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∫∑π” (Introduction)
‚√§®Õμ“‡ ◊ËÕ¡„πºŸâ ŸßÕ“¬ÿ (Age-related macular

degeneration, AMD) ‡ªìπ “‡Àμÿ¢Õßμ“∫Õ¥∑’Ë ”§—≠ ‚¥¬
‡©æ“–„π°≈ÿà¡ª√–‡∑»∑’Ëæ—≤π“·≈â« ‡™àπ ª√–‡∑» À√—∞Õ‡¡√‘°“
·≈–ª√–‡∑»Õ—ß°ƒ… ‡ªìπμâπ  §«“¡™ÿ°¢Õß‚√§‡æ‘Ë¡¢÷Èπμ“¡
Õ“¬ÿ∑’Ë¡“°¢÷Èπ ªí®®—¬‡ ’Ë¬ß¢Õß‚√§‰¥â·°à ™πº‘«¢“«  Õ“¬ÿ¡“°
≈—°…≥–°“√√—∫ª√–∑“πÕ“À“√·≈–°“√ Ÿ∫∫ÿÀ√’Ë ·¡â«à“«‘∏’°“√
√—°…“‚√§¡’§«“¡°â“«Àπâ“‰ª¡“°·≈â« ·μà°“√√—°…“‚√§„Àâ
À“¬¢“¥·≈–∑”„Àâ°“√¡Õß‡ÀÁπ°≈—∫¡“‡À¡◊Õπ‡¥‘¡π—Èπ¬—ß‡ªìπ
§«“¡À«—ß∑’ËÀà“ß‰°≈ §«“¡√Ÿâ§«“¡‡¢â“„®„πæ¬“∏‘°”‡π‘¥¢Õß
‚√§ ªØ‘ —¡æ—π∏å√–À«à“ß¬’π°—∫¬’π·≈–¬’π°—∫ ‘Ëß·«¥≈âÕ¡
(gene-environment interaction) ∑’Ë¡’º≈μàÕ°“√‡°‘¥‚√§
·≈–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ ¬àÕ¡™à«¬„Àâ°“√»÷°…“·≈–
°“√æ—≤π“∑—Èß«‘∏’°“√ªÑÕß°—π·≈–°“√√—°…“‚√§ª√– ∫º≈
 ”‡√Á®‰¥â„πÕπ“§μ

°“√»÷°…“∑“ßæ—π∏ÿ»“ μ√å (genetic studies) ¢Õß
‚√§®Õμ“‡ ◊ËÕ¡„πºŸâ ŸßÕ“¬ÿπ—Èπ∑”‰¥â¬“° ‡π◊ËÕß®“°∏√√¡™“μ‘
¢Õß‚√§‡Õß∑’Ëæ∫„π§π ŸßÕ“¬ÿ  ¥—ßπ—Èπ °“√»÷°…“®÷ß¡—°∑”‰¥â

‡æ’¬ß·§àÀπ÷Ëß√ÿàπ (generation) ´÷Ëß°Á§◊Õ√ÿàπ¢ÕßºŸâªÉ«¬‡∑à“π—Èπ
‡æ√“–√ÿàπæàÕ·¡à¢ÕßºŸâªÉ«¬¡—°‡ ’¬™’«‘μ·≈â« ·≈–√ÿàπ≈Ÿ°À≈“π
°Á¡’Õ“¬ÿπâÕ¬‡°‘π‰ª∑’Ë®–‡°‘¥‚√§  πÕ°®“°π’È „πªí®®ÿ∫—πæ∫
·≈â««à“‚√§®Õμ“‡ ◊ËÕ¡„πºŸâ ŸßÕ“¬ÿ‡ªìπ‚√§∑’Ë‡°‘¥®“°§«“¡º‘¥
ª°μ‘¢Õß¬’πÀ≈“¬™π‘¥ (polygenic disease) À√◊ÕÕ“®‡°‘¥
®“°ªØ‘ —¡æ—π∏å√–À«à“ßæ—π∏ÿ°√√¡°—∫ ‘Ëß·«¥≈âÕ¡ (multi-
factorial inheritance) ®÷ß¡’°“√· ¥ßÕ“°“√¢Õß‚√§∑’ËÀ≈“°
À≈“¬ (variable expression) °“√»÷°…“∑“ßæ—π∏ÿ»“ μ√å
Õ“®‰¡à “¡“√∂∫Õ°‰¥â™—¥‡®π∂â“√«¡∑ÿ°√–¬–¢Õß‚√§ (stage)
„π°“√»÷°…“ ‡æ√“–¬’π·μà≈–°≈ÿà¡Õ“®∑”„Àâ‡°‘¥°“√· ¥ß
ÕÕ°¢Õß‚√§ (phenotype) ·μ°μà“ß°—π ·μà∂â“∑”°“√»÷°…“
‡©æ“–√Ÿª·∫∫„¥√Ÿª·∫∫Àπ÷Ëß¢Õß‚√§ (specific form) ·≈â«
¡’¢π“¥μ—«Õ¬à“ß°“√»÷°…“ (sample size) ‰¡à¡“°æÕ °ÁÕ“®
‰¡à “¡“√∂μ√«®æ∫¬’π∑’Ë‡ªìπ “‡Àμÿ‰¥â‡™àπ°—π Õ’°∑—Èß·∫∫·ºπ
°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡∑’Ë́ —∫´âÕπ (complex inheritance
pattern) °Á∑”„Àâ°“√§âπÀ“¬’π‡ ’Ë¬ßμàÕ°“√‡°‘¥‚√§ (sus-
ceptibility gene) „π·μà≈–∫ÿ§§≈∑”‰¥â¬“° Õ¬à“ß‰√°Áμ“¡
®“°°“√»÷°…“¢âÕ¡Ÿ≈¢Õß§√Õ∫§√—«·≈–«ß»åμ√–°Ÿ≈ (familial
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aggregation studies) ¢âÕ¡Ÿ≈¢Õß§Ÿà·Ω¥ (twin studies)
°“√„™â ‚ª√·°√¡§Õ¡æ‘«‡μÕ√å«‘‡§√“–ÀåÀ“§«“¡‡™◊ËÕ¡‚¬ß
√–À«à“ß¬’π°—∫‚√§ (genome linkage scan) ·≈– asso-
ciation studies æ∫«à“¡’¬’πÀ≈“¬μ—«∑’Ëπà“®–‡ªìπ “‡Àμÿ¢Õß
‚√§π’È ‚¥¬¬’π complement factor H (CFH) ∫π
‚§√‚¡‚´¡§Ÿà∑’Ë 1 ∑’Ëμ”·Àπàß 1q25-31 ·≈–¬’π∫π‚§√‚¡‚´¡§Ÿà
∑’Ë 10 ∑’Ëμ”·Àπàß 10q26 ¡’¢âÕ¡Ÿ≈ π—∫ πÿπ¡“°∑’Ë ÿ¥

·∫∫·ºπ°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß AMD
(Pattern of genetic inheritance of AMD)

¢âÕ¡Ÿ≈„πªí®®ÿ∫—πæ∫«à“‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ
(AMD) ‡ªìπ‚√§Õ—π‡π◊ËÕß®“°°“√¡’¬’π¡“°§Ÿà§«∫§ÿ¡ ¬’π·μà≈–
§ŸàÕ¬Ÿà§π≈–μ”·Àπàß°—π·≈–®– àßº≈Õ¬à“ß≈–‡≈Á°≈–πâÕ¬μàÕ
°“√· ¥ßÕÕ°¢Õß‚√§ ‚¥¬¡’ªí®®—¬ ‘Ëß·«¥≈âÕ¡¡“‡°’Ë¬«¢âÕß
¥â«¬ (multifactorial inheritance) ∑”„Àâ≈—°…≥–‚√§¡’§«“¡
º—π·ª√¢Õß°“√· ¥ßÕ“°“√¢Õß‚√§§àÕπ¢â“ß¡“°·≈–‰¡à
 “¡“√∂§“¥§–‡π·∫∫·ºπ¢Õß°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡
‰¥â‡À¡◊Õπ‚√§∑’Ë‡°‘¥®“°¬’π‡¥’Ë¬« (∑’Ë¡’·∫∫·ºπ°“√∂à“¬∑Õ¥
μ“¡°Ø¢Õß·¡π‡¥≈) ‡æ√“–°“√°√–®“¬μ—«¢Õß phenotype
„π√ÿàπ≈Ÿ°‰¡à “¡“√∂·∫àß‡ªìπÀ¡«¥‡ªìπÀ¡Ÿà ‰¥â™—¥‡®π·≈–¡’
∑—ÈßªØ‘ —¡æ—π∏å√–À«à“ß¬’π°—∫¬’π‡Õß·≈–¬’π°—∫ ‘Ëß·«¥≈âÕ¡∑’Ë
¡’º≈μàÕ°“√‡°‘¥‚√§ ¥—ßπ—Èπ polygenic disease ®÷ß¬—ß‰¡à
 “¡“√∂„Àâ°“√√—°…“‚¥¬„™â¬’π∫”∫—¥ (gene therapy) ‰¥â
μ—«Õ¬à“ß¢Õß‚√§°≈ÿà¡π’È ‰¥â·°à ‚√§ª“°·À«àß‡æ¥“π‚À«à ‚√§
À—«„®æ‘°“√·μà°”‡π‘¥ ‚√§‡∫“À«“π ‚√§§«“¡¥—π‚≈À‘μ Ÿß ‚√§
°√–‡æ“–Õ“À“√Õ—°‡ ∫ ‚√§‰¡‡°√π ‚√§ÀÕ∫À◊¥ ‚√§®‘μ‡¿∑
(schizophrenia) ·≈–‚√§Õ—≈‰´‡¡Õ√å (Alzheimerûs disease)
°“√»÷°…“≈—°…≥–°“√∂à“¬∑Õ¥¢Õß‚√§°≈ÿà¡π’È¡—°∑”‰¥â¬“°
·≈–μâÕßæ∫ªí≠À“¡“°¡“¬ ®”‡ªìπμâÕß»÷°…“§«“¡√Ÿâ∑“ß ∂‘μ‘
Õÿ∫—μ‘°“√≥å‡°‘¥‚√§√–À«à“ßæ’ËπâÕßÀ√◊Õ≠“μ‘ ‡ª√’¬∫‡∑’¬∫
Õÿ∫—μ‘°“√≥å‡°‘¥‚√§„π§Ÿà·Ω¥ ‡ª√’¬∫‡∑’¬∫Õÿ∫—μ‘°“√≥å‡°‘¥‚√§
√–À«à“ß°≈ÿà¡ª√–™“°√μà“ß‡™◊ÈÕ™“μ‘ πÕ°®“°π’È¬—ßÕ“®»÷°…“
‚√§°≈ÿà¡π’È√à«¡‰ª°—∫≈—°…≥–∑’Ë§«∫§ÿ¡‚¥¬¬’π‡¥’Ë¬« ‡™àπ À¡Ÿà
‡≈◊Õ¥

GENETIC STUDIES IN AMD
1. Family studies

°“√»÷°…“¢âÕ¡Ÿ≈¢Õß§√Õ∫§√—«™à«¬∫àß∫Õ°«à“¡’ªí®®—¬
∑“ßæ—π∏ÿ°√√¡μàÕ°“√‡°‘¥‚√§ ‚¥¬°“√»÷°…“‡À≈à“π’È¬—ß„Àâ

¢âÕ¡Ÿ≈‡°’Ë¬«°—∫≈—°…≥–¢Õß‚√§·≈–·∫∫·ºπ„π°“√∂à“¬∑Õ¥
∑“ßæ—π∏ÿ°√√¡¥â«¬

ë Family aggregation studies
°“√»÷°…“‡ª√’¬∫‡∑’¬∫Õÿ∫—μ‘°“√≥å‡°‘¥‚√§√–À«à“ß

æ’ËπâÕßÀ√◊Õ≠“μ‘¢ÕßºŸâªÉ«¬·≈–°≈ÿà¡§«∫§ÿ¡ ́ ÷Ëßæ∫«à“Õÿ∫—μ‘°“√≥å
‡°‘¥‚√§¢Õßæ’ËπâÕßÀ√◊Õ≠“μ‘¢ÕßºŸâªÉ«¬ Ÿß°«à“Õÿ∫—μ‘°“√≥å
‡°‘¥‚√§¢Õßæ’ËπâÕßÀ√◊Õ≠“μ‘¢Õß°≈ÿà¡§«∫§ÿ¡™—¥‡®π ‚¥¬„πªï
§.». 1994 Silvestri ·≈–§≥–1 ∑”°“√»÷°…“·∫∫ case-
controlled study æ∫«à“¡’ relative risk ¢ÕßÕÿ∫—μ‘°“√≥å
‡°‘¥‚√§¢Õßæ’ËπâÕß Ÿß∂÷ß√âÕ¬≈– 19  μàÕ¡“ Seddon ·≈–
§≥–2 »÷°…“æ∫«à“Õÿ∫—μ‘°“√≥å‡°‘¥‚√§¢Õßæ’ËπâÕß¢ÕßºŸâªÉ«¬
 Ÿß°«à“Õÿ∫—μ‘°“√≥å‡°‘¥‚√§¢Õßæ’ËπâÕß¢Õß°≈ÿà¡§«∫§ÿ¡‡™àπ°—π
(23.7 vs 11.6) ‚¥¬‡©æ“– exudative AMD ¡’°“√»÷°…“
¥â«¬°“√¥Ÿ¿“æ∂à“¬®Õμ“æ∫«à“ §à“ odds ratio  ”À√—∫°“√
‡°‘¥‚√§√–¬–·√°¢Õßæ’ËπâÕß‡∑à“°—∫ 4.8 „π¢≥–∑’Ë§à“ odds
ratio  ”À√—∫°“√‡°‘¥‚√§√–¬–·√°¢Õß≈Ÿ°À≈“π‡∑à“°—∫ 6.63

 ”À√—∫ population-based study ∑—Èß Beaver Dam Eye
Study ·≈– Wisconsin Eye Study4 °Á™à«¬¬◊π¬—πº≈°“√
»÷°…“∑’Ëºà“π¡“‡™àπ°—π

ë Twin studies
°“√»÷°…“Õÿ∫—μ‘°“√≥å‡°‘¥‚√§„π§Ÿà·Ω¥ ®“°°“√

»÷°…“æ∫«à“ Õÿ∫—μ‘°“√≥å‡°‘¥‚√§„π§Ÿà·Ω¥·∑â (√âÕ¬≈– 90-100)
 Ÿß°«à“Õÿ∫—μ‘°“√≥å‡°‘¥‚√§„π§Ÿà·Ω¥‡∑’¬¡ (√âÕ¬≈–  42)5-7 „π
ªï §.». 2005 Seddon ·≈–§≥–8 ‰¥â∑” population-based
study »÷°…“§Ÿà·Ω¥∑—Èß§Ÿà·Ω¥·∑â·≈–§Ÿà·Ω¥‡∑’¬¡ ´÷Ëß‡ªìπ
∑À“√ºà“π»÷° ¡—¬ ß§√“¡‚≈°§√—Èß∑’Ë 2 ®”π«π¡“°∂÷ß 840
√“¬‚¥¬„™â complex twin analysis æ∫«à“ ªí®®—¬∑“ß
æ—π∏ÿ°√√¡ “¡“√∂Õ∏‘∫“¬§«“¡º—π·ª√¢ÕßÕ“°“√· ¥ß¢Õß
‚√§‰¥â√âÕ¬≈– 46-71 „π¢≥–∑’Ëªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡‡æ’¬ß
Õ¬à“ß‡¥’¬« “¡“√∂Õ∏‘∫“¬§«“¡º—π·ª√¢ÕßÕ“°“√· ¥ß¢Õß
‚√§‰¥â‡æ’¬ß√âÕ¬≈– 19-37 ‡∑à“π—Èπ

ë Segregation analysis
°“√»÷°…“√Ÿª·∫∫°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß

‚√§ ‚¥¬‡ª√’¬∫‡∑’¬∫√Ÿª·∫∫°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß
‚√§„π§√Õ∫§√—«π—ÈπÊ °—∫√Ÿª·∫∫∑’Ë¡’Õ¬Ÿà„π¢âÕ¡Ÿ≈∑“ß√–∫“¥
«‘∑¬“ (genetic models vs non-genetic models) «à“‡¢â“
°—∫√Ÿª·∫∫„¥¡“°∑’Ë ÿ¥ ‡æ◊ËÕ™à«¬§“¥°“√≥å‚Õ°“ ‡°‘¥‚√§„π
√ÿàπ≈Ÿ°À≈“πμàÕ‰ª9 ´÷Ëß Beaver Dam Eye Study ‰¥â„™â«‘∏’
π’È¥â«¬„π°“√√“¬ß“πº≈°“√»÷°…“10



146  ÿ∏“ ‘π’  ’π–«—≤πå ·≈–  ÿæ—™≠å  ’π–«—≤πå Vol. 24 No. 2  July-December 2010

2. °“√«‘‡§√“–Àå°“√‡™◊ËÕ¡‚¬ß (Linkage analysis)
°“√À“§«“¡ —¡æ—π∏å¢Õß¬’π°—∫‚√§¥â«¬°“√∑¥ Õ∫°“√

·μ°μ—«¢Õß°≈ÿà¡‚√§„π§√Õ∫§√—«‡ªìπ√ÿàπÊ ‰ª ‚¥¬°“√μ√«®
·°–√Õ¬À“®ÿ¥∫°æ√àÕß¢Õß¬’π∑’Ë∑”„Àâ‡°‘¥‚√§μâÕßÕ“»—¬°“√
™’È√–∫ÿμ—«·≈–À“æƒμ‘°√√¡¢Õß¬’πÀ≈“¬μ—«∑’Ë¡’º≈μàÕ‚√§ ÷́Ëß
°“√»÷°…“‡√“æ‘®“√≥“ 2 ¬’π §◊Õ

ë disease trait §◊Õ¬’π∑’Ë‡√“»÷°…“ ´÷Ëß‰¡à∑√“∫
μ”·Àπàß∫π‚§√‚¡‚´¡

ë marker trait §◊Õ¬’πÀ≈—°∑’Ë¡’¢âÕ¡Ÿ≈‡æ’¬ßæÕ·≈–¡’
°“√°√–®“¬Õ¬Ÿà„π®’‚π¡

À≈—°°“√ §◊Õ À“°‡√“æ∫¬’π∑—Èß Õß„π§√Õ∫§√—«∫àÕ¬
¢÷Èπ· ¥ß«à“¬’π∑—Èß Õßπà“®–Õ¬Ÿàμ”·Àπàß„°≈â°—π∫π‚§√‚¡‚´¡
‡æ√“–¡’‚Õ°“ ‡°‘¥ cross-over πâÕ¬π—Ëπ‡Õß

ARMD1 gene ∫π‚§√‚¡‚´¡ 1q31 ‡ªìπ¬’πμ—«·√°
∑’Ëæ∫«à“Õ“®‡ªìπ¬’π°àÕ‚√§ AMD ™π‘¥·Àâß (dry AMD)11

·μà®“°º≈°“√»÷°…“μàÕ¡“°≈—∫‰¡àæ∫§«“¡ —¡æ—π∏å°—∫°“√
‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ12-13 ªí®®ÿ∫—π‡√“æ∫À≈—°∞“π
·≈â««à“¬’π∑’ËÕ¬Ÿà∫π‚§√‚¡‚´¡ 1q, 2p, 3p, 4q, 10q, 12q
·≈– 16p ¡’§«“¡‡™◊ËÕ¡‚¬ß°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π
 ŸßÕ“¬ÿ12,14-16  „πªï §.». 2005 Fisher ·≈–§≥– ‰¥â∑”°“√
»÷°…“·∫∫ meta-analysis æ∫«à“μ”·Àπàß∫π‚§√‚¡‚´¡
10q26 ¡’À≈—°∞“π π—∫ πÿπ™—¥‡®π¡“°∑’Ë ÿ¥«à“‡æ‘Ë¡‚Õ°“ 
‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ (AMD susceptibility) √Õß
≈ß¡“§◊Õ μ”·Àπàß∫π‚§√‚¡‚´¡ 1q ́ ÷Ëß¡’ compliment factor
H (CFH) gene Õ¬Ÿà17

3. °“√»÷°…“À“§«“¡ —¡æ—π∏å (Associated study)
°“√»÷°…“À“¬’π∑’Ë‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π

 ŸßÕ“¬ÿ ‚¥¬Õ“»—¬¢âÕ¡Ÿ≈æ◊Èπ∞“π®“°º≈°“√«‘‡§√“–Àå°“√
‡™◊ËÕ¡‚¬ß (position criteria) ·≈–¬’π∑’Ë∑√“∫Àπâ“∑’Ë·≈â«
(functional criteria) ¥—ßπ—Èπ À“°æ∫À≈—°∞“π«à“¬’π∑’Ë»÷°…“
π’È¡’§«“¡ —¡æ—π∏å°—∫‚√§ · ¥ß«à“¬’π¥—ß°≈à“«Õ“®‡ªìπ “‡Àμÿ
¢Õß‚√§ (disease-causing allele) À√◊Õ‡ªìπ linkage
disequilibrium °—∫¬’π°àÕ‚√§ ÷́Ëß°“√»÷°…“ à«π„À≠à‡ªìπ
population-based study ‚¥¬¡’√“¬ß“π§«“¡ —¡æ—π∏å¢Õß
CFH gene ∫π‚§√‚¡‚´¡ 1q °—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π
§π ŸßÕ“¬ÿÕÕ°¡“Õ¬à“ßμàÕ‡π◊ËÕß¡“°∑’Ë ÿ¥  √Õß≈ß¡“ §◊Õ
μ”·Àπàß PLEKHAI1 ·≈– LOC387715 ∫π‚§√‚¡‚´¡

10q26  ”À√—∫¬’π ”§—≠Õ◊ËπÊ ∑’Ëæ∫«à“Õ“®¡’§«“¡ —¡æ—π∏å
°—∫°“√‡°‘¥‚√§π’È ‰¥â·°à

ë 1p: Adenosine triphosphate binding cassette
rim (ABCR) gene

ABCR gene ‡ªìπ¬’π∑’Ë∑”„Àâ‡°‘¥ Stargardt
disease ́ ÷Ëß‡ªìπ‚√§®ÿ¥¿“æ™—¥‡ ◊ËÕ¡∑“ßæ—π∏ÿ°√√¡·∫∫ auto-
somal recessive ∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥ ‡§¬¡’√“¬ß“π°“√ºà“‡À≈à“
(mutation) ¢Õß¬’ππ’È„πºŸâªÉ«¬‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ
‚¥¬‡©æ“–™π‘¥ dry AMD18-20 ‚¥¬„πªï §.». 2000 Allikmets
R ∑”°“√»÷°…“æ∫°“√ºà“‡À≈à“¢Õß ABCR gene ‰¥â∂÷ß√âÕ¬≈–
3 ¢ÕßºŸâªÉ«¬ AMD18 Õ¬à“ß‰√°Áμ“¡ ¡’À≈“¬°“√»÷°…“ ÷́Ëß‡ªìπ
population-based associated study ∑’Ë‰¡àæ∫§«“¡ —¡æ—π∏å
¢Õß¬’ππ’È°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ21-23

ë 3p: CX3CR1 gene
CX3CR1 gene ‡ªìπ chemokine receptor μ—«

Àπ÷Ëß∫π‡´≈≈å®Õμ“ ́ ÷Ëß¡’°“√»÷°…“æ∫«à“°“√≈¥°“√∑”ß“π¢Õß
CX3CR1 ‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ24-25

ë 6p: Human leukocyte antigen (HLA) genes
Factor B(BF) & Complement component

2(C2)
Vascular endothelial growth factor (VEGF)
HLA gene ·≈– vascular endothelial growth

factor (VEGF) πà“®–¡’º≈μàÕæ¬“∏‘°”‡π‘¥¢Õß‚√§®Õμ“‡ ◊ËÕ¡
„π§π ŸßÕ“¬ÿ ‚¥¬‡©æ“– exudative AMD ®“°°“√°√–μÿâπ
√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß§Õ√Õ¬¥å·≈â«∑”„Àâ‡°‘¥°“√Õ—°‡ ∫¢÷Èπ26-27

Õ¬à“ß‰√°Áμ“¡ ¡’∑—Èß°“√»÷°…“∑’Ëæ∫·≈–‰¡àæ∫§«“¡ —¡æ—π∏å
¢Õß¬’π¥—ß°≈à“«°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ

ë 6q: ELOVL4 gene
ELOVL4 gene ‡ªìπ photoreceptor cell-specific

factor μ—«Àπ÷Ëß∑’Ë‡°’Ë¬«¢âÕß°—∫‚√§®ÿ¥¿“æ™—¥‡ ◊ËÕ¡∑“ß
æ—π∏ÿ°√√¡À≈“¬‚√§ ‡™àπ pattern dystrophy ‡ªìπμâπ ÷́Ëß
‡§¬¡’°“√»÷°…“·∫∫ case-controlled √“¬ß“π«à“°“√ºà“‡À≈à“
¢Õß¬’ππ’È —¡æ—π∏å°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ28

ë 14q: Fibulin-5 (FBLN5)
Fibulin-5 ‡ªìπ “√ glycoprotein ÷́Ëß‡ªìπ à«π

ª√–°Õ∫¢Õß extracellular matrix (ECM) „π™—Èπ Bruchûs
membrane ·≈– choriocapillaris ¢Õß§πª°μ‘ ¡’Àπâ“∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√ √â“ß “√ elastin (elastogenesis) „πªï §.».



147æ—π∏ÿ»“ μ√å¢Õß‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ

2004 Stone ·≈–§≥– ∑”°“√»÷°…“æ∫«à“ missense
mutations ¢Õß FBLN5  —¡æ—π∏å°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡
„π§π ŸßÕ“¬ÿ29 ‚¥¬∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß elasto-
genesis ·≈–¡’°“√ – ¡ “√º‘¥ª°μ‘„μâ™—Èπ®Õμ“μ“¡¡“

ë 19q: Apolipoprotein E (ApoE)
ApoE ‰¡à„™à‚ª√μ’π∑’Ë®”‡æ“–°—∫®Õμ“ ·μà∑”Àπâ“∑’Ë

‡ªìπ major transporter ¢Õß‰¢¡—π„π√–∫∫ª√– “∑ ‚¥¬
æ∫«à“ ApoE4 ‡ªìπªí®®—¬‡ ’Ë¬ßμàÕ°“√‡°‘¥ Alzheimerûs
disease ·μà°≈—∫‡ªìπªí®®—¬ªÑÕß°—π°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π
§π ŸßÕ“¬ÿ ́ ÷ËßÕ“®∫àß∫Õ°«à“°“√ºà“‡À≈à“¢Õß¬’ππ’È‡ªìπ com-
mon pathway ¢Õß§«“¡™√“¿“æ ¡’°“√»÷°…“·∫∫ meta-
analysis æ∫«à“°“√ºà“‡À≈à“¢Õß¬’ππ’È —¡æ—π∏å°—∫°“√‡°‘¥‚√§
®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ30 Õ¬à“ß‰√°Áμ“¡ ¡’À≈“¬°“√»÷°…“
∑’Ë‰¡àæ∫§«“¡ —¡æ—π∏å¥—ß°≈à“«28,31-34

ë 19p: Complement factor 3
Complement factor 3 °Á¡’√“¬ß“π‡™àπ°—π«à“¡’

§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ∑—Èß·∫∫
dry AMD ·≈– exudative AMD35

Chromosome 1q: Complement factor H (CFH)
gene

CFH gene  √â“ß‚ª√μ’π∑’Ë‰ª¬—∫¬—Èß complement
cascade °“√ºà“‡À≈à“¢Õß¬’ππ’ÈÕ“®‡°‘¥°“√°√–μÿâπ°“√∑”ß“π
¢Õß complement system  àßº≈„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√
Õ—°‡ ∫¢÷Èπ·≈–‡°‘¥°“√∑”≈“¬ retinal pigment epithelium
(RPE) ´÷Ëß‡ªìπæ¬“∏‘°”‡π‘¥¢Õß‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ
CFH gene Õ¬Ÿà∫πμ”·Àπàß 1q25-31 ¢Õß‚§√‚¡‚´¡ 1 ¡’
°“√»÷°…“·∫∫ meta-analysis À≈“¬°“√»÷°…“∑’Ëæ∫«à“ °“√
ºà“‡À≈à“¢Õß CFH gene  —¡æ—π∏å°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡
„π§π ŸßÕ“¬ÿ∑—Èß·∫∫ dry AMD ·≈– exudative AMD17,36

 ”À√—∫μ”·Àπàß∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß√À— æ—π∏ÿ°√√¡ (single
nucleotide polymorphism, SNP) ∫àÕ¬∑’Ë ÿ¥§◊Õ nucleotide
1277 „π exon 9 ‚¥¬ thymine (T) ∂Ÿ°·∑π∑’Ë¥â«¬ cytocine
(C) ‡ªìπº≈„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√¥Õ–¡‘‚πμ”·Àπàß
402 (Y402H) ®“° tyrosine ‡ªìπ histidine37 ´÷Ëßμ”·Àπàß
π’È‡ªìπ binding sites ¢Õß heparin ·≈– C-reactive
protein38 ∂â“‡°‘¥ SNP ¥—ß°≈à“«‡æ’¬ß 1 allele ®–‡æ‘Ë¡‚Õ°“ 
‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ 2.7 ‡∑à“39 ·μà∂â“‡°‘¥ SNP

∑—Èß 2 allele ®–‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ
 Ÿß∂÷ß 7.4 ‡∑à“40   ”À√—∫°“√»÷°…“∑’Ë»÷°…“∑—Èßªí®®—¬∑“ß
æ—π∏ÿ°√√¡·≈–ªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡μàÕ°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡
„π§π ŸßÕ“¬ÿπ—Èπ¡’πâÕ¬ Õ¬à“ß‰√°Áμ“¡ º≈°“√»÷°…“‡À≈à“π—Èπ
μà“ß°Áæ∫«à“ªí®®—¬∑—Èß Õß‡ √‘¡°—π·≈–°—π π—ËπÀ¡“¬§«“¡«à“
§π∑’Ë¡’°“√ºà“‡À≈à“¢Õß CFH gene Õ¬Ÿà·≈â« À“°‰¡à§«∫§ÿ¡
ªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡ ‡™àπ À¬ÿ¥ Ÿ∫∫ÿÀ√’Ë ·≈–√—∫ª√–∑“π
Õ“À“√∑’Ë¡’ª√–‚¬™πå ‡ªìπμâπ °Á¬‘Ëß‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§¡“°¬‘Ëß
¢÷Èπ‰ªÕ’°41-43

¡’°“√»÷°…“∑’Ëæ∫«à“ Y402H polymorphism ‡æ‘Ë¡
‚Õ°“ ‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ™—¥‡®π„π™“«Õ—ß°ƒ…
Ω√—Ëß‡»  Õ‘μ“≈’ √— ‡´’¬ øîπ·≈π¥å·≈–Õ‘π‡¥’¬44-49 ·μà ”À√—∫
™“«®’π°≈—∫æ∫«à“ Y402H polymorphism ‡æ‘Ë¡‚Õ°“ ‡°‘¥
‚√§π’ÈπâÕ¬°«à“™π™“μ‘∑’Ë°≈à“«¡“50 πÕ°®“°π’È ¡’°“√»÷°…“Àπ÷Ëß
„π™“«≠’ËªÿÉπ∑’Ë‰¡àæ∫«à“ Y402H polymorphism  —¡æ—π∏å
°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿÕ’°¥â«¬51

Chromosome 10q26
º≈°“√»÷°…“∑’Ëºà“π¡“æ∫«à“¡’ 3 μ”·Àπàß∫π‚§√‚¡‚´¡

10q26 ∑’Ë —¡æ—π∏å°—∫°“√‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ ∑—Èß
·∫∫ dry AMD ·≈– exudative AMD ‰¥â·°à PLEKHA1,
LOC387715 ·≈– HTRA152-55 ‚¥¬ PLEKHA1 ∂Õ¥√À— 
(encodes) ‡ªìπ pleckstrin homology domain ·≈–
HTRA1 ∂Õ¥√À— ‡ªìπ secreted serine ·μà„πªí®®ÿ∫—π¬—ß
‰¡à∑√“∫Àπâ“∑’Ë¢Õß LOC387715  ”À√—∫‚ª√μ’π HTRA1 π—Èπ
∑”Àπâ“∑’Ë§«∫§ÿ¡°√–∫«π°“√ degradation ¢Õß ECM
proteoglycans ·≈–°√–∫«π°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥ (angio-
genesis) ‚¥¬°“√®—∫·≈–¬—∫¬—Èß transforming growth
factor-β ¥—ßπ—Èπ À“°‡°‘¥°“√ºà“‡À≈à“®–∑”„Àâ¡’°“√º≈‘μ
‚ª√μ’ππ’È¡“°¢÷Èπ (overexpression) ∑”„Àâ§«“¡·¢Áß·√ß¢Õß
Bruchûs membrane ≈¥≈ß·≈–‡°‘¥°“√≈ÿ°≈“¡¢ÕßÀ≈Õ¥
‡≈◊Õ¥®“°™—Èπ choriocapillaris ¢â“¡‡¢â“¡“‰¥âßà“¬

®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“ À“°‡°‘¥ SNP ¢Õß
LOC387715 ‡æ’¬ß 1 allele ®–‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§®Õμ“
‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ 2.4 ‡∑à“ ·μà∂â“‡°‘¥ SNP ¢Õß LOC387715
∑—Èß 2 alleles ®–‡æ‘Ë¡‚Õ°“ ‡°‘¥‚√§¥—ß°≈à“« Ÿß∂÷ß 5.7 ‡∑à“56

‚¥¬ªí®®—¬∑“ßæ—π∏ÿ°√√¡·≈–ªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡¡’º≈‡ √‘¡
°—π·≈–°—π„π°“√∑”„Àâ‡°‘¥‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ41,57
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πÕ°®“°π’È °“√ºà“‡À≈à“¢Õß∑—Èß LOC387715 ·≈– CFH gene
μà“ß°Á‡æ‘Ë¡Õ—μ√“°“√≈ÿ°≈“¡¢Õß‚√§π’È‡™àπ°—π58

°“√ª√–¬ÿ°μå„™â∑“ß§≈‘π‘°
(Clinical application)59

1. Gene-environment interaction
°“√»÷°…“ªØ‘ —¡æ—π∏å√–À«à“ß¬’π°—∫ ‘Ëß·«¥≈âÕ¡μâÕß

„™â¢π“¥μ—«Õ¬à“ß°“√»÷°…“∑’Ë„À≠à¡“° Õ¬à“ß‰√°Áμ“¡ º≈°“√
»÷°…“®–∑”„Àâ‡√“‡¢â“„®æ¬“∏‘°”‡π‘¥¢Õß‚√§‰¥â¥’¢÷Èπ·≈–™à«¬
∫àß™’È§π∑’Ë‡ ’Ë¬ßμàÕ°“√‡°‘¥‚√§‰¥â¥’¢÷Èπ ´÷Ëßπ”‰ª Ÿà°“√ªÑÕß°—π
‚√§„π°≈ÿà¡‡ ’Ë¬ßπ—Ëπ‡Õß ‰¥â·°à °“√„Àâ¬“∑’Ë®”‡æ“–‡À¡“– ¡
°—∫·μà≈–∫ÿ§§≈ °“√ª√—∫‡ª≈’Ë¬ππ‘ —¬°“√√—∫ª√–∑“πÕ“À“√
·≈–√Ÿª·∫∫°“√¥”‡π‘π™’«‘μ ‚¥¬¡’°“√»÷°…“ªØ‘ —¡æ—π∏å
√–À«à“ß¬’π°—∫ ‘Ëß·«¥≈âÕ¡æ∫«à“ ∑—ÈßÕ“¬ÿ·≈–°“√ Ÿ∫∫ÿÀ√’Ëμà“ß
°Á¡’º≈μàÕ√–¥—∫ CFH „π‡≈◊Õ¥ πÕ°®“°π’È ¬—ßæ∫«à“√–¥—∫
§«“¡‡¢â¡¢âπ¢Õß —ß°– ’„π‡≈◊Õ¥¡’º≈μàÕ CFH function
´÷Ëß‡ªìπ‰ª‰¥â«à“°“√∑’Ë∫“ß§π√—∫ª√–∑“π —ß°– ’‡ √‘¡·≈â«
™à«¬ªÑÕß°—π°“√‡°‘¥‚√§π’È‡ªìπº≈®“°¬’π (gene-specific
effect)

2. Pharmacogenomics
°“√§âπæ∫¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫‚√§®Õμ“‡ ◊ËÕ¡„π§π Ÿß

Õ“¬ÿ™à«¬„π°“√»÷°…“§âπ§«â“∑“ß‡¿ —™«‘∑¬“ Õ“®π”¡“´÷Ëß
°“√§âπæ∫¬“„À¡à∑’ËÕÕ°ƒ∑∏‘Ïμ√ß‡ªÑ“À¡“¬·¡àπ¬”¡“°¢÷Èπ
 “¡“√∂∫àß∫Õ°‰¥â«à“ºŸâªÉ«¬§π„¥®–‰¡àμÕ∫ πÕßμàÕ°“√√—°…“
(non-responder) ·≈–§“¥°“√≥å¿“«–¢â“ß‡§’¬ß∑’Ë®–‡°‘¥¢÷Èπ
„π·μà≈–∫ÿ§§≈‰¥â πÕ°®“°π’È Õ“®π”¡“´÷Ëß¢âÕ∫àß™’È (inclusion
criteria) ·≈–¢âÕÀâ“¡ (exclusion criteria) „π°“√√—°…“
‚¥¬¡’°“√»÷°…“æ∫«à“ Õ—μ√“°“√‡°‘¥‚√§π’ÈμË”¡“°„πºŸâªÉ«¬
‚√§√Ÿ¡“μÕ¬¥å∑’Ë√—∫ª√–∑“π¬“≈¥°“√Õ—°‡ ∫¡“‡ªìπ√–¬–‡«≈“
π“π Õ¬à“ß‰√°Áμ“¡ °“√º≈‘μ¬“ÕÕ°¡“„Àâ®”‡æ“–°—∫·μà≈–
∫ÿ§§≈ ‚¥¬‡©æ“–‚√§∑’Ëæ∫∫àÕ¬π—Èπ ¡’Õÿª √√§∑’Ë ”§—≠§◊Õ
μâπ∑ÿπ„π°“√º≈‘μ∑’Ë Ÿß ∑—Èß‡§√◊ËÕßμ√«®∑“ßæ—π∏ÿ°√√¡ (wide-
spread genetic testing) °àÕπ°“√º≈‘μ¬“∑’Ë®”‡æ“–°—∫
·μà≈–∫ÿ§§≈·≈–μ—«¬“‡Õß

3. Population and public health implications
„πªí®®ÿ∫—π ¡’°“√μ√«®§—¥°√Õß·≈–°“√ªÑÕß°—π‚√§

∑“ßæ—π∏ÿ°√√¡∑’Ë‡°‘¥®“°§«“¡º‘¥ª°μ‘¢Õß¬’π‡¥’Ë¬«‡∑à“π—Èπ

À“°‡ªìπ‚√§®Õμ“‡ ◊ËÕ¡„π§π ŸßÕ“¬ÿ´÷Ëß‡ªìπ polygenic
disease °“√∑”ß“π¥â“π “∏“√≥ ÿ¢‚¥¬√«¡‡ªìπß“π∑’Ë¬“°
¡“° ‡π◊ËÕß®“°∏√√¡™“μ‘¢Õßμ—«‚√§‡Õß∑’Ë¡’§«“¡´—∫´âÕπ¡“°
Õ“®‡æ√“–§«“¡√Ÿâ§«“¡‡¢â“„®‡°’Ë¬«°—∫æ¬“∏‘°”‡π‘¥¢Õß‚√§
¬—ß®”°—¥ πÕ°®“°π’È ªí≠À“∑’Ë ”§—≠§◊Õß∫ª√–¡“≥·≈–¢âÕ
§”π÷ß∑“ß®√‘¬∏√√¡ ¥—ßπ—Èπ ¢≥–π’È®÷ß¬—ß‰¡à¡’ª√–‚¬™πå„π
°“√μ√«®§—¥°√ÕßºŸâªÉ«¬¥â«¬«‘∏’∑“ßæ—π∏ÿ»“ μ√å (genetic
testing) ·≈–¬—ß‰¡à¡’¬“„¥∑’Ëæ‘ Ÿ®πå«à“ “¡“√∂√—∫ª√–∑“π‡æ◊ËÕ
ªÑÕß°—π°“√‡°‘¥‚√§π’È ‰¥â

 √ÿª (Conclusion)
„πªí®®ÿ∫—πæ∫«à“§«“¡™ÿ°¢Õß‚√§®Õμ“‡ ◊ËÕ¡„π§π Ÿß

Õ“¬ÿ‡æ‘Ë¡¢÷Èπ∑—Ë«‚≈° ∑—Èßªí®®—¬∑“ßæ—π∏ÿ°√√¡·≈–ªí®®—¬∑“ß
 ‘Ëß·«¥≈âÕ¡μà“ß¡’º≈μàÕ°“√‡°‘¥‚√§ °“√μ√«®§—¥°√Õß°≈—∫
∑”‰¥â‡æ’¬ßμ√«®À“ºŸâªÉ«¬„π√–¬–‡√‘Ë¡μâπ‡∑à“π—Èπ ·≈–°“√
√—°…“∑’Ë¡’„πªí®®ÿ∫—π°Á‰¡à “¡“√∂∑”„ÀâºŸâªÉ«¬°≈—∫¡“¡Õß‡ÀÁπ
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