glucose (mg/d)) 510+ 898 % o079 BIE TR 030 wEE L TIE oo

AST, Aspartate Aminotransferase; ALT,

Alanine Aminotransferase; y-GT, gamma-Glutamyl Transferase; ALP, Alkaline Phosphatase;

CRE, Creatinine; BUN, Blood Urea Nitrogen; TG, Triglyceride; T-CHO, Total Cholesterol

Mean * SD; *, P<0.05

Table 4. Hematological analysis in different ACE genotype

Genotype D/D D/ "

Blood pressure High Normal  P-value High Normal  P-value High Normal  P-value
WBC (10/u]) 80+ HE s bl T2E 0089’ e BE 0
RBC (10%/ul) o = o T 0675 o + o9 £ 0599 o * o T 0467
HGB (g/d]) o + = £ 0218 o3 + o 0130 o + 1> 049
HCT (%) 0 * a8 T 0205 e = 7 T 010, o * w1 T 064
PLT (10°/ul) WA B sy WOLE M9 g ZOBE S IRIE g9

WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; PLT, platelet

Mean * SD; *, P<0.05
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D Feje] ACE 4383 #AuAo] IS <4 5 It
(Table 4).

EhIess
Hl%a}oi XW”#C’J el gk 2ol Bolstr]
aggke] A Ao AT dAVE e Aom
214 ) thMacGregor et al., 1981).

RASOIA 83 A4TE Faeh= 7484 7k 8t
Ul ACE 3dAke] thd/do] ardsh Aol <1jls Al
s A7l dig As A AAHeR B shaks
| ofal FREA o JAFTEe] FHZ Aelo ofsf A
vyl A3E Ro]Fal QtHO'Donnell et al., 1998; Higaki
et al., 2000).

A7 Lzl ACE 312 Well EAiske v /g
13572 Bud v JtHZhu et al, 2000). °|% 7}%
ACE td4d 3 AduAd e vk oy /2
X‘i@rﬂr—‘ll A Aol 7 Bol o8¢ Aol 1D D}ﬁé

#2410t} Rigat 5(Rigat et al, 1990)2] X1 =™
DI @Al D tiHJIAE S 7H o] 18-S 7R
wHTE "7 o] ACE &40l ztol7t vk As
ALERQITE o] % HlE Akl ARt D1 oA Hek
ko] Aol gk Aq-Eo] AHHom s gkt
(Zhu et al., 2001; Bouzekri et al., 2004).

ACE F72ke] 1D v&A 24 23 DI F349 &
¥ QYT St Sl Aol Fol gk tel 7t
gl Aoz vepsth diddxg e val 4o %=
DEE 7kl o] e #9ES 7R R g gt
ERAtH= Morris 5(Morris et al.,, 1994)
gk o]x ] E19‘r dERNS e

o]ollA] Yoshida &
(Yoshida et al., 2000)2] Z3}9} & ']5‘}7‘:‘ ot 29E
Bolek g gl Fwol Exstar gle D HIA
o] HIEE 40.5%=A LE140.0%) T = I
(38.0%) = FrAFSHAl Z2AFE] 21 2 (Say et al., 2005), =<1
(63.0%) 2 Mol Fek64.0%) KHoh= vl WA Yepd
A S|l FHa34.0%)0 HlE] HlaA e NEE
R I TH(Vargas-alarcon et al., 2003).
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