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— Abstract

Background and Objectives: The -250G to A polymorphism of the hepatic lipase gene (LIPC) has been associated with
lowered hepatic lipase activity, dyslipidemia, and diabetes. The aims of this study were to elucidate the relationship
of the G-250A polymorphism of LIPC with metabolic syndrome in Koreans.

Methods: A total of 943 health screen examinees were enrolled in this study who were examined in Kosin University
Gospel Hospital from December 2004 to February 2006. The height, weight, body mass index, body fat mass, visceral
fat mass, waist circumference, and systolic and diastolic blood pressure of the subjects were examined and fasting blood
glucose, total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride were measured by sampling in venous blood.
The metabolic syndrome was defined as the presence of three or more of the following : waist circumference men=90
cm, women=80 cm, blood pressure =130/85 mmHg, fasting glucose =110 mg/dL, HDL cholesterol men<40 mg/dL,
women<50 mg/dL, triglyceride =150 mg/dL. The blood pressure, fasting glucose, HDL cholesterol, triglyceride were
evaluated by using the criteria of NECP ATP Il and waist circumference was assessed by using the criteria of WHO
Asia-Western Pacific. The genotype at position -250 of the hepatic lipase promoter was determined by single base
extension and electrophoresis.

Results: The observed frequencies of the -250G to A polymorphism of LIPC were 49.8% for the metabolic syndrome,
51.4% for the control group and 50.9% in total subjects. The frequency of the A allele was 36% in total subjects.
Concentration of triglyceride was significantly higher in subjects with GA and AA genotypes in women..
Conclusion: The -250A allele frequency was 36% in Koreans and the -250G to A polymorphism of LIPC seems to
significantly influence to plasma triglyceride levels in women.
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HEZX O Z hepatic lipaseol] &8l ZAHT=
0] YZHATEY o] hepatic lipase®] ZAgFo] LAY
73% HDL Z¥2HE9 F7F HDLY MYz Xdd
(Low density lipoprotein, LDL)|A AR Fx9 =
7} 28] 3 2] A} 3 glyceride-rich lipoproteins THAFS] <=4}

MR SA HE Aoz dEA kY a0
fﬂ*&zc 73159 -r]?’qo =2 dEA AUtk
Hepatic lipase T}k 7152 719 23 G40
E2ata Ak iAol A1 2] hepatic lipase2] g SHsl o
T o} s

©17F hepatic lipase (LIPC) dAb= A4 1521l
f1AI8kH, 35kbe] ZL7] &AM, 971 €] exon & o] Fo A 9]
t}71? o]n) hepatic lipase Adta} P ¥ Ednols ¥
Shste] LIPC 242 T Q7] ohad gl hsliA o 2]
2327 YR Hade oleie LIFC fAR)
promoterff-itol| A dojik= Wel7t 7 f HDL Zal&
HE 59 #do] Jle Aoz HuEow, LIPC -
A 2}F2] promoter F-9]2] o] 7} hepatic lipase2] EAI =2}
geo] Qupa P_I’_ﬂ‘ﬂﬁ}m'%)
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T} Third National Health and Nutrition Examination
Survey (NHANES 1Dl w2 n]= A1) 20%°] 4ol
A AT 7T ok dok Segele] 74
9 20-79A19] 7,865 & tF o2 1998 AlgE =717
G WHO SLA|o}- Aol 38k 215k7)
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ol 2} 23.9%°] Ak
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om, o]F EH/‘P——r:rLoi R AR 2819, A
xS 6627 ATk

= FF5719 ol¢h] e SH A 71, AF

AE5R71E ol&stal, Hi-Ed= FHA A olA Zﬂ‘iﬁ
915 Ao, AXH | A 288
F2371(ZEUS 9.9, Jawon Medical, Korea) & ©]&-3}] =
Aottt E4SH - AWI S APt F5 D T
SY2HE, 2EE ATH(High density lipoprotein,
HDL) S#HZHE, XME: AdW(low  density

lipoprotein, LDL) ¥ 2H &3 AR =315 =45}

Aok & ¥4, FZY2HE, HDL 828 E, LDL
%EﬂéEﬂE FAAMS] HARs HITACHL 7600-210 &
HITACHI 7180 (HITACHI, JAPAN) S 2 =43t &
H Hgo 3 pvtoly| =Yoo R 23N, T L)
E3} 2R enzymatic colorimetrict] &2 24513
o, HDL ZY&HE-2 selective inhibition HOZE =

AR, LDL Ze| 2H 22 Friedwald 52]& o]&-3}o]

2) Ao Ao

rsFte] Aoje E5 38 99, HDL 2
2 ZAAMWS NCEP ATP 119 71378 243197,
sl EdE WHO opAlol-Meld g 715702 4
o] 571 &, & slEEd B2 290 em, o7 =
80 cm, ¥t >130/85 mmHg, & 9 >110 me/dL,
HDL #2818 92 <40 me/dL, o372} <50 mg/dL, F4
2 >150 mg/dL, ©] 7FEA 37kA] o] AS 7R 2 Q)
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3) DNA &

FAl o ZRE DNAE F=317] 93l Wizard Genomic
DNA Purification Kit (Promega Co, USA)-E— AR5}
Yol 300 4E 1.5 ml tubeol] & 3 Cell Ly51s Solution
900 E AH7VsIATh 9o &S xEL 20 5 2 Qo)A
10327+ ®A] 8kt 13,000 rpmef| A 203{1 LA 2 st

&ede 7&0450] oF 20~30 /zfz = 3 3 1020%
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02] RNaseS H7}ste] 2~53] 41& 5 37CoA] 15

W) skl whE WA gAlS 100 4 H7E &
10~2027F 738Al 4191 13,000 rpmol|A] 387+ 94l #2
Aot AEAe AR FEZ &7 3 300 el
isopropanolS- A 7}ste] 2~53] 44t} 13,000 rpmoll A 1
E7F A4 wEEt] S AAS & DNA A ES
o1&ttt 70% ethanol 900 dE A 718ke] DNAS A&
g 13,000 rpmell A 127 944 Fefsto] FodS ¢

3] AAst AEE 7AZAIFTE DNA Rehydration
Solution& 100 0 A7}t 65CAA 1A)17F ¥k &+9iTh
T 5 4ColA] 24X 7F WX F -20TColl A DNAS B
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4) Single base extension®l] 2]3} genotyping
(1) =ga4 AHvrs (Polymerase chain reaction, PCR)
14

AFE-3F PCR primer= X 13} 294t} ZF primer®] &%
= (Applied Biosystems, Foster city, Calif, USA) (genomic
DNA 20 ng, 250 mM dNTPs, 0.15U Tag DNA polymerase)
125 pmolZ PCRE 394 5% GeneAmp PCR
System 9700 thermal cycler (Applied Biosystem)S A3}
o] touch-down o2 A133kA k™ Primer extension
S-S ®W7] 98] IU SAP (Amersham Life Science) S
PCR ZH&oll H7Fete] PCRE 7H3t0] &F3it
& 37CoA 141753t Wi F 5 72°Coll A 15871 v st
of E4g BB ARG

o] &3&

2 promoter®] G-250A ©FZA I NAFSF-7ke] FHEA

Table 1. Primer sequence of LIPC single nucleotide
polymorphism
Gene Locus Primer  5'-3'

LIPC rs6078_GA forward GAGCTGGAGAAGGAAGAAGGG

reverse  GACGGCGATGGTGTAGTGGT

extension CTCTGTCCCCTCCTCAGGTGGACGGC

(2) Primer extension HF-g-

Primer extension %F$-2 SNaPshot ddNTP Primer
Extension Kit (Applied Biosystems) & AFg-sFe] =333}
T}l 1U SAPE ®Hg E3HE<] H7lsted 37TCeA 1417k
72Tl 1587 wistalch

(3) A719%F

DNA ¥ ¥} extension AHE,, 18] 3 Genescan 120 Liz
fHMS  Hi-Di formamide (Applied
Biosystems) o] A 7}8tath o] EFELS 95CoA 587
HjF & 5E7F 8o DTz} ABI Prism 3100 Genetic
Analyzerell X 7199538tk olmf AMEEF T2
ABI Prism GeneScan and Genotyper (Applied Biosystems)
Atk

LIPCY] 9714 <¥g E2L Macrogen AHKorea)ol] 2=
st 2 A3E A tHFe1).

size-standard

. _ {
’ I ’ )
FATD B 507110 Qs I AL U LU N I

(a)G (b) GIA (C) A

Fig. 1. The DNA sequencing of the spanning of G-250A
region from a normal

control and the patient with metabolic syndrome. An G to A
substitution was

demonstrated in the (c).

5) AAEEA

TR E AFEE SPSS 12.0 (SPSS Inc, USA) EA|Z2 1
WS AMESte] AR ] B w1, x2-734, €Y
RS sk eH, BAA /799492 p<0.05Z 3T
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A ZS G2} 1079, o2} 1748082 A 2819
oo™, Hd xS wAF 2484, A} 4144, XA
o062 e ZA el A Ao sloA f-ol3k Aol=
AATHTable 2). ARS 2] Ha AH-2 54.74] o2
AL, A x2S SO9M A tARS oA o]t
=UTHP=0.000). HAREFLo] AAFHS 213 ke, W
Pz]uc}%k‘_ 3.2 kg, ;q]z]tﬂ-e © 31, 1%0101013:] 24)\1- r,H
& 247} 174 ke, 2.4 kg, 28.0% ©|A k. A2
slgEdE 88.1 cm, AAH A 4= 26.3 kg/m2 ©|
AR xS 742 79.7 cm, 24.0 kg/m2 ©|ATh
TF57] g ol e tAESToA = 2
138.3 mmHg, 82.0 mmHg o], A} i+ zHzt
125.9 mmHg, 75.2 mmHg A ARSFHol| A B 19
Al E=UTHP=0.000). HALEF+] S HEA] =
2002 mg/dL, LDL Z#2HZX%= 114.4 mg/dL, HDL =
2B EX]= 484 me/dL, A 182.1 mg/dL, &
e 1137 mg/dLEA FAHZRTL] %%Eﬂéﬂl%ﬂ
195.2 mg/dL, LDL Z#2HE%] 116.5 mg/dL, HDL |
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2HEX] 57.3 mg/dL, =AX W 105.6 mg/dL, F& &
98.1 mg/dL. 4] LDL Z#&EIEAE Al9jstale BT
=35 O o] =]
WAEF RN AAdEanG SAM0R felh
U THp<0.05).
Table 2. Characteristics of the study groups
Control Metabolic P-value
(n=6862) syndrome
(n=281)
Sex (men/women), n/n 248/414 1077174 0.883
Age (years) 50.9+7.8 54.7+£8.1 0.000
Waist circumference (cm) 79.7+£7.8 88.1+£7.1 0.000
BMI (kg/m?) 24.012.8 z8.313.8 0.000
Body fat mass (kg) 17.4+4.5 21.3+5.0 0.000
Visceral fat mass (kg) 2.4+2.9 3.214.6 0.000
Systolic blood pressure (mmHg) 125.9+14.4 138.3£16.1 0.000
Diastolic blood pressure (mmHg) 75.219.7 82.0+10.7 0.000
Fasting glucose (mgfdL) 98.1+20.6 113.7+29.6  0.000
Total cholestercl (mg/dL) 195.2+35.0 200.2+36.8 0.047
HDL cholesterol {mg/dL) 57.3£12.9 48.4+11.8 0.000
LDL cholesteral (mg/dL) 1168.5+31.0 114.4+34.1 0.361
Triglyceride (mg/dL) 105.6+60.0 182.1+£77.3 0.000

Zaol|l A G-250A FA=F o

<2 A224 23, 2007

AR Etoll A G250A 32 @A a3 wi=
14078 (49.8%) 0] A 3L, 2 thza=ol A = 3407 (51.4%)
24 0 Rz lojA] 7 7k Fof g xfol= (I
TH(Table 3). HEF A ALl RIE| QoI E ARG+
NA = 352%, AAF RN AE 358024 T 71
23 2jol= glor, AAHoz= PP A AL Hl
=7} 36.0% ©]J Tk

o fir

Table 3. Frequency distributions of the hepatic lipase gene
according to the study groups

Genotype (%) Allele (%)
Grougp ——————————————— ¢ p —————— 2 D
GG GA+AA G A
Metabalic
141 140 208 140
syndroms (50.2) (49.3) 0.186  0.666 643  (5.2) 0.062 0.852
(n=281)
Contral 322 340 09 340
(n=662)  (48.8)  (5L4) (64.2)  (35.8)

Table 4. Comparison of components of metabolic syndrome
and internal fat mass with different genotypes in total subjects

Hepatic lipase gene type

GG GA AA D
(n=463) (n=404) (n=76)
Waist circumference lom) 82,2183 82.418.3 81.619.2  0.749

Body fat mass (kg) 18.745.1 18.515.0 180144 0,865
Visceral fat mass (kg) 2.814.8 2.511.4 2.010,9 0537
Systolic blood pressurs 13081162 12891156  126.8%15.9 0.082
(mmHzg)

Diastalic blood pressure 7791104 76.9110.3 7422116 0.012
(mmHg)

Fasting glucose (mg/dL) 10211244 10241239  107.4128.7 0.227
Total cholesteral (mg/dL) 192.9£34.3 198.3L36.4  193.3139.0 0.410
HDL cholesteral (mg/dL) 55.1+13.5 545150 52.8£13.3 0.339
LDL chalesterol (mg/dL)  116.0£30.2  116.2433.1  113.5436.2 0.783
Triglyceride (mg/dL) 121.6£73.5  133.7475.2  134.8469.8 0.043

3. AA AN A G-250A FAF A fiel wE
AA A vl

AA odA; 7heH G-250A Edwe] 7t dojd Abgt
Ao A & Abgol|A] AL Axte] xfol7t Q=X
£ Bl tH(Table 4). AA] thd=}t 9439 GG o] 463
8, GA¥ 0] 4049, AAY ] Tomg )itk 7+ ol wE H
oA o]9k7] dgto]l GGE-S 77.9 mmHg, GAE S 76.9
mmHg, AAS - 742 mmHgEA] GGEo] EAZ o= &
OJ3HAl EUTHp=0.012). FAAHNAM = GG, GA, AA
o] 74z} 121.6 mg/dL, 133.7 mg/dL, 134.8 mg/dLEA]

]
=

=
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CGAZZ AAFNA
(p=0.043).

AR feolsh

=4

4 2R HgARel A G250A A TH A el o
AAE A Hla

AA WA kel @A 3558 Wi eR LIPC
G-250A f-31AF vhg g el whet HAE A tel] lofA]
Al7E A=AE F 5ellA Hlasklrh dAh 3557 7h
H EAolE e A2 1887 o]9lom, Aol
7k e AR 1679018l EAel7) ol w3t fle
- Zbel BE AR Al SloA] et Aol S B
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Table 5. Comparison of components of metabolic syndrome
and internal fat mass with different genotypes in male
subjects

Hepatic lipase gene type

GG GA AA D
(n=187) (n=160) (n=28)
Waist circumference {cm) 86.217.0 86.217.4 87.646.4  0.610

Body fat mass (kg) 168.814.9 17.224.8 17.7£4.3 0.594

Visceral fat mass (kg) 3.045.9 2.610.9 2.7+0.9  0.685
Systolic blood pressure 141.1476.2  131.4£14.2 13331145 0.249
(mmHg)

Diastolic blood pressure 8791801  77.9£8.7 76.9£11.0 0.225

(mmHg)

107.9£27.1  107.1428.1

195.1£34.3  192.6%34.2
529t144 52.2%13.1

111.2£31.2 10894292

150.3485.4  148.2473.4

111.4428.3 0.754
190.7+34.5 0.719

48,3133 0.253
110.8431.7  0.784
152.1475.0 0.962

Fasting glucose (mg/dL)
Total chaolesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL chalesterol (mg/dL)
Triglyceride (mg/dL)

5. o4z Bl A G-250A A A el whE
AAL A wa

AA WA TheE oAke sssielgien, oF
G-250A fr2t TF84 e Abe 202%, fle Al
296™ °] ATHTable 6). =AW} A= w34 §le &
o Ak Aol sloir] #2]
Hlastelon, Ak tdel e B Aol
AR /M Sl e S & fdt

(p=0.003).
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Table 6. Comparison of components of metabolic syndrome
and internal fat mass with different genotypes in female
subjects

Hepatic lipase gene type

GG GA AA P
(n=296) (n=244) (n=43)
Waist circumference lcm) 79,9181 79.8+7.9 78.1+8.7 0.338

Body fat mass (kg) 19.7£4.9 19.315.0 18.914.4 0.524
Visceral fat mass (kg) 2.614.0 2.4%1.7 2.310.8 0.730
Systolic blood pressure 1368.0£868.9 130.8158.1 190.5%141.5% 0.280

(mmHg)
Diastolic blood pressure 86.3£93.0 80.0£60.0 101.7£149.2 0.274
(mmHg)
Fasting zlucose (mg/dL) 99.0122.2 99.2420.1 105.0£29.0 0,212

Total cholesterol (mg/dL)  196.3%34.4  202.1%£37.3 194.8+41.6  0.140

HDL chalesterol (mgfdl) 5634128  58.1412.7  55.4+12.3 0679
LDL chelesteral (mg/dl)  118.7428.3 12104346  115.0£38.8 0.444
Triglyceride (mg/dL) 10554605 12444711 12464853 0.003
I o
Q17F  hepatic lipases= monoglyceride,  diglyceride,

triglyceride hydrolase, phospholipase Al B EE 7FX| 1L
glom, ZrelA A= wulEck QA ol el 9l
£ SRS A hepatic lipasee] AT FgLS v X+
hepatic lipase f-AZHLIPC) ¢ EABio] 7} wAg:™ 2l
7} hepatic lipase f-312+] promoter F-91ellA] 470 9] 31
2} 584 (G-250A, C-514T, T-710C, A-763G)°] &3]
A3 o, FaxF o de] = 735 hepatic lipase
o] GAE JFE vH A e o)L z
Hr} o] Ao A= LIPC G-250A2) 42 tha A 3} o)
AEFge] #HEAL el agler

o] ATl A LIPC G-250A¢] f314 th 4 Wixe o)
Aol M= 49.8%, 87 oA 51.4%24] &
A HlEo)] oA F 27kl F-ol 5k 2kol= (AT AA
A=) 22 A HE HlsE 50.9% ReH,
A A9l B Hl== 36%0| Atk WS e 3k
AFoMe g E A9 2 Hwst 15%20)¢F 21%™
o] o, ofZ e FHA vFHAL 45537, QEA v
Qe 479%™ oAk B Ytk FFe 165 S O
qoez gt dAfdxe dHIE A9 Ed Hlwrt
24-30% olP e, AL o 3 =
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36-37%°] 2t} Hepatic lipase] A=<} 017 =2 o)
Atell QlolA QIFZhel Zpol7} U= ol 59 st
LIPC promoter 919 2} tpagdoletar L&A
o A =l 12493 BFEAATRA 1379S o)
o2 % Hong 579 A9l B AT Asto] H]Fo]
£ o $-2jvhet AbgRe] LIPC promoter F-91¢] the &2
Aol Tl W= Wla FEve %2 36% A=Y
Ao FetEh

A WA 943188 318 GG, GA, AA el et o
A5 8 sl AR glolA olzt 2
S I3 A3} FAAL TRt GARH AAF ] 77}
133.7 mg/dL, 134.8 mg/dLZA GG& 2] 121.6 mg/dLH.t}
FAHCE FosHl wShom, olF HAEE ro] H
waE e FRelME g Afolg HEE QL
RNo Azl M= 2 2|7t HE FEHAA Ve
t}. Pihlajamaki S 917} hepatic lipase -3A#}2]
promoter ¥-$2] G-250A §-HAA} thaAdo] LS W F 5
AT ZXMAE X ehl (very low density lipoprotein,
VLDL) =7}sitia HII3PR o,
Tahvanainen Y& LDL, intermediate density lipoprotein,
HDL®] F4A% 5 %=7F G-250A FzF th@del =
) Z7}3cbal SF T} Hepatic lipases 32 LDLO] =
AL Rt Gl kY o] Agexe
IFoBR o= Ak el 5

= = & 7 oy A A= ¢
HE 245 A Zambon 57 G-250A F4

Jo] AL 7% hepatic lipase FAAE7} £
748t o) buoyant LDL Ao} HDL2 S 2~H 22L&
o F7htaou 84w HDL3 Fe2H &S 9
3 2po) 7} AT A} Carr 57 hepatic lipase &
dE=E G250A 32 Aol e A s,
T =HEZ HDL S &HEe] $AX SR felst
A F7kagtka Bastsich 2@l Todorova 5%
ARG ol e F4A W HDL S 2H 2] Bl A
frelgh Aol wAd 4 glgivkal Barskelt.

AEe] AT LIPC $270e) o] 21g 4
$- hepatic lipase @A =7} 74481, HDL 9| 2H EX]
S} buoyant LDL 47t 77} S71ehH, S48 E 5ol W
B, oled MaHgo] F1sitka aiglom,” Az
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© 2 hepatic lipase B E2] X35}9} k& X
7t= Qlete] AF AW EZF o] YeRdTiaL st

e =

2 o
)
o

)
=9} HDL o}l w2 S AHER 54 5
77t B 9% Ao wAgkdr)

A 2] AAelA ARl et SAEAY F=
7b el gk zpe|7t i ol F¢] shvb= hepatic lipase®]
= wjFo 2 AZFE ) Hepatic lipase 45+ §3
Aol @A Fdol g u o 30% A o w2
Aoz AHA UdutY o2ERAe] HDL Za 28 23}
Fol FaaATE lom, A7 Ao e HAE Fo
o] A £l H]&}] hepatic lipase A=} B ¥ Ao
A ATEY o] AFelx JollM FAA]
7} 642 of] whe} xpo) 7} WA 9 hepatic lipase €43
of thet S8 shAl FJo B = oo thgk 7t 3
of & Zox A7ZteTh

E X Z)H}o] hepatic lipase FAEE Z7A 71ty &
A dem, G250G frdd Bt -250A tiEI 2
hepatic lipase B =7} o)) 58%7FA] 744kt &
gome” G250A FAA e we AR
WA S Blaskd ou o3t Zpol & S
Atk X274+ LIPC promoter F-¢]2] C-514T¢] -4
2 @dol d& W HERA o] S7FES hepatic
lipase BHE7F S7kohe Aoz dElA Yok
S hepatic lipase?] Aol upe} Z&EH, 37
%3} hepatic lipase =2 F7P7F A2 A
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v 2 @ dol fle AbgelAe el gk #1781
At &tk ek LIPC promoter -1 4=} th

o] hepatic lipase SHE=E FXIAZ 5 U

P4 de

= 58S flolle AoE FAHL ok 2y 2 AT
AME FE vt =43P 22 =E hepatic lipaseo] &
Azt led 7] #EAg S ERI1T = flith

Hepatic lipase promoter 912 §-4AF T A (G-250A,
C-514T, T-710C, A-763G) & ol Zlo] 7|58 o2 o
S8 A = o} WeslA] @it} o] =S v
Mz Aol gomz® ) 7} sjoleale] Hoele]

840 taiA= g1e 71 gidch C-514T -2t
tha A o] & 79 hepatic lipase SAE7} 35-45% 7+
Hol AALH, G250A A Al A= AT
24-29%2] hepatic lipase BAE 7+A27F Aok

2 AT Ao 2= AR, AL ARl sl
A hepatic lipase2] FAEE A 3}R] ZFUth= FHolth
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