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Objectives: Plasma lipid profiles and Apolipoprotein E (ApoE) are established risk factors for cardiovascular disease (CVD).
The knowledge of lipid profile may estimate the potential victims of cardiovascular disease before its initiation and progression
and offers the opportunity for primary prevention. The most common ApoE polymorphism has been found to influence plasma
lipid concentrations and its correlation with CVD has been extensively investigated in the last decade.

Methods: The ApoE polymorphism and its influence on plasma lipid were investigated in healthy woman workers. The
information on confounding factors was obtained through a self-administered questionnaire and ApoE polymorphism was
investigated using PCR.

Results: The relative frequencies of alleles E2, E3 and E4 for the study population (n=305) were 0.127, 0.750 and 0.121,
respectively. ApoE polymorphism was associated with variations in plasma HDL-cholesterol lipid profile. In order to estimate
the independent effects of alleles E2 and E4, as compared with E3, on lipid profile, multiple regression was performed after
adjustment for confounding variables such as age, BMI, blood pressure, education status, insulin, fasting glucose, HOMA-IR,
menopause. ApoE2 had a negative association with HDL cholesterol and ApoE4 had a positive association with LDL
cholesterol.

Conclusions: This study identified that the ApoE and CVD risk factors contribute to the lipid profiles, similar to other studies.
The analysis including dietary intake and other gene in further studies may help to identify clear effects on lipid profiles as risk
factor for CVD.
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4. Apolipoprotein E genotyping

Genomic DNA (gDNA)& Geneall® Blood SV kit
(Geneallbiotechnology, Seoul, Korea)E o]-g-3Fo] wxd
Hof|A] F=Z3FSt, A E gDNAS] ¥ %=+ Nanodrop
(Nanodrop technologies, Delaware, USA)S o]-8-5Fo] 53
T 260/280 nmol|X ZA3}laL, 260/280 H]E0] 1,794
2.0 AFo]¢] gDNAE PCR ¥H-g-of] AR2-3} 4T}

gDNAF Thermal Cycler (Takara, kyoto, Japan)& AH&-
ate] 8|58 QE | = primer F4 (5 -ACAGAATTCG
CCCCGGCCTGGTACAC), F6 (5 -TAAGCTTGGCACGG
CTGTCCAAGGA-3)E PCR 5%3}]t}. PCR S F4H-3oll=
100 ng®] gDNA, 1X i-StarTaqTM DNA polymerase 54
(Intronbiotech, Sungnam, Korea), 1.5 mM MgClz, Z}2} 250
mM dATP, dCTP, dGTP, dTTP, 1 U i-StarTagTM DNA
polymerase (Intronbiotech, Sungnam, Korea), 10% DMSO,
5 pmol®] F49} F6 primer (Bioneer, Daejon, Korea) & A&
3k, PCR ¥H-S-2 712 94°C oA 5EZF A 3 94°C o]
X130z ¥4, 60°C oA 25% ARHE, 72°C oflA] 25% Al
S 303] wHEste] ST, 72°ColA] SRt
TS A,

ApoE 32} 48 3]l 2 PCR 53 2H= 10 ul ¢l 5U
Hhal (Intronbiotech, Sungnam, Korea)= #7}8}e], 37°C
ollx] 3AI7E o]/ Wh-g 5 EtBr (0.2 mg/l)o] E3HE 3% of7}
224N H7]195E APkt A719E F optR=
Aol UVE ZAFH 3 Hhal0. 2 ¢l3}e] Zejzl dH o] 57]
& A18}] ApoE 321 genotyping 3t $iTt [10],
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E 7 2] SAS version 8.2 (SAS Inc., Cary, NC, USA)S
o|g-3sto] 7z wWclnjtt Ho BFEAAE T3Slen,
ApoE A of] k2 7} 77ke] 9 9 AYsletA 2ol
(A%, 9, A A5, 8, 89, d5 A4 5), 25,
98, 758 Aol ¢
ANOVA) %! chi-square testE ©]-8-a}o] A3}t g3 A
A FEE TSR Skl ApoE

[e] RS
5 e} 2~ = ST
BML, &¢t, w5 5, e, 38 4 AT 58 59

ApoEs} 8% A x| #HAA 215

Table 1. ApoE genotype and allele frequencies (N=309)

n %

Apo E genotype

e2/2 - R

e2/3 39 12.6

£2/4 4 1.3

£3/3 229 741

£3/4 34 11.0

&4/4 3 1.0
Apo E allele

E2 39 12.8

E3 229 75.1

E4 37 121

E2 allele includes £2/2 and £2/3 subjects.

E3 allele includes €3/3 subjects.

E4 allele includes €3/4 and e4/4 subjects.

The £2/4 genotype is not included in apo E allele.

R gt o5 7 88lo] EF A nA= dFS
dolr 7] Y3 o5 AF I HEA (multiple linear
regression analysis)= AT}, o] ApoE 722} o3
AJ(ApoE3 =0, ApoE2 Ho+= E4=1)3} |7 -7 2 =0,
7 F=1)= HoH4(dummy variables) 2 %] 2|8} S3tt. p
& 0,05 P|RE] B2 FAIHA Su)7t e Ao s A9

seict.

z4 J-'-I'

o] I A= AA| t’dAt T ApoE EEY o] Hle+
€3/37F 2298 (74.1%) 2.2 717 wokor, e2/37} 399
(12.6%), €3/47} 3474 (11.0%), €2/47} 478(1.3%), €4/4% 3
(1000 2.2 ERSITE, Bt g4kl wet B7ek ol
w E37} 229%8(75.19%) 0.2 W=7t 718 = yehton,
E49] WI%7} 379(12.1%) .2 714 Yeke} (Table 1),

AAA Y oA E29& AR (Table 2), 1A Al
Aol Hat AL 36,1+ 6,94, BMIE 21.2+ 25 kg/m'Z
Uebdtt Asletd 54 F 3 A& 885 11,3
mg/dL, FZ2HES 177.8 + 31.8 mg/dL, HDL &2
B 22 61,0+ 13,5 mg/dL, LDL S8 2E| 22 1064 +27.7
mg/dL, A AL 82,3 + 42,2 mg/dLE VFepr}, wdt o
Tl Ht 09 +0.6 3] &= 55 3= A2E 2ALY]
om, o = Fe FHAHd 55 e s 17109
312 Yepgth ws e vigh o)) g} 74.1%,
#7321 oJAdL 10.8%= YERGTE (not shown).

3 A4 50 A8 98 a9le s gzl o
WEEo o3 ARBAE Table 33 2}, 99 (1=
0.245)%} BMI (r=0.231)% FZd|28E7 o] a3
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Table 2. Anthropometric and biochemical character-
istics of the subjects

Table 4. Lipid profiles levels of subjects with different
ApoE alleles (N=305)

Variable n Mean+ SD
Age (y) 305 36.1+6.9
BMI (kg/m?) 305 212+25
Insulin (mg/dL) 305 44+34
Glucose (mg/dL) 305 88.5+11.3
Total-Cholesterol (mg/dL) 305 177.8+31.8
HDL-Cholesterol (mg/dL) 305 61.0+13.5
LDL-Cholesterol (mg/dL) 305 106.4+27.7
Triglycerides (mg/dL) 305 82.3+422
HOMA-IR 305 1.0+0.9

BMI: body mass index; HDL: high density lipoprotein.
LDL: low density lipoprotein.
HOMA-IR: fasting insulin (x1U/mL) x fasting glucose (mg/dL)/405.

Table 3. Pearson’s correlations coefficient of plasma
lipid profiles with variables

Variable Total-C HDL-C

LDL-C  Triglycerides

Age 0.245 -0.106 0.246 0.215
<0.001 0.063 <0.001 0.001

BMI 0.231 -0.254 0.305 0.304
<0.001 <0.001 <0.001 <0.001

SBP 0.035 -0.194 0.139 0.057
0.538 0.001 0.015 0.325

DBP -0.010 -0.130 0.074 0.059
0.861 0.022 0.199 0.303

Drinking times -0.047 0.058 -0.085 -0.037
0414 0.311 0.137 0.521

Exercise freq. 0.075 0.089 0.041 -0.057
0.194 0.120 0.473 0.323

Education -0.092 0.083 -0.139 -0.152
0.107 0.146 0.015 0.008

Insulin 0.070 -0.210 0.124 0.244
0.224 0.001 0.031 <0.001

Glucose 0.150 -0.081 0.132 0.118
0.414 0.160 0.022 0.039

HOMA-IR 0.097 -0.208 0.143 0.255

0.089 0.001 0.013 <0.001

Values are Pearson’s correlation coefficient r with p-value.

Total-C: total-cholesterol, HDL-C: high density lipoprotein-cholesterol.
LDL-C: low density lipoprotein-cholesterol.

BMI: body mass index, SBP: systolic blood pressure.

DBP: diastolic blood pressure, HOMA-IR: fasting insulin (#1U/mL) x
fasting glucose (mg/dL)/405.

= B3, BMI (r=-0.254), SBP (r=-0.194), DBP (r=-
0.130), 1€ (r=-0,210), HOMA-IR (r=-0,208)= HDL
dl2E S o AaaA7E Yebgt IDL 282 S 2
A& (r=0.246), BMI (r=0.305), SBP (r=0,139), ¢l&d (r=
0.124)7} HOMA-IR (r=0,143)& <] J23A7F et
U, MHFE (1=-0.139)= 9 ATt Yehgd &
A 9= A7 (r=0.215), BMI (r=0.304), 21&d (r
=0.244), 8% I ¥ % (r=0,118), HOMA-IR (r=0,255)
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Total-C HDL-C LDL-C  Triglycerides

Alele mgidl)  (mg/dl)  (mgldl)  (mgdL)

E2 1748357 557+135° 1055+30.7 95.7+484
E3 1771£31.1 620+£136° 1049+271 809+425
E4 1854+320 605+122* 116.3+265 774+30.3

p-value 0.283 0.028 0.065 0.095

p value for ANOVA.

Values are mean+SD.

Total-C: total-cholesterol.

HDL-C: high density lipoprotein-cholesterol.

LDL-C: low density lipoprotein-cholesterol.

E2 allele: n=39, E3 allele: n=229, E4 allele: n=37.

p<0.05, significantly different among 3 alleles by Duncan’s multiple
comparison.

Means with the same letter are not significantly different.

(Table 4), FEH 252 B4 FHAF 0] 185.4 +32.0
mg/dLO 2 7P =7 Jeh AR $AH 02 v f14
83} foJ8t 2o Ho|A| ¢koktt. HDL 228 22 E3
S48 0] 62,0 + 13,6 mg/dLE E2 §-428] 557 £ 135
mg/dLol| H]ate] ok 2o 7} FEAFHATH (p =0.028).
LDL S 28 28 4 524138 0] 116,3 + 26,5 mg/dLE A
TR T 7MY 28 TR Ve, A B2 f
A28 0] 95,7 + 48 4 mg/dLE 71§ E=kA|uk 0|5 HE A
A 5w AAA R frofet afolwhs vERiT,
Table 5t ApoE, 913, BMI, 88}, 14 5, 9l
2 8% v, HOMAR, 973 4575 B3
3 AN S Az Aot BAE AF 990E
= A FEF fros dEdArt Jerd dgks
aFqiet. 1 A3, AF (p=0.022)7 BMI (p=0.005)7}
#77] 944 (p=0.005)455 FZH2H=o| TVt
3Fo] YRt} (#=0.148). HDL S| 2| S-S ApoE2 -
A8 (p=0.010)0] 3L BMI (p=0.002)7} Z7}842 7423
£ A%o] YeTh (1 =0.135). LDL ZY2H M E
ApoE39] H|3}e] E4 (p=0.032)¢] Aol 1 w57t 271
= Ao Yeha, BMI (p=0.000)7} 37k 917
71 o (p=0.025)dF= F7k8k= AoR e (=
0.168). FAAMe] B-olli= 9% (p=0.045)2 BMI (p=
0.000)7}F S74875 FobAlE 43S BTt (7=0.172).
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Figure 1. Total annual mortality for diseases of the
circulatory system by sex, 1983-2007 in South Korea
[11].
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Table 5. Multiple regression analysis on lipid profiles

Variable B SE p< r F (p)
Total-cholesterol 0.148  4.62(<0.001)
Apo E2 -4304 5341 0421
Apo E4 6.313 5373 0.241
Age 0.773 0.337 0.022
BMI 2243 0.783 0.005
Menopause 18.084 6.404 0.005
HDL-cholesterol 0.135 4.16 (<0.001)
Apo E2 -5.920 2283 0.010
Apo E4 -1.226 2297 0.594
Age -0.152 0.144 0.293
BMI -1.058 0.335 0.002
Menopause 4444 2738 0.106
LDL-cholesterol 0.168  5.37 (<0.001)
Apo E2 -1.079 4583 0.814
Apo E4 9.960 4.615 0.032
Age 0.513 0.289 0.077
BMI 2492 0672 0.001
Menopause 12401 5.501 0.025
Triglycerides 0.172  5.54(<0.001)
Apo E2 9.326 6.981 0.183
Apo E4 -4.784 7.023 0.496
Age 0.887 0.440 0.045
BMI 3.850 1.023 0.001

Menopause  10.065 8.370 0.230

Multiple regression analysis performed taking E3, Non-menopause as
the reference.

A regression coefficient, SE: standard error, r*: adjusted coefficient of
determination, F (p): results from F-test of model and p values of the
tests.

BMI: body mass index.

HDL-cholesterol: high density lipoprotein-cholesterol.

LDL-cholesterol: low density lipoprotein-cholesterol.

Table 6. Comparisons of ApoE allele frequencies in
different populations or ethnic groups

Sample Allele frequencies (%)

Population [ref]

number E2 E3 E3
Taiwan [14] 220 84 852 6.5
Japan [32] 1126 46 849 105
China [33] 396 282 61.0 109
Spain [8] 614 80 842 7.8
Poland [16] 170 76 818 106
Korea [9] 92 76 728 19.6
Korea [6] 158 133 725 142
This study 309 128 751 124

32 A8H(polygenic disease)o]2tal g
oA A ddE AR R o
3] =55 Aol A, AR7iAl= Atk #dd
ApoE 77 T Ao of ] FofolM 71 Hol FaEof

gk 115,

M AFE FalAl ApoE27} ApoE3°ﬂ HJaf 2 3
Y ~v 29 DL FY2HE %
FAA Bdo] Yt B | ‘ﬂicﬂ, Ap0E4*E
7} FZY2EE, IDL Y28 S o] it B

¢

i pet o o_>,i

111
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ATk 51, ©]9F 22 ApoE 712} thE g ol wh Adolet &
A oL o] AFoIM = FARIHA YrERTE
ApoE T3¢l m2 HDL S 2H & & vlwst 4
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2o AT BIY =S tFoR S AT [aledAE
ApoE4 32t o] T2 ApoE A o wlste] SAIH
o7 Foa ¥ IDL Y28 & Tt YEdS 21
SFAaL, ole} FASH o] dFelM = LDL FH2HE 5
S7F ApoE4oll ] 718 A e AR BAIA f-o 492 o
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of H]3ll ApoE2 FrAAE A4S FAL AN E T2t 5
7¥ebe Ao E YeRgAlRE A fo4dL gle Ao
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H‘

AR S7h= o - A ARMAE & LA gle
o 5], B d7eol 999 Sk €5 A st v
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