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Apolipoprotein E gene polymorphism and dyslipidemia in Thais
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Leelayuwat™ ®, Suchart Sirijaichingkul’, Yaovalak Teerajetgul” *, Duangrudee Changtrakun®

Abstract

Apolipoprotein E (apoE) is a constituent on lipoprotein surface and plays an important role in lipid metabolism.
There are three common isoforms of human apoE, designed apoE2, apoE3 and apoE4 that are coded by three
polymorphic alleles of the APOE genes, €2, €3 and €4. Polymorphism of APOE influences the blood lipid
concentration and may contribute to susceptibility to dyslipidemia. The present study was therefore to investigate
the role of APOE polymorphism on blood lipid levels in Thai individuals. A total of 121 normolipidemic and 125
dyslipidemic subjects were recruited. DNA was isolated from peripheral blood leukocytes and APOE genotypes
were determined by PCR-RFLP. Allele frequencies of €2, €3 and €4 were 9.3%, 77.8% and 12.8%, respectively.
The respective prevalence of APOE genotypes for £2/€2, E3/€3, €4/E4, E2/€3, €2/E4 and E3/E4 were 1.2%,
62.2%, 0.8%, 11.8%, 4.5% and 19.5%. The frequencies of APOE allele and genotype of both groups as well as
the relation of APOE genotypes to the risk of dyslipidemia were not significantly different. The elevation of some
lipid parameters observed in male subjects and the higher level of lipid profile in dyslipidemic group may be due

to other factors and gene polymorphisms.
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a211/1aly115@ud (apolipoproteinE; apoE) 1iu
arginine-rich glycoprotein Usznaudmonsneziilu 299 i
fluesdisznounileiinuoguuiisveslalulysiu®
Nunum aglunszuiumsiunuedsuveslalllysiu
wazluMImUANIEAUWIBMTA remnants ¥4 triglyceride
rich lipoproteins (TGRL, laun chylomicrons 1ag very
low density lipoproteins; VLDL) Feianadu
atherogenicity 490091003zl 1d0a” Iag apoE
shwthitiii ligand WvlalWTsfulumssuy receptors
VUAIYOIIBAAAY 15U heparan sulfate proteoglycans
(HSPGs) uag low density lipoprotein (LDL) receptor
family® wyweind apoE 3 lolswoinde apoE2, apoE3
waz apoE4 sufundnnanndada (alleles) 3 siave
osTlalTusiudsu (APOE) vulasTulsudishumia
19q13.2 Ao €2, €3 nwaz &4 mumau mliladlulnil 6
B0 AD E2/E2, E3/E3, €4/€4, €2/€3, €2/€4 uoy €3/
&4 Taw apoE 1 3 Telwrlesusianuandaiudisia
vesnsnesiilusmumidl 112 uaz158 Fensmozilung

DMLY apoE2 iU cysteine (Cys) ud apoE4

1flu arginine (Arg) "W apoE3 fighwmis 112 1y Cys
uaz fmums 158 1 Arg®

Imsdnmunlszinaiosas 60 Y99ANNLANAN
sgdu TC lundazautuegfuiugnaan (genetically
determined) las¥ovay 14 iuwannanuvainvany
NMANUFNIINTEY APOE™ Ti)s@n apoE2 uag apoE3 wu
1Al high density lipoproteins (HDL) ug apoE4 wulu
TGRL fu "wlna) % apoE3 uag apoE4 as3ufiu LDL
receptor family lad 1uﬂlm$ﬁ apoE2 Julalud
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enReuifloud receptor affinity ¥4 apoE2 Wuil
alszanmievas 1 989 apoE3 uaz apoB4"” Jamlw
M3IM3A TGRL remnants W319Meveefiiii apoE2
sz nimwanas dmMs ¢ 4 TGRL remnants luldon
i Smsifinduves TG luidea shlvilem W type
T hyperlipoproteinemia®™ 541" sestalsanasnidoniirle
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Tiiuiziloafulsanasaideailaldnanh ™ i
apoE4 sinwuhilsediu TC nag LDL-C 9% wenaniid
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WUFNIINYed APOE uazszavluiiuziiadng luidea
vosauInenduitiinngssduluiuludenlnfisouifioy
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youuAundr ngusiediuiue 1 daslneminivuims
A379 ¥MNA 01UUINs vnmaianisunnduay
MuMMNIA AULINATAMTUNNG NNINLNBIVBULAU
NUNIING 246 AU Ndaanululudugenitnginlasams
v L4 d! 1A A LY
feanN sl #alidenmsu awedlsavasniaoniila
i electrocardiogram (ECG) Min@ Nszauihmaluldon,
10U L3y (alanine aminotransferase; ALT, aspartate
aminotransferase; AST Wag alkaline phosphatase; ALP),
blood urea nitrogen (BUN) wag creatinine g luinaui
Un@nazlifianudulaitn 9 01 1 dasgauieesniiy

pangu Ao nquindszavlviuludenlndinnu 121 au
waznguniszavlvivluidearalndim 125 au inami
d‘ VA A % 1 A L% = a a A = % L%
nlnasninlviulnaeadalnd fe Nszevlviiv
siialasiiavisde lWUAMNG Taunlisedu TC > 240 mg/
dL, TG > 200 mg/dL, LDL-C > 160 mg/dL %3 HDL-
C < 35 mg/dL®
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fndoaudagnldlumsnsin ALT, AST, ALP, BUN,
creatinine, TC, TG uag HDL-C “wi¥uideaflld EDTA
Wy siudeandddslums Aedlduenndiadensnn
Tagldymien 13931 FlexiGene DNA kit (QIAGEN,
Hilden, Germany)

MINTIIMSZAD 151l luden

#3797a133a FBS, ALT, AST, ALP, BUN,
creatinine, TC, TG waz HDL-C fheiasediinnzioniuiia
Beckman CX4 (Beckman Coulter, Fullerton, CA) g
1$vhen “13031) (Trace®, Clayton, Australia) "33y
LDL-C ldmamsannalagld Friedewald equation®”

msasmd lulnilues APOE

ATIMANNRAINANEY0I APOE Menatia polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) 1511390135984 Zivelin A uazamz® sy
hadlelnaves forward uag reverse primers (Invitrogen,
Carlsbad, CA) @® 5 TGTAAAACGACGGCCAGTCAA
GGAGCTGCAGGCGGCGCA-3’ uag 5’-GCCCCGGCC
TGGTACACTGC-3’ MUy un Nawe luljasen
PCR #5935 25 uL U32noual8 primer usiay
sUAANNITNTY 0.3 uM, dNTPs (Promega, Madison,
W) 200 uM Tubuffer i un uves MgCl, 1.5 mM
(QIAGEN), 1X Q-solution (QIAGEN), Tag DNA
polymerase (QIAGEN) 0.5 unit uazﬁzﬁmaﬁamﬂﬁju
§o¢19 100 ng ¥ PCR Tnglfia3es Thermal Cycler
PTC 100 wag PTC 200 (MJ research, Ramsey, MN)
szneudetuneudendail Ao denaturation figamnf
94 °C 1Wuna 6 il mudie PCR cycle ﬁqquﬁ 94 °C
40 3w, gamai 65 °C 40 3N uazgamigil 72 °C
2 ¥ I 36 39U uag final extension ﬁqquﬁ
72 °C \flunm 5 Wi wé’qmﬂﬁuuﬂwawﬁmwﬂ PCR
poniilu 2 iaen viaenaz 10 uL wazhldeudeioulss
Afl I (New England BioLabs, Harts, UK) 3 unit uag
Hae 1 (New England BioLabs) 5 unit iy figaumal
37°C funa 24 $1lua udsn euvNABY LveA
Buied lgnnmsdesdneds electrophoresis 1 2 % high

resolution agarose gel (Promega)
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Aangideyana afdaalisunsu SPSS version 15
u aedeyaiflusundoua: udsusumnasgu wums
A OUMINITNBYOITOYAlE Kolmogorov-Smirnov Test
fFoyadudsiiluddiavdeiiosfifinansznediy
nwpldand (normal distribution) léun anudulaiia
creatinine uag LDL-C/HDL-C "widioyafifimanszans
nuulashidn@ezgnulasdeyaliiiua logl0o Aeu wia
YIMANIANMN adldszylihemane @ P < 0.05
do1NANNUANAINDENHTY 1Ay  1azn1TIIANY
“wiusszrieilulndves APOE funngluivluiden
Amndluaulngld logistic regression 1ie3ianzimean
Odds Ratio (OR)

HANISANEN

mMIfJeunsuadiulsdgniadiinuagnanis
avn iailudensfiasagsniner 1 fasia eangu
wuher 1 fasniszdvleiuAaUndfiduadsvesany
aulaiia 01g dstiniane 326U FBS, creatinine, ALT,
AST, TC, TG, LDL-C, TC/HDL-C, LDL-C/HDL-C uag
TG/HDL-C anhen 1 fiasiiisedvluifuludentnd
28Ny MAYNIN A (M3t 1) waziilefinsanis
siavedloihiluideavesnduitinizluinludondalnd
91 1 a3 wlng) (Sewaz 43.2) dszay TC TAy LDL-C
Lann@ saudan @e d TG andindiegadeiny
Sovaz 13.6 (lildu asmaluman

d' a Jd 1 = 1 1 d'd o/ =) a 1 d'd £ 2 a a
A1INN 1 1 aanndiweiine WisuimeussninaguiilvivludeanfuaznquiillvivludeaiaUng

Parameter Normolipidemic group Dyslipidemic group P-value
m=121) (n=125)
Gender; Female (96) 80 (66.1) 73 (58.4) 0.212
Male (%) 41 (33.9) 52 (41.6)
SBP (mmHg) 110.63 +£13.33 114,72 £ 12.30 0.014
DBP (mmHg) 70.75 + 8.38 73.25+£8.28 0.021
Age (years) 43.19 + 7.99 47.17+7.53 <0.001
BMI (kgfmz) 22.38+£2.98 23.88+3.12 <0.001
FBS (mg/dL) 77.25 £ 6.80 80.24 £ 8.16 0.003
BUN (mg/dL) 11.15+2.48 11.77 £ 2.74 0.097
Creatinine (mg/dL) 0.99 +0.21 1.06 £0.23 0.009
ALT (mg/dL) 18.93 + 7.69 21.02 £8.07 0.023
AST (mg/dL) 26.14 +5.70 27.71 £6.13 0.038
ALP (mg/dL) 57.55+16.13 60.69 + 16.14 0.088
TC (mg/dL) 195.39 +£23.27 243.69 £ 40.11 < 0.001
TG (mgsdL) 90.65 + 35.63 172.81 + 101.27 < 0.001
HDL-C (mg/dL) 50.10 + 10.76 52.74 +16.85 0.533
LDL-C (mg/dL) 126.97 + 20.65 158.39 £ 41.02 < 0.001
TC/HDL-C 4.01 +0.69 4.98 + 1.34 < 0.001
LDL-C/HDL-C 2.63 +0.62 3.26 £ 1.21 <0.001
TG/HDL-C 1.90 £+ 0.93 3.72+3.19 < 0.001

= o ¥ o 3
INAAAAZHIBUTAITINIY (F002) A3 11A03 U uAAIANIlY mean £ SD MINATOUANUUANANNIAEA 1S

independent t-test (SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index)
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MINN 2 1 WANNAdada €2, €3 uay €4 VBN
91 1 AN Avdevaz 9.3, 77.8 nag 12.8 MuAG

d'QJ a2 ~ | o/ Qg.ll 1 1
anuadadauazilulnivesen 1 dasns esnguliuan
ghaty Aulnilinuinn ade €3/€3 sosannde €3/&4
91 1 diasnguniszavlvivndlinudluln e2/€2 uay
e4/€4 wanwvldmdndeslunguitdiszdvleiiuialnd

msnsznedianuddlulnivesie eenguiiluliau

ng w9a Hardy-Weinberg (nqulusiuluaennd x*
4.025, P = 0.546 uazngulvivludearalnd €2
2.821, P = 0.728) u avhanudves APOE 8ada
Tusemnsudaziulifimsdsunlamsesicnasilunng

1 -4' 1= -4' 9 1 1T Aa

1 Wewmnliiimsadeudhevesnguiszanns lsiia
mM3dnidenlaesssnmnd vieliinamsnangiuguesiu
APOE \flugiu

a15NN 2 annddadanazdlulnives APOE lunguiiilvinludentnfuazngunitlvivludentialnd

Frequency; n (%)
Allele/genotype Normolipidemic group  Dyslipidemic group Total
(n=121) (n=125) (n = 246)
Allele
&2 23 (9.5) 23(9.2) 46 (9.3)
&3 190 (78.5) 193 (77.2) 383 (77.8)
&4 29 (12.0) 34 (13.6) 63 (12.8)
Genotype
E2/E2 - 3(2.4) 3(1.2)
E£3/E3 75 (62.0) 78 (62.4) 153 (62.2)
E4/E4 - 2 (1.6) 2(0.8)
E2/E3 17 (14.0) 12 (9.6) 29 (11.8)
E2/&4 6 (5.0) 5(4.0) 11 (4.5)
E3/E4 23 (19.0) 25 (20.0) 48 (19.5)

. . 3 " = a0 = =t g =
Chi-square analysis 1“Ifﬁluﬂ"li1’|ﬂﬁﬂﬂﬂ']'luuﬂﬂﬁ'IQ'H"N'G_TQWSUEN?I']"Iilaﬂaﬁfllla?ﬁliuthlﬂ“UEN APOE TZHIMNUNAND

] " A @ = - " oaa s = = - ] J
L!.Elm‘l”lﬁ‘]f']ﬂ!.m%‘i%ﬁ'ﬂﬂﬂi!ll‘l"li.lh].“[!ﬂu(lul,aﬂﬂﬂﬂﬂL!a%ﬂQHﬂﬂJhlﬂjiJu<1ulaE)ﬂNﬁﬂﬂﬂ Nﬁﬂ']‘i‘l’lﬂﬁﬂ'ﬂthWUﬂ'ﬂl!Mﬂﬂﬂ"N

(P-value > 0.05)

Py = 1 Aa o o
MINN 3 1 aIRaveInsAnEInguiiiszauluil
luidealnd wunszdu TG uag TG/HDL-C vodmeii

Aulniluny £3/€3 fa andmdaninlulniuuuifediv

146
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wesnndlulniluuy €2/€2 uas £4/€4 lunguidl
szavlvsiuluideafimlafianunuisy (M3en 2) aatil

Faimstangulmilassn €2/€2 1hiv £2/€3 Wungu

13 1INARAMIUWNIUAZNININLNTA « TN 21 2UUN 2 « WOBAAN - ~IRIAN 2552

8/20/09, 11:33 PM



08

1590 3 1 aaszduleiueeg Tumandgauazmovengs

v

nszaulviuludealndnenmusiavesd ulnives APOE

E/E3 E3/E3 E3/&4 EVEL
Parameter P - value
(n=17) (n=75) (n=23) (n=6)
TC (mg/dL)
Total 195.00 + 20.11 193.91 +24.35 199.13 £21.67 200.67 2695  0.747
Male 195.25 +22.79 196.46 + 25.76 196.56 +28.83  198.50 +16.26  0.998
Female 194.92 +20.23 192.55 +23.73 200.79 £ 16.61 201.75+33.43  0.584
TG (mg/dL)
Total 89.00 + 35.52 87.20 +32.75 102.57 £45.09  92.83 +27.59 0.570
Male 108.50 =+ 49.80 104.46 + 36.98" 11578 £39.11  109.50 +31.82  0.885
Female 83.00 + 29.93 78.04 + 26.35" 94.07 +47.96  84.50 +25.57 0.728
HDL-C (mg/dL)
Total 50.47 +9.41 50.57 +11.12 48.83£11.09  48.00+10.30 0.847
Male 47.75 £8.18 51.08 + 14.31 51.00+14.11  39.00+4.24 0.617
Female 51.31 +9.91 50.31+9.17 47.43 £8.95 52.50+9.47 0.623
LDL-C (mg/dL)
Total 126.76 + 14.77 125.52 +20.29 12991 £25.17 13433 +22.70  0.773
Male 125.50 = 14.84 123.96 + 24.62 122.56 +34.06 138.00+14.14  0.848
Female 127.15 + 15.33 126.35 + 17.81 134.64+17.23 132,50 +27.91  0.502
TC/HDL-C
Total 3.94 +0.53 3.94 +0.62 4.24 +0.89 430+ 0.92 0.346
Male 4.15+0.62 4.03 +0.85 4.10+1.20 5.14 + 0.98 0.528
Female 3.88 +0.52 3.89 +0.47 4.33 +0.66 3.88 £ 0.61 0.062
LDL-C/HDL-C
Total 2.58 4 0.44 2.57 +0.58 2.80 + 0.79 2.90 + 0.80 0.595
Male 2.67 +0.44 2.59+0.78 2.60 = 1.05 3.58£0.75 0.547
Female 2.55+0.46 2.56 + 0.44 2.92 +0.57 2.56 + 0.65 0.161
TG/HDL-C
Total 1.83 +0.82 1.80 + 0.82 225+1.27 2.02 +0.85 0.445
Male 2.35+1.23 2.19 + 1.00" 2.51+1.32 2.87+1.13 0.764
Female 1.67 +0.63 1.59 + 0.63" 2.08 + 1.25 1.59 +0.22 0.568

AT Imesaequaauly mean £ SD AINATBUAMLUANA19TENHA19S Tu'Inl1Fad@uuy ANOVA taznis

NAAOUANLUANA 1952 T1UNA LY independent t-test (711 P-value:- a = 0.001 1aE b = 0.003)

€2 carriers UazIIN E4/€4 191U £3/€4 1T €4 carriers
e msadt 4 dlenReuifeusyiulviusiinsheluudas
lniwuhmengudlulniuuy €2 carriers nag £2/€4
fifn TC/HDL-C _ahludwds wmeiiih £3/€3 fimn
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AN 4 1 aesgvlviuig lumavdauasmnevesnguniszivleinluteafiaUnfusnmustinvesdulnives APOE

£2/62 + E2/83 E3/E3 E4/EL + E3/84 E2/E4
Parameter P-value
(n=15) (n=178) (n=27) (n=5)
TC (mg/dL)
Total 235.07 +42.73 244.65 +39.11 246.89 + 42.09 237.20 + 45.83 0.784
Male 243,17 +25.77 242.25+41.12 237.09 + 39.22 243.67 = 44.43 0.982
Female 229,67 +51.94 246.33 + 38.02 253.63 + 43.90 227.50 £ 64.35 0.475
TG (mg/dL)
Total 19560+ 11630 168.78 = 101.09 160.89 = 80.58 231.60 + 155.27 0.665
Male 249.00 + 129.17 20625+ 111.89" 202.09 + 04,32h 264.67 + 181.33 0.836
Female 160.00 + 98.38 142.72 + 84.67 132.56 % 56,76 182.00 + 149.91 0.939
HDL-C (mg/dL)
Total 49,13 + 15.25 53.82+ 17.42 51.93 +16.77 51.20 + 15.50 0.818
Male 42,67+ 11.34 56.28 £ 21.19 55.55 +21.00 41.00+9.17 0.420
Female 53.44 + 16.56 52.11 % 14.24 49.44 + 13.32 66.50 + 3.54 0.478
LDL-C (mg/dL)
Total 146.93 + 37.07 160,00 + 38.54 162.74 + 47.19 141.50 = 61.15 0511
Male 150.83 + 38.32 151.23 + 40.99 141.00 + 41.34 158.50 + 41.72 0.904
Female 144.33 + 38.31 165.72 + 36.17 177.69 + 46.22 124.50 + 91.22 0.101
TC/HDL-C
Total 5.08 = 1.42 4.90 + 1.28 5.15+ 1.52 4.95+1.49 0.908
Male 6.03 % 1.66° 48141.58 4845179 5.984031" 0.235
Female 4.45+0,84° 4.95+1.03 536+ 1.32 3.40 = l),‘,i")'l 0,041.
LDL-C/HDL-C
Total 3.17 + 1.03 321+ 1.14 3.48 + 1.44 3.05 + 1.59 0.880
Male 3.68 = 1.15 298+ 1.39° 3.04 = 1.61 427+0.15 0.377
Female 2.83 +0.84 337+0.93° 3.78 + 1.29 1.84+1.27 0.020
TG/HDL-C
Total 4.55+3.51 3.63 +3.52 334+ 1.68 4.84+3.13 0.579
Male 6.76 = 4.42 4.61=4.588" 399+ 1.80 6.20+3.12 0.443
Female 3.08 = 1.80 2.94+1.90" 2.89 = 1.48 2.80 +2.40 0.970

1 a g1 < = ! 1 Av o o ' 1A | ¥ aa
AMmNAneTae i auilu mean + SD * Hanuuandnedniiiy dguema suanuuandesziislulndde afuuy

ANOVA 1azmna auanuuanaesziiaimals independent t-test (A1 P-values:- a = 0.002, b = 0.018, ¢ = 0.032,

d =0.021, e = 0.043 uag f = 0.018)

asi 5 ldhnsiSeuifieussaulviuveann
lnilsenier 1 i esndu nuhsgduleii '
Tngjvesnguitiiszavloiuludoaiadndiien sndings
AfszsuloiulndenUnfodheiiie Wy oniussdy
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‘ﬂ' Iy o/ L ! o/ v A a A | o/ g.’l !
a3 5 Wisumeuszauluiudng Auanugnvesdadauazaiiadlulndluer 1 A eangu

&2 &3 &4 E2/E3 E3/83 E3/E4 E2/E4
Parameter

(AN = 46) (AN = 383) (AN = 63) (n=29) {n=153) (n=48) (n=11)
TC (mg/dL)
Group 1 1965+ 21,6 194.6 + 23.6 1994 +223 195.0 + 20,1 1939244 199.1 £21.7 200.7 = 27.0
Group 2 230.8 +45.6 2445+ 38.8 248.1 £42.6 2442+ 33.6 244.6 = 39.1 243.4+41.2 237.2+458
P-value 0.011* =0.001* =0.001* =0.001* =0.001* <0.001* 0.133
TG (mg/dL)
Group 1 90.0 £ 33.1 89.2+ 348 100.6 +41.8 89.0 + 35.5 87.2+328 102.6 = 45.1 92.8 +27.6
Group 2 211.5+122.1 168.2 +£99.1 172.5 = 94.1 180.1 £114.7 168.8+ 101.1 159.3£82.4 231.6 = 155.3
P-value =0.001* =0.001% =0.001* 0.010* =0.001* 0.002 * 0.058
HDL-C (mg/dL)
Group 1 498 £95 50.4 <109 48.7 £ 10.8 50594 506111 48 8= 11.1 48.0x 10.3
Group 2 48.6 + 14.7 535+17.2 51.2+16.0 51.0+15.7 53.8+174 52.7+17.2 51.2+15.5
P-value 0.740 0.280 0.698 0.910 0.479 0.564 0.691
LDL-C (mg/dL)
Group 1 128.7 + 16.9 126.2 + 20.4 130.8 + 24.4 126.8 + 14.8 125.5 £20.3 129.9 +£25.2 1343 +22.7
Group 2 1403 + 41.8 159.7 £ 39.0 163.2 + 48.8 157.2+31.4 160.0 + 38.5 158.7 + 46.6 141.5 +61.2
P-value 0.226 <0.001* 0.023* 0.002* =0.001* 0.055 0.796
TC/HDL-C
Group 1 4.1=06 4.0+0.7 42+09 39405 39+06 42+09 4309
Group 2 50=1.4 49+1.3 5215 52415 49+1.3 5015 50%1.5
P-value 0.003* =0.001* 0.003* 0.005 * =0.001* 0.038 * 0.395
LDL-C/HDL-C
Group 1 2.7£05 26£06 28+£08 26+£04 2.6 0.6 28+08 29+08
Group 2 3111 32412 35+14 33411 32411 33+14 3.0+ 1.6
P-value 0.113 <= 0.001* 0.022* 0.030 * 0.002 * 0.104 0.845
TG/HDL-C
Group 1 1.9=0.8 1.9£09 22+£1.2 1.8£0.8 1.8 +0.8 22x13 2008
Group 2 4832 36+£33 3619 42+£3.7 3635 3317 4831
P-value = 0.001* <0.001* 0.001* 0.017* <0.001* 0.024 * 0.061

AN EIeesA1euaauilu mean + SD MINATOUANUIANATEN NG HaBAIDY independent t-test,

* P-value < 0.05, (Group 1 = Normolipidemic group, Group 2 = Dyslipidemic group)
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