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∫∑§—¥¬àÕ
‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‡ªìπ‚ª√∑’‚Õ‰°≈·§π å∑’Ë —ß‡§√“–Àå‰¥â‚¥¬‡´≈≈å

∑ÿ°™π‘¥„π —µ«å∑’Ë¡’·≈–‰¡à¡’°√–¥Ÿ° —πÀ≈—ß ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’Àπâ“∑’Ë
 ”§—≠„π°“√ß“πÀ≈“°À≈“¬™π‘¥¢Õß‡´≈≈å ‡™àπ ¡’ à«π‡°’Ë¬«¢âÕß„π°“√®—∫°—π√–À«à“ß‡´≈≈å
¥â«¬°—π‡Õß·≈–°“√®—∫°—π√–À«à“ß‡´≈≈å°—∫‡¡∑√‘° ǻπÕ°‡´≈≈å °“√‡æ‘Ë¡®”π«π‡´≈≈å °“√‡§≈◊ËÕπ
¬â“¬¢Õß‡´≈≈å ·≈–°√–∫«π°“√‡°‘¥æ¬“∏‘ ¿“æµà“ß Ê °“√»÷°…“«‘®—¬‡°’Ë¬«°—∫‡Œææ“·√π
—́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å ¡’∑—Èß·ßà¢Õß≈—°…≥–‚§√ß √â“ß °√–∫«π°“√‡¡µ“‚∫≈‘́ ÷¡·≈–Àπâ“∑’Ë

¿“¬„π‡´≈≈å ‚¥¬∑—Ë«‰ª‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å “¡“√∂·∫àß‡ªìπ Õß™π‘¥ ‰¥â·°à
‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’Ë∂Ÿ°ª≈àÕ¬Õ¬ŸàπÕ°‡´≈≈å ‡™àπ ‡æÕ√å≈’·§π·≈–Õ–°√‘π ‡ªìπµâπ
·≈–∑’Ëµ‘¥Õ¬Ÿà∫πº‘«‡´≈≈å ‡™àπ ‘́π¥’·§π·≈–‰°≈æ‘·§π ‡ªìπµâπ „π∫∑§«“¡π’È®–°≈à“«‡©æ“–
‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’Ëµ‘¥Õ¬Ÿà∫πº‘«‡´≈≈å‡∑à“π—Èπ ÷́Ëß “¡“√∂·∫àß‡ªìπ Õß°≈ÿà¡
‚¥¬„™â≈—°…≥–°“√¬÷¥‡°“–¢Õß‚¡‡≈°ÿ≈¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫π‡¬◊ËÕÀÿâ¡‡´≈≈å
‰¥â·°à °≈ÿà¡∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ·≈–°≈ÿà¡∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§-
‘́≈øÕ ø“∑‘¥‘≈Õ‘π‚π ‘́∑Õ≈‡°’Ë¬«Õ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈å ∑—Èß Õß°≈ÿà¡π’È·µ°µà“ß°—π„π°√–∫«π°“√

 √â“ß °“√ ≈“¬µ—« ·≈–Àπâ“∑’Ë §«“¡√Ÿâ∑’Ë‰¥â®“°°“√»÷°…“‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
∫πº‘«‡´≈≈å “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π°“√æ—≤π“·π«∑“ß„π°“√√—°…“‚√§µà“ß Ê √«¡∑—ÈßÕ“®
„™â‡ªìπ‡§√◊ËÕß¡◊Õ∫àß™’È„π°“√«‘π‘®©—¬·≈–°“√æ—≤π“°“√¢Õß‚√§‰¥â

∫∑π”

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å (heparan sulfate proteoglycans, HSPGs) ‡ªìπ‚¡‡≈-
°ÿ≈∑’Ë¡’Õ¬Ÿà„π‡´≈≈å∑ÿ°™π‘¥¢Õß —µ«å¡’·≈–‰¡à¡’°√–¥Ÿ° —πÀ≈—ß π—Ëπ· ¥ß„Àâ‡ÀÁπ«à“ ‡Œææ“·√π-
—́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’∫∑∫“∑ ”§—≠„π°‘®°√√¡µà“ß Ê ¢Õß‡´≈≈å ‡™àπ ªØ‘ —¡æ—π∏å¢Õß°“√

¬÷¥‡°“–°—π√–À«à“ß‡´≈≈å (cell-cell interaction) ªØ‘ —¡æ—π∏å¢Õß°“√¬÷¥‡°“–°—π√–À«à“ß‡´≈≈å
°—∫‡¡∑√‘° ǻ (cell-matrix interaction) °“√‡æ‘Ë¡®”π«π‡´≈≈å (cell proliferation) °“√‡§≈◊ËÕπ¬â“¬
¢Õß‡´≈≈å (cell migration) ·≈–°√–∫«π°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å (cell growth processes) ‡ªìπµâπ
πÕ°®“°π’È ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß¡’∫∑∫“∑„π°√–∫«π°“√‡°‘¥‚√§ (pathological
processes) ‰¥âÕ’°¥â«¬ ‡™àπ ‚√§Œ’√’¥‘∑“√’¡—≈µ‘‡ªî≈‡ÕÁ°´Õ ‚∑ ’́  (Hereditary multiple exostoses,
HMS)2 ‚√§ ‘́¡ªá́ —π°Õ≈“‰∫‡∫Àå‡¡≈ ‘́π‚¥√¡ (Simpson-Golabi-Behmel syndrome, SGBS)2,3 ·≈–
°√–∫«π°“√µ‘¥‡™◊ÈÕ‰«√—  (viral infection)4,5 ‡ªìπµâπ ®“°∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ ∑”„Àâ¡’ºŸâ π„®
»÷°…“∫∑∫“∑¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π·ßà¡ÿ¡µà“ß Ê Õ¬à“ß°«â“ß¢«“ß ‡√‘Ë¡
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µ—Èß·µà‡√◊ËÕß¢Õß≈—°…≥–‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈ °√–∫«π°“√‡¡µ“-
‚∫≈‘´÷¡ (metabolism) ·≈–∫∑∫“∑Àπâ“∑’Ëµà“ß Ê ¢Õß‡Œææ“·√π-
—́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π‡´≈≈å

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å·∫àß‰¥â 2 ™π‘¥¥—ßπ’È ™π‘¥
∑’ËÕ¬ŸàπÕ°‡´≈≈å ‡™àπ ‡æÕ√å≈’·§π (perlecan) ·≈–Õ–°√‘π (agrin) ‡ªìπµâπ
·≈–™π‘¥∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å ‡™àπ ́ ‘π¥’·§π (syndecan) ·≈–‰°≈æ‘·§π
(glypican) ‡ªìπµâπ1 ´÷Ëß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë
Õ¬ŸàπÕ°‡´≈≈å·≈–∫πº‘«‡´≈≈å∑”Àπâ“∑’Ë·µ°µà“ß°—πÕÕ°‰ª „π∑’Ëπ’È
¢Õ°≈à“«∂÷ß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å
‡∑à“π—Èπ ‚¥¬‡πâπ∑’Ë‚§√ß √â“ß °“√ √â“ß·≈–°“√ ≈“¬ ∫∑∫“∑·≈–
Àπâ“∑’Ë¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å ∑—Èß„π‡π◊ÈÕ‡¬◊ËÕ
∑—Ë«‰ª·≈–‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“° √«¡∑—Èß°“√π”§«“¡√Ÿâ¡“ª√–¬ÿ°µå„™â„π
ªí®®ÿ∫—π

1. ‚§√ß √â“ß·≈–™π‘¥¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈
·§π å∫πº‘«‡´≈≈å1

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å·∫àß
‡ªìπ°≈ÿà¡¬àÕ¬µ“¡™π‘¥¢Õß‚¡‡≈°ÿ≈∑’Ë‡°“–°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥â 2 °≈ÿà¡
‰¥â·°à °≈ÿà¡∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π¢Õß‡Œææ“·√π´—≈‡øµ
‚ª√∑’‚Õ‰°≈·§π å ·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å (transmembrane HSPGs)
‡™àπ °≈ÿà¡ ‘́π¥’·§π (√Ÿª∑’Ë 1A) ·≈–°≈ÿà¡∑’Ë¬÷¥‡°“–∫πº‘«‡´≈≈å¥â«¬
‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π‚π´‘∑Õ≈ (glycosylphosphatidylinositol
(GPI-anchored) ∫π‚ª√µ’π¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
‡™àπ °≈ÿà¡‰°≈æ‘·§π (√Ÿª∑’Ë 1B) ‚§√ß √â“ßÀ≈—°¢Õß‡Œææ“·√π-
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑—Èß Õß°≈ÿà¡π’Èª√–°Õ∫¥â«¬‚ª√µ’π (protein
core)  “¬‚Õ≈‘‚°·´§§“‰√¥å (oligosaccharide) ·≈– “¬‚æ≈’·´§
§“‰√¥å (polysaccharide) ∑’Ë‡√’¬°«à“ ‰°≈‚§´“¡‘‚π‰°≈·§π (glyco-
saminoglycan, GAG) ™π‘¥‡Œææ“·√π —́≈‡øµ (heparan sulfate, HS)
´÷Ëßª√–°Õ∫¥â«¬‚¡‡≈°ÿ≈§Ÿà¢ÕßπÈ”µ“≈‡ÕÁπ-·Õ´’∑‘≈°≈Ÿ‚§´“¡’π (N-
acetylglucosamine, GlcNAc) ·≈–πÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘° (glucuronic
acid, GlcA) µàÕ È́”°—π‰ª‡ªìπ “¬¬“«

1.1 ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥
‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬ à«π
¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡ à«π„À≠à
‡ªìπ°≈ÿà¡¢Õß´‘π¥’·§π „π∑’Ëπ’È®÷ß¢Õ„™â´‘π¥’·§π‡ªìπµ—«·∑π¢Õß
‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß
‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ‚¥¬„πªí®®ÿ∫—πæ∫´‘π¥’·§π∑—ÈßÀ¡¥ 4
™π‘¥ ‰¥â·°à ́ ‘π¥’·§π 1-46 ‚¥¬¡’ à«πª√–°Õ∫¢Õß‚ª√µ’π¢π“¥ 20-
40 °‘‚≈¥—≈µ—π (kilodalton) ·∫àß‡ªìπ à«π¬àÕ¬ Ê ¥—ßπ’È

1.1.1  à«π∑’ËÕ¬Ÿà¿“¬πÕ°‡´≈≈å
 à«ππ’È‡ªìπ à«π∑’ËÕ¬ŸàπÕ°‡¬◊ËÕÀÿâ¡‡´≈≈å∑’Ë¡’§«“¡À≈“°À≈“¬

¢Õß°“√‡√’¬ßµ—«¢Õß°√¥Õ–¡‘‚π Ÿß°«à“ à«πÕ◊Ëπ„π “¬‚ª√µ’π¢Õß à«π
∑’ËÕ¬Ÿà¿“¬πÕ°‡´≈≈å (ectodomain) ´÷Ëß¡’ à«π¬÷¥‡°“–¢Õß “¬‰°≈
‚§´“¡‘‚π‰°≈·§π (GAG attachment site) ∑’Ë¡’§«“¡§≈â“¬°—π„π
 ‘Ëß¡’™’«‘µÀ≈“¬™π‘¥ ‡™àπ ¡πÿ…¬å À¡Ÿ ÀπŸ ‰°à ·≈–°∫ ‡ªìπµâπ7  “¬
‰°≈‚§´“¡‘‚π‰°≈·§π¬÷¥‡°“–∑’Ë°√¥Õ–¡‘‚π‡´√’π (serine) ∑’ËµàÕ°—∫
°√¥Õ–¡‘‚π‰°≈´’π (glycine) ´÷Ëß„π∫√‘‡«≥„°≈â‡§’¬ß°—∫µ”·Àπàßπ’È
¡—°æ∫°√¥Õ–¡‘‚π‡´√’π-‰°≈´’πµàÕ´È”°—π Õß∂÷ß “¡§√—Èß≈âÕ¡√Õ∫
¥â«¬°√¥Õ–¡‘‚π°≈ÿà¡‰¡à™Õ∫πÈ”·≈–°≈ÿà¡∑’Ë¡’§«“¡‡ªìπ°√¥∑“ß
ª≈“¬¥â“π‡ÕÁπ (N-terminus)7 „π°“√»÷°…“´‘π¥’·§π-4 æ∫«à“
µ”·Àπàß∑’Ë„°≈â°—∫µ”·Àπàß∑’Ë¬÷¥‡°“–¢Õß‰°≈‚§´“¡‘‚π‰°≈·§π∫π
‚ª√µ’π ¡’µ”·Àπàß¬÷¥‡°“– ”À√—∫ “√∑’Ë “¡“√∂®—∫°—∫‡´≈≈å ‰¥â (cell
interaction ligands) ‡™àπ ‚°√∑·ø°‡µÕ√å (growth factor) ‡ªìπµâπ ÷́Ëß
„π°“√®—∫°—ππ’È‡°’Ë¬«¢âÕß°—∫°“√ àß —≠≠“≥„π‡´≈≈å‚¥¬ ºà“π∑“ß
Õ‘π∑’°√‘π (integrin) ·≈–µ—«√—∫ —≠≠“≥¢Õß‡Õπ‰´¡å‰∑‚√ ’́π‰§‡π 
(tyrosine kinase)8 (√Ÿª∑’Ë 1A)

1.1.2  à«π∑’ËÕ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈å
´‘π¥’·§π “¡“√∂·∑√°Õ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈åºà“π∑“ß “¬

‚ª√µ’π ÷́Ëß∂Ÿ°Õπÿ√—°…å‰«â„π ‘́π¥’·§π∑—Èß ’Ë™π‘¥ ‚¥¬≈”¥—∫°“√‡√’¬ßµ—«
¢Õß°√¥Õ–¡‘‚π®–‡ªìπ·∫∫‰°≈´’π-‡ÕÁ°´å-‡ÕÁ°´å-‡ÕÁ°´å-‰°≈´’π
(glycine-X-X-X-glycine motif)9 ´÷Ëß “¡“√∂¬÷¥‡°“–°—∫‚¡‡≈°ÿ≈∑’ËÕ¬Ÿà
∫π‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥âÀ≈“°À≈“¬™π‘¥ ¥â«¬‡Àµÿπ’È∑”„Àâ´‘π¥’·§π√«¡
°—πÕ¬Ÿà„πµ”·Àπàß∑’Ë‡√’¬°«à“‰¡‚§√‚¥‡¡π (microdomain) ∫π‡¬◊ËÕÀÿâ¡
‡´≈≈å ‡™àπ ´‘π¥’·§π-1 æ∫¡“°∫√‘‡«≥¥â“π‡∫‚´·≈µ‡∑Õ√—≈
(basolateral) ¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘« (epithelial cell) ·µà„π ‘́π¥’·§π-4 ®–
æ∫¡“°∑’Ë∫√‘‡«≥‚ø§—≈·Õ¥Œ’™—π (focal adhesion)10 ÷́Ëß‡ªìπµ”·Àπàß
¢Õß‚ª√µ’πÀ≈“¬™π‘¥√«¡µ—«°—π‡æ◊ËÕ∑”Àπâ“∑’Ë¬÷¥√–À«à“ß‰´‚µ -
‡§‡≈µ—π (cytoskeleton) ¿“¬„π‡´≈≈å°—∫ “√‡¡∑√‘°´åπÕ°‡´≈≈å
‡ªìπµâπ (√Ÿª∑’Ë 1A)

1.1.3  à«π∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å
‡ªìπ à«π∫√‘‡«≥ª≈“¬¥â“π ’́ (C-terminus) ¢Õß‚ª√µ’π∑’ËÕ¬Ÿà

¿“¬„π‡´≈≈å ª√–°Õ∫¥â«¬ 3 ∫√‘‡«≥∑’Ë ”§—≠ ‰¥â·°à ’́Àπ÷Ëß (C1) «’
(V) ·≈– ’́ Õß (C2) (√Ÿª∑’Ë 1A)

- ∫√‘‡«≥ ’́Àπ÷Ëß ®–Õ¬Ÿà„°≈â Ê °—∫‡¬◊ËÕÀÿâ¡‡´≈≈åæ∫‰¥â„π ‘́π¥’
·§π∑ÿ°™π‘¥ ‡ªìπ∫√‘‡«≥∑’Ë¡’°√¥Õ–¡‘‚π‡´√’π·≈–‰∑‚√´’πÕ¬Ÿà¡“°
´÷Ëß‡°’Ë¬«¢âÕß°—∫°“√¬÷¥‡°“–¢Õß‡´≈≈å‚¥¬®—∫°—∫‡ âπ„¬·Õ§∑‘π
(actin)11
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- ∫√‘‡«≥«’ ‡ªìπ à«π∑’Ë¡’§«“¡À≈“°À≈“¬¡“°„π°≈ÿà¡ ‘́π¥’
·§π∑—Èß¢π“¥·≈–°“√‡√’¬ßµ—«¢Õß°√¥Õ–¡‘‚π ÷́Ëß§“¥«à“‡ªìπ à«π∑’Ë
∑”„ÀâÀπâ“∑’Ë¢Õß ‘́π¥’·§π·µà≈–™π‘¥π—Èπ·µ°µà“ß°—π ‡™àπ ∫√‘‡«≥«’
„π´‘π¥’·§π-4  “¡“√∂®—∫°—∫∫√‘‡«≥ à«π∑’Ë‡ªìπ§“µ“≈‘µ‘° (catalytic
site) ¢Õß‡Õπ‰´¡å‚ª√∑’π‰§‡π  ’́-‡Õ (protein kinase C-a, PKC-a) ·≈–
øÕ ø“∑‘¥‘≈Õ‘π‚π ‘́∑Õ≈ 4,5-∫‘ øÕ ‡øµ (phosphatidylinositol 4,5-
bisphosphate) ´÷Ëß°“√®—∫°—ππ’È™à«¬‡Õ◊ÈÕ„Àâ‡°‘¥°“√√«¡µ—«°—π¢Õß
‚ª√µ’π‡°‘¥‡ªìπµ”·Àπàß‚ø§—≈·Õ¥Œ’™—π∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈å10,12

- ∫√‘‡«≥´’ Õß ¡’°√¥Õ–¡‘‚π∑’Ë®”‡æ“–‡√’¬ßµ—«°—π 4 µ—«∑’Ë
ª≈“¬¥â“π ’́ (C-terminus) ∑”„Àâ “¡“√∂®—∫°—∫‚ª√µ’πµà“ß Ê ∑’ËÕ¬Ÿà
∫π‡¬◊ËÕÀÿâ¡‡´≈≈å¥â“π„π‡´≈≈å (cytoplasmic face of plasma membrane)

‡™◊ËÕ«à“∑’Ë∫√‘‡«≥π’È´‘π¥’·§π “¡“√∂®—∫°—∫Õ‘π∑’°√‘π·≈–µ—«√—∫
 —≠≠“≥¢Õß‡Õπ‰´¡å‰∑‚√´’π‰§‡π  ¡’º≈°√–µÿâπ„Àâ‡°‘¥°“√‡æ‘Ë¡
®”π«π‡´≈≈å °“√Õ¬Ÿà√Õ¥ (survival) ·≈–°“√∫ÿ°√ÿ° (invasion) ¢Õß
‡´≈≈å¡–‡√Áß8

1.2 ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–
¥â«¬‰°≈‚§ ‘́≈øÕ ø“∑‘¥‘≈Õ‘π‚π ‘́∑Õ≈

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬
‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π‚π´‘∑Õ≈„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡ à«π„À≠à
‡ªìπ°≈ÿà¡¢Õß‰°≈æ‘·§π ®÷ß¢Õ„™â‚§√ß √â“ß¢Õß‰°≈æ‘·§π‡ªìπ
µ—«·∑π„π°≈ÿà¡π’È „π¡πÿ…¬å¡’‰°≈æ‘·§π 6 ™π‘¥ ‰¥â·°à ‰°≈æ‘·§π 1-
613 ÷́Ëß∑ÿ°™π‘¥®–¡’≈—°…≥–§≈â“¬ Ê °—π (√Ÿª∑’Ë 1B) ¥—ßπ’È

√Ÿª∑’Ë 1 ™π‘¥¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å (A) ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π ∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å
(transmembrane HSPG) ´÷Ëß à«π‚ª√µ’πª√–°Õ∫¥â«¬ à«π∑’ËÕ¬ŸàπÕ°‡´≈≈å (ectodomain)  à«π∑’ËÕ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈å (tramsmembrane domain) ·≈– à«π∑’ËÕ¬Ÿà„π‡´≈≈å
(cytoplasmic domain) ‚¥¬ à«π∑’ËÕ¬ŸàπÕ°‡´≈≈å®–æ∫ “¬‡Œææ“·√π´—≈‡øµ∑“ßª≈“¬¥â“π‡ÕÁπ (N-terminus) „π “¬¢Õß‡Œææ“·√π´—≈‡øµª√–°Õ∫¥â«¬‡µµ√–
·´§§“‰√¥å·≈–πÈ”µ“≈‚¡‡≈°ÿ≈§Ÿà∑’Ë́ È”°—π¢ÕßπÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘° (GlcA) ·≈–πÈ”µ“≈‡ÕÁπ-·Õ ’́∑‘≈°≈Ÿ‚§´“¡’π (GlcNAc) „π à«ππ’È¬—ßæ∫ “¬‚Õ≈‘‚°·´§§“‰√¥å¥â«¬
 à«π∑’ËÕ¬Ÿà∫π‡¬◊ËÕÀÿâ¡‡´≈≈å‡ªìπ à«π∑’Ë‚ª√µ’π¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π åºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ·≈– à«π∑’ËÕ¬Ÿà„π‡´≈≈å‡ªìπª≈“¬∑“ß¥â“π´’ (C-terminus) ®–
æ∫∫√‘‡«≥´’Àπ÷Ëß (C1) «’ (V) ·≈–´’ Õß (C2) Õ¬Ÿà„π‰´‚µæ≈“ ´÷¡¢Õß‡´≈≈å (B) ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π
‚π´‘∑Õ≈ (glycosylphosphatidylinositol (GPI)-anchored HSPG)  à«π‚ª√µ’πª√–°Õ∫¥â«¬‚°≈∫Ÿ≈“√å∑“ßª≈“¬¥â“π‡ÕÁπ ∂—¥‰ª‡ªìπ∫√‘‡«≥∑’Ë “¬‡Œææ“·√π´—≈‡øµ
‡°“– ‚¥¬ à«πª√–°Õ∫„π “¬‡Œææ“·√π´—≈‡øµ‡À¡◊Õπ°—∫‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’πºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ·≈–ª≈“¬¥â“π
´’ ª√–°Õ∫¥â«¬‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π‚π´‘∑Õ≈ ‡ªìπ à«π∑’Ë¬÷¥°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å„π∫√‘‡«≥∑’Ë‡√’¬°«à“ ≈‘ªî¥√“øµå (lipid raft) §◊Õ∫√‘‡«≥∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈·≈–‰°≈
‚§ øîß‚°≈‘ªî¥√«¡µ—«°—πÀπ“·πàπ (Modified from Belting, 200349 ·≈– Mayor, 200415)

Fig. 1 Types of cell-surface HSPGs.  (A) The transmembrane HSPGs of which protein core composes of ectodomain, transmembrane domain and

cytoplasmic doamin.  HS chains are attached at N-terminus of ectodomain and consist of tetrasaccharide linker and repeating disaccharide

unit, which is glucuronic acid (GlcA) and N-acetylglucosamine (GlcNAc).  Oligosaccharide is also attached to protein core in ectodomain.

HSPGs pass through cell membrane via transmembrane domain.  Cytoplasmic domain contains C1, V, and C2 region at C-terminus in

cytoplasm. (B) GPI (glycosylphosphatidylinositol)-anchored HSPGs which compose of protein core with globular domain at N-terminus and

HS attachment sites, which HS composition and arrangement are the same as those in transmembrane domain, and GPI-anchor is linked to

cell membrane in lipid raft that is an accumulation of cholesterol and glycosphingolipid domain. (Modified from Belting, 200349and Mayor,

200415)
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- °“√‡√’¬ßµ—«¢Õß°√¥Õ–¡‘‚π∑’Ë∑”Àπâ“∑’Ë‡ªìπ´‘°π—≈´’‡§«π
(signal sequence) ∑’Ëª≈“¬¥â“π‡ÕÁπ

- ¡’ à«π‚°≈∫Ÿ≈“√å (globular domain) ¢π“¥ª√–¡“≥ 50 °‘‚≈
¥—≈µ—π ´÷Ëß‡ªìπ∫√‘‡«≥∑’Ë∂Ÿ°Õπÿ√—°…å‰«â„π‰°≈æ‘·§π ∑ÿ°™π‘¥ ‚¥¬¡’
°“√‡√’¬ßµ—«¢Õß°√¥Õ–¡‘‚π ’́ ∑’Õ’π (cysteine) 14 µ—« ‡™◊ËÕ«à“¡’§«“¡
‡°’Ë¬«¢âÕß°—∫°“√¡’ªØ‘ —¡æ—π∏å°—∫‚ª√µ’πµà“ß Ê „π°“√∑”°‘®°√√¡
¿“¬„π‡´≈≈å14

- µ”·Àπàß∫π‚ª√µ’π∑’Ë¡’°“√¬÷¥‡°“–¢Õß “¬‡Œææ“·√π
´—≈‡øµ ª√–°Õ∫¥â«¬°“√‡√’¬ßµ—«´È”°—π¢Õß °√¥Õ–¡‘‚π‡´√’π-‰°≈´’π
2-3 §√—Èß1 Õ¬Ÿà„°≈âª≈“¬¥â“π ’́ ¥—ßπ—Èπ “¬‡Œææ“·√π —́≈‡øµπà“®–¡’
 à«π‡°’Ë¬«¢âÕß°—∫°“√®—∫°—∫‚°√∑·ø°‡µÕ√å13

- ª≈“¬¥â“π´’ ‡ªìπµ”·Àπàß¢Õß‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π
‚π´‘∑Õ≈ ´÷Ëß‡ªìπ®ÿ¥∑’Ë‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‡°“–
°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å∑’Ë∫√‘‡«≥≈‘ªî¥√“ø∑å (lipid raft) ́ ÷Ëß à«ππ’È®–‡ªìπ∫√‘‡«≥
∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈ (cholesterol) ·≈–‰°≈‚§ øîß‚°≈‘ªî¥ (glycos-
phingolipid) √«¡µ—«°—πÀπ“·πàπ15 °«à“∫√‘‡«≥Õ◊Ëπ Ê ¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å

2. °√–∫«π°“√‡¡µ“‚∫≈‘´÷¡¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’
‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡

°√–∫«π°“√‡¡µ“‚∫≈‘́ ÷¡¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈-
·§π å‰¥â¡’°“√»÷°…“Õ¬à“ß°«â“ß¢«“ß„π‡´≈≈åÀ≈“¬™π‘¥ ‡™àπ ‡´≈≈å
‚Õ«“‡√’¬π·°√πŸ‚≈´“¢ÕßÀπŸ·√∑ (rat ovarian granulosa cell)16,17 ‡´≈≈å
‡¬◊ËÕ∫ÿº‘«¡¥≈Ÿ°¢ÕßÀπŸ‡¡“ å (mouse uterine epithelium)18 ·≈–‡´≈≈å
√—ß‰¢à¢ÕßÀπŸ·Œ¡ ‡µÕ√å®’π (Chinese hamster ovary cell)19 ‡ªìπµâπ
º≈°“√»÷°…“æ∫«à“¡’À≈“¬ªí®®—¬∑”„Àâ°“√ √â“ß·≈–°“√ ≈“¬¢Õß
‚¡‡≈°ÿ≈‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å·µ°µà“ß°—π Õ“∑‘‡™àπ
™π‘¥¢Õß‡´≈≈å (cell type) ™à«ß¢Õß°“√‡®√‘≠‡µ‘∫‚µ (developmental
stage) ·≈–¢—ÈπµÕπ„π°√–∫«π°“√‡¡µ“‚∫≈‘́ ÷¡ (metabolic stage)
‡ªìπµâπ ∑—Èßπ’È‡æ◊ËÕ§«“¡‡À¡“– ¡„π°“√∑”Àπâ“∑’Ë¢Õß‡Œææ“·√π
—́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π‡´≈≈å·µà≈–™π‘¥

2.1 °“√ √â“ß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà
∫πº‘«‡´≈≈å„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡

„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡¡’°√–∫«π°“√ √â“ß‡Œææ“·√π´—≈
‡øµ‚ª√∑’‚Õ‰°≈·§π å ª√–°Õ∫¥â«¬ 2 ¢—ÈπµÕπ„À≠à Ê §◊Õ °“√ √â“ß
‚ª√µ’π·≈– “¬‡Œææ“·√π´—≈‡øµ  ”À√—∫°“√ √â“ß‚ª√µ’π‡√‘Ë¡„π
π‘«‡§≈’¬ ·≈â«‡§≈◊ËÕπ¬â“¬ºà“π‰ª¬—ß√—ø‡ÕÁπ‚¥æ≈“ ¡‘°‡√µ‘§Ÿ≈—¡
(rough endoplasmic reticulum; RER) ¡’°√–∫«π°“√ √â“ß‡À¡◊Õπ
°—∫‚ª√µ’π™π‘¥Õ◊Ëπ Ê ‚¥¬‡√‘Ë¡∑’Ë°√–∫«π°“√∑√“π å§√‘ª™—π (transcrip-
tion) ®“°¥’‡ÕÁπ‡Õ (DNA) ‰ª‡ªìπ‡ÕÁ¡Õ“√å‡ÕÁπ‡Õ (mRNA) µàÕ¥â«¬
°√–∫«π°“√∑√“π å‡≈™—π (translation) ‰¥â‡ªìπ‚ª√µ’π ®“°π—Èπ‚ª√µ’π

®–‡§≈◊ËÕπ‡¢â“ Ÿà°Õ≈®‘·Õææ“√“µ—  (Golgi apparatus) ‡æ◊ËÕ √â“ß “¬
‡Œææ“·√π´—≈‡øµ·≈– “¬‚Õ≈‘‚°·´§§“‰√¥å‡™◊ËÕ¡µàÕ°—∫‚ª√µ’π
°“√ √â“ß “¬‚Õ≈‘‚°·´§§“‰√¥åπ—Èπ¬—ß‰¡à∑√“∫°≈‰°∑’Ë·πà™—¥ „π∑’Ëπ’È
®–¢Õ°≈à“«„π√“¬≈–‡Õ’¬¥¢Õß°√–∫«π°“√ √â“ß “¬‡Œææ“·√π
—́≈‡øµ ́ ÷Ëß·∫àß‰¥â‡ªìπ 3 ¢—ÈπµÕπ ‰¥â·°à ¢—ÈπµÕπ°“√‡√‘Ë¡µâπ°“√ √â“ß

 “¬‡Œææ“·√π —́≈‡øµ (initiation of HS chain) ¢—ÈπµÕπ°“√µàÕ “¬
‡Œææ“·√π´—≈‡øµ„Àâ¬“«¢÷Èπ (polymerization of HS chain) ·≈–
¢—ÈπµÕπ°“√ª√—∫·µàß¿“¬„π “¬‡Œææ“·√π —́≈‡øµ (modification of
HS chain) ÷́Ëß·µà≈–¢—ÈπµÕπ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

2.1.1 ¢—ÈπµÕπ°“√‡√‘Ë¡µâπ°“√ √â“ß “¬‡Œææ“·√π-
—́≈‡øµ5,20

°√–∫«π°“√‡√‘Ë¡µâπ¢Õß°“√ —ß‡§√“–Àå “¬‡Œææ“·√π´—≈-
‡øµ‚¥¬°“√ —ß‡§√“–Àå‡µµ√–·´§§“‰√¥å (tetrasaccharide linker) (√Ÿª
∑’Ë 2) ‰¥â·°à ‰´‚≈ -°“·≈§‚µ -°“·≈§‚µ -°√¥°≈Ÿ§Ÿ‚√π‘° (xylose-
galactose-galactose-glucuronic acid) ‚¥¬‡Õπ‰´¡å‰´‚≈´‘≈-
∑√“π å‡øÕ‡√  (xylosyltransferase, Xyl-T) ‡Õπ‰´¡å°“·≈§‚µ-
‘́≈∑√“π å‡øÕ‡√  1 ·≈– 2 (galactosyltransferase I and II, Gal-TI

and Gal-TII) µ“¡≈”¥—∫  ÿ¥∑â“¬§◊Õ °“√∑”ß“π¢Õß‡Õπ‰´¡å°≈Ÿ§Ÿ‚√-
‚π ‘́≈∑√“π å‡øÕ‡√  1 (glucuronosyltransferase I, GlcA-TI) ‡ √Á®
®“°π’È°Á®–‡¢â“ Ÿà¢—ÈπµÕπ°“√µàÕ “¬‡Œææ“·√π —́≈‡øµ„Àâ¬“«¢÷Èπ

2.1.2 ¢—ÈπµÕπ°“√µàÕ “¬‡Œææ“·√π´—≈‡øµ„Àâ¬“«¢÷Èπ
‡¡◊ËÕ‡´≈≈å —ß‡§√“–Àå‡µµ√–·´§§“‰√¥å‡ √Á®·≈â«‡Õπ‰´¡åÕ’

‡ÕÁ° ǻ∑’·Õ≈ 3 (Exostosin-like 3, EXTL3) π”πÈ”µ“≈‡ÕÁπ-·Õ ’́∑‘≈°≈Ÿ
‚§´“¡’π (N-acetyl glucosamine) µàÕ®“°‡µµ√–·´§§“‰√¥å ®“°
π—Èπ‡Õπ‰´¡å°≈ÿà¡‰°≈‚§ ‘́≈∑√“π å‡øÕ‡√  ‰¥â·°à ‡Õπ‰´¡å∑’Ë‡°‘¥®“°
°“√√«¡µ—«¢Õß‚ª√µ’πÕ’‡ÕÁ° ǻ∑’ 1 (exostosin 1, EXT1) ·≈–Õ’‡ÕÁ° ǻ∑’
2 (exostosin 2, EXT2) ‡√’¬°«à“ Õ’‡ÕÁ°´å∑’ 1/Õ’‡ÕÁ° ǻ∑’ 2 ‚§‚æ≈’‡¡Õ‡√ 
(EXT1/EXT2 copolymerase) π”πÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘°·≈–πÈ”µ“≈ ‡ÕÁπ-
·Õ´’∑‘≈°≈Ÿ‚§´“¡’π¡“µàÕ ≈—∫‰ª¡“®π “¬¬“«¢÷Èπ‡√◊ËÕ¬ Ê5 ¥—ß√Ÿª∑’Ë 2

2.1.3 ¢—ÈπµÕπ°“√ª√—∫·µàß¿“¬„π “¬‡Œææ“·√π
—́≈‡øµ

°√–∫«π°“√ª√—∫·µàß¿“¬„π “¬‡Œææ“·√π —́≈‡øµ®–‡°‘¥
¢÷Èπæ√âÕ¡°—∫°“√ √â“ß “¬‡Œææ“·√π´—≈‡øµ ‚¥¬‡Œææ“·√π´—≈-
‡øµ‚ª√∑’‚Õ‰°≈·§π å ¬—ß‰¡à “¡“√∂∑”ß“π‰¥â®π°«à“°√–∫«π°“√
ª√—∫·µàß “¬‡ √Á® ‘Èπ ́ ÷Ëß¢—ÈπµÕπ„π°“√ª√—∫·µàß¡’ 6 ¢—ÈπµÕπ1,5 ‰¥â·°à
°“√µ—¥À¡Ÿà·Õ ’́∑‘≈ °“√‡µ‘¡À¡Ÿà́ —≈‡øµ ·≈–°√–∫«π°“√Õ’æ‘‡¡Õ‰√-
‡´™—π (epimerization) ‚¥¬°“√‡ª≈’Ë¬ππÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘°„Àâ‡ªìπ
πÈ”µ“≈°√¥‰Õ¥Ÿ‚√π‘° (Iduronic acid, IdoA)
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2.2 °“√ ≈“¬‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà
∫πº‘«‡´≈≈å„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡

°“√ ≈“¬‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å
‡°‘¥¢÷Èπ·∫∫ ÿà¡‚¥¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥
‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–™π‘¥∑’Ë¬÷¥
‡°“–¥â«¬‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π‚π´‘∑Õ≈ ∂Ÿ°π”°≈—∫‡¢â“‡´≈≈å¥â«¬
°√–∫«π°“√‡Õπ‚¥‰´‚∑´‘  (endocytosis) ‡¢â“¡“Õ¬Ÿà„π‡Õπ‚¥‚´¡
(endosome) ®“°π—Èπ‡Õπ‰´¡å‚ª√∑’‡Õ  (protease) ¬àÕ¬ “¬‚ª√µ’π
Õ¬à“ß√«¥‡√Á« §ß‡À≈◊Õ “¬‡Œææ“·√π´—≈‡øµ´÷Ëß®–∂Ÿ°¬àÕ¬ ≈“¬
µàÕ‰ª¿“¬„π‡´≈≈å ®“°°“√»÷°…“‡¡µ“‚∫≈‘´÷¡¢Õß‡Œææ“·√π
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π‡´≈≈å‚Õ«“‡√’¬π·°√πŸ‚≈´“¢ÕßÀπŸ
·√Á∑¥â«¬«‘∏’°“√µ‘¥ “√√—ß ’ [35S] ∑’ËÀ¡Ÿà́ —≈‡øµ æ∫«à“°≈‰°°“√¬àÕ¬
 “¬‡Œææ“·√π´—≈‡øµ ¡’ 2 ·∫∫ µ“¡™π‘¥¢Õß‡Œææ“·√π
—́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å (√Ÿª∑’Ë 3) ¥—ßπ’È

2.2.1 °“√¬àÕ¬ “¬‡Œææ“·√π´—≈‡øµ¢Õß‡Œææ“
·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π
·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å16 ‡°‘¥¢÷Èπ‡ªìπ¢—ÈπµÕπ (stepwise) ¥—ß√Ÿª 3A
‚¥¬¢—Èπ·√°‡Õπ‰´¡å‡Œææ“√“‡π  (heparanase)21 ́ ÷Ëß‡ªìπ‡Õπ‰´¡å™π‘¥
‡Õπ‚¥‰°≈‚§ ‘́‡¥  (endoglycosidase) ¬àÕ¬ “¬‡Œææ“·√π —́≈‡øµ
¢π“¥ª√–¡“≥ 30 °‘‚≈¥—≈µ—π ‰¥â “¬‡Œææ“·√π´—≈‡øµ¢π“¥

ª√–¡“≥ 10 °‘‚≈¥—≈µ—π „π‡ÕÕ√å≈’‡Õπ‚¥‚´¡ (early endosome) §◊Õ
‡Õπ‚¥‚´¡∑’Ë¡’ ¿“«–§«“¡‡ªìπ°√¥-¥à“ß (pH) ‡ªìπ°≈“ß ¢—Èπ∑’Ë Õß
‡Õπ‰´¡å‡Œææ“√“‡π ¬àÕ¬ “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥ 10
°‘‚≈¥—≈µ—π ‰¥â‡ªìπ “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥ 5 °‘‚≈
¥—≈µ—π „π‡≈µ‡Õπ‚¥‚´¡ (late endosome) ÷́Ëß‡ªìπ‡ÕÕ√å≈’‡Õπ‚¥‚´¡
∑’Ë¡’°“√√«¡µ—«°—∫‡« ´‘‡§‘≈ (vesicle) „π‡´≈≈å ∑”„Àâ¡’ ¿“«– pH ‡ªìπ
°√¥ ·≈–¢—Èπ ÿ¥∑â“¬‡≈µ‡Õπ‚¥‚´¡®–√«¡µ—«°—∫‰≈‚´‚´¡ (lysosome)
‡°‘¥°“√¬àÕ¬ “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥ 5 °‘‚≈¥—≈µ—π
¥â«¬‡Õπ‰´¡å‡ÕÁ°‚´‰°≈‚§´‘‡¥  (exoglycosidase) ·≈–´—≈ø“‡∑ 
(sulfatase) ‰¥âº≈‘µ¿—≥±å ÿ¥∑â“¬‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–´—≈‡øµ

2.2.2 °“√¬àÕ¬ “¬‡Œææ“·√π´—≈‡øµ¢Õß‡Œææ“·√π
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈-
Õ‘π‚π´‘∑Õ≈17 ‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«‚¥¬‡Õπ‰´¡å‰°≈‚§´‘‡¥ ·≈–
´—≈ø“‡∑ „π‰≈‚´‚´¡ ‰¥âº≈‘µ¿—≥±å ÿ¥∑â“¬‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈
‡¥’Ë¬«·≈– —́≈‡øµ (√Ÿª∑’Ë 3B)

2.3 ‚√§∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√‡¡µ“‚∫≈‘´÷¡∑’Ëº‘¥
ª°µ‘¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å

∂â“æ∫«à“¡’§«“¡º‘¥ª°µ‘„π°“√√—°…“ ¿“«– ¡¥ÿ≈¢Õß°“√
 √â“ß·≈–°“√ ≈“¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å®– àßº≈
„Àâ‡°‘¥‚√§µà“ß Ê ‰¥â ́ ÷Ëß§«“¡√ÿπ·√ß¢Õß‚√§®–¡“°À√◊ÕπâÕ¬¢÷Èπ°—∫¬’π

√Ÿª∑’Ë 2 °√–∫«π°“√‡√‘Ë¡µâπ¢Õß°“√ √â“ß “¬‡Œææ“·√π´—≈‡øµ·≈–°√–∫«π°“√µàÕ “¬‡Œææ“·√π´—≈‡øµ„Àâ¬“«¢÷Èπ √“¬≈–‡Õ’¬¥Õà“π„π∫∑§«“¡ ‚¥¬ Xyl §◊ÕπÈ”µ“≈
‰´‚≈  Gal §◊ÕπÈ”µ“≈°“·≈§‚µ  GlcA §◊ÕπÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘° GlcNAc §◊ÕπÈ”µ“≈‡ÕÁπ-·Õ´‘∑‘≈°≈Ÿ‚§´“¡’π Xyl-T §◊Õ‡Õπ‰´¡å‰´‚≈´‘≈∑√“π å‡øÕ‡√  Gal-TI §◊Õ
‡Õπ‰´¡å°“·≈§‚µ´‘≈∑√“π å‡øÕ‡√  1 Gal-TII §◊Õ‡Õπ‰´¡å°“·≈§‚µ´‘≈∑√“π å‡øÕ‡√  2 GlcA-TI §◊Õ‡Õπ‰´¡å°≈Ÿ§Ÿ‚√‚π´‘≈∑√“π å‡øÕ‡√  1 EXTL3 §◊Õ‡Õπ‰´¡å-
Õ’‡ÕÁ°´å∑’·Õ≈ 3 EXT1 §◊Õ‚ª√µ’πÕ’‡ÕÁ°´å∑’ 1 EXT2 §◊Õ‚ª√µ’πÕ’‡ÕÁ°´å∑’ 2 (¥—¥·ª≈ß®“° Duncan, 200122)

Fig. 2 Initiation and polymerization of HS chain.  For more detail please see text. Xyl = xylose, Gal = galactose, GlcA = glucuronic acid, GlcNAc = N-

acetyl glucosamine, Xyl-TI = xylosyltransferase I, Gal-TI = galactosyltranferase I, Gal-TII = galactosyltransferase II, GlcA-TI =

glucuronosyltransferase I, EXTL3 = exostosin-like 3, EXT1 = exostosin 1, EXT2 = exostosin 2. (Modified from Duncan, 200122)
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(gene) ∑’Ë‡°’Ë¬«¢âÕß µ—«Õ¬à“ß¢Õß‚√§§◊Õ ‚√§Œ’√’¥‘∑“√’¡—≈µ‘‡ªî≈‡ÕÁ°´Õ -
‚∑ ’́ ·≈–‚√§ ‘́¡ªá́ —π°Õ≈“‰∫‡∫Àå‡¡≈ ‘́π‚¥√¡

2.3.1 ‚√§æ—π∏ÿ°√√¡Œ’√’¥‘∑“√’¡—≈µ‘‡ªî≈‡ÕÁ°´Õ ‚∑´’ 
(‚√§‡Õ™‡ÕÁ¡Õ’)

‡ªìπ‚√§æ—π∏ÿ°√√¡∑’Ë‡°‘¥®“°§«“¡º‘¥ª°µ‘¢Õß¬’πÕ’‡ÕÁ°´å∑’ 1
·≈–Õ’‡ÕÁ°´å∑’ 2 ´÷Ëß¡’≈—°…≥–∑“ß§≈‘π‘°ª√–°Õ∫¥â«¬‡π◊ÈÕßÕ°

°√–¥Ÿ°™π‘¥‰¡à√â“¬ (benign bone tumor) ‚¥¬¡’≈—°…≥–‡ªìπ‡π◊ÈÕßÕ°
¢Õß°√–¥Ÿ°ÕàÕπ (cartilage-capped tumor) ∫πÕ’æ‘‰ø‡ ’́¬≈‚°√∑‡æ≈∑
(epiphyseal growht plate) ¢Õß°√–¥Ÿ°¬“« (long bone) ‡√’¬°«à“
ÕÕ ∑’‚Õ§Õπ‚¥√¡“ (osteochondroma) À√◊Õ‡ÕÁ°´å´Õ ‚∑‡´ 
(exostoses) °“√æ—≤π“°“√¢Õß‚√§‡Õ™‡ÕÁ¡Õ’ ®–‡√‘Ë¡µ—Èß·µà«—¬‡¥Á°ÕàÕπ
®π∂÷ß«—¬√ÿàπ °“√‡®√‘≠‡µ‘∫‚µ¢Õß°√–¥Ÿ°∑’Ëº‘¥ª°µ‘∑”„Àâ‡°‘¥°“√°¥

√Ÿª∑’Ë 3 °√–∫«π°“√ ≈“¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å °“√ ≈“¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‡√‘Ë¡¢÷Èπ‡¡◊ËÕ‚¡‡≈°ÿ≈∂Ÿ°π”‡¢â“ Ÿà‡´≈≈å‚¥¬
°√–∫«π°“√‡Õπ‚¥‰´‚∑´‘  ®“°π—Èπ‚ª√µ’π®–∂Ÿ°¬àÕ¬Õ¬à“ß√«¥‡√Á«  à«π°“√ ≈“¬ “¬‡Œææ“·√π´—≈‡øµ¢÷Èπ°—∫™π‘¥¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‚¥¬
(A) ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å (transmembrane HSPG)16  “¬‡Œææ“·√π´—≈‡øµ∂Ÿ°¬àÕ¬‡ªìπ
3 ¢—ÈπµÕπ ‚¥¬¢—Èπ·√° “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥ 30 °‘‚≈¥—≈µ—π ∂Ÿ°¬àÕ¬¥â«¬‡Õπ‰´¡å‡Œææ“√“‡π ‰¥â “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥ 10 °‘‚≈
¥—≈µ—π ¥â«¬‡«≈“§√÷Ëß™’«‘µ‘ (t

1/2
) ª√–¡“≥ 30 π“∑’ „π‡ÕÕ√å≈’‡Õπ‚¥‚´¡ (early endosome) ¢—Èπ∑’Ë Õß  “¬‡Œææ“·√π´—≈‡øµ∂Ÿ°¬àÕ¬µàÕ‰ª¥â«¬‡Õπ‰´¡å‡Œææ“√“‡π 

‰¥â “¬‡Œææ“·√π´—≈‡øµ¢π“¥ ª√–¡“≥ 5 °‘‚≈¥—≈µ—π ¥â«¬‡«≈“§√÷Ëß™’«‘µª√–¡“≥ 1 ™—Ë«‚¡ß„π‡≈µ‡Õπ‚¥‚´¡ (late endosome) ·≈–¢—Èπ ÿ¥∑â“¬ “¬‡Œææ“·√π
´—≈‡øµ∂Ÿ°¬àÕ¬ ®π‰¥â‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–´—≈‡øµ‚¥¬‡Õπ‰´¡å‡ÕÁ°‚´‰°≈‚§´‘‡¥ ·≈–´—≈ø“‡∑  ¥â«¬‡«≈“§√÷Ëß™’«‘µª√–¡“≥ 3 ™—Ë«‚¡ß„π‰≈‚´‚´¡ (B) °“√
 ≈“¬ “¬‡Œææ“·√π —́≈‡øµ¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§ ‘́≈øÕ ø“∑‘¥‘≈Õ‘π‚π ‘́∑Õ≈17  “¬‡Œææ“·√π —́≈‡øµ∂Ÿ°¬àÕ¬‡æ’¬ß
¢—ÈπµÕπ‡¥’¬«‚¥¬‡Õπ‰´¡å‰°≈‚§´‘‡¥ ·≈–´—≈ø“‡∑  ‰¥âº≈‘µ¿—≥±å‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–´—≈‡øµ„π‰≈‚´‚´¡¥â«¬‡«≈“§√÷Ëß™’«‘µª√–¡“≥ 25 π“∑’ (¥—¥·ª≈ß
®“° Yanagishita, 198416, 199217)

Fig. 3 Degradation of cell-suface HSPG.  Protein core of HSPG is degraded quickly once its endocytosed into the cell.  Degradation of HS chain

depends on type of HSPG. (A) Transmembrane HSPG16, HS chain is degraded by 3 steps; 1) 30 kDa HS chain is degraded to 10 kDa in early

endosome by heparanase with 30 min half-life (t1/2), 2) HS chain is further degraded to 5 kDa in late endosome by heparanase with t1/2 ~1 hour

and 3) HS chain is degraded to monosaccharide and sulfate by exoglycosidase and sulfatase, respectively in lysosome with t1/2 ~3 hour. (B)

GPI-anchored HSPG17, HS chain is degraded in only one step to get monosaccharide and sulfate by glycosidases and sulfatases in lysosome

with t1/2 ~25 min.  (Modified from Yanagishita 198416, 199217)
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∑—∫¢Õß‡ âπª√– “∑·≈–‡π◊ÈÕ‡¬◊ËÕÕàÕπ∑”„ÀâºŸâªÉ«¬¡’Õ“°“√™“ ª«¥
°√–¥Ÿ° ‡§≈◊ËÕπ‰À«¢âÕ≈”∫“°·≈–À≈Õ¥‡≈◊Õ¥Õÿ¥µ—π2 πÕ°®“°π’È
¬—ßæ∫§«“¡™ÿ°„π°“√æ—≤π“‰ª‡ªìπ¡–‡√Áß°√–¥Ÿ°™π‘¥§Õπ‚¥√´“√å-
‚§¡“ (chondrosarcoma) ·≈–ÕÕ ∑’‚Õ´“√å‚§¡“ (osteosarcoma) ‰¥â
¡“°°«à“§π∑’Ë‰¡à‰¥â‡ªìπ‚√§∂÷ß√âÕ¬≈– 0.3-5.022 ‡π◊ËÕß®“°°“√‡®√‘≠
‡µ‘∫‚µ·≈–°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß°√–¥Ÿ°∂Ÿ°§«∫§ÿ¡‚¥¬
°√–∫«π°“√§«∫§ÿ¡¬âÕπ°≈—∫¢ÕßÕ‘π‡¥’¬π‡Œ¥®åŒÕ°/æ“√“‰∑√Õ¬¥å
ŒÕ√å‚¡π-√’‡≈µ‡µÁ¥‡ªì∫‰∑¥å (Indian hedgehog (Inh)/parathyroid
hormone (PTH)-related peptide (PTHrP) feedback loop) ·≈–
°√–∫«π°“√ àß —≠≠“≥¢Õß‰ø‚∫√∫≈“ ‚°√∑·ø°‡µÕ√å À√◊Õ
‡Õø®’‡Õø (fibroblast growth factor; FGF) ́ ÷Ëß∑—ÈßÀ¡¥π’ÈµâÕßÕ“»—¬‡Œæ-
æ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π°“√°√–µÿâπ°√–∫«π°“√¥—ß°≈à“«
¥—ßπ—Èπ§«“¡º‘¥ª°µ‘¢Õß¬’πÕ’‡ÕÁ°´å∑’ 1 °àÕ„Àâ‡°‘¥°“√ √â“ß‡Œææ“·√π-
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‰¡à ¡∫Ÿ√≥å¡’º≈∑”„Àâ°√–∫«π°“√‰Œ‡ªÕ√å-
‚∑√øî°¥‘ø‡øÕ√å‡√π∑‘‡Õ™—π (hypertrophic differentiation) ¢Õß
°√–¥Ÿ°™â“°«à“ª°µ‘·≈–∑”„Àâ‡°‘¥°“√‡æ‘Ë¡¢Õß‡´≈≈å √â“ß°√–¥Ÿ°ÕàÕπ
(chondrocyte)23  à«π§«“¡º‘¥ª°µ‘¢Õß¬’πÕ’‡ÕÁ°´å∑’ 2 ‡æ’¬ßÕ¬à“ß
‡¥’¬«‰¡à “¡“√∂∑”„Àâ°“√ √â“ß “¬‡Œææ“·√π´—≈‡øµº‘¥ª°µ‘24 ·µà
∂â“¡’§«“¡º‘¥ª°µ‘√à«¡°—π¢Õß¬’πÕ’‡ÕÁ°´å∑’ 1 ·≈–Õ’‡ÕÁ°´å∑’ 2  “¡“√∂
∑”„Àâ‡°‘¥‚√§‡Õ™‡ÕÁ¡Õ’„π¡πÿ…¬å‰¥â2,22

2.3.2 ‚√§æ—π∏ÿ°√√¡´‘¡ªá́ —π°Õ≈“‰∫‡∫Àå‡¡≈´‘π‚¥√¡
‡ªìπ‚√§∑“ßæ—π∏ÿ°√√¡∑’Ë‡°‘¥¢÷Èπ∫π‚§√‚¡‚´¡‡ÕÁ° ǻ (X-linked

disorder) µ”·Àπàß‡ÕÁ° ǻ§‘« 26 (Xq26)25 ∑’Ëæ∫‰¥â‰¡à∫àÕ¬ ºŸâªÉ«¬®–¡’
§«“¡º‘¥ª°µ‘¢ÕßÕ«—¬«–¿“¬„π·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õß°√–¥Ÿ°
‡™àπ ≈‘Èπ‚µ (macroglossia) ‡¥Á°¡’¢π“¥‚µ°«à“ª°µ‘ (macrosomia)
§«“¡º‘¥ª°µ‘¢ÕßÀ—«„®µ—Èß·µà°”‡π‘¥ √«¡∑—Èß¡’§«“¡º‘¥ª°µ‘¢Õß‰µ
·≈–√Ÿª√à“ß¢Õß°√–¥Ÿ°‚§√ß √â“ß ‡ªìπµâπ1 πÕ°®“°π’È ºŸâªÉ«¬¡’§«“¡
‡ ’Ë¬ß Ÿß∑’Ë®–‡ªìπ¡–‡√Áß„π√–¬–∑’Ë‡ªìπµ—«ÕàÕπ (embryonal cancer)
 “‡Àµÿ¢Õß°“√‡°‘¥‚√§§◊Õ °“√¢“¥À“¬‰ª (deletion) À√◊Õ°“√°≈“¬
æ—π∏ÿå‡©æ“–µ”·Àπàß (pointed mutation) ¢Õß¬’π‰°≈æ‘·§π-3 ́ ÷Ëß‡ªìπ
¬’π¢Õß°“√ √â“ß‚ª√µ’π„π‚¡‡≈°ÿ≈¢Õß‰°≈æ‘·§π∑”„Àâ‚ª√µ’π∑’Ë
 √â“ß‰¥â‰¡à ¡∫Ÿ√≥å¢“¥µ”·Àπàß∑’Ë„Àâ “¬‡Œææ“·√π´—≈‡øµ¡“
‡°“–¡’º≈∑”„Àâ‚¡‡≈°ÿ≈‰°≈æ‘·§π¡’§«“¡ “¡“√∂„π°“√®—∫°—∫‚°
√∑·ø°‡µÕ√å ‡™àπ Õ‘π´Ÿ≈‘π-‰≈°å‚°√∑·ø°‡µÕ√å 2 (insulin like growth
factor 2) ‰¥â≈¥≈ß25

3. Àπâ“∑’Ë¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑’ËÕ¬Ÿà∫π
º‘«‡´≈≈å„π —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å ∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å
 “¡“√∂®—∫°—∫ “√∑’ËÕ¬Ÿà¿“¬πÕ°‡´≈≈å·≈â«π” “√π—Èπ‡¢â“ Ÿà‡´≈≈å‚¥¬

ºà“π°√–∫«π°“√‡Õπ‚¥‰´‰∑´‘  πÕ°®“°π’È ¬—ß®—∫°—∫‚ª√µ’π∑’Ë
‡ªìπµ—«√—∫ —≠≠“≥∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈å‡æ◊ËÕ àß —≠≠“≥·≈–§«∫§ÿ¡
°“√∑”ß“π¢Õß‚ª√µ’πÀ≈“¬™π‘¥ °“√ àß —≠≠“≥®–‡ªìπ™π‘¥„¥
π—Èπ¢÷Èπ Õ¬Ÿà°—∫™π‘¥¢Õß “√∑’Ë¡—π®—∫ Õ“®‡ªìπ “√∑’Ë≈–≈“¬πÈ”‰¥â ‡™àπ
‚°√∑·ø°‡µÕ√å·≈–‰´‚∑‰§πå (cytokine) ‡ªìπµâπ À√◊Õ “√∑’Ë≈–≈“¬
πÈ”‰¡à‰¥â ‡™àπ ‡´≈≈å ‡¡∑√‘°´åπÕ°‡´≈≈å·≈–®ÿ≈‘π∑√’¬å ‡ªìπµâπ
πÕ°®“°π’È‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß “¡“√∂®—∫°—∫
 “¬‡Œææ“·√π´—≈‡øµ À√◊Õ‚ª√µ’π¢Õßµ—«¡—π‡Õß‰¥â¥â«¬ °“√∑’Ë
‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å “¡“√∂®—∫°—∫ “√‰¥âÀ≈“°
À≈“¬ ∑”„Àâ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’Àπâ“∑’Ë·µ°µà“ß
°—πÕÕ°‰ª ¥—ßπ’È

3.1 °“√¬÷¥‡°“–·≈–°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å (cell
adhesion and cell migration)

¥â“ππÕ°‡´≈≈å ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«-
‡´≈≈å “¡“√∂®—∫°—∫ “√∑’Ë≈–≈“¬πÈ”‰¡à‰¥â ‰¥â·°à ‡´≈≈å ‡¡∑√‘°´å
πÕ°‡´≈≈å·≈–®ÿ≈‘π∑√’¬å  à«π‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
¥â“π„π‡´≈≈å ®—∫°—∫‚ª√µ’π·Õ§µ‘π (actin) ∑”„Àâ “√π—Èπ∂Ÿ°µ√÷ßÕ¬Ÿà
„πµ”·Àπàß∑’Ë‡À¡“– ¡„π°“√∑”°‘®°√√¡µà“ß Ê „π‡´≈≈å πÕ°®“°π’È
 “¬‡Œææ“·√π´—≈‡øµ “¡“√∂®—∫°—∫Õ‘¡¡Ÿ‚π‚°≈∫Ÿ≈‘π (immunoglo-
bulin) ‡æ≈µ‡≈µ/‡Õπ‚¥∑’‡≈’¬≈‡´≈≈å·Õ¥Œ’™—π‚¡‡≈°ÿ≈ 1 (platelet/
endothelial cell adhesion molecule-1, PECAM-I) ·≈–π‘«√—≈‡´≈≈å·Õ¥-
Œ’™—π‚¡‡≈°ÿ≈ (neural cell adhesion molecule, NCAM) °“√®—∫°—ππ’È
‡ªìπ°“√‡æ‘Ë¡§«“¡·¢Áß·√ß„Àâ°—∫°“√¬÷¥‡°“–°—π√–À«à“ß‚¡‡≈°ÿ≈
¿“¬„π‡´≈≈å ·≈–‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å “¡“√∂
°√–µÿâπ°“√ √â“ß‡ âπ„¬ ‡µ√´ (stress fiber) ·≈–‚ø§—≈·Õ¥Œ’™—π„π
‡´≈≈å¡’‡´π‰§¡—≈ (mesenchymal cell) ‚¥¬°“√®—∫°—∫‚ª√µ’π‰ø‚∫√-
‡π°µ‘π (fibronectin)26

¡’ß“π«‘®—¬æ∫«à“∂â“‡æ‘Ë¡ª√‘¡“≥‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ
‰°≈·§π å ®–∑”„Àâ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å®—∫°—∫‰«
√— ‡ŒÕ√åªï ǻ ‘¡‡æ≈°´å (herpes simplex virus)4 ·≈–‡Õ™‰Õ«’‰«√—  (HIV)27

‰¥â‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬°“√®—∫°—ππ’È‡°‘¥∑’Ë∫√‘‡«≥‚ª√µ’π∫πº‘«‡´≈≈å¢Õß
‡™◊ÈÕ‰«√—  ∑”„Àâ‡™◊ÈÕ‰«√—  “¡“√∂‡¢â“¡“Õ¬Ÿà„π‡´≈≈å ‘Ëß¡’™’«‘µ∑’Ë¡—π
Õ“»—¬Õ¬Ÿà (host) ‰¥âßà“¬¢÷Èπ

‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’Àπâ“∑’Ë„π°“√‡§≈◊ËÕπ
¬â“¬¢Õß‡´≈≈å‚¥¬‡©æ“–‡´≈≈å¡–‡√Áß®“°µ”·Àπàßµ—Èßµâπ‰ªµ”·Àπàß
∑’Ë‰°≈ÕÕ°‰ª‡√’¬°«à“‡¡·∑ ‡µ ‘́  (metastasis) ‡™àπ ‘́π¥’·§π-2 ¡’
∫∑∫“∑ ”§—≠„π°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å‡¡≈“‚π¡“ (melanoma)
‚¥¬æ∫«à“¡’°“√‡æ‘Ë¡ª√‘¡“≥´‘π¥’·§π-2 „π‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß‡¡≈“‚π¡“
(malignant melanoma) ¡“°°«à“‡π◊ÈÕ‡¬◊ËÕª°µ‘28 ‡ªìπµâπ
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3.2 °“√‡ªìπµ—«√—∫ —≠≠“≥√à«¡ (co-receptor) ¢Õß‚°√∑-
·ø°‡µÕ√å ‰´‚∑‰§πå·≈–‡§¡‚¡‰§πå

‡¡◊ËÕ‡´≈≈åµâÕß°“√‡æ‘Ë¡®”π«π ‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß·≈–/À√◊Õ
‡§≈◊ËÕπ∑’Ë ‡´≈≈å®–‡√‘Ë¡ àß —≠≠“≥¿“¬„π‡´≈≈å°àÕπ ®“°π—Èπ®– àß
 —≠≠“≥‰ª Ÿà‡´≈≈å¢â“ß‡§’¬ß·≈–/À√◊Õ‡´≈≈å∑’Ë‡°’Ë¬«¢âÕß∑’Ë‰°≈ÕÕ°‰ª
‚¥¬ à«π„À≠à‡´≈≈å∑”ß“πºà“π‚¡‡≈°ÿ≈∑’ËÕ¬ŸàπÕ°‡´≈≈å„π°≈ÿà¡
‚°√∑·ø°‡µÕ√å ‰´‰∑‰§πå·≈–‡§¡‚¡‰§πå√à«¡°—∫µ—«√—∫ —≠≠“≥
∫πº‘«‡´≈≈å

‡Õø®’‡Õø‡ªìπ‚ª√µ’π∑’Ëæ∫‰¥â„π —µ«å∑ÿ°™π‘¥·≈–∂Ÿ°À≈—Ëß
ÕÕ°¡“πÕ°‡´≈≈å ‡æ◊ËÕ°√–µÿâπ°“√‡æ‘Ë¡®”π«π‡´≈≈å °“√‡ª≈’Ë¬π·ª≈ß
√Ÿª√à“ß·≈–°“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å °“√»÷°…“∑“ß™’«‡§¡’¢Õß ‡Õø
®’‡Õø-2 æ∫«à“¡—π “¡“√∂®—∫°—∫‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈-
·§π å„πµ”·Àπàß∑’Ë¡’≈”¥—∫°√¥Õ–¡‘‚π∑’Ë®”‡æ“– °≈‰°„π°“√®—∫
°—π¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å·≈–‡Õø®’‡Õø-2 ‡√‘Ë¡µâπ
®“°‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’°“√√«¡µ—«°—π∫√‘‡«≥
≈‘ªî¥√“øµå (lipid raft) ¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥¢Õß‡Œæ-
æ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å15,29 ∑”„Àâ‡æ‘Ë¡°“√®—∫
°—π¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å·≈–‡Õø®’‡Õø-2 ®“°
π—Èπ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å®–π”‡Õø®’‡Õø-2  àß„Àâ
µ—«√—∫ —≠≠“≥¢Õß‡Õø®’‡Õø-2 ·≈â«®÷ß‡°‘¥°√–µÿâπ°√–∫«π°“√
øÕ ‚ø√’‡≈™—π (phosphorylation) ¢Õßµ—«√—∫ —≠≠“≥¢Õß‡Õø®’‡Õø-
2 ∑”„Àâ‡°‘¥‡ªìπ —≠≠“≥ àßµàÕ Ê ‰ª®π‡´≈≈å¡’°“√µÕ∫ πÕßµàÕ
 ‘Ëß°√–µÿâπ∑’Ë‰¥â√—∫ °“√»÷°…“≈—°…≥–‚§√ß √â“ßº≈÷° (crystal structure)
¢Õß‡Õø®’‡Õø æ∫«à“‡Õø®’‡Õø∑’Ë “¡“√∂ àß —≠≠“≥‰¥â®–µâÕßÕ¬Ÿà„π
√Ÿª‚¡‡≈°ÿ≈§Ÿà (dimer) À√◊ÕÀ≈“¬‚¡‡≈°ÿ≈®—∫°—πÕ¬Ÿà (oligomer) ´÷Ëß
®–‡°‘¥‰¥â‡¡◊ËÕ‚¡‡≈°ÿ≈‡¥’Ë¬«¢Õß‡Õø®’‡Õø®—∫Õ¬Ÿà°—∫‡Œææ“·√π´—≈-
‡øµ‚ª√∑’‚Õ‰°≈·§π å30

∑√“π åøÕ√å¡¡‘ß‚°√∑·ø°‡µÕ√å-‡∫µâ“ (transforming growth
factor-β, TGF-β) ‡ªìπ‚ª√µ’π„π°≈ÿà¡‰´‚∑‰§πå∑’Ë¡’§«“¡ ”§—≠„π
°“√‡®√‘≠‡µ‘∫‚µ °“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å
°“√»÷°…“æ∫«à“°“√®—∫¢Õß∑’®’‡Õø-‡∫µâ“°—∫‡Œææ“·√π´—≈‡øµ‚ª√-
∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å¡’ à«π ”§—≠„π°“√√—°…“ ¿“æ°“√
∑”ß“π¢Õß∑’®’‡Õø-‡∫µâ“ ‚¥¬ªÑÕß°—π‰¡à„Àâ∑’®’‡Õø-‡∫µâ“∂Ÿ°¬àÕ¬
 ≈“¬31

‡§¡‚¡‰§πå‡ªìπ‚ª√µ’π¢π“¥‡≈Á°ª√–¡“≥ 8-10 °‘‚≈¥—≈µ—π
∑’Ë¡’Àπâ“∑’Ë§«∫§ÿ¡°“√¢π àß·≈–°√–µÿâπ‡¡Á¥‡≈◊Õ¥¢“«™π‘¥≈‘«‚§‰´µå
(leukocyte) µ—«Õ¬à“ß¢Õß‡§¡‚¡‰§πå ‰¥â·°à Õ‘π‡µÕ√å≈‘«§‘π 8 (interleukin
8) ·≈–‚¡‚π‰´µå‡§¡‚¡·Õµ·∑√°·µπµå‚ª√µ’π 1 (monocyte chemoat-
tractant protein I) ‡ªìπµâπ °“√®—∫°—π¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’-

‚Õ‰°≈·§π å∫πº‘«‡´≈≈å°—∫‡§¡‚¡‰§πå ∑”„Àâ‡§¡‚¡‰§πå√«¡µ—«
°—π‡ªìπ‚Õ≈‘‚°‡¡Õ√å´÷Ëß¡’º≈„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π
¢Õß‡§¡‚¡‰§πå√à«¡°—∫µ—«√—∫ —≠≠“≥¢Õß¡—π‡Õß32

3.3 °“√°”®—¥‚¡‡≈°ÿ≈∫“ß™π‘¥ºà“π°√–∫«π°“√‡Õπ‚¥-
‰´‚∑ ‘́ 

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å¡’∫∑∫“∑
 ”§—≠„π°“√√—°…“ ¡¥ÿ≈¢Õß°“√ √â“ß·≈–°“√ ≈“¬¢Õß‚¡‡≈°ÿ≈
µà“ß Ê µ—«Õ¬à“ß‡™àπ °“√ ≈“¬µ—«¢Õß‡ªª‰∑¥å·ø°‡µÕ√å™◊ËÕ«à“ ·Õ§-
∑‘«‘π (activin) ́ ÷Ëß‡ªìπµ—«§«∫§ÿ¡°“√∑”ß“π¢ÕßŒÕ√å‚¡π∑“ß‡æ» ‚¥¬
°“√ ≈“¬‡°‘¥¢÷Èπ‡¡◊ËÕ·Õ§∑‘«‘π√«¡µ—«°—∫‡ªª‰∑¥å·ø°‡µÕ√åÕ’°µ—«
™◊ËÕ«à“øÕ≈≈‘ ·µµ‘π   (follistatin)  °≈“¬‡ªìπ‚¡‡≈°ÿ≈‡™‘ß´âÕπ´÷Ëß “¡“√∂
®—∫°—∫‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å ·≈â«‡°‘¥
°√–∫«π°“√‡Õπ‚¥‰´‰∑´‘ ºà“π‡«´‘‡§‘≈∑’ËÀÿâ¡¥â«¬‚ª√µ’π§≈“∑√‘π
(clathrin-coated vesicle)  ÿ¥∑â“¬√«¡µ—«°—∫‰≈‚´‚´¡ ∑”„Àâ·Õ§∑‘«‘π
∂Ÿ° ≈“¬‰ª„π∑’Ë ÿ¥33 πÕ°®“°π’È °“√ ≈“¬µ—«¢Õß‡Õø®’‡Õø-2 ‡°‘¥
‰¥â‚¥¬°“√®—∫°—∫‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å
·≈â«‡°‘¥°√–∫«π°“√‡Õπ‚¥‰´‚∑´‘ ºà“π‡«´‘‡§‘≈™π‘¥§“«’‚Õ‡≈  (cave-
olae)  ‚¥¬‰¡àºà“π°“√®—∫°—∫µ—«√—∫ —≠≠“≥¢Õß‡Õø®’‡Õø-234 ‡ªìπµâπ

πÕ°®“°π’È  ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß¡’∫∑∫“∑
 ”§—≠„π°“√ªÑÕß°—π°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·¥ß·¢Áß (atherosclero-
sis) °≈à“«§◊Õ ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å§«∫§ÿ¡ª√‘¡“≥
¢Õß‰µ√°≈’‡´Õ‰√¥å (triglyceride) „π°√–· ‡≈◊Õ¥‚¥¬ “¡“√∂®—∫
°—∫‰≈‚æ‚ª√µ’π∑’Ë¡’ª√‘¡“≥‰µ√°≈’‡´Õ‰√¥å¡“° (triglyceride-rich
lipoprotein) ∑’ËÕ¬Ÿà¿“¬πÕ°‡´≈≈å·≈â«π”°≈—∫‡¢â“ Ÿà‡´≈≈å‡æ◊ËÕ°”®—¥„π
‰≈‚´‚´¡ ¥—ß‡™àπ„π‡´≈≈åµ—∫¢ÕßÀπŸ‰¡´å∑’Ë¡’§«“¡∫°æ√àÕß∑’Ë¬’π´‘π
¥’·§π-1 (syn-1) ®–æ∫ª√‘¡“≥«’·Õ≈¥’·Õ≈ (VLDL, very low density
lipoprotein) „π°√–· ‡≈◊Õ¥¡“°°«à“‡´≈≈åµ—∫¢ÕßÀπŸ‰¡´å∑’Ëª°µ‘35

‡ªìπµâπ
3.4 °√–∫«π°“√ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥

°√–∫«π°“√ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥‡ªìπ°√–∫«π°“√
 ”§—≠„π°“√§«∫§ÿ¡°“√·æ√à¢Õß “√Õ“À“√·≈–°“√°”®—¥¢Õß‡ ’¬
ºà“π∑“ß°√–· ‡≈◊Õ¥ ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«
‡´≈≈å∑—Èß„π‡π◊ÈÕ‡¬◊ËÕª°µ‘·≈–‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß¡’ à«π‡°’Ë¬«¢âÕß‚¥¬µ√ß
°—∫°√–∫«π°“√π’È ‚¥¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å  “¡“√∂
®—∫°—∫‚°√∑·ø°‡µÕ√å ‡™àπ «“ §Ÿ≈“√å‡Õπ‚¥∑’‡≈’¬≈‚°√∑·ø°‡µÕ√å
(vascular endothelial growth factor) ·≈–‡Õø®’‡Õø ‡ªìπµâπ ºà“π∑“ß
µ—«√—∫ —≠≠“≥´÷Ëß°√–µÿâπ„Àâ‡°‘¥°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à ·≈–‡Œæ-
æ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß‡ªìπ·À≈àß – ¡¢Õß·Õß®‘‚Õ®’-
π‘°·ø°‡µÕ√å (angiogenic factor) µà“ß Ê ∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√
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ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ πÕ°®“°π’È ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ-
‰°≈·§π å∫πº‘«‡´≈≈å¬—ß “¡“√∂®—∫°—∫‡Õπ‰´¡å‡¡∑√‘°´å‡¡∑—≈‚≈‚ª√-
∑’‡π  7 (matrix metalloproteinase 7 ÷́Ëß‡ªìπ‡Õπ‰´¡å∑’Ë¬àÕ¬‚ª√µ’π
„π‡¡∑√‘° ǻπÕ°‡´≈≈å ·≈–¡’∫∑∫“∑ ”§—≠„π°“√·æ√à°√–®“¬¢Õß
‡´≈≈å¡–‡√Áß) °àÕ„Àâ‡°‘¥°“√‡§≈◊ËÕπ¬â“¬¢Õß‡Õπ‚¥∑’‡≈’¬≈‡´≈≈å„π
°√–∫«π°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡àÕ’°¥â«¬36

4. ∫∑∫“∑¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫π
‡¬◊ËÕÀÿâ¡‡´≈≈å„π‡π◊ÈÕ‡¬◊ËÕ™àÕßª“°

∫∑∫“∑¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫π‡¬◊ËÕ
Àÿâ¡‡´≈≈å„π‡π◊ÈÕ‡¬◊ËÕ™àÕßª“°®–§≈â“¬§≈÷ß°—∫‡π◊ÈÕ‡¬◊ËÕÕ◊Ëπ Ê  „π√à“ß°“¬
‰¥â·°à °√–∫«π°“√‡®√‘≠‡µ‘∫‚µ °“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å °“√‡°‘¥
‚√§„π™àÕßª“°·≈–°√–∫«π°“√À“¬¢Õß·º≈ ·µà°“√»÷°…“„π‡π◊ÈÕ
‡¬◊ËÕ™àÕßª“°π—Èπ¡’Õ¬Ÿà‰¡à¡“°π—° ¥—ßµ—«Õ¬à“ßµàÕ‰ªπ’È

‡Õø®’‡Õø-2  “¡“√∂°√–µÿâπ°“√ √â“ß„À¡à (regeneration) ¢Õß
‡π◊ÈÕ‡¬◊ËÕª√‘∑—πµå∑’Ë∂Ÿ°∑”≈“¬„π‚√§ª√‘∑—πµå37 Shimabukuro ·≈–
§≥–‰¥â∑”ß“π«‘®—¬‚¥¬°√–µÿâπ‡´≈≈åæ’¥’·Õ≈ (PDL, periodontal
ligament) ¢Õß¡πÿ…¬å¥â«¬‡Õø®’‡Õø-2 ‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß38 æ∫«à“
¡’́ ‘π¥’·§π-4 Õ¬Ÿà„πÕ“À“√‡≈’È¬ß‡´≈≈å (conditioned medium) ¡“°
°«à“‡´≈≈å∑’Ë‰¡à‰¥â√—∫°“√°√–µÿâπ·≈–ª√‘¡“≥¢Õß ‘́π¥’·§π-4 ∫πº‘«
‡´≈≈å≈¥≈ß‡¡◊ËÕ‡´≈≈å‰¥â√—∫°“√°√–µÿâπ¥â«¬‡Õø®’‡Õø-2 ®“°º≈¥—ß
°≈à“«∑”„Àâ —ππ‘…∞“π‰¥â«à“‡´≈≈å¡’°“√ √â“ß‡Õø®’‡Õø-2 ‡æ‘Ë¡¡“°
¢÷Èπ„π°√–∫«π°“√À“¬¢Õß·º≈·≈–°√–∫«π°“√‡ √‘¡ √â“ß‡π◊ÈÕ‡¬◊ËÕ
∑¥·∑π (tissue regeneration process) πÕ°®“°π—Èπ ‘́π¥’·§π-4 ¡’
 à«π‡°’Ë¬«¢âÕß‡ªìπµ—«√—∫ —≠≠“≥√à«¡ (co-receptor) ‚¥¬ ‘́π¥’·§π-
41 ®–∂Ÿ°°√–µÿâπ„ÀâÀ≈ÿ¥®“°‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–®–®—∫°—∫‡Õø®’‡Õø-2
®“°π—Èπ®–æ“‡Õø®’‡Õø-2 ‰ª®—∫°—∫µ—«√—∫ —≠≠“≥∫πº‘«‡´≈≈å ‡æ◊ËÕ
°√–µÿâπ„Àâ‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß¡’∫∑∫“∑„π°√–-
∫«π°“√ √â“ß‡§≈◊Õ∫øíπ (amelogenesis) ‚¥¬∑—Ë«‰ª∑’Ë‡∫ ‡¡πµå
‡¡¡‡∫√π (basement membrane) ®–æ∫ª√‘¡“≥§Õ≈≈“‡®π™π‘¥∑’Ë
4 (collagen type IV) ‡ªìπ√à“ß·À ·≈–æ∫≈“¡‘π‘π (laminin) ·≈–‡Œææ“-
·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‡°“–Õ¬Ÿà∑’Ë√à“ß·À§Õ≈≈“‡®π ·µà¡’
°“√»÷°…“‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·≈–Õ‘¡¡Ÿ‚πŒ‘ ‚µ‡§¡-
¡‘ ∑√’ (immunohistochemistry) µàÕ§Õ≈≈“‡®π™π‘¥∑’Ë 4 ≈“¡‘π‘π
·≈–‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„πøíπÀπâ“¢ÕßÀπŸ·√Á∑
æ∫ª√‘¡“≥¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡“°·≈–
‡√’¬ßµ—«‡ªìπ‡ âπ„¬ “π°—π‡ªìπ√à“ß·À ·∑π∑’Ë®–‡ªìπ§Õ≈≈“‡®π™π‘¥∑’Ë
4 „π‚§√ß √â“ß§≈â“¬‡∫ ‡¡πµå‡¡¡‡∫√π  (basement membrane-like)39

÷́Ëß‡ªìπ à«π∑’ËÕ¬Ÿà√–À«à“ß™—Èπ¢Õß‡§≈◊Õ∫øíπ (enamel) ·≈–‡´≈≈å √â“ß

‡§≈◊Õ∫øíπ (ameloblast) ®“°º≈°“√»÷°…“¥—ß°≈à“« · ¥ß«à“‡Œææ“-
·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π åÕ“®®–‡ªìπµ—«°≈“ß∑’Ë®–™à«¬„Àâ‡´≈≈å
 √â“ß‡§≈◊Õ∫øíπ¬÷¥°—∫™—Èπ‡§≈◊Õ∫øíπ ∑”„Àâ‡°‘¥°“√·≈°‡ª≈’Ë¬π “√
Õ“À“√∑’Ë®”‡ªìπµàÕ°“√µ°º≈÷°·√à∏“µÿ¢Õß‡§≈◊Õ∫øíπ39

‘́π¥’·§π-1 ́ ‘π¥’·§π-4 ·≈–‰°≈æ‘·§π¡’°“√· ¥ßÕÕ°¢Õß
¬’π„π‡´≈≈å≈‘¡‚ø‰´µå (lymphocyte) „π‚√§‡Àß◊Õ°Õ—°‡ ∫·≈–‚√§
ª√‘∑—πµå‡√◊ÈÕ√—ß (chronic periodontitis) ·µ°µà“ß°—π ÷́Ëß°“√· ¥ßÕÕ°
π—Èπ¡’∫∑∫“∑„π°“√‡§≈◊ËÕπ¬â“¬·≈–°“√°√–µÿâπ°“√∑”ß“π (activation)
¢Õß‡´≈≈å40 ¥—ß· ¥ß‚¥¬º≈¢ÕßÕ‘¡¡Ÿ‚πŒ‘ ‚µ‡§¡¡‘ ∑√’·≈–‡Õø‡Õ
’́‡Õ  (FACS, fluorescent-activated cell sorting analysis) ¢Õß‡´≈≈å

≈‘¡‚ø‰´µå∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ‡Àß◊Õ°·≈–ª√‘∑—πµå„π‚√§‡Àß◊Õ°Õ—°‡ ∫
·≈–‚√§ª√‘∑—πµå‡√◊ÈÕ√—ß æ∫°“√· ¥ßÕÕ°¢Õß ‘́π¥’·§π-1 „π‡´≈≈å∫’-
‡´≈≈å/æ≈“ ¡“‡´≈≈å (B-cells/plasma cells) ´÷Ëß°“√· ¥ßÕÕ°¢Õß
¬’π´‘π¥’·§π-1 ®–≈¥≈ß„π‚√§ª√‘∑—πµå‡√◊ÈÕ√—ß °“√· ¥ßÕÕ°¢Õß
‘́π¥’·§π-4 æ∫„π‡´≈≈å∫’-‡´≈≈å/æ≈“ ¡“‡´≈≈å ·≈–∑’-‡´≈≈å (T-cells)

∑—Èß„π‡π◊ÈÕ‡¬◊ËÕ‡Àß◊Õ°Õ—°‡ ∫·≈–‚√§ª√‘∑—πµå‡√◊ÈÕ√—ß  à«π°“√· ¥ß-
ÕÕ°¢Õß‰°≈æ‘·§πæ∫„π‡´≈≈å·¡°‚§·ø® (macrophage) „π‡π◊ÈÕ‡¬◊ËÕ
ºŸâªÉ«¬‚√§‡Àß◊Õ°Õ—°‡ ∫·≈–‚√§ª√‘∑—πµå40 ®“°º≈°“√«‘®—¬π’Èæ∫«à“
°“√· ¥ßÕÕ°¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’§«“¡·µ°-
µà“ß°—π„π‡´≈≈å≈‘¡‚ø‰´µå∑’Ëµà“ß™π‘¥°—π40·≈–¡’ à«π‡°’Ë¬«¢âÕß°—∫
°“√Õ—°‡ ∫¢Õß‡π◊ÈÕ‡¬◊ËÕª√‘∑—πµå∑—Èß„π‚√§‡Àß◊Õ°Õ—°‡ ∫·≈–‚√§ª√‘∑—πµå

5. °“√ª√–¬ÿ°µå„™â„πÕπ“§µ
§«“¡√Ÿâ∑’Ë‰¥â®“°°“√»÷°…“‚§√ß √â“ß °“√ —ß‡§√“–Àå·≈–°“√

 ≈“¬ Àπâ“∑’Ë·≈–∫∑∫“∑¢Õß‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
 “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π°“√‡æ‘Ë¡æŸπÕß§å§«“¡√Ÿâæ◊Èπ∞“π µ≈Õ¥
®π “¡“√∂π”‰ªæ—≤π“¬“∑’Ë„™â„π°“√√—°…“‚√§µà“ß Ê ¥—ßµ—«Õ¬à“ß
µàÕ‰ªπ’È

‡π◊ËÕß®“°‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡’∫∑∫“∑„π
‚√§À≈“¬™π‘¥‚¥¬‡©æ“–‚√§¡–‡√Áß ∑”„Àâªí®®ÿ∫—π‰¥âπ”‡Œææ“·√π-
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¡“„™â‡ªìπµ—«∫àß™’È„π°“√µ√«®æ‘‡§√“–Àå
‚√§«à“‡°‘¥‚√§À√◊Õ‰¡à ¥—ßπ—Èπ„π°“√µ√«®À“ª√‘¡“≥¢Õß‡Œææ“·√π-
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∑—Èß„π‡√◊ËÕß¢Õß§«“¡‰«¢Õß°“√µ√«®
(sensitive) ·≈–§«“¡®”‡æ“–‡®“–®ß®÷ß¡’§«“¡ ”§—≠¡“° ¡’ß“π
«‘®—¬æ∫«à“·Õπµ‘∫Õ¥’µàÕ 3-‚Õ-´—≈‡øµ „π “¬‡Œææ“·√π´—≈‡øµ
 “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß‡Œææ“√‘π (heparin) ‚¥¬·Õπµ‘∫Õ¥’
®—∫°—∫ à«π·Õπµ’∑√Õ¡∫‘π 3 (antithrombin III domain) ∫π‡Œææ“-
√‘π ∑”„Àâ‡Œææ“√‘π‰¡à “¡“√∂¬—∫¬—Èß„Àâ‡≈◊Õ¥·¢Áßµ—«41 ÷́Ëß¡’º≈„°≈â
‡§’¬ß°—∫ “√‚ª√µ“¡’π (protamine) ∑’Ë„™â‡ªìπ¬“µâ“πƒ∑∏‘Ï¢Õß‡Œææ“√‘π
(heparin antidote) „πß“π«‘®—¬π’È‰¥â· ¥ß§«“¡æ¬“¬“¡„π°“√º≈‘µ
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·Õπµ‘∫Õ¥’µàÕ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π ǻ ÷Ëß¡’§«“¡À≈“°-
À≈“¬„π‚§√ß √â“ß§àÕπ¢â“ß Ÿß ‡™àπ ‡¡◊ËÕ®”π«π¢Õß —́≈‡øµµà“ß°—π
µ”·Àπàß∑’Ë‡°‘¥°“√‡µ‘¡À¡Ÿà́ —≈‡øµµà“ß°—π §«“¡¬“«¢Õß “¬‡Œææ“-
·√π´—≈‡øµµà“ß°—π ®”π«π “¬‡Œææ“·√π´—≈‡øµ∑’ËµàÕ°—∫‚ª√µ’π
µà“ß°—π ‡ªìπµâπ ≈â«π∑”„Àâ§ÿ≥ ¡∫—µ‘·≈–µ”·Àπàß∑’Ëæ∫„π·µà≈–‡´≈≈å
µà“ß°—π‰ª¥â«¬ ¥—ßπ—Èπ °“√æ—≤π“·Õπµ‘∫Õ¥’®÷ß‡ªìπ ‘Ëß∑’Ë∑â“∑“¬
·≈–º≈∑’Ë‰¥â°Áπà“‡™◊ËÕ∂◊Õ ·≈–¡’§«“¡‰«„π°“√µ√«® Õ∫ Ÿß π—Ëπ§◊Õ
 “¡“√∂µ√«®æ∫‰¥â ·¡â®–¡’ª√‘¡“≥Õ¬ŸàπâÕ¬¡“°

ªí®®ÿ∫—π‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∂Ÿ°æ—≤π“‡æ◊ËÕ
‡ªìπµ—«∫àß™’È∑’Ë®”‡æ“–‡®“–®ß (specific marker) ‚¥¬¡“°„™â·Õπµ‘-
∫Õ¥’µàÕ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å„π°“√µ‘¥µ“¡æ—≤π“°“√
À√◊Õ„™â„π°“√«‘π‘®©—¬‚√§¡–‡√Áß42 ‡™àπ ‰°≈æ‘·§π-3  “¡“√∂π”‰ª
ª√–¬ÿ°µå„™â‡ªìπµ—«∫àß™’È ”À√—∫‚√§¡–‡√Áß„πµ—∫ (hepatocellular
carcinoma) ‚¥¬æ∫ª√‘¡“≥¢Õß‰°≈æ‘·§π Ÿß„π´’√—Ë¡43·≈–‡π◊ÈÕ‡¬◊ËÕ
44¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß„πµ—∫·µà‰¡àæ∫‰°≈æ‘·§π„πºŸâªÉ«¬∑’Ë‡ªìπ‡π◊ÈÕ
ßÕ°∑’Ëµ—∫ (liver neoplasm) ·≈–§πª°µ‘ πÕ°®“°π—Èπ„π§π‰¢â∑’Ë‡ªìπ
¡–‡√ÁßªÕ¥ (lung carcinoma) ¬—ßµ√«®æ∫ª√‘¡“≥‰°≈æ‘·§π∑—Èß
√–¥—∫‚ª√µ’π·≈–‡ÕÁ¡Õ“√å‡ÕÁπ‡Õ Ÿß°«à“§πª°µ‘45 ‡ªìπµâπ

‘́π¥’·§π-1  “¡“√∂æ—≤π“‡ªìπµ—«∫àß™’È ”À√—∫‡´≈≈å∑’Ë¡’°“√
‡ª≈’Ë¬π‡ªìπ‡´≈≈å¡–‡√Áß (malignant transformation) ∑’Ë‡π◊ÈÕ‡¬◊ËÕ√‘¡Ωïª“°
‰¥â ‚¥¬æ∫«à“ª√‘¡“≥´‘π¥’·§π-1 ®–≈¥≈ßÕ¬à“ßµàÕ‡π◊ËÕß‡¡◊ËÕ
°√–∫«π°“√‡°‘¥¡–‡√Áß∑’Ë√‘¡Ωïª“°¡’æ—≤π“°“√¢Õß‚√§√ÿπ·√ß¡“°¢÷Èπ
°≈à“«§◊Õ „π‡π◊ÈÕ‡¬◊ËÕ¢Õß√‘¡Ωïª“°¢Õß§πª°µ‘æ∫ª√‘¡“≥ ‘́π¥’·§π-
1 ¡“°°«à“§π∑’Ë‡ªìπ·Õ§∑‘π‘°‰§‰≈µ‘  (actinic chilitis) ·≈–¡“°
°«à“§π∑’Ë‡ªìπ¡–‡√Áß™π‘¥ ·§«√å¡— ‡´≈≈å§“√ǻ ‘‚π¡“ (squarmous cell
carcinoma)46

πÕ°®“°π’È ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß∂Ÿ°
æ—≤π“‡ªìπ “√µâ“π‡™◊ÈÕ‰«√— ‡Õ™‰Õ«’-1(HIV-1) ‚¥¬°“√ √â“ß‚ª√µ’π
®“°°“√√«¡ (fusion protein) ‚ª√µ’π à«π∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å¢Õß ‘́π
¥’·§π-1·≈– à«π‡Õø ’́ (Fc fragment) ¢ÕßÕ‘¡¡Ÿ‚π‚°≈∫Ÿ≈‘π®’ (IgG)
¢Õß¡πÿ…¬å ´÷Ëß‰¥â‡ªìπ‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â ·≈–∑”°“√∑¥ Õ∫
°—∫‡´≈≈å∑’Ë‰¥â√—∫°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 „πÀ≈Õ¥∑¥≈Õß47 æ∫«à“‚ª√µ’π
‘́π¥’·§π-1-‡Õø ’́ (syndecan-1-Fc fusion protein)  “¡“√∂ i) ¬—∫¬—Èß

°“√µ‘¥‡™◊ÈÕ‰«√— ‡Õ™‰Õ«’-1 „π∑’‡´≈≈å ·¡°‚§√·ø® ‡¥π‰¥√åµ‘°‡´≈≈å
ii) ¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ‰¥âÀ≈“¬™π‘¥ ‰¥â·°à ‡™◊ÈÕ‡Õ™‰Õ«’-2 ‡™◊ÈÕ‡Õ ‰Õ«’
(SIV, Simian immunodefficiency virus) ‡ªìπ‡™◊ÈÕ∑’Ëæ∫„π≈‘ß ∑’Ë‡™◊ËÕ
«à“‡¡◊ËÕ‡™◊ÈÕ∂à“¬∑Õ¥®“°≈‘ß¡“ Ÿà§π®–∑”„Àâ‡™◊ÈÕæ—≤π“æ—π∏ÿå‡ªìπ‡Õ™-
‰Õ«’-1 ·≈–-248 ·≈–‡™◊ÈÕ‡ŒÕ√åªï ǻ ‘¡‡æ≈Á° (Herpes Simplex virus) ·≈–
iii) ÕÕ°ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ‰¥âπ“π ·¡â„ à‚ª√µ’π°àÕπ„ à‡™◊ÈÕ

‡Õ™‰Õ«’-1 ≈ß„π‡´≈≈å∂÷ß 2 ™—Ë«‚¡ß ·≈– “¡“√∂ÕÕ°ƒ∑∏‘Ï‰¥â¥’„π
 ¿“«–°√¥-¥à“ß‡ªìπ°≈“ß ·µà°Á¬—ßÕÕ°ƒ∑∏‘Ï‰¥â¥’„π ¿“«–‡ªìπ°√¥
(pH 4) ·≈–¥à“ß (pH 8) Õ¬à“ß‰√°Á¥’ °“√„™â‚ª√µ’π ‘́π¥’·§π-1-‡Õø ’́
¬—ß¡’¢âÕ‰¡àæ÷ßª√– ß§å ‡™àπ ∂â“‡æ‘Ë¡§«“¡‡¢â¡¢âπÕ“®®–‡°‘¥‡ªìπ
µ–°Õπ‰¥â ÷́Ëß∑”„Àâ‡°‘¥§«“¡‰¡à ∫“¬‰¥â„π¡πÿ…¬å·≈– —µ«å∑¥≈Õß
·≈–µâÕß„™â‚ª√µ’π°àÕπ°“√µ‘¥‡™◊ÈÕ‡∑à“π—Èπ ‡æ√“–‚ª√µ’π®–‰¡àÕÕ°
ƒ∑∏‘ÏÀ≈—ß®“°µ‘¥‡™◊ÈÕ‰ª·≈â« 1 ™—Ë«‚¡ß ‡ªìπµâπ

®“°µ—«Õ¬à“ß∑’Ë¬°¡“ ®–‡ÀÁπ‰¥â«à“°“√ª√–¬ÿ°µå„™â‡Œææ“-
·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å ¡’§«“¡‡ªìπ‰ª‰¥â Ÿß∑’Ë®–π”¡“„™â„π
Õπ“§µ ·µà¬—ß§ßµâÕßÕ“»—¬°“√»÷°…“«‘®—¬Õ’°¡“° ‡æ◊ËÕπ”¡“„™â‰¥â®√‘ß
„π¡πÿ…¬å

∫∑ √ÿª

‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’Õ¬Ÿà
∑—Ë«‰ª„π‡´≈≈å∑ÿ°™π‘¥¢Õß ‘Ëß¡’™’«‘µ∑’Ë¡’·≈–‰¡à¡’°√–¥Ÿ° —πÀ≈—ß
ª√–°Õ∫¥â«¬‚ª√µ’π  “¬‚Õ≈‘‚°·´§§“‰√¥å·≈– “¬‚æ≈’·´§§“‰√¥å
∑’Ë‡√’¬°«à“ ‰°≈‚§´“¡‘‚π‰°≈·§π™π‘¥‡Œææ“·√π´—≈‡øµ ‡°‘¥®“°°“√
µàÕ “¬ È́”°—π¢ÕßπÈ”µ“≈‚¡‡≈°ÿ≈§Ÿà §◊Õ πÈ”µ“≈°√¥°≈Ÿ§Ÿ‚√π‘°·≈–
‡ÕÁπ-·Õ´‘∑‘≈°≈Ÿ‚§´“¡’π ‚¥¬∑—Ë«‰ª‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈
·§π å°√–®“¬Õ¬Ÿà∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–∫√‘‡«≥πÕ°‡´≈≈å ́ ÷Ëß‡Œææ“·√π-
´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å∫πº‘«‡´≈≈å·∫àßÕÕ°‡ªìπ 2 ™π‘¥ ‰¥â·°à ‡Œæ-
æ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬ à«π¢Õß‚ª√µ’π
ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥
‡°“–¥â«¬ à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å (‡™àπ °≈ÿà¡¢Õß
´‘π¥’·§π) ·≈–™π‘¥∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§´‘≈øÕ ø“∑‘¥‘≈Õ‘π‚π´‘∑Õ≈
(‡™àπ °≈ÿà¡¢Õß‰°≈æ‘·§π)

°“√ —ß‡§√“–Àå‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å ¡’≈”¥—∫
¢—ÈπµÕπ¥—ßπ’È 1) °“√ —ß‡§√“–Àå‚ª√µ’π 2) °“√‡√‘Ë¡µâπ°“√ √â“ß “¬
‡Œææ“·√π´—≈‡øµ 3) °“√ —ß‡§√“–Àå “¬‡Œææ“·√π´—≈‡øµ„Àâ¡’
§«“¡¬“«‡æ‘Ë¡¢÷Èπ 4) °√–∫«π°“√ª√—∫·µàß¿“¬„π “¬‡Œææ“·√π-
—́≈‡øµ ́ ÷Ëß¢—ÈπµÕπ°“√ —ß‡§√“–Àå¥—ß°≈à“«‡°‘¥¢÷Èπ∑’Ëπ‘«‡§≈’¬  Õ“√åÕ’-

Õ“√å ·≈–°Õ≈®‘·Õææ“√“µ—  µ“¡≈”¥—∫ ®“°π—Èπ‡Œææ“·√π´—≈‡øµ-
‚ª√∑’‚Õ‰°≈·§π å®–∂Ÿ°¢π àß‰ª¬—ß‡¬◊ËÕÀÿâ¡‡´≈≈å

°√–∫«π°“√ ≈“¬‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
∫πº‘«‡´≈≈å¢Õß —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡ ‡√‘Ë¡®“°‡Œææ“·√π´—≈‡øµ
‚ª√∑’‚Õ‰°≈·§π å ∂Ÿ°π”‡¢â“‡´≈≈å‚¥¬°√–∫«π°“√‡Õπ‚¥‰´‚∑´‘ 
‡¢â“¡“Õ¬Ÿà„π‡ÕÕ√å√’‡Õπ‚¥‚´¡ ‚ª√µ’π®–∂Ÿ°¬àÕ¬Õ¬à“ß√«¥‡√Á«¥â«¬
‡Õπ‰´¡å‚ª√∑’‡Õ  ®“°π—Èπ “¬‡Œææ“·√π´—≈‡øµ®–∂Ÿ°¬àÕ¬ ≈“¬
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µ“¡™π‘¥¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å °≈à“«§◊Õ„π
°√≥’¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å™π‘¥∑’Ë¬÷¥‡°“–¥â«¬
 à«π¢Õß‚ª√µ’π·∑√°ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å ®–¡’°“√¬àÕ¬ ≈“¬¢Õß “¬
‡Œææ“·√π´—≈‡øµ‡ªìπ≈”¥—∫¢—Èπ¥—ßπ’È „π‡ÕÕ√å√å√’‡Õπ‚¥‚´¡ “¬
‡Œææ“·√π´—≈‡øµ®–∂Ÿ°¬àÕ¬¥â«¬‡Õπ‰´¡å‡Œææ“√“‡π „π ¿“«–
‡ªìπ°≈“ß ‰¥â “√µ—«°≈“ß‡ªìπ “¬‡Œææ“·√π´—≈‡øµ¢π“¥ª√–¡“≥
10 °‘‚≈¥—≈µ—π ´÷Ëß®–∂Ÿ°¬àÕ¬µàÕ‰ª„π‡≈µ‡Õπ‚¥‚´¡„π ¿“«–‡ªìπ
°√¥¥â«¬‡Õπ‰´¡å‡Œææ“√“‡π ‰¥âº≈‘µ¿—≥±å‡ªìπ “¬‡Œææ“·√π
—́≈‡øµ¢π“¥ª√–¡“≥ 5 °‘‚≈¥—≈µ—π ·≈– ÿ¥∑â“¬®–∂Ÿ°¬àÕ¬µàÕ¥â«¬

‡Õπ‰´¡å‡ÕÁ°‚´‰°≈‚§´‘‡¥ ·≈–´—≈ø“‡∑  ‰¥âπÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«
·≈–´—≈‡øµ„π‰≈‚´‚´¡  à«π‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
™π‘¥∑’Ë¬÷¥‡°“–¥â«¬‰°≈‚§ ‘́≈øÕ ø“∑‘¥‘≈Õ‘π‚π ‘́∑Õ≈  “¬‡Œææ“-
·√π´—≈‡øµ®–∂Ÿ°¬àÕ¬„π‰≈‚´‚´¡¥â«¬‡Õπ‰´¡å‰°≈‚§´‘‡¥ ·≈–
´—≈ø“‡∑  ‰¥âº≈‘µ¿—≥±å ÿ¥∑â“¬‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–´—≈‡øµ

∫∑∫“∑·≈–Àπâ“∑’Ë¢Õß‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π å
„π‡π◊ÈÕ‡¬◊ËÕµà“ß Ê ¡’§«“¡‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√∑“ß™’«¿“æ∑’Ë
 ”§—≠¡“°¡“¬ ‡™àπ °“√®—∫°—π√–À«à“ß‡´≈≈å¥â«¬°—π‡Õß·≈–°“√
®—∫°—π√–À«à“ß‡´≈≈å°—∫‡¡∑√‘°´å °“√‡æ‘Ë¡®”π«π‡´≈≈å °“√‡®√‘≠
‡µ‘∫‚µ¢Õß‡´≈≈å °“√‡§≈◊ËÕπ¬â“¬¢Õß‡´≈≈å °√–∫«π°“√µ‘¥‡™◊ÈÕ‰«√— 
°√–∫«π°“√‡°‘¥æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕµà“ß Ê ·≈–°√–∫«π°“√
À“¬¢Õß·º≈ ‡ªìπµâπ

§«“¡√Ÿâ∑’Ë‰¥â®“°°“√»÷°…“‚§√ß √â“ß °“√ —ß‡§√“–Àå·≈–
°“√ ≈“¬ Àπâ“∑’Ë·≈–∫∑∫“∑¢Õß ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈-
·§π å  “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π°“√‡æ‘Ë¡æŸπÕß§å§«“¡√Ÿâæ◊Èπ∞“π
‡æ◊ËÕ§«“¡‡¢â“„®„π°√–∫«π°“√∑“ß™’«¿“æµà“ß Ê „π ‘Ëß¡’™’«‘µ µ≈Õ¥
®π “¡“√∂π”‰ªæ—≤π“¬“∑’Ë„™â„π°“√√—°…“‚√§µà“ß Ê ‡™àπ ¬“
¬—∫¬—Èß‡´≈≈å¡–‡√Áß ·≈–¬“µâ“π‡™◊ÈÕ‰«√—  ‡ªìπµâπ √«¡∂÷ß°“√
ª√—∫ª√ÿß«‘∏’°“√√—°…“ ‡™àπ ‡Œææ“·√π´—≈‡øµ‚ª√∑’‚Õ‰°≈·§π åÕ“®
‡ªìπ‚¡‡≈°ÿ≈∑’Ë‡À¡“– ¡„π°“√µ‘¥µ“¡º≈°“√√—°…“ ‡ªìπµâπ πÕ°®“°
π—Èπ‡Œææ“·√π —́≈‡øµ‚ª√∑’‚Õ‰°≈·§π å¬—ß “¡“√∂æ—≤π“‡æ◊ËÕ‡ªìπ
µ—«∫àß™’È∑’Ë®”‡æ“–„π°“√∫Õ°æ—≤π“°“√¢Õß‚√§À√◊Õ„™â„π°“√«‘π‘®-
©—¬‚√§ º≈ß“π«‘®—¬·≈–Õß§å§«“¡√Ÿâ„À¡à¢Õß‡Œææ“·√π —́≈‡øµ‚ª√-
∑’‚Õ‰°≈·§π å¬—ß‡ªìπ∑’ËµâÕß°“√ ‡æ◊ËÕæ—≤π“§ÿ≥¿“æ™’«‘µ¢Õß ‘Ëß¡’
™’«‘µ„Àâ¥’¬‘Ëß Ê ¢÷Èπ

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫æ√–§ÿ≥√Õß»“ µ√“®“√¬å ¥√.‡Õ¡Õ√  ‡∫≠®«ß»å°ÿ≈-
™—¬ ·≈–Õ“®“√¬å ∑—πµ·æ∑¬åÀ≠‘ß ¥√. ÿ¿“æ√   ÿ∑∏¡π— «ß»å §≥–
∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬  ”À√—∫°“√µ√«®∑“π
·≈–§”·π–π”∑’Ë∑”„Àâß“ππ’È¡’§«“¡ ¡∫Ÿ√≥å¡“°¬‘Ëß¢÷Èπ
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Abstract
Heparan sulfate proteoglycans (HSPGs) are common proteoglycans synthesized

by virtually all cells in invertebrates and vertebrates.  HSPGs play important roles in various

cell activities such as cell-cell and cell-matrix interaction, cell proliferation, cell migration,

and pathological processes.  There are extensive studies on HSPGs in various aspects

such as structure, metabolism and biological functions.  HSPGs are classified into two

major types; extracellular matrix HSPGs (perlecan, agrin, etc.) and cell-surface HSPGs

(syndecan and glypican, etc.).  This article focuses on the cell-surface HSPGs only.  Cell-

surface HSPGs can be classified by the type of linkages of their protein core to cellular

membrane.  There are two types of cell-surface HSPGs; transmembrane HSPGs and

glycosylphosphatidylinositol-anchored HSPGs. They are differences in their biosynthesis,

degradation, and biological function.  Study of cell-surface HSPGs can be useful to develop

treatment of diseases as well as specific markers for differential diagnosis and monitoring

tools for many diseases.
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