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

®–∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘„πæ—≤π“°“√¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°
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®–‡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°
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 π—∫ πÿπ§«“¡ ”§—≠¢Õßæ’®’́ ’-1‡∫µ“ „π‡´≈≈å ≈“¬°√–¥Ÿ°43
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Role of PPAR-γ in regulating

osteoclastogenesis

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