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∫∑§—¥¬àÕ
Õ–‚ª‰≈‚ª‚ª√µ’πÕ’ (apoE) ‡ªìπÕß§åª√–°Õ∫Àπ÷Ëß∑’ËÕ¬Ÿà∫πº‘«¢Õß‰≈‚ª‚ª√µ’π ¡’∫∑∫“∑ ”§—≠„π«‘∂’‡¡·∑∫Õ≈‘´÷¡¢Õß‰¢¡—π

apoE „π¡πÿ…¬åª√–°Õ∫¥â«¬ 3 ‰Õ‚´øÕ√å¡ ‰¥â·°à apoE2, apoE3 ·≈– apoE4 ÷́Ëß‡ªìπº≈º≈‘µ®“°Õ—≈≈’≈ 3 ™π‘¥ §◊Õ ε2, ε3

·≈– ε4 µ“¡≈”¥—∫ ·≈–Õ—≈≈’≈·µà≈–™π‘¥¡’º≈µàÕ√–¥—∫‰¢¡—π„π‡≈◊Õ¥·µ°µà“ß°—π·≈–Õ“®π”‰ª Ÿà°“√‡°‘¥¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘‰¥â

°“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕÀ“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢ÕßÕ–‚ª‰≈‚ª‚ª√µ’πÕ’®’π (APOE) °—∫√–¥—∫‰¢¡—πµà“ßÊ

„π‡≈◊Õ¥„π§π‰∑¬ °≈ÿà¡°“√»÷°…“ª√–°Õ∫¥â«¬Õ“ “ ¡—§√∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘®”π«π 121 §π °—∫°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π

„π‡≈◊Õ¥º‘¥ª°µ‘®”π«π 125 §π ∑”°“√ °—¥¥’‡ÕÁπ‡Õ®“°‡¡Á¥‡≈◊Õ¥¢“«·≈–µ√«®À“®’‚π‰∑ªá¢Õß APOE ¥â«¬‡∑§π‘§  PCR-RFLP

æ∫§«“¡∂’ËÕ—≈≈’≈¢Õß ε2, ε3 ·≈– ε4 ‡∑à“°—∫√âÕ¬≈– 9.3, 77.8 ·≈– 12.8  µ“¡≈”¥—∫ ·≈–§«“¡∂’Ë¢Õß APOE ®’‚π‰∑ªá

ε2/ε2, ε3/ε3, ε4/ε4, ε2/ε3, ε2/ε4 ·≈– ε3/ε4 §◊Õ √âÕ¬≈– 1.2, 62.2, 0.8, 11.8, 4.5 ·≈– 19.5 µ“¡≈”¥—∫ §«“¡∂’Ë

Õ—≈≈’≈·≈–®’‚π‰∑ªá¢Õß APOE ‰¡à¡’§«“¡·µ°µà“ß°—π„πÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡ §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß APOE ‰¡à¡’

§«“¡ —¡æ—π∏å°—∫§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘ ‡æ»™“¬¡’√–¥—∫‰¢¡—π∫“ß™π‘¥ Ÿß°«à“‡æ»À≠‘ß„π∫“ß®’‚π‰∑ªá

·≈–Õ“ “ ¡—§√°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘¡’√–¥—∫‰¢¡—π à«π„À≠à Ÿß°«à“°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥ª°µ‘ ∑—Èßπ’ÈÕ“®¡’ “‡Àµÿ®“°ªí®®—¬

·≈–§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß®’πÕ◊ËπÊ

§” ”§—≠: §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢ÕßÕ–‚ª‰≈‚ª‚ª√µ’πÕ’®’π, √–¥—∫‰¢¡—π„π‡≈◊Õ¥, ¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘
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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, ε2, ε3 and ε4. 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 ε2, ε3 and ε4  were 9.3%, 77.8% and 12.8%, respectively.

The respective prevalence of APOE genotypes for ε2/ε2, ε3/ε3, ε4/ε4, ε2/ε3, ε2/ε4 and ε3/ε4 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.

Key words: Apolipoprotein E Gene (APOE),  Polymorphism, Blood Lipid Levels, Dyslipidemia
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∫∑π”
‚√§À≈Õ¥‡≈◊Õ¥À—«„®‡ªìπ “‡Àµÿ ”§—≠¢Õß§«“¡æ‘°“√

·≈–°“√‡ ’¬™’«‘µ¢Õß‚≈°·≈–ª√–‡∑»‰∑¬(1) ‚√§π’È‡°‘¥®“°

À≈“¬ªí®®—¬‡ ’Ë¬ß¥â«¬°—π ‰¥â·°à Õ“¬ÿ ‡æ» §«“¡Õâ«π ¿“«–∑’Ë¡’

√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘ (dyslipidemia) °“√ Ÿ∫∫ÿÀ√’Ë ·≈–

ªí®®—¬∑“ßæ—π∏ÿ°√√¡ ‡ªìπµâπ(2) Õ¬à“ß‰√°Áµ“¡∫“ßªí®®—¬‡ ’Ë¬ß

 “¡“√∂ªÑÕß°—π¥â«¬°“√§«∫§ÿ¡À√◊Õª√—∫‡ª≈’Ë¬πæƒµ‘°√√¡

„Àâ‡À¡“– ¡ ·µà∂â“À“°°“√¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘

‡ªìπº≈¡“®“°ªí®®—¬∑“ßæ—π∏ÿ°√√¡°Á‰¡àÕ“®À≈’°‡≈’Ë¬ß‰¥â

·µàµâÕß§«∫§ÿ¡À√◊Õ≈¥ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ„ÀâπâÕ¬∑’Ë ÿ¥·∑π

Õ–‚ª‰≈‚ª‚ª√µ’πÕ’ (apolipoproteinE; apoE) ‡ªìπ

arginine-rich glycoprotein ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π 299 µ—«

‡ªìπÕß§åª√–°Õ∫Àπ÷Ëß∑’Ëæ∫Õ¬Ÿà∫πº‘«¢Õß‰≈‚ª‚ª√µ’π(6)

¡’∫∑∫“∑ ”§—≠„π°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡¢Õß‰≈‚ª‚ª√µ’π

·≈–„π°“√§«∫§ÿ¡√–¥—∫À√◊Õ°”®—¥ remnants ¢Õß triglyceride

rich lipoproteins (TGRL, ‰¥â·°à chylomicrons ·≈– very

low density lipoproteins; VLDL) ÷́Ëß¡’§«“¡‡ªìπ

atherogenicity  ŸßÕÕ°®“°°√–· ‡≈◊Õ¥(7) ‚¥¬ apoE

∑”Àπâ“∑’Ë‡ªìπ ligand „Àâ°—∫‰≈‚ª‚ª√µ’π„π°“√®—∫°—∫ receptors

∫πº‘«¢Õß‡´≈≈åµ—∫ ‡™àπ heparan sulfate proteoglycans

(HSPGs) ·≈– low density lipoprotein (LDL) receptor

family(8) ¡πÿ…¬å‡√“¡’ apoE 3 ‰Õ‚´øÕ√å¡§◊Õ apoE2, apoE3

·≈– apoE4 ´÷Ëß‡ªìπº≈‘µº≈®“°Õ—≈≈’≈ (alleles) 3 ™π‘¥¢Õß

Õ–‚ª‰≈‚ª‚ª√µ’πÕ’®’π (APOE) ∫π‚§√‚¡‚´¡∑’Ëµ”·Àπàß

19q13.2 §◊Õ ε2, ε3 ·≈– ε4 µ“¡≈”¥—∫ ∑”„Àâ‰¥â®’‚π‰∑ªá 6

™π‘¥ §◊Õ ε2/ε2, ε3/ε3, ε4/ε4, ε2/ε3, ε2/ε4  ·≈– ε3/

ε4  ‚¥¬ apoE ∑—Èß 3 ‰Õ‚´øÕ√å¡¡’§«“¡·µ°µà“ß°—π∑’Ë™π‘¥

¢Õß°√¥Õ–¡‘‚πµ”·Àπàß∑’Ë 112 ·≈–158 ´÷Ëß°√¥Õ–¡‘‚π∑—Èß

 Õßµ”·Àπàß¢Õß apoE2 ‡ªìπ cysteine (Cys) ·µà apoE4

‡ªìπ arginine (Arg)  à«π apoE3 ∑’Ëµ”·Àπàß 112 ‡ªìπ Cys

·≈– µ”·Àπàß 158 ‡ªìπ Arg(8)

¡’°“√»÷°…“æ∫«à“ª√–¡“≥√âÕ¬≈– 60 ¢Õß§«“¡·µ°µà“ß

√–¥—∫ TC „π·µà≈–§π¢÷ÈπÕ¬Ÿà°—∫æ—π∏ÿ°√√¡ (genetically

determined) ‚¥¬√âÕ¬≈– 14 ‡ªìπº≈®“°§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß APOE(9) ‚ª√µ’π apoE2 ·≈– apoE3 æ∫

¡“°„π high density lipoproteins (HDL) ·µà apoE4 æ∫„π

TGRL ‡ªìπ à«π„À≠à ∑—Èß apoE3 ·≈– apoE4 ®–®—∫°—∫ LDL

receptor family ‰¥â¥’ „π¢≥–∑’Ë apoE2 ®—∫‰¥â ‰¡à ¥’

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“ receptor affinity ¢Õß apoE2 æ∫«à“¡’

§à“ª√–¡“≥√âÕ¬≈– 1 ¢Õß apoE3 ·≈– apoE4(10) ®÷ß∑”„Àâ

°“√°”®—¥ TGRL remnants „π√à“ß°“¬¢ÕßºŸâ∑’Ë¡’ apoE2

¡’ª√– ‘∑∏‘¿“æ≈¥≈ß ¡’°“√ – ¡ TGRL remnants „π‡≈◊Õ¥

¡“°¢÷Èπ ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß TG „π‡≈◊Õ¥ ∑”„Àâ¡’‚Õ°“ ‡ªìπ type

III hyperlipoproteinemia(11) ®÷ß‡ ’Ë¬ßµàÕ‚√§À≈Õ¥‡≈◊Õ¥À—«„®

·µà¡’∫“ß°“√»÷°…“æ∫«à“ºŸâ∑’Ë¡’ apoE2 π—Èπ¡’√–¥—∫ TC ·≈– LDL-C

µË”°«à“ºŸâ∑’Ë¡’‰Õ‚´øÕ√å¡·∫∫Õ◊Ëπ ¥—ßπ—ÈπºŸâ∑’Ë¡’ apoE2 ®÷ß¡’·π«

‚πâ¡∑’Ë®–ªÑÕß°—π‚√§À≈Õ¥‡≈◊Õ¥À—«„®‰¥â¡“°°«à“(12)  à«πºŸâ∑’Ë¡’

apoE4 ¡—°æ∫«à“¡’√–¥—∫ TC ·≈– LDL-C  Ÿß(9) πÕ°®“°π’È¡’

°“√»÷°…“∑’Ëæ∫«à“Õ—≈≈’≈·∫∫ ε4 ¡’§«“¡ —¡æ—π∏å°—∫‚√§™π‘¥µà“ßÊ

‰¥â·°à ‚√§À≈Õ¥‡≈◊Õ¥À—«„®(13) ¿“«–°≈â“¡‡π◊ÈÕÀ—«„®µ“¬(14) ·≈–

‚√§§«“¡®”‡ ◊ËÕ¡ (Alzheimerís disease)(15,16) ·µà°Á¡’∫“ß

°“√»÷°…“∑’Ë‰¡àæ∫§«“¡ —¡æ—π∏å¥—ß°≈à“«(17,18)  ”À√—∫ºŸâ∑’Ë¡’ ε3

Õ—≈≈’≈π—Èπæ∫«à“¡’√–¥—∫ TC ·≈– LDL-C µË”°«à“ ®÷ß¡’§«“¡

‡ ’Ë¬ßµàÕ‚√§À≈Õ¥‡≈◊Õ¥À—«„®πâÕ¬°«à“ºŸâ∑’Ë¡’Õ—≈≈’≈·∫∫ ε2 ·≈–

ε4 ¥—ßπ—Èπ ε3 Õ—≈≈’≈ ®÷ß‡ªìπ atheroprotective allele

§«“¡∂’ËÕ—≈≈’≈¢Õß ε2, ε3 ·≈– ε4 „πª√–™“°√·µà≈–

‡™◊ÈÕ™“µ‘¡’§«“¡·µ°µà“ß°—π(9) ‚¥¬°≈ÿà¡ Caucasians ¡’§«“¡∂’Ë

¢Õß ε2, ε3 ·≈– ε4 Õ—≈≈’≈ ‡∑à“°—∫√âÕ¬≈– 8, 77 ·≈– 15(19-21)

°“√»÷°…“„πª√–‡∑» “∏“√≥√—∞ ‘ß§‚ª√åæ∫§«“¡∂’Ë¢Õß ε2, ε3
·≈– ε4 Õ—≈≈’≈‡∑à“°—∫√âÕ¬≈– 8, 80 ·≈– 12(22) ª√–‡∑»

≠’ËªÿÉπ‡∑à“°—∫√âÕ¬≈– 4, 90 ·≈– 6(23)  à«π§π®’πæ∫√âÕ¬≈– 5,

88 ·≈– 7(24) ·≈–§π‡°“À≈’‡∑à“°—∫√âÕ¬≈– 11, 83 ·≈– 6(25)

µ“¡≈”¥—∫ ‚¥¬√«¡·≈â«§«“¡∂’Ë¢Õß ε3 Õ—≈≈’≈®–æ∫¡“°∑’Ë ÿ¥

„πª√–™“°√∑ÿ°°≈ÿà¡ √Õß≈ß¡“ à«π„À≠à §◊Õ ε4 Õ—≈≈’≈(9,20)

„π°≈ÿà¡ª√–‡∑»¬ÿ‚√ª·≈–Õ‡¡√‘°“‡Àπ◊Õ§«“¡∂’Ë¢Õß ε3 Õ—≈≈’≈

‚¥¬‡©≈’Ë¬¡’‰¡à‡°‘π√âÕ¬≈– 79  à«πª√–™“°√„π°≈ÿà¡ª√–‡∑»Õ◊ËπÊ

‡™àπ ́ “Õÿ¥‘Õ“√–‡∫’¬ ≠’ËªÿÉπ ®’π ·≈–‡°“À≈’¡’§«“¡∂’Ë¢Õßε3 Õ—≈≈’≈

‚¥¬‡©≈’Ë¬√âÕ¬≈– 80 ¢÷Èπ‰ª(20) πÕ°®“°π’È§«“¡∂’Ë¢Õß ε4 Õ—≈≈’≈

´÷Ëß¡’§«“¡‡ªìπ atherogenicity π—Èπ „π°≈ÿà¡ Caucasians ·≈–

§πÕ—ø√‘°—π®–¡’§«“¡∂’Ë Ÿß°«à“°≈ÿà¡ª√–‡∑»Õ◊Ëπ ¥—ßπ—Èπª√–™“°√

°≈ÿà¡ª√–‡∑»µ–«—πµ°·≈–Õ—ø√‘°“®÷ß¡’‚Õ°“ ‡ ’Ë¬ßµàÕ‚√§

À≈Õ¥‡≈◊Õ¥À—«„®¡“°°«à“°≈ÿà¡ª√–‡∑»Õ◊Ëπ

„πª√–‡∑»‰∑¬‰¥â¡’°“√»÷°…“‡°’Ë¬«°—∫§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß APOE ‚¥¬°“√»÷°…“°àÕπÀπâ“π’Èæ∫«à“

§«“¡∂’ËÕ—≈≈’≈·∫∫ ε2, ε3 ·≈– ε4 §◊Õ√âÕ¬≈– 6.5, 85.9

·≈– 10.9 µ“¡≈”¥—∫(26)  ¡’√“¬ß“π°“√»÷°…“„πª√–™“°√‰∑¬
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∑’Ë¡’ ÿ¢¿“æ¥’æ∫«à“Õ—≈≈’≈·∫∫ ε2  ¡’§«“¡ —¡æ—π∏å°—∫°“√¡’√–¥—∫

TC, TG ·≈– LDL-C ∑’Ë≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ ε3  à«π

Õ—≈≈’≈·∫∫ ε4 ¡’§«“¡ —¡æ—π∏å°—∫°“√¡’§à“¥—ß°≈à“« Ÿß¢÷Èπ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫ ε3(27) ·≈–æ∫«à“ ε4 ¡’§«“¡ —¡æ—π∏å°—∫°“√

‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ‚√§§«“¡®”‡ ◊ËÕ¡ Alzheimerûs Õ’°¥â«¬(28)

Õ¬à“ß‰√°Áµ“¡°“√»÷°…“∂÷ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß APOE °—∫¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥

ª°µ‘¬—ß‰¡à¡’°“√»÷°…“¡“°àÕπ„πª√–‡∑»‰∑¬ ¥—ßπ—Èπ°“√»÷°…“

§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕµ√«®À“§«“¡À≈“°À≈“¬∑“ß

æ—π∏ÿ°√√¡¢Õß APOE ·≈–√–¥—∫‰¢¡—π™π‘¥µà“ßÊ „π‡≈◊Õ¥

¢Õß§π‰∑¬°≈ÿà¡∑’Ë¡’¿“«–√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘‡ª√’¬∫‡∑’¬∫

°—∫°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“

°“√»÷°…“π’È ‰¥âºà“π°“√√—∫√Õß¥â“π®√‘¬∏√√¡°“√«‘®—¬

®“°§≥–°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ¡À“«‘∑¬“≈—¬

¢Õπ·°àπ·≈â« °≈ÿà¡µ—«Õ¬à“ß‡ªìπÕ“ “ ¡—§√‰∑¬∑’Ë¡“√—∫∫√‘°“√

µ√«® ÿ¢¿“æ∑’Ë ∂“π∫√‘°“√ ÿ¢¿“æ‡∑§π‘§°“√·æ∑¬å·≈–

°“¬¿“æ∫”∫—¥ §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

®”π«π∑—ÈßÀ¡¥ 246 §π ∑’Ë‰¥â≈ßπ“¡„π„∫¬‘π¬Õ¡‡¢â“√à«¡‚§√ß°“√

¥â«¬§«“¡ ¡—§√„® ÷́Ëß‰¡à¡’Õ“°“√· ¥ß¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®

¡’ electrocardiogram (ECG) ∑’Ëª°µ‘ ¡’√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥,

‡Õπ‰´¡åµ—∫ (alanine aminotransferase; ALT, aspartate

aminotransferase; AST ·≈– alkaline phosphatase; ALP),

blood urea nitrogen (BUN) ·≈– creatinine  Õ¬Ÿà„π‡°≥±å

ª°µ‘·≈–‰¡à¡’§«“¡¥—π‚≈À‘µ Ÿß Õ“ “ ¡—§√∂Ÿ°·∫àßÕÕ°‡ªìπ

 Õß°≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘®”π«π 121 §π

·≈–°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘®”π«π 125 §π ‡°≥±å

∑’Ë„™â«‘π‘®©—¬«à“¡’¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘ §◊Õ ¡’√–¥—∫‰¢¡—π

™π‘¥„¥™π‘¥Àπ÷ËßµàÕ‰ªπ’Èº‘¥ª°µ‘ ‰¥â·°à¡’√–¥—∫ TC > 240 mg/

dL, TG > 200 mg/dL, LDL-C > 160 mg/dL À√◊Õ HDL-

C < 35 mg/dL(29)

°“√‡®“–‡°Á∫·≈–‡µ√’¬¡µ—«Õ¬à“ß‡≈◊Õ¥

‡®“–‡≈◊Õ¥®“°‡ âπ‡≈◊Õ¥¥”¢ÕßÕ“ “ ¡—§√∑’Ë‰¥âß¥Õ“À“√

·≈–‡§√◊ËÕß¥◊Ë¡¡“Õ¬à“ßπâÕ¬ 12 ™—Ë«‚¡ß æ≈“ ¡“∑’Ë„™â ”À√—∫

µ√«®√–¥—∫ FBS ‡µ√’¬¡®“°‡≈◊Õ¥∑’Ë¡’‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å

‡ªìπ “√°—π‡≈◊Õ¥·¢Áß  à«π´’√—¡´÷Ëß‡µ√’¬¡®“°‡≈◊Õ¥∑’Ë‰¡à¡’ “√

°—π‡≈◊Õ¥·¢Áß∂Ÿ°„™â„π°“√µ√«® ALT, AST, ALP, BUN,

creatinine, TC, TG ·≈– HDL-C   ”À√—∫‡≈◊Õ¥∑’Ë„™â EDTA

‡ªìπ “√°—π‡≈◊Õ¥·¢Áß„™â„π°“√ °—¥¥’‡ÕÁπ‡Õ®“°‡¡Á¥‡≈◊Õ¥¢“«

‚¥¬„™â™ÿ¥πÈ”¬“ ”‡√Á®√Ÿª FlexiGene DNA kit (QIAGEN,

Hilden, Germany)

°“√µ√«®À“√–¥—∫ “√‡§¡’„π‡≈◊Õ¥

µ√«®«—¥ª√‘¡“≥ FBS, ALT, AST, ALP, BUN,

creatinine, TC, TG ·≈– HDL-C ¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåÕ—µ‚π¡—µ‘

Beckman CX4 (Beckman Coulter, Fullerton, CA) ‚¥¬

„™âπÈ”¬“ ”‡√Á®√Ÿª (Trace®, Clayton, Australia)  à«π√–¥—∫

LDL-C ‰¥â®“°°“√§”π«≥‚¥¬„™â Friedewald equation(30)

°“√µ√«®À“®’‚π‰∑ªá¢Õß APOE

µ√«®À“§«“¡À≈“°À≈“¬¢Õß APOE ¥â«¬‡∑§π‘§ polymerase

chain reaction-restriction fragment length polymorphism

(PCR-RFLP) ª√—∫ª√ÿß®“°«‘∏’¢Õß Zivelin A ·≈–§≥–(31) ≈”¥—∫

π‘«§≈’‚Õ‰∑¥å¢Õß forward ·≈– reverse primers (Invitrogen,

Carlsbad, CA) §◊Õ 5ûTGTAAAACGACGGCCAGTCAA

GGAGCTGCAGGCGGCGCA-3û ·≈– 5û-GCCCCGGCC

TGGTACACTGC-3û µ“¡≈”¥—∫  à«πº ¡µà“ßÊ „πªØ‘°‘√‘¬“

PCR ∑’Ëª√‘¡“µ√√«¡ 25 µL ª√–°Õ∫¥â«¬ primer ·µà≈–

™π‘¥§«“¡‡¢â¡¢âπ 0.3 µM, dNTPs (Promega, Madison,

WI) 200 µM „πbuffer ∑’Ë¡’ à«πº ¡¢Õß MgCl
2
 1.5 mM

(QIAGEN), 1X Q-solution (QIAGEN), Taq DNA

polymerase (QIAGEN) 0.5 unit ·≈–¥’‡ÕÁπ‡Õ¢Õß°≈ÿà¡

µ—«Õ¬à“ß 100 ng ∑” PCR ‚¥¬„™â‡§√◊ËÕß Thermal Cycler

PTC 100 ·≈– PTC 200 (MJ research, Ramsey, MN)

ª√–°Õ∫¥â«¬¢—ÈπµÕπµà“ßÊ¥—ßπ’È §◊Õ denaturation ∑’ËÕÿ≥À¿Ÿ¡‘

94 C ‡ªìπ‡«≈“ 6 π“∑’ µ“¡¥â«¬ PCR cycle ∑’ËÕÿ≥À¿Ÿ¡‘ 94 C

40 «‘π“∑’, Õÿ≥À¿Ÿ¡‘ 65 C 40 «‘π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘ 72 C

2 π“∑’ ®”π«π 36 √Õ∫ ·≈– final extension ∑’ËÕÿ≥À¿Ÿ¡‘

72 C ‡ªìπ‡«≈“ 5 π“∑’ À≈—ß®“°π—Èπ·∫àßº≈º≈‘µ®“° PCR

ÕÕ°‡ªìπ 2 À≈Õ¥ À≈Õ¥≈– 10 µL ·≈–π”‰ª¬àÕ¬¥â«¬‡Õπ‰´¡å

Afl III (New England BioLabs, Harts, UK) 3 unit ·≈–

Hae II (New England BioLabs) 5 unit µ“¡≈”¥—∫ ∑’ËÕÿ≥À¿Ÿ¡‘

37C ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«µ√«® Õ∫¢π“¥™‘Èπ à«π¢Õß¥’

‡ÕÁπ‡Õ∑’Ë‰¥â®“°°“√¬àÕ¬¥â«¬«‘∏’ electrophoresis ∫π 2 % high

resolution agarose gel (Promega)
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°“√«‘‡§√“–Àå∑“ß ∂‘µ‘

      «‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘¥â«¬‚ª√·°√¡ SPSS version 15

· ¥ß¢âÕ¡Ÿ≈‡ªìπ§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π  à«π°“√

∑¥ Õ∫°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈„™â Kolmogorov-Smirnov Test

¢âÕ¡Ÿ≈µ—«·ª√∑’Ë‡ªìπ§à“µ—«‡≈¢µàÕ‡π◊ËÕß∑’Ë¡’°“√°√–®“¬µ—«‡ªìπ

·∫∫‚§âßª°µ‘ (normal distribution) ‰¥â·°à §«“¡¥—π‚≈À‘µ

creatinine ·≈– LDL-C/HDL-C  à«π¢âÕ¡Ÿ≈∑’Ë¡’°“√°√–®“¬

·∫∫‚§âß‰¡àª°µ‘®–∂Ÿ°·ª≈ß¢âÕ¡Ÿ≈„Àâ‡ªìπ§à“ log10 °àÕπ ™π‘¥

¢Õß°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‰¥â√–∫ÿ‰«â∑â“¬µ“√“ß  §à“ P < 0.05

∂◊Õ«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ ·≈–°“√À“§«“¡

 —¡æ—π∏å√–À«à“ß®’‚π‰∑ªá¢Õß APOE °—∫¿“«–‰¢¡—π„π‡≈◊Õ¥

º‘¥ª°µ‘„π§π‰∑¬„™â logistic regression ‡æ◊ËÕ«‘‡§√“–ÀåÀ“§à“

Odds Ratio (OR)

º≈°“√»÷°…“
°“√‡ª√’¬∫‡∑’¬∫§à“µ—«·ª√µà“ßÊ∑“ß§≈‘π‘°·≈–º≈°“√

µ√«® “√‡§¡’„π‡≈◊Õ¥™π‘¥µà“ßÊ√–À«à“ßÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡

æ∫«à“Õ“ “ ¡—§√∑’Ë¡’√–¥—∫‰¢¡—πº‘¥ª°µ‘¡’§à“‡©≈’Ë¬¢Õß§«“¡

¥—π‚≈À‘µ Õ“¬ÿ ¥—™π’¡«≈°“¬ √–¥—∫ FBS, creatinine, ALT,

AST, TC, TG, LDL-C, TC/HDL-C, LDL-C/HDL-C ·≈–

TG/HDL-C  Ÿß°«à“Õ“ “ ¡—§√∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (µ“√“ß∑’Ë 1) ·≈–‡¡◊ËÕæ‘®“√≥“∂÷ß

™π‘¥¢Õß‰¢¡—π„π‡≈◊Õ¥¢Õß°≈ÿà¡∑’Ë¡’¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘

Õ“ “ ¡—§√ à«π„À≠à (√âÕ¬≈– 43.2) ¡’√–¥—∫ TC √à«¡°—∫ LDL-C

 Ÿß°«à“ª°µ‘ ≈”¥—∫∂—¥¡“ §◊Õ ¡’ TG  Ÿß°«à“ª°µ‘Õ¬à“ß‡¥’¬«æ∫

√âÕ¬≈– 13.6 (‰¡à‰¥â· ¥ßº≈„πµ“√“ß)

µ“√“ß∑’Ë 1 · ¥ßæ“√“¡‘‡µÕ√åµà“ßÊ ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥ª°µ‘·≈–°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘
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µ“√“ß∑’Ë 2 · ¥ß§«“¡∂’ËÕ—≈≈’≈ ε2, ε3 ·≈– ε4 ¢Õß

Õ“ “ ¡—§√∑—ÈßÀ¡¥ §◊Õ√âÕ¬≈– 9.3, 77.8 ·≈– 12.8 µ“¡≈”¥—∫

§«“¡∂’ËÕ—≈≈’≈·≈–®’‚π‰∑ªá¢ÕßÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡‰¡à·µ°

µà“ß°—π ®’‚π‰∑ªá∑’Ëæ∫¡“° ÿ¥§◊Õ ε3/ε3 √Õß≈ß¡“§◊Õ ε3/ε4

Õ“ “ ¡—§√°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—πª°µ‘‰¡àæ∫®’‚π‰∑ªá ε2/ε2 ·≈–

ε4/ε4 ·µàæ∫‰¥â‡≈Á°πâÕ¬„π°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—πº‘¥ª°µ‘

°“√°√–®“¬µ—«§«“¡∂’Ë®’‚π‰∑ªá¢Õß∑—Èß Õß°≈ÿà¡‡ªìπ‰ªµ“¡

°Æ ¡¥ÿ≈ Hardy-Weinberg (°≈ÿà¡‰¢¡—π„π‡≈◊Õ¥ª°µ‘ χ2 =

4.025, P = 0.546 ·≈–°≈ÿà¡‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘ ε2 =

2.821, P = 0.728) · ¥ß«à“§«“¡∂’Ë¢Õß APOE Õ—≈≈’≈

„πª√–™“°√·µà≈–√ÿàπ‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ¡’§à“§ß∑’Ë„π∑ÿ°Ê

√ÿàπ ‡π◊ËÕß®“°‰¡à¡’°“√‡§≈◊ËÕπ¬â“¬¢Õß°≈ÿà¡ª√–™“°√ ‰¡à‡°‘¥

°“√§—¥‡≈◊Õ°‚¥¬∏√√¡™“µ‘ À√◊Õ‰¡à‡°‘¥°“√°≈“¬æ—π∏ÿå¢Õß®’π

APOE ‡ªìπµâπ

µ“√“ß∑’Ë 3 · ¥ßº≈¢Õß°“√»÷°…“°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π

„π‡≈◊Õ¥ª°µ‘ æ∫«à“√–¥—∫ TG ·≈– TG/HDL-C ¢Õß™“¬∑’Ë¡’

®’‚π‰∑ªá·∫∫ ε3/ε3 ¡’§à“ Ÿß°«à“À≠‘ß∑’Ë¡’®’‚π‰∑ªá·∫∫‡¥’¬«°—π

      ‡π◊ËÕß®“°®’‚π‰∑ªá·∫∫ ε2/ε2 ·≈– ε4/ε4 „π°≈ÿà¡∑’Ë¡’

√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘¡’®”π«ππâÕ¬ (µ“√“ß∑’Ë 2) ¥—ßπ—Èπ

®÷ß¡’°“√®—¥°≈ÿà¡„À¡à‚¥¬√«¡ ε2/ε2 ‡¢â“°—∫ ε2/ε3 ‡ªìπ°≈ÿà¡

µ“√“ß∑’Ë 2 §«“¡∂’ËÕ—≈≈’≈·≈–®’‚π‰∑ªá¢Õß APOE „π°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥ª°µ‘·≈–°≈ÿà¡∑’Ë¡’‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘
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:

:
: :

: :

ε2 carriers ·≈–√«¡ ε4/ε4 ‡¢â“°—∫ ε3/ε4  ‡ªìπ ε4 carriers

¥—ß µ“√“ß∑’Ë 4 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–¥—∫‰¢¡—π™π‘¥µà“ßÊ„π·µà≈–

®’‚π‰∑ªáæ∫«à“™“¬°≈ÿà¡®’‚π‰∑ªá·∫∫ ε2 carriers ·≈– ε2/ε4

¡’§à“ TC/HDL-C  Ÿß«à“„πºŸâÀ≠‘ß  à«π™“¬∑’Ë‡ªìπ ε3/ε3 ¡’§à“

TG ·≈– TG/HDL-C  Ÿß°«à“·≈– LDL-C/HDL-C µË”°«à“

‡æ»À≠‘ß πÕ°®“°π’Èæ∫«à“™“¬∑’Ë‡ªìπ ε4 carriers ¡’ TG

 Ÿß°«à“‡æ»À≠‘ß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß

®’‚π‰∑ªáæ∫«à“§à“ TC/HDL-C ·≈– LDL-C/HDL-C „π‡æ»

À≠‘ß®–·µ°µà“ß°—π ‚¥¬ ε4 carriers ¡’§à“ Ÿß ÿ¥·≈– ε2/ε4

¡’§à“µË” ÿ¥

µ“√“ß∑’Ë 3 · ¥ß√–¥—∫‰¢¡—πµà“ßÊ „π‡æ»À≠‘ß·≈–™“¬¢Õß°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘·¬°µ“¡™π‘¥¢Õß®’‚π‰∑ªá¢Õß APOE
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µ“√“ß∑’Ë 5 ‰¥â∑”°“√‡ª√’¬∫‡∑’¬∫√–¥—∫‰¢¡—π¢Õß∑ÿ°

®’‚π‰∑ªá√–À«à“ßÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡ æ∫«à“√–¥—∫‰¢¡—π à«π

„À≠à¢Õß°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘¡’§à“ Ÿß°«à“°≈ÿà¡

∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥ª°µ‘Õ¬à“ß¡’π—¬ ”§—≠ ¬°‡«âπ√–¥—∫

HDL-C ®–‰¡à·µ°µà“ß°—π √–¥—∫‰¢¡—π∑ÿ°æ“√“¡‘‡µÕ√å¢Õß

Õ“ “ ¡—§√∑—Èß Õß°≈ÿà¡∑’Ë¡’®’‚π‰∑ªá·∫∫ ε2/ε4 æ∫¡’§à“

‰¡à·µ°µà“ß°—π

πÕ°®“°π’È¬—ßæ∫«à“∑ÿ°®’‚π‰∑ªá‰¡à¡’§«“¡ —¡æ—π∏å°—∫

§«“¡‡ ’Ë¬ßµàÕ¿“«–‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘ ‡π◊ËÕß®“°™à«ß§«“¡

‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ¢Õß§à“ Odds Ratio ∑ÿ°§à“¡’§à“§√àÕ¡ 1.00

(‰¡à‰¥â· ¥ßº≈„πµ“√“ß)

µ“√“ß∑’Ë 4 · ¥ß√–¥—∫‰¢¡—πµà“ßÊ „π‡æ»À≠‘ß·≈–™“¬¢Õß°≈ÿà¡∑’Ë¡’√–¥—∫‰¢¡—π„π‡≈◊Õ¥º‘¥ª°µ‘·¬°µ“¡™π‘¥¢Õß®’‚π‰∑ªá¢Õß APOE

§à“æ“√“¡‘‡µÕ√åµà“ßÊ · ¥ß‡ªìπ mean ± SD * ¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠¢Õß∑¥ Õ∫§«“¡·µ°µà“ß√–À«à“ß®’‚π‰∑ªá¥â«¬ ∂‘µ‘·∫∫

ANOVA ·≈–°“√∑¥ Õ∫§«“¡·µ°µà“ß√–À«à“ß‡æ»„™â independent t-test (§à“ P-values:- a = 0.002, b = 0.018, c = 0.032,

d = 0.021, e = 0.043 ·≈– f = 0.018)
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
§«“¡∂’Ë¢Õß APOE Õ—≈≈’≈·µà≈–™π‘¥¡’§«“¡·µ°µà“ß°—π

‰ª„π·µà≈–‡™◊ÈÕ™“µ‘(26, 32-43) ·µà‚¥¬√«¡·≈â«§«“¡∂’Ë¢ÕßÕ—≈≈’≈
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ª√–‡∑»‡Õ‡™’¬Õ◊ËπÊ ‰¥â·°à ™“«‰µâÀ«—π ®’π ≠’ËªÿÉπ·≈–≈“«

√«¡∑—Èß°“√»÷°…“„π§π‰∑¬°àÕπÀπâ“π’È(26) ÷́Ëß‡ªìπ°≈ÿà¡Õ“ “ ¡—§√

∑’ËÕ“»—¬Õ¬Ÿà„π°√ÿß‡∑æ¡À“π§√·≈–ª√‘¡≥±≈ ·µà§«“¡∂’Ë¢Õß ε3
·≈– ε4 ¢Õß°“√»÷°…“§√—Èßπ’È„°≈â‡§’¬ß°—∫™“« Caucasian ∑—Èßπ’È

Õ“®‡π◊ËÕß®“°§«“¡·µ°µà“ß¢Õß°“√§—¥‡≈◊Õ°°≈ÿà¡»÷°…“

°“√∑’Ëæ∫«à“§«“¡∂’ËÕ—≈≈’≈·≈–®’‚π‰∑ªá¢Õß APOE ‰¡à¡’

§«“¡·µ°µà“ß°—π„πÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡ √«¡∂÷ß§à“ Odds
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ª√–‡∑»„°≈â‡§’¬ß°—∫ª√–‡∑»‰∑¬(35) ·µà°“√»÷°…“„πª√–‡∑»
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µ“√“ß∑’Ë 5 ‡ª√’¬∫‡∑’¬∫√–¥—∫‰¢¡—πµà“ßÊ °—∫§«“¡™ÿ°¢ÕßÕ—≈≈’≈·≈–™π‘¥®’‚π‰∑ªá„πÕ“ “ ¡—§√∑—Èß Õß°≈ÿà¡
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