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«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ∑—Èß´’Ë‡æ◊ËÕ„™â„π°“√ª≈Ÿ°∂à“¬∑¥·∑πøíπ∏√√¡™“µ‘∑’Ë Ÿ≠‡ ’¬‰ª ‡ªìπ‡∑§π‘§∑’Ë∂Ÿ°§“¥À«—ß∑’Ë®–
„™â„π°“√√—°…“„π§≈‘π‘°„πÕπ“§µ ·¡â«à“„πªí®®ÿ∫—π¬—ß¡’¢âÕ®”°—¥Õ¬Ÿà¡“°„π·ßà¢Õß§ÿ≥ ¡∫—µ‘∑—Èß∑“ß°“¬¿“æ
·≈–™’«¿“æ∑’Ë®–æ—≤π“°“√ √â“ßøíπ¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√‡æ◊ËÕ„™â„π«—µ∂ÿª√– ß§åπ’È ·µàÕ¬à“ß‰√°Áµ“¡‰¥â¡’√“¬ß“π«‘®—¬
‡°’Ë¬«°—∫°“√«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ∑’Ëπà“ π„®µ’æ‘¡æå≈ß„π«“√ “√ Proceedings of the National Academy of
Sciences USA ∫àß∫Õ°∂÷ß»—°¬¿“æ¢Õßπ—°«‘∑¬“»“ µ√å„π°“√æ—≤π“ß“π¥â“ππ’È„Àâ “¡“√∂„™â‰¥â®√‘ß„πÕπ“§µ
∫∑§«“¡π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ √ÿª “√– ”§—≠·≈–«‘®“√≥åß“π«‘®—¬π’È ‡æ◊ËÕ„Àâ∑√“∫∂÷ß§«“¡°â“«Àπâ“¢Õßß“π
«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ„πªí®®ÿ∫—π

(« ∑—πµ ®ÿÃ“œ 2553;33:143-48)
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∫∑π”

ß“π«‘®—¬∑’Ë‡°’Ë¬«°—∫«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ‰¥â¡’°“√
»÷°…“Õ¬à“ß°«â“ß¢«“ß„π™à«ß 6-7 ªï∑’Ëºà“π¡“ ∑—Èßπ’È Langer
·≈– Vacanti ‰¥â„Àâ§”®”°—¥§«“¡¢Õßß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ
‰«â«à“ ‡ªìπ°“√»÷°…“∑’Ë„™â»“ µ√åÀ≈“¬·¢πß ‚¥¬∑”°“√
ª√–¬ÿ°µå„™â§«“¡√Ÿâ∑“ß«‘»«°√√¡·≈–«‘∑¬“»“ µ√å™’«¿“æ‡æ◊ËÕ
æ—≤π“‡π◊ÈÕ‡¬◊ËÕ∑¥·∑π ”À√—∫°“√ à́Õ¡·´¡ §ß ¿“æ ·≈–
ª√—∫ª√ÿß°“√∑”ß“π¢Õß‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«–¢Õß√à“ß°“¬1 π—°«‘®—¬
À≈“¬°≈ÿà¡‰¥â∑”°“√»÷°…“∂÷ß«‘∏’∑’Ë®–∑”°“√ √â“ßøíπ∏√√¡™“µ‘
™ÿ¥∑’Ë 3 ¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√·≈–§«“¡‡ªìπ‰ª‰¥â„π°“√ª≈Ÿ°
∂à“¬øíπ∑’Ë √â“ß¢÷Èππ’È°≈—∫‡¢â“‰ª„π™àÕßª“°2-7 ß“π«‘®—¬∑’Ë‡√‘Ë¡
 √â“ß§«“¡µ◊Ëπµ—«„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ§◊Õº≈ß“π¢Õß
Young ·≈–§≥–8 ÷́Ëß‰¥â∑”°“√¬àÕ¬ÀπàÕøíπ„π√–¬–æ—≤π“
¢ÕßÀ¡Ÿ·≈â«π”‡´≈≈å∑’Ë‰¥âÀ«à“π≈ß∫π‚§√ß√à“ß “¡¡‘µ‘∑’Ë √â“ß®“°
«— ¥ÿ‚æ≈‘‡¡Õ√å —ß‡§√“–Àå Õß™π‘¥∑’Ë∂Ÿ°¢÷Èπ√Ÿª„Àâ¡’≈—°…≥–
‡À¡◊Õπøíπ æ∫«à“‡¡◊ËÕΩíß à«πº ¡¢Õß‚§√ß√à“ß¬÷¥‡°“–·≈–
‡´≈≈å°≈ÿà¡π’È„πÀπŸ‡ªìπ‡«≈“ª√–¡“≥ 5-8  —ª¥“Àå ‡´≈≈å∫π
‚§√ß√à“ß¬÷¥‡°“–‡À≈à“π’È “¡“√∂ √â“ß‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’√Ÿª√à“ß§≈â“¬øíπ
¡’ à«π¢Õß‡π◊ÈÕøíπ (dentin) ‡π◊ÈÕ‡¬◊ËÕ‚æ√ßøíπ (dental pulp)
‡§≈◊Õ∫øíπ (enamel) ·≈–‡§≈◊Õ∫√“°øíπ (cementum)
Õ¬à“ß‰√°Áµ“¡°“√‡°‘¥‡π◊ÈÕ‡¬◊ËÕ‡À≈à“π’È¬—ß‰¡à “¡“√∂§«∫§ÿ¡‰¥â
¡’¢π“¥‡≈Á°¡“°·≈–¬—ß‰¥â√Ÿª√à“ß∑’Ë‰¡à‡À¡◊Õπøíπ∏√√¡™“µ‘ª°µ‘

°“√§‘¥§âπæ—≤π“«‘∏’„π°“√ √â“ßøíπ„πÀâÕßªØ‘∫—µ‘°“√∑’Ë
 “¡“√∂π”‰ª„™â„π§≈‘π‘°‰¥âπ—Èπ∂Ÿ°»÷°…“°—πÕ¬à“ß¡“° ·π«§‘¥
Àπ÷Ëß∑’Ë‡ªìπ·π«∑“ß»÷°…“‡æ◊ËÕ°“√«‘»«°√√¡øíπ„πÀâÕßªØ‘∫—µ‘°“√
§◊Õ °“√‡≈’¬π·∫∫°≈‰°°“√‚µâµÕ∫√–À«à“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–
‡´≈≈å‡¡‡´π‰§¡å (epithelial-mesenchymal interaction) ́ ÷Ëß
‡ªìπ°√–∫«π°“√æ◊Èπ∞“π„π°“√°√–µÿâπ„Àâ‡°‘¥°“√ √â“ßøíπ„π
√–¬–‡√‘Ë¡µâπ „π√–À«à“ß°“√°√–µÿâπ„Àâ‡°‘¥øíπ„π√–À«à“ß
æ—≤π“°“√¢ÕßÀπàÕøíπ Ohazama ·≈–§≥–9 »÷°…“°“√„™â
‚∫π¡Õ‚ø®‘π‘°‚ª√µ’π-4 (bone morphogenic protein-4;
BMP-4) „π°“√°√–µÿâπ„Àâ‡°‘¥°“√ √â“ßøíπ¢÷Èπ„πµ”·Àπàß∑’Ë
‰¡à “¡“√∂ √â“ßøíπ‰¥â„π¿“«–ª°µ‘¢Õßµ—«ÕàÕπ Õ¬à“ß‰√°Á¥’
æ∫«à“·¡â®–¡’°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ à«πª√–°Õ∫¢Õßøíπ¢÷Èπ„π
µ”·Àπàßπ—Èπ °Á¬—ß‰¡à “¡“√∂ √â“ßøíπ∑’Ë ¡∫Ÿ√≥å‰¥â „πªï §.».
2007 Nakao ·≈–§≥–10 √“¬ß“π«‘∏’°“√«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ
øíπ„π«“√ “√ Nature Methods ‚¥¬«‘∏’À«à“π‡´≈≈å‡π◊ÈÕ‡¬◊ËÕ
∫ÿº‘«·≈–‡´≈≈å‡¡‡´π‰§¡å„π‰Œ‚¥√‡®≈°àÕπ∑’Ë®–π”¡“‡≈’È¬ß√à«¡°—π
(√Ÿª∑’Ë 1 A; µ’æ‘¡æǻ È”‚¥¬‰¥â√—∫Õπÿ≠“µ®“°«“√ “√ Proceedings
of the National Academy of Sciences USA; PNAS)
‡æ◊ËÕ‡≈’¬π·∫∫°“√ √â“ßøíπ„π¿“«–ª°µ‘∑’Ë®–¡’°“√µÕ∫ πÕß
√–À«à“ß°—π¢Õß‡´≈≈å∑—Èß Õß™π‘¥π’È ‚¥¬‡∑§π‘§°“√‡≈’È¬ß
Õ«—¬«–„πÀâÕßªØ‘∫—µ‘°“√À√◊Õ°“√Ωíß≈ß„πÀπŸ∑¥≈Õß ¥â«¬

‡∑§π‘§π’È∑”„Àâπ—°«‘®—¬®“°≠’ËªÿÉπ°≈ÿà¡π’È “¡“√∂ √â“ßøíπ∑’Ë¡’√Ÿª√à“ß
§≈â“¬øíπµ—¥·≈–øíπ°√“¡„πÀâÕßªØ‘∫—µ‘°“√‰¥â√–¥—∫Àπ÷Ëß
Nakao ·≈–§≥–10 ¬—ß√“¬ß“πÕ’°«à“‡¡◊ËÕ·¬°ÀπàÕøíπµ—¥
Àπ÷Ëß´’Ë·≈–Ωíßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èππ’È„π·º≈∂Õπøíπ¢ÕßÀπŸ∫√‘‡«≥
øíπµ—¥ æ∫«à“¡’°“√ßÕ°„À¡à¢Õß‡ âπª√– “∑·≈–À≈Õ¥‡≈◊Õ¥
‡¢â“¡“‡≈’È¬ß∫√‘‡«≥‡ÕÁπ¬÷¥ª√‘∑—πµå·≈–‡π◊ÈÕ‡¬◊ËÕ‚æ√ßøíπ¢Õß
øíπ∑’Ë∂Ÿ°Ωíß≈ß‰ª πÕ°®“°°“√»÷°…“π’È¬—ß¡’°“√»÷°…“Õ◊ËπÊ‡∑’Ë
√“¬ß“π°“√ª≈Ÿ°øíπ≈ß„π°√–¥Ÿ°¢“°√√‰°√„π —µ«å∑¥≈Õß
·≈–°“√ßÕ° ¢Õßøíπ∑’Ëª≈Ÿ°∂à“¬„π™àÕßª“° ·µà¬—ß‰¡à¡’
√“¬ß“π„¥∑’Ë¡’§«“¡ ”‡√Á®„π√–¥—∫∑’Ëπà“æÕ„®3-5

 √ÿª “√– ”§—≠¢Õß∫∑§«“¡«‘®—¬

‡¡◊ËÕ‡¥◊Õπ ‘ßÀ“§¡ ªï §.». 2009 «“√ “√ PNAS ‰¥â
µ’æ‘¡æå√“¬ß“π«‘®—¬¢Õß Ikeda ·≈–§≥–11 ‡√◊ËÕß çFully
functional bioengineered tooth replacement as an
organ replacement therapyé ´÷Ëß‡ªìπ§≥–ºŸâ«‘®—¬‡¥’¬«°—π
°—∫∑’Ë√“¬ß“π„πªï §.». 2007 „π Nature Methods ∑’Ë‰¥â°≈à“«
¢â“ßµâπ ‰¥â∑”°“√»÷°…“µàÕ‡π◊ËÕß„πøíπ°√“¡ æ∫«à“‡¡◊ËÕΩíßøíπ
∑’Ë∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√¥â«¬«‘∏’∑’Ë‡§¬√“¬ß“π‰«â„πªï §.».
2007 „π°√–¥Ÿ°‡∫â“øíπ¢ÕßÀπŸ∑’Ë‰¥â√—∫°“√∂Õπøíπ°√“¡·∑â´’Ë
∑’Ë 1 „π¢“°√√‰°√∫π øíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√π’È
 “¡“√∂ßÕ°¢÷Èπ¡“„π™àÕßª“°‰¥â (√Ÿª∑’Ë 1) ‚¥¬°√–∫«π°“√∑’Ë
§≈â“¬§≈÷ß°—∫øíπ∏√√¡™“µ‘∑’Ëæ∫‡´≈≈å ≈“¬°√–¥Ÿ° (osteoclast)
„π à«π∑’Ë‡Àπ◊ÕµàÕÀπàÕøíπ„π¢—ÈπµÕπ°“√ ≈“¬°√–¥Ÿ°‡æ◊ËÕ‡ªî¥
∑“ß„Àâ‡°‘¥°“√ßÕ°¢Õßøíπ¢÷Èπ„π™àÕßª“° ∂÷ß·¡â«à“√âÕ¬≈–
¢Õß°“√ßÕ°¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√π’È„π™àÕßª“°
¢ÕßÀπŸ∑¥≈Õß®–¡’‡æ’¬ß·§àª√–¡“≥√âÕ¬≈– 56 „π‡«≈“
ª√–¡“≥ 1 ‡¥◊Õπ¿“¬À≈—ß°“√ª≈Ÿ°øíπ°Áµ“¡

·¡â«à“øíπ∑’Ë √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√·≈–∑”°“√ª≈Ÿ°
∂à“¬π’È®–¡’√Ÿª√à“ß‰¡à‡À¡◊Õπøíπ°√“¡ª°µ‘¢ÕßÀπŸ (√Ÿª∑’Ë 1G
·≈– H) ·µà„π√“¬ß“π‰¥â°≈à“«∂÷ß§«“¡ “¡“√∂„π°“√„™âß“π
¢Õßøíπ´’Ëπ’È‰«â ‚¥¬øíπ∑’Ëª≈Ÿ°∂à“¬π’È¡’§«“¡·¢Áßº‘«√–¥—∫‰¡§√Õπ
(microhardness) ¢Õß‡§≈◊Õ∫øíπ·≈–‡π◊ÈÕøíπ∑’Ë„°≈â‡§’¬ß°—∫
øíπª°µ‘ ·≈– “¡“√∂ßÕ°¢÷Èπ ∫°—∫øíπ∏√√¡™“µ‘§Ÿà ∫„π¢“
°√√‰°√≈à“ß‰¥â‚¥¬æ∫«à“ “¡“√∂ª√—∫°“√ ∫øíπ‡¢â“°—∫øíπ ’́Ë
Õ◊ËπÊ „π™àÕßª“°‰¥â πÕ°®“°π’È‡ÕÁπ¬÷¥ª√‘∑—πµå¢Õßøíπ∑’Ë∂Ÿ°
 √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬π’È “¡“√∂
°√–µÿâπ„Àâ‡°‘¥°“√µÕ∫ πÕß¢Õß°√–¥Ÿ°‡¡◊ËÕ‰¥â√—∫·√ß‡§≈◊ËÕπ
øíπ‡™àπ‡¥’¬«°—π‡ÕÁπ¬÷¥ª√‘∑—πµå„πøíπ∏√√¡™“µ‘ ·≈–¬—ßæ∫
°“√ßÕ°„À¡à¢Õß‡ âπª√– “∑¡“‡≈’È¬ß∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ‚æ√ßøíπ
·≈–‡ÕÁπ¬÷¥ª√‘∑—πµå¢Õßøíπ∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬π’È¥â«¬ ‡™àπ
‡¥’¬«°—∫º≈°“√»÷°…“„πøíπµ—¥∑’Ë‰¥â√“¬ß“π‰«â°àÕπÀπâ“π’È
·≈â«10
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√Ÿª∑’Ë 1 °“√¢÷Èπ·≈–°“√ ∫¢Õßøíπ∑’Ë √â“ß‚¥¬«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ (A) ¿“æ· ¥ß‡∑§‚π‚≈¬’„π°“√ª≈Ÿ°∂à“¬øíπ‚¥¬„™â«‘∏’«‘»«°√√¡
‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ„πÀâÕßªØ‘∫—µ‘°“√ (B) ¿“æ· ¥ßÀπàÕøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ¥â«¬°“√‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√‡ªìπ‡«≈“ 5 «—π
(Õ—µ√“ à«π¢Õß‡ âπ 200 ‰¡§√Õπ) (C) ¿“æ∂à“¬„π™àÕßª“°¢ÕßÀπŸ· ¥ß°“√¢÷Èπ·≈–°“√ ∫¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„π
ÀâÕßªØ‘∫—µ‘°“√∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬„π√–¬–°àÕπ°“√¢÷Èπ¢Õßøíπ ( ấ“¬) √–¬–øíπ‡√‘Ë¡¢÷Èπ (°≈“ß) ·≈–√–¬–∑’Ë‡°‘¥°“√ ∫
øíπ (¢«“) (Õ—µ√“ à«π¢Õß‡ âπ 200 ‰¡§√Õπ) (D) ≈—°…≥–∑“ß®ÿ≈°“¬«‘¿“§»“ µ√å¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘
°“√∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬„π√–¬–°àÕπ°“√¢÷Èπ¢Õßøíπ ( ấ“¬) √–¬–øíπ‡√‘Ë¡¢÷Èπ (°≈“ß) ·≈–√–¬–∑’Ë‡°‘¥°“√ ∫øíπ (¢«“)
(Õ—µ√“ à«π¢Õß‡ âπ 100 ‰¡§√Õπ) (E) ¿“æ´âÕπ¢Õß¿“æ„π™àÕßª“°·≈–¿“æø≈ŸÕÕ‡√ ‡´πµå¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„π
ÀâÕßªØ‘∫—µ‘°“√¥â«¬‡´≈≈å‡¬◊ËÕ∫ÿº‘«®“°ÀπŸª°µ‘·≈–‡´≈≈å‡¡‡´π‰§¡å®“°ÀπŸ∑’Ë‰¥â√—∫°“√µ—¥µàÕ¬’π å„Àâ¡’°“√ √â“ß “√‡√◊Õß· ß
(GFP-transgenic mice) (Õ—µ√“ à«π¢Õß‡ âπ 200 ‰¡§√Õπ) (F) ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πå¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ
„πÀâÕßªØ‘∫—µ‘°“√¥â«¬‡´≈≈å∑’Ë‰¥â®“°ÀπŸ∑’Ë‰¥â√—∫°“√µ—¥µàÕ¬’π å„Àâ¡’°“√ √â“ß “√‡√◊Õß· ß ‡æ◊ËÕ· ¥ßµ”·Àπàß¢Õß‡´≈≈å∑’Ë¡’
°“√ √â“ß “√‡√◊Õß· ß (Õ—µ√“ à«π¢Õß‡ âπ 100 ‰¡§√Õπ) (G) ¿“æ∂à“¬„π™àÕßª“°· ¥ß°“√ ∫øíπ¢Õßøíπª°µ‘ (∫π)
·≈–°“√ ∫øíπ¢Õßøíπ∑’Ë∂Ÿ°ª≈Ÿ°∂à“¬¥â«¬ÀπàÕøíπ∑’Ë √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√ (≈à“ß) (Õ—µ√“ à«π¢Õß‡ âπ 200 ‰¡§√Õπ)
(H) ¿“æ√—ß ’∑’Ë‰¥â®“°‡§√◊ËÕß∂à“¬√—ß ’ “¡¡‘µ‘ (microCT) ¢Õß°“√ ∫øíπ¢Õßøíπª°µ‘ ( ấ“¬) ·≈–°“√ ∫øíπ¢Õßøíπ∑’Ë
∂Ÿ°ª≈Ÿ°∂à“¬¥â«¬ÀπàÕøíπ∑’Ë √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√ (¢«“) À—«≈Ÿ°»√· ¥ßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√ (®“° Ikeda
E, et al. Fully functional bioengineered tooth replacement as an organ replacement therapy. PNAS.
2009;106:13475-80. µ’æ‘¡æå´È”‚¥¬‰¥â√—∫Õπÿ≠“µ®“°«“√ “√ Proceedings of the National Academy of Sciences
USA)
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«‘®“√≥å

·¡â«à“º≈ß“π¢Õß Ikeda ·≈–§≥–11 ∑’Ëπ”‡ πÕπ’È
√«¡∑—Èßº≈ß“π¢Õß Nakao ·≈–§≥–10 ®– “¡“√∂ √â“ßøíπ
™ÿ¥∑’Ë “¡‰¥â®“°°“√‡≈’È¬ß‡´≈≈å√à«¡°—∫°“√„™â‚§√ß√à“ß “¡¡‘µ‘∫π
∂“¥‡≈’È¬ß‡´≈≈å„πÀâÕßªØ‘∫—µ‘°“√‚¥¬‰¡à¡’§«“¡®”‡ªìπµâÕßΩíß
°≈—∫≈ß‰ª„πµ—« —µ«å∑¥≈Õß‡æ◊ËÕ„Àâ‡°‘¥°“√æ—≤π“¢Õß‡π◊ÈÕ‡¬◊ËÕ
·µà°≈ÿà¡¢Õß‡´≈≈å∑—Èß‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–‡´≈≈å‡¡‡´π‰§¡å∑’Ëπ”¡“
„™âπ—Èπ ·¬°‰¥â¡“®“°ÀπàÕøíπ„π√–¬–æ—≤π“¢ÕßÀπŸ∑’Ë™à«ßÕ“¬ÿ
µ—«ÕàÕπ 14.5 «—π (embryonic day; ED14.5) ´÷Ëß‡ªìπ√–¬–
∑’Ë‡´≈≈å¡’§«“¡ “¡“√∂„π°“√æ—≤π“µ—«‡Õß‡æ◊ËÕ √â“ßøíπ‰¥â
·µà„π°“√„™â„π§≈‘π‘°π—Èπ®–¡’§«“¡¬“°≈”∫“°„π°“√À“‡´≈≈å
„π√–¬–æ—≤π“π’È‡æ◊ËÕ¡“∑”°“√«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕøíπ„πÀâÕß
∑¥≈Õß‡æ◊ËÕª≈Ÿ°∂à“¬„ÀâºŸâªÉ«¬ ¥—ßπ—Èπ°“√»÷°…“§«“¡ “¡“√∂
¢Õß‡´≈≈åµâπ°”‡π‘¥„πºŸâ„À≠à (adult stem cells) „π°“√
æ—≤π“·≈–π”¡“ª√–¬ÿ°µå„™â‡æ◊ËÕß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ
„πÀâÕß∑¥≈Õßπ—Èπ‡ªìπß“π«‘®—¬∑’Ëπà“ π„® ‡π◊ËÕß®“° “¡“√∂
·¬°‰¥â®“°µ—«ºŸâªÉ«¬‡Õß ·≈–≈¥ªí≠À“‡°’Ë¬«°—∫§«“¡‡¢â“°—π
‰¥â¢Õß‡π◊ÈÕ‡¬◊ËÕ‡¡◊ËÕ∑”°“√ª≈Ÿ°∂à“¬°≈—∫‰ª„πºŸâªÉ«¬  Õ¬à“ß‰√°Á¥’
‡ªìπ∑’Ë∑√“∫°—π«à“‡´≈≈åµâπ°”‡π‘¥„πºŸâ„À≠àπ—Èπ¡’§«“¡ “¡“√∂
®”°—¥„π°“√·ª√ ¿“æ (differentiation) ‰ª‡ªìπ‡´≈≈å™π‘¥
µà“ßÊ ·¡â«à“®–¡’°“√»÷°…“°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥
„πºŸâ„À≠à‰ª‡ªìπ‡´≈≈å°√–¥Ÿ° (osteoblasts)12 ‡´≈≈å √â“ß
‡π◊ÈÕøíπ (odontoblasts)13-14 ·≈–‡´≈≈å™π‘¥Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß
·µà ≥ ªí®®ÿ∫—π¬—ß‰¡à¡’√“¬ß“π∂÷ß§«“¡ ”‡√Á®„π°“√„™â‡´≈≈å
µâπ°”‡π‘¥„πºŸâ„À≠à¡“„™â„πß“π«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ¢Õßøíπ∑—Èß ’́Ë
¥—ßπ—Èπ°“√„™âß“π®√‘ß„π∑“ß§≈‘π‘°¢Õß‡∑§π‘§«‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ

¢Õßøíπ∑—Èß ’́Ë¬—ßµâÕß¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡Õ’°¡“°

„π·ßà¢Õß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ ¥â«¬¢âÕ®”°—¥¢Õß¢π“¥
¢ÕßøíπÀπŸπà“®–‡ªìπªí®®—¬∑’Ë∑”„ÀâºŸâ«‘®—¬‡≈◊Õ°°“√∑¥ Õ∫§«“¡
·¢Áßº‘«√–¥—∫‰¡§√Õπ ‚¥¬ß“π«‘®—¬π’È‰¥â· ¥ß„Àâ‡ÀÁπ«à“§à“
§«“¡·¢Áßº‘«¢Õß‡§≈◊Õ∫øíπ·≈–‡π◊ÈÕøíπ¢Õßøíπ∑’Ë∂Ÿ° √â“ß¢÷Èπ„π
ÀâÕßªØ‘∫—µ‘°“√¡’§à“„°≈â‡§’¬ßøíπª°µ‘ Õ¬à“ß‰√°Á¥’°“√∑¥ Õ∫π’È
 “¡“√∂∫àß∫Õ°§«“¡·¢Áßº‘«„π‡©æ“–∫√‘‡«≥∑’Ë‡≈◊Õ°∑”°“√
∑¥ Õ∫‚¥¬‰¡à “¡“√∂∫àß∫Õ°‰¥â«à“øíπ∑’Ë √â“ß¢÷Èπ¡“„πÀâÕß
ªØ‘∫—µ‘°“√π’È “¡“√∂∑πµàÕ·√ß∫¥‡§’È¬«‰¥â„π√–¬–¬“« ∑—Èßπ’È
°“√∑¥ Õ∫ ¡√√∂π–°“√∫¥‡§’È¬«¢Õß —µ«å∑¥≈Õßπà“®–∫àß∫Õ°
∂÷ß§«“¡ “¡“√∂„π°“√„™âß“π¢Õßøíπ∑’Ëª≈Ÿ°∂à“¬π’È‰¥â¥’¡“°¢÷Èπ
°“√»÷°…“„π —µ«å„À≠à¢÷Èπ ‡™àπ ÀπŸ·√∑ °√–µà“¬ À√◊Õ ÿπ—¢
®–™à«¬∑”„Àâ°“√»÷°…“∑“ß°“¬¿“æ·≈–ª√– ‘∑∏‘¿“æ„π°“√„™â
∫¥‡§’È¬«¢Õßøíπ∑’Ë∂Ÿ°ª≈Ÿ°∂à“¬π’È‰¥â¡“°¢÷Èπ

Õ’°ª√–‡¥ÁπÀπ÷Ëß∑’Ë ”§—≠§◊Õ°“√§«∫§ÿ¡√Ÿª√à“ß¢Õßøíπ
‡™àπ ¢π“¥ µ”·Àπàß¬Õ¥øíπ ≈—°…≥–¥â“π∫¥‡§’È¬«¢Õßøíπ
‡À≈à“π’È‡ªìπªí®®—¬∑’Ë¡’º≈µàÕ°“√ ∫øíπ·≈–ª√– ‘∑∏‘¿“æ„π°“√
∫¥‡§’È¬«¢Õßøíπ∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬¿“¬À≈—ß®“°°“√ √â“ß„π
ÀâÕßªØ‘∫—µ‘°“√ „π√“¬ß“π°“√«‘®—¬¢Õß Ikeda ·≈–§≥–11

π’È ºŸâ«‘®—¬‡Õß°Á‰¥â√“¬ß“π«à“øíπ∑’Ë √â“ß‰¥â¡’¢π“¥‡≈Á°°«à“øíπ
ª°µ‘·≈–¬—ß‰¡à “¡“√∂§«∫§ÿ¡≈—°…≥–¢Õßøíπ∑’Ë √â“ß¢÷Èπ„π
ÀâÕßªØ‘∫—µ‘°“√‰¥â¥â«¬‡∑§π‘§∑’Ë„™â„πªí®®ÿ∫—π °≈‰°°“√§«∫§ÿ¡
≈—°…≥–√Ÿª√à“ß‡™àπªÿÉ¡¬Õ¥¢Õßøíππ—Èπ‡°‘¥®“°°≈‰°‚µâµÕ∫
√–À«à“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–‡´≈≈å‡¡‡´π‰§¡å„πµ”·ÀπàßÕ’π“‡¡≈
πÕ∑ª∞¡¿Ÿ¡‘·≈–∑ÿµ‘¬¿Ÿ¡‘ (primary enamel knot and

Fig. 1 Eruption and occlusion of a bioengineered tooth. (A) Schematic representation of the transplantation
technology used for the generation of reconstituted tooth germ. (B) Phase contrast image of bioengineered
tooth germ on day 5 of an organ culture (scale bar, 200 µm.). (C) Oral photographs of a bioengineered
tooth during eruption and occlusion processes, including before eruption (left), immediately after eruption
(center), and full occlusion (right) (scale bar, 200 µm.). (D) Histological analysis of the bioengineered
tooth during the eruption and occlusion processes, including before eruption (left), immediately after
eruption (center), and full occlusion (right) (scale bar, 100 µm.). (E) Oral photograph of a bioengineered
tooth reconstituted using a combination of epithelial cells from normal mice and mesenchymal cells from
GFP-transgenic mice (GFP bioengineered tooth). A merged image is shown. (scale bar, 200 µm.). (F) A
sectional image of a GFP bioengineered tooth. Fluorescent and DIC images are merged (scale bar, 100
µm.). (G) Oral photographs showing occlusion of normal (upper) and bioengineered (lower) teeth (scale
bar, 200 µm.). (H) MicroCT images of the occlusion of normal (left) and bioengineered (right) teeth. The
bioengineered tooth is indicated by the arrowhead. (from Ikeda E, et al. Fully functional bioengineered
tooth replacement as an organ replacement therapy. PNAS. 2009;106:13475-80. Reprinted with permission
from the Proceedings of the National Academy of Sciences USA)
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secondary enamel knot) „π√–¬–æ—≤π“¢ÕßÀπàÕøíπ ‚¥¬
¡’‚¡‡≈°ÿ≈∑’Ë‡°’Ë¬«¢âÕßÀ≈“¬™π‘¥‡™àπ ‡ÕÁ¡‡Õ ‡ÕÁ° ǻ 1 (Msx1)
‡≈ø 1 (Lef1) ·æÁ° ǻ 9 (Pax9) √—π‡ÕÁ° ǻ 2 (Runx2) ·≈–
·ÕÁ°∑‘«‘π‡∫µâ“‡Õ (activin βA) ‡ªìπµâπ °≈‰°‚µâµÕ∫¢Õß
‚¡‡≈°ÿ≈‡À≈à“π’È„π°“√§«∫§ÿ¡√Ÿª√à“ß¢Õßøíππ—Èπ —́∫´âÕπ ‰¡à¡’
‚¡‡≈°ÿ≈„¥‚¡‡≈°ÿ≈Àπ÷Ëß∑’Ë “¡“√∂§«∫§ÿ¡¢∫«π°“√π’È‰¥â∑—ÈßÀ¡¥
πÕ°®“°π’È —¥ à«π¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–‡´≈≈å‡¡‡´π‰§¡å°Á¡’
º≈µàÕ°“√§«∫§ÿ¡√Ÿª√à“ß¢Õßøíπ Yu ·≈–§≥–15 √“¬ß“π«à“
 —¥ à«π‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–‡´≈≈å‡¡‡´π‰§¡å∑’ËÕ—µ√“ à«π 1 µàÕ 1
π—Èπ “¡“√∂∑”„Àâ‡°‘¥°“√ √â“ßøíπ∑’Ë¡’√Ÿª√à“ßª°µ‘‡¡◊ËÕΩíß„πÀπŸ
∑¥≈Õß ¥â«¬°≈‰°°“√§«∫§ÿ¡√Ÿª√à“ß∑’Ë´—∫ ấÕππ’È∑”„Àâ¬“°·°à
°“√‡≈’¬π·∫∫°“√‚µâµÕ∫π’È„π‡´≈≈å∑’Ë‡≈’È¬ß„πÀâÕßªØ‘∫—µ‘°“√
‡æ◊ËÕ √â“ß„Àâ‡ªìπøíπ∑’Ë¡’√Ÿª√à“ß ¡∫Ÿ√≥å‰¥â

 √ÿª

ß“π«‘®—¬∑’Ë√“¬ß“ππ’Èπ—∫«à“ √â“ß§«“¡°â“«Àπâ“„π°“√ √â“ß
øíπ∏√√¡™“µ‘™ÿ¥∑’Ë “¡„πÀâÕßªØ‘∫—µ‘°“√‡æ◊ËÕª≈Ÿ°∂à“¬„ÀâºŸâªÉ«¬
„πÕπ“§µ ·¡â«à“®–¬—ß¡’Õÿª √√§∑’ËµâÕßæ—≤π“·°â‰¢Õ¬ŸàÀ≈“¬
ª√–°“√°Áµ“¡ ‡™àπ ¢âÕ®”°—¥´÷Ëß°“√‰¥â¡“¢Õß‡´≈≈å®“°µ—«ÕàÕπ
„π√–¬– √â“ßøíπ §«“¡ “¡“√∂„π°“√§«∫§ÿ¡√Ÿª√à“ß¢Õßøíπ
‰¥âµ“¡§«“¡µâÕß°“√Õ¬à“ß ¡∫Ÿ√≥å·∫∫ °“√¬Õ¡√—∫¢Õß‡π◊ÈÕ
‡¬◊ËÕ„πºŸâªÉ«¬‡¡◊ËÕ‰¥â√—∫°“√ª≈Ÿ°∂à“¬øíπ ·≈–°“√«‘»«°√√¡øíπ
„Àâ “¡“√∂„™âß“π„π°“√∫¥‡§’È¬«‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·µà°Á
‡ªìπ°“√ √â“ß§«“¡§“¥À«—ß¢Õß°“√ª≈Ÿ°∂à“¬øíπ∏√√¡™“µ‘∑’Ë
∂Ÿ° √â“ß¢÷Èπ„πÀâÕßªØ‘∫—µ‘°“√π’È„Àâ‡¢â“„°≈â§«“¡®√‘ß¡“°¢÷Èπ °“√
»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√„™â‡´≈≈å®“°ºŸâ„À≠à„π°“√°√–µÿâπ
·≈– √â“ßøíπ„πÀâÕßªØ‘∫—µ‘°“√®–‡ªìπß“π«‘®—¬∑’Ëπà“ π„®µ‘¥µ“¡
·≈–¡’‚Õ°“ „π°“√π”‰ª„™â„π§≈‘π‘°¡“°°«à“°“√ √â“ßøíπ¥â«¬
‡´≈≈å®“°µ—«ÕàÕπ
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Research progress in tooth tissue

engineering: a comment

Thanaphum Osathanon D.D.S., Ph.D.

Department of Anatomy, Faculty of Dentistry, Chulalongkorn University

Abstract

Tooth tissue engineering has been proposed as a method for replacement of missing teeth in future.
Although, there are still a lot of both physical and biological limitations in tooth tissue engineering
technology, several progresses of research techniques have been reported. Recently, research article
published in Proceedings of the National Academy of Sciences USA illustrated potential application of
tooth tissue engineering using mice as a pre-clinical model. The aim of this review was to summarize
and discuss this recent research article regarding the advance technology and technique in tooth tissue
engineering.

(CU Dent J. 2010;33:143-48)

Key words: tissue engineering; tooth


