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∫∑§—¥¬àÕ

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡°‘¥®“°§«“¡º‘¥ª√°µ‘„π°“√§«∫§ÿ¡°“√·∫àßµ—«¢Õß‡´≈≈åµ—Èßµâπ¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
„π‰¢°√–¥Ÿ° ‡´≈≈åµ—Èßµâπ‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’°“√·∫àßµ—«Õ¬à“ß‰¡à®”°—¥
·≈–‰¡à “¡“√∂‡®√‘≠æ—≤π“‰ª‡ªìπ‡´≈≈åµ—«·°à‰¥â ∑”„Àâ¡’ª√‘¡“≥‡´≈≈åµ—«ÕàÕπ¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡æ‘Ë¡¡“°¢÷Èπ√«¥‡√Á«
¿“¬„π‰¢°√–¥Ÿ° π”‰ª Ÿà°“√‡°‘¥¿“«–‰¢°√–¥Ÿ°≈â¡‡À≈« ¢≥–∑’Ë‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß ‡´≈≈åµ—Èßµâπ¢Õß
‡¡Á¥‡≈◊Õ¥¢“«∫“ß à«π “¡“√∂æ—≤π“‰ª‡ªìπ‡´≈≈åµ—«‡µÁ¡«—¬·≈–‡§≈◊ËÕπ∑’ËÕÕ°¡“ Ÿà°√–· ‡≈◊Õ¥‰¥â ®÷ß‰¡à∑”„Àâ‡°‘¥¿“«–
‰¢°√–¥Ÿ°≈â¡‡À≈«‡©’¬∫æ≈—π º≈°“√»÷°…“∑’Ëºà“π¡“æ∫«à“‡Õπ‰´¡å membrane type-1-matrix metalloproteinase
(MT1-MMP) ·≈–µ—«¬—∫¬—Èß‡Õπ‰´¡å§◊Õ‚ª√µ’π reversion inducing cysteine rich protein with Kazal motif
(RECK) ¡’∫∑∫“∑ ”§—≠µàÕ°“√‡§≈◊ËÕπ∑’Ë·≈–°“√·æ√à°√–®“¬µ—«¢Õß‡´≈≈å¡–‡√ÁßÀ≈“¬™π‘¥ ¢≥–∑’Ë¬—ß‰¡à¡’√“¬ß“π∑’Ë
·πà™—¥∂÷ß°≈‰°°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°πÕ°‰¢°√–¥Ÿ° ¥—ßπ—Èπ«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕ
»÷°…“°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP ·≈–®’π RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· 
‡≈◊Õ¥¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π·≈–™π‘¥‡√◊ÈÕ√—ß‚¥¬«‘∏’ quantitative real-time polymerase
chain reaction º≈°“√«‘®—¬æ∫«à“‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑—Èß∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥¢ÕßºŸâªÉ«¬¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP „π√–¥—∫∑’ËµË”°«à“‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß·µà‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¢≥–∑’Ë‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡©’¬∫æ≈—π·≈–¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’°“√· ¥ßÕÕ°¢Õß®’π RECK ·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«π°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡åµàÕµ—«¬—∫¬—Èßæ∫«à“Õ—µ√“ à«π°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP
µàÕ RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑—Èß∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥
‡©’¬∫æ≈—π¡’§à“πâÕ¬°«à“„π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ßÕ¬à“ß¡’π—¬ ”§—≠ º≈∑’Ë‰¥â®“°
°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“‡Õπ‰´¡å MT1-MMP ¡’∫∑∫“∑ ”§—≠„π°“√™à«¬„Àâ‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‡®√‘≠
æ—≤π“‰ª‡ªìπ√–¬–µ—«·°à “¡“√∂‡§≈◊ËÕπ∑’ËÕÕ°πÕ°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥ ·≈–‚ª√µ’π RECK ¡’∫∑∫“∑ ”§—≠
„π°“√¬—∫¬—Èß‡Õπ‰´¡å MT1-MMP ∑”„Àâ‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π ‰¡à
 “¡“√∂‡§≈◊ËÕπ‡¢â“ Ÿà°√–· ‡≈◊Õ¥‰¥â·≈–§â“ßÕ¬Ÿà¿“¬„π‰¢°√–¥Ÿ°‡ªìπ®”π«π¡“°®π∑”„Àâ‡°‘¥¿“«–‰¢°√–¥Ÿ°≈â¡‡À≈«

§” ”§—≠: ‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«, ®’π MT1-MMP, ®’π RECK

π‘æπ∏åµâπ©∫—∫
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∫∑π”

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡ªìπ°≈ÿà¡‚√§∑’Ë ‡°‘¥®“°
§«“¡º‘¥ª√°µ‘¢Õß‡´≈≈åµ—Èßµâπ¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„π
‰¢°√–¥Ÿ°∑’Ë‰¡à “¡“√∂§«∫§ÿ¡°“√·∫àßµ—«‰¥â ‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“« “¡“√∂·∫àßµ“¡Õ“°“√∑“ß§≈‘π‘°‰¥â Ú ª√–‡¿∑
„À≠àÊ §◊Õ ‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (acute
leukemia) ·≈–‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß (chronic
leukemia) ‡´≈≈åµ—Èßµâπ‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’°“√·∫àßµ—«Õ¬à“ß‰¡à®”°—¥·≈–
‰¡à “¡“√∂‡®√‘≠æ—≤π“‰ª‡ªìπ‡´≈≈å√–¬–µ—«·°à‰¥â ∑”„Àâ¡’
ª√‘¡“≥‡´≈≈åµ—«ÕàÕπ¢Õß¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡æ‘Ë¡¡“°¢÷Èπ
√«¥‡√Á«„π‰¢°√–¥Ÿ° π”‰ª Ÿà°“√‡°‘¥¿“«–‰¢°√–¥Ÿ°≈â¡‡À≈«
 ”À√—∫‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß ‡´≈≈åµ—Èßµâπ¢Õß
‡¡Á¥‡≈◊Õ¥¢“«∫“ß à«π “¡“√∂æ—≤π“‰ª‡ªìπ‡´≈≈å√–¬–µ—«
·°à·≈–‡§≈◊ËÕπ∑’ËÕÕ°¡“ Ÿà°√–· ‡≈◊Õ¥‰¥â ‡¡◊ËÕ‰ª – ¡µ“¡
Õ«—¬«–À√◊ÕµàÕ¡πÈ”‡À≈◊Õß à«πµà“ßÊ ¡’º≈∑”„Àâ‡°‘¥Õ«—¬«–
À√◊ÕµàÕ¡πÈ”‡À≈◊Õß‚µº‘¥ª√°µ‘√à«¡°—∫®”π«π‡¡Á¥‡≈◊Õ¥¢“«
 Ÿß¡“°„π°√–· ‡≈◊Õ¥ æ¬“∏‘ ¿“æ∑’Ë·µ°µà“ß°—π„πºŸâªÉ«¬
∑—Èß Õß°≈ÿà¡π’È —ππ‘…∞“π«à“‡°‘¥®“°°≈‰°∑’Ë‡´≈≈å¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«„™â„π°“√‡§≈◊ËÕπ∑’ËÕÕ°®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥
´÷Ëßªí®®ÿ∫—π¡’√“¬ß“π‡°’Ë¬«°—∫°≈‰°¥—ß°≈à“«πâÕ¬¡“° ·≈–‰¡à
∑√“∫¢âÕ¡Ÿ≈∑’Ë™—¥‡®π

‚ª√µ’π∑’Ë¡’√“¬ß“π‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß
‡´≈≈åª√°µ‘·≈–‡´≈≈å¡–‡√Áß ·∫àßÕÕ°‡ªìπ Ú °≈ÿà¡ ‰¥â·°à
Ò) °≈ÿà¡‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë‡ªìπ‡Õπ‰´¡å°√–µÿâπ°“√‡§≈◊ËÕπ∑’Ë
¢Õß‡´≈≈å§◊Õ‡Õπ‰´¡å°≈ÿà¡ matrix metalloproteinases
(MMPs)Ò ´÷Ëß‰¥â·°à membrane type-1-matrix
metalloproteinase (MT1-MMP), matrix metallo-
proteinase - 9 (MMP-9), matrix metalloproteinase
- 2 (MMP-2) ·≈– Ú) °≈ÿà¡‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë¬—∫¬—Èß°“√
‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å§◊Õ‚ª√µ’π°≈ÿà¡ inhibitors of matrix
metalloproteinases ‰¥â·°à ‚ª√µ’π reversion inducing
cysteine rich protein with Kazal motif (RECK),
‡Õπ‰´¡å tissue inhibitors of metalloproteinases
(TIMP)‚¥¬¡’√“¬ß“π«à“‚ª√µ’π∑—Èß Ú °≈ÿà¡∑”ß“π√à«¡°—π
„π°“√§«∫§ÿ¡°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‚¥¬ MT1-MMP
‡ªìπ‡Õπ‰´¡å„π°≈ÿà¡ matrix metalloproteinase ™π‘¥
membrane bound proteins ÷́Ëß®–∑”Àπâ“∑’Ë„π°“√¬àÕ¬
‚¡‡≈°ÿ≈‚ª√µ’π„π°≈ÿà¡ extracellular matrix ∑”„Àâ‡´≈≈å
¡–‡√Áß‡°‘¥°“√‡§≈◊ËÕπ∑’ËÚ,Û „π¢≥–∑’Ë‚ª√µ’π RECK ∑”
Àπâ“∑’Ë¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å MT1-MMP √«¡∑—Èß

MMPs ™π‘¥Õ◊ËπÊ ‡™àπ MMPs „π°≈ÿà¡ fibronectin type
II ‰¥â·°à MMP-2 ·≈– MMP-9Ù ‡ªìπµâπ πÕ°®“°π’È
‡Õπ‰´¡å MT1-MMP  “¡“√∂‰ª°√–µÿâπ‡Õπ‰´¡å MMP-2
‚¥¬°“√µ—¥ à«π pro-domain ¢Õß‡Õπ‰´¡å MMP-2  ·≈–
‡Õπ‰´¡å MMP-2 ∑”Àπâ“∑’Ë°√–µÿâπ‡Õπ‰´¡å MMP-9 „Àâ
∑”ß“πµàÕ‰ªı ‚¥¬°“√∑”ß“π¢Õß‡Õπ‰´¡å MMP-2 ·≈–
MMP-9 ∂Ÿ°¬—∫¬—Èß‚¥¬‡Õπ‰´¡å TIMP-2ˆ ·≈– ‡Õπ‰´¡å
TIMP-1˜ µ“¡≈”¥—∫

®“°√“¬ß“π¥—ß°≈à“«¢â“ßµâπ §≥–ºŸâ«‘®—¬®÷ß π„®
»÷°…“°≈‰°°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°
®“°‰¢°√–¥Ÿ°„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‚¥¬‡ª√’¬∫‡∑’¬∫
°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP ·≈–®’π„π°≈ÿà¡µ—«
¬—∫¬—Èß§◊Õ®’π RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°
‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡©’¬∫æ≈—π·≈–¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß

«‘∏’¥”‡π‘π°“√«‘®—¬

°≈ÿà¡µ—«Õ¬à“ß

°≈ÿà¡µ—«Õ¬à“ß®”π«π ÛÚ §π ·∫àßÕÕ°‡ªìπ Ú °≈ÿà¡
§◊Õ Ò) ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π®”π«π Ò˘
§π ·≈– Ú) ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß®”π«π
ÒÛ §π ÷́Ëß‰¥â√—∫°“√µ√«®«‘π‘®©—¬§—¥°√Õß‚√§®“°·æ∑¬å
ºŸâ‡™’Ë¬«™“≠∑“ß¥â“π‚≈À‘µ«‘∑¬“ µ—«Õ¬à“ß‰¢°√–¥Ÿ°·≈–
‡≈◊Õ¥‰¥â¡“®“°ºŸâªÉ«¬∑’Ë¡“√—∫°“√‡®“–‰¢°√–¥Ÿ°·≈–‡≈◊Õ¥
‡æ◊ËÕ°“√µ√«®«‘π‘®©—¬‚√§·≈–/À√◊Õµ‘¥µ“¡º≈°“√√—°…“‚√§
≥ ‚√ßæ¬“∫“≈»‘√‘√“™ ‚¥¬°≈ÿà¡µ—«Õ¬à“ß∑—ÈßÀ¡¥‰¥â√—∫
§”Õ∏‘∫“¬√“¬≈–‡Õ’¬¥‚§√ß°“√«‘®—¬®“°ºŸâ«‘®—¬°àÕπ≈ßπ“¡„π
„∫¬‘π¬Õ¡‡¢â“√à«¡°“√«‘®—¬ √–‡∫’¬∫«‘∏’«‘®—¬π’Èºà“π°“√æ‘®“√≥“
®“°§≥–°√√¡°“√æ‘®“√≥“®√‘¬∏√√¡°“√∑”«‘®—¬„π¡πÿ…¬å §≥–
·æ∑¬»“ µ√å »‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

°“√§—¥·¬°‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«®“°‡≈◊Õ¥·≈–‰¢°√–¥Ÿ°

‰¢°√–¥Ÿ° Ò ¡‘≈≈‘≈‘µ√À√◊Õ‡≈◊Õ¥ ı ¡‘≈≈‘≈‘µ√∂Ÿ°
π”„ à„πÀ≈Õ¥∑¥≈Õß∑’Ë¡’ “√°—π‡≈◊Õ¥·¢Áß™π‘¥ EDTA ®“°
π—Èππ”‡≈◊Õ¥∑—ÈßÀ¡¥¡“º ¡„Àâ‡¢â“°—π°—∫ “√≈–≈“¬ red cell
lysis buffer „πÕ—µ√“ à«π Ò:ı µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π
Ò π“∑’ ‡æ◊ËÕ∑”„Àâ‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß·µ° ·≈â«®÷ßπ”‰ªªíòπ
∑’Ë§«“¡‡√Á«√Õ∫ Ú,Ûxg π“π Ò π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ Úı
Õß»“‡´≈‡´’¬  À≈—ß®“°π—Èπ®÷ß¥Ÿ¥ à«π„ ∑‘Èß ·≈–≈â“ßµ–°Õπ
Ò §√—Èß¥â«¬ phosphate buffered saline (PBS) pH=˜.ı
π”‰ªªíòπ∑’Ë§«“¡‡√Á«√Õ∫ Ò,xg π“π ı π“∑’ À≈—ß®“°
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π—Èπ®÷ß¥Ÿ¥ à«π„ ∑‘Èß ·≈–≈–≈“¬µ–°Õπ¥â«¬ PBS ª√‘¡“µ√
Ò ‰¡‚§√≈‘µ√ ·∫àß‡´≈≈å‰ªπ—∫ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«¥â«¬
‡§√◊ËÕßπ—∫‡´≈≈å‡¡Á¥‡≈◊Õ¥Õ—µ‚π¡—µ‘ Cell dyn-1800 (Abbott,
Canada) π”‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«®”π«π Ú × Ò˜ ‡´≈≈å
„ à„π “√≈–≈“¬ Trizol (Invitrogen, USA) ª√‘¡“µ√ Ò
¡‘≈≈‘≈‘µ√ º ¡„Àâ‡¢â“°—π·≈–µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π ı π“∑’
‡æ◊ËÕπ”‰ª·¬° °—¥ RNA µàÕ‰ªÀ√◊Õ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -¯
Õß»“‡´≈‡´’¬ 

°“√·¬° °—¥ RNA ®“°‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« ‚¥¬«‘∏’

Phenol-chloroform (Phenol-chloroform RNA

extraction)

„ à chloroform Ú ‰¡‚§√≈‘µ√„πµ—«Õ¬à“ß RNA
∑’ËÕ¬Ÿà„π “√≈–≈“¬ Trizol º ¡„Àâ‡¢â“°—π π”‰ªªíòπ∑’Ë
§«“¡‡√Á«√Õ∫ ÒÙ,¯xg ∑’ËÕÿ≥À¿Ÿ¡‘ Ù Õß»“‡´≈‡ ’́¬ 
π“π Òı π“∑’ ·¬°‡Õ“ à«π∑’Ë‡ªìπ aqueous phase ÷́Ëß¡’
RNA „ à„π À≈Õ¥ appendorf ¢π“¥ Ò.ı ¡‘≈≈‘≈‘µ√ ®“°
π—Èπ‡µ‘¡ isopropanol ı ‰¡‚§√≈‘µ√ º ¡„Àâ‡¢â“°—π‡∫“Ê
·≈–∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π Ò π“∑’ ®“°π—Èππ”‰ªªíòπ∑’Ë
§«“¡‡√Á«√Õ∫ ÒÙ,¯xg π“π Ò π“∑’ ¥Ÿ¥ à«π„ ∑‘Èß
≈â“ßµ–°Õπ RNA ¥â«¬ “√≈–≈“¬ ˜ı% ethanol „ππÈ”
diethylpyrocarbonate (DEPC) ª√‘¡“µ√ Ò ¡‘≈≈‘≈‘µ√
·≈–π”‰ªªíòπ∑’Ë§«“¡‡√Á« ı,Ùxg ∑’ËÕÿ≥À¿Ÿ¡‘ Ù Õß»“-
‡´≈‡´’¬  ı π“∑’ À≈—ß®“°π—Èπ¥Ÿ¥ à«π„ ÕÕ°„ÀâÀ¡¥ µ—Èß∑‘Èß
‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßª√–¡“≥ ı π“∑’‡æ◊ËÕ„Àâ ethanol √–‡À¬
®“°π—Èπ≈–≈“¬µ–°Õπ RNA ¥â«¬πÈ” DEPC ª√‘¡“µ√ Ú-
ı ‰¡‚§√≈‘µ√ ¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥µ–°Õπ RNA ®“°π—Èπ
µ√«®«—¥ª√‘¡“≥¢Õß RNA ‚¥¬„™â‡§√◊ËÕß NanoDrop2000
(Thermo Fisher Scientific, USA) ·≈–‡°Á∫ RNA ∑’Ë
·¬° °—¥‰¥â„πµŸâ‡¬Áπ -¯ Õß»“‡´≈‡´’¬  ‡æ◊ËÕµ√«®«‘‡§√“–Àå
µàÕ‰ª

°“√ —ß‡§√“–Àå “¬ complementary deoxyribonucleic

acids (cDNA synthesis)

°“√ —ß‡§√“–Àå “¬ cDNA ‚¥¬„™âπÈ”¬“ Super
ScriptTM III First-Strand Synthesis (Invitrogen, USA)
ª√–°Õ∫¥â«¬ Ú ¢—ÈπµÕπ ¥—ßπ’È

Ò) °“√∑” Pre-reverse transcription poly-
merase chain reaction (Pre-RT PCR)

‡µ√’¬¡™ÿ¥πÈ”¬“´÷Ëßª√–°Õ∫¥â«¬ Ò ‰¡‚§√≈‘µ√¢Õß
ı ‰¡‚§√‚¡≈ Oligo-d(T) primer, Ò ‰¡‚§√≈‘µ√¢Õß Ò

¡‘≈≈‘‚¡≈ dNTPs mix, Ò ‰¡‚§√°√—¡¢Õß RNA ·≈–ª√—∫
ª√‘¡“µ√ ÿ¥∑â“¬„Àâ‰¥â Ò ‰¡‚§√≈‘µ√ ¥â«¬πÈ” DEPC π”
 à«πº ¡„πÀ≈Õ¥ appendorf ‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ ˆı Õß»“
‡´≈‡´’¬  π“π ı π“∑’ ·≈–À¬ÿ¥ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ Ù Õß»“
‡´≈‡´’¬  π“π Ò π“∑’

Ú) °“√∑” reverse transcription  PCR
‡µ√’¬¡™ÿ¥πÈ”¬“ master mix ª√–°Õ∫¥â«¬ Ú

‰¡‚§√≈‘µ√ ¢Õß Òx RT buffer, Ù ‰¡‚§√≈‘µ√ ¢Õß Úı
¡‘≈≈‘‚¡≈ MgCl2, Ú ‰¡‚§√≈‘µ√ ¢Õß .Ò ‚¡≈ DTT,
Ò ‰¡‚§√≈‘µ√ ¢Õß RNase OUT ·≈– Ò ‰¡‚§√≈‘µ√ ¢Õß
Super Script  III ‚¥¬À≈—ß®“°∑’Ë∑”¢—ÈπµÕπ°“√‡µ√’¬¡
pre RT-PCR ‡ √Á®‡µ‘¡πÈ”¬“ master mix ¥—ß°≈à“« ≈ß„π
À≈Õ¥∑’Ë‰¥â®“°°“√∑” pre RT-PCR ·≈–„Àâ∑”ªØ‘°‘√‘¬“ ∑’Ë
Õÿ≥À¿Ÿ¡‘ ı Õß»“‡´≈‡´’¬  π“π ı π“∑’, Õÿ≥À¿Ÿ¡‘ ¯ı
Õß»“‡´≈‡´’¬  π“π ı π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘ Ù Õß»“‡´≈‡ ’́¬ 
π“π Ò π“∑’µ“¡≈”¥—∫ ¥â«¬‡§√◊ËÕß Thermal cycler
(Applied BioSystem; ABI, USA)

°“√∑” Quantitative Real time PCR (qRT-PCR)

‚¥¬πÈ”¬“ SYBR green I (ABI, USA)

º ¡πÈ”¬“„π ˘ˆ well plate ÷́Ëßª√–°Õ∫¥â«¬ Û
‰¡‚§√≈‘µ√¢Õßµ—«Õ¬à“ß cDNA, Ò ‰¡‚§√≈‘µ√¢ÕßπÈ”¬“
ÚX master mix,  .ı ‰¡‚§√≈‘µ√¢Õß Ú ‰¡‚§√‚¡≈
µàÕ≈‘µ√ forward primer ·≈– reverse primer ´÷Ëß
ª√–°Õ∫¥â«¬®’π¥—ßµàÕ‰ªπ’È ®’π MT1-MMP forward
primer 5û-GCAGAAGT-TTTACGGCTTGC-3û;
reverse primer 5'-TAGCG-CTTCCTTCGAACATT-
3û, ®’π RECK forward primer 5û-CCCAGATTAT-
TGCCCAGAGA-3û; reverse primer 5û-TAGCGCT-
TCCTTCGAACATT-3û ·≈– ˆ ‰¡‚§√≈‘µ√¢ÕßπÈ”°≈—Ëπ
(PCR grade) º ¡πÈ”¬“∑—ÈßÀ¡¥„Àâ‡¢â“°—π ·≈–ªî¥ plate
¥â«¬·ºàπæ≈“ µ‘° ”À√—∫ ˘ˆ well plate (ABI, USA)
®“°π—Èππ” plate ‰ªªíòπ∑’Ë§«“¡‡√Á« ı¯xg π“π Ú π“∑’
°àÕππ”‡¢â“‡§√◊ËÕß Step One Plus Real-Time PCR
system Thermal Cycle (ABI, USA) ∑”°“√µ—Èß§à“¢—Èπ
µÕπ®ÿ¥∑¥ Õ∫ ·≈–Õÿ≥À¿Ÿ¡‘¢Õß°“√∑”ªØ‘°‘√‘¬“µ“¡≈”¥—∫
¥—ßπ’È ¢—ÈπµÕπ pre-incubation (holding stage) ®”π«π
Ò √Õ∫ ∑’ËÕÿ≥À¿Ÿ¡‘ ˘ı Õß»“‡´≈‡ ’́¬  π“π Ò π“∑’ ¢—Èπ
µÕπ amplification (cycling stage) ®”π«π Ù √Õ∫
ª√–°Õ∫¥â«¬ ¢—ÈπµÕπ°“√ denaturation ∑’ËÕÿ≥À¿Ÿ¡‘ ˘ı
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ Ò «‘π“∑’ ¢—ÈπµÕπ°“√ annealing

TM

TM

TM
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∑’ËÕÿ≥À¿Ÿ¡‘ ˆ Õß»“‡´≈‡ ’́¬  π“π Ò «‘π“∑’ ·≈– ¢—Èπ
µÕπ°“√ extension ∑’ËÕÿ≥À¿Ÿ¡‘ ˜Ú Õß»“‡´≈‡ ’́¬  π“π
Ú «‘π“∑’ µ“¡≈”¥—∫ À≈—ß®“°π—Èπ∑”°“√µ—Èß§à“‡æ◊ËÕ«‘‡§√“–Àå
melting curve ∑’ËÕÿ≥À¿Ÿ¡‘ ˘ı Õß»“‡´≈‡´’¬  π“π Òı
π“∑’ ˆ Õß»“‡´≈‡ ’́¬  π“π Ò ™—Ë«‚¡ß ·≈– extension ∑’Ë
Õÿ≥À¿Ÿ¡‘ ˘ı Õß»“‡´≈‡ ’́¬  π“π Òı π“∑’ «‘‡§√“–Àåº≈
°“√∑¥≈Õß‚¥¬„™â‚ª√·°√¡ Step One Software version
2.0 (ABI, USA)

°“√µ√«®«‘‡§√“–Àåº≈·≈–∑¥ Õ∫∑“ß ∂‘µ‘

ª√‘¡“≥°“√· ¥ßÕÕ°¢Õß®’πµà“ßÊ  “¡“√∂§”π«≥
‚¥¬„™â®’π glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) ‡ªìπµ—«‡ª√’¬∫‡∑’¬∫ ´÷Ëß¡’ Ÿµ√°“√§”π«≥¥—ßπ’È

Normalized target gene = 2n - [c(T) target
gene/c(T) GAPDH gene]

‚¥¬∑’Ë§à“ c(T) §◊Õ ®”π«π√Õ∫¢Õß°“√‡æ‘Ë¡®”π«π
¢Õß “¬ DNA ∑’Ë· ßø≈ŸÕÕ‡√ ‡´πµå “¡“√∂µ√«®«—¥‰¥â

·≈– n §◊Õ ®”π«π√Õ∫¢Õß°“√∑” PCR °“√µ√«®«‘‡§√“–Àå
§«“¡·µ°µà“ß∑“ß ∂‘µ‘„π°“√· ¥ßÕÕ°¢Õß®’π·µà≈–°≈ÿà¡
µ—«Õ¬à“ß‚¥¬„™â  Mann-Whitney Test ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ
˘ı% (P-value < .ı)

º≈°“√«‘®—¬

√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP „π‡´≈≈å

¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

º≈°“√»÷°…“√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π MT1-
MMP æ∫«à“‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥¡’§à“
‡©≈’Ë¬√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP ‡∑à“°—∫
˘Û˘.¯ˆ ·≈– Ù¯Ù.Ù¯ µ“¡≈”¥—∫ ÷́Ëß Ÿß°«à“„π°≈ÿà¡
ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (§à“‡©≈’Ë¬‡∑à“°—∫
Òˆ˜.ÚÙ ·≈– ÒÙˆ.˜¯ µ“¡≈”¥—∫) (√Ÿª∑’Ë ÒA ·≈– Ò
B) Õ¬à“ß‰√°Áµ“¡æ∫«à“§«“¡·µ°µà“ß¢Õß∑—Èß Õß°≈ÿà¡‰¡à¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ (P=.Úı ·≈– P=.˜ˆ µ“¡≈”¥—∫)

√Ÿª∑’Ë Ò °√“ø°√–®“¬µ—«¢Õß√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ° (√Ÿª A)
·≈–°√–· ‡≈◊Õ¥ (√Ÿª B) ¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß (chronic leukemia; CL: n = ÒÛ) ·≈–
ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (acute leukemia; AL: n=Ò˘)
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√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥

‡≈◊Õ¥¢“«

º≈°“√»÷°…“√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π RECK „π
‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥¢Õß
ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’§à“‡©≈’Ë¬‡∑à“°—∫ ıÙ.ˆÚ
·≈– ÚÛ.ıÛ µ“¡≈”¥—∫ ·≈–√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π
RECK „π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· 
‡≈◊Õ¥¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’§à“
‡©≈’Ë¬‡∑à“°—∫ Òˆ.¯ ·≈– ÚÚ.Ù¯ µ“¡≈”¥—∫ (√Ÿª∑’Ë ÚA
·≈– ÚB) ÷́Ëßæ∫«à“∑—Èß Õß°≈ÿà¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ (P=.Û ·≈– P=.ÒÚ µ“¡≈”¥—∫)

Õ—µ√“ à«π√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP µàÕ

®’π RECK (MT1-MMP/RECK ratio) „π‡´≈≈å

¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«

º≈°“√‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«π°“√· ¥ßÕÕ°¢Õß
‡Õπ‰´¡å MT1-MMP ∑’Ë∑”Àπâ“∑’Ë°√–µÿâπ°“√‡§≈◊ËÕπ∑’Ë¢Õß
‡´≈≈å°—∫µ—«¬—∫¬—Èß¢Õß‡Õπ‰´¡å§◊Õ‚ª√µ’π RECK „πºŸâªÉ«¬
·µà≈–√“¬æ∫«à“ §à“‡©≈’Ë¬Õ—µ√“ à«π√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π
MT1-MMP µàÕ®’π RECK (MT1-MMP/RECK
ratio) „π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡√◊ÈÕ√—ß∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥¡’§à“‡∑à“°—∫
ıÙ.ˆÒ ·≈– Ò˜.ı µ“¡≈”¥—∫´÷Ëß¡’√–¥—∫ Ÿß°«à“„π°≈ÿà¡
ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (§à“‡©≈’Ë¬‡∑à“°—∫
ˆ.ı˘ ·≈– Ù.ˆÛ µ“¡≈”¥—∫) Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(P=.˜ ·≈– P=.ı µ“¡≈”¥—∫) (√Ÿª∑’Ë ÛA ·≈– ÛB)

√Ÿª∑’Ë Ú °√“ø°√–®“¬µ—«¢Õß√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ° (√Ÿª A) ·≈–
°√–· ‡≈◊Õ¥ (√Ÿª B) ¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß (chronic leukemia; CL: n = ÒÛ) ·≈–ºŸâªÉ«¬
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (acute leukemia; AL: n=Ò˘)

√Ÿª∑’Ë Û °√“ø°√–®“¬µ—«¢ÕßÕ—µ√“ à«π°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP µàÕ®’π RECK (MT1-MMP/RECK ratio)
„π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ° (√Ÿª A) ·≈–°√–· ‡≈◊Õ¥ (√Ÿª B) ¢ÕßºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥
‡√◊ÈÕ√—ß (chronic leukemia; CL: n = ÒÛ) ·≈–ºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π (acute leukemia; AL:
n=Ò˘) *P < .ı, **P < .Ò
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∫∑«‘®“√≥å

‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“« §◊Õ°≈ÿà¡‚√§∑’Ë¡’ “‡Àµÿ‡°‘¥
®“°‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‰¡à “¡“√∂§«∫§ÿ¡°“√·∫àß‡´≈≈å
¿“¬„π‰¢°√–¥Ÿ° ´÷ËßÕ“®‡°‘¥°—∫‡´≈≈åµâπ°”‡π‘¥À√◊Õ‡´≈≈å
µ—Èßµâπ¢Õß‡¡Á¥‡≈◊Õ¥¢“« “¬„¥ “¬Àπ÷ËßÀ√◊Õ¡“°°«à“ Ò ™π‘¥
‚¥¬¬—ß‰¡à∑√“∫ “‡Àµÿ∑’Ë·∑â®√‘ß À“°·µà¡’√“¬ß“πªí®®—¬∑’ËÕ“®
π”‰ª Ÿà°“√‡°‘¥‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‰¥â·°à æ—π∏ÿ°√√¡¯,˘ · ß
√—ß ’Ò,ÒÒ  “√‡§¡’ÒÚ À√◊Õ¬“‡§¡’∫”∫—¥ÒÛ ‡ªìπµâπ ‚√§
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«·∫àßÕÕ°‰¥â Ú ™π‘¥„À≠àÊ §◊Õ ‚√§
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π ·≈–‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥
¢“«™π‘¥‡√◊ÈÕ√—ß ´÷Ëß¡’§«“¡·µ°µà“ß°—π„πÀ≈“¬≈—°…≥–‚¥¬
‡©æ“–Õ¬à“ß¬‘Ëßæ¬“∏‘ ¿“æ¢ÕßºŸâªÉ«¬ °≈à“«§◊Õ‰¢°√–¥Ÿ°¢Õß
ºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’‡´≈≈å‡¡Á¥
‡≈◊Õ¥¢“«√–¬–µ—«ÕàÕπª√–¡“≥√âÕ¬≈– Û ¢Õß‡¡Á¥‡≈◊Õ¥
¢“«∑’Ë¡’π‘«‡§≈’¬  ´÷Ëß®–Õ—¥·πàπ¿“¬„π‰¢°√–¥Ÿ° ∑”„Àâ°“√
 √â“ß‡¡Á¥‡≈◊Õ¥™π‘¥Õ◊ËπÊ ≈¥≈ß·≈–π”‰ª Ÿà°“√‡°‘¥¿“«–
‰¢°√–¥Ÿ°≈â¡‡À≈«‡©’¬∫æ≈—π ¢≥–∑’Ë‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡√◊ÈÕ√—ß¡’≈—°…≥–®”‡æ“–∑’Ë‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«√–¬–
µ—«ÕàÕπ∑’Ë √â“ß¡“°º‘¥ª√°µ‘ “¡“√∂‡®√‘≠æ—≤π“‰ª‡ªìπ
√–¬–µ—«·°à·≈–‡§≈◊ËÕπ∑’ËÕÕ°πÕ°‰¢°√–¥Ÿ°‰¥â ∑”„Àâ‰¡à‡°‘¥
¿“«–‰¢°√–¥Ÿ°≈â¡‡À≈«‡©’¬∫æ≈—π ¥—ßπ—Èπ°“√¥”‡π‘π‚√§®÷ß
§àÕπ¢â“ß™â“·≈–‰¡à√ÿπ·√ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºŸâªÉ«¬‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π °≈ÿà¡ºŸâ«‘®—¬®÷ß¡’¢âÕ —ππ‘…∞“π
«à“‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«√–¬–µ—«·°à„πºŸâªÉ«¬‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’°≈‰°∫“ßÕ¬à“ß∑’Ë “¡“√∂∑”„Àâ
‡´≈≈å‡§≈◊ËÕπ∑’ËÕÕ°®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–‡≈◊Õ¥ ¢≥–∑’Ë
‡´≈≈åµ—«ÕàÕπ¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥
‡≈◊Õ¥™π‘¥‡©’¬∫æ≈—π‰¡à¡’°≈‰°¥—ß°≈à“«®÷ßÕ—¥·πàπ¿“¬„π
‰¢°√–¥Ÿ° ¥—ßπ—Èπ«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬‡æ◊ËÕ»÷°…“°≈‰°
∑’Ë‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«√–¬–µ—«·°à„™â‡§≈◊ËÕπ∑’ËÕÕ°®“°
‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥‚¥¬µ√«®«—¥√–¥—∫°“√· ¥ßÕÕ°
¢Õß®’π MT1-MMP ·≈–®’π RECK ́ ÷Ëß¡’√“¬ß“π‡°’Ë¬«¢âÕß
°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß™π‘¥µà“ßÊ ‚¥¬°“√‡ª√’¬∫
‡∑’¬∫√–¥—∫°“√· ¥ßÕÕ°¢Õß®’π¥—ß°≈à“«„π‡´≈≈å¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥„πºŸâªÉ«¬‚√§
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π·≈–‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥
¢“«™π‘¥‡√◊ÈÕ√—ß

®“°°“√∑¥≈Õßæ∫«à“‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
∑’Ë ‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥„πºŸâªÉ«¬‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß ¡’·π«‚πâ¡°“√· ¥ßÕÕ°¢Õß®’π
MT1-MMP „π√–¥—∫ Ÿß°«à“ (P=.Úı ·≈– P=.˜ˆ

µ“¡≈”¥—∫) ·≈–¡’·π«‚πâ¡°“√· ¥ßÕÕ°¢Õß®’π RECK „π
√–¥—∫ Ÿß°«à“Õ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P=.Û ·≈–
P=.ÒÚ µ“¡≈”¥—∫) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºŸâªÉ«¬‚√§¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π ¢≥–∑’ËÕ—µ√“ à«π°“√· ¥ßÕÕ°
¢Õß®’π MT1-MMP µàÕ®’π RECK „π‡´≈≈å¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥„πºŸâªÉ«¬‚√§
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’√–¥—∫ Ÿß°«à“„πºŸâªÉ«¬‚√§
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(P=.˜ ·≈– P=.Û µ“¡≈”¥—∫) ‚¥¬‡Õπ‰´¡å MT1-
MMP ‡ªìπ‡Õπ‰´¡å„π°≈ÿà¡ matrix metalloproteinases
∑’Ëæ∫∫√‘‡«≥º‘«¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å (membrane bound
protein) À√◊Õ‡√’¬°Õ’°™◊ËÕ«à“‡Õπ‰´¡å MMP-14 ∑”Àπâ“∑’Ë
µ—¥ extracellular matrix ™π‘¥ collagen type I, II ·≈–
III √«¡∂÷ß laminin, fibronectin, vitronectin, fibrin
·≈– aggrecanÒ,ÒÙ ·≈–∑”Àπâ“∑’Ëµ—¥ pro-domain ¢Õß
‡Õπ‰´¡å MMP-2 ∑”„Àâ‡Õπ‰´¡å MMP-2 ∑”ß“π‰¥âÒı

πÕ°®“°π’È MT1-MMP ¬—ß “¡“√∂µ—¥‚¡‡≈°ÿ≈ CD44 ´÷Ëß
®—∫°—∫‡ âπ„¬·Õ°∑‘π¡’º≈∑”„Àâ‡´≈≈å‡°‘¥°“√‡§≈◊ËÕπ∑’Ë‰¥âÛ

Õ’°∑—Èß¡’√“¬ß“π‡æ‘Ë¡‡µ‘¡«à“‡Õπ‰´¡å MT1-MMP ¡’º≈µàÕ
°“√·æ√à°√–®“¬·≈–°“√≈ÿ°≈“¡¢Õß‡´≈≈å¡–‡√Áß‰ª¬—ß™àÕß
∑âÕß·≈–√–∫∫πÈ”‡À≈◊ÕßÒˆ ·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈åµ—Èßµâπ
‡¡Á¥‡≈◊Õ¥ (CD34+ cells) ÕÕ°®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· 
‡≈◊Õ¥Ò˜ ¢≥–∑’Ë‚ª√µ’π RECK ∑”Àπâ“∑’Ë¬—∫¬—Èß°“√∑”ß“π
¢Õß‡Õπ‰´¡å MT1-MMP ¡’º≈µàÕ°“√¬—∫¬—Èß°“√≈ÿ°≈“¡
·≈–°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√ÁßÙ ‚¥¬¡’√“¬ß“π«à“‚ª√µ’π
RECK ¡’∫∑∫“∑¬—∫¬—Èß°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß
‡µâ“π¡Ò¯ ·≈–¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√·æ√à°√–®“¬¢Õß
‡´≈≈å¡–‡√Áß°√–‡æ“–Õ“À“√‰ª¬—ß√–∫∫πÈ”‡À≈◊ÕßÕ’°¥â«¬Ò˘

¥—ßπ—Èπ®“°º≈°“√«‘®—¬¡’§«“¡‡ªìπ‰ª‰¥â«à“‡´≈≈å
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–°√–· ‡≈◊Õ¥„π
ºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß ÷́Ëß à«π„À≠à‡ªìπ
‡´≈≈å∑’Ë “¡“√∂æ—≤π“‰ª‡ªìπ√–¬–µ—«·°à‰¥âπ—Èπ¡’√–¥—∫°“√
· ¥ßÕÕ°¢Õß®’π MT1-MMP ¡“°°«à“µ—«¬—∫¬—Èß¢Õß¡—π§◊Õ
RECK (MT1-MMP/RECK ratio  Ÿß) ¡’º≈∑”„Àâ
‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡√◊ÈÕ√—ß “¡“√∂‡§≈◊ËÕπ∑’Ë®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥‰¥â
·≈–‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‡À≈à“π—Èπ‰ª – ¡µ“¡Õ«—¬«–
µà“ßÊ ∑”„Àâ‡°‘¥§«“¡º‘¥ª√°µ‘∑’ËÕ«—¬«–‡À≈à“π—Èπ „π∑“ß
µ√ß°—π¢â“¡‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‰¥â®“°‰¢°√–¥Ÿ°·≈–
°√–· ‡≈◊Õ¥¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π
´÷Ëß‡´≈≈å à«π„À≠à‡ªìπ‡¡Á¥‡≈◊Õ¥¢“«√–¬–µ—«ÕàÕπ¡’√–¥—∫°“√
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· ¥ßÕÕ°¢Õß®’π RECK ¡“°°«à“®’π MT1-MMP (MT1-
MMP/RECK ratio µË”) ¡’º≈∑”„Àâ‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥
¢“«‡À≈à“π—Èπ – ¡·≈–Õ—¥·πàπÕ¬Ÿà¿“¬„π‰¢°√–¥Ÿ°·µà‡§≈◊ËÕπ∑’Ë
‡¢â“ Ÿà°√–· ‡≈◊Õ¥‰¥âπâÕ¬ ®÷ß∑”„Àâ‡°‘¥¿“«–‰¢°√–¥Ÿ°≈â¡
‡À≈«‡©’¬∫æ≈—π„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π
(√Ÿª∑’Ë Ù) Õ¬à“ß‰√°Áµ“¡°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«ÕÕ°πÕ°‰¢°√–¥Ÿ° Õ“®‡°‘¥®“°°“√∑”ß“π√à«¡
°—π¢Õß‡Õπ‰´¡åÀ≈“¬Ê ™π‘¥ ‰¥â·°à‡Õπ‰´¡å cathepsin-
GÚ ·≈– elastasesÚÒ, MMP-2 ·≈– MMP-9 √«¡∂÷ß
µ—«¬—∫¬—Èß°“√∑”ß“π‡Õπ‰´¡å°≈ÿà¡ matrix metallopro-
teinases ´÷Ëß‰¥â·°à‡Õπ‰´¡å TIMP-1 ·≈– TIMP-2 ‡ªìπµâπ
‚¥¬°“√»÷°…“§√—Èßπ’È‡ªìπ°“√»÷°…“‡∫◊ÈÕßµâπ‡©æ“–‡Õπ‰´¡å
MT1-MMP ·≈–µ—«¬—∫¬—Èß¢Õß¡—π§◊Õ‚ª√µ’π RECK ¥—ßπ—Èπ

°“√»÷°…“„π‡™‘ß≈÷°√à«¡°—∫°“√»÷°…“‡Õπ‰´¡å™π‘¥Õ◊ËπÊ ∑’Ë¡’
√“¬ß“π‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√ÁßÕ“®™à«¬„Àâ
 “¡“√∂Õ∏‘∫“¬°≈‰°°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥
¢“«ÕÕ°πÕ°‰¢°√–¥Ÿ°‰¥â§√Õ∫§≈ÿ¡¡“°¬‘Ëß¢÷Èπ

º≈°“√«‘®—¬§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“‡´≈≈å¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’
°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP ¡“°°«à“µ—«¬—∫¬—Èß§◊Õ®’π
RECK ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¢Õß
ºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π „π∑“ßµ√ß°—π
¢â“¡¡’°“√· ¥ßÕÕ°¢Õß®’π RECK ¡“°°«à“®’π MT1-
MMP „π‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥
‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡´≈≈å¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß

√Ÿª∑’Ë Ù ·∫∫®”≈Õß· ¥ß ¡¡µ‘∞“π°≈‰°°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥  ‡´≈≈å
¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡©’¬∫æ≈—π¡’Õ—µ√“°“√· ¥ßÕÕ°¢Õß®’π MT1-MMP/RECK
√–¥—∫µË”Õ“®∑”„Àâ‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«‰¡à “¡“√∂‡§≈◊ËÕπ∑’ËÕÕ°®“°‰¢°√–¥Ÿ°  ®÷ß‡°‘¥°“√ – ¡ àßº≈„Àâ‡°‘¥¿“«–
‰¢°√–¥Ÿ°≈â¡‡À≈«‡©’¬∫æ≈—π‰¥â ¢≥–∑’Ë‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß¡’Õ—µ√“°“√
· ¥ßÕÕ°¢Õß®’π MT1-MMP/RECK √–¥—∫ ŸßÕ“®∑”„Àâ‡´≈≈å¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«„πºŸâªÉ«¬‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
™π‘¥‡√◊ÈÕ√—ß “¡“√∂‡§≈◊ËÕπ∑’ËÕÕ°®“°‰¢°√–¥Ÿ°‡¢â“ Ÿà°√–· ‡≈◊Õ¥‰¥â ®÷ß‰¡à‡°‘¥¿“«–‰¢°√–¥Ÿ°≈â¡‡À≈«‡©’¬∫æ≈—π„πºŸâªÉ«¬
‚√§¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«™π‘¥‡√◊ÈÕ√—ß
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ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“° ”π—°ß“π°Õß∑ÿπ
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Abstract

The expressions of membrane type-1-matrix metalloproteinase and its inhibitor gene in

leukemic cells

Pakpoom Oumhalekjit*, Chairat Tantrawatpan*, Pakpoom Kheolamai*, Sirikul Manochantr*,
Yaowalak U-Pratya**, Aungkura Supokawej***, Surapol Issaragrisil**
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Leukemia is a clonal disease resulting from uncontrolled neoplastic proliferation of WBC precursors in
the bone marrow. In acute leukemia, WBC precursors have unlimited proliferation without differentiation, as a
consequence there is a rapid growth of leukemic blasts in the bone marrow giving the clinical manifestation  of
acute bone marrow failure syndrome. In chronic leukemia, the proliferating WBC precursors can partially differentiate
into mature cells and egress into peripheral blood; therefore they cannot cause acute bone marrow failure. Previous
reports demonstrated that MT1-MMP and RECK are involved in cancer cells invasion and metastasis. However,
the mechanism of egression of leukemic cells into peripheral blood is unclear. Our objective is to study gene expression
of membrane type-1-matrix metalloproteinase (MT1-MMP) and its inhibitor, reversion inducing cysteine rich protein
with Kazal motif (RECK) in the bone marrow and peripheral blood of patients with acute and chronic leukemia
by quantitative real-time polymerase chain reaction. The results demonstrated lower MT1-MMP expressions in
leukemic cells obtained from bone marrow and peripheral blood of acute leukemia patients in comparison to chronic
leukemia patients. On the other hand, RECK expressions on leukemic cells from bone marrow and peripheral blood
of acute and chronic leukemia patients were not significant difference. Interestingly, the expressions of MT1-MMP/
RECK ratio in leukemic cells from bone marrow and peripheral blood of acute leukemia were significantly lower
than in differentiated WBCs from chronic leukemia. These results indicated that MT1-MMP may play the important
role in egression of leukemic cells into peripheral blood in chronic leukemia, whereas RECK is an important regulator
for leukemic cells retention in bone marrow of acute leukemia.
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