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∫∑§—¥¬àÕ
¿“«–æ√àÕßÕÕ°´‘‡®π‡ª√’¬∫‡ ¡◊Õπ‡À√’¬≠ Õß¥â“π´÷Ëß¡’∑—Èß¥â“π∑’Ë‡ªìπª√–‚¬™πå·≈–‡ªìπ

‚∑…µàÕ√à“ß°“¬ „π¥â“πÀπ÷Ëßπ—Èπ °“√¥”√ßÕ¬Ÿà¢Õß¿“«–æ√àÕßÕÕ° ‘́‡®π àßº≈‚¥¬µ√ßµàÕæ¬“∏‘
°”‡π‘¥¢Õß‚√§µà“ß Ê ·≈–∑”„Àâ‚√§‡À≈à“π—Èπ√ÿπ·√ß¢÷Èπ ·µàÕ’°¥â“πÀπ÷Ëß ¿“«–æ√àÕßÕÕ° ‘́‡®π
°≈—∫°≈“¬‡ªìπ ¿“«–·«¥≈âÕ¡∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈åµâπ°”‡π‘¥„π·À≈àß∑’ËÕ¬Ÿà
¢Õß‡´≈≈åµâπ°”‡π‘¥ À√◊Õ∑’Ë‡√’¬°«à“  ‡µÁ¡‡´≈≈åπ‘™ (stem cell niche) ÷́Ëß∂◊Õ‡ªìπª√–‚¬™πåÕ¬à“ß
¡“°µàÕ¢Õ∫¢à“¬ß“π«‘®—¬¥â“π‡´≈≈åµâπ°”‡π‘¥ ∫∑§«“¡π’È‡ªìπ°“√ªŸæ◊Èπ∞“π∂÷ß°≈‰°°“√√—∫√Ÿâ
¿“«–æ√àÕßÕÕ° ‘́‡®π„π√–¥—∫‡´≈≈å ·≈–· ¥ß„Àâ‡ÀÁπ∂÷ß∫∑∫“∑¢Õß√–¥—∫ÕÕ° ‘́‡®π„π∞“π–∑’Ë
‡ªìπ ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠µàÕ°“√µÕ∫ πÕß¢Õß‡´≈≈åµâπ°”‡π‘¥™π‘¥µà“ß Ê ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡´≈≈å
µâπ°”‡π‘¥®“°øíπ √«¡∂÷ß —≠≠“≥∑’Ë‡°’Ë¬«¢âÕß„π°“√§«∫§ÿ¡§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥„π
 ¿“«–æ√àÕßÕÕ°´‘‡®π §«“¡√Ÿâ§«“¡‡¢â“„®¥—ß°≈à“«¡’ª√–‚¬™πåÕ¬à“ß¬‘ËßµàÕ°“√§âπÀ“ ¿“«–
∑’Ë‡À¡“– ¡µàÕ°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥„πÀâÕßªØ‘∫—µ‘°“√ √«¡∂÷ß°“√π”‡´≈≈åµâπ°”‡π‘¥‰ª
„™â„π∑“ß§≈‘π‘°‰¥âÕ¬à“ßª≈Õ¥¿—¬ ¡’ª√– ‘∑∏‘¿“æ ·≈–‡°‘¥ª√–‚¬™πå Ÿß ÿ¥

∫∑π”

ÕÕ°´‘‡®π®—¥‡ªìπ°ä“´∑’Ë®”‡ªìπÕ¬à“ß¬‘ËßµàÕ°“√¥”√ß™’«‘µ¢Õß¡πÿ…¬å ÕÕ°´‘‡®π∑’Ë‡¢â“ Ÿà
√à“ß°“¬®–®—∫°—∫Œ’‚¡‚°≈∫‘π∑’ËÕ¬Ÿà„π‡¡Á¥‡≈◊Õ¥·¥ß·≈–‰À≈‰ªµ“¡°√–· ‚≈À‘µ‡æ◊ËÕ‰ªÀ≈àÕ‡≈’È¬ß
‡π◊ÈÕ‡¬◊ËÕµà“ß Ê „π√à“ß°“¬ ‚¥¬¿“¬„π‰¡‚∑§Õπ‡¥√’¬π—Èπ ÕÕ° ‘́‡®π®–∑”Àπâ“∑’Ë‡ªìπµ—«√—∫Õ‘‡≈Á°-
µ√Õπ„π°√–∫«π°“√∂à“¬∑Õ¥Õ‘‡≈Á°µ√Õπ (electron transport chains) ∑”„Àâ‡°‘¥°“√ √â“ß
æ≈—ßß“π„π√ŸªÕ–¥’‚π ’́π‰∑√øÕ ‡øµ (adenosine triphosphate; ATP) ‡°Á∫‰«â‡ªìπ·À≈àßæ≈—ßß“π
¢Õß‡´≈≈å ÕÕ°´‘‡®π®÷ß∂◊Õ‡ªìπ·À≈àß ”§—≠„π°“√ √â“ßæ≈—ßß“π‡æ◊ËÕ„™â„πªØ‘°‘√‘¬“™’«‡§¡’µà“ß Ê
„π√à“ß°“¬ ¥—ßπ—Èπ‡¡◊ËÕ„¥°Áµ“¡∑’Ë√à“ß°“¬‡º™‘≠ Ÿà¿“«–∑’Ë¡’√–¥—∫ÕÕ° ‘́‡®π≈¥≈ß À√◊Õ∑’Ë‡√’¬°«à“
¿“«–æ√àÕßÕÕ° ‘́‡®π (hypoxia) √à“ß°“¬®÷ß®”‡ªìπµâÕßª√—∫µ—«‡æ◊ËÕ„ÀâÕ¬Ÿà√Õ¥„π¿“«–π—Èπ‰¥â

µ“¡§”®”°—¥§«“¡¢Õß¿“«–æ√àÕßÕÕ°´‘‡®ππ—Èπ ‚¥¬∑—Ë«‰ªÀ¡“¬∂÷ß¿“«–„¥°Áµ“¡∑’Ë
¡’√–¥—∫ÕÕ°´‘‡®πµË”°«à“√–¥—∫ÕÕ°´‘‡®πª°µ‘ (normoxia) ‚¥¬¡—°‡∑’¬∫°—∫√–¥—∫ÕÕ°´‘‡®π„π
Õ“°“»∑’Ë Ÿ¥¥¡‡¢â“‰ª π—Ëπ§◊Õ √âÕ¬≈– 21.0 ¢Õßª√‘¡“≥°ä“´∑—ÈßÀ¡¥ À√◊Õ‡∑’¬∫‡∑à“°—∫·√ß¥—π
∫√√¬“°“» 160 ¡‘≈≈‘‡¡µ√ª√Õ∑∑’Ë√–¥—∫πÈ”∑–‡≈1 ‚¥¬¿“«–æ√àÕßÕÕ° ‘́‡®ππ—Èπ “¡“√∂æ∫‰¥â
„π√Õ¬‚√§µà“ß Ê ∑’Ë¡’§«“¡∫°æ√àÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë¡“‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ ‡™àπ ‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß
µ’∫µ—π ‚√§‡∫“À«“π ·≈–‚√§¡–‡√Áß ‡ªìπµâπ2-4 „πªí®®ÿ∫—π¡’À≈—°∞“π‡ªìπ®”π«π¡“°∑’Ë· ¥ß„Àâ

 ‘√’√—µπå   ŸÕ”æ—π

Õ“®“√¬å  ¿“§«‘™“‡¿ —™«‘∑¬“

§≥–∑—πµ·æ∑¬»“ µ√å
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¿“§«‘™“‡¿ —™«‘∑¬“

§≥–∑—πµ·æ∑¬»“ µ√å

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
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‡ÀÁπ«à“°“√¥”√ßÕ¬Ÿà¢Õß¿“«–æ√àÕßÕÕ°´‘‡®π àßº≈‚¥¬µ√ßµàÕ°“√
‡æ‘Ë¡§«“¡√ÿπ·√ß¢Õß‚√§ √«¡∂÷ßªí≠À“°“√¥◊ÈÕ¬“´÷Ëß‡ªìπªí≠À“
 ”§—≠µàÕ°“√√—°…“‚√§5,6

πÕ°®“°¿“«–æ√àÕßÕÕ°´‘‡®π®–¡’§«“¡ ”§—≠µàÕ°“√
æ—≤π“¢Õß‚√§µà“ß Ê ·≈â« Õ’°∫∑∫“∑Àπ÷Ëß¢Õß¿“«–æ√àÕßÕÕ°´‘‡®π
∑’Ë°”≈—ß‰¥â√—∫§«“¡ π„®„πªí®®ÿ∫—π§◊Õ º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®π
µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈åµâπ°”‡π‘¥ §«“¡ π„®¥—ß°≈à“«‡√‘Ë¡µâπ
®“°°“√§âπæ∫«à“·∑â®√‘ß·≈â«¿“«–æ√àÕßÕÕ°´‘‡®π∂◊Õ‡ªìπ¿“«–
·«¥≈âÕ¡ª°µ‘¢Õß√à“ß°“¬´÷Ëß “¡“√∂æ∫‰¥âµ—Èß·µà√–¬–‡√‘Ë¡µâπ¢Õß
°“√æ—≤π“µ—«ÕàÕπ ‚¥¬¡’°“√»÷°…“∂÷ß√–¥—∫ÕÕ°´‘‡®π„π∑àÕ√—ß‰¢à
·≈–¡¥≈Ÿ°´÷Ëß‡ªìπ∫√‘‡«≥∑’ËÕ¬Ÿà¢Õßµ—«ÕàÕπµ—Èß·µà°àÕπ√–¬–Ωíßµ—«
®π°√–∑—ËßΩíßµ—«„π≈‘ß °√–µà“¬ ·≈–ÀπŸ·Œ¡ ‡µÕ√å æ∫«à“ µ”·Àπàß
‡À≈à“π—Èπ¡’√–¥—∫ÕÕ° ‘́‡®π‡æ’¬ß√âÕ¬≈– 1.5 ∂÷ß 8.77  à«π„π‡π◊ÈÕ‡¬◊ËÕ
‚µ‡µÁ¡«—¬π—Èπæ∫«à“ √–¥—∫ÕÕ°´‘‡®π®–¢÷Èπ°—∫™π‘¥¢ÕßÕ«—¬«–·≈–
√–¬–∑“ß®“°À≈Õ¥‡≈◊Õ¥‰ª Ÿà‡π◊ÈÕ‡¬◊ËÕπ—Èπ Ê ¬°µ—«Õ¬à“ß‡™àπ ¡â“¡
·≈–µàÕ¡‰∑¡— ¢ÕßÀπŸ¡’√–¥—∫ÕÕ°´‘‡®π‡æ’¬ß√âÕ¬≈– 2.1 ·≈–√âÕ¬≈–
1.3 µ“¡≈”¥—∫8 ¬‘Ëß‰ª°«à“π—Èπ ®“°°“√»÷°…“∂÷ß√–¥—∫ÕÕ° ‘́‡®π„π
‡π◊ÈÕ‡¬◊ËÕµà“ß Ê ∑’Ë‡ªìπ·À≈àß°”‡π‘¥¢Õß‡´≈≈åµâπ°”‡π‘¥æ∫«à“ ‡π◊ÈÕ‡¬◊ËÕ
‡À≈à“π’È≈â«πÕ¬Ÿà„π¿“«–æ√àÕßÕÕ°´‘‡®π9 À≈—°∞“π¥—ß°≈à“«∑”„Àâ
π—°«‘∑¬“»“ µ√å‡™◊ËÕ«à“¿“«–æ√àÕßÕÕ°´‘‡®ππà“®–‡ªìπ ‘Ëß·«¥≈âÕ¡
∑’Ë‡À¡“– ¡µàÕ‡´≈≈åµâπ°”‡π‘¥ À√◊Õ∑’Ë‡√’¬°«à“  ‡µÁ¡‡´≈≈åπ‘™ (stem
cell niche) ®ππ”‰ª Ÿà°“√»÷°…“‡ªìπ®”π«π¡“°∂÷ßº≈¢Õß√–¥—∫
ÕÕ°´‘‡®πµàÕæƒµ‘°√√¡¢Õß‡´≈≈åµâπ°”‡π‘¥ ´÷Ëß Õ¥§≈âÕßÕ¬à“ß¬‘Ëß
°—∫§«“¡∑â“∑“¬„πªí®®ÿ∫—π ”À√—∫¢Õ∫¢à“¬ß“π«‘®—¬¥â“π‡´≈≈åµâπ
°”‡π‘¥∑’Ë°”≈—ß¡ÿàß§âπÀ“ªí®®—¬Õ—πÀ≈“°À≈“¬∑’Ë¡’§«“¡‡À¡“– ¡
µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–§ß§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥

‡æ◊ËÕ„Àâ°“√√—°…“¥â«¬°“√ª≈Ÿ°∂à“¬‡´≈≈åµâπ°”‡π‘¥„π∑“ß
§≈‘π‘°ª√– ∫§«“¡ ”‡√Á® Ÿß ÿ¥ ·æ∑¬å·≈–π—°«‘®—¬®”‡ªìπµâÕß¡’
§«“¡√Ÿâ·≈–§«“¡‡¢â“„®„π°√–∫«π°“√æ—≤π“¢Õß‡´≈≈åµâπ°”‡π‘¥
∑—Èß„π·ßà¢Õß°“√·∫àßµ—« °“√‡§≈◊ËÕπ∑’Ë ·≈–°“√·ª√ ¿“æ‡ªìπ‡´≈≈å
‡ªÑ“À¡“¬ µ≈Õ¥®π∂÷ß°≈‰°„π√–¥—∫‚¡‡≈°ÿ≈∑’Ë§«∫§ÿ¡æƒµ‘°√√¡
µà“ß Ê ‡À≈à“π’È ‚¥¬∫∑§«“¡π’È®–‡ªìπ°“√ªŸæ◊Èπ∞“π∂÷ß°≈‰°°“√√—∫√Ÿâ
¿“«–æ√àÕßÕÕ° ‘́‡®π„π√–¥—∫‡´≈≈å ·≈–®–· ¥ß„Àâ‡ÀÁπ∂÷ß∫∑∫“∑
¢Õß√–¥—∫ÕÕ°´‘‡®π„π∞“π–∑’Ë‡ªìπ ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠µàÕ°“√
µÕ∫ πÕß¢Õß‡´≈≈åµâπ°”‡π‘¥™π‘¥µà“ß Ê ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡´≈≈å
µâπ°”‡π‘¥®“°øíπ √«¡∂÷ß —≠≠“≥µà“ß Ê ∑’Ë‡°’Ë¬«¢âÕß„π°“√§«∫§ÿ¡
§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥„π¿“«–æ√àÕßÕÕ° ‘́‡®π

°“√√—∫√Ÿâ·≈–µÕ∫ πÕßµàÕ¿“«–æ√àÕßÕÕ° ‘́‡®π„π√–¥—∫‡´≈≈å
°“√√—∫√Ÿâ∂÷ß√–¥—∫ÕÕ°´‘‡®π„π‡π◊ÈÕ‡¬◊ËÕ·µà≈–™π‘¥π—Èπ∂◊Õ‡ªìπ

°≈‰° ”§—≠Õ¬à“ßÀπ÷Ëß∑’Ë®–∑”„Àâ√à“ß°“¬ “¡“√∂ª√—∫µ—«µàÕ√–¥—∫
ÕÕ°´‘‡®π∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª‰¥âÕ¬à“ß‡À¡“– ¡ Àπ÷Ëß„πµ—«Õ¬à“ß∑’Ë
‡ÀÁπ‰¥â™—¥„π°“√ª√—∫µ—«¢Õß√à“ß°“¬‡¡◊ËÕ‡º™‘≠µàÕ¿“«–∑’Ë¡’°“√≈¥≈ß
¢Õß√–¥—∫ÕÕ° ‘́‡®π §◊Õ °“√µÕ∫ πÕß¢Õß√à“ß°“¬‡¡◊ËÕ¢÷Èπ¿Ÿ‡¢“ Ÿß
´÷Ëß¡’¡«≈Õ“°“»µË”°«à“ª°µ‘ „π¿“«–¥—ß°≈à“«√à“ß°“¬®–¡’°“√
ª√—∫µ—«‡æ◊ËÕ√—°…“ ¡¥ÿ≈¢ÕßÕÕ°´‘‡®π‚¥¬‡æ‘Ë¡Õ—µ√“°“√À“¬„®
·≈–§«“¡≈÷°¢Õß°“√À“¬„® πÕ°®“°π’È ‡´≈≈å„π√à“ß°“¬®–¡’°“√
µÕ∫ πÕß‚¥¬‡æ‘Ë¡°“√ —ß‡§√“–Àå‚ª√µ’πµà“ß Ê ‡™àπ Õ’√’‚∑√‚æÕ‘∑‘π
(erythropoietin; EPO) ´÷Ëß “¡“√∂°√–µÿâπ°“√‡æ‘Ë¡®”π«π¢Õß‡¡Á¥
‡≈◊Õ¥·¥ß‰¥â ®÷ß‡ªìπ°“√™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√¢π àß
ÕÕ° ‘́‡®π¿“¬„π°√–· ‚≈À‘µ1,10

„π√–¥—∫‡´≈≈åπ—Èπ °≈‰°À≈—°„π°“√√—∫√Ÿâ°“√≈¥≈ß¢Õß√–¥—∫
ÕÕ° ‘́‡®π‡°‘¥¢÷Èπºà“π‚ª√µ’π∑’Ë¡’™◊ËÕ«à“ ‰ŒæÕ°‡ ’́¬Õ‘π¥‘« ‘́‡∫‘≈·ø§-
‡µÕ√å (hypoxia inducible factor; HIF) ‚¥¬‚ª√µ’π™π‘¥π’È®–∑”Àπâ“∑’Ë‡ªìπ
∑√“π §√‘ª™—π·ø§‡µÕ√å (transcription factor) ÷́Ëß§«∫§ÿ¡°“√∂Õ¥
√À— ¢Õß¬’π∑’ËµÕ∫ πÕßµàÕ°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫ÕÕ°´‘‡®π
¿“¬„π‡´≈≈å °“√∑”ß“π¢Õß‚ª√µ’πŒ‘ø (HIF) ®–‡°‘¥¢÷Èπ‡¡◊ËÕ¡’°“√
√«¡µ—«¢Õß 2 —́∫¬Ÿπ‘µ (dimerization) §◊Õ ·Õ≈ø“ (α) ·≈–‡∫µâ“ (β)
—́∫¬Ÿπ‘µ ªí®®ÿ∫—π¡’°“√§âπæ∫Œ‘ø-·Õ≈ø“ (HIF-α) ∑—ÈßÀ¡¥ 3 ‰Õ‚´-

øÕ√å¡ ‰¥â·°à Œ‘ø-1·Õ≈ø“ (HIF-1α) Œ‘ø-2·Õ≈ø“ (HIF-2α) ·≈– Œ‘ø-
3·Õ≈ø“ (HIF-3α) ‚¥¬∑’Ë Œ‘ø-1·Õ≈ø“ (HIF-1α) ®–æ∫πâÕ¬¡“°„π
¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª°µ‘ ·µà®–æ∫¡“°¢÷Èπ„π¿“«–æ√àÕß
ÕÕ°´‘‡®π ·≈–æ∫‰¥â„π‡π◊ÈÕ‡¬◊ËÕ‡°◊Õ∫∑ÿ°™π‘¥ ‚¥¬‚ª√µ’π™π‘¥π’È
®–∑”Àπâ“∑’Ë‡ªìπ∑√“π §√‘ª™—π·ø§‡µÕ√åÀ≈—°„π°“√§«∫§ÿ¡°“√
· ¥ßÕÕ°¢Õß¬’π‡æ◊ËÕµÕ∫ πÕßµàÕ¿“«–æ√àÕßÕÕ° ‘́‡®π „π¢≥–∑’Ë
Œ‘ø-2·Õ≈ø“ (HIF-2α) ®–æ∫‰¥â∑—Èß„π¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®π
ª°µ‘·≈–„π¿“«–æ√àÕßÕÕ°´‘‡®π ·µà®–æ∫„π‡π◊ÈÕ‡¬◊ËÕ∫“ß™π‘¥
‡∑à“π—Èπ ‡™àπ ªÕ¥ µ—∫ ·≈– À—«„®11  à«π Œ‘ø-3·Õ≈ø“ (HIF-3α) π—Èπ
„πªí®®ÿ∫—π¬—ß‰¡à¡’°“√»÷°…“∂÷ß‚ª√µ’π™π‘¥π’È¡“°π—° „π°√≥’¢Õß
Œ‘ø-‡∫µâ“ (HIF-β) π—Èπ®–¡’°“√· ¥ßÕÕ°‚¥¬‰¡à¢÷Èπ°—∫√–¥—∫
ÕÕ° ‘́‡®π·≈– “¡“√∂æ∫‰¥â„π‡π◊ÈÕ‡¬◊ËÕ∑ÿ°™π‘¥

°“√∑’Ë‚ª√µ’πŒ‘ø-1·Õ≈ø“ (HIF-1α) ∂Ÿ°æ∫‰¥âπâÕ¬¡“°„π
¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª°µ‘π—Èπ ‡°‘¥¢÷Èπ‡π◊ËÕß®“°„π¿“«–¥—ß
°≈à“«‚ª√µ’πŒ‘ø-1·Õ≈ø“ (HIF-1α) ∑’Ë∂Ÿ° √â“ß¢÷Èπ®–∂Ÿ°∑”≈“¬
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Õ¬à“ß√«¥‡√Á« (¥—ß· ¥ß„π√Ÿª∑’Ë 1) ºà“πªØ‘°‘√‘¬“∑’Ë‡√‘Ë¡®“°°“√‡µ‘¡
À¡Ÿà‰Œ¥√Õ° ‘́≈ (hydroxyl group; -OH) „Àâ·°àŒ‘ø-1·Õ≈ø“ (HIF-1α)
∑’Ëµ”·Àπàß°√¥Õ–¡‘‚π‚ª√≈’π (proline; P) ªÆ‘°√‘¬“¥—ß°≈à“«®”‡ªìπ
µâÕßÕ“»—¬ÕÕ°´‘‡®π‡ªìπªí®®—¬√à«¡ (co-factor) „π°“√∑”ß“π¢Õß‡Õπ-
‰´¡å‚æ√≈‘«‰Œ¥√Õ°´‘‡≈  (prolyl hydroxylase; PHD) ®“°π—Èπ Œ‘ø-
1·Õ≈ø“ (HIF-1α) ∑’Ë∂Ÿ°‡µ‘¡À¡Ÿà‰Œ¥√Õ° ‘́≈π’È®–∂Ÿ°®¥®”‚¥¬‚ª√µ’π
∑’Ë¡’™◊ËÕ«à“ «ÕπŒ‘æ‡æ‘≈≈‘π‡¥“ (von Hippel-Lindau; VHL) ·≈–‡¢â“ Ÿà
°√–∫«π°“√¬Ÿ∫‘§«‘µ‘‡π™—π (ubiquitination) À√◊Õ °√–∫«π°“√‡µ‘¡
¬Ÿ∫‘§«‘µ‘π (ubiquitin) ‡æ◊ËÕπ”‚¡‡≈°ÿ≈‰ª∑”≈“¬∑’Ë‚æ√µ’‡Õ‚´¡
(proteasome)12,13 „π∑“ßµ√ß°—π¢â“¡ ‡¡◊ËÕ‡´≈≈åÕ¬Ÿà„π¿“«–æ√àÕß
ÕÕ°´‘‡®ππ—Èπ°√–∫«π°“√‰Œ¥√Õ°´’‡≈™—π (hydroxylation) ®–‰¡à
 “¡“√∂‡°‘¥¢÷Èπ‰¥â‡π◊ËÕß®“°¢“¥ÕÕ°´‘‡®π„π°“√∑”Àπâ“∑’Ë‡ªìπ
ªí®®—¬√à«¡ Œ‘ø-1·Õ≈ø“ (HIF-1α) ®÷ß‰¡à∂Ÿ°∑”≈“¬·≈– “¡“√∂‰ª
®—∫°—∫ Œ‘ø-1‡∫µâ“ (HIF-1β) ∑’Ë∫√‘‡«≥‰ŒæÕ°‡´’¬‡√ æÕπ´‘øÕ’≈’‡¡π∑å
(hypoxia responsive element; HRE) ¢Õß¬’π‡ªÑ“À¡“¬·≈–∑”
Àπâ“∑’Ë„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’πµà“ß Ê ‡™àπ Õ’√’‚∑√‚æÕ‘∑‘π

´÷Ëß™à«¬„π°“√‡æ‘Ë¡®”π«π‡¡Á¥‡≈◊Õ¥·¥ß10 «“ §Ÿ≈“√å‡Õπ‚¥∑’‡≈’¬«-
‚°√∏·ø§‡µÕ√å (vascular endothelial growth factor; VEGF) ‡æ◊ËÕ∑”
„Àâ‡°‘¥°“√‡®√‘≠ßÕ°„À¡à¢ÕßÀ≈Õ¥‡≈◊Õ¥14 ·≈–‰°≈‚§‰≈µ‘°‡Õπ‰´¡å
(glycolytic enzymes) ´÷Ëß∑”„Àâ‡°‘¥°“√ª√—∫‡ª≈’Ë¬π¢∫«π°“√ —π¥“ª
¿“¬„π‡´≈≈å15

πÕ°®“°ÕÕ°´‘‡®π®–¡’º≈µàÕ°“√¬àÕ¬ ≈“¬¢ÕßŒ‘ø-
1·Õ≈ø“ (HIF-1α)  ·≈â« ÕÕ°´‘‡®π¬—ß¡’º≈µàÕ∑√“π §√‘ª™—π·Õ§∑‘«‘µ’È
(transcription activity) ¢ÕßŒ‘ø-1·Õ≈ø“ (HIF-1α) Õ’°¥â«¬ ‚¥¬„π
¿“«–∑’Ë¡’ÕÕ° ‘́‡®ππ—Èπ ‡Õπ‰´¡åÕ’°™π‘¥Àπ÷Ëß §◊Õ ·ø§‡µÕ√åÕ‘πŒ‘∫‘∑-
∑‘ßŒ‘ø 1 (factor inhibiting HIF-1; FIH1) ®–‡µ‘¡À¡Ÿà‰Œ¥√Õ°´‘≈„Àâ·°àŒ‘ø-
1·Õ≈ø“ (HIF-1α) ∑’Ëµ”·Àπàß°√¥Õ–¡‘‚π·Õ æ“√“®’π (asparagine;
N)  àßº≈„Àâ∑√“π §√‘ª™—ππÕ≈‚§·Õ§µ‘‡«‡µÕ√å (transcriptional
coactivators) µà“ß Ê ‡™àπ ‡§√Á∫∫“¬¥‘Èß‚ª√µ’π (CREB binding protein;
CBP) ·≈– æ’ 300 (P300) ‰¡à “¡“√∂‡¢â“¡“®—∫°—∫Œ‘ø-1·Õ≈ø“ (HIF-

√Ÿª∑’Ë 1 °≈‰°°“√¬àÕ¬ ≈“¬¢ÕßŒ‘ø-1·Õ≈ø“ (HIF-1α) „π¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª°µ‘
Fig. 1 The mechanism of HIF-1α degradation in normoxic condition
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1α) ‡æ◊ËÕ°√–µÿâπ°“√· ¥ßÕÕ°¢Õß¬’π‡ªÑ“À¡“¬‰¥â16 (¥—ß· ¥ß„π√Ÿª
∑’Ë 2) °√–∫«π°“√¥—ß°≈à“«®÷ß‡ª√’¬∫‡ ¡◊Õπ°“√§«∫§ÿ¡¢—Èπ∑’Ë Õß ‡æ◊ËÕ
ªÑÕß°—π¡‘„ÀâŒ‘ø-1·Õ≈ø“ (HIF-1α) ∑”ß“π„π°√≥’∑’Ë¡’§«“¡º‘¥
æ≈“¥„π°“√§«∫§ÿ¡°“√¬àÕ¬ ≈“¬¢ÕßŒ‘ø-1·Õ≈ø“ (HIF-1α)

°≈‰°„π°“√√—∫√Ÿâ√–¥—∫ÕÕ°´‘‡®π¿“¬„π‡´≈≈å®—¥‡ªìπ ‘Ëß
®”‡ªìπÕ¬à“ß¬‘ËßµàÕ°“√ª√—∫µ—«¢Õß‡´≈≈å‡æ◊ËÕ„Àâ¡’°“√· ¥ßÕÕ°¢Õß
¬’π∑’Ë‡À¡“– ¡µàÕ√–¥—∫ÕÕ°´‘‡®π∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª §«“¡ ”§—≠
¢Õß°√–∫«π°“√¥—ß°≈à“«∂Ÿ°¬◊π¬—π‚¥¬°“√∑¥≈Õß„πÀπŸ ÷́Ëßæ∫«à“
ÀπŸ∑’Ë∂Ÿ°∑”≈“¬¬’π Œ‘ø-1·Õ≈ø“ (HIF-1α) À√◊Õ Œ‘ø-1‡∫µâ“(HIF-1β)
®–¡’æ—≤π“°“√∑’Ëº‘¥ª°µ‘¢Õß√–∫∫ª√– “∑·≈–À≈Õ¥‡≈◊Õ¥ ·≈–
µ“¬µ—Èß·µà¬—ß‡ªìπµ—«ÕàÕπ17,18  à«πÀπŸ∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢ÕßŒ‘ø-
2·Õ≈ø“ (HIF-2α) ®–æ∫≈—°…≥–∑’Ë· ¥ßÕÕ° (phenotype) ‰¥âÀ≈“¬
≈—°…≥– ‚¥¬Õ“®æ∫æ¬“∏‘ ¿“æ¢Õßµ“ µ—∫ À—«„® °≈â“¡‡π◊ÈÕ≈“¬
·≈–ªÕ¥19,20 √«¡‰ª®π∂÷ßæ—≤π“°“√∑’Ëº‘¥ª°µ‘Õ¬à“ß√ÿπ·√ß¢Õß
√–∫∫À≈Õ¥‡≈◊Õ¥ ÷́Ëß∑”„ÀâÀπŸµ“¬µ—Èß·µà¬—ß‡ªìπµ—«ÕàÕπ21

¿“«–æ√àÕßÕÕ°´‘‡®π°—∫‡´≈≈åµâπ°”‡π‘¥
°“√»÷°…“¥â“π‡´≈≈åµâπ°”‡π‘¥°”≈—ß‡ªìπ∑’Ë π„®Õ¬à“ß·æ√à

À≈“¬‡π◊ËÕß®“°‡´≈≈åµâπ°”‡π‘¥¡’§ÿ≥≈—°…≥–‡©æ“–µ—«∑’Ë “¡“√∂
·∫àßµ—«‰¥âÕ¬à“ß‰¡à¡’¢’¥®”°—¥·≈– “¡“√∂æ—≤π“‡ªìπ‡´≈≈å™π‘¥µà“ß Ê
‰¥âÀ≈“¬™π‘¥ °“√√—°…“‚¥¬°“√ª≈Ÿ°∂à“¬‡´≈≈åµâπ°”‡π‘¥®÷ß∂◊Õ
‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß¢Õß°“√√—°…“‚√§πÕ°‡Àπ◊Õ®“°°“√„™â¬“ ‚¥¬
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ‡°‘¥°“√ √â“ß·≈–´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ„π‚√§µà“ß Ê
‡™àπ ‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«22 ‚√§°≈â“¡‡π◊ÈÕÀ—«„®¢“¥‡≈◊Õ¥23 ·≈–
‚√§‡∫“À«“π24 ‡ªìπµâπ Õ¬à“ß‰√°Áµ“¡ „πªí®®ÿ∫—π°“√»÷°…“¥â“π
‡´≈≈åµâπ°”‡π‘¥¬—ß§ß¡’¢âÕ®”°—¥„π¥â“π¢Õßª√‘¡“≥‡´≈≈åµâπ°”‡π‘¥
´÷Ëß§—¥·¬°®“°‡π◊ÈÕ‡¬◊ËÕ‰¥â„πª√‘¡“≥‡æ’¬ß‡≈Á°πâÕ¬ πÕ°®“°π’È
§«“¡√Ÿâ‡¢â“„®‡°’Ë¬«°—∫ —≠≠“≥∑’Ë§«∫§ÿ¡°“√·ª√ ¿“æ‡´≈≈å
µâπ°”‡π‘¥¬—ß¡’Õ¬ŸàÕ¬à“ß®”°—¥ ¥—ßπ—Èπ§«“¡√Ÿâ§«“¡‡¢â“„®‡°’Ë¬«°—∫
 ‘Ëß·«¥≈âÕ¡∑’Ë‡À¡“– ¡¢Õß‡´≈≈åµâπ°”‡π‘¥√«¡∂÷ß —≠≠“≥µà“ß Ê
∑’Ë àßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥
®÷ß∂◊Õ‡ªìπ ‘Ëß ”§—≠‡æ◊ËÕ∑’Ë®–π”‡´≈≈å‰ª„™â‰¥âÕ¬à“ßª≈Õ¥¿—¬ ¡’
ª√– ‘∑∏‘¿“æ·≈–‡°‘¥ª√–‚¬™πå Ÿß ÿ¥

√Ÿª∑’Ë 2 °“√§«∫§ÿ¡∑√“π §√‘ª™—π·Õ§∑‘«‘µ’È¢ÕßŒ‘ø-1·Õ≈ø“ (HIF-1α) „π¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª°µ‘
Fig. 2 The regulation of HIF-1α transcription activity under normoxia
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π—°«‘∑¬“»“ µ√å‡™◊ËÕ«à“‡´≈≈åµâπ°”‡π‘¥∑’ËÕ“»—¬Õ¬Ÿà„π‡π◊ÈÕ‡¬◊ËÕ
·µà≈–™π‘¥π—Èπ®–Õ¬Ÿà„π ¿“æ·«¥≈âÕ¡∑’Ë®”‡æ“– À√◊Õ∑’Ë‡√’¬°«à“  ‡µÁ¡-
‡´≈≈åπ‘™ ÷́Ëß‡ªìπ¿“«–∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–§ß§«“¡
‡ªìπ‡´≈≈åµâπ°”‡π‘¥ ‡¡◊ËÕ‰¡àπ“π¡“π’È¡’°“√»÷°…“æ∫«à“√–¥—∫ÕÕ°-
´‘‡®π∑’Ë‡À¡“– ¡∂◊Õ‡ªìπªí®®—¬∑’Ë ”§—≠„π°“√§«∫§ÿ¡æƒµ‘°√√¡
æ◊Èπ∞“π¢Õß‡´≈≈åµâπ°”‡π‘¥ ‚¥¬æ∫«à“√–¥—∫ÕÕ°´‘‡®π„π ‡µÁ¡‡´≈≈å-
π‘™ ¡’§à“√âÕ¬≈– 0.55 ∂÷ß 8.0 ´÷Ëß¢÷Èπ°—∫‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡´≈≈åµâπ°”‡π‘¥
Õ“»—¬Õ¬Ÿà9 ¬°µ—«Õ¬à“ß‡™àπ ‡´≈≈åµâπ°”‡π‘¥‡¡Á¥‡≈◊Õ¥ (haema- topoietic
stem cells) Õ“»—¬Õ¬Ÿà„π ‘Ëß·«¥≈âÕ¡∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª√–¡“≥
√âÕ¬≈– 1.0 ∂÷ß 6.025 ·≈–‡´≈≈åµâπ°”‡π‘¥ª√– “∑ (neural stem cells)
Õ“»—¬Õ¬Ÿà„π ‘Ëß·«¥≈âÕ¡∑’Ë¡’√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 0.55 ∂÷ß 8.026

‡ªìπµâπ ¥—ßπ—Èπ°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥„πÀâÕßªØ‘∫—µ‘°“√∑’Ë¡’
ÕÕ°´‘‡®π√âÕ¬≈– 21.0 ®÷ß‰¡àπà“®–‡ªìπ ‘Ëß·«¥≈âÕ¡∑’Ë‡À¡“– ¡µàÕ
°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈åµâπ°”‡π‘¥

„πªí®®ÿ∫—π¡’°“√»÷°…“¡“°¡“¬∑’Ë· ¥ß„Àâ‡ÀÁπ∂÷ßº≈¢Õß
¿“«–æ√àÕßÕÕ°´‘‡®πµàÕæƒµ‘°√√¡¢Õß‡´≈≈åµâπ°”‡π‘¥™π‘¥µà“ß Ê
∑—Èß„π·ßà¢Õß°“√·∫àßµ—«¢Õß‡´≈≈å (cell proliferation) °“√· ¥ßÕÕ°
¢Õß‚ª√µ’π∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥ (stem cell marker) ·≈–
°“√·ª√ ¿“æ (differentiation) ¢Õß‡´≈≈åµâπ°”‡π‘¥‰ª‡ªìπ‡´≈≈å
™π‘¥µà“ß Ê ‚¥¬„π∫∑§«“¡π’È®–¬°µ—«Õ¬à“ß∂÷ßº≈¢Õß√–¥—∫ÕÕ° ‘́-
‡®πµàÕ‡´≈≈å°”‡π‘¥∫“ß™π‘¥æÕ —ß‡¢ª ·≈–®–°≈à“«‡πâπ∂÷ß∫∑∫“∑
¢Õß¿“«–æ√àÕßÕÕ° ‘́‡®πµàÕ‡´≈≈å°”‡π‘¥®“°øíπ

º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ
(embryonic stem cells)

‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ‡ªìπ‡´≈≈å∑’Ë‰¥â¡“®“°¡«≈‡´≈≈å
™—Èπ„π (inner cell mass; ICM) ¢Õßµ—«ÕàÕπ„π√–¬–∫≈“ ‚µ´‘ µå
(blastocyst) ‚¥¬‡´≈≈å™π‘¥π’È¡’§«“¡ “¡“√∂„π°“√ √â“ß‡´≈≈å„π
≈—°…≥–∑¥·∑πµ—«‡Õß‰¥â (self-renewal) ·≈–¡’»—°¬¿“æ„π°“√
·ª√ ¿“æ‡ªìπ‡´≈≈åµà“ß Ê ¢Õß√à“ß°“¬‰¥â∑ÿ°™π‘¥27 ‡´≈≈åµâπ
°”‡π‘¥®“°µ—«ÕàÕπ®÷ß®—¥‡ªìπ·À≈àß°”‡π‘¥¢Õß‡´≈≈å∑’Ë ”§—≠∑’Ë®–
π”‰ª„™â„π°“√ª≈Ÿ°∂à“¬Õ«—¬«– ”À√—∫°“√√—°…“‚√§µà“ß Ê

§«“¡ ”§—≠¢Õß√–¥—∫ÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥®“°
µ—«ÕàÕπÕ∏‘∫“¬‰¥â®“°°“√»÷°…“¢ÕßÕ’́ “™‘ (Ezashi) ·≈–§≥–28 ÷́Ëß
æ∫«à“°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ¢Õß¡πÿ…¬å∑’Ë
√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 21.0 ¡—°æ∫°“√·ª√ ¿“æ¥â«¬µπ‡Õß
(spontaneous differentiation) ´÷Ëß∂◊Õ‡ªìπ¿“«–∑’Ë‰¡à‡À¡“– ¡µàÕ
°“√‡æ‘Ë¡®”π«π‡´≈≈å„πÀâÕßªØ‘∫—µ‘°“√ „π∑“ß°≈—∫°—π‡¡◊ËÕ∑”°“√

≈¥√–¥—∫ÕÕ° ‘́‡®π≈ß‡À≈◊Õ‡æ’¬ß√âÕ¬≈– 3.0 ·≈–√âÕ¬≈– 5.0 æ∫«à“
Õ—µ√“°“√·∫àßµ—«¢Õß‡´≈≈å‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ º≈¥—ß°≈à“«
 Õ¥§≈âÕß°—∫°“√»÷°…“¢ÕßøÕ√‘ ∑Õ≈ (Forristal) ·≈–§≥–29 ´÷Ëß
æ∫«à“°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ¢Õß¡πÿ…¬å∑’Ë
√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 5.0 ‡æ‘Ë¡Õ—µ√“°“√·∫àßµ—«¢Õß‡´≈≈åÕ¬à“ß¡’
π—¬ ”§—≠ πÕ°®“°π—Èπ¬—ßæ∫«à“ ¿“«–¥—ß°≈à“« àßº≈„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß‡´≈≈å ‚¥¬‚§‚≈π’ (colony) ¢Õß‡´≈≈å®–¡’
≈—°…≥–·πàπÀπ“ ¡’¢Õ∫‡¢µ∑’Ë™—¥‡®π ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß
‚§‚≈π’„À≠à°«à“ ·≈–¡’®”π«π‚§‚≈π’¡“°°«à“°“√‡æ“–‡≈’È¬ß‡´≈≈å
∑’Ë√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 21.0 πÕ°®“°π’È ¬—ß¡’°“√· ¥ßÕÕ°¢Õß
‚ª√µ’π¡“µ√∞“π∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥ ‡™àπ ÕÕ°µ“‡¡Õ√å-
∫“¬¥‘Èß∑√“π §√‘ª™—π·ø§‡µÕ√å 4 (octamer-binding transcription
factor 4; Oct-4) ‡´Á°´å¥’‡∑Õ√å¡’ππ‘Ëß√’‡®’¬π«“¬∫äÕ°´å 2 (sex determin-
ing region Y-box2; Sox-2) ·≈–π“πÕ§ (Nanog) ‡æ‘Ë¡¢÷ÈπÕ’°¥â«¬
¥—ßπ—Èπ¿“«–æ√àÕßÕÕ°´‘‡®π®÷ßπà“®–‡ªìπ ‘Ëß·«¥≈âÕ¡∑’Ë‡À¡“– ¡
µàÕ°“√‡æ‘Ë¡®”π«π‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ·≈–§ß§«“¡ “¡“√∂
¢Õß‡´≈≈åµâπ°”‡π‘¥„π°“√æ—≤π“‰ª‡ªìπ‡´≈≈å™π‘¥Õ◊Ëπ

º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥ª√– “∑
‡´≈≈åµâπ°”‡π‘¥ª√– “∑ “¡“√∂æ∫‰¥â„πÀ≈“¬µ”·Àπàß

¢Õß ¡Õß ‡™àπ ∫√‘‡«≥ —́∫‡«πµ√‘§Ÿ≈“√å (subventricular zone) ·≈–
∫√‘‡«≥Œ‘ª‚ª·§¡ªí  (hippocampus) ‡ªìπµâπ ‚¥¬‡´≈≈åµâπ°”‡π‘¥
™π‘¥π’È¡’§«“¡ “¡“√∂„π°“√ √â“ß‡´≈≈å„π≈—°…≥–∑¥·∑πµ—«‡Õß
·≈– “¡“√∂·ª√ ¿“æ‡ªìπ·Õ ‚∑√‰´µå (astrocyte) ‚Õ≈‘‚°‡¥π
‚¥√‰´µå (oligodendrocyte) ·≈– ‡´≈≈åª√– “∑ (neuron) ‰¥â30,31

¥—ßπ—Èπ‡´≈≈åµâπ°”‡π‘¥™π‘¥π’È®÷ß¡’§«“¡ ”§—≠ ”À√—∫„™â„π°“√
√—°…“‚√§∑’Ë¡’°“√∑”≈“¬¢Õß‡π◊ÈÕ‡¬◊ËÕ„π√–∫∫ª√– “∑

°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥ª√– “∑®“° ¡Õß à«π°≈“ß
(mesencephalon) ¢Õßµ—«ÕàÕπ¢ÕßÀπŸ∑’Ë√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 1.0
æ∫«à“ ‡´≈≈å¡’°“√ √â“ß‚§‚≈π’¡“°¢÷Èπ∂÷ß 3 ‡∑à“·≈–¡’®”π«π‡´≈≈å
‡æ‘Ë¡¢÷Èπ 2 ∂÷ß 3 ‡∑à“ „π¢≥–∑’Ëæ∫°“√µ“¬¢Õß‡´≈≈å·∫∫Õ–æÕæ‚∑´‘ 
(apoptosis) ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫°“√‡æ“–‡≈’È¬ß∑’Ë√–¥—∫ÕÕ°´‘‡®π
√âÕ¬≈– 21.032 °“√»÷°…“º≈¢Õß§«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π∑’Ë√–¥—∫
µà“ß Ê µàÕ°“√·∫àßµ—«¢Õß‡´≈≈åµâπ°”‡π‘¥ª√– “∑¢Õß¡πÿ…¬åπ—Èπ
æ∫«à“ ‡´≈≈å·∫àßµ—«‰¥â¥’∑’Ë ÿ¥∑’Ë√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 2.5 ∂÷ß 5.0 „π
¢≥–∑’Ë°“√‡æ“–‡≈’È¬ß‡´≈≈å∑’Ë√–¥—∫ÕÕ°´‘‡®πµË”¡“° (√âÕ¬≈– 1.0) ®–
¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ·≈– àßº≈„Àâ‡°‘¥°“√µ“¬¢Õß‡´≈≈å33 ÷́ËßÕ“®
‡ªìπ‰ª‰¥â«à“‡´≈≈å®“°ÀπŸ·≈–¡πÿ…¬åπ—Èπ¡’§«“¡‰«µàÕ√–¥—∫ÕÕ°´‘‡®π
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µà“ß°—π  ”À√—∫º≈¢Õß√–¥—∫ÕÕ° ‘́‡®πµàÕ°“√·ª√ ¿“æ¢Õß‡´≈≈å
π—Èπæ∫«à“ ¿“«–æ√àÕßÕÕ°´‘‡®π√—°…“ ¿“æ§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥
¡‘„Àâ·ª√ ¿“æ‡ªìπ‡´≈≈å®”‡æ“– (undifferentiated state) ‚¥¬æ∫«à“
°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥ª√– “∑®“°‡ª≈◊Õ° ¡Õß (cerebral
cortex) ¢Õßµ—«ÕàÕπ¢ÕßÀπŸ∑’Ë√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 1.0 ¬—∫¬—Èß°“√
·ª√ ¿“æ‡ªìπ‡´≈≈åª√– “∑ ‚¥¬æ∫®”π«π‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°
¢Õß‚ª√µ’π∑’¬Ÿ‡®-1 (Tuj-1) ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈å
ª√– “∑≈¥≈ß34 º≈∑’Ë§≈â“¬°—π¬—ßæ∫„π‡´≈≈åµâπ°”‡π‘¥ª√– “∑¢Õß
¡πÿ…¬å ‚¥¬æ∫«à“°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥ª√– “∑®“° ¡Õß
∫√‘‡«≥ —́∫‡«πµ√‘§Ÿ≈“√å¢Õß¡πÿ…¬å∑’Ë√–¥—∫ÕÕ° ‘́‡®π√âÕ¬≈– 5.0 π—Èπ
¡’®”π«π‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õß‡π ∑‘π (nestin) ÷́Ëß‡ªìπ‚ª√µ’π
∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥ª√– “∑‡æ‘Ë¡¢÷Èπ ·µà®”π«π‡´≈≈å∑’Ë¡’
°“√· ¥ßÕÕ°¢Õß‡°≈’¬‰ø∫√‘«≈“√’ËÕ–´’¥‘§‚ª√µ’π (glial fibrillary acidic
protein; GFAP) ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë∫àß™’È§«“¡‡ªìπ·Õ ‚∑√‰´µå ·≈–
‡´≈≈å‡°≈’¬ (glia cell) ≈¥≈ß35 º≈¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ∂÷ß∫∑∫“∑¢Õß
√–¥—∫ÕÕ° ‘́‡®π„π°“√·∫àßµ—«·≈–°“√§ß§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥
ª√– “∑

● º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡-
‡´π‰§¡å (mesenchymal stem cells)

‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å  “¡“√∂æ∫‰¥â„π‡π◊ÈÕ‡¬◊ËÕ
À≈“¬™π‘¥ ‰¥â·°à ‰¢°√–¥Ÿ° ‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π √«¡∂÷ß ‡π◊ÈÕ‡¬◊ËÕ®“°øíπ
‚¥¬‡´≈≈åµâπ°”‡π‘¥™π‘¥π’È¡’§«“¡ “¡“√∂„π°“√ √â“ß‡´≈≈å„π
≈—°…≥–∑¥·∑πµ—«‡Õß‰¥â·≈– “¡“√∂·ª√ ¿“æ‡ªìπ‡´≈≈åÕ◊ËπÊ ‰¥â
À≈“¬™π‘¥ ‡™àπ ‡´≈≈å √â“ß°√–¥Ÿ° (osteoblast) ‡´≈≈å √â“ß°√–¥Ÿ°
ÕàÕπ (chondroblast) ‡´≈≈å‰¢¡—π (adipocyte) ‡´≈≈å°≈â“¡‡π◊ÈÕ (myocyte)
·≈–‡´≈≈åª√– “∑36,37 ¥—ßπ—Èπ‡´≈≈åµâπ°”‡π‘¥™π‘¥π’È®÷ß¡’»—°¬¿“æ
 ”À√—∫π”‰ª„™â„π°“√√—°…“‚√§µà“ß Ê Õ“∑‘‡™àπ ‚√§∑’Ë¡’§«“¡º‘¥
ª°µ‘¢Õß°≈â“¡‡π◊ÈÕ ‚√§À—«„® ·≈–‚√§ ¡Õß¢“¥‡≈◊Õ¥ ‡ªìπµâπ38-40

πÕ°®“°π’È ®“°°“√»÷°…“∑“ßÀâÕßªØ‘∫—µ‘°“√·≈–∑“ß§≈‘π‘°¬—ß
æ∫«à“‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å “¡“√∂ª√—∫‡ª≈’Ë¬π √–∫∫
¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ (Immunomodulatory function) ÷́Ëß àßº≈ ≈¥
¿“«–ªÆ‘‡ ∏°“√ª≈Ÿ°∂à“¬‡π◊ÈÕ‡¬◊ËÕ (graft-versus-host-disease) ‡¡◊ËÕ
∑”°“√ª≈Ÿ°∂à“¬‡´≈≈åµâπ°”‡π‘¥™π‘¥π’È√à«¡°—∫‡´≈≈åµâπ°”‡π‘¥‡¡Á¥
‡≈◊Õ¥®“°∫ÿ§§≈Õ◊Ëπ (allogeneic transplantation)41,42 ¥—ßπ—Èπ‡´≈≈åµâπ
°”‡π‘¥™π‘¥‡¡‡´π‰§¡å®÷ß®—¥‡ªìπ·À≈àß°”‡π‘¥‡´≈≈å∑’Ë ”§—≠„π°“√
√—°…“∑“ß«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕÕ’°¥â«¬

● º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡-
‡´π‰§¡å®“°‰¢°√–¥Ÿ°

°“√‡æ“–‡≈’È¬ß‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å®“°‰¢°√–¥Ÿ°
¢Õß¡πÿ…¬å∑’Ë√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 3.0  àßº≈‡æ‘Ë¡Õ—µ√“°“√·∫àß
µ—«¢Õß‡´≈≈å·≈–∑”„Àâ‡´≈≈å¡’Õ“¬ÿ¬◊π¬“«¢÷Èπ43,44 ‚¥¬æ∫«à“‡´≈≈å¡’
°“√· ¥ßÕÕ°¢ÕßÕÕ°∑å-4 (Oct-4) ·≈–‡√°´å-1 (Rex-1) ́ ÷Ëß‡ªìπ‚ª√µ’π
∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥¡“°¢÷Èπ ·≈–¬—ßæ∫°“√‡æ‘Ë¡°“√
∑”ß“π¢Õß‡Õπ‰´¡å∑’‚≈‡¡Õ‡√ √’‡«Õ√å ∑√“π §√‘ª‡∑  (telomerase
reverse transcriptase)43 ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë¬—∫¬—Èß°√–∫«π°“√™√“
(aging process) ¢Õß‡´≈≈å‚¥¬ªÑÕß°—π°“√‡°‘¥Õ–æÕæ‚∑´‘ „π
¿“«–∑’Ë¡’Õπÿ¡Ÿ≈Õ‘ √–¢ÕßÕÕ°´‘‡®π (reactive oxygen species, ROS)45

πÕ°®“°π’È¬—ßæ∫«à“ ¿“«–æ√àÕßÕÕ° ‘́‡®π¡’º≈≈¥§«“¡ “¡“√∂„π
°“√·ª√ ¿“æ‰ª‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ° ‚¥¬æ∫°“√· ¥ßÕÕ°¢Õß
ÕÕ ∑’‚Õ·§≈´‘π (osteocalcin) ·≈–‚∫π‰´Õ–‚≈‚ª√µ’π (bone
sialoprotein) ́ ÷Ëß‡ªìπ‚ª√µ’π∑’Ëæ∫„π‡´≈≈å √â“ß°√–¥Ÿ°≈¥≈ß43 πÕ°®“°
¿“«–æ√àÕßÕÕ°´‘‡®π®–¬—∫¬—Èß°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß°√–-
¥Ÿ°·≈â« ¬—ß¡’º≈¬—∫¬—Èß°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß‰¢¡—πÕ’°¥â«¬44

● º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡-
‡´π‰§¡å®“°‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π

º≈¢Õß ¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥™π‘¥
‡¡‡´π‰§¡å®“°‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π¡’§«“¡§≈â“¬§≈÷ß°—∫º≈∑’Ëæ∫„π‡´≈≈å
µâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å®“°‰¢°√–¥Ÿ° °≈à“«§◊Õ °“√‡æ“–‡≈’È¬ß
‡´≈≈åµâπ°”‡π‘¥®“°‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π∑’Ë√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 2.0  àßº≈
‡æ‘Ë¡Õ—µ√“°“√·∫àßµ—«¢Õß‡´≈≈å46 Õ¬à“ß‰√°Áµ“¡ °“√»÷°…“∂÷ßº≈¢Õß
¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥æ∫«à“
√–¥—∫ÕÕ° ‘́‡®π¡’º≈µàÕ°“√·ª√ ¿“æ‡ªìπ‡´≈≈å®”‡æ“–∑’Ë·µ°µà“ß
°—π ‚¥¬æ∫«à“ ¿“¬„µâ√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 2.0 §«“¡ “¡“√∂¢Õß
‡´≈≈å„π°“√·ª√ ¿“æ‰ª‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°≈¥≈ß·µà°≈—∫‡æ‘Ë¡
§«“¡ “¡“√∂„π°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°ÕàÕπ · ¥ß„Àâ
‡ÀÁπ«à“√–¥—∫ÕÕ°´‘‡®πÕ“®‡ªìπµ—«°”Àπ¥™π‘¥¢Õß‡´≈≈å®”‡æ“– (cell
fate determination) ‚¥¬™à«¬„Àâ‡´≈≈åµ—Èßµâπ°√–¥Ÿ°ÕàÕπ (chondrogenic
progenitors) Õ¬Ÿà√Õ¥ ·≈–·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°ÕàÕπ‰¥â¥’
¢÷Èπ46 πÕ°®“°π’È ¬—ß¡’√“¬ß“π«à“°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß
°√–¥Ÿ°ÕàÕπ®”‡ªìπµâÕßÕ“»—¬Œ‘ø-1·Õ≈ø“ (HIF-1α) ‚¥¬‡´≈≈åµâπ
°”‡π‘¥™π‘¥‡¡‡´π‰§¡å®“°‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢ÕßŒ‘ø-
1·Õ≈ø“ (HIF-1α) ®–¡’§«“¡ “¡“√∂„π°“√·ª√ ¿“æ‡ªìπ‡´≈≈å
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 √â“ß°√–¥Ÿ°ÕàÕπ≈¥≈ß ·µà‰¡à¡’º≈µàÕ°“√·ª√ ¿“æ‡ªìπ‡´≈≈å
 √â“ß°√–¥Ÿ° (47)

● º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡-
‡´π‰§¡å®“°‡π◊ÈÕ‡¬◊ËÕøíπ

‡π◊ÈÕ‡¬◊ËÕ®“°øíπ®—¥‡ªìπ·À≈àß°”‡π‘¥∑’Ë ”§—≠¢Õß‡´≈≈åµâπ
°”‡π‘¥∑’Ëπ”¡“„™â„π°“√»÷°…“·≈–«‘®—¬‡π◊ËÕß®“° “¡“√∂‡°Á∫‡π◊ÈÕ‡¬◊ËÕ
®“°øíπ¡“„™â‡æ◊ËÕ°“√»÷°…“‰¥âßà“¬·≈– –¥«°∑—Èß®“°øíππÈ”π¡∑’Ë
À≈ÿ¥‡Õß‚¥¬∏√√¡™“µ‘ À√◊Õ®“°øíπ·∑â∑’Ë¡’¢âÕ∫àß™’È„π°“√∂Õπøíπ ‡™àπ
øíπ§ÿ¥ À√◊Õøíπ∑’Ë∂Õπ‡æ◊ËÕ°“√®—¥øíπ ‚¥¬‡´≈≈åµâπ°”‡π‘¥®“°øíπ
π—Èπ “¡“√∂æ∫‰¥â„πÀ≈“¬µ”·Àπàß‡™àπ ‡π◊ÈÕ‡¬◊ËÕ„πøíπ (dental pulp)
®“°∑—Èßøíπ·∑â·≈–øíππÈ”π¡48,49 ‡ÕÁπ¬÷¥ª√‘∑—πµå (periodontal
ligament)50 ·≈–‡¡◊ËÕ‡√Á« Ê π’È¬—ß¡’°“√§âπæ∫‡´≈≈åµâπ°”‡π‘¥®“°∂ÿßÀÿâ¡
ÀπàÕøíπ (dental follicle) ·≈–ªÿÉ¡‡π◊ÈÕ∑’Ëª≈“¬√“° (root apical papilla)
„πøíπ·∑â∑’Ë¬—ß‰¡à¡’°“√ √â“ß√“°øíπÕ¬à“ß ¡∫Ÿ√≥å51,52 ‚¥¬‡´≈≈åµâπ
°”‡π‘¥∑’Ëæ∫„π‡π◊ÈÕ‡¬◊ËÕ‡À≈à“π’È®—¥‡ªìπ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å
÷́Ëß¡’§ÿ≥ ¡∫—µ‘„π°“√·∫àßµ—«‰¥âÕ¬à“ßµàÕ‡π◊ËÕß ·≈– “¡“√∂æ—≤π“

‰ª‡ªìπ‡´≈≈åÕ◊Ëπ Ê ‰¥âÀ≈“¬™π‘¥ ‡™àπ ‡´≈≈å √â“ß‡π◊ÈÕøíπ (odontoblasts)
‡´≈≈åª√– “∑ ·≈–‡´≈≈å‰¢¡—π (adipocytes) ‡ªìπµâπ48-52 ¥—ßπ—Èπ
‡´≈≈åµâπ°”‡π‘¥®“°øíπ®÷ß¡’»—°¬¿“æ„π°“√π”¡“„™â„π∑“ß§≈‘π‘°
‡æ◊ËÕ àß‡ √‘¡„Àâ‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ∑¥·∑π„π∫√‘‡«≥∑’Ë¡’°“√∑”≈“¬
¢Õß‡π◊ÈÕøíπ À√◊Õ‡ âπª√– “∑‰¥âÕ¬à“ß ¡∫Ÿ√≥å

„πªí®®ÿ∫—π¡’À≈—°∞“π™’È„Àâ‡ÀÁπ™—¥«à“ ¿“«–·«¥≈âÕ¡¢Õß
‡π◊ÈÕ‡¬◊ËÕ„πøíπ®—¥‡ªìπ ¿“«–æ√àÕßÕÕ°´‘‡®π ‚¥¬¡’°“√»÷°…“∂÷ß
√–¥—∫ÕÕ°´‘‡®π„π‡π◊ÈÕ‡¬◊ËÕ„πøíπ¢ÕßÀπŸ·≈–°√–µà“¬„πøíπµ—¥
Àπâ“≈à“ßæ∫«à“ ¡’√–¥—∫ÕÕ° ‘́‡®π‡æ’¬ß√âÕ¬≈– 3.0 ·≈– 4.5 µ“¡
≈”¥—∫53,54 ´÷Ëß Õ¥§≈âÕß°—∫≈—°…≥–∑“ß°“¬¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ„π
øíπ ÷́Ëß¡’≈—°…≥–‡ªìπ‚æ√ßªî¥∑’Ë∂Ÿ°≈âÕ¡√Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕ·¢Áß ÕÕ° ‘́-
‡®π·≈– “√Õ“À“√µà“ß Ê ®–ºà“π‰ª‡≈’È¬ß‡´≈≈å‡π◊ÈÕ‡¬◊ËÕ„πøíπºà“π∑“ß
‡ âπ‡≈◊Õ¥ΩÕ¬∑’Ë‡¢â“¡“∑“ß√Ÿ∫√‘‡«≥ª≈“¬√“°øíπ´÷Ëß¡’≈—°…≥–‡≈Á°
·≈–·§∫  àßº≈„Àâ√–¥—∫ÕÕ°´‘‡®π¿“¬„π‡π◊ÈÕ‡¬◊ËÕ„πøíπ¡’ª√‘¡“≥
µË”°«à“√–¥—∫ÕÕ°´‘‡®πª°µ‘  ®÷ß¡’°≈ÿà¡π—°«‘®—¬∑’Ë‡™◊ËÕ«à“°“√‡æ“–‡≈’È¬ß
‡´≈≈åµâπ°”‡π‘¥„π¿“«–æ√àÕßÕÕ° ‘́‡®ππà“®–∑”„Àâ‡´≈≈åµâπ°”‡π‘¥
‡®√‘≠‡µ‘∫‚µ‰¥â¥’°«à“°“√‡æ“–‡≈’È¬ß„π¿“«–∑’Ë¡’√–¥—∫ÕÕ°´‘‡®πª°µ‘

°“√»÷°…“∂÷ßº≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ°“√‡®√‘≠-
‡µ‘∫‚µ¢Õß‡´≈≈å„πøíπæ∫«à“ °“√‡æ“–‡≈’È¬ß‡´≈≈å∑’Ë√–¥—∫ÕÕ° ‘́‡®π
√âÕ¬≈– 3.0 ‡æ‘Ë¡Õ—µ√“°“√·∫àßµ—«¢Õß‡´≈≈å„πøíπ¢Õß¡πÿ…¬åÕ¬à“ß
¡’π—¬ ”§—≠ ‚¥¬æ∫®”π«π‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õß ‚µ√-1 (Stro-

1) ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë· ¥ß§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥™π‘¥‡¡‡´π‰§¡å
‡æ‘Ë¡¢÷Èπ∂÷ß 8.5 ‡∑à“ „π¢≥–∑’Ë®”π«π‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õß ’́¥’
133 (CD133) ÷́Ëß‡ªìπ‚ª√µ’π∑’Ëæ∫„π‡´≈≈åµâπ°”‡π‘¥„π√–¬–‰¡à·∫àß
µ—« (quiescent state) ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫°“√‡æ“–‡≈’È¬ß‡´≈≈å∑’Ë
√–¥—∫ÕÕ° ‘́‡®πª°µ‘55 º≈°“√»÷°…“∑’Ë§≈â“¬°—π¬—ßæ∫„π°“√»÷°…“
¢ÕßÕ’¥– (Iida) ·≈–§≥–56 ÷́Ëß‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß
√–¥—∫ÕÕ°´‘‡®π∑’Ë§«“¡‡¢â¡¢âπµà“ß Ê µàÕ°“√·∫àßµ—«¢Õß‡´≈≈å„π
øíπ¢Õß¡πÿ…¬åæ∫«à“ °“√‡æ“–‡≈’È¬ß∑’Ë√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 3.0 ‡æ‘Ë¡
°“√·∫àßµ—«¢Õß‡´≈≈å„πøíπÕ¬à“ß¡’π—¬ ”§—≠ „π¢≥–∑’Ë°“√‡æ“–
‡≈’È¬ß‡´≈≈å∑’Ë√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 1.0 √âÕ¬≈– 10.0 ·≈–√âÕ¬≈– 21.0
π—Èπ‰¡àæ∫§«“¡·µ°µà“ß¢ÕßÕ—µ√“°“√·∫àßµ—«¢Õß‡´≈≈å º≈¥—ß°≈à“«
· ¥ß„Àâ‡ÀÁπ«à“√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 3.0 πà“®–‡ªìπ ¿“«–·«¥≈âÕ¡
∑’Ë‡À¡“–µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å πÕ°®“°π’È ¬—ß¡’°“√»÷°…“
æ∫«à“°“√°√–µÿâπ°“√·∫àßµ—«¢Õß‡´≈≈å∑’Ë·¬°®“°‡π◊ÈÕ‡¬◊ËÕ„πøíπ
¿“¬„µâ¿“«–æ√àÕßÕÕ°´‘‡®ππ—Èπ à«πÀπ÷Ëßπà“®–‡°’Ë¬«¢âÕß°—∫°“√
∑”ß“π¢Õß‡Õπ‰´¡å‡Õ‡ÕÁ¡æ’·Õ§µ‘‡«∑‡µÁ¥‚ª√µ’π‰§‡π  (AMP-
activated protein kinase; AMPK) ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ΩÑ“ —ß‡°µ
(monitor) √–¥—∫æ≈—ßß“π¿“¬„π‡´≈≈å·≈–®–∂Ÿ°°√–µÿâπ‡¡◊ËÕ‡´≈≈å
Õ¬Ÿà„π ¿“«–‡§√’¬¥ ‚¥¬æ∫«à“°“√‡æ“–‡≈’È¬ß‡´≈≈å„πøíπ¢ÕßÀπŸ∑’Ë
√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 2.0 ‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å‡Õ‡ÕÁ¡æ’‡§
(AMPK) ·≈–°√–µÿâπ°“√∑”ß“π¢Õß‡Õπ‰´¡å™π‘¥π’È „π¢≥–∑’Ë°“√≈¥
°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å‡Õ‡ÕÁ¡æ’‡§ (AMPK) ¥â«¬ ¡Õ≈Õ‘π‡∑Õ√å
‡øÕ√å√‘ËßÕ“√å‡ÕÁπ‡Õ (small interfering RNA; siRNA) ¡’º≈¬—∫¬—Èß°“√
·∫àßµ—«¢Õß‡´≈≈å∑—Èß„π¿“«–ª°µ‘·≈–¿“«–æ√àÕßÕÕ° ‘́‡®π57

πÕ°®“°¿“«–æ√àÕßÕÕ°´‘‡®π®–¡’º≈µàÕ°“√·∫àßµ—«¢Õß
‡´≈≈å·≈â«¬—ß¡’º≈¬—∫¬—Èß°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥Õ’°¥â«¬
‚¥¬æ∫«à“°“√‡æ“–‡≈’È¬ß‡´≈≈å∑’Ë√–¥—∫ÕÕ°´‘‡®π√âÕ¬≈– 3.0 ¬—∫¬—Èß
§«“¡ “¡“√∂„π°“√·ª√ ¿“æ¢Õß‡´≈≈å∑’Ë·¬°®“°‡π◊ÈÕ‡¬◊ËÕ„πøíπ
‰ª‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ°·≈–‡´≈≈å √â“ß‡π◊ÈÕøíπ (osteo/odontogenic
differentiation) ‚¥¬¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡åÕ—≈§“‰≈πå øÕ ø“-
‡µ  (alkaline phosphatase) ≈¥°“√ – ¡‡°≈◊Õ·√à (mineral deposition)
·≈–≈¥°“√· ¥ßÕÕ°¢Õß‚ª√µ’π∑’Ë∫àß™’È°“√ √â“ß°√–¥Ÿ°·≈–‡π◊ÈÕøíπ
‡™àπ ‡¥π∑’π·¡°∑√‘° ǻ‚ª√µ’π (dentin matrix protein 1; DMP1) ‡¥π-
∑’π‰´Õ–‚≈øÕ ‚ø‚ª√µ’π (dentin sialophosphoprotein; DSPP) ·≈–
ÕÕ ∑’‚Õ·§≈´‘π ´÷Ëß “¡“√∂Õ∏‘∫“¬„π∑“ß§≈‘π‘°‰¥â«à“°“√¥”√ß
Õ¬Ÿà¢Õß¿“«–æ√àÕßÕÕ°´‘‡®π¡’∫∑∫“∑ ”§—≠µàÕ°“√‡®√‘≠‡µ‘∫‚µ
·≈–°“√√—°…“§ÿ≥ ¡∫—µ‘§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥®“°‡π◊ÈÕ‡¬◊ËÕ„πøíπ
‚¥¬‡´≈≈åµâπ°”‡π‘¥®–·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß‡π◊ÈÕøíπ°ÁµàÕ‡¡◊ËÕ
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‡π◊ÈÕ‡¬◊ËÕ‰¥â√—∫√–¥—∫ÕÕ°´‘‡®π Ÿß¢÷Èπ ‡™àπ „π°√≥’∑’Ë¡’°“√ºÿ¢Õßøíπ
‡´≈≈åµâπ°”‡π‘¥®–‡§≈◊ËÕπ∑’Ë‰ª∫√‘‡«≥¥—ß°≈à“«·≈–·ª√ ¿“æ‡ªìπ
‡´≈≈å √â“ß‡π◊ÈÕøíπ‡æ◊ËÕ´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ‚¥¬°“√ √â“ß‡π◊ÈÕøíπµµ‘¬¿Ÿ¡‘
(tertiary dentin)56

¡’°“√»÷°…“æ∫«à“ °“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈åµâπ°”‡π‘¥‰ª¬—ß
µ”·Àπàß∑’Ë¡’°“√Õ—°‡ ∫πà“®–‡°‘¥ºà“π  ‚µ√¡Õ≈‡´≈≈å¥’‰√øá·ø§
‡µÕ√å-1·Õ≈ø“ (stromal cell derived factor-1α; SDF-1α) ·≈–´’‡ÕÁ°´å-
’́‡§‚¡‰§πå√’‡ Á́æ‡µÕ√å 4 (CXC chemokine receptor 4; CXCR4) ‚¥¬

æ∫«à“‡π◊ÈÕ‡¬◊ËÕ„πøíπ¢Õß¡πÿ…¬å∑’Ë∂Ÿ°«‘π‘®©—¬«à“¡’°“√Õ—°‡ ∫¢Õß
‡π◊ÈÕ‡¬◊ËÕ„πøíπ·∫∫º—π°≈—∫‰¡à‰¥â (irreversible pulpitis) ®–¡’°“√
· ¥ßÕÕ°¢Õß‡Õ ¥’‡ÕÁø-1·Õ≈ø“ (SDF-1α) ·≈–´’‡ÕÁ°´å´’Õ“√å 4
(CXCR4) ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫‡π◊ÈÕ‡¬◊ËÕ„πøíπª°µ‘ °“√∑¥ Õ∫°“√
‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å (transmigration assay) æ∫«à“∑—Èß‡Õ ¥’‡ÕÁø-
1·Õ≈ø“ (SDF-1α) ·≈– ’́‡ÕÁ° ǻ́ ’Õ“√å 4 (CXCR4) ‡°’Ë¬«¢âÕß°—∫°“√
‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å„πøíπ ®÷ßÕ“®‡ªìπ‰ª‰¥â«à“‡Õ ¥’‡ÕÁø-1·Õ≈ø“
(SDF-1α) ∑”Àπâ“∑’Ë™—°π”‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õß ’́‡ÕÁ° ǻ́ ’Õ“√å 4
(CXCR4) ´÷Ëß‡ªìπ‚ª√µ’π∑’Ëº‘«‡´≈≈å∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥
¡“¬—ßµ”·Àπàß∑’Ë¡’°“√Õ—°‡ ∫‡æ◊ËÕ´àÕ¡·´¡‡π◊ÈÕ‡¬◊ËÕ58 °“√»÷°…“∂÷ß
º≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ°“√· ¥ßÕÕ°¢Õß‚ª√µ’π 2 ™π‘¥
π’Èæ∫«à“ °“√‡æ“–‡≈’È¬ß‡´≈≈å„πøíπ¢Õß¡πÿ…¬å∑’Ë√–¥—∫ÕÕ°´‘‡®π
√âÕ¬≈– 1.0 ≈¥°“√· ¥ßÕÕ°¢Õß‡Õ ¥’‡ÕÁø-1·Õ≈ø“ (SDF-1α) ·µà
‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß ’́‡ÕÁ° ǻ́ ’Õ“√å 4 (CXCR4) Õ¬à“ß‰√°Áµ“¡ ∂÷ß·¡â
«à“√–¥—∫‡Õ ¥’‡ÕÁø-1·Õ≈ø“ (SDF-1α) ®–≈¥≈ß„π¿“«–æ√àÕß
ÕÕ°´‘‡®π ·µà°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å„πøíπ°≈—∫‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’
π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¿“«–ª°µ‘ πÕ°®“°π’È °“√°√–µÿâπ‡´≈≈å
¥â«¬‡Õ ¥’‡ÕÁø-1·Õ≈ø“ (SDF-1α) ¬—ß‡ √‘¡º≈¢Õß¿“«–æ√àÕß
ÕÕ°´‘‡®πµàÕ°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈åÕ’°¥â«¬59 ®÷ßÕ“®°≈à“«‰¥â
«à“°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈åµâπ°”‡π‘¥‰ª¬—ßµ”·Àπàßµà“ßÊ „π‡π◊ÈÕ
øíπ∂Ÿ°§«∫§ÿ¡‚¥¬√–¥—∫ÕÕ°´‘‡®π·≈– ¡¥ÿ≈¢Õß‡Õ ¥’‡ÕÁø-1·Õ≈ø“
(SDF-1α) ·≈– ’́‡ÕÁ° ǻ́ ’Õ“√å 4 (CXCR4)

°≈‰°°“√µÕ∫ πÕß¢Õß‡´≈≈åµâπ°”‡π‘¥µàÕ¿“«–æ√àÕß
ÕÕ° ‘́‡®π

®“°§«“¡√Ÿâ§«“¡‡¢â“„®∑’Ë¡’¡“°¢÷Èπ∂÷ß∫∑∫“∑¢Õß‚ª√µ’πŒ‘ø
(HIF) „π°“√§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß¬’π∑’ËµÕ∫ πÕßµàÕ°“√
‡ª≈’Ë¬π·ª≈ß¢ÕßÕÕ° ‘́‡®π„π√–¥—∫‡´≈≈å √«¡∂÷ß°“√»÷°…“∑’Ëæ∫«à“
ÀπŸ∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢Õß‚ª√µ’πŒ‘ø (HIF) µ“¬µ—Èß·µà¬—ß‡ªìπµ—«ÕàÕπ
∑”„Àâπ—°«‘∑¬“»“ µ√å‡™◊ËÕ«à“Œ‘ø (HIF) πà“®–¡’∫∑∫“∑„π°“√§«∫§ÿ¡

°“√ —ß‡§√“–Àå‚ª√µ’π∑’Ë®”‡ªìπµàÕ‡´≈≈åµâπ°”‡π‘¥  ¡¡µ‘∞“π¥—ß°≈à“«
∂Ÿ°¬◊π¬—π®“°°“√§âπæ∫«à“°“√· ¥ßÕÕ°¢ÕßÕÕ°∑å-4 (Oct-4) ́ ÷Ëß‡ªìπ
‚ª√µ’π¡“µ√∞“π∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥π—Èπ∂Ÿ°§«∫§ÿ¡ ‚¥¬
Œ‘ø-2·Õ≈ø“ (HIF-2α)60 º≈¥—ß°≈à“«¬—ß∂Ÿ° π—∫ πÿπ‚¥¬°“√»÷°…“
¢ÕßøÕ√‘ ∑Õ≈ (Forristal) ·≈–§≥–29 ́ ÷Ëß∑”°“√¬—∫¬—Èß°“√· ¥ßÕÕ°
¢ÕßŒ‘ø-2·Õ≈ø“ (HIF-2α) „π‡´≈≈åµâπ°”‡π‘¥®“°µ—«ÕàÕπ¢Õß§π
·≈–æ∫«à“‡´≈≈å¥—ß°≈à“«¡’Õ—µ√“°“√·∫àßµ—«≈¥≈ß ·≈–¡’°“√
· ¥ßÕÕ°¢Õß‚ª√µ’πµà“ßÊ ∑’Ë∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥ ‡™àπ
ÕÕ°∑å-4 (Oct-4) ´Õ§-2 (Sox-2) ·≈–π“πÕ§ (Nanog) ≈¥≈ß „π
¢≥–∑’Ë°“√· ¥ßÕÕ°¢Õß ‡µ® ‡ª´‘øî§ ‡ÕÁ¡∫√‘‚Õπ‘§·Õπµ‘‡®π-1
(stage-specific embryonic antigen-1; SSEA1) ÷́Ëß‡ªìπ‚ª√µ’π∑’Ë∫àß™’È
°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥¡’ª√‘¡“≥¡“°¢÷Èπ º≈¥—ß°≈à“«
· ¥ß„Àâ‡ÀÁπ«à“Œ‘ø-2·Õ≈ø“ (HIF-2α) ‡ªìπ‚ª√µ’π∑’Ë¡’∫∑∫“∑
 ”§—≠µàÕ°≈‰°„π°“√§«∫§ÿ¡‡´≈≈åµâπ°”‡π‘¥·≈–¬—ß‡ªìπ°“√
¬◊π¬—π§«“¡‡™◊ËÕ¡‚¬ß√–À«à“ß¿“«–æ√àÕßÕÕ°´‘‡®π·≈–°“√§ß ¿“æ
§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥

®“°À≈—°∞“π‡ªìπ®”π«π¡“°∑’Ë· ¥ß„Àâ‡ÀÁπ§«“¡ ”§—≠¢Õß
 —≠≠“≥∑’Ë àßºà“π‚ª√µ’ππÁÕ∑™å (Notch) „π°“√§«∫§ÿ¡·≈–°”Àπ¥
°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥61,62 ∑”„Àâ¡’§«“¡æ¬“¬“¡»÷°…“
§«“¡ —¡æ—π∏å√–À«à“ßπÁÕ∑™å (Notch) ·≈–¿“«–æ√àÕßÕÕ°´‘‡®π„π
°“√§«∫§ÿ¡§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥  §«“¡‡™◊ËÕ¡‚¬ß¥—ß°≈à“«Õ∏‘∫“¬
‰¥â®“°°“√§âπæ∫«à“ °“√¬—∫¬—Èß°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥‰ª
‡ªìπ‡´≈≈å°≈â“¡‡π◊ÈÕ·≈–‡´≈≈åª√– “∑¿“¬„µâ¿“«–æ√àÕßÕÕ° ‘́‡®π
®”‡ªìπµâÕßÕ“»—¬ —≠≠“≥®“°πÁÕ∑™å (Notch) ‚¥¬„π ¿“«–¥—ß°≈à“«
Œ‘ø-1·Õ≈ø“ (HIF-1α) ®–®—∫°—∫πÁÕ∑™å (Notch) ·≈–‡§≈◊ËÕπµ—«‰ª∑’Ë
∫√‘‡«≥‚ª√‚¡‡µÕ√å (promoter) ¢Õß‡´≈≈å‡ªÑ“À¡“¬  àßº≈°√–µÿâπ
°“√· ¥ßÕÕ°¢Õß‚ª√µ’π∑’Ë∂Ÿ°§«∫§ÿ¡‚¥¬πÁÕ∑™å (Notch)34 °“√§âπæ∫
¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ«à“ πÕ°®“°¿“«–æ√àÕßÕÕ°´‘‡®π®–§«∫§ÿ¡
§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥ºà“π∑“ß‚ª√µ’πŒ‘ø (HIF) ·≈â« °“√ àß
 —≠≠“≥ºà“ππÁÕ∑™å (Notch) ¬—ß‡°’Ë¬«¢âÕß°—∫°“√§«∫§ÿ¡§«“¡‡ªìπ
‡´≈≈åµâπ°”‡π‘¥¿“¬„µâ¿“«–æ√àÕßÕÕ° ‘́‡®πÕ’°¥â«¬

∫∑«‘®“√≥å

„πªí®®ÿ∫—π¡’°“√»÷°…“∂÷ßº≈¢Õß¿“«–æ√àÕßÕÕ°´‘‡®πµàÕ
‡´≈≈åµâπ°”‡π‘¥À≈“¬™π‘¥ ÷́Ëß‚¥¬¿“æ√«¡·≈â«æ∫«à“ ¿“«–æ√àÕß
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Abstract
Hypoxia is known to have two faces in the same coin. On one side, a hypoxic

condition plays an important role in the pathogenesis of many diseases and makes them

more progressive. On the other hand, hypoxia turns to be the suitable microenvironment

for stem cells, known as “stem cell niche”, and becomes the attractions in the field of stem

cells research. This literature provides the basic knowledge on a mechanism of hypoxic

sensing at a cellular level. Then, the role of hypoxia on behaviors of different kinds of stem

cells, especially dental stem cells is highlighted. In addition, the hypoxic signaling pathway

among stem cells is discussed. This knowledge could help researcher find an optimal

condition for stem cell culture and apply it in the future clinical uses.
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