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∫∑∫“∑¢Õß¬’πæ’æ’‡ÕÕ“√å-·°¡¡“

„π°“√§«∫§ÿ¡°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°

«√√≥∏‘¥“ »√’Õ“® ∑.∫. (‡°’¬√µ‘π‘¬¡), ª. ∫—≥±‘µ™—Èπ Ÿß (∑—πµ°√√¡ ”À√—∫‡¥Á°), Ph.D.

¿“§«‘™“∑—πµ°√√¡ ”À√—∫‡¥Á° §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

‡´≈≈å ≈“¬°√–¥Ÿ°‡ªìπ‡´≈≈å∑’Ë∑”Àπâ“∑’Ë ”§—≠„π°“√ª√—∫√Ÿª¢Õß°√–¥Ÿ° ‡´≈≈å‡À≈à“π’È¡’°”‡π‘¥®“°‡´≈≈å
 √â“ß‡¡Á¥‡≈◊Õ¥„π°≈ÿà¡‚¡‚π‰´µå-·¡§‚§√·ø®„π‰¢°√–¥Ÿ° ‚¥¬ªØ‘ —¡æ—π∏å√–À«à“ß·√ß§å-·√ß§å‰≈·°π ®–‡ªìπ°≈‰°
 ”§—≠„π°“√°√–µÿâπæ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ° Õ¬à“ß‰√°Áµ“¡®“°√“¬ß“π°“√»÷°…“‰¥âπ”‡ πÕÀπâ“∑’Ë„À¡à
¢Õß¬’π‡æÕ√å√Õ° ‘́‚´¡ ‚æ√≈‘‡øÕ‡√‡µÕ√å-·Õ§∑‘‡«‡∑Á¥ √’‡´Á∫‡µÕ√å ·°¡¡“ À√◊Õæ’æ’‡ÕÕ“√å-·°¡¡“„π°“√§«∫§ÿ¡
°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ° ∫∑§«“¡©∫—∫π’È®÷ß¡’®ÿ¥ª√– ß§å„π°“√π”‡ πÕ·≈–Õ¿‘ª√“¬∫∑∫“∑¢Õß¬’πæ’æ’‡ÕÕ“√å-
·°¡¡“„π°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ° ‚¥¬∑—Ë«‰ªÀπâ“∑’Ë¢Õß¬’πæ’æ’‡ÕÕ“√å-·°¡¡“π—Èπ ®–‡°’Ë¬«¢âÕß°—∫‡¡·∑∫Õ≈‘´÷¡
¢ÕßπÈ”µ“≈·≈–‰¢¡—π √«¡∑—Èß∑”Àπâ“∑’Ë„π°“√‡Àπ’Ë¬«π”°“√‡°‘¥‡´≈≈å‰¢¡—π ·≈–¬—∫¬—Èß°“√·ª√ ¿“æ¢Õß‡´≈≈å √â“ß
°√–¥Ÿ° ·µàÀ≈—°∞“π®“°ß“π«‘®—¬‡¡◊ËÕ‡√Á«Ê π’È · ¥ß„Àâ‡ÀÁπ«à“ æ’æ’‡ÕÕ“√å-·°¡¡“ ¬—ß∑”Àπâ“∑’Ë√à«¡°—∫ªØ‘ —¡æ—π∏å
√–À«à“ß·√ß§å-·√ß§å‰≈·°π„π°“√§«∫§ÿ¡‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°¥â«¬ Àπâ“∑’Ë„À¡à¢Õß¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“π’È πÕ°®“°
®–‡æ‘Ë¡§«“¡™—¥‡®π„π°√–∫«π°“√ √â“ß‡´≈≈å ≈“¬°√–¥Ÿ°·≈â« ¬—ß· ¥ß∂÷ß§«“¡‡°’Ë¬«‡π◊ËÕß√–À«à“ß‡¡·∑∫Õ≈‘´÷¡
¢Õß°≈Ÿ‚§ °—∫°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°¥â«¬

(« ∑—πµ ®ÿÃ“œ 2556;36:207-20)
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∫∑π”

‡´≈≈å ≈“¬°√–¥Ÿ° (osteoclast) ‡ªìπ‡´≈≈å∑’Ë∑”Àπâ“∑’Ë
„π°“√ Ÿ≠ ≈“¬¢Õß°√–¥Ÿ° (bone resorption) ‚¥¬°“√∑”
Àπâ“∑’Ëπ’È®–‡°‘¥¢÷Èπ∑—Èß„π¿“«–ª°µ‘·≈–„πæ¬“∏‘ ¿“æ (physi-
ological and pathological conditions) ∫∑∫“∑¢Õß‡´≈≈å
™π‘¥π’È „π°“√ Ÿ≠ ≈“¬¢Õß°√–¥Ÿ°∑’Ëæ∫„π√Õ¬‚√§µà“ßÊ ‡™àπ
‚√§°√–¥Ÿ°æ√ÿπ (osteoporosis) À√◊Õ‚√§ª√‘∑—πµå (periodontal
disease) π—Èπ ‡ªìπ∫∑∫“∑∑’Ë¡’°“√»÷°…“·≈–√“¬ß“π°—π‰«â
·≈â«Õ¬à“ß°«â“ß¢«“ß1,2 ‡´≈≈å ≈“¬°√–¥Ÿ°®÷ß∂Ÿ°¡Õß«à“‡ªìπ
‡´≈≈å∑’Ë‰¡àæ÷ßª√– ß§å Õ¬à“ß‰√°Á¥’ ‡´≈≈å™π‘¥π’È¬—ß∑”Àπâ“∑’Ë
 ”§—≠„π¿“«–ª°µ‘¥â«¬3 ‚¥¬‡´≈≈å ≈“¬°√–¥Ÿ°®–∑”Àπâ“∑’Ë
 ”§—≠„π°√–∫«π°“√ª√—∫√Ÿª¢Õß°√–¥Ÿ° (bone remodeling)
´÷Ëß‡ªìπ¢—ÈπµÕπ ”§—≠„π°“√ª√—∫‚§√ß √â“ß¿“¬„π°√–¥Ÿ°„Àâ
‡À¡“– ¡°—∫°“√∑”Àπâ“∑’Ë √«¡∑—Èß¬—ß‡ªìπ¢—ÈπµÕπ ”§—≠„π
°“√´àÕ¡·´¡ à«π¢Õß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°∑’Ë¡’§«“¡‡ ’¬À“¬®“°
°“√„™âß“π ¥—ßπ—Èπ§«“¡‡¢â“„®„πæ—≤π“°“√·≈–°“√∑”Àπâ“∑’Ë
¢Õß‡´≈≈å™π‘¥π’È„Àâ¥’¢÷Èπ®÷ß‡ªìπ ‘Ëß∑’Ë®”‡ªìπ·≈–¡’§«“¡ ”§—≠

°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°π—Èπæ∫«à“‡´≈≈å‡À≈à“π’Èæ—≤π“
¡“®“°‡´≈≈åµâπ°”‡π‘¥¢Õß‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥ (hematopoietic
stem cell) °≈ÿà¡¢Õß‡´≈≈å‚¡‚π‰´µå-·¡§‚§√·ø®„π‰¢°√–¥Ÿ°
(bone marrow) °≈‰° ”§—≠„π°“√‡Àπ’Ë¬«π”°“√‡°‘¥‡´≈≈å
 ≈“¬°√–¥Ÿ°π—Èπ¡“®“°ªØ‘ —¡æ—π∏å√–À«à“ß √’‡´∫‡µÕ√å
·Õ§∑‘‡«‡∑Õ√å ¢Õß π‘«‡§≈’¬√å·ø§‡µÕ√å ·§∫ª“ ∫’ ‰≈·°π
(receptor activator of nuclear factor kappaB ligands;
RANKL) À√◊Õ ·√ß§å‰≈·°π ∫π‡´≈≈å √â“ß°√–¥Ÿ° (osteo-
blast) À√◊Õ∫π‡´≈≈å ‚µ√¡“¢Õß‰¢°√–¥Ÿ° (bone marrow
stromal cell) °—∫µ—«√—∫ ∑’Ë¡’™◊ËÕ«à“ √’‡´∫‡µÕ√å ·Õ§∑‘‡«‡∑Õ√å
¢Õß π‘«‡§≈’¬√å·ø§‡µÕ√å ·§∫ª“ ∫’ (receptor activator of
nuclear factor kappaB; RANK) À√◊Õ·√ß§å ∫πº‘«‡´≈≈å
µâπ°”‡π‘¥¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°‡ªìπÀπ÷Ëß„πªí®®—¬ ”§—≠∑’Ë
‡Àπ’Ë¬«π”°√–∫«π°“√·ª√ ¿“æ (differentiation) „Àâ‡°‘¥
‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°

¡’√“¬ß“π∑’Ë· ¥ß∂÷ß§«“¡ ”§—≠¢Õß ‡æÕ√å√Õ°´‘‚´¡
‚æ√≈‘‡øÕ‡√‡µÕ√å-·Õ§∑‘‡«‡∑Á¥ √’‡ Á́∫‡µÕ√å ·°¡¡“ (peroxisome
proliferator-activated receptor gamma; PPAR-γ) À√◊Õ
æ’æ’‡ÕÕ“√å-·°¡¡“ „πæ—≤π“°“√¢Õß‡´≈≈åµâπ°”‡π‘¥¢Õß
‡´≈≈å ≈“¬°√–¥Ÿ°4 æ’æ’‡ÕÕ“√å-·°¡¡“‡ªìπµ—«√—∫„ππ‘«‡§≈’¬ 
(nuclear receptor) ∑’Ë∑”Àπâ“∑’Ë ”§—≠„π‡¡·∑∫Õ≈‘´÷¡
(metabolism) ¢Õß‰¢¡—π·≈–πÈ”µ“≈„π√à“ß°“¬5 √«¡∑—Èß¬—ß

∑”Àπâ“∑’Ë‡ªìπ¬’πÀ≈—°„π°“√§«∫§ÿ¡°“√·ª√ ¿“æ¢Õß‡´≈≈å
µâπ°”‡π‘¥™π‘¥¡’‡´π‰§¡å„Àâ·ª√ ¿“æ‡ªìπ‡´≈≈å‰¢¡—π6-8 „π
√“¬ß“π¥—ß°≈à“«· ¥ß∂÷ßÀπâ“∑’Ë¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“ „π‡´≈≈å
µâπ°”‡π‘¥¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°∑’Ë∑”ß“π√à«¡°—∫ —≠≠“≥¢Õß
·√ß§å-·√ß§å‰≈·°π „π°“√§«∫§ÿ¡æ—≤π“°“√¢Õß‡´≈≈å
 ≈“¬°√–¥Ÿ° º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡‡°’Ë¬«‡π◊ËÕß
√–À«à“ß‡¡·∑∫Õ≈‘´÷¡¢Õß‰¢¡—π·≈–πÈ”µ“≈°—∫æ—≤π“°“√¢Õß
‡´≈≈å ≈“¬°√–¥Ÿ°4 ÷́Ëß®–π”‰ª Ÿà°“√‡æ‘Ë¡§«“¡‡¢â“„® „π
°√–∫«π°“√ª√—∫‡ª≈’Ë¬π¢Õß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°·≈–æ¬“∏‘ ¿“æ¢Õß
°√–¥Ÿ°∑’Ë —¡æ—π∏å°—∫√–∫∫‡¡·∑∫Õ≈‘´÷¡æ◊Èπ∞“π¢Õß√à“ß°“¬
‡æ◊ËÕ‡æ‘Ë¡§«“¡‡¢â“„®„π°“√§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å™π‘¥π’È
·≈–°“√π”‰ªª√–¬ÿ°µå„™â∑“ß§≈‘π‘°µàÕ‰ª

≈—°…≥–‡©æ“–¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°

‡´≈≈å ≈“¬°√–¥Ÿ°‡ªìπ‡´≈≈å∑’Ë¡’¢π“¥„À≠à ‚¥¬ “¡“√∂
æ∫‰¥âµ—Èß·µà¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 50 ‰¡§√Õπ
(µm) ‰ª®π∂÷ß 100 ‰¡§√Õπ9 ª√–°Õ∫¥â«¬À≈“¬π‘«‡§≈’¬ 
(√Ÿª∑’Ë 1) ‚¥¬§«“¡·µ°µà“ß„π¢π“¥¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°π’È
¢÷Èπ°—∫ ¿“«–°“√·ª√ ¿“æ¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°„π¢≥–π—Èπ
‚¥¬„π ¿“«–∑’Ë‰¡à‰¥â√—∫°“√°√–µÿâπÀ√◊Õ„π ¿“«–æ—° ‡´≈≈å
®–¡’¢π“¥‡≈Á° ·≈–¢π“¥¢Õß‡´≈≈å®–„À≠à¢÷Èπ‡¡◊ËÕ‡´≈≈å∂Ÿ°
°√–µÿâπ (activated À√◊Õ active osteoclast) ÷́Ëß°“√‡æ‘Ë¡
¢π“¥·≈–®”π«π¢Õßπ‘«‡§≈’¬ ‡°‘¥®“°°“√∑’Ë‡´≈≈åµâπ°”‡π‘¥
¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°¡“√«¡µ—«°—π (fusion) ‡°‘¥‡ªìπ‡´≈≈å
∑’Ë¡’¢π“¥„À≠à (giant cell) „π à«π‰´‚∑æ≈“´÷¡¢Õß‡´≈≈å
 ≈“¬°√–¥Ÿ°®–æ∫∂ÿß‡≈Á°Ê (vesicle) ·≈–™àÕß«à“ß (vacuole)
®”π«π¡“°´÷Ëß‡ªìπ∑’Ë‡°Á∫¢Õß‡Õπ‰´¡å πÕ°®“°¢π“¥ √Ÿª√à“ß
·≈–®”π«ππ‘«‡§≈’¬ ·≈â«  ‡´≈≈å ≈“¬°√–¥Ÿ°®–¡’°“√· ¥ßÕÕ°
∑’Ë‡ªìπ≈—°…≥–‡©æ“– ‰¥â·°à ‡Õπ‰´¡å∑“√å‡∑√∑ √’´‘ ·∑πµå
·Õ´‘¥ øÕ ø“‡∑  (tartrate resistant acid phosphatase;
TRAP) À√◊Õ·∑√ª ‡Õπ‰´¡å§“√å∫Õπ‘° ·Õπ‰Œ‡¥√  II
(carbonic anhydrase II; CA II) µ—«√—∫·§≈´‘‚µπ‘π (calci-
tonin receptor) ‡Õπ‰´¡å§“‡∑ª´‘π‡§ (cathepsin K) ·≈–
‡Õπ‰´¡å‡¡∑√‘° ǻ‡¡∑—≈‚≈‚ª√µ‘‡π -9 À√◊Õ‡ÕÁ¡‡ÕÁ¡æ’-9 (matrix
metalloproteinase-9; MMP-9)

·∑√ª‡ªìπ‡Õπ‰´¡åøÕ ø“‡∑ ∑’Ë∑”ß“π„π ¿“«–∑’Ë‡ªìπ
°√¥ °“√· ¥ßÕÕ°¢Õß·∑√ª®—¥‡ªìπ¥√√™π’µ—«Àπ÷Ëß∑’Ë„™â∫àß™’È
§«“¡‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°10,11 ·≈–√–¥—∫¢Õß·∑√ª°Á
 “¡“√∂„™â‡ªìπ¥√√™π’∫àß™’ÈÕ—µ√“°“√ ≈“¬¢Õß°√–¥Ÿ°‰¥â12
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„π¢≥–∑’Ë‡Õπ‰´¡å§“√å∫Õπ‘° ·Õπ‰Œ‡¥√  II ‡ªìπ‡Õπ‰´¡å∑’Ë
∑”Àπâ“∑’Ë„πªØ‘°‘√‘¬“°“√‡ª≈’Ë¬π°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–
πÈ”¿“¬„π‡´≈≈å„Àâ‡ªìπ‚ª√µÕπ (H+) ·≈–‰∫§“√å∫Õ‡πµ
(HCO3

-) ∑’Ëæ∫„π‡´≈≈å ≈“¬°√–¥Ÿ°13 ‚¥¬∑”ß“π√à«¡°—∫
ªíö¡‚ª√µÕπ (H+ pump) ´÷Ëß‡ªìπ à«πÀπ÷Ëß¢Õß°“√ √â“ß
 ¿“«–§«“¡‡ªìπ°√¥‡æ◊ËÕ°“√ ≈“¬¢Õß°√–¥Ÿ°14 πÕ°®“°π’È
‡´≈≈å ≈“¬°√–¥Ÿ°¬—ß¡’°“√· ¥ßÕÕ°¢Õßµ—«√—∫·§≈´‘‚µπ‘π´÷Ëß
‡ªìπµ—«√—∫∫πº‘«‡´≈≈å∑’ËµÕ∫√—∫µàÕŒÕ√å‚¡π·§≈´‘‚µπ‘π (cal-
citonin) ∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√≈¥√–¥—∫¢Õß·§≈‡´’¬¡
„π°√–· ‡≈◊Õ¥ ´÷Ëß®–¬—∫¬—Èß°“√∑”ß“π¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°
‚¥¬°“√√∫°«π‚§√ß √â“ß¢Õß«ß·À«π·Õ§µ‘π (actin ring)
∑”„Àâ‡´≈≈å ≈“¬°√–¥Ÿ°‰¡à “¡“√∂‡°“–°—∫º‘«°√–¥Ÿ°‰¥â15

„π¢—ÈπµÕπ°“√≈–≈“¬°√–¥Ÿ° À≈—ß®“°∑’Ë°√–¥Ÿ°∂Ÿ°≈–≈“¬
„π à«π¢Õß·√à∏“µÿ·≈â«  à«π¢Õß “√Õ‘π∑√’¬åÀ√◊Õ‚ª√µ’π¢Õß
°√–¥Ÿ°∑’ËÀ≈ß‡À≈◊ÕÕ¬Ÿà®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬‡Õπ‰´¡å 2 °≈ÿà¡
§◊Õ ’́ ‡∑Õ’π ‚ª√µ’‡Õ  (cysteine protease) ·≈–
‡¡∑√‘°´å‡¡∑—≈‚≈‚ª√µ‘‡π  À√◊Õ‡ÕÁ¡‡ÕÁ¡æ’ ‡Õπ‰´¡å„π°≈ÿà¡
¢Õß´’ ‡∑Õ’π ‚ª√µ’‡Õ ∑’Ëæ∫¡“°∑’Ë ÿ¥„π‡´≈≈å ≈“¬°√–¥Ÿ°§◊Õ
‡Õπ‰´¡å§“‡∑ª´‘π‡§  à«π‡Õπ‰´¡å‡ÕÁ¡‡ÕÁ¡æ’∑’Ë √â“ß‚¥¬‡´≈≈å
 ≈“¬°√–¥Ÿ° §◊Õ ‡ÕÁ¡‡ÕÁ¡æ’-9 §«“¡ ”§—≠¢Õß‡Õπ‰´¡å
‡À≈à“π’È®–‡ÀÁπ‰¥â®“°√“¬ß“π°“√»÷°…“‚¥¬„™âµ—«¬—∫¬—Èß‡Õπ‰´¡å

À√◊Õ§«“¡∫°æ√àÕß¢Õß°“√∑”ß“π¢Õß‡Õπ‰´¡å∑—Èß´’ ‡∑Õ’π
‚ª√µ’‡Õ  À√◊Õ‡ÕÁ¡‡ÕÁ¡æ’  “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß‡´≈≈å
 ≈“¬°√–¥Ÿ°‰¥â16-19

°“√æ—≤π“‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°

‡´≈≈å ≈“¬°√–¥Ÿ°¡’°”‡π‘¥®“°‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥„π
°≈ÿà¡‡´≈≈åµâπ°”‡π‘¥‰¡Õ’≈Õ¬¥å (myeloid stem cell) ´÷Ëß
‡ªìπ°≈ÿà¡‡¥’¬«°—∫∑’Ë √â“ß‡¡Á¥‡≈◊Õ¥™π‘¥‚¡‚π‰´µå-·¡§‚§√·ø®
‚¥¬·µ°µà“ß®“°‡´≈≈å √â“ß°√–¥Ÿ°∑’Ëæ—≤π“¡“®“°‡´≈≈å¡’
‡´π‰§¡å (mesenchymal cell) ‚¥¬¡’ªí®®—¬ ”§—≠Õ¬à“ßπâÕ¬
 “¡ª√–°“√∑’Ë®”‡ªìπ ”À√—∫°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°¥—ßπ’È

1. °“√· ¥ßÕÕ°¢Õß ∑√“π §√‘ª™—Ëπ ·ø§‡µÕ√å

(transcription factor) æ’¬Ÿ1 (PU.1)

æ’¬Ÿ1 ‡ªìπ∑√“π §√‘ª™—Ëπ ·ø§‡µÕ√å∑’Ëæ∫„π‡´≈≈åµâπ
°”‡π‘¥¢Õß‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥ ‚¥¬∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
§«∫§ÿ¡°“√·ª√ ¿“æ¢Õß‡´≈≈å¥—ß°≈à“« Àπâ“∑’ËÕ’°ª√–°“√
¢Õß æ’¬Ÿ1 §◊Õ °“√°√–µÿâπ°“√· ¥ßÕÕ°¢Õßµ—«√—∫∑’Ëº‘«‡´≈≈å
(cell surface receptor) ∑’ËµÕ∫√—∫µàÕ‚°√∑ ·ø§‡µÕ√å (growth
factor) „π°“√°√–µÿâπ°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥¢Õß
‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥ ‡™àπ µ—«√—∫¢Õß‡ÕÁ¡-´’‡Õ ‡Õø (M-CSF)

√Ÿª∑’Ë 1 ≈—°…≥–‡©æ“–¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°

‡´≈≈å ≈“¬°√–¥Ÿ°‡ªìπ‡´≈≈å¢π“¥„À≠à¡’À≈“¬π‘«‡§≈’¬  ·≈–¡’°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å ∑“√å‡∑√∑ √’´‘ ·∑πµå ·Õ´‘¥
øÕ ø“‡∑  À√◊Õ·∑√ª (*) ‡ âπ∑’Ë¡ÿ¡¢«“ = 10 ‰¡‚§√‡¡µ√

Fig. 1 Characteristics of osteoclasts

Osteoclasts showed the appearance of giant multinucleated cells with positive for tartrate-resistant acid
phosphatase (TRAP) staining (*). Bar = 10 µM.
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√Ÿª∑’Ë 2 °“√·ª√ ¿“æ·≈–°“√ àß —≠≠“≥¿“¬„π‡´≈≈å¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°

°“√·ª√ ¿“æ¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°µâÕß°“√ —≠≠“≥®“° æ’¬Ÿ1 ‡ÕÁ¡-´’‡Õ ‡Õø ·≈–·√ß§å‰≈·°π ‚¥¬‡´≈≈åµâπ°”‡π‘¥
¢Õß‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥∑’Ë¡’°“√· ¥ßÕÕ°¢Õß æ’¬Ÿ1 ®– “¡“√∂µÕ∫√—∫µàÕ —≠≠“≥®“° ‡ÕÁ¡- ’́‡Õ ‡Õø ·≈–·√ß§å‰≈
·°π‡æ◊ËÕ‡ª≈’Ë¬π ¿“æ‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ° ‚¥¬·√ß§å‰≈·°π®– àß —≠≠“≥ºà“π·√ß§å∫π‡´≈≈åµâπ°”‡π‘¥¢Õß‡´≈≈å
 ≈“¬°√–¥Ÿ°ªØ‘ —¡æ—π∏å√–À«à“ß·√ß§å·≈–·√ß§å‰≈·°π®–°√–µÿâπ°“√∑”ß“π¢Õß ’́-øÕ  ·≈–∑√“ø6 ®“°π—Èπ‚ª√µ’π∑—Èß
 Õß®–‡Àπ’Ë¬«π”°“√· ¥ßÕÕ°¢Õß ‡ÕÁπ·ø∑´’1 ‚¥¬ ‡ÕÁπ·ø∑´’1 ®–§«∫§ÿ¡°“√· ¥ßÕÕ°¬’π∑’Ë· ¥ß§«“¡‡ªìπ‡´≈≈å
 ≈“¬°√–¥Ÿ° ‡™àπ ·∑√ª §“‡∑ª ‘́π ‡§ ·≈–µ—«√—∫·§≈´‘‚µπ‘π ‡ªìπµâπ „π¢≥–‡¥’¬«°—π ‚Õæ’®’ ´÷ËßÀ≈—Ëß¡“®“°‡´≈≈å √â“ß
°√–¥Ÿ° ·≈–/À√◊Õ ‡´≈≈å ‚µ√¡“¢Õß‰¢°√–¥Ÿ°®–·¬àß®—∫°—∫·√ß§å‰≈·°π·≈–¬—∫¬—Èß°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°

Fig. 2 Osteoclast differentiation and its signaling

Osteoclast differentiation requires the signal from PU.1, M-CSF and RANKL. PU.1 positive hematopoietic
stem cells can be activated by M-CSF and RANKL to become osteoclast. RANKL will send signal
through RANK on the osteoclast precursor. Interaction between RANK-RANKL will activate c-Fos and
also TRAF6. Signal generated from c-Fos and TRAF6 will induce the expression of NFATc-1, a key
molecule that regulates osteoclast related genes, such as TRAP, cathepsin K (CatK) and calcitonin receptor
(CalR). OPG is also secreted from osteoblasts/stromal cells and function as a decoy receptor and inhibit
osteoclastogenesis by preventing the interaction between RANKL and RANK.
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‡ªìπµâπ ®“°√“¬ß“π‚¥¬ Kwon ·≈–§≥– æ∫«à“ æ’¬Ÿ1

‡°’Ë¬«¢âÕß°—∫°“√· ¥ßÕÕ°¢Õß·√ß§å„π‡´≈≈åµâπ°”‡π‘¥¢Õß

‡´≈≈å ≈“¬°√–¥Ÿ° ‚¥¬®–‰¡àæ∫·√ß§å„π‡´≈≈åµâπ°”‡π‘¥∑’Ë‰¡à¡’

°“√· ¥ßÕÕ°¢Õß æ’¬Ÿ120 ·≈–ÀπŸ∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢Õß

æ’¬Ÿ1 ®–‰¡àæ∫·¡§‚§√·ø®·≈–‡´≈≈å ≈“¬°√–¥Ÿ°21 ´÷Ëß· ¥ß

„Àâ‡ÀÁπ∂÷ß§«“¡ ”§—≠¢Õß æ’¬Ÿ1 µàÕ°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°

2. °“√°√–µÿâπ¥â«¬·¡§‚§√·ø®-‚§‚≈π’  µ’¡Ÿ‡≈∑µ‘Èß

·ø§‡µÕ√å À√◊Õ‡ÕÁ¡- ’́‡Õ ‡Õø (macrophage-colony

stimulating factor; M-CSF)

‡ÕÁ¡-´’‡Õ ‡Õø À√◊Õ ́ ’‡Õ ‡Õø-1 (CSF-1) ‡ªìπ‚°√∑

·ø§‡µÕ√å ”§—≠„π°√–∫«π°“√ √â“ß‡´≈≈å ≈“¬°√–¥Ÿ° ‚¥¬

À≈—Ëß¡“®“°‡´≈≈å √â“ß°√–¥Ÿ° ·≈–/À√◊Õ ‡´≈≈å ‚µ√¡“¢Õß

‰¢°√–¥Ÿ° ‚¥¬∑”Àπâ“∑’Ë„π°“√°√–µÿâπ°“√·∫àßµ—« (prolifera-

tion) °“√§ß™’æ (survival)22 ·≈–°“√·ª√ ¿“æ23 ‚¥¬

°“√ àß —≠≠“≥ºà“πµ—«√—∫∫πº‘«‡´≈≈å ∑’Ë¡’™◊ËÕ«à“ ́ ’-‡Õø‡ÕÁ¡‡Õ 

À√◊Õ ’́‡Õ ‡Õø-1Õ“√å (c-Fms À√◊Õ CSF-1R) (√Ÿª∑’Ë 2)

„πÀπŸ∑’Ë‰¡à “¡“√∂ √â“ß‡ÕÁ¡- ’́‡Õ ‡Õø‰¥â ®–æ∫§«“¡

º‘¥ª°µ‘¢Õß°√–¥Ÿ°∑’Ë‡√’¬°«à“ ¿“«–°√–¥Ÿ°§≈â“¬À‘π (osteo-

petrosis)24,25 §◊Õ °√–¥Ÿ°‚ª√àß (spongy bone) ¡’§«“¡

Àπ“·πàπ¡“° ‡π◊ËÕß®“°°√–¥Ÿ°¡’°“√≈–≈“¬µ—«πâÕ¬°«à“ª°µ‘

√«¡∑—Èß¡’§«“¡º‘¥ª°µ‘„π°“√¢÷Èπ¢Õßøíπ ‡π◊ËÕß®“°‰¡à¡’°“√

≈–≈“¬µ—«¢Õß°√–¥Ÿ°‡∫â“øíπ (alveolar bone) ∑’ËÕ¬Ÿà‡Àπ◊Õ

ÀπàÕøíπ · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ ”§—≠¢Õß‡ÕÁ¡-´’‡Õ ‡ÕøµàÕ

°“√§«∫§ÿ¡ ¡¥ÿ≈¢Õß°√–¥Ÿ°ºà“π∑“ßæ—≤π“°“√¢Õß‡´≈≈å

 ≈“¬°√–¥Ÿ°

3.  —≠≠“≥®“°°“√¬÷¥‡°“–°—π√–À«à“ß·√ß§å°—∫

·√ß§å‰≈·°π

°“√æ—≤π“¢Õß‡´≈≈åµâπ°”‡π‘¥‰ª‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°

π—Èπ®”‡ªìπµâÕß‰¥â√—∫ —≠≠“≥‡æ‘Ë¡‡µ‘¡®“°°“√®—∫°—π√–À«à“ß

·√ß§å∫πº‘«¢Õß‡´≈≈å ≈“¬°√–¥Ÿ° ·≈–·√ß§å‰≈·°π∫πº‘«

‡´≈≈å √â“ß°√–¥Ÿ° ·≈–/À√◊Õ ‡´≈≈å ‚µ√¡“¢Õß‰¢°√–¥Ÿ°

(√Ÿª∑’Ë 2)

·√ß§å‡ªìπ‚ª√µ’πº‘«‡´≈≈å∑’Ë¡’‚§√ß √â“ßÕ¬Ÿà„π°≈ÿà¡µ—«

√—∫∑Ÿ‡¡Õ√å ‡π‚§√´‘  ·ø§‡µÕ√å (tumor necrosis factor

receptor family) ‚ª√µ’ππ’Èæ∫‰¥â∑—Èß∫π‡´≈≈åµâπ°”‡π‘¥¢Õß

‡´≈≈å ≈“¬°√–¥Ÿ° ‡´≈≈å ≈“¬°√–¥Ÿ° ∫’-≈‘¡‚ø‰´µå (B-

lymphocyte) ∑’-≈‘¡‚ø‰´µå (T-lymphocyte) ·≈–‡´≈≈å

‡¥π‰¥√µ‘° (dendritic cell)26,27 ·≈– “¡“√∂®—∫°—∫·√ß§å-

‰≈·°π ´÷Ëß‡ªìπ‚ª√µ’πº‘«‡´≈≈å∑’ËÕ¬Ÿà„π°≈ÿà¡∑Ÿ‡¡Õ√å ‡π‚§√´‘ 

·ø§‡µÕ√å ‰≈·°π (tumor necrosis factor ligand family)

‚¥¬æ∫°“√· ¥ßÕÕ°¢Õß·√ß§å‰≈·°π∫π‡´≈≈åÀ≈“¬™π‘¥

‰¥â·°à ‡´≈≈å √â“ß°√–¥Ÿ° ‡´≈≈å ‚µ√¡“¢Õß‰¢°√–¥Ÿ° ‡´≈≈å

‡ÕÁπ¬÷¥ª√‘∑—πµå28 ‡´≈≈åº‘«Àπ—ß29 ‡ªìπµâπ °“√®—∫°—π√–À«à“ß

·√ß§å°—∫·√ß§å‰≈·°π‡ªìπªØ‘ —¡æ—π∏å√–À«à“ß‡´≈≈åµàÕ‡´≈≈å

(cell-to-cell interaction)  —≠≠“≥∑’Ë‡°‘¥¢÷Èπ√–À«à“ß·√ß§å

°—∫·√ß§å‰≈·°π√à«¡°—∫ —≠≠“≥®“°‡ÕÁ¡- ’́‡Õ ‡Õø®–¡’º≈

°√–µÿâπ„Àâ‡´≈≈åµâπ°”‡π‘¥æ—≤π“‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°

À≈—ß®“°‡°‘¥ªØ‘ —¡æ—π∏å√–À«à“ß·√ß§å-·√ß§å‰≈·°π·≈â«

 —≠≠“≥®“°·√ß§å‰≈·°π®– àß —≠≠“≥ºà“π‚¡‡≈°ÿ≈ ◊ËÕ —≠≠“≥

¿“¬„π‡´≈≈å∑’Ë™◊ËÕ«à“∑√“ø6 (TRAF6) ÷́Ëß‡ªìπ‚ª√µ’π„π°≈ÿà¡

∑’‡ÕÁπ‡Õø √’‡ Á́∫‡µÕ√å ·Õ ‚´´‘‡Õ∑ ·ø§‡µÕ√å (TNF receptor

associated factor (TRAF) protein family) ·≈–¬—ß àß

 —≠≠“≥ºà“π´’-øÕ  (c-Fos) ́ ÷Ëß‚ª√µ’π∑—Èß Õß™π‘¥π’È®–∑”

Àπâ“∑’Ë ”§—≠„π°“√‡Àπ’Ë¬«π”°“√· ¥ßÕÕ°¢Õßπ‘«‡§≈’¬√å

·ø§‡µÕ√å ÕÕø ·Õ§µ‘‡«∑ ∑’ ‡´≈≈å ´’1 À√◊Õ ‡ÕÁπ·ø∑´’1

(nuclear factor of activated T cell c1 À√◊Õ NFATc1)

´÷Ë ß‡ªìπ∑√“π §√‘ª™—Ëπ ·ø§‡µÕ√å À≈—°„π°“√§«∫§ÿ¡°“√

· ¥ßÕÕ°¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°

‚¥¬ ‡ÕÁπ·ø∑´’1 ®–‰ª°√–µÿâπ°“√· ¥ßÕÕ°¢Õß¬’π ”§—≠∑’Ë

· ¥ß§«“¡‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ° ‡™àπ ·∑√ª §“‡∑ª´‘π ‡§

·≈–µ—«√—∫·§≈´‘‚µπ‘π ‡ªìπµâπ (√Ÿª∑’Ë 2)30,31

ÕÕ µ‘‚Õ‚ª√∑’‡®Õ√‘π (osteoprotegerin; OPG)

À√◊Õ‚Õæ’®’

πÕ°®“°‡´≈≈å √â“ß°√–¥Ÿ°®– √â“ß·√ß§å‰≈·°π´÷Ëß‡°’Ë¬«

¢âÕß°—∫°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°·≈â« ‡´≈≈å √â“ß°√–¥Ÿ°¬—ß

 √â“ß·≈–À≈—Ëß‚ª√µ’π∑’Ë¡’™◊ËÕ«à“ÕÕ µ‘‚Õ‚ª√∑’‡®Õ√‘π À√◊Õ

‚Õæ’®’ ÷́Ëß®—¥Õ¬Ÿà„π°≈ÿà¡µ—«√—∫∑Ÿ‡¡Õ√å ‡π‚§√´‘  ·ø§‡µÕ√å ¡’

‚§√ß √â“ß§≈â“¬°—∫·√ß§å ·≈– “¡“√∂®—∫°—∫·√ß§å‰≈·°π∫π

º‘«‡´≈≈å ≈“¬°√–¥Ÿ° ´÷Ëß∑”Àπâ“∑’ËªÑÕß°—πÀ√◊Õ¬—∫¬—Èß°“√®—∫

°—π√–À«à“ß·√ß§å·≈–·√ß§å‰≈·°π ‡ªìπº≈„Àâ‡°‘¥°“√¬—∫¬—Èß

°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ° ®÷ß‡√’¬°‚Õæ’®’ «à“‡ªìπµ—«√—∫¥’§Õ¬¥å

(decoy receptor)
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æ’æ’‡ÕÕ“√å ·°¡¡“ °—∫æ—≤π“°“√¢Õß‡´≈≈å ≈“¬

°√–¥Ÿ°

¥—ß°≈à“«·≈â««à“‡´≈≈åµâπ°”‡π‘¥¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°π—Èπ

®–Õ¬Ÿà¿“¬„π‰¢°√–¥Ÿ°ª–ªπ°—π‰ª°—∫‡´≈≈åµâπ°”‡π‘¥¢Õß‡´≈≈å

 √â“ß‡¡Á¥‡≈◊Õ¥™π‘¥Õ◊ËπÊ ‚¥¬∑—Ë«‰ª·≈â«°“√·¬°‡´≈≈å √â“ß‡¡Á¥

‡≈◊Õ¥™π‘¥µà“ßÊ ÕÕ°®“°°—ππ—Èπ¡—°®–„™â√Ÿª·∫∫°“√· ¥ßÕÕ°

¢Õß‚¡‡≈°ÿ≈∑’Ë¡’§«“¡®”‡æ“– ‡™àπ ’́¥’33 (CD33 À√◊Õ

Siglec-3) ®–æ∫‰¥â„π‡´≈≈åµâπ°”‡π‘¥¢Õß‡¡Á¥‡≈◊Õ¥™π‘¥

‰¡Õ’≈Õ¬¥å32 ·µà‰¡àæ∫„π‡´≈≈åµâπ°”‡π‘¥¢Õß‡¡Á¥‡≈◊Õ¥™π‘¥

≈‘¡øÕ¬¥å „π¢≥–∑’Ë°“√· ¥ßÕÕ°¢Õß ’́¥’11∫’ (CD11b) ®–

„™â‡ªìπ¥√√™π’¢Õß‡´≈≈å∑’ËÕ¬Ÿà„π “¬«‘«—≤π“°“√¢Õß·¡§‚§√·ø®

(macrophage lineage) ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«°√“πŸ‚≈‰´µå·≈–

‡´≈≈å‡π™—≈√—≈ §‘≈‡≈Õ√å (natural killer cells)33  à«π´’¥’71

(CD71 À√◊Õ transferrin receptor protein-1) ·≈– ‡∑Õ√å119

(Ter119) ®–æ∫· ¥ßÕÕ°‡©æ“–„π‡´≈≈åµâπ°”‡π‘¥‡¡Á¥‡≈◊Õ¥

·¥ß ‡ªìπµâπ34 Õ¬à“ß‰√°Á¥’§ß¡’‡æ’¬ß√“¬ß“π«à“°“√· ¥ßÕÕ°

¢Õß¬’π æ’¬Ÿ1 ¡’§«“¡®”‡ªìπ ”À√—∫°“√æ—≤π“‡ªìπ‡´≈≈å ≈“¬

°√–¥Ÿ°21 ·≈–„πªí®®ÿ∫—π æ’¬Ÿ1 ∂Ÿ°„™â‡ªìπ¥√√™π’ ”À√—∫·¬°

‡´≈≈åµâπ°”‡π‘¥¢Õß‡¡Á¥‡≈◊Õ¥ÕÕ°®“°‡´≈≈å ‚µ√¡“¢Õß‰¢°√–¥Ÿ°

‡π◊ËÕß®“°°“√· ¥ßÕÕ°¢Õß æ’¬Ÿ1 ®–‰¡àæ∫„π‡´≈≈å ‚µ√¡“

¢Õß‰¢°√–¥Ÿ°

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡√Á«Ê π’È ¡’√“¬ß“π∑’Ë· ¥ß«à“ °“√

· ¥ßÕÕ°¢Õß¬’πæ’æ’‡ÕÕ“√å-·°¡¡“ ÷́Ëß‡ªìπ¬’π∑’Ë∑”Àπâ“∑’Ë

‡°’Ë¬«°—∫‡¡·∑∫Õ≈‘́ ÷¡¢Õß‰¢¡—π„π‡´≈≈åµâπ°”‡π‘¥¢Õß‡¡Á¥‡≈◊Õ¥

π—Èπ®”‡ªìπµàÕæ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ° ·≈–Õ“®®–

„™â‡ªìπ¥√√™π’∫àß™’È§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥¢Õß‡´≈≈å ≈“¬

°√–¥Ÿ°‰¥â ‡π◊ËÕß®“°¡’√“¬ß“π«à“‡´≈≈å„π‰¢°√–¥Ÿ°∑’Ë¡’°“√

· ¥ßÕÕ°¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“ ®–‡ªìπ‡´≈≈åµâπ°”‡π‘¥¢Õß

√Ÿª∑’Ë 3 °“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π‚¥¬æ’æ’‡ÕÕ“√å (PPAR)

æ’æ’‡ÕÕ“√å®–∑”ß“π√à«¡°—∫Õ“√å‡ÕÁ° ǻÕ“√å (RXR) À√◊Õµ—«√—∫¢Õß«‘µ“¡‘π‡Õ ‚¥¬æ’æ’‡ÕÕ“√å·≈–Õ“√å‡ÕÁ°´åÕ“√å®–®—∫§Ÿà°—π
„π ¿“«–∑’Ë∂Ÿ°°√–µÿâπ¥â«¬µ—«°√–µÿâπæ’æ’‡ÕÕ“√å (PPAR activator) ‡™àπ ¬“„π°≈ÿà¡‰∑‡Õ‚´≈‘¥’π¥‘‚Õπ ÷́Ëß„™â„πºŸâªÉ«¬
‚√§‡∫“À«“π™π‘¥∑’Ë 2 ·≈–«‘µ“¡‘π‡Õ (RA; retinoic acid) ‡ªìπµâπ À≈—ß®“°π—Èπ®–‡§≈◊ËÕπ‰ª®—∫°—∫ “¬æ—π∏ÿ°√√¡„π
µ”·Àπàß∑’Ë‡√’¬°«à“æ’æ’Õ“√åÕ’ (PPRE) ≈”¥—∫°√¥π‘«§≈‘Õ‘°¢Õßæ’æ’Õ“√åÕ’ §◊Õ AGGTCANAGGTCA ‚¥¬∑’Ë N Õ“®
‡ªìπ°√¥π‘«§≈‘Õ‘°µ—«„¥°Á‰¥â (A; Õ¥‘π’π, G; °—«π’π, C; ‰´‚∑´’π, T; ‰∑¡‘¥’π)

Fig. 3 Transcriptional function of PPAR

The function of PPAR requires the presence of RXR, a retinoic acid receptor. In the presence of PPAR
activator, such as thiazolidinedione (type II diabetes drug) and vitamin A (RA; retinoic acid) PPAR will
form heterodimer with RXR and bind to PPRE (PPAR responsive element). The sequence of PPRE is
AGGTCANAGGTCA while N could be any nucleic acid. (A; adenine, G; guanine, C; cytosine, T; thymidine)
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‡´≈≈å ≈“¬°√–¥Ÿ°35 ‚¥¬°≈ÿà¡«‘®—¬¥—ß°≈à“«‰¥âπ”‡ πÕÀ≈—°∞“π

„πÀπŸµ—¥µàÕæ—π∏ÿ°√√¡«à“°“√· ¥ßÕÕ°¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“

®”‡ªìπ ”À√—∫°“√§«∫§ÿ¡¿“«–§«“¡‡ªìπ‡´≈≈åµâπ°”‡π‘¥¢Õß

‡´≈≈å ≈“¬°√–¥Ÿ° ·≈– àß‡ √‘¡°“√·ª√ ¿“æ¢Õß‡´≈≈åµâπ

°”‡π‘¥„Àâ‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ°∑’Ë ¡∫Ÿ√≥å¥â«¬35

æ’æ’‡ÕÕ“√å-·°¡¡“ ‡ªìπ‚ª√µ’π„π°≈ÿà¡æ’æ’‡ÕÕ“√å

(PPAR) ́ ÷Ëß‡ªìπ°≈ÿà¡‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë§«∫§ÿ¡°“√· ¥ßÕÕ°

¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ àß‡ √‘¡°“√¥Ÿ¥´÷¡°√¥‰¢¡—π·≈–

°≈Ÿ‚§ ‡¢â“ Ÿà‡´≈≈å ‚¥¬‡©æ“–„π‡´≈≈åµ—∫·≈–‡´≈≈å°≈â“¡‡π◊ÈÕ

√«¡∑—Èß àß‡ √‘¡°“√ – ¡‰¢¡—π¿“¬„π‡´≈≈å‰¢¡—π (adipocyte)

√Ÿª∑’Ë 4 «‘π∑å°—∫°“√·ª√ ¿“æ‡ªìπ‡´≈≈å§≈â“¬‡´≈≈å √â“ß°√–¥Ÿ°

«‘π∑å‡ªìπ°≈ÿà¡‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë§«∫§ÿ¡æƒµ‘°√√¡¢Õß‡´≈≈åÀ≈“¬™π‘¥„π√à“ß°“¬ ‚¥¬®– àß —≠≠“≥‡¢â“ Ÿà‡´≈≈å‰¥â„π

 Õß≈—°…≥– §◊Õ ·∫∫·§‚ππ‘§Õ≈ ·≈– πÕπ-·§‚ππ‘§Õ≈ „π°“√ àß —≠≠“≥·∫∫·§‚ππ‘§Õ≈ A) „π¢≥–∑’Ë‰¡à¡’«‘π∑å

°“√∑”ß“π¢Õß‡Õπ‰´¡å®’‡Õ ‡§3∫’ (GSK3b) ®–∑”„Àâ‡°‘¥°“√∑”≈“¬¢Õß‚ª√µ’π‡∫µ“-§“‡∑π‘π ∑”„Àâ‰¡à¡’‡∫µ“-§“‡∑

π‘π‰ª‡Àπ’Ë¬«π”°“√· ¥ßÕÕ°¢Õß¬’π‡ªÑ“À¡“¬ B) „π¢≥–∑’Ë¡’«‘π∑å «‘π∑å®–®—∫°—∫µ—«√—∫∫πº‘«‡´≈≈å∑’Ë™◊ËÕ«à“ø√‘´‡ ‘́≈

(FZD) ·≈–·Õ≈Õ“√åæ’ (LRP) 5 À√◊Õ 6 ´÷Ëß®– àßº≈¬—∫¬—Èß°“√∑”ß“π¢Õß®’‡Õ ‡§3∫’ ‰¡à„Àâ‡°‘¥°“√∑”≈“¬¢Õß‚ª√µ’π

‡∫µ“-§“‡∑π‘π ®“°π—Èπ‡∫µ“-§“‡∑π‘π®–‡§≈◊ËÕπ‡¢â“π‘«‡§≈’¬ ‡æ◊ËÕ‡Àπ’Ë¬«π”°“√· ¥ßÕÕ°¢Õß¬’πÀ≈“¬™π‘¥ √«¡∑—Èß

¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√·ª√ ¿“æ‡ªìπ‡´≈≈å°√–¥Ÿ° ‚¥¬‡©æ“–√—ß§å2

Fig. 4 Wnt and osteogenic differentiation

Wnt is a group of proteins that regulate behavior of various cell types. Wnt generates signal in two major

pathways, canonical and noncanonical pathways. In canonical pathway, A) In the absence of Wnt,

beta-catenin was degraded by the glycogen synthesis kinase 3b (GSK3b). Therefore, the target gene was

repressed. B) In the presence of Wnt, Wnt will bind to its cell surface receptor, Frizzled (FZD) and Low

density lipoprotein receptor related protein (LRP)5 or LRP6 and inhibit GSK3b-induced beta-catenin

degradaton. Beta-catenin will subsequently move into the nucleus to induce the expression of osteogenic

differentiation related genes, especially RUNX2.
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æ’æ’‡ÕÕ“√å ª√–°Õ∫¥â«¬ ¡“™‘° 3 µ—« §◊Õ æ’æ’‡ÕÕ“√å-Õ—≈ø“

(PPAR-α) æ’æ’‡ÕÕ“√å-‡∫µ“/-‡¥≈µ“ (PPAR-β/-δ) ·≈–

æ’æ’‡ÕÕ“√å-·°¡¡“ ‚¥¬ ¡“™‘°∑—ÈßÀ¡¥∑”Àπâ“∑’Ë‡ªìπ∑√“π-

 §√‘ª™—Ëπ ·ø§‡µÕ√å ∑’Ë§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π‡ªÑ“À¡“¬

‚¥¬‰ª®—∫°—∫ “¬æ—π∏ÿ°√√¡„πµ”·Àπàß∑’Ë‡√’¬°«à“ æ’æ’Õ“√åÕ’

(PPRE; PPAR responsive element) ÷́Ëß®–æ∫Õ¬Ÿà∫π

‚ª√‚¡‡µÕ√å (promoter region) ¢Õß¬’π‡ªÑ“À¡“¬ æ’æ’

‡ÕÕ“√å®–µâÕß∑”ß“π√à«¡°—∫µ—«√—∫¢Õß«‘µ“¡‘π‡Õ (retinoic acid

receptor; RXR) „π°“√®—∫°—∫æ’æ’Õ“√åÕ’ ‡æ◊ËÕ°√–µÿâπ°“√

 √â“ßÕ“√å‡ÕÁπ‡Õπ”√À—  (mRNA) ¢Õß¬’π‡ªÑ“À¡“¬ (√Ÿª∑’Ë 3)

‚§√ß √â“ß¢Õß æ’æ’Õ“√åÕ’ ®–¡’≈”¥—∫¢Õß‡∫ ∑’Ë®”‡æ“– §◊Õ

AGGTCANAGGTCA ÷́Ëß®–‡ªìπ≈”¥—∫‡∫  È́” (direct

repeated sequence) ¢Õß 6 π‘«§≈’‚Õ‰∑¥å (hexanucleotides)

§◊Õ AGGTCA ‚¥¬∂Ÿ°§—Ëπ°≈“ß¥â«¬µ”·Àπàß N ´÷ËßÕ“®‡ªìπ

‡∫ µ—«„¥°Á‰¥â36,37

æ’æ’‡ÕÕ“√å-·°¡¡“ ¬—ß¡’∫∑∫“∑„π°“√§«∫§ÿ¡æ—≤π“°“√

¢Õß‡´≈≈åµâπ°”‡π‘¥™π‘¥¡’‡´π‰§¡å (mesenchymal stem cell)

¥â«¬ ‚¥¬∑”Àπâ“∑’Ë‡ ¡◊Õπµ—«¢—∫‡§≈◊ËÕπ„π°“√§«∫§ÿ¡°“√

·ª√ ¿“æ¢Õß‡´≈≈åµâπ°”‡π‘¥™π‘¥¡’‡´π‰§¡å „Àâ‡ªìπ‡´≈≈å

‰¢¡—π ·≈–¬—∫¬—Èß°“√·ª√ ¿“æ‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ° ·≈–

‡¡◊ËÕ‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“ „π‡´≈≈å √â“ß

°√–¥Ÿ° ·≈–‡´≈≈å √â“ß‡ âπ„¬ (fibroblast) æ∫«à“ “¡“√∂

‡Àπ’Ë¬«π”„Àâ‡´≈≈å‡ª≈’Ë¬π°≈—∫ (transdifferentiation) ‡ªìπ

‡´≈≈å‰¢¡—π‰¥â6-8

°“√∑’Ëæ’æ’‡ÕÕ“√å-·°¡¡“  “¡“√∂‡ª≈’Ë¬π‡´≈≈å √â“ß

°√–¥Ÿ°„Àâ·ª√ ¿“æ‡ªìπ‡´≈≈å‰¢¡—π‰¥âπ—Èπ· ¥ß«à“æ’æ’‡ÕÕ“√å-

·°¡¡“πà“®– “¡“√∂ àß —≠≠“≥¬—∫¬—Èß°“√∑”ß“π¢Õß¬’π∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√·ª√ ¿“æ‡ªìπ‡´≈≈å°√–¥Ÿ° (osteogenic

signaling pathway) ‰¥â º≈°“√»÷°…“æ∫«à“æ’æ’‡ÕÕ“√å-·°¡¡“

 “¡“√∂°¥°“√ √â“ß·≈–°“√∑”ß“π¢Õß¬’π√—ß§å2 (Runx2 À√◊Õ

Cbfa-1) ∑’Ë‡ªìπ‡ ¡◊Õπµ—«¢—∫‡§≈◊ËÕπ‡´≈≈åµâπ°”‡π‘¥™π‘¥¡’

‡´π‰§¡å „Àâ‡ªìπ‡´≈≈å √â“ß°√–¥Ÿ° ‚¥¬º≈°“√»÷°…“„π‡´≈≈å

 √â“ß°√–¥Ÿ° ‡ÕÁ¡´’3∑’3 (MC3T3) æ∫«à“ æ’æ’‡ÕÕ“√å-·°¡¡“

®–·¬àß®—∫√—ß§å2 ‡ªìπº≈„Àâ√—ß§å2 ‰ª®—∫°—∫ ‚Õ‡Õ Õ’ (OSE;

osteoblastic specific element) ∫π‚ª√‚¡‡µÕ√å¢Õß¬’π∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√ √â“ß°√–¥Ÿ°‰¥â≈¥≈ß ‡™àπ ÕÕ µ‘‚Õ·§≈ ‘́π

(osteocalcin)7 √«¡∑—Èß‡æ‘Ë¡°“√∑”ß“π¢Õß‡Õπ‰´¡å®’‡Õ ‡§3∫’

(GSK3b; glycogen synthesis kinase 3b) ∑”„Àâ àß‡ √‘¡

°“√∑”≈“¬¢Õß‚ª√µ’π‡∫µ“-§“‡∑π‘π (beta-catenin) ÷́Ëß

‡ªìπ‚¡‡≈°ÿ≈ ”§—≠„π°≈‰°°“√ àß —≠≠“≥¢Õß«‘π∑å‚ª√µ’π

(Wnt signaling pathway) ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‡´≈≈å°√–¥Ÿ°8

∫∑∫“∑¢Õß√—ß§å2 ·≈–‡∫µ“-§“‡∑π‘π „π°“√‡Àπ’Ë¬«π”°“√

‡°‘¥‡´≈≈å √â“ß°√–¥Ÿ° · ¥ß‰«â„π√Ÿª∑’Ë 4

√“¬ß“π„πÀπŸµ—¥µàÕæ—π∏ÿ°√√¡∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢Õß

¬’πæ’æ’‡ÕÕ“√å-·°¡¡“ ®–ª√“°Ø≈—°…≥–¢Õß¿“«–°√–¥Ÿ°

§≈â“¬À‘π ´÷Ëß‡ªìπ≈—°…≥–°“√· ¥ßÕÕ°∑’Ë§≈â“¬°—∫ÀπŸ∑’Ë¡’

§«“¡º‘¥ª°µ‘¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°4 ‚¥¬„π°“√∑¥≈Õß

¥—ß°≈à“«ºŸâ«‘®—¬‰¥âµ—¥µàÕ¬’π‡æ◊ËÕ§«∫§ÿ¡„Àâ¡’°“√∑”≈“¬æ’æ’

‡ÕÕ“√å-·°¡¡“ „π°≈ÿà¡‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥´÷Ëß‡ªìπ‡´≈≈åµâπ

°”‡π‘¥¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°‡∑à“π—Èπ ‚¥¬‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß

¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“„π‡´≈≈å¡’‡´π‰§¡å ‚¥¬°“√‡æ‘Ë¡°“√

· ¥ßÕÕ°¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“ „π‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥®–

∑”„Àâ®”π«π¢Õß‡´≈≈å ≈“¬°√–¥Ÿ° √«¡∑—ÈßÕ—µ√“°“√ Ÿ≠ ≈“¬

¢Õß°√–¥Ÿ°‡æ‘Ë¡ Ÿß¢÷Èπ4  π—∫ πÿπ«à“æ’æ’‡ÕÕ“√å-·°¡¡“Õ“®

®–∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥·≈–°“√∑”ß“π¢Õß‡´≈≈å

 ≈“¬°√–¥Ÿ°

πÕ°®“°π’Èß“π«‘®—¬¢Õß Wei ·≈–§≥– ¬—ßæ∫«à“‡´≈≈å

„π°≈ÿà¡‚¡‚π‰´µå-·¡§‚§√·ø® (monocyte-macrophage)

·≈–‡´≈≈å ≈“¬°√–¥Ÿ°∑’Ëæ—≤π“‡µÁ¡∑’Ë (mature osteoclast)

¿“¬„π‰¢°√–¥Ÿ°®–¡’°“√· ¥ßÕÕ°¢Õß¬’πæ’æ’‡ÕÕ“√å-·°¡¡“

„π√–¥—∫∑’Ë Ÿß ·≈–¬—ßæ∫«à“‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õßæ’æ’

‡ÕÕ“√å-·°¡¡“‡∑à“π—Èπ∑’Ë®– “¡“√∂µÕ∫ πÕßµàÕ°“√‡Àπ’Ë¬«

π”·≈–·ª√ ¿“æ‡ªìπ‡´≈≈å ≈“¬°√–¥Ÿ° ÷́Ëß π—∫ πÿπ

 ¡¡µ‘∞“π«à“ æ’æ’‡ÕÕ“√å-·°¡¡“ ∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√

‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°35

πÕ°®“°º≈∑’Ë¡’µàÕ‡´≈≈å ≈“¬°√–¥Ÿ°‚¥¬µ√ß·≈â« æ’æ’

‡ÕÕ“√å-·°¡¡“ ¬—ß¡’Õ‘∑∏‘æ≈µàÕ‡´≈≈å ≈“¬°√–¥Ÿ°ºà“π‡´≈≈å

 √â“ß°√–¥Ÿ°¥â«¬ ®“°°“√µ—¥µàÕæ—π∏ÿ°√√¡‡æ◊ËÕ°”Àπ¥„Àâ

æ’æ’‡ÕÕ“√å-·°¡¡“ ¡’°“√· ¥ßÕÕ°‡æ‘Ë¡¢÷Èπ„π‡´≈≈å √â“ß

°√–¥Ÿ°π—Èπ πÕ°®“°®–¡’º≈„Àâ®”π«π‡´≈≈å √â“ß°√–¥Ÿ°≈¥≈ß

·≈–¡’ª√‘¡“≥‡´≈≈å‰¢¡—π‡æ‘Ë¡¢÷Èπ38 ·≈â«¬—ßæ∫«à“ æ’æ’‡ÕÕ“√å-

·°¡¡“ ¡’º≈„π°“√‡æ‘Ë¡√–¥—∫°“√· ¥ßÕÕ°¢Õß‚Õæ’®’ ·≈–

∑”„Àâ —¥ à«π¢Õß·√ß§å‰≈·°πµàÕ‚Õæ’®’≈¥≈ß ÷́Ëßπà“®–∑”„Àâ

Õ—µ√“°“√ √â“ß‡´≈≈å ≈“¬°√–¥Ÿ°≈¥≈ß ‡°‘¥‡ªìπ¿“«–°√–¥Ÿ°
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§≈â“¬À‘π ´÷Ëßº≈¥—ß°≈à“«π’È¢—¥·¬âß°—∫º≈°“√‡æ‘Ë¡æ’æ’‡ÕÕ“√å-
·°¡¡“ „π‡´≈≈å‡¡Á¥‡≈◊Õ¥∑’Ë‰ª‡æ‘Ë¡®”π«π‡´≈≈å ≈“¬°√–¥Ÿ°
Õ¬à“ß‰√°Á¥’ ¬—ß‰¡à¡’§«“¡™—¥‡®π«à“ À“°°“√· ¥ßÕÕ°¢Õß
æ’æ’‡ÕÕ“√å-·°¡¡“ ‡æ‘Ë¡¢÷Èπ„π‡´≈≈å∑—Èß Õß°≈ÿà¡·≈â«®–¡’º≈
µàÕ‡´≈≈å ≈“¬°√–¥Ÿ°Õ¬à“ß‰√

∂÷ß·¡â«à“„πÀπŸµ—¥µàÕæ—π∏ÿ°√√¡∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢Õß
¬’πæ’æ’‡ÕÕ“√å-·°¡¡“ ®–ª√“°Ø≈—°…≥–¢Õß¿“«–°√–¥Ÿ°
§≈â“¬À‘π §≈â“¬°—∫ÀπŸ∑’Ë¡’§«“¡º‘¥ª°µ‘¢Õß°“√· ¥ßÕÕ°¢Õß
¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√æ—≤π“¢Õß‡´≈≈å ≈“¬°√–¥Ÿ° ‡™àπ
‡ÕÁ¡-´’‡Õ ‡Õø ·µà¬—ß‰¡à¡’°“√»÷°…“„¥∑’ËÕ∏‘∫“¬∂÷ß§«“¡
 —¡æ—π∏å¢Õß¬’πæ’æ’‡ÕÕ“√å-·°¡¡“°—∫¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
æ—≤π“¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°¥—ß°≈à“« Õ¬à“ß‰√°Á¥’®“°º≈¢Õß

√“¬ß“π«‘®—¬∫àß™’È«à“°≈‰°°“√∑”ß“π¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“

π—Èππà“®–‰¡à‡°’Ë¬«¢âÕß°—∫ —≠≠“≥®“°·√ß§å-·√ß§å‰≈·°π

(RANK-RANKL signaling pathway) À“°·µà∑”Àπâ“∑’Ë

„π°“√‡ √‘¡°“√· ¥ßÕÕ°¢Õß¬’π ’́-øÕ  ´÷Ëß‡ªìπÀπ÷Ëß„π¬’π

∑’Ë∑”Àπâ“∑’Ë ”§—≠„πæ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°¥—ß∑’Ë‰¥â

°≈à“«·≈â«¢â“ßµâπ „π√“¬ß“π‚¥¬ Wan ·≈–§≥– æ∫«à“

 —≠≠“≥®“°æ’æ’‡ÕÕ“√å-·°¡¡“ ®–¡’ à«π ”§—≠„π°“√

 àß‡ √‘¡°“√· ¥ßÕÕ°¢Õß ’́-øÕ  ·≈–°“√¢“¥ —≠≠“≥®“°

æ’æ’‡ÕÕ“√å-·°¡¡“ ®–∑”„Àâ°“√· ¥ßÕÕ°¢Õß ’́-øÕ  ‰¡à

‡æ’¬ßæÕ„π°“√‡Àπ’Ë¬«π”æ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°‚¥¬

·√ß§å‰≈·°π4 (√Ÿª∑’Ë 5A)

√Ÿª∑’Ë 5 æ’æ’‡ÕÕ“√å-·°¡¡à“ ·≈–°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°

A) ·√ß§å‰≈·°π°√–µÿâπ°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°ºà“π∑√“ø6 ·≈– ’́-øÕ  ́ ÷Ëß®–‰ª‡Àπ’Ë¬«π”°“√· ¥ßÕÕ°¢Õß‡ÕÁπ·ø∑

´’1 ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫‡´≈≈å ≈“¬°√–¥Ÿ°‚¥¬ —≠≠“≥®“°æ’æ’‡ÕÕ“√å-·°¡¡à“®”‡ªìπµàÕ°“√‡æ‘Ë¡ª√‘¡“≥ ́ ’-øÕ 

B) °≈ÿà¡‚ª√µ’πæ’æ’‡ÕÕ“√å-·°¡¡à“/Õ“√å‡ÕÁ°´åÕ“√å®–°¥°“√∑”ß“π¢Õß ‡∫µ“-§“‡∑π‘π ¡’º≈∑”„Àâ°“√· ¥ßÕÕ°¢Õß æ’®’́ ’1

‡∫µ“‡æ‘Ë¡¢÷Èπ ®“°π—Èπ æ’®’́ ’1 ‡∫µ“ ®–∑”Àπâ“∑’Ë àß‡ √‘¡æ’æ’‡ÕÕ“√å-·°¡¡à“„π°“√‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß ’́-øÕ  ·≈–

∑”ß“π√à«¡°—∫Õ’Õ“√åÕ“√å·Õ≈øÉ“„π°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬

Fig. 5 PPAR-γ requires for NFATc1 induction

A) RANKL induces osteoclastogenesis via TRAF-6 and c-Fos leading to the activation of NFATc-1 and

up-regulation of osteoclast-related genes. The signal form PPAR-γ is needed for the c-fos expression.

B) PPAR-γ/RXR complex inhibits the function of beta-catenin resulting in the up-regulation of PGC1β

expression. PGC1b will support the action of PPAR-γ in the up-regulation of c-Fos and ERRα in

mitochondria synthesis.
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º≈¢Õßæ’æ’‡ÕÕ“√å-·°¡¡“ „π°“√· ¥ßÕÕ°¢Õß ’́-øÕ 

π—Èπ®–‡°‘¥ºà“π‚¡‡≈°ÿ≈æ’®’´’-1‡∫µ“ (PGC-1β; peroxisome

proliferator-activated receptor-gamma coactivator 1 beta

À√◊Õ PPARgc1β) ÷́Ëß‡ªìπ‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë§«∫§ÿ¡¬’π∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬ ·≈–°√–µÿâπ°“√À“¬„®

¢Õß‡´≈≈å39-42 §«“¡º‘¥ª°µ‘¢Õß°“√∑”ß“π¢Õßæ’®’́ ’-1‡∫µ“

®–∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘„πæ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°

‡π◊ËÕß®“°§«“¡º‘¥ª°µ‘¢Õß ’́-øÕ  √«¡∑—Èß§«“¡º‘¥æ≈“¥„π

°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬43 (√Ÿª∑’Ë 5B) „π°√≥’¢Õß°“√‡°‘¥‡´≈≈å

 ≈“¬°√–¥Ÿ° æ∫«à“ —≠≠“≥®“°æ’æ’‡ÕÕ“√å-·°¡¡“ ®–‡æ‘Ë¡

°“√· ¥ßÕÕ°¢Õßæ’®’´’-1‡∫µ“ ‚¥¬°“√°√–µÿâπ°“√∑”≈“¬

‡∫µ“-§“‡∑π‘π ´÷Ëß®–∑”„Àâª√‘¡“≥¢Õßæ’®’´’-1‡∫µ“ ‡æ‘Ë¡¢÷Èπ

‡π◊ËÕß®“°‚¥¬ª°µ‘·≈â« ‡∫µ“-§“‡∑π‘π®–°¥°“√· ¥ßÕÕ°¢Õß

æ’®’́ ’-1‡∫µ“ ®“°π—Èπæ’®’́ ’-1‡∫µ“ ®–∑”Àπâ“∑’Ë‡ªìπµ—«§«∫§ÿ¡
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°“√· ¥ßÕÕ°¢Õß´’-øÕ  ·≈–¬—ßæ∫«à“æ’æ’‡ÕÕ“√å-·°¡¡“

®–‡æ‘Ë¡°“√· ¥ßÕÕ°¢ÕßÕ’Õ“√åÕ“√å·Õ≈ø“ (ERRα; estro-

gen-related receptor alpha) ÷́Ëß®–∑”ß“π√à«¡°—π°—∫æ’®’´’-

1‡∫µ“ „π°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬44

„π ¿“«–∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢Õßæ’®’́ ’-1‡∫µ“ „πÀâÕß

ªØ‘∫—µ‘°“√®–æ∫§«“¡∫°æ√àÕß¢Õß°“√‡°‘¥‡´≈≈å ≈“¬°√–¥Ÿ°

„π¢≥–∑’ËÀπŸ∑’Ë‰¡à¡’æ’®’´’-1‡∫µ“ ®–æ∫°“√‡æ‘Ë¡¡«≈°√–¥Ÿ°

 π—∫ πÿπ§«“¡ ”§—≠¢Õßæ’®’́ ’-1‡∫µ“ „π‡´≈≈å ≈“¬°√–¥Ÿ°43

πÕ°®“°π’È „πÀπŸ∑’Ë‰¡à¡’°“√· ¥ßÕÕ°¢ÕßÕ’Õ“√åÕ“√å·Õ≈ø“

°Áæ∫≈—°…≥–¢Õß¿“«–°√–¥Ÿ°§≈â“¬À‘π‡™àπ°—π45 ´÷Ëß· ¥ß«à“
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Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬

 √ÿª

‡´≈≈å ≈“¬°√–¥Ÿ° ‡ªìπ‡´≈≈å∑’Ë∑”Àπâ“∑’Ë ”§—≠„π°“√

ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß¢Õß°√–¥Ÿ°„Àâ‡À¡“– ¡°—∫°“√∑”Àπâ“∑’Ë

‚¥¬¡’°”‡π‘¥®“°‡´≈≈åµâπ°”‡π‘¥¢Õß‡¡Á¥‡≈◊Õ¥„π°≈ÿà¡‚¡‚π‰´µå-

·¡§‚§√·ø® À≈—°∞“π®“°√“¬ß“π«‘®—¬≈à“ ÿ¥· ¥ß„Àâ‡ÀÁπ«à“

æ’æ’‡ÕÕ“√å-·°¡¡“ ∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‡´≈≈å ≈“¬

°√–¥Ÿ° ‚¥¬°“√ π—∫ πÿπ°“√‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß´’-øÕ 

·≈–°“√ √â“ß‰¡‚µ§Õπ‡¥√’¬ πÕ°®“°π’Èæ’æ’‡ÕÕ“√å-·°¡¡“

¬—ß∑”Àπâ“∑’Ë ”§—≠„πæ—≤π“°“√¢Õß‡´≈≈å‰¢¡—π √«¡∑—Èß°“√

¬—∫¬—Èß°“√‡°‘¥‡´≈≈å √â“ß°√–¥Ÿ°ºà“π∑“ß°“√√∫°«π —≠≠“≥

¢Õß«‘π∑å ·≈– √—ß§å2 ®“°À≈—°∞“π¥—ß°≈à“«π’È∫àß™’È∂÷ß§«“¡

 —¡æ—π∏å¢Õß°√–¥Ÿ°·≈–‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π ·≈–Õß§å§«“¡√Ÿâπ’È®–

‡ªìπæ◊Èπ∞“π ”§—≠„π°“√æ—≤π“¬“·≈–°≈‰°„π°“√√—°…“‚√§

∑“ß°√–¥Ÿ°·≈–‡¡·∑∫Õ≈‘´÷¡µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

∫∑§«“¡ª√‘∑—»πåπ’È‰¥â√—∫°“√ π—∫ πÿπ®“°∑ÿπ°Õß∑ÿπ

√—™¥“¿‘‡…° ¡‚¿™ ªï∑’Ë 1 ·≈–¢Õ¢Õ∫æ√–§ÿ≥»“ µ√“®“√¬å

∑—πµ·æ∑¬å ¥√.ª√– ‘∑∏‘Ï ¿« —πµå ∑’Ë°√ÿ≥“ ≈–‡«≈“„Àâ¢âÕ

‡ πÕ·π– µ√«®∑“π·≈–·°â‰¢¢âÕ∫°æ√àÕß ∑”„Àâ∫∑§«“¡π’È

 ”‡√Á®≈ÿ≈à«ß‰ª‰¥â¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß

1. Dai S, Abu-Amer W, Karuppaiah K, Abu-Amer

Y. Evidence that the kinase-truncated c-Src

regulates NF-kappaB signaling by targeting NEMO.

J Cell Biochem. 2011;112:2463-70.

2. Tu Q, Zhang J, Dong LQ, Saunders E, Luo E,

Tang J, et al. Adiponectin inhibits osteoclastogenesis

and bone resorption via APPL1-mediated suppres-

sion of Akt1. J Biol Chem. 2011;286:12542-53.

3. Walsh MC, Kim GK, Maurizio PL, Molnar EE,

Choi Y. TRAF6 autoubiquitination-independent

activation of the NF kappaB and MAPK pathways

in response to IL-1 and RANKL. PLoS One. 2008;

3:e4064.

4. Wan Y, Chong LW, Evans RM. PPAR-gamma

regulates osteoclastogenesis in mice. Nat Med.

2007;13:1496-503.

5. Rangwala SM, Lazar MA. Peroxisome proliferator-

activated receptor gamma in diabetes and

metabolism. Trends Pharmacol Sci. 2004;25:331-6.

6. Lecka-Czernik B, Gubrij I, Moerman EJ, Kajkenova



« ∑—πµ ®ÿÃ“œ 2556;36:207-20 «√√≥∏‘¥“ »√’Õ“® 217

O, Lipschitz DA, Manolagas SC, et al. Inhibition

of Osf2/Cbfa1 expression and terminal osteoblast

differentiation by PPARgamma2. J Cell Biochem.

1999;74:357-71.

7. Jeon MJ, Kim JA, Kwon SH, Kim SW, Park KS,

Park SW, et al. Activation of peroxisome

proliferator-activated receptor-gamma inhibits the

Runx2-mediated transcription of osteocalcin in

osteoblasts. J Biol Chem. 2003;278:23270-7.

8. Liu J, Farmer SR. Regulating the balance between

peroxisome proliferator-activated receptor gamma

and beta-catenin signaling during adipogenesis.

A glycogen synthase kinase 3beta phosphorylation-

defective mutant of beta-catenin inhibits expres-

sion of a subset of adipogenic genes. J Biol Chem.

2004;279:45020-7.

9. Roodman GD. Osteoclast differentiation. Crit Rev

Oral Biol Med. 1991;2:389-409.

10. Minkin C. Bone acid phosphatase: tartrate-resistant

acid phosphatase as a marker of osteoclast function.

Calcif Tissue Int. 1982;34:285-90.

11. Guo C, Hou GQ, Li XD, Xia X, Liu DX, Huang

DY, et al. Quercetin triggers apoptosis of

lipopolysaccharide (LPS)-induced osteoclasts

and inhibits bone resorption in RAW264.7 cells.

Cell Physiol Biochem. 2012;30:123-36.

12. Kirstein B, Chambers TJ, Fuller K. Secretion of

tartrate-resistant acid phosphatase by osteoclasts

correlates with resorptive behavior. J Cell Biochem.

2006;98:1085-94.

13. Rousselle AV, Heymann D. Osteoclastic acidifi-

cation pathways during bone resorption. Bone.

2002;30:533-40.

14. Sasaki T, Hong MH, Udagawa N, Moriyama Y.

Expression of vacuolar H(+)-ATPase in osteoclasts

and its role in resorption. Cell Tissue Res. 1994;278:

265-71.

15. Kim AR, Kim HS, Lee JM, Choi JH, Kim SN,

Kim do K, et al. Arctigenin suppresses receptor

activator of nuclear factor kappaB ligand

(RANKL)-mediated osteoclast differentiation in

bone marrow-derived macrophages. Eur J

Pharmacol. 2012;682:29-36.

16. Kim BG, Kwak HB, Choi EY, Kim HS, Kim MH,

Kim SH, et al. Amorphigenin inhibits Osteoclast

differentiation by suppressing c-Fos and nuclear

factor of activated T cells. Anat Cell Biol. 2010;

43:310-6.

17. Blavier L, Delaisse JM. Matrix metalloproteinases

are obligatory for the migration of preosteoclasts

to the developing marrow cavity of primitive long

bones. J Cell Sci. 1995;108 (Pt 12):3649-59.

18. Gowen M, Lazner F, Dodds R, Kapadia R, Feild J,

Tavaria M, et al. Cathepsin K knockout mice

develop osteopetrosis due to a deficit in matrix

degradation but not demineralization. J Bone Miner

Res. 1999;14:1654-63.

19. Engsig MT, Chen QJ, Vu TH, Pedersen AC,

Therkidsen B, Lund LR, et al. Matrix metallo-

proteinase 9 and vascular endothelial growth

factor are essential for osteoclast recruitment into

developing long bones. J Cell Biol. 2000;151:879-89.

20. Kwon OH, Lee CK, Lee YI, Paik SG, Lee HJ. The

hematopoietic transcription factor PU.1 regulates

RANK gene expression in myeloid progenitors.

Biochem Biophys Res Commun. 2005;335:437-46.

21. Tondravi MM, McKercher SR, Anderson K,

Erdmann JM, Quiroz M, Maki R, et al. Osteo-

petrosis in mice lacking haematopoietic transcription

factor PU.1. Nature. 1997;386:81-4.

22. Woo KM, Kim HM, Ko JS. Macrophage colony-

stimulating factor promotes the survival of osteoclast

precursors by up-regulating Bcl-X(L). Exp Mol

Med. 2002;34:340-6.



CU Dent J. 2013;36:207-20Sriarj W218

23. Kitaura H, Zhou P, Kim HJ, Novack DV, Ross FP,

Teitelbaum SL. M-CSF mediates TNF-induced

inflammatory osteolysis. J Clin Invest. 2005;115:

3418-27.

24. Abboud SL, Woodruff K, Liu C, Shen V, Ghosh-

Choudhury N. Rescue of the osteopetrotic defect

in op/op mice by osteoblast-specific targeting of

soluble colony-stimulating factor-1. Endocrinology.

2002;143:1942-9.

25. Yao GQ, Wu JJ, Sun BH, Troiano N, Mitnick MA,

Insogna K. The cell surface form of colony-

stimulating factor-1 is biologically active in bone in

vivo. Endocrinology. 2003;144:3677-82.

26. Hsu H, Lacey DL, Dunstan CR, Solovyev I,

Colombero A, Timms E, et al. Tumor necrosis factor

receptor family member RANK mediates osteoclast

differentiation and activation induced by osteopro-

tegerin ligand. Proc Natl Acad Sci USA. 1999;96:

3540-5.

27. Anderson DM, Maraskovsky E, Billingsley WL,

Dougall WC, Tometsko ME, Roux ER, et al. A

homologue of the TNF receptor and its ligand

enhance T-cell growth and dendritic-cell function.

Nature. 1997;390:175-9.

28. Hasegawa T, Yoshimura Y, Kikuiri T, Yawaka Y,

Takeyama S, Matsumoto A, et al. Expression of

receptor activator of NF-kappa B ligand and

osteoprotegerin in culture of human periodontal

ligament cells. J Periodontal Res. 2002;37:405-11.

29. Quinn JM, Horwood NJ, Elliott J, Gillespie MT,

Martin TJ. Fibroblastic stromal cells express

receptor activator of NF-kappa B ligand and

support osteoclast differentiation. J Bone Miner Res.

2000;15:1459-66.

30. Matsuo K, Galson DL, Zhao C, Peng L, Laplace

C, Wang KZ, et al. Nuclear factor of activated

T-cells (NFAT) rescues osteoclastogenesis in

precursors lacking c-Fos. J Biol Chem. 2004;279:

26475-80.

31. Takayanagi H, Kim S, Koga T, Nishina H, Isshiki

M, Yoshida H, et al. Induction and activation of

the transcription factor NFATc1 (NFAT2)

integrate RANKL signaling in terminal differen-

tiation of osteoclasts. Dev Cell. 2002;3:889-901.

32. Garnache-Ottou F, Chaperot L, Biichle S, Ferrand

C, Remy-Martin JP, Deconinck E, et al. Expression

of the myeloid-associated marker CD33 is not an

exclusive factor for leukemic plasmacytoid dendritic

cells. Blood. 2005;105:1256-64.

33. Fagerholm SC, Varis M, Stefanidakis M, Hilden

TJ, Gahmberg CG. alpha-Chain phosphorylation

of the human leukocyte CD11b/CD18 (Mac-1)

integrin is pivotal for integrin activation to bind

ICAMs and leukocyte extravasation. Blood. 2006;

108:3379-86.

34. Fraser ST, Isern J, Baron MH. Maturation and

enucleation of primitive erythroblasts during mouse

embryogenesis is accompanied by changes in

cell-surface antigen expression. Blood. 2007;109:

343-52.

35. Wei W, Zeve D, Wang X, Du Y, Tang W, Dechow

PC, et al. Osteoclast progenitors reside in the

peroxisome proliferator-activated receptor gamma-

expressing bone marrow cell population. Mol Cell

Biol. 2011;31:4692-705.

36. Targett-Adams P, McElwee MJ, Ehrenborg E,

Gustafsson MC, Palmer CN, McLauchlan J. A

PPAR response element regulates transcription of

the gene for human adipose differentiation-related

protein. Biochim Biophys Acta. 2005;1728:95-104.

37. Kersten S, Desvergne B, Wahli W. Roles of PPARs

in health and disease. Nature. 2000;405:421-4.

38. Cho SW, Yang JY, Her SJ, Choi HJ, Jung JY, Sun

HJ, et al. Osteoblast-targeted overexpression of



« ∑—πµ ®ÿÃ“œ 2556;36:207-20 «√√≥∏‘¥“ »√’Õ“® 219

PPARgamma inhibited bone mass gain in male mice

and accelerated ovariectomy-induced bone loss

in female mice. J Bone Miner Res. 2011;26:

1939-52.

39. Kamei Y, Ohizumi H, Fujitani Y, Nemoto T, Tanaka

T, Takahashi N, et al. PPARgamma coactivator

1beta/ERR ligand 1 is an ERR protein ligand, whose

expression induces a high-energy expenditure and

antagonizes obesity. Proc Natl Acad Sci USA.

2003;100:12378-83.

40. Lelliott CJ, Medina-Gomez G, Petrovic N, Kis A,

Feldmann HM, Bjursell M, et al. Ablation of

PGC-1beta results in defective mitochondrial

activity, thermogenesis, hepatic function, and

cardiac performance. PLoS Biol. 2006;4:e369.

41. Lai L, Leone TC, Zechner C, Schaeffer PJ, Kelly

SM, Flanagan DP, et al. Transcriptional coactivators

PGC-1alpha and PGC-lbeta control overlapping

programs required for perinatal maturation of the

heart. Genes Dev. 2008;22:1948-61.

42. Wei W, Wang X, Yang M, Smith LC, Dechow

PC, Sonoda J, et al. PGC1beta mediates PPAR

gamma activation of osteoclastogenesis and

rosiglitazone-induced bone loss. Cell Metab. 2010;

11:503-16.

43. Ishii KA, Fumoto T, Iwai K, Takeshita S, Ito M,

Shimohata N, et al. Coordination of PGC-1beta

and iron uptake in mitochondrial biogenesis and

osteoclast activation. Nat Med. 2009;15:259-66.

44. Wan Y. PPARgamma in bone homeostasis. Trends

Endocrinol Metab. 2010;21:722-8.

45. Delhon I, Gutzwiller S, Morvan F, Rangwala S,

Wyder L, Evans G, et al. Absence of estrogen

receptor-related-alpha increases osteoblastic

differentiation and cancellous bone mineral

density. Endocrinology. 2009;150:4463-72.



CU Dent J. 2013;36:207-20Sriarj W220

Role of PPAR-γ in regulating

osteoclastogenesis

Wantida Sriarj D.D.S. (Hons), Higher. Grad. Dip. (Pediatric Dentistry), Ph.D.

Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University

Abstract

Osteoclasts are cells that play a crucial role in bone remodeling. These cells are derived from
monocyte-macrophage lineage of hematopoietic stem cells in bone marrow. RANK-RANKL
interaction has been demonstrated to be a key mechanism of osteoclastogenesis, however, recent
reports revealed the novel role of peroxisome proliferator-activated receptor gamma (PPAR-γ) in the
regulation of osteoclast formation. In this review, the novel function of PPAR-γ in osteoclastogenesis
will be discussed. Generally, PPAR-γ has been known to play a role in metabolism of glucose and
lipid, including promotes adipocyte differentiation and inhibits osteoblast differentiation. Evidence
suggested that PPAR-γ could also work in accordance with RANK-RANKL system in regulating
osteoclastogenesis. The novel function of PPAR-γ will not only expands our knowledge in the
mechanism of osteoclastogenesis but also suggests the correlation between glucose metabolism and
osteoclast formation.

(CU Dent J. 2013;36:207-20)
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