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e stF2l0lAM Apola) T 7|2t XA CiFY0| EF Lp(a) 8=
of ojXle g%

Lipoprotein(a)[Lp(a)l&= =717} ©&3$k apolipoprotein(a)lapo(a)]$} 4] 5
A& (low density lipoprotein, LDL)S] A A 2AM dF v U435 @
Mo #do] e AR AR Atk Lpa)d 8F sE= MU Aol e
H olE F2 Apo(a) A @A B @l A7) § FdH 2o 9% Aol
I g Stk ol & AFae A FEAE dE2® apo(a) FAA
A2 gy A7)E ZRAbete o]Eo] ¥F Lp@)F kel vAe 9 dotR iyt

ol 3l AAd F& AR
1739 (g2 1077, B A
3t Lpa)d w52 EA2H4Y9H (APO-TEK, Sigma Diagnostics, USA)S. & &
AstHh E3 Western blot] &2 Apo(a) ©¥ el Kringle 4 variable number of
tandem repeat (VNTR)E, DNA Z$ZYH2%  pentanucleotide repeat
polymorphism (PNRP)3 +93 C/T ©t84& Atttk SPSSE Abgste] °
A7, ANOVA, &4 2 ALY stslen 2 d3de g5 2ot

1. AN & T (Fd + AFHAHE 541 + 535
nmol/LEA @& g oz AIH BIE B Gxe o4z Zhz 591 +
61.0 nmol/L, 459 4 nmol/LEA EAHozZ {93 zlol:s gt
(p=0.081). 7t %9 22 % EAEAE FT Aol AU (p=0575).

2. A4 339 apola) @19l K4-VNTR-majors 2 97} 15-480] 1
ZFokzke 330150t Lpa)d %9 Kd-majors A& F98 29 ABAAE B
At (r=-0.633, p=0.001).
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3. +93 C/T +AdAE #X& C/C, C/T, T/T ¥ Z+z+ 69.4%, 29.5%,
1.2%, AR ¥l &L C 0841, T 0159010 e™ FAARH W& Lpa) FE=
AR F93% Aol7t AT (p=0.171).

4. PNRP #3282 (TTTTAN 971959 2 2 o 8/8 (58.8%),
9/8 (28.5%), 9/9 (4.8%), 8/5 (42%)9 X E BYon JUzt 893 xol= ¢
Ao (p=0.196). HHAA v¥l&L 8 9, 57} 24z} 0.76, 0.20, 0.03 ©]ct. PNRP
FAAE ME Lplas s FAMLE Fo3 Zol7t AT (p=0.196).

5 +93 C/T #4243 PNRP fAx¥e 435 d#4XNS B 9, CC
TG o] 82.3%7F PNRP 8/8 a3l Ao vls) 9/8 FAAHL 62% o] &
S wbdA, C/T A8l 780%7F 9/8 HrHE<Q Aol Hlal 8/8 #HAEE 80%

of B3t ZAHoR Fo3F 4#A (Spearman r=0.723, p <0.001)< YEFHY
on +93 C/T #3A¥3} PNRP &dx dgd4zlols 78 A48 279
(linkage disequilibrium)©] <& &4 & AL}

6. Lp(a) =9 #AT vdF 34 A4 ZA7, K4-VNTR (p=0.0001)3}
LDL Ed2HE (p=0.002)2 F93 4#4L BJoy PNRPE £93 Aaa
o] glAth.

AZAH o 1ol A apo(a) ©¥227] (K4-VNTR)E Lpla) 5
Tol 43& FAT PNRP £& +93 C/T 432 dgdXe 4ads =i
o2 AU
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o
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variable number of tandem repeat, pentanucleotide repeat polymorphism



& gt=2l0l A Apo(a) ©Hdf 37|t REAF CHYA0| S Lp(a)
SO oX= g%

A% UHB Ras>
AAeE ekl o st}

L33

% A9 (low density lipoprotein, LDL)} -A}&F

-_

Lipoprotein(a)i= *H
AgwogA thyggds Holx Bl apolipoprotein(a)lapo(a)l7} o] &3t A

o2 LDL A" S olFx Ut Apola)= plasminogend 78 AEt

€ Hol& kringles ¥t dlozA TUAZ dye dBoste Hoz

BN

a4 Atk Apo(a)= plasminogen® )¢ H]Z37] wioj fibrinolysisol] A1

plasminogend ZR ¥ oz Walgrt’ A4 2 A9l Lipoprotein(a) 3% 5=

0 mg/dLelA 200 mg/dL74A] thefsly 2 Lp(a) 8% $5& B459Y ey

HEME B2 FHAsE A3 EPHA f4gagle] waA Ukt o=
=

Mo h ofalolQle A Ealsn, oo B e Aoz deix gop?

ox o
L

P

N
N

Lp(a)9] s=& Wl vl3] F<le] w1 T3 1FHo 2 zol7t dutm Le A
9‘}]\]:}_-5,6

ME A WelHE Lp@e) FE7E SR, AART AsA o
10008} A=7bA] 2 zbel7k U Ao gl A gk Wl Aladd ®5 o]}

7bE ZAFE B Lp@)d Rt fAH02 Ao Hn 1 Fo% apola) G4
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Aol 9 Lpa)sEe) 90%cl4e AN Aoz WAL Apo(a)d
repeated Kringle plasminogen® 4W® Kringledt w1 A7) &
Kringle 48t3 3t} o] apo(a) Kringle motife] repeat 3]4= (variable number
of tandem repeat, K4-VNTR)9 ztolz <QlsjA e =Aviyp AALHD
K4-VNTR¥ Lp@e ¥F %t &9 Ad#dAsZ ddn gad Jogth
Boerwinkle5(1992)& apo(a) K4-VNTRo| Lp(a) s&=d 7AE 4FL F 69%
2 M9’ 1 99 g FAHYU 89l FAsE Aoz F2FHu Utk
Cohen(1993)& apo(a) HHFHAAS] Z7|7F #2 7HA d+olA DNA Single
stranded conformation polymorphisms (SSCP) ®W¥Ho2 apola)fHd2te] 5
flanking region, K4-1, K4-33/34, K4-35/36 91x¢] &8 A& 748l Lpla) ¥
wob dwAol At AL WHh® a8y K4-37614 4168 Met/Thr ©H4 &
p(a) ol Qo] fiodch
Kraft5(1992)2 apo(a) signal 9714 <€ 14kb NZW58¢ % apola)f

2] promoter H¢o A% pentanucleotide repeat polymorphism(PNRP)&
Lp(@9 s%el 4%¢ F& A2 ANSAR” #FA& o2 apo(a) XE
3 9 Pentanucleotide(TTTTA) Repeat’} Lp(a) %ol v X+ A7 2¥d s}
QrE® 2y o] Aol A& Lpla) % F4E apo(a) K4-VNTROl 4%
€ W 5 AdE S AR ATE F3, £¢ polyacrylamide gel2 @&
2]3l apo(a) phenotypinge oA 7}A] #2229k 73l K4-VNTRE 943¢&
dgel st FutteE A AAJ FH AFH o2 kAR FAg B
AL Aoz 3 A7 A= PNRPY 357 88 38 Hu}f 98 443

Lp(@)9) 9m Qe 74 F4& BAG” 28y of 4T 44l apoa) £@
Hg A4 7HA] wozvk #f3le] K4 VNTRS 83 zashA 53 A7

M

¢

At EI FHTo+= Apo(a)RHAFe] 5 untranslated regionoll & +93 C/T
HAL CoA T=Ee WH3tZ <& AlZcodond WH37F A AA in vitrod ol A
60%7tA apo(a)frA el Fdel Zastgdcn b o] gyHe wE o~



Egolloly} divlz, Xy 23l FdAAE Lpla) FEd & 9FE FA FUA
gk ZololME C/C FAAE v& C/T +3za3AA Lpla) =7t 97 UA
Z2stA B dEABgME C/T +3AES vFaM 5 %9 it g4l
9]&) apo(a) FAAe] EE (expression) ¥ Lpla) ¥E=7F 94Fe wevf
7b ok

B ApoME 2ol M K4-VNTR, PNRP, +93 C/T F3zgol <%
Lp(a) %9 d3& H7t3tdt

o
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AT ARG R E F& B2 AY 404 ol A
F ARA 173E S e iy dxlor FASUT. 1241 FA4F
S K" EDTA vacutainer tube®} plain vacutainer tubeol 33+ % plain tube
o] AAle A #gsted K4-VNTRY FAH S Sla -70C o]stol] W& BEH3A
o DNAHALE #% EDTA A AHAE -70C olstel] W& R@stch A4
< et W AL 55268 (n=107), HAe] BT AL 532£754
2 (n=66) FE37t Fo3 ztole YA (p=0.072). HAF FA Fx, 7+ AEH 2
i AER 23S /AT AU SFAAEIE B Hole didAs A3t
pidas

7}. DNA &
-75C Y% R3¢ tripotassium EDTA &84 A R
Easy DNA® (Invitrogen BV, Gronigen, Netherlands)Z A& DNAS >

10
I
o
ol

nif
QL
3
°

L. Lpla) BFS4

d3Y  Lp@e 24L&  sandwich ELISA (APO-TEK, Sigma
Diagnostics, St. Louis, MO, USA) WH¥ & o] &3|A FAH AT HAAF e o
S #Zokrh 11400 B AE AL Ak A 671A vk P EA a8n
27HA = WEzEAHE 100 ulL¥ #H3ske] microplate welld] ¥ $ 37TolA



60E 7 WA AT MHAoz 534 AHL § F conjugate® 2+ wellol 100
ul® @il oAl 37Tl M 60837 SEAIZ Y. oA 5514 AlFe st TMS 713
S 100 uL¥ ¥ H2olA (18C-26T) 2087 WAz th v AAYE 7}
wellel 100 uL® Y3 450nmol A ELISA reader® 30% olujo] LM E & A3}
Aok BAEAE 7IFeg 7t AAY Lpla) T2 A&

o] W& anti-ApoB @A S A& oz oo}l apo(a)®] K4-VNTR| ¢
dge Fase PPoz A Uk’

thAzbe] & A& Hitachi 747-200(Hitachi, Tokyo, Japan) 2H& AY 3}F& 4]
718 A28t & F9 2 H E(Total cholesterol, Daichii, Tokyo, Japan), %4 A%
(Triglyceride, o}2FAloF, A& %), nEE=xdhd] Zg ¥ E(HDL cholesterol,
Daichii, Tokyo, Japan)& &AMOZ FAsgon, AUA=RAGY FxHE
(LDL cholesterol) #< Friedewald &4 22 4+&3at9c}”

2}, Apo(a) K4-VNTR 27

Apo(a) K4-VNTRS a4 % SDS-agarose Western blot®¥H S A3}
Atk ?* 48 beta-mercaptoethanol#} ¥H$-A1Z1 Fol 15% SDS-agarose gelol
ofste] 20417t B WaEol A EEF $o 3A¢ F<F PVDF membrane]
Abeted & FE 3<lapola)@d A (Perlmmune, Rockville, MD, US.A)E RESAIZ
S M2 F A2z} A e WS A7) a1, ECL western blotting 2 & apo(a) T8 ¥
S AASHG. IA A9 apo(a) isoform ¥FEF (Immuno AG, Vienna,
Austria) EF A& AHE-ste 7 band9 ol F Aol Wi HAY olF A A
A& 53 K4-VNTRE A&tk fdH o2 2 bandE K4-major2 23
}d i Ag bande Kd4-minor2 ZAA3ATH T band® $E7F 5d& A=

g



K4-VNTR® Z7]7b & RS Kd-majorz AAR3}HG* &8 F isoformF
K4-VNTRS 27|17} & AL K4-small2 2717} 2 AL Ké-large® Q>
K4-VNTR band7} & 739 2ol ZAS-o& ol & Kd-small? K4-major2 35l
K4-large?} K4-minore $lv RAoZ 53 ¥ . K4-small#t K4-largee] H#&
K4-meano & AH&8At” &, & 719 band? H¢ A$E o band®

—_

K4-meanC 2 7+F3gth o] ¥HH LS apo(a) genotyping® £& A4#AAE 713

He ok Qe

o

o|N

v}, Apo(a) FHAe)Al 9] +93 C/T HHAE =4

+93 C/T #+#A82 ARMS (amplification refractory mutation system)
oz Bty

(1) 100 - 400 ng®] %3 DNAE AH&3ict.

(2) 2zt #AAE=Z 2719 PCR (Polymerase chain reaction)®t2-& FH]3At}
CTUP, CTLO, C-specific, 28]3x T-specifice@ ol& £ vl FF<2 DNA
primerg AM%3}th. DNA primere] 9714498 23 ket

Upper: CTUP 5'-AAA GGC AAT GTG GAG CAG CTG AG
Lower: CTLO 5'-TGA ATT GCA CAT AAA GCC ATG GC
C-specific: 5'-GTC CCA ATC CCA GGA CG
T-specific: 5'-GTC CCA ATC CCA GGA CA

Z}z+e] PCR tubeo] 100 - 400 ng® DNA sample®} CTUP primer 0.6 mM,
CTLO primer 0.1 mM, CET TE©°] primer 0.3 mM, MgCl; 0.2 mM, dNTP 0.2
mM 283 Tag 53 &4 (Takara, Otsu, Japan) 05 US 7Z}Zt Yo & w3 PCR
%2 20 uLZ &}

(3) 95°Coll A 387t denaturation® Al Z T}



(4) A WA PCR¥A!: denaturation temp. 94C 40%, annealing temp. 64C 30
%, extension temp. 72T 30% # 153] ¥rE-& g}

(5) ¥ WA PCRYA: denaturation temp. 94C 40%, annealing temp. 55C 30
%, extension temp. 72T 30% % 253] ylE s}

(6) vkx1gt PCR3-o] 72°C 5% 3t extension A%t}

(7) 395 bpel apo(a)§eol ZAI}E3 225 bpe CEE TEHo] AAELS 100 bp
-DNA ladder (Bioneer, Seoul, Korea)®} 37 2% agarose gelZ 20VollA] 9083t
7195 % ethidium bromide® FA3ste] UValolA #23% Tt

(8) UV #xoa FXHdA DNAE sty AbY #EFsdt

C EolA wrgolArvt 225 bpel band7} HolE A%+ C/C homozygote

2 T Eo]3 urgoAut 225 bp2l band’} Hole A$+= T/T homozygote® %
Zo|X 2% BolE A$E= C/T heterozygoteZ A4 &t}

vl Apo(a) 4 A}oll A 2] pentanucleotide repeats polymorphism (PNRP)& A

AAL A ZEERE NI 7438 1373 bp X< 5 control F$ o
EAstE (TTTTAn ¥HE<2 PNRPE PCR¥: Ext#Eo] w2 A7|9%4e oF
£29 ol B
(1) 100 - 400 ng®] F&3% DNAE AM&3t4th
(2) PCR ¥r&& #4339 th Pro 1A9 Pro 1B2 ©olF £ ¥ F79 DNA
primerE AM43t9th® DNA primer 9714 9¢ &3 2t

Pro 1A: 5" GAA TTC ATT TGC GGA AAG ATT G 3

Pro 1B: 5 CTT CAA CCG GGG TGA GAG TCT C 3
PCR tube®] 100 - 400 nge DNA sample®} Pro 1A} Pro 1B primer 272t 0.5
mM, MgCl, 0.2 mM, dNTP 02 mM 2813 Tag 28 &4 05 US 212 Wol %
H-8- PCRY2 25 uL= st}



(3) 94C 2%3F denaturation Al ZIth
(4) PCRZZA: denaturation temp. 94C 40%, annealing temp. 62T 30%,
extension temp. 72C 30% % 353] wE-3 ).
(5) vkx8 PCR$o 72T 5%t extension Al #H T},
(6) PCR A3 ArEE 10 bp DNA ladder (Gibco BRL, Gaithersburg, MD,
US.A)S &7 35% MetaPhor® agarose gelol loading@tx 120Vl A 160%3h
A7) 4%3te ethidium bromide® @M &te] UVatolA #2stdnt
(7) UV #Hoz2 SEd DNAE Flsta Akl #2938 At

PCR¥ 43 4% 7% 10 bp markerst ®la Z733e] PNRPS] u
E 34 E A4 DNA $3F Fo 95 bp 27|19 AHEe] ##H= A
(TTTTA)g, 100 bp Z719] Ab&Eo] Hole A%v (TTTTAWZE AAFHY 1
3] 9HE 349 Aol 5 bpol A7| zolE BTk A AFEA dy e band
7} Bole 749+ homozygoteZ F 709 band’} Hole A%+ heterozygote®
A4 HE. Heterozygote?d 7%l 22 A7]9] WEAAY ubE 3¢E
PNRP-small2 & 2719 tjglxte] wrE 314+F PNRP-largeZ #43% 3L, ©]
F gzt wkE3o] HS& PNRP-meanl 2 AbEstdion), ¥ diyelar wt
B340 o] & PNRP-diff2 AHE3td 3 o] W4& Rosby ¥ Berge WH S u}
& ZolUtt®

il

w

A 24

e

spSS® 90 for Windows Z21% (SPSS Inc., Chicago, I, US.A)S =2
independent T-test®} z? %A, one way ANOVA, 18] Kruskall-Wallis 74
S Adsta AARE BHAT ddTY Lpla) %59 E¥7F @& g oz
AgE AHRE Ho|BZ(skewness = 2.29) AAdi+Z W3 LN[Lpla)]e =)

2 whe] whazkA Mo E FARYE ARstdleh
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7F 493 C/T #4dA¥ Y A, & CC, CT, TT A 7H4 448 2 2+ ggql
Abol W& Lp(a), LN[Lp(a)] ¥%¢ #to]& one way ANOVAS}, Kruskall-Wallis
Aoz A48t

towhd A & +93 C/T #3238 | PNRP, 28]3 K4-VNTR9 7+ &7
ol WMEe) Aol YeAS x’ HPoR EMFALG

ood Uy e wE 5 oTelA tidatel By Ao Holek 4™ Lpla),
LN[Lp(a)]®] =l ztel7} gl&=7tel sl independent T-test® B] w3} ),

2. PNRP9 th@d4d 3 2 digdatel] o 253 72t FolA Lpa), LN[Lpa)]
ol #Fol7b l=7tell thal one way ANOVAS, Kruskall-Wallis A4 o2 &
A3kt

vl PNRP9 % digdzte} &, kel Lp(a), LN[Lp(a)le] % 7to] AaaAS
=4 s

gt K4-VNTR# Lp(a)e] 5% A@AHL BAsA).

Ab Lp(a)®] %+ K4-VNTROl 23 B3 43S why] wFo| Pentanucleotide
repeat ¥ +93 C/T FAHAF] 93 9GS 271938 K4-VNTRE 7)1&o0=

A RS g drel ZF 9 FellA) PNRPSF +93 C/T Aol 93k Lp(a),
LN[Lp(a)]® #%xo ztol7} Sl=7lol tha] one way ANOVAS}, Kruskall-Wallis
HA oz 48t

of. Lp(a), LN[Lp(a)]¢] F %ol 4 e
o2 E4ste p<02 Q! JIAES e g5 ARAS e

o]

{3

_1:1,
N
N
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1. 8% Lpla) 5=

3

)
8
i
@

A = 1739 A Alde Lpla) Hd ¥5¢% E At 4.1 +
535 nmol/Leolien HAgh Hua2 22F 1.4, 3683 nmol/Lol® FUa2 42.3
nmol/Lellth  Lp(a)d] w%& ®XE 22 #¥ez  HIHo YU
(skewness=2.28) (Fig. 1). Lp(a)¥] 5 & Addi+E ¥3 AZE = LN[Lpa)]
PF Frot FFAAE 353 + 1.04 olfoew FI4L 375 ArHFig. 2). Lp(a)
59 A LogWEF skewnessE -05472 HIA o] ZoEJY. FAEY
Lp(a)9 Ho F=9 FFHAE 591 + 61.0 nmol/LH 2™ AR FollAE 459 +
374 nmol/LZ F wolA Lpa)®] F%& Fodd zol& HolA U (p=0.081).
LN[Lp(a)]2 ®& F Jdizte] zolE HE 9 P & 357 + 1.11 9o
Az2b Foll M= 348 + 0.93% FU ke Aol {IUTH (p=0.575).

60

>
(&)
c
53
=]
T
©
1
w
0.0 80.0 160.0 2400 320.0
400 120.0 200.0 280.0 360.0
LP(a) nmol/L

Fig. 1. Distribution of serum Lp(a) concentrations in
normal subjects(n=173).
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30

20 9

Frequency

o

25 1.25 225 3.25 425 5.25
75 1.75 275 3.75 4.75 575

LN[Lp(a)] nmol/L

Fig. 2. Distribution of serum LN[Lp(a)]' concentrations
in normal subjects(n=173).

" LNI[Lp(a)] means natural logarithm value of Lp(a),
nmol/L.

2. Apo(a) £¥€ 3%, K4-VNTRA A

S F 17399 Ad i AF 749 (428%)o1 M T JRel bandE BRI F
Ao 99 (57.2%)N A F Y bandE E = IdAW (Fig 3). F 7§49 band
£ Hole A% #& band (K4-majon)E 7|To& & o B¥E= 15-480]9 0w
TGS 33, AWl 359 (Fig 4). 998l A Bl €2 band (K4-minor)ol] A]
EEE 15450199 T2 36, ANl 3440 (Fig 5).
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6l25 27 28 29 30 3134 33 35’“ 24 37 38 193233 41 424439

 ud — - - - - - - - - - - - -

393329 Ns 35 Ns NsNs Ns 40 36 Ns 29 404239 37 NsNsNs

ABCDE FG HI JKL MNOP QRSTUVWX

Fig. 3. Apo(a) phenotype, K4-VNTR determination.
Lane A, L, M and X are size marker. Each lane’s two numbers
mean that upper number is K4-major band and lower is K4-minor.

30

Frequency

15 21 23 25 27 29 31 33 35 37 39 41 48

Number of K4 repeats

Fig. 4. Frequency of K4-major number.
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Frequency

Number of K4 repeats

Fig. 5. Frequency of K4-minor number.

3. Apo(a) FHANA ] +93 C/T FAAH

+93 C/T FX¥A% VAL Fig. 634 Zo] Ao dda 17395 C/C #
AAE L 1209 (694%)e2 1 RIE7E 7 E=ohkonw C/THARHL 519
(29.5%), T/T FdAEL 2% (12%)9 W=EE Jetddrh dddx v &L C

HEAA 0841 B, T AR 0159 o|Ark ol 93 +93 C/T FHAFHY

=

xpoles §938HR] 2ttt (x2=1.916, p=0.166; Table 1).
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Table 1. +93 C/T genotype frequency in male and female

C/T genotype

c/C C/T /T Total
Count 70 36 1 107
M
% 65.4 33.6 0.9 100
Sex
Count 50 15 1 66
.
% 75.8 22.7 15 100
Count 120 51 2 173
Total
9% 69.4 29.5 1.2 100
3 i i 13

¥o10 11 12

395bp product

P * @

L - - - - e G 225bp product

Fig. 6. Apo(a) +93 C/T genotype by amplification refractory mutation system.
Lane 1, 100 bp ladder marker; lane 3, 5, 7, 9, 11, 13! C-specific PCR product;
lane 2, 4, 6, 8 10, 12: T-specific PCR product; subjects A, B, C, D, E : C/C
homozygotes, subject I C/T heterozygote
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4, Apo(a) A z}oll A 9] PNRP

PNRP #4238 #4& Fig. 73 #eo] stdth AA 4z 171389F &4

{

o] 71539 d 8HE A3 165WF 88 FAAY L 974 (588%)e2 1 HIE
7 MR =9kon 9/84AAF L 479 (285%), 9/9 FAAH L 8W (4.8%), 8/5
SAAFL TH (42%)9 HNEE YJepHACY. thHEe A ¥ &L 83 wkEo] (.76, 9

3] whEo] 020, 181 53] ®¥FEo] 0.03 °|glth A4 93 PNRPY ol &

o ahA &} (x*=1.675, p=0.196).

Fig. 7. PNRP determination by PCR and 3.5% MetaPhor® agarose gel
electrophoresis. Lane A, E are 9/8 heterozygotes (100/95 bp size bands are
seen), Lane B, D are 8/8 homozygotes (only 95 bp size band is seen), Lane C
is 10 bp DNA ladder.
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5. Apo(a) 883 Lp(a) =9 #A

K4-major®} Lp(a)®] ¥t &9 AIFAAE 2AY (r=-0.633, p=0.001)
(Fig. 8). K4-major®t LNI[Lp(a)]ztell® A d#AAFE -059824 F9 @
AZE YERAAT (p=0.001). K4-mean¥} Lpa)E 9v] & &9 43AAS 2

o (r=-0.555, p=0.0001) =3 K4-smallE Lp@)9E o7 e 29 AAPAE
Bk (r=-0.530, p=0.0001)
Y = -6.849X + 273.0 R*=0.408, p=0.001
400
300 4§
200 +
< o ’
©
£
C 100 o
g
8
©
2 o0 . . ol - Al NGt
10 20 30 40 50

Number of major Kringle 4 repeats

Fig. 8. Regression equation between K4-major and Lp(a)
concentration.
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6. +93 C/T FAAF#H Lpla) ¥ #A

C/C #A8A A9 Lpla) 5= EFHA7F 539 + 48.8 nmol/L ©]
dom C/THAE AFZe] 563 + 640 nmol/L, T/T 2@ Atge] 103 +
1.2 nmol/LE YEt AT (Table 3). +93 C/T #AAEH 23 7} HFH&oA 9
Lp(a)9t LN[Lp(a)le] FE& #9& #o]E molx @kt (x°=3537, p=0.171).

7. K4-majoroll W& 2z} oA +93 C/T A& Lpla) 5E=99 #A

K4-VNTRe] Lp(a) F=e WA= FFE Hast A7171 A3
K4-majorg 26°]s}, 27-28, 290149 ML, M, )22 UYx & 7 Fola +93
C/T A%l Lp(a)¢t LN[Lp(@)lel vA& dFs 2% uf {3 o=
Bolx gtth (Table 2). Mw 3 LIolA C/C FAAE A C/T FHx38 Apoje
Lp(a)s =2 Aol& HGS d 9A FAHZ {F93 AAoje AU (MT,
p=0.556; La*, p=0.459)
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Table 2. Lp(a) concentrations according to the +93 C/T genotype by
K4-VNTR groups

K4 Lp(a) nmol/L LN[Lp(a)]'
C/T Poly n —————————————— p value p value
Group Mean SD Mean SD
C/C 9 39.8 333 0383 3.32 0.95 0.383
C/T 42 355 255 3.22 0.96
. T/T 1 9.4 2.25
Total 139 38.3 31.1 3.28 0.95
c/C 9 76.5 430 0197 417 066 0.197
M c/T 2 95.6 324 4.53 0.35
Total 11 80.0 405 4.24 0.62
c/C 15 130.4 60.4  0.480 475 055 0.480
C/T 7 169.7 104.6 4.96 0.67
- T/T 1 11.2 242
Total 23 38.3 3L.1 47 0.76
C/C 120 53.9 488 0171 3.56 1.02 0171
C/T 51 56.3 64.0 3.51 1.10
Total
T/T 2 10.3 12 2.33 0.12
Total 173 54.1 53.5 3.53 1.04

" LN[Lp(a)] means natural logarithmic value of Lp(a), nmol/L.
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8. PNRP¢} Lp(a) =9+ oA

PNRPol @& Lpa)s=d #Fol& H%e o, 88 F#AAFL Lpla) &
=7} 506 = 440 nmol/LE 2™ 9/8 F A& S 573 = 64.0 nmol/L, 9/9 A=}
g2 40.2 £ 537 nmol/L, 85 FHAHE LS 798 + 848 nmol/LE YEMAAT. 2
FAAHEY Lp@@9 #o& 2olt 8l (1’1675 p=0.196). LN[Lp(a)l9]
g Fol= PNRPIl 9% faxgze) Hole Foshx @tk (21675,
p=0.196). PNRP 9/9 fxdx4& A Lpla)s e Bao] 9/8 ol nls] @& 314
H RFoy FAHCE Ho3 ol HolA ¢kthp=0477) (Fig 9). 28y
Lp(a) %9 PNRP 7 t¥AdAe] Hw<Ql PNRP-mean & ¢FebAIgE 93 &
of A#BAE HAY (r=-0.1596, p=0.0466). PNRP F+ @iz F 2 7
PNRP-small?} Lp(a) &%=¢%e Fo8 &9 AAAAE =2ADG (r=-0.198,
p=0.0132). PNRP + tig<lz9 AojQl PNRP-diff$} Lp(a) #=¢v Fog &
o A#AJAE EAY (r=-0.176, p=0.0277). PNRP digdzx F & A
PNRP-large®} Lp(a) FE9= 4#Adol gl (p=0.971).

300
200 o
<
©
£
C.
. .
j ey
Re]
: j .
& o0
O
C
o]
(]
G
2 100 . . . . .
N= 7 97 47 8 2
8/5 8/8 9/8 9/9 9/5
PNRP

Fig. 9. Lp(a) concentrations by different apo(a)
pentanucleotide repeat polymorphism groups.
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9. K4-majore] w2 Z+ oA PNRP$} Lpla) §=te] A

K4-VNTR& 2603, 27-28, 290149 AT(L, M, He2 Y& ¥ %
oA PNRP #32t d&Ado] Lp(a)dl v 9% Hke o, Hex LT, 1
g AAdAE FAHoZ #Fo% Aole HolA gt ot M (K4 VNTR
26-28)1 &= PNRP fdx8go] 882 ZS-Hth 9092 Af Lp@y v% %
LN[Lp(a)9] gte] g zte]lE Btk (Lpla): p=0.014, LN[Lp(a)]l: p=0.006)
(Table 3). L&}, o] 9 47} HojA (n=10) &n] Y ZES W77t o
poa=g

Table 3. Lp(a) concentrations according to the apo(a) pentanucleotide repeat
polymorphism by K4-VNTR groups

K4 Lp(a) nmol/L LN{Lp(a)]
‘ PNRP n p value p value
Group Mean SD Mean SD
H 8/8 85 40.6 336 0.302 3.36 092 0302
9/8 33 38.8 26.3 3.37 0.84
9/9 5 214 185 2.54 1.38
Total 128 39.3 312 3.33 0.92
M 8/8 5 100.8 346 0.022" 4.66 030 0022
9/8 3 67.0 85 4.20 0.13
9/9 2 229 0.9 3.13 0.04
Total 10 795 427 422 0.65
L 8/8 7 130.2 51.3 0.779 4.79 043 0742
9/8 6 169.7 1214 473 1.23
9/9 1 168.4 5.13
Total 14 146.7 79.7 4.80 0.75
Total 8/8 97 50.6 44.0 0.391 3.53 098  0.391
"9/8 47 573 64.0 3.60 0.99
9/9 8 40.2 53.7 3.01 1.37
Total 152 52.1 51.3 3.52 1.01

* p-value < 0.05
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10. PNRP} +93 C/T fdztg o] A

PNRPe} +93 C/T +32 th&dzte] A4S SAAL2 &A% 25
A3 A4y vy gdstdrt 11389 C/C #3AE %5 823%7F PNRPZE
7 88 FAAYE S Yegen 98 FHAHL 62% Ath oty xAH o=
5089 C/T fAAE oAM= 78.0%7F 9/8 &4
de 80%AM TAHCR {3 A4S & F UMY (spearman r=0.723, p

<0.001) (Fig 10).

o,
mlo

J

Ho

120
100 4
80 1
60 4
g
> 403 C/T Group
Q
3
(2]
S
S 204
(1) .
e}
5
=z 0 . o NN N NSNS
10/8 7/7 85 8/7 88 94 95 98 9/9
PNRP

Fig. 10. Linkage disequilibrium between apo(a) pentanucleotide repeat
polymorphism and +93 C/T polymorphism.
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1. BZ 3 AN E o] 43 Lpa)9 LN[Lp@le s 43& F& 2dx B

Lp(a)9t LN[Lp(a)]8] Fxe 4% & & + vz A= QA A3,
48, PNRP-large(27§¢] tHH<IAS &), PNRP-small271¢] digdAs 2e
F), PNRP-mean(27§ 2] ol g<1x}2] H), K4-major, K4-minor, K4-mean(27} ¢
At F), K4-mean X PNRP-mean(K4-mean® PNRP-mean® #), C/T

L2

228, 8% Total Cholesterol, 8% TG, 8% HDL Cholesterol, 18] &%
LDL Cholesterol®] |&& ztzt 4#&AE A 47 Lpla)d 9FE F& ¢
AtE K4-major, K4-minor, K4-mean, K4-meanXPNRP-mean, &% TG, 8%
HDL Cholesterol, ¥% LDL Cholesterol2 YElsten] LN[Lp(a)lel 93& F+=
A= d®, K4-major, K4-minor, K4-mean, K4-mean X PNRP-mean, &3
Total Cholesterol, ¥% HDL Cholesterol, ¥% LDL Cholesterol® ue}ytt}
(Table 4).
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Table 4. Simple regression analysis

and other risk factors

between Lp(a) or LN[Lp(a)]

Lp(a) LN{Lp(a)
Factor

F Sig. F Sig.
Age 2.718 0.101 3.965 0.048"
Sex 2.479 0.117 0.315 0.575
PNRP-large 1.373 0172 0.903 0.343
PNRP-small 2.739 0.100 0.584 0.446
PNRP-mean 0.383 0.537 0.016 0.899
K4-major 119.4 <0.001" 985  <0.001°
K4-minor 9.91 0.002° 5.481 0.021°
K4-mean 77.19 <0.001° 57.3 <0.001"
K4-mean X PNRP-mean 29.93 <0.001" 2464  <0.001°
C/T genotype 0.033 0.855 0.767 0.382
T. Cholesterol 3.59 0.060 4.762 0.030
Triglyceride 4.938 0.028" 1.716 0.192
HDL Cholesterol 4.234 0.041° 4.763 0.030
LDL Cholesterol 4510 0.035" 8.284 0.005"

* p-value < 0.05. PNRP-large means the larger VNTR
PNRP-small means smaller band two alleles. PNRP-mean means the average
band of two alleles. K4-major means the number of VNTR of denser band by
human eye on SDS-agaorose gel ECL western blotting method. K4-minor
means the fainter band by human eye on SDS-agaorose gel ECL western
blotting method. We regarded the smaller band as major band, if the two band
intensity is similar by human eye. K4-mean is the average of smaller and
larger band of K4-VNTR. We regarded the K4-mean was the K4-VNTR
itself, if only one band is detected. K4-mean X PNRP-mean means the product

of K4-mean mulitplied by PNRP-mean.
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47] Table 49148t 2ol W AAFAANA p<02 o4l ARE
eAdEgez dEHARHE A8 4% e ge 48 BAde g &
At

rﬂ

Lp(a) = -6579 X Kd-major + 0142 x TG + 0262 X LDL-C + 266.92
R*=0.475

LN[Lp(a)] = -0.121 X K4-major + 0.074 x LDL-C + 7311
R?=0.420
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V. 2%

2¥Ee Y Lpla) $Ev AFsHES SHHA FHd4 98
A2 dAA den Apo(a)Fdxtel d
g% Y Lpla) 557 9 SAEY. ¢]F Apola) K4-VNTRo] oF 40-69% <]
Age FA Hu ' PNRP FdAF o] o 10%9 JFL F
ATh® Fzte] ¢ @A, dnpAAQ] 5 ¥<l(Caucasian)d] FFE Aolw Bl
M= 2 Gol AUAt”

xg Aol-

=2
o8
ok
o
R
0
rr
Ho
2
2
ko
rO
=
o
&

o
o

3l 1739l A Alal g Lpla) B sx=9 XFAAE 541 + 535
nmol/L 2" FY4ate 423 nmol/LA. Lpa)e $% X & 4 :
of ATt oleld Lpla) %9 HFFL WMAFH ofrjojllFoA ZH% ZHzte}
Ao n? ofajoldl F FI ¥ dEAMA Y A7 Anotx FAS AT g
of &g Aols HE W FAe] Lpa)d Hi vx9 FEHAE 501 + 610
nmol/L ow oz FolAM= 459 + 374 nmol/LE F oA Lpa)d %= 79
3k 2ol & Holx| &Urh(p=0.081). Lp(a)gts AAUFE vhit A= dzhe] it
ol YAHp=0575). Kd-majors} Lpa)d v+ 53 29 AAdAE H3o
™ (r=-0.633, p=0.001) (Fig. 8), K4d-mean ¥ K4-small¥} Lpla)= A#AS vluslo
T AT (r=-0.555, p=0.0001; r=-0.530, p=0.0001). °o]& &9 FHBAE Ho]
= 7]4& HH] (baboon) FFAIX vk Algef] o8t HolA|wk Apo(a) Z7|7}F 2 ¢
Lp(a) #0]7} A8 &% v57F 9 g8 A yFoz wolsaxmn 9rp”
Apo(a)fHate] 5 HIWHA F9o A& +93 C/T thF Aol T &4

flo

= 2 AF codond AAI E o] stop codonol 23] W3 AAA in
vitrod el Al +93 C/T vhd A H-9ollA 9 false start codonol 93] 60%7}7]
apo(a)fAdte] Fdo] Zadtes AT Axrt AU o] BE el 9§ Lpa)
FE oHske wWeld My 1 gdgo) filen Il C/CHell Hlal C/TH ol
Lp(a) H57F on] Al Zastg 8o ¢/T FhAEAA C/C 44
ol va) Lp(a) %7k o] A Zawo] dvkes HuzZ s FYAL 23]
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2 o HolA Eolg fAE & oz 4ZF 5 AN

dH, B dFddAe C/C AT 694%22 1 WET 7Y 2%
o C/THAAE L 295%, T/T F+AAFL 1.2%9 WEE YEo] 1 ¥lxE g
A9 fFAstd o, zH A @E Lpla) FE5 C/C fFdaAdols e 539
+ 488 nmol/L, C/T FAAFAE 563 + 64.0 nmol/L, T/T #FAAHNA=
103 + 1.2 nmol/LZ 2] = el Holx] &skti(p = 0171, Table 2). ©A],
T/T AN Lpa)d 571 ¥& FFE 2ot e 71 29es

F Aol 72+ A Lpla) ¥59 FATH FAHS =dh7l= ZEdA
c}.

PNRP #AdAdge £X& BYg W FHo] 271534 W 8¥& AT
1653 8/8 SAAEL 974 (588%)e2 1 WEst 7 Ehoen 98K ALY
& 479 (285%), 99 SHAEL 8% (48%), 8/5 FHAF L 78 (4.2%)9 W=
2 Y. Adel & PNRPY Aol #F93tA Furh old @ RlixEE &
Zol @Ak 5o A #x9k AAdolM 4 PNRPO Aot FA8IAT 5
AEHE fABYT P B A7 AT dPAR vl&e 83 uHEo] 076, 93]
o] 020, 18] 53] ®HEo] 0.03 oI}

PNRPE Z#3}7] ¢ dwrd o=z polyacrylamide gel® R 8t} # 2

H

s

2o gk AAE EAel HAFEY] Y8 intermediate melting point agarose
gel?l MetaPhor® gel o] PCR% Z# A2 =715 =433t PNRPe wHe-
FE AR o wrE 35 139 o7} 5 bpe] A7] AolE HolmE 243
308 4o Arj9Eo® wgo] 7Hssta, 10 bp (HA 2] DNA 7] BAAE
Apggo g Ag8s DNA 27] o] ZheatdthFig. 7). 2 Held wiol
PNRP #AAMA #HE od WRloz Atgdh
PNRP¢} C/T 34 @ Adzte] dad S A2 B4 A3 43
AHA Bado] BRHAJY 1139 C/C FAAF S 823%7F PNRPZE I} 8/8
FRAE S vt on, 508 C/THAAE T 78.0%7F 9/8 #AAE & vE

_28_



oM TAHes Foddt 4#4E 2 F AU (spearman r=0.726, p <0.001).
olgiE Y EFEF L WAFTNM B A U AFAY. K4 VNTRS
Aoz tro]l K4 VNTRE 938 Haststa 7zt 292 /T PNRP2] #
Aol mhe Lpla)e s ¥WaE RS 9 HE# LEoME SAH zo)r}
MR, vk M (K4-major, 27-28)o14 PNRP 8/838 o] ula} 9/9& o] A] BApL
A Foll GF8aE F8 Lpa) ¥ LN[Lp@]e #Zx7F SAHdo= on g4 o
Bt ole didT 71 A ddel Qo @H, uFIAEA A 3}
Lp(a)e] 9&& v Adxs K4-VNTR 49 8% ZA A% LDL cholesterol
o] X% PNRPE 94#g 2 %%t Mooser $&(1995) (TTTTA) A
Lp(a) s=7F on QA dsktke A& #3eoy, AL 84 % (transcriptional
activity)el zbol= #hd # A" £ AFdM (TTTTA), FAA48E 7Hxm
= AEATE glol &A= e o, (TTTTA) o) (TTTTA)s o )3
Lp(a) 5% o M-S #dsky] 2@stdn. @9 O/T S gyy
PNRP7} A4 £d 8ol 2loeng weFd A C/T 44 d84L Lpa) 5%
ol 9%& F4 FAT PNRPE Lp(a) 559 43S #os dF dgugs= &
AT 2ol F A FHAY EF Ipa) $xo 9FE F32 @=riE o] o
e AHolet & Zojth. 2 9o, AFAAY Lpa)ys=el Uit Qe #Be o
= W2 ELISAYCS® Lpa)ssEg FAsded, 2 d79 o] dapoB 2
Fapola) T 7HA FAE AHgae] AFE AL BA @kt durgel
22, AYetE, apo(a) K4-VNTRO| 93] 9ae womz 4 A3 24
Usks # e Aoz A7EE, gome AR Mt Ipa) $E9 EFs) B
2% ez AZHJY

= drelMe LDL Fel2HE %42 PriedewaldZ4] & Al&atg ot

°f ¥H< Lp(a)s=ed 43S we wolatq®® LDL e A=20] Lpa)ss

%
ttjo
%

=3
=

rie

mlm
A

-

2

[e]
ol
i’

il
—24—‘
R
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o2 WMBF Fol FHAWe B FH %= Ao wo}
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HA FR% AR ofyetar AZH AT
T K4-VNTRE Pulsed field gel electrophoresis(PFGE)& Al
2 HAAekA] Xk izl apo(a) 99 A7E FA4% 94§
Aoz Azsged ot ¥E 1 ABYL T s’ gl gdol
HA Fe NEAAI A3 EAsY A AR} heterozygosity 7} wokeE A EHA
o] AMY. &, apola) FAHAYES PFGEHOZ ZAFSIH  heterozygosity 7}
90-95% AHE o]eld], ¥ dAFolA = heterozygositys 57%%ch v &
FHY Yoz MAFME 5%, wdd FFA G FIUL Yo
GA 22 Wgor FA4g A, 58%E & AT FARSHY WA Ad¥ T
VAT FEANA heterozygosity’t M & ZhsAel Avkan AzEn? 2y
apo(a) isoformo 2 ZHEHA & A7]E 7/l K4-VNTR 36 olAolA Bgtx
o] Z% Wi7h Lpla) %7t #orng A7 Ao v & zo]l& RojAE= #¥&
Aoz AztEAch =g B AFE K4-VNTRo] thddr Aol nis] A7 4z
sk gEez Ae Aol Aggeln ¥+ ek
AEH oz, FFAo A K4-VNTRo| 8% Lpla) = 714 & 93¢
FHA 2498 #lstda, +93 C/T #4483 PNRP #3xdae 7
gAY EFFE gdstden, of F A FHAF] Lpla) F FE 7

e 9B Qo dhets NN g Aoz ArH

P

- 30 -



B dFddM e e0dss 2 Jodste Aoz ¢4 Lpad %
o dFE Fe Aex dHA e Apo(a) @ 279 dA 2 FFe i A

T-7F ol Fof A1 Sl PNRP$F +93 C/T #F3a trE el dia] A=A

1 AlrsasgdolA] AR gz 1739 (4, 107, o, 66)& Aoz &
Lp(a)?] ¥, K4-VNTR, PNRP, +93 C/T t+84< H gt}

2. A4 #1738 4 Lp@9 HEE 541 + 535 nmol/LR 2 BEE e
#Z o2 HIFHOl YU FAEH AT Lpa)o] T sEv FAHe=R
Fodt Aelg molx 9kt (591 + 610 nmol/L vs 459 + 374
nmol/L)(p=0.081).

3. K4-major®} Lp(a)d T &9 HIATJAE HYov(Y = -6849X + 273.0
R*=0.408, p<0.01) =9 oo} H]%=d AAE vebdlth. K4-majore] F¥Ige
35, 43S 330101 1504 487419 WA E e

4. +93 C/T ggAelA C/C FHAH] 694%= 1 H1=7t 74 wew C/T
FARELE 295%, T/T FAAFL 12% 9 H=E Jelydoh C gEAR
0841, T W#<IA 0.1598 el ow #WlFne] Aol Holx prt Al
o &g C/T #AAFEY W= Xole FotA] FUtt (p=0.166).

5. 493 C/T #FAAE we Lpla)s®e #old HAg v C/C FAAHL
Lp(a) =9 A7 539 + 488 nmol/LY o™ C/T +4A43L 563 + 64.0
nmol/L, T/T #Ax8& 103 + 1.2 nmol/LE YEeERATE +93 C/T HAA3d)
b Lplasks FAH0R Fo3 Aol Holx At} (p=0.171).

6. PNRP 443 Fo 88 448 979 (588%)0.2 1 W%r}t 714 Egke
o 98FAAE LS 479 (285%), 99 FHAF S 8% (4.8%), 85 HAAH L 73

I+

|+
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(4.2%)9] ¥EE YAtk AEe 9% PNRPY Aole #935tx @ktt
(p=0.196). PN v]-&& 83 wHEo] 076, 93] wHEo] 020, 181 53] WEo]
0.04 °] At}
7. PNRPo| @& Lpa)s%9 zol& HAS 9 88 FHAHL Lpla) ¥=9 &
FHA7F 506 £ 440 nmol/L o8 9/8 FHA3¥ L 57.3 £ 64.0 nmol/L, 9/9
HAE L 402 £ 537 nmol/LE YEHHAT. 4 FHAFAAN Lpla)sze] #9
gk ztelE WolA] 9 hrh(p=0.196).
8. K4-VNTR& 2603}, 27-28, 290149 AL(L, M, H2E UvEx ¥ Z ToA
+93 C/T #x# tdAdz PNRP7} Lp(a)] vixes 938 BYS o Mz
(K4-VNTR 27-28)ol 41 PNRP - zt3e] 8/8% A1t 992 4§ Lpa)9 ¥
= 9 LN[Lp(a)e] #ol ®eg ae]& BAoy (Lpla): p=0.014, LN[Lp(a)l:
p=0.006), H&# L, 28]al AAdA e FAHZ {3 zol7p i)
9. PNRP®} +93 C/T #+41x tggdzte] Zg Add 2ado] & AY 11349
o] C/C F+HAYTF 823%7F PNRPAH 88 #FAE S Jetusion, 50149
C/THAAE T 780%7F 9/8 FHAFE YEtoA FAHZ {93 A4uA
< B £ At (spearman r=0.723, p <0.001).
10. Z3AE4 o2 Ipa) ¥ LN[Lp@ld 9%#L F&= A= A 8}
K4-VNTR-major®t &% TG, LDL cholesterolo] Lp(a)9] ¥%o] H&FL FH
K4-VNTR-majorst 8% LDL cholesterolo] LN[Lp(a)]o] d%& F& Hoz
Ehdoy, dAz 7bg 2% 9= K4-VNTRolH, B8 A 7dE &9
g 4 gk

Wl e 4Fgg F5H, ZUAAME JdFo] gl Aoz 43I apola)
42 PNRP f3AE ] @d=x9loAe 48 4 @ A2 ot &
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Abstract

The effects of apolipoprotein(a) size and genetic polymorphisms on

serum lipoprotein(a) levels in Korean adults

Kyung Ho Roh

Division of Medical Sciences

The Graduate School, Yonsei University

(Directed by Associate Professor Jeong-Ho Kim)

High level of serum lipoprotein(a) [Lp(a)] is a major risk factor for
atherothrombotic disease in Asians and Caucasians. Lp(a) consists of a low
density lipoprotein(LDL) and apolipoprotein(a)[Apo(a)]l. Apo(a) varies in size
among individuals owing to different numbers of kringle 4, which are
homologous to plasminogen. The sizes of Apo(a) are known to be determined
genetically by the number of kringle 4 (K4) repeat, and to be related to serum
Lp(a) concentration. In addition, pentanucleotide repeat polymorphism (PNRP)
of 5 flanking region and C/T(+93) polymorphism of Apo(a) gene have been
reported to be related to Lp(a) concentration in Caucasian and in some Asian
studies. In an effort to determine which genetic polymorphisms control Lp(a)
levels, Apo(a) genotypes including PNRP and C/T(+93) as well as K4 variable
number of tandem repeat (VNTR) were examined in 173 Korean normal

adults.
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The mean age of male(n=107) and female(n=66) was 552%+6.8 and
532175 vyears, respectively. Serum Lp(a) was measured by enzyme
immunoassay APO-TEK kit (Sigma Diagnostics, USA). Apo(a) phenotype for
K4 VNTR was determined by high-resolution SDS-agarose ECL Western
blotting method. PNRP is determined by 3.5% MetaPhor® agarose gel after
DNA amplification. C/T(+93) polymorphism was determined by amplification
refractory mutation system (ARMS). Statistical analysis (T-test, ANOVA,
Kruskall-Wallis and x° test) was done by SpPsSs®.

The results were as follows;

1. Serum Lp(a) was 54.1 + 535 nmol/L and the distribution was
skewed to the lower levels. There was no significant difference between
male(59.1 + 61.0 nmol/L) and female(45.9 + 37.4 nmol/L).

2. K4 variable number of tandem repeat(VNTR) according to major
isoform ranged from 15 to 48(median; 33) with no significant sex difference.
There was statistically significant negative correlation between Lp(a) and
K4-major (r=-0.633, p = 0.001).

3. The distribution of C/T(+93) polymorphism was C/C(69.4%),
C/T(295%), and T/T(1.2%). There was no difference of Lp(a) levels among
three different genotype(p = 0.171). |

4. The distribution of PNRP was &/8(58.8%), 8/9(28.5%), 9/9(4.8%),
8/5(4.2%), and 9/5(1.2%). There was no difference of Lp(a) levels among
different genotypes(p = 0.196). Nor was there any difference when the data
were analyzed after log transformation of Lp(a) or when analyzed by
subgroups of K4 VNTR.

5. There was evidence of a strong linkage disequilibrium between

PNRP and C/T(+93) polymorphism (p < 0.001).
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6. In multiple regression model, Lp(a) level was significantly related
with, K4-major, serum triglyceride and LDL cholesterol levelsm, but no with
+93C/T polymorphism or PNRP.

In conclusion, negative correlation between serum Lp(a) and K4
number of Apo(a) was confirmed in normal Korean adults. However, this
study suggests that PNRP and C/T(+93) polymorphisms does not play a

critical role in determining serumm Lp(a) levels in Korean population.

Key Words : Apolipoprotein(a), Lipoprotein(a), lipoproteins, C/T polymorphism,
Kringle 4 variable number of tandem repeat, pentanucleotide repeat

polymorphism, genotype, phenotype
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