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ABSTRACT

Background[J Lipoprotein lipase (LPL) is a key enzyme in the metabolism of serum triglyceride (TG) which
is utilized in the peripheral tissue as free fatty acid and stored in adipose tissue. LPL gene consists of 10 exons
which encode 475 amino acids and more than 9 LPL gene polymorphisms have been reported. LPL gene
polymorphism is related to lipids level and the severity of atherosclerosis in coronary artery disease. In Korea,
LPL polymorphism has not been reported yet. The purpose of this study is to know the incidences of LPL
gene polymorphism and it's relationship with blood lipids level and the severity of atherosclerosis.
Methods[] Subjects were divided into three groupsl normal controls (0n=50), coronary artery disease (CAD,
n=51) and cerebrovascular disease (CVD, n=52). The PCR-amplified genomic DNA from peripheral white
blood cell was analyzed with restriction fragment length polymorphism (RFLP) by two different restriction
enzymes (Pvu O, Hind O ). Results] Total cholesterol (TC) was higher in CVD than in controls and CAD
(203+ 60 mg/dl vs 188+ 37, 167+ 42, p<0.01). Triglyceride (TG) was also elevated in CAD (166+ 65 mg/dl
vs 122+ 62 in controls, p<0.05). HDL cholesterol (HDL-C) was higher in controls than in CVD and CAD (49
+ 9 mg/dl vs 36+ 10, 44+ 9, p<0.05). The incidence of Hind [0 RFLP and Pvu [0 RFLP was not different
among groups. There was no correlation between LPL gene RFLP and lipid profile. There was no correlation
between LPL gene RFLP and severity of coronary arterial stenosis. The incidence of Hind 0 RFLP (—/-)
homozygotes was lower in Korean than in other country (5% vs 7—10%). The incidence of Pvu O RFLP (—
/=) homozygotes was lower in Korean than in other country (10.3% vs 18—29%). Conclusions[] The LPL
gene mutations in intron 6 and 8 have no direct effects on the lipid profiles and the severity of coronary artery
disease. Although LPL is a key enzyme in TG metabolism, two mutations in this study could not change the
activity of LPL, nor were a marker linked to other site of mutation (). The mutation () in exon which encode
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amino acid for enzyme activity should be detected to dissect the pathphysiologic mechanism in the atherog-

enesis. (Korean Circulation J 1999;29(1)-6-13)
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Table 1. Incidences of lipoprotein lipase gene polymorphism

0,00 00 lipoprotein(a), apoprotein A—1, BO O
000000 000 00 00 000 00ooo oo

000000 0000 00 00000 0000 O
00 LPLO OO0 ODOO0O0 000 000 000 O
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Fig. 1. Map of Lipoprotein lipase gene.

Hind O RFLP Pvu O RFLP
Restriction site
(=/-) (=/0) (@/0) (=/-) (=/8) (0/0)
Gerdesd) 7% 43% 50% 29% 49% 22%
Wang!'0 CAD (O0) 1% 38% 51% 20% 51% 29%
CAD (=) 8% 38% 54% 23% 47% 30%
Mattu'l CAD (O0) 7% 38% 55% 22% 47% 31%
CAD (-) 10% 49% 41% 14% 57% 29%

CADUO coronary artery disease RFLPO restriction fragment length polymorphism
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Fig. 2. Restriction site of Hind O RFLP on intron 8.
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0 000000 heparin precipitate 0000, O0O0OO
O (triglyceride, TG)O glycerol—3—phosphate ox—
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cholesterol) Friedwald formuladd OOO0 O0O0O0O
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00 000 0000 0000 00000 oooodo.

Genomic DNA(gDNA) 00

00 (buffy coat)d O QlAamp blood kit(Qiagen,
USA)D 0000 gbNAO 0000 OoOOoooo
O (Polymerase chain reaction, PCR)(0 OO0 OO
0 -70000 OOOOO. ODDOOOO oooa, 15
ml microfuge tubell OO 200 p L, protase K 25 p L,
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Fig. 3. Hind O Restriction analysis of
PCR product of infron 8 fragment (1.
before enzyme digestion, 2. after enz-
yme digestion, 3. molecular weight
marker, 4. positive control). First numlo-
er 2 lane shows (—/0) heterozygote
and second number 2 lane shows (O /
0) homozygote.
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Hind O primerD 000 DOOOO000O0(PCR)
000 gDNAD Hind O primerd OOOO PCRO
00000, 000 primerd 00000 000 OO.

Hind O sense primer
5'—TTAGGCCTGAAGTTTCCAC-3'

Hind O antisense primerd
5'—CTCCCTAGAACAGAAGATC-3’

PCRO OO0 denaturation 95000 10, ann—
ealing 60000 20, extension 72000 2000
0 3000 0OO0O0O, Hind O OO OO (restriction
site)d OO0 O 1.3 KbO intron 80 OOOOO,
1.5% agarose gell0 O00O0O0O OO OO OOOO
O (Fig. 2).

Restriction analysis of Hind 0 PCR product

000 PCR product 5 y LO Hind O enzyme 1
LO Hind O buffer solution 4 p LO 00O 37000 2
00 OO0 (digestion)d O 0. Ethidium bromidel OO
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Fig. 30 PCR productD HindOO 0O0O0O O O0OOO
0 000,100 PCRO OOOO intron 80 1.3 kb
0000 000 00O, 200 000 100 enzyme
digestiond O O0O0O. OO 1, 200 1.3 kb, 700 bp,
600 bp OO Hind O OO0OO0O OOO (=/0)
heterozygoted O, 00O 1, 200 700 bp, 600 bpO O
0 0Ooooo o gg (@/d) homozygoted .

Pw O primerD 000 OOOO0OOOO
000 gDNAO Pvu O primersD OOOO PCR
0O 00000 000 primerD OOO0OD OOO OO.

PVU 1

EXON 6 1

EXON 7

171 bp 148 bp

319 Kb

Fig. 4. Restriction site of Pvu O RFLP on infron 6.

Pvu O sense primerQ
5'—AGGCTTCACTCATCCGTGCCTCC-3-

Pvu O anti—sense primerQ]
5'—TTATGCTGCTTTAGACTCTTGTC-3

PCR 000 denaturation 94000 10, annealing
62000 20, extension 72000 2000 O 300
O 0ooo, P O OO0O0O (restriction site)( O
0 0O 316bpd intron 60 00000, 1.5% agarose
gell0 OOODO OO0 OO0 oOOOOFg. 4).

Restriction analysis of Pvu 0 PCR product

000 PCR product 5 y LO Pvu O enzyme 1
p LO Pvu O buffer solution 4 y LO OO 3700
0 200 00 (digestion)dO0O. Ethidium bromide
0 OO0 1.5% agarose geld PCR productd en—
zyme digestion productl] 0000 (side by side) O
000 00O 0000 000 v transilluminatord
0O O00O00. Fig. 50 PCR productd Pvu O en—
zyme digestion00 OOO0O O OO0O. 200 PCR
0O 0000 319 bpO intron 80 OO0 OOO, 30
0O 000 PCR productd] OO0 OO OO0O. 300
00 200 319 bp, 171 bp, 148 bpO OOOOO
000 (-/0) heterozygoted O, 300 OO 100
319 bp0 OOOO OO0 0OOO0OO (—/-) homo—
zygotel OOODO.

oooooo oooo
000 OO0 ooDoDooO o000 Judkin’s met—

& 1kb

.| & 148&171bp

Fig. 5. Pvu O Restriction analysis of PCR product of intron
6 fragment (1. molecular weight marker, 2. before enz-
yme digestion, 3. after enzyme digestion). First and sec-
ond lanes of number 3 show (—/0) heterozygotes and
third lane of number 3 shows (—/—) homozygote.
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00 000@M=50), 0O0O00OOO(M=51) O OO
O0oO@m=52)0 00000 oOooo oo ogo
0 62+ 80, JO0OUDODOO 62+ 80, O0OOOOO
64+ 700 00000 OO0 OO0 ooO,d0oo0
000 000 O00(Table 2).

O OO0 0OOO0O0O 0O 00ooooooo ooo
0000 O0OO0O0O0OoO0O Ooooo ooo203+
60 mg /dl vs 167+ 42 mg/dl, p<0.01). OO OO0
00 0000000 OO0 ooooo oooo oo
0 (166t 65 mg/dl vs 122+ 62 mg/dl, p<0.05).
HDL-COO OO0 OOO0OO0OO0O oooooo oo o
oooO0o0 000 oooooo oooo ooo@o
+ 9 mg/dl vs 36+ 10 mg/dl, 44+ 9 mg/dl, p<0.05).
LDL-CO 0000000 O00O0Oooooo ooo
0 00027+ 51 mg/dl vs 103+ 36 mg/dl, p<0.05,
Table 2).

LPL &Rt Craddat gabastol 2

Hind O RFLPO OO0 (—/-) homozygoted O
0O 00 0000(7/151, 45%), (0/0) homozygote
0 00 000 00O 0D0O0(100/151, 66.2%, Table 3).
0 000 Hind O RFLPO OO0 OO0 ODOOOO
O00. Pvu O RFLPO OOO (—/-) homozy—
gote OO OOO. O OOO Pw O RFLPO OO
00 00000 0Od(Table 3).
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Table 2. Comparisons of Lipid Profiles between Controls
and Patients with Atherosclerosis

Control CAD CVD
Number 50 51 52
Age (years) 62+ 8 62+ 8 64+ 7
Sex (M/F) 24/26 33/18 31/21
TG (mg/dl) 122+ 62 142+ 106 166% 65*
TC (mg/dl) 188+ 37 167+ 42 203+ 60*”
LDL-C (mg/dl) 115+ 35 103+ 36 127+ 51"
HDL-C (mg/dl) 49+ 9 36+ 10* 44+ 9*

* p<0.05 compared with controls, 0 p<0.05 compared with
CAD Data are meant SEM

CADUO coronary artery disease, CVDO cerebrovascular
disease, TGO friglyceride, TCO total cholesterol, LDL-CO low
denisity lipoprotein-cholesterol, HDL-CO high density lipo-
protein-cholesterol

Table 3. Incidence of lipoprotein lipase gene RFLP among
groups

Nomal (n=50) CAD (n=51) CVD (n=52)

HindO restriction site

Number 50 51 50
(=/-)(n=7) 1( 2%) 2( 4%) 4( 8%)
(—/0)(n=44) 14 (28%) 16 (31%) 14 (28%)
@/0)(n=100) 35(70%)  33(65%) 32 (64%)
PvUO restriction site
Number 48 51 35
(-/-)(n=14) 5( 8%) 7 (14%) 2( 6%)
(-/0)(n=59) 18 (31%) 23 (45%) 18 (51%)
@/0)(n=71)  35(60%) 21 (41%) 15 (43%)

CADUO coronary artery disease,
CVDUO cerebrovascular disease

Table 4. Comparisons of Lipid Profiles with Hind O RFLP

Hind O restriction (-/-) (-/0) @/0)
Number 7 44 100
Age 70+ 5 63+ 8 62+ 8
Sex (M/F) 4/3 23/21 60/40
TG (mg/dl) 152+ 55 135+ 85 146+ 83
TC (mg/dl) 197+ 41 183+ 45 186 52
LDL-C (mg/dl) 115+ 34 113+ 36 115+ 45
HDL-C (mg/dl) 473+ 104 436+ 106 420+ 104

Normal Inc. 417 (57%) 2444 (32%) 32/100 (34%)
CADInc. 1/7 (14%)  14/44 (32%) 35/100 (32%)
CVDInc. 2/7 (29%)  16/44 (36%) 33/100 (34%)

Data are mean+ SEM

CADUO coronary artery disease, CVDO cerebrovascular
disease, TGO triglyceride, TCO total cholesterol, LDL-CO
low density lipoprotein-cholesterol, HDL-CO high density
lipoprotein-cholesterol, Inc.O incidences

Korean Circulation J 1999;29(1):6-13



Table 5. Comparisons of Lipid Profiles with Pvull RFLP

Pvulresfriction  (—/-) (-/0) @/0)
Number 14 59 71
Age 60+ 8 62+ 8 63+ 7
Sex (M/F) 6/8 35/24 36/27
TG (mg/dl) 128+ 56 130+ 62 157+ 104
TC (mg/dl) 192+ 41 180+ 41 186+ 52
LDL-C (mg/dl) 120+ 32 111+ 34 114+ 47

HDL-C (mg/dl) 46.3+ 119 43.4% 105 40.8+ 10.2

Normallnc.  5/14 (36%) 18/59 (31%) 35/71 (49%)
CAD Inc. 7/14 (50%) 23/59 (39%) 21/71 (30%)
CVDInc. 2/14 (14%) 18/59 (31%) 15/71 (21%)

Data are meanz SEM

CADO coronary artery disease, CVDO cerebrovascular
disease, TGO triglyceride, TCO total cholesterol, LDL-CO
low density lipoprotein-cholesterol, HDL-CO high density
lipoprotein-cholesterol, Inc.0 incidence

Table 6. Comparisons of LPL Polymorphism and Severity
of Coronary Arterial Stenosis

Stenosis of coronary artery 1 vessel more than 2 vessel

Hind O (-/-) 1 1
(-=/0) 9
@/o) 19 14
Pvu O (-/-) 3
(-/0) 15
@/o) 11 10

LPL R¥At Crddat 25 XX 2

Hind O RFLPOO (—/-)00 OO OOO HDL-
CO 000000 00000 D000 ooo@r.3+
10.4 mg/dl vs 43.6+ 10.6 mg/dl, 42.0+ 10.4 mg/dl,
(—/-) momozygote vs (—/0) heterozygote, (CO/0)
homozygote, respectively, p=>0.05, Table 4).

Pvu O RFLPODO (0/0)00 OO OOO TGO
00 000, 000 gooo ooo. oo (-/-)o
0 HDL-CO 0000, 0000 OO0 000(Ta—
ble 5).
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Pw O RFLPO Hind O RFLPO OOOOCO0O, O
gobobob 0Dbo bobbob Oobo booog.
0o0odo Oooo oob 0o obooo ooo ooo
gobdno b0 00b bobb Ooob booo oo
O (Table 6).
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0 00 000 000, 00000000 00000
0 00 00000 0000 000.000000 O
00000000 OO0 D000 0D000000 00
0 0000 OO0 0000 00000000 00 O
0000 0000. 000, 00000000 0000
00 00000 0 00000 00 0000 oO0.

Lipoprotein lipase(LPL)0 OO OO0OO OOOO
glycoprotein 000 OO0 DOOOO OO O OOO
0000000 00 000 000 0OO0. LPLO OO
0 0000 0000 0oooo(chylomicron)d OO
0 0000 000O0(VLbLO 0000 0000 O
0 D000 0000 000 0 00 000 0000
00 00 000 oooo® oo 0 00 (lipoprotein)
000 0000. 0, LPLO 00 0000000 000
000 000 0 000 00000 00 000 LDL,
VLDL particled] 0000 0 000 00000 OO
0 000 0000 00.® 000 000 00000
0 0000 LPLO 000 000 00000000 O
000 0000 000000 000 000 0O 00
0 00O O O00.

LPL 0000 OO0 8p220 OOO 00O, 475
00 00000 encodedd 1000 exonOO OO
0 30 Kb 000 0000,* exon 0 OO0 intron
00 000 OO0 000 0000 90 00 0000
00. Exon 600 Cys2390 stopDDD,4) exon 6]
0 Asn291-Ser00 00, intron 600 Pwu O
restriction fragment length polymorphism(RFLP),*
intron 8000 Hind O RFLP,® Exon 9000 Ser
4470 TerDO 0OODOO 0000 00O 0OO. O
00 LPL OO0 OO0 0000 00000 000
0000 00000 00000 000, 00000
0 000 00 000 00 0000 00 0040, O
000 0O oOo0.

00 0O 0000 000 Hind O RFLPO 00O
000 OO0 000 00 0000 00. Mattud ™
0 ThornO O™ Hind 0(0)O0 000000 OO
0 OO0 0000, Peacockd 0 WangD 02 00O

11



0 000 0O0000. 0 00000 Hind O RFLP
0 00000 000 00 000, 000000 00
00 00000 0O0O0. OO0 Hind O RFLPO
intron 60 OOO0O OO LPLO 0OOO0O 0000
000 OO0 0000 O 000 000 00 000
0 00 00 000 000 000 000 00 00
000 0DO0DO.

00 LPL OO0 OO0 O, Wang™®00O Pw O RF—
LPO DOOOOO0 OO0 0000 000 0000
0.Pw O(-/-) 000 00 000000 00O, Pw
0(/0) 0000 00 000 000000 000
0000, O00oO0onD OO0 apoprotein, HDL—C,
TGO DODODOO 00000 ooooo. ooao,
0 0000 000 00 Pw O RFLPO 00O OO0
0 000000 D000 00000 000. Pw O
RFLP 00 intrond 0000 OO0 Hind O RFLPO
00000 LPLO 0000 O0OO00 000 000 O
000 O OO0 000 00 0000 00 00 0
00 OO0 000 000 00 00 O 00 000
0000 0O 000 000 000.0 0000 000
0000 00 000 0000 0000 000 000
0 00 000 O 000, LPLO LDL, VLDL part—
iced 00 000D 000 0000 0OO0OO0 OO
000 oooo oo®

00000 Hind 0 & Pvu O RFLPO 0090
00 000 Table10O OO 0O OO.

LPL OO0 00O 00 OOOO 000 OO0 00
00 00000 0O00. Gerdesd0® HDL—CO Hi—
nd O(-/-)00 00O OO, Hind 0(@/0)0 000
HDL—CO 00 00, 00 000000 Hind O3/
0)00 00 0000, 0000 0000 0000 O
0000. Heizmannd O Hind O(-/-)0 00O
HDL-CO 0000, 000000 000 000 00
0 DODOO0OO. 000 00 000000 00000
HDL—COO Hind O RFLPOO 0O0O0 OOOO
000 Oogloweea-2 0 ogogd Hind O
(-/-)000 HDL-CO 000 00 000 0000
0000, 0000 0000 000. Pw O RFLPO
00 0000 00000 000.00 0000 00
0 00000000 0000000 0000 00 O
000 0000, 000000000 0000000 O
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000 000 OO0d. 00 lipoprotein(a), apolipo—
protein 00 ODO0O0O0OD OO0 OO0 ODOOO O
00000 Oooo OO OOoOo O obod. HbL-C
U 0dbdb bobobo 0o oo oo, 0b b
o0 0boobo oobo oo oboo o ooo.

2 =

00000 obooob oo bboo obo oo
ooo 0O oooo, 0 boboo oobogo ooo
LPL OOO0O Pwu O RFLPO Hind O RFLPO OO
oooo boooo 000 bo Oooo oboboob. o o
Ut LPLO 00O 0000 000 ooboodg ooo
O O0O0O0O 0000 O oCoCo0 000 intron 60
intron 80 OOOO 0000 OO0 00000 OO
ud ooo oo bob 0og,0 0b oo o o
0g ooo ooobo ooob boo ooo bo
ug. ooo, Pl 00000 0oo oo ooo
oo oog 00 oboo oobobo ooob o oo
ug ooo ooo obooo ooo o ocoooo
gooboo oob ooo oogo.

ZAl THo{0 Lipoprotein lipase(LPL)- LPL 00O O
00- 0DODOoO.

n ZARE
0 000 199700 O0OOOOOOO OOOOOOOO O
0 ooooao.
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