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°“√»÷°…“√Ÿª·∫∫°“√· ¥ßÕÕ°¢Õß p63 ·≈– p73 ‰Õ‚´øÕ√å¡„π¡–‡√Áßª“°

¡¥≈Ÿ°

∫∑§—¥¬àÕ
„π¡–‡√Áßª“°¡¥≈Ÿ°®’πµâ“π¡–‡√Áß®–∂Ÿ°√∫°«π®“°°“√®—∫¢Õß‚ª√µ’π°àÕ¡–‡√Áß E6 ®“°‡™◊ÈÕ humanpapilloma virus

 àßº≈„Àâ p53 ∂Ÿ°π”‰ª∑”≈“¬‚¥¬°√–∫«π°“√ ≈“¬‚ª√µ’πºà“π ubiquitin pathway ∂÷ß·¡â«à“®–¡’ ¡“™‘°∑’Ë¡’
‚§√ß √â“ß·≈–Àπâ“∑’Ë∑’Ë‡À¡◊Õπ°—∫ p53 §◊Õ®’π p63 ·≈– p73 ·µà°≈—∫¡’√“¬ß“πæ∫‚ª√µ’π®“°®’π∑—Èß Õß«à“µ√ßª≈“¬
¥â“πÕ–¡‘‚π¡’°“√¢“¥À“¬‰ª®÷ß‡√’¬°«à“ delta-N ‰Õ‚´øÕ√å¡ (∆Np63 ·≈– ∆Np73) ÷́Ëß “¡“√∂¬—∫¬—Èß°“√∑”ß“π
¢Õß‰Õ‚´øÕ√å¡ª°µ‘ (TAp63 ·≈– TAp73) ¥—ßπ—Èπ°“√· ¥ßÕÕ°∑’Ë¡“°‡°‘π‰ª¢Õß ∆N ‰Õ‚´øÕ√å¡ ®÷ß‡ªìπ
Õ’°°≈‰°Àπ÷Ëß„π°“√¬—∫¬—Èß°“√∑”ß“π¢Õß‚ª√µ’πª°µ‘ ·∫∫ epigenetic ‰¥â °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ
µ√«®À“√Ÿª·∫∫°“√· ¥ßÕÕ°¢Õß®’π p63 ·≈– p73 ‰Õ‚´øÕ√å¡ ‡æ◊ËÕª√–‡¡‘π«à“®–„™â‡ªìπµ—«∫àß™’È°“√∑”π“¬°“√
¥”‡π‘π‚√§ ®“°√–¬–°àÕπ¡–‡√Áß‰ª Ÿà¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡‚¥¬∑”°“√«—¥ª√‘¡“≥°“√· ¥ßÕÕ°¢Õß‰Õ‚´øÕ√å¡
¥â«¬‡∑§π‘§ real time reverse transcription-PCR „πºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°™π‘¥ SCCA 66 √“¬ °≈ÿà¡°àÕπ¡–‡√Áß
64 √“¬ ‚¥¬·∫àß‡ªìπ√–¬– LSIL 31 √“¬ HSIL 33 √“¬ ·≈–°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘ 31 √“¬ º≈°“√»÷°…“æ∫«à“
TAp73 ¡’°“√· ¥ßÕÕ°¡“°¢÷Èπµ“¡√–¬–°“√¥”‡π‘π‚√§∑’Ë‡æ‘Ë¡¢÷Èπ®“° LSIL ‰ª∂÷ß HSIL ·≈– SCCA ¢≥–∑’Ë
∆Np63 ·≈– ∆Np73 ¡’°“√· ¥ßÕÕ°¡“°¢÷Èπ‡©æ“–„π°≈ÿà¡ SCCA ‡∑à“π—Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡Õ◊Ëπ (P < 0.005,
Mann-Whitney test) πÕ°®“°π—Èπ √–¥—∫¢Õß ∆Np63 ‰Õ‚´øÕ√å¡ „π SCCA ¡’°“√· ¥ßÕÕ°¡“°°«à“°≈ÿà¡ª“°
¡¥≈Ÿ°ª°µ‘, LSIL, ·≈– HSIL Õ¬à“ß¡’π—¬ ”§—≠ (P = 0.003, < 0.001, = 0.002 µ“¡≈”¥—∫) º≈®“°§à“∑“ß ∂‘µ‘
∫àß™’È«à“ ∆Np63  “¡“√∂„™â∑”π“¬°“√¥”‡π‘π‚√§¡–‡√Áß®“°√–¬–°àÕπ‡ªìπ¡–‡√Áß∂÷ß√–¬–√ÿπ·√ß¢Õß¡–‡√Áß‰¥â¥’°«à“
∆Np73 ·≈–‡¡◊ËÕª√–‡¡‘π°“√„™â —¥ à«π√–À«à“ß ∆N ·≈– TA ‰Õ‚´øÕ√å¡ ¢Õß p63 ·≈– p73 ‡æ◊ËÕ‡ªìπµ—«∫àß™’È
°“√¥”‡π‘π‚√§¢Õß¡–‡√Áß ®–æ∫«à“ —¥ à«π¢Õß TA °—∫ ∆N ‰Õ‚´øÕ√å¡ ¢Õß®’π p73 „Àâ§«“¡ —¡æ—π∏å°—∫°“√
¥”‡π‘π‚√§µ—Èß·µà√–¬–µâπÊ§◊Õ®“° LSIL ‰ª Ÿà HSIL ·≈– SCCA „π¢≥–∑’Ë —¥ à«π¢Õß p63 ‰Õ‚´øÕ√å¡ ®–„™â„π
°“√∑”π“¬®“°√–¬– HSIL ‰ª Ÿà SCCA ¥—ßπ—Èπ°“√À“Õ—µ√“ à«π√Ÿª·∫∫°“√· ¥ßÕÕ°¢Õß p73 ‰Õ‚´øÕ√å¡ ®÷ß¡’»—°¬¿“æ
„π°“√∫àß™’È°“√æ—≤π“¢Õß¡–‡√Áß„π√–¬–‡√‘Ë¡µâπ¥’°«à“ p63 ‰Õ‚´øÕ√å¡ „π¢≥–∑’Ë°“√„™â√Ÿª·∫∫ p63 ‰Õ‚´øÕ√å¡
√à«¡¥â«¬®–™à«¬∑”π“¬°“√≈ÿ°≈“¡¢Õß‚√§‡¢â“ Ÿà√–¬– SCCA

§” ”§—≠:  ¡–‡√Áßª“°¡¥≈Ÿ° p63 ‰Õ‚´øÕ√å¡ p73 ‰Õ‚´øÕ√å¡
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Expression pattern of p63 and p73 isoforms in cervical carcinoma
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Abstract
Tumor suppressor p53 function is downregulated in most cervical cancers because of its binding to

humanpapilloma virus oncoprotein E6 targeting to degradation via ubiquitin proteolysis. Even though,
both p63 and p73 share significant homology in structure and function to p53, p63 and p73 encode
truncated N-terminal or delta-N isoforms (∆Np63 and ∆Np73) which can inhibit trans-activation of full
length isoforms (TAp63 and TAp73). Therefore, overexpression of ∆N isoforms can exert as epigenetic
inhibitor of wild type proteins. The aim of this study was to determine whether expression profile of p63
and p73 isoforms are useful markers for predicting tumor progression in cervical cancer. All transcripts
were measured using real-time RT-PCR in 66 squamous cell carcinoma (SCCA), 64 cervical dysplasia
(31 low grade squamous intra-epithelials lesion; LSIL and 33 high grade squamous intra-epithelials
lesion; HSIL) and 31 normal cervix. TAp73 but not TAp63 was significantly up-regulated with respect
to the progression from LSIL to HSIL and SCCA whereas, both ∆Np73 and ∆Np63 were up-regulated
in SCCA comparing to normal (P < 0.05, Mann-Whitney test). Moreover, ∆Np63 transcripts in SCCA
show a significant up-regulation than normal, LSIL, and HSIL with P value = 0.003, < 0.001, and
= 0.002, respectively. This data indicated that ∆Np63 rather than ∆Np73 could predict cancer progression
from dysplasia to more advance stage. The ratio of isoforms fraction was further evaluated as potential
marker to predict cancer progression. Significant P value was earlier obtained at LSIL to HSIL when
using the ratio between TAp73 and ∆Np73 isoforms. In conclusion, p73 isoforms ratio is considered as
an early potential marker to predict cancer progression from LSIL to HSIL and SCCA.

Key words:  Cervical cancer,  p63 isoforms,  p73 isoforms
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∫∑π”
¡–‡√Áßª“°¡¥≈Ÿ° (CXCA) ‡ªìπ¡–‡√Áß∑’Ëæ∫‰¥â∫àÕ¬

‡ªìπÕ—π¥—∫ Õß„πºŸâÀ≠‘ßª√–‡∑»°”≈—ßæ—≤π“(1) ·≈–
æ∫¡“°‡ªìπÕ—π¥—∫Àπ÷Ëß„πºŸâÀ≠‘ß‰∑¬ ¡’Õÿ∫—µ‘°“√≥å 23.4/
100,000 ª√–™“°√(2) °“√»÷°…“∑“ß√–∫“¥«‘∑¬“æ∫
«à“°“√µ‘¥‡™◊ÈÕŒ‘«·¡π·ªªî‚≈¡“‰«√—   humanpapilloma
virus ™π‘¥‡ ’Ë¬ß Ÿß (high risk  HPV) ‡ªìπ‡«≈“π“π
‡ªìπ “‡ÀµÿÀ≈—°¢Õß°“√æ—≤π“‰ª‡ªìπ CXCA „π‡«≈“
µàÕ¡“(3-5) ‚¥¬‚ª√µ’π∑’Ëº≈‘µ®“°®’π¢Õß‰«√—  E6 ·≈– E7
„π high risk HPV π—Èπ “¡“√∂√∫°«π°“√∑”ß“π¢Õß
‚ª√µ’π p53 ·≈– pRb ´÷Ëß‡ªìπ®’πµâ“π¡–‡√Áß (tumor
suppressor gene) ∑’Ë§«∫§ÿ¡«—Ø®—°√‡´≈≈å (cell cycle)
·≈–°√–∫«π°“√µ“¬¢Õß‡´≈≈å (apoptosis) ¿“¬„π
‡´≈≈å∑’Ëµ‘¥‡™◊ÈÕ(6,7)

p63 ·≈– p73 ‡ªìπ®’π„πµ√–°Ÿ≈‡¥’¬«°—∫ p53(8)

∑’Ëæ∫«à“πÕ°®“°¡’‚§√ß √â“ß∑’Ë§≈â“¬§≈÷ß°—π·≈â«¬—ß
 “¡“√∂¬—∫¬—Èß cell cycle ·≈–°√–µÿâπ„Àâ‡´≈≈å∑’Ëº‘¥
ª°µ‘‡°‘¥ apoptosis ®÷ß‡°‘¥ ¡¡µ‘∞“π«à“‚ª√µ’π∑—Èß Õß
πà“®– “¡“√∂∑¥·∑π°“√∑”ß“π¢Õß p53 „π°√≥’¢Õß
ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°∑’Ëµ‘¥‡™◊ÈÕ high risk HPV ·≈–
p53 ∂Ÿ°∑”≈“¬‚¥¬‚ª√µ’π¢Õß‰«√—  ‰¥â(6,7) ·µàµàÕ¡“
°≈—∫¡’√“¬ß“πæ∫°“√· ¥ßÕÕ°‡æ‘Ë¡¢÷Èπ¢Õß p63 ·≈–
p73 „π¡–‡√ÁßÀ≈“¬™π‘¥ πÕ°®“°π’È°“√‡æ‘Ë¡¢÷Èπ¢Õß°“√
· ¥ßÕÕ°¢Õß‚ª√µ’π∑—Èß Õß¬—ß —¡æ—π∏å°—∫°“√¡’™’«‘µ
√Õ¥∑’ËπâÕ¬≈ß¢ÕßºŸâªÉ«¬(9,10) À≈—°∞“π‡À≈à“π’È‡ªìπ®ÿ¥‡√‘Ë¡µâπ
∑’Ë∑”„Àâ§âπæ∫µàÕ¡“«à“ „π‡´≈≈å¡–‡√Áß¡’°“√ √â“ß‚ª√µ’π
p63 ·≈– p73 ∑’Ëº‘¥ª°µ‘ §◊Õ¡’°“√¢“¥À“¬‰ª¢Õß
‚ª√µ’π¥â“πª≈“¬Õ–¡‘‚π‡√’¬°«à“ ∆N ‰Õ‚´øÕ√å¡ „π
¢≥–∑’Ë‰Õ‚´øÕ√å¡∑’Ëª°µ‘‡√’¬° TA ‰Õ‚´øÕ√å¡ ª≈“¬
Õ–¡‘‚π∑’Ë¢“¥À“¬‰ª‡°‘¥®“°°“√„™â alternative splicing
·≈– alternative promoter √–À«à“ß°“√∂Õ¥√À— ‡æ◊ËÕ √â“ß
mRNA(11) ∆N ‰Õ‚´øÕ√å¡ π’È¡’§ÿ≥ ¡∫—µ‘µ√ß¢â“¡°—∫ TA

‰Õ‚´øÕ√å¡ ‡π◊ËÕß®“°ª≈“¬¥â“πÕ–¡‘‚π∑’Ë¢“¥À“¬π’È
¡’Àπâ“∑’Ë°√–µÿâπ (transactivate) °“√· ¥ßÕÕ°¢Õß®’π
‡ªÑ“À¡“¬„π cell cycle ·≈– apoptosis ¢Õß p53
πÕ°®“°®–∑”„Àâ‚ª√µ’π Ÿ≠‡ ’¬§ÿ≥ ¡∫—µ‘¥—ß°≈à“«·≈â«
¬—ßæ∫«à“∆N ‰Õ‚´øÕ√å¡π’È “¡“√∂√∫°«π°“√∑”ß“π¢Õß
TA ‰Õ‚´øÕ√å¡ ‚¥¬°“√·¬àß®—∫°—∫®’π‡ªÑ“À¡“¬(12,13)

À≈—°∞“πÕ◊ËπÊ ∑’Ë π—∫ πÿπ∫∑∫“∑¢Õß ∆N ‰Õ‚´øÕ√å¡
∑’Ë°≈à“«¡“π’È‰¥â·°à °“√æ∫ over-expression ¢Õß∆Np63
„π¡–‡√Áß√—ß‰¢à(13) ·≈–¡–‡√Áß head neck squamous cell
carcinoma(14) æ∫ ∆Np73 „π¡–‡√Áß neuroblastoma(15)

Õ¬à“ß‰√°Áµ“¡¬—ß‰¡à¡’√“¬ß“π √Ÿª·∫∫°“√· ¥ßÕÕ°¢Õß
∆N ‰Õ‚´øÕ√å¡¢Õß∑—Èß p63 ·≈– p73 æ√âÕ¡°—π„π
¡–‡√Áßª“°¡¥≈Ÿ° ¥—ßπ—Èπ°“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“√–¥—∫°“√· ¥ßÕÕ°¢Õß ∆N ·≈– TA
‰Õ‚´øÕ√å¡¢Õß∑—Èß p63  ·≈– p73  „π¡–‡√Áßª“°¡¥≈Ÿ°
µ—Èß·µà„π√–¬–°àÕπ‡ªìπ¡–‡√Áß (pre-cancerous) ·≈–
¡–‡√Áß√–¬–≈ÿ°≈“¡ ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å
¢Õß·µà≈–‰Õ‚´øÕ√å¡°—∫√–¬–°“√¥”‡π‘π‚√§‡æ◊ËÕ¥Ÿ§«“¡
‡ªìπ‰ª‰¥â∑’Ë®–„™â‡ªìπµ—«∫àß™’È ‡√‘Ë¡µâπ„π¡–‡√Áß√–¬–·√°
À√◊Õ„™â‡æ◊ËÕ∑”π“¬°“√¥”‡π‘π‚√§  ‡ªìπµâπ

«— ¥ÿ·≈–µ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“
1. ‰æ√‡¡Õ√å (primers) ∑’Ë „™âµ√«®À“√–¥—∫°“√
· ¥ßÕÕ°¢Õß ∆N ·≈– TA ‰Õ‚´øÕ√å¡ ¢Õß®’π p63
·≈– p73

°“√µ√«®À“√–¥—∫°“√· ¥ßÕÕ°¢Õß TAp63,
∆Np63 ‰Õ‚´øÕ√å¡ „™â‰æ√‡¡Õ√å®“°°“√»÷°…“¢Õß Lin
·≈–§≥–(16)  ”À√—∫ TAp73,∆Np73 ‰Õ‚´øÕ√å¡ ·≈–
GAPDH ́ ÷Ëß‡ªìπ®’π§«∫§ÿ¡„™â‰æ√‡¡Õ√å®“°°“√»÷°…“¢Õß
Stiewe ·≈–§≥–(17) (‰æ√‡¡Õ√å∑ÿ°µ—« —ß‡§√“–Àå®“°
∫√‘…—∑·ª´‘øî°‰´·Õπ ǻ ª√–‡∑»‰∑¬) √“¬≈–‡Õ’¬¥¢Õß
≈”¥—∫‡∫ · ¥ß„π µ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1 · ¥ß≈”¥—∫‡∫ ¢Õß‰æ√‡¡Õ√å ”À√—∫ real time RT-PCR



40 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 20 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2551

µ“√“ß∑’Ë 2 · ¥ß ¿“«–∑’Ë‡À¡“– ¡„π°“√∑” real time RT-PCR ¢Õß®’π p63 ·≈– p73 ‚¥¬‡§√◊ËÕß Rotor Gene
3000
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2. æ≈“ ¡‘¥∑’Ë¡’™‘Èπ à«π¢Õß TAp63, ∆Np63,
TAp73, ∆Np73 ‰Õ‚´øÕ√å¡·≈– GAPDH

∑”°“√ clone ™‘Èπ à«π¢Õß TAp63 ·≈– ∆Np63
„πæ≈“ ¡‘¥ Topo-4 PCR vector (º≈‘µ¿—≥±å¢Õß
Invitrogen) ·≈–™‘Èπ à«π¢Õß TAp73, ∆Np73 ·≈–
GAPDH „πæ≈“ ¡‘¥ pGEM-T® vector (º≈‘µ¿—≥±å
¢Õß Promega)  àß‰ª«‘‡§√“–ÀåÀ“≈”¥—∫‡∫ ‡æ◊ËÕ¬◊π¬—π
§«“¡∂Ÿ°µâÕß(¿“§«‘™“™’«‡§¡’ §≥–·æ∑¬å»“ µ√å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ) „™âæ≈“ ¡‘¥‡À≈à“π’È‡ªìπ·À≈àß
DNA „π°“√ √â“ß°√“ø¡“µ√∞“π‡æ◊ËÕµ√«®À“√–¥—∫°“√
· ¥ßÕÕ°¥â«¬‡∑§π‘§ real time reverse transcription-
PCR (real time RT-PCR)

3. ™‘Èπ‡π◊ÈÕµ—«Õ¬à“ß
µ—«Õ¬à“ß∑’Ë„™â‡ªìπ™‘Èπ‡π◊ÈÕ ¥ (fresh tissue biopsy)

∫√‘‡«≥∑’Ë‡ªìπ√Õ¬‚√§·≈–ºà“π°“√·™à„ππÈ”¬“ RNA later
(º≈‘µ¿—≥±å¢Õß Ambion) ‡æ◊ËÕ√—°…“ ¿“æ RNA
™‘Èπ‡π◊ÈÕ‡°Á∫‚¥¬ Ÿµ‘π√’·æ∑¬å®“°°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√
«‘π‘®©—¬·≈–‡¢â“√—∫°“√µ√«®√—°…“∑’Ë§≈‘π‘°‚√§¡–‡√Áß
¿“§«‘™“ Ÿµ‘π√’‡«™»“ µ√å ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ °“√»÷°…“π’È ‰¥â√—∫°“√√—∫√Õß
®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å®“°¡À“«‘∑¬“≈—¬¢Õπ·°àπ
‡≈¢∑’Ë HE 480227 ‚¥¬ºŸâ‡¢â“√à«¡‚§√ß°“√∑ÿ°√“¬‰¥â√—∫
°“√∫Õ° ‘∑∏‘·≈–≈ßπ“¡¬‘π¬Õ¡  °≈ÿà¡ºŸâªÉ«¬∂Ÿ°·∫àß‡ªìπ
2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°
(pre-invasive À√◊Õ dysplasia) 64 √“¬ ‚¥¬·∫àß‡ªìπ
√–¬– LSIL (low grade squamous intra-epithelial
lesion) 31 √“¬ √–¬– HSIL (high grade squamous
intra-epithelial lesion) 33 √“¬ ·≈–°≈ÿà¡‡ªìπ¡–‡√Áß
ª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (invasive carcinoma) ™π‘¥
squamous cell carcinoma (SCCA) 67 √“¬ ·≈–
°≈ÿà¡§«∫§ÿ¡ ‰¥â·°àª“°¡¥≈Ÿ°ª°µ‘ (normal cervix) 31
√“¬ ºŸâªÉ«¬∑ÿ°°≈ÿà¡‰¥â√—∫°“√¬◊π¬—πº≈«‘π‘®©—¬®“°º≈
°“√µ√«®°“√µ√«®™‘Èπ‡π◊ÈÕ∑“ßæ¬“∏‘«‘∑¬“‚¥¬æ¬“∏‘
·æ∑¬å®“°¿“§«‘™“æ¬“∏‘«‘∑¬“ §≥–·æ∑¬»“ µ√å
‚√ßæ¬“∫“≈»√’π§√‘π∑√å µ—«Õ¬à“ß¥—ß°≈à“«®–∂Ÿ°‡°Á∫·™à

·¢Áß∑’Ë -70 ÌC ®π°«à“®–π”‰ª °—¥ RNA

«‘∏’°“√»÷°…“
1. °“√‡µ√’¬¡ RNA ®“°™‘Èπ‡π◊ÈÕµ—«Õ¬à“ß
     ∫¥™‘Èπ‡π◊ÈÕ¢π“¥‰¡à‡°‘π 30  ¡‘≈≈‘°√—¡„Àâ≈–‡Õ’¬¥ ¥â«¬
tissue homogenizer (º≈‘µ¿—≥±å¢Õß OMNI
International ª√–‡∑» À√—∞Õ‡¡√‘°“) π”‰ª °—¥ RNA
·≈–∑”≈“¬ genomic DNA ¥â«¬ RNA easy kit ·≈–
RNase-free DNase Set (º≈‘µ¿—≥±å¢Õß QIAGEN
ª√–‡∑»‡¬Õ√¡—π) RNA ∑’Ë‰¥â‡ª≈’Ë¬π‡ªìπ cDNA ‚¥¬
„™âπÈ”¬“ ”‡√Á®√Ÿª ImPromt-II kit (º≈‘µ¿—≥±å¢Õß
Promega ª√–‡∑»  À√—∞Õ‡¡√‘°“) ‡°Á∫ cDNA ‰«â∑’Ë -
20 ÌC ®π°«à“®–∑”°“√µ√«®¥â«¬‡∑§π‘§ real time
RT-PCR

2. °“√µ√«®À“ª√‘¡“≥°“√· ¥ßÕÕ°¢Õß ∆N ·≈–
TA ‰Õ‚´øÕ√å¡¥â«¬‡∑§π‘§ real time RT-PCR

2.1 ‡µ√’¬¡°√“ø¡“µ√∞“π
‡®◊Õ®“ß DNA ®“°æ≈“ ¡‘¥¢Õß TAp63,

∆Np63, TAp73, ·≈– ∆Np73 „Àâ¡’®”π«πµ—Èß·µà 30-
300,000 copies π”‰ª‡æ‘Ë¡®”π«π„π‡§√◊ËÕß real-time
PCR (CORBETT Research, ª√–‡∑»ÕÕ ‡µ√‡≈’¬)
·≈–µ‘¥µ“¡ªØ‘°‘√‘¬“¥â«¬ SYBR Green I dye

2.2 °“√«—¥ª√‘¡“≥¢Õß p63 ·≈– p73 ‰Õ‚´øÕ√å¡
„πµ—«Õ¬à“ß

„™âµ—«Õ¬à“ß cDNA ®”π«π 50 π“‚π°√—¡ ∑”°“√
µ√«®«—¥ª√‘¡“≥ copy number ¢Õß TAp63, ∆Np63,
TAp73 ·≈– ∆Np73 ‰Õ‚´øÕ√å¡‡ª√’¬∫‡∑’¬∫°—∫
ª√‘¡“≥°“√· ¥ß¢Õß GAPDH „πµ—«Õ¬à“ß‡¥’¬«°—π
‡æ‘Ë¡®”π«π„πªÆ‘°√‘¬“ PCR 25 ‰¡‚§√≈‘µ√ ́ ÷Ëßª√–°Õ∫
¥â«¬√“¬≈–‡Õ’¬¥¥—ßµ“√“ß∑’Ë 2 „π‡§√◊ËÕß Real time PCR
®”π«π 40 √Õ∫

∑ÿ°µ—«Õ¬à“ßµ√«®´È” 3 §√—Èß πÕ°®“°π’È„π∑ÿ°
√Õ∫¢Õß°“√∑” qPCR ¡’°“√§«∫§ÿ¡§ÿ≥¿“æ‚¥¬∑”°“√
µ√«®«—¥µ—«Õ¬à“ß§«∫§ÿ¡ ÷́Ëß‡µ√’¬¡®“°æ≈“ ¡‘¥¢Õß∑ÿ°
‰Õ‚´øÕ√å¡ ·≈–π”¡“À“§à“‡©≈’Ë¬·≈– SD (®“°°“√∑”
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´È” 20 §√—Èß) µ√«®§«∫§Ÿà‰ª°—∫µ—«Õ¬à“ß∑ÿ°√Õ∫‚¥¬µâÕß
„Àâ§à“∑’Ë«—¥‰¥â„πµ—«Õ¬à“ß§«∫§ÿ¡Õ¬Ÿà„π™à«ß mean ± 2SD

º≈°“√»÷°…“
1. °“√®—¥µ—Èß real time RT-PCR ‡æ◊ËÕ«—¥ª√‘¡“≥
TAp63, ∆Np63, TAp73, ·≈– ∆Np73 ‰Õ‚´øÕ√å¡

§ÿ≥ ¡∫—µ‘„π°“√µ√«®«—¥ª√‘¡“≥¢Õß TAp63,
∆Np63, TAp73, ∆Np73 ‰Õ‚´øÕ√å¡ ·≈– GAPDH

· ¥ß‡ªìπ™à«ß§à“¢Õß°“√µ√«®«—¥®“°°√“ø¡“µ√∞“π
(√Ÿª∑’Ë 1) æ∫«à“§à“µË” ÿ¥°“√µ√«®«—¥„π°“√‡æ‘Ë¡™‘Èπ à«π
¢Õß·µà≈–‰Õ‚´øÕ√å¡‡∑à“°—∫ 30, 300, 300, 1000 ·≈–
300 copies µ“¡≈”¥—∫ ·≈– Ÿß ÿ¥∑’Ëµ√«®‰¥â (upper
detection limit) §◊Õ 300,000 copies „π∑ÿ°‰Õ‚´øÕ√å¡
·≈–¡’§à“ %CV Õ¬Ÿà„π‡°≥±å¡“µ√∞“π∑’Ë¬Õ¡√—∫(18) „π
°“√∑” qPCR §◊Õ‰¡à‡°‘π 15% ·≈– PCR efficiency
‰¡àµË”°«à“ 0.85

√Ÿª∑’Ë 1 · ¥ß°√“ø¡“µ√∞“π·≈–™à«ß§à“∑’Ëµ√«®«—¥ TAp63,∆Np63, TAp73, ∆Np73 ‰Õ‚´øÕ√å¡·≈– GAPDH
¥â«¬ real time RT-PCR
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2. °“√‡ª√’¬∫‡∑’¬∫√–¥—∫·≈–√Ÿª·∫∫°“√· ¥ßÕÕ°
¢Õß TAp63, ∆Np63, TAp73, ·≈– ∆Np73
‰Õ‚´øÕ√å¡„π°≈ÿà¡ºŸâªÉ«¬·≈–°≈ÿà¡§«∫§ÿ¡

°“√· ¥ßÕÕ°‡ªìπÀπà«¬®”π«π copy ¢Õß·µà≈–
‰Õ‚´øÕ√å¡æ∫«à“ „π°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘¡’°“√· ¥ßÕÕ°
¢Õß∑ÿ°‰Õ‚´øÕ√å¡Õ¬Ÿà „π√–¥—∫§àÕπ¢â“ßµË”§◊Õ‰¡à‡°‘π
1,000 copies ¬°‡«âπ ∆Np63 ´÷Ëßæ∫ Ÿß‰¥â∂÷ß 10,000
copies ‡æ◊ËÕ„Àâ‡ÀÁπ°“√‡ª√’¬∫‡∑’¬∫„π‡™‘ßª√‘¡“≥¢Õß
°“√· ¥ßÕÕ°¢Õß·µà≈–‰Õ‚´øÕ√å¡·≈–«‘‡§√“–Àå∑“ß ∂‘µ‘
√–¥—∫°“√· ¥ßÕÕ°®–∂Ÿ°·ª≈ß‡ªìπ relative copy
number  µàÕ√–¥—∫ GAPDH transcript ¥—ß„π √Ÿª∑’Ë 2

º≈°“√»÷°…“· ¥ß·π«‚πâ¡°“√æ∫√–¥—∫‡æ‘Ë¡¢÷Èπ¢Õß‰Õ
‚´øÕ√å¡ª°µ‘§◊Õ∑—Èß TAp63 ·≈– TAp73 ‡¡◊ËÕ¡’°“√
æ—≤π“‚√§‡¢â“ Ÿà√–¬–¡–‡√Áß≈ÿ°≈“¡ (SCCA) ‚¥¬‡©æ“–
TAp73 π—Èπ‡√‘Ë¡æ∫ up-regulation Õ¬à“ß¡’π—¬ ”§—≠µ—Èß
·µà√–¬– HSIL (P = 0.001) ·≈– SCCA (P < 0.001)
‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘ ‡ªìπ∑’Ëπà“ —ß‡°µ«à“
¢≥–∑’Ë¡’°“√ up-regulate „Àâ¡’°“√‡æ‘Ë¡√–¥—∫¢Õß TAp63
·≈– TAp73 ®–æ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫°“√· ¥ßÕÕ°
∑—Èß ∆Np63 ·≈– ∆Np73 Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
„π°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß≈ÿ°≈“¡ (P = 0.005 ·≈– P = 0.037
¥â«¬  ∂‘µ‘ Mann-Whitney )

√Ÿª∑’Ë 2 ‡ª√’¬∫‡∑’¬∫√–¥—∫°“√· ¥ßÕÕ°¢Õß·µà≈–‰Õ‚´øÕ√å¡ p63 and p73 „π√Ÿª¢ÕßÕ—µ√“ à«π°—∫ GAPDH „π
°≈ÿà¡µ—«Õ¬à“ß√–¬–°àÕπ¡–‡√Áß (LSIL ·≈– HSIL) °≈ÿà¡‡ªìπ¡–‡√Áß (SCCA) ‡∑’¬∫°—∫°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘
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πÕ°®“°π’È‡¡◊ËÕ∑”°“√«‘‡§√“–Àå‚¥¬„™âÕ—µ√“ à«π°“√
· ¥ßÕÕ°√–À«à“ß‰Õ‚´øÕ√å¡∑’Ë àß‡ √‘¡¡–‡√Áß (∆N) µàÕ
‰Õ‚´øÕ√å¡ª°µ‘ (TA) ¢Õß®’π Õß∑—Èß„π·µà≈–°≈ÿà¡
µ—«Õ¬à“ßæ∫«à“Õ—µ√“ à«π¢Õß ∆N/TA ‰Õ‚´øÕ√å¡¢Õß
p63 ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡’°“√¥”‡π‘π‚√§‰ª Ÿà√–¬–∑’Ë√ÿπ·√ß‡æ‘Ë¡¢÷Èπ
‚¥¬¡’·π«‚πâ¡«à“‡ÀÁπ§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡√‘Ë¡

µ—Èß·µà√–¬–°àÕπ‡ªìπ¡–‡√Áß§◊Õ HSIL (P = 0.044) ·µà
æ∫«à“Õ—µ√“ à«π¥—ß°≈à“«¢Õß p73 ®–¡’·π«‚πâ¡≈¥≈ß
‡¡◊ËÕ‚√§√ÿπ·√ß¢÷Èπµ—Èß·µà√–¬–°àÕπ¡–‡√Áß§◊Õ HSIL ·≈–
SCCA ·≈–¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫°—∫√–¬–
∑’Ë√ÿπ·√ßπâÕ¬°«à“ (P < 0.05) ¥—ß· ¥ß„π √Ÿª∑’Ë 3

√Ÿª∑’Ë 3  · ¥ß —¥ à«π box plot √–À«à“ß DN and TA ¢Õß p63 ·≈– p73 „π normal cervix, pre-invasive, ·≈–
SCCA ‡ âπµ√ß„π·π«πÕπ¢Õß box · ¥ß∂÷ß median ¢Õ∫∫π ÿ¥¢Õß box · ¥ß∂÷ß 75 percentile ·≈–
¢Õ∫≈à“ß ÿ¥¢Õß box · ¥ß∂÷ß 25 percentile

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
°“√»÷°…“π’È‰¥âæ—≤π“°“√µ√«®À“√–¥—∫°“√· ¥ßÕÕ°

¢Õß TA ·≈– ∆N ‰Õ‚´øÕ√å¡ ¢Õß®’π p63 ·≈– p73
¥â«¬‡∑§π‘§ real time RT-PCR ´÷Ëß®–∑”„Àâ‰¥â¢âÕ¡Ÿ≈
¥â“πª√‘¡“≥√–À«à“ß‰Õ‚´øÕ√å¡∑’Ë “¡“√∂¬—∫¬—Èß¡–‡√Áß
°—∫‰Õ‚´øÕ√å¡∑’Ë àß‡ √‘¡°“√‡µ‘∫‚µ¢Õß¡–‡√Áß  ·≈–Õ“®
„™â‡ªìπ¢âÕ¡Ÿ≈∫àß™’È∑’Ë ”§—≠„π°“√æ—≤π“¡–‡√Áßª“°¡¥≈Ÿ°
„π°“√®—¥µ—Èß·≈–∑¥ Õ∫§ÿ≥ ¡∫—µ‘«‘∏’°“√µ√«®«—¥®÷ß¡’

§«“¡ ”§—≠‡ªìπÕ—π¥—∫·√°∑’Ë®–¡—Ëπ„®«à“§à“∑’Ë‰¥â¡’§«“¡πà“
‡™◊ËÕ∂◊Õ ´÷Ëß„π∑ÿ°√Õ∫°“√µ√«®«—¥¡’°“√°”Àπ¥§à“§«“¡
·ª√ª√«π·≈– PCR efficiency µ“¡¡“µ√∞“π∑’Ë„Àâ°“√
¬Õ¡√—∫„π°“√∑” real time RT-PCR √«¡∑—Èß°“√∑”
§«∫§ÿ¡§ÿ≥¿“æ¥â«¬°“√∑” control §«∫§Ÿà„π∑ÿ°√Õ∫
°“√«‘‡§√“–Àå

º≈°“√®—¥∑”°√“ø¡“µ√∞“π°“√µ√«®«—¥„π·µà≈–
‰Õ‚´øÕ√å¡„Àâ§à“µË” ÿ¥∑’Ë “¡“√∂«—¥‰¥â·µ°µà“ß°—π ‚¥¬
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‡√’¬ß®“°πâÕ¬‰ªÀ“¡“° §◊Õ  TAp63 ‡∑à“°—∫ 30 copies
TA p73, ∆Np63 ·≈– GAPDH ‡∑à“°—∫ 300 copies
·≈–  ∆Np73 ‡∑à“°—∫ 1000 copies  µ“¡≈”¥—∫  ∂÷ß
·¡â«à“°“√»÷°…“°àÕπÀπâ“π’È (12, 19) ‰¥âÕâ“ß∂÷ß §à“  detection
limit ∑’Ë§àÕπ¢â“ßµË”§◊Õ‡æ’¬ß 2 copies  Õ“®‡π◊ËÕß®“°„™â
‡§√◊ËÕß ABI √ÿàπ 7900 ´÷Ëß¡’§«“¡‰«„π°“√µ√«®®—∫
 —≠≠“≥¡“°°«à“‡æ√“–∑”°“√µ√«®Õà“π —≠≠“≥®“°
ªØ‘°‘√‘¬“‚¥¬µ√ß®“°¥â“π∫π „π¢≥–∑’Ë°“√»÷°…“π’È
‡§√◊ËÕß∑’Ë„™â (CORBETT Research) ®–„™â°“√Õà“π
 —≠≠“≥ºà“πºπ—ßÀ≈Õ¥ PCR §«“¡Àπ“¢Õßºπ—ßÀ≈Õ¥
PCR  “¡“√∂√∫°«π°“√µ√«®«—¥‰¥â Õ¬à“ß‰√°Áµ“¡™à«ß§à“
∑’Ëµ√«®«—¥‰¥â®“°µ—«Õ¬à“ß à«π„À≠à¡’√–¥—∫‡°‘π§à“
detection limit

°“√»÷°…“π’È ‡ªìπ°“√»÷°…“·√°∑’Ëµ√«®À“°“√
· ¥ßÕÕ°¢Õß p63 ·≈– p73 ‰Õ‚´øÕ√å¡æ√âÕ¡°—π„π
°≈ÿà¡µ—«Õ¬à“ß√–¬–°àÕπ¡–‡√Áßª“°¡¥≈Ÿ°·≈–√–¬–‡ªìπ
¡–‡√Áß≈ÿ°≈“¡™π‘¥ SCCA ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ª“°
¡¥≈Ÿ°ª°µ‘ ‡¡◊ËÕæ‘®“√≥“®“°√–¥—∫°“√· ¥ßÕÕ°¢Õß p63
·≈– p73 ‰Õ‚´øÕ√å¡ „π°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘æ∫«à“∑ÿ°
‰Õ‚´øÕ√å¡¬°‡«âπ ∆Np63 ¡’°“√· ¥ßÕÕ°„π√–¥—∫µË”
 ”À√—∫°“√∑’Ëæ∫ ∆Np63  Ÿß„π‡π◊ÈÕ‡¬◊ËÕª“°¡¥≈Ÿ°¡“
®“°Àπâ“∑’Ë¢Õß ∆Np63 ∑’Ë°√–µÿâπ„Àâ‡¬◊ËÕ∫ÿ¡¥≈Ÿ°‡°‘¥
°“√·∫àßµ—« (proliferation) ·µà¢≥–∑’Ë TAp63 ∑”
Àπâ“∑’Ë°√–µÿâπ differentiation „π‡¬◊ËÕ∫ÿº‘«ª°µ‘™π‘¥
squamous cell(20)

º≈®“°°“√»÷°…“√Ÿª·∫∫„π°“√· ¥ßÕÕ°¢Õß‰Õ‚´-
øÕ√å¡ π—∫ πÿπ ¡¡µ‘∞“π«à“‡°‘¥°“√ up-regulation ¢Õß
TAp63 ·≈– TAp73 ‰Õ‚´øÕ√å¡‡æ◊ËÕµÕ∫ πÕß
(compensate) °“√∂Ÿ°∑”≈“¬¢Õß p53 ‚¥¬‰«√— 
‚ª√µ’ππ—Èπ ®–¬—ß‰¡àæ∫„π√–¬– LSIL ·µà®–‡√‘Ë¡æ∫
up-regulation ¡“°¢÷Èπ„π√–¬– HSIL ·≈– SCCA  ∑—Èßπ’È
‡æ√“–Õÿ∫—µ‘°“√≥å∑’Ëæ∫ high risk HPV „π°≈ÿà¡ SCCA
æ∫‰¥â Ÿß‡°◊Õ∫√âÕ¬≈– 99-100(3) „π¢≥–∑’Ë°≈ÿà¡ LSIL
·≈– HSIL æ∫‰¥â‡æ’¬ß√âÕ¬≈– 40-50(21)

®“°º≈°“√»÷°…“π’È∑’Ëæ∫«à“ ∆Np63 ·≈– ∆Np73
‰Õ‚´øÕ√å¡¡’°“√· ¥ßÕÕ°‡æ‘Ë¡¢÷Èπ‡©æ“–„π°≈ÿà¡ SCCA

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ª°µ‘·≈–°≈ÿà¡Õ◊ËπÊ Õ¥§≈âÕß°—∫
°“√»÷°…“„π¡–‡√Áß√—ß‰¢à (12) ·≈–¡–‡√Áß neuroblastoma(15)

´÷Ëßæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß ∆N ‰Õ‚´øÕ√å¡ —¡æ—π∏å°—∫Õ—µ√“
√Õ¥™’«‘µ

‡ªìπ∑’Ëπà“ —ß‡°µ«à“®“°°“√»÷°…“π’Èæ∫ TAp73
· ¥ßÕÕ°‡æ‘Ë¡¢÷Èπ‰¥âµ—Èß·µà√–¬–°àÕπ‡ªìπ¡–‡√Áß§◊Õ HSIL
·≈– SCCA ‚¥¬®”π«π‡∑à“∑’Ë‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫°“√
· ¥ßÕÕ°„π√–¬– SCCA µàÕ√–¬–ª“°¡¥≈Ÿ°ª°µ‘
·≈–√–¬– HSIL §‘¥‡ªìπ 16.5 ·≈– 2.7 ‡∑à“µ“¡≈”¥—∫
 à«π®”π«π‡∑à“¢Õß ∆Np73 ∑’Ë‡æ‘Ë¡¢÷Èπ‡æ’¬ß 7.8 ·≈–
1.2 ‡∑à“µ“¡≈”¥—∫ °“√∑’Ëæ∫√–¥—∫¢Õß TAp73  Ÿß°«à“
∆Np73 π—Èπ Õ¥§≈âÕß°—∫√“¬ß“π°àÕπÀπâ“π’È„π¡–‡√Áß
√—ß‰¢à·≈–¡–‡√Áß„π√–∫∫ ◊∫æ—π∏ÿå µ√’(19, 22) Õ¬à“ß‰√°Áµ“¡
¬—ß‰¡à¡’√“¬ß“π∂÷ß°“√„™âª√–‚¬™πå®“°Õ—µ√“ à«π√–À«à“ß
∆N ·≈– TA ‰Õ‚´øÕ√å¡ ¢Õß®’π∑—Èß Õß‡æ◊ËÕ∑”π“¬
°“√æ—≤π“¢Õß‚√§¡–‡√Áßª“°¡¥≈Ÿ° º≈°“√«‘‡§√“–Àå„π
°“√»÷°…“π’È‚¥¬„™âÕ—µ√“ à«π ∆N/TA ‰Õ‚´øÕ√å¡¢Õß
p63 ∑’Ë‡æ‘Ë¡¢÷ÈπÕ“®„™â‡ªìπµ—«∑”π“¬°“√¥”‡π‘π‚√§®“°
√–¬–ª“°¡¥≈Ÿ°ª°µ‘‰ª Ÿà HSIL ·≈– SCCA Õ¬à“ß‰√
°Áµ“¡Õ—µ√“ à«π ∆N/TA ¢Õß p73 °≈—∫¡’∑‘»∑“ßµ√ß
¢â“¡§◊Õ≈¥≈ß‡¡◊ËÕ‚√§√ÿπ·√ßπ—Èπ Õ“®¡“®“°°“√æ∫√–¥—∫
up-regulation ¢Õß TAp73 ∑’Ë Ÿß°«à“ ∆Np73
‰Õ‚´øÕ√å¡ ́ ÷Ëß∑”„Àâ‡ÀÁπÕ—µ√“ à«π∑’Ë≈¥≈ß‡¡◊ËÕ‚√§√ÿπ·√ß
¢÷Èπ ∑—Èßπ’ÈÕ“®Õ∏‘∫“¬°≈‰°„π°“√ up-regulation ¢Õß
∆Np73 ‡ªìπº≈≈—æ∏å∑’Ë‡°‘¥¢÷Èπ¿“¬À≈—ß®“°°“√‡°‘¥ up-
regulate ¢Õß TAp73 ‡π◊ËÕß®“°√“¬ß“π°àÕπÀπâ“π’È(23)

æ∫«à“ TAp73  “¡“√∂‡°‘¥ auto-regulation ‚¥¬°“√
°√–µÿâπ ∆N ‚ª√‚¡‡µÕ√å ∑”„Àâ‡°‘¥ up-regulate ¢Õß
∆N ‰Õ‚´øÕ√å¡µ“¡¡“ ∑’Ëπà“ π„®§◊ÕÕ—µ√“ à«π¥—ß°≈à“«
Õ“®¡’§«“¡‰«„π°“√∑”π“¬¥’°«à“ p63 ‰Õ‚´øÕ√å¡
‡π◊ËÕß®“°Õ—µ√“ à«π∑’Ë≈¥≈ß„Àâπ—¬ ”§—≠‡¡◊ËÕ‚√§√ÿπ·√ß
µ—Èß·µà√–¬– HSIL ·≈– SCCA

¥—ßπ—Èπ°“√«—¥√–¥—∫¢Õß∑—Èß TA ·≈– ∆N ¢Õß p63
·≈– p73 πà“®–„Àâ¢âÕ¡Ÿ≈∫àß™’È¥’°«à“°“√«—¥µ—«„¥µ—«Àπ÷Ëß
°“√»÷°…“∑’Ëπà“®–∑”µàÕ®“°π’È§◊Õ°“√»÷°…“°“√· ¥ßÕÕ°
„π√–¥—∫‚ª√µ’π„π·µà≈–‰Õ‚´øÕ√å¡ ·≈–°“√„™âÕ—µ√“ à«π
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¥—ß°≈à“«‡æ◊ËÕ∑”π“¬·≈–æ¬“°√≥å°“√µÕ∫ πÕßµàÕ°“√
√—°…“·≈–°“√°≈—∫‡ªìπ´È”¢Õß¡–‡√Áß‡π◊ËÕß®“°°“√√—°…“
¡–‡√Áß¥â«¬√—ß ’√—°…“À√◊Õ‡§¡’∫”∫—¥µâÕßÕ“»—¬°“∑”ß“π
¢Õß‚ª√µ’πµ√–°Ÿ≈ p53 ‡æ◊ËÕµÕ∫ πÕßµàÕ°“√√—°…“
ºà“π°“√‡°‘¥ apoptosis §«“¡ ¡¥ÿ≈¬å√–À«à“ß√–¥—∫¢Õß
‰Õ‚´øÕ√å¡∑—Èß Õß∑’Ë∑”ß“πµ√ß¢â“¡°—ππà“®–„™â‡ªìπ
molecular markers ∑’Ë ”§—≠µàÕ°“√º≈—°¥—π‡´≈≈åÀ√◊Õ
¬—∫¬—Èß‡´≈≈å„π°“√µÕ∫ πÕß°“√√—°…“∑“ß§≈‘π‘°
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