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∫∑§—¥¬àÕ 
 °“√À“¬¢Õßøíπ·µà°”‡π‘¥‡ªìπ§«“¡º‘¥ª°µ‘∑’Ëæ∫

‰¥â¡“°∑’Ëÿ¥„π§«“¡º‘¥ª°µ‘¢Õß»’√…–·≈–„∫Àπâ“¢Õß

¡πÿ…¬å “‡ÀµÿÀ≈—°¢Õß°“√À“¬¢Õßøíπ‡ªìπº≈¡“®“°

¬’π ∫∑§«“¡ª√‘∑—»πåπ’È°≈à“«∂÷ß§«“¡√Ÿâæ◊Èπ∞“π¢Õß°“√

À“¬¢Õßøíπ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À“¬¢Õßøíπ∑’Ë‰¡à

—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§ ªí®®ÿ∫—π¡’√“¬ß“π°“√

»÷°…“·¥ß∂÷ß¬’π°≈“¬æ—π∏ÿå∑’Ëàßº≈µàÕ°“√À“¬¢Õßøíπ

∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§‡æ‘Ë¡¢÷Èπ®”π«π¡“° 

º≈°“√»÷°…“πà“®–‡ªìπª√–‚¬™πå„π°“√æ—≤π“‡§√◊ËÕß

¡◊Õ‚¥¬Õ“»—¬°“√«‘‡§√“–Àå¥’‡ÕÁπ‡Õ ‡æ◊ËÕ°“√µ√«®

«‘π‘®©—¬·≈–°“√√—°…“ºŸâªÉ«¬‰¥â∂Ÿ°µâÕß·≈–√«¥‡√Á«  

§””§—≠: °“√À“¬¢Õßøíπ·µà°”‡π‘¥ ¬’π°≈“¬æ—π∏ÿå  

§«“¡º‘¥ª°µ‘¢Õß»’√…–·≈–„∫Àπâ“ 

Abstract  
 Tooth agenesis is the most common cranio-

facial anomaly found in humans.  An etiology of 

tooth agenesis is strongly conditioned by genetic 

factors. This article reviewed the basis know-

ledge of tooth agenesis and gene involvement of 

non-syndromic tooth agenesis. Recently, there 

were many studies demonstrating the mutant 

genes involved in non-syndromic tooth agenesis. 

These results may be suggested to develop early 

diagnostic tool based on DNA analysis, resulting 

in more accurate diagnosis and management.  

Keywords: tooth agenesis, mutant gene, cranio-

facial anomaly 
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∫∑π” 
 øíπ‡®√‘≠¡“®“°‡π◊ÈÕ‡¬◊ËÕµâπ°”‡π‘¥ 2 à«π§◊Õ ‡¬◊ËÕ

∫ÿº‘«øíπ (dental epithelium) ·≈–‡¥Áπ∑—≈¡’‡´π‰§¡å 

(dental mesenchyme) ¢â“ß„µâµàÕ‡¬◊ËÕ∫ÿº‘«øíπ ≥ 

µ”·Àπàß∑’Ë®–‡®√‘≠‡ªìπøíπ °“√‡®√‘≠¢Õßøíπ¡’°“√‡®√‘≠

¢Õßµ—«øíπ ¢Õßµ—«øíπ ¢Õßµ— (crown formation) ‡°‘¥¢÷Èπ¡“°àÕπ µ“¡¥â«¬

°“√√â“ß√“°øíπ (root formation) °“√‡®√‘≠¢Õßµ—«øíπ

Õ“»—¬ªØ‘°‘√‘¬“µàÕ°—π√–À«à“ß‡π◊ÈÕ‡¬◊ËÕ∑—ÈßÕß (epithelial-

mesenchymal interaction) ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß

‡π◊ÈÕ‡¬◊ËÕ„Àâ‡ÀÁπ≈—°…≥–®ÿ≈°“¬«‘¿“§ (tooth morpho-

genesis) ÕÕ°‡ªìπ 4 √–¬– ‰¥â·°à (1) √–¬–‡¥Áπ∑—≈æ≈“

‚§¥ (dental placode) (2) √–¬–∫—¥ (tooth bud) (3) 

√–¬–·§ª (cap stage) (4) √–¬–‡∫≈ (bell stage) °“√

∑”ªØ‘°‘√‘¬“µàÕ°—π¢Õß‡π◊ÈÕ‡¬◊ËÕ®–‡°‘¥°“√·¥ßÕÕ°¢Õß

¬’π·≈–—≠≠“≥√–¥—∫‚¡‡≈°ÿ≈ (molecular signals)

‡°‘¥°“√◊ËÕ“√√–À«à“ß‡´≈≈å (cell communication) àß

º≈„Àâ‡°‘¥°“√‡®√‘≠·≈–°“√·ª√¿“æ¢Õß‡´≈≈å (cell 

differentiation) ‡æ◊ËÕ°“√∑”Àπâ“∑’Ë„π°“√√â“ßøíπ„π

·µà≈–√–¬– ªí®®ÿ∫—πæ∫«à“¡’¬’π∑’Ë·¥ßÕÕ°√–À«à“ß°“√

‡®√‘≠¢Õßøíπ¡“°°«à“ 200 ¬’π(1) °≈ÿà¡—≠≠“≥∑’Ë”§—≠

„π°√–µÿâπ°“√‡®√‘≠¢Õßøíπ (growth factors) ‰¥â·°à 

bone morphogenetic protein (BMP), fibroblast 

growth factor (FGF), sonic hedgehog (SHH) ·≈– 

wingless (WNT) families πÕ°®“°π’È°“√‡®√‘≠¢Õßøíπ

¬—ßÕ“»—¬ªí®®—¬Õ◊ËπÊ √à«¡¥â«¬ ‡™àπ µ—«√—∫—≠≠“≥ 

(signal receptors) ‚¡‡≈°ÿ≈—≠≠“≥ (signaling 

molecules) ·≈–ªí®®—¬àß‡√‘¡°“√·¥ßÕÕ°¢Õß¬’π 

(transcriptional factors)(2) ¬’π∑’Ë”§—≠„π°“√‡®√‘≠¢Õß

øíπ„π√–¬–µà“ßÊ ·¥ß„πµ“√“ß∑’Ë 1 À“°¡’°“√°≈“¬

æ—π∏ÿå¢Õß¬’π∑’Ë§«∫§ÿ¡°“√‡®√‘≠¢Õßøíπ®–àßº≈„Àâ‡°‘¥

§«“¡º‘¥ª°µ‘„π°“√‡®√‘≠¢Õßøíπ‰¥â (dental anomalies)

‡™àπ °“√¡’øíπ‡°‘π (supernumerary teeth)  øíπÀ“¬‰ª

·µà°”‡π‘¥ (tooth agenesis) øíπ‡≈Á°°«à“ª°µ‘ (micro-

dontia) øíπ„À≠à°«à“ª°µ‘ (macrodontia) ‡ªìπµâπ 

§«“¡º‘¥ª°µ‘„π°“√‡®√‘≠¢ÕßøíπÕ“®‡°‘¥√à«¡°—∫°≈ÿà¡

Õ“°“√¢Õß‚√§ (syndromic disease) À√◊Õ‰¡à‡°‘¥√à«¡°—∫

°≈ÿà¡Õ“°“√¢Õß‚√§ (non-syndromic disease)

µ“√“ß∑’Ë 1 °“√·¥ßÕÕ°¢Õß¬’π∑’Ë”§—≠„π°“√‡®√‘≠¢Õßøíπ„π√–¬–µà“ßÊ ¢âÕ¡Ÿ≈®“° Nieminen, 2007(1) 2007(1) 2007
Table 1 Gene expression involved in stages of tooth development. Data from Nieminen, 2007.(1)

                   STAGES 
GENES DENTAL PLACODE BUD CAP BELL 

GROWTH 
FACTORS 

Bmp 2, 4, 7  
Eda  
Fgf  1, 2, 4, 8, 9  
Shh  
Wnt  3 ,4, 5, 6, 7b, 10 (a,b) 

Bmp 2, 4, 6, 7  
Eda  
Fgf  3, 4, 8, 9,10  
Shh  
Tgf β 1  
Wnt  4, 5a, 6, 7b, 10 (a,b) 

Bmp 2, 3, 6, 7  
Eda  
Fgf  1,  2,  3,  4, 8,  9, 10  
Shh  
Tgf β 1  
Wnt  3, 4, 5a, 6, 7b, 10 (a,b) 

Bmp 2, 3, 4, 7  
Eda  
Fgf  1, 3,  4, 8,  9, 10  
Shh  
Tgf β 1,3  
Wnt  3, 4, 5a, 6, 7b, 10 (a,b) 

RECEPTORS 
Edar  
Fgfr 1, 2  
Patched 1 

Edar  
Fgfr 1, 2  
Patched 1, 2 

Edar  
Fgfr 1, 2  
Patched 1, 2 

Edar  
Fgfr 1, 2  
Patched 1, 2 

TRANSCRIPTION
AL FACTORS 

Lef1  
Msx 1, 2  
Pax 9  
Pitx 2  
Runx 2 

β-catenin  
Lef 1  
Msx 1,  2  
Pax 9  
Pitx 2  
Runx 1, 2, 3 

β-catenin  
Pitx 2  
Runx 1, 2, 3 

β-catenin  
Pitx 2  
Runx 1, 2, 3 

SIGNALING 
MOLECULES Axin 1, 2 Axin 1, 2 Axin 1, 2 Axin 1, 2 
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°“√À“¬¢Õßøíπ·µà°”‡π‘¥  
 °“√À“¬¢Õßøíπ·µà°”‡π‘¥‡ªìπ§«“¡º‘¥ª°µ‘∑’Ëæ∫‰¥â

¡“°∑’Ëÿ¥„π§«“¡º‘¥ª°µ‘¢Õß°“√‡®√‘≠¢Õß»’√…–·≈–

„∫Àπâ“¢Õß¡πÿ…¬å (craniofacial anomaly) °“√À“¬

¢Õßøíπæ∫‰¥â∑—ÈßøíππÈ”π¡·≈–øíπ·∑â π‘¬“¡°“√À“¬¢Õß

øíπ®”·π°µ“¡®”π«π´’Ëøíπ À“°¡’°“√À“¬¢Õßøíπµ—Èß·µà 

1 ´’Ë¢÷Èπ‰ª·µàπâÕ¬°«à“ 6 ´’Ë ‡√’¬°«à“‰Œ‚ª¥Õπ‡∑’¬  (hypo-

dontia)  °“√À“¬¢Õßøíπµ—Èß·µà 6 ´’Ë¢÷Èπ‰ª ‡√’¬°«à“‚Õ≈‘‚°

¥Õπ‡∑’¬ (oligodontia) ·≈–°“√À“¬¢Õßøíπ∑—ÈßÀ¡¥„π

™àÕßª“°‡√’¬°«à“Õ–‚π¥Õπ‡∑’¬ (anodontia) ∑—Èßπ’È°“√

®”·π°¥—ß°≈à“«®–‰¡à√«¡°“√À“¬¢Õßøíπ°√“¡´’Ë∑’Ë“¡ 

(third molar) ´÷Ëß‡ªìπøíπ∑’Ë¡’§«“¡™ÿ°°“√À“¬¢Õßøíπ

¡“°∑’Ëÿ¥‚¥¬æ∫¡“°°«à“√âÕ¬≈– 20(3,4) °“√À“¬‰ª¢Õß

øíπ°√“¡´’Ë∑’Ë“¡¡’§«“¡—¡æ—π∏å°—∫«‘«—≤π“°“√¢Õß°“√

‡®√‘≠¢Õß¢“°√√‰°√∑’Ë¡’¢π“¥‡≈Á°≈ß„π·π«Àπâ“À≈—ß(5,6)

„π°√≥’∑’Ë‰¡à√«¡°“√À“¬‰ª¢Õßøíπ°√“¡´’Ë“¡ æ∫°“√

À“¬¢Õßøíπ·∑â‰¥âµ—Èß·µà√âÕ¬≈– 1.6 ∂÷ß√âÕ¬≈– 9.6(7) °“√

À“¬¢ÕßøíππÈ”π¡®–æ∫‰¥âπâÕ¬°«à“‚¥¬æ∫‰¥â√âÕ¬≈– 

0.08 ∂÷ß√âÕ¬≈– 1.55(8) „πøíπ·∑â¡—°æ∫°“√À“¬¢Õßøíπ „πøíπ·∑â¡—°æ∫°“√À“¬¢Õßøíπ „πø

°√“¡πâÕ¬≈à“ß´’Ë∑’ËÕß (mandibular second premolar)

·≈–øíπµ—¥∫π´’Ë¢â“ß (maxillary lateral incisor) ¡“°

∑’Ëÿ¥ ‚¥¬æ∫√âÕ¬≈– 3.4 ·≈– 2.2 µ“¡≈”¥—∫(9) à«πøíπ∑’Ë

æ∫°“√À“¬‰¥âπâÕ¬‰¥â·°à øíπµ—¥∫π´’Ë°≈“ß (maxillary 

central incisor) øíπ‡¢’È¬« (canine) øíπ°√“¡´’Ë·√° 

(first molar) ·≈–øíπ°√“¡´’Ë∑’ ËÕß (second molar) 

≈”¥—∫°“√À“¬¢Õßøíπ·∑â·µà°”‡π‘¥·¥ß¥—ßµ“√“ß∑’Ë 2   

æ∫°“√À“¬¢Õßøíπ·µ°µà“ß°—π‰ª„π·µà≈–°≈ÿà¡ª√–™“°√ 

§«“¡™ÿ°°“√À“¬¢Õßøíπ„π§π¬ÿ‚√ªæ∫√âÕ¬≈– 4.6 ∂÷ß 

6.3 §πÕÕ‡µ√‡≈’¬πæ∫√âÕ¬≈– 5.5 ∂÷ß 7.6 à«π§π®’π

æ∫√âÕ¬≈– 6.1 ∂÷ß 7.7 ·≈–§π≠’ËªÿÉπæ∫√âÕ¬≈– 7.5 ∂÷ß 

9.3 ‚¥¬æ∫Õ—µ√“°“√À“¬¢Õßøíπ„π‡æ»À≠‘ß¡“°°«à“

‡æ»™“¬∂÷ß 1.37 ‡∑à“(7,10) °“√”√«®°“√À“¬¢Õßøíπ·µà

°”‡π‘¥„πºŸâªÉ«¬‰∑¬¬—ß¡’®”π«ππâÕ¬ ®“°°“√»÷°…“§«“¡

™ÿ°°“√À“¬¢Õßøíπ·∑â„πºŸâªÉ«¬‰∑¬∑’Ë‡¢â“√—∫°“√√—°…“‚¥¬

°“√®—¥øíπ ®”π«π 570 §π ‡ªìπ‡æ»À≠‘ß®”π«π 446 §π 

‡æ»™“¬®”π«π 114 §π æ∫°“√À“¬¢Õßøíπ·∑â∂÷ß√âÕ¬≈– 

26.1 °“√À“¬‰ª¢Õßøíπ„π¢“°√√‰°√∫π¡“°°«à“¢“°√√‰°√

≈à“ß‚¥¬æ∫√âÕ¬≈– 53.7 ·≈– 46.3 µ“¡≈”¥—∫ æ∫°“√

À“¬¢Õßøíπµ—¥´’Ë¢â“ß¡“°∑’Ëÿ¥∂÷ß√âÕ¬≈– 15.1 ≈”¥—∫√Õß

≈ß¡“ §◊Õ øíπ°√“¡πâÕ¬´’Ë∑’ËÕßæ∫√âÕ¬≈– 8.5 øíπ°√“¡

πâÕ¬´’Ë·√°æ∫√âÕ¬≈– 2.9 øíπµ—¥´’Ë°≈“ßæ∫√âÕ¬≈– 1.7 

øíπ°√“¡´’Ë∑’ËÕßæ∫√âÕ¬≈– 1.2 øíπ‡¢’È¬«æ∫√âÕ¬≈– 0.9 

·≈–øíπ°√“¡´’Ë·√°æ∫√âÕ¬≈– 0.9(11)  

µ“√“ß∑’Ë 2 ·¥ß√âÕ¬≈–°“√À“¬¢Õßøíπ„π·µà≈–™π‘¥ ®“°º≈°“√»÷°…“‡¡µ“Õ–π“‰≈´‘„πºŸâªÉ«¬¡“°°«à“ 48,000 √“¬ ¢âÕ¡Ÿ≈®“° µ“√“ß∑’Ë 2 ·¥ß√âÕ¬≈–°“√À“¬¢Õßøíπ„π·µà≈–™π‘¥ ®“°º≈°“√»÷°…“‡¡µ“Õ–π“‰≈´‘„πºŸâªÉ«¬¡“°°«à“ 48,000 √“¬ ¢âÕ¡Ÿ≈®“° µ“√“ß∑’Ë 2

Polder et al., 2004(7)

Table 2 The frequency of tooth agenesis in each tooth type was found in meta-analysis study of over 

48,000 patients. Data from Polder et al., 2004.(7)

Tooth Frequency % 

Mandibular second premolar 3.0 

Maxillary lateral incisor 1.7 

Maxillary second premolar 1.5 

Mandibular central incisor 0.3 

Mandibular lateral incisor and maxillary first premolar 0.2 

Mandibular first premolar 0.15 

Mandibular second molar and maxillary canine 0.1 

Maxillary second molar 0.05 

Maxillary first molar 0.03 

Mandibular canine 0.02 

Mandibular first molar 0.01 

Maxillary central incisor 0.005 



16 CM Dent J Vol. 34 No. 2 July-December 2013™¡. ∑—πµ“√ ªï∑’Ë 34 ©∫—∫∑’Ë 2 °.§.-∏.§. 2556 

“‡Àµÿ¢Õß°“√À“¬¢Õßøíπ 
¡’∑ƒ…Æ’√Õß√—∫°“√À“¬¢Õßøíπ¥—ßπ’È 

“‡Àµÿ¢Õß°“√À“¬¢Õßøíπ 
¡’∑ƒ…Æ’√Õß√—∫°“√À“¬¢Õßøíπ¥—ßπ’È 

“‡Àµÿ¢Õß°“√À“¬¢Õßøíπ 

1. «‘«—≤π“°“√∑’Ëàßº≈„Àâ‡°‘¥°“√≈¥≈ß¢Õß¢π“¥

¢Õß¢“°√√‰°√„π·π«Àπâ“À≈—ß µ“¡¡“¥â«¬°“√≈¥≈ß¢Õß

®”π«π´’Ëøíπ®“°°“√¡’à«π‚§âß·π«øíπ∑’Ë‡≈Á°≈ß ·≈–¡’°“√

ª√—∫≈¥¢Õß√Ÿª√à“ß¢Õßøíπ ‡π◊ËÕß®“°°“√∑”Àπâ“∑’Ë∫¥

‡§’ È¬«¢Õßøíπ≈¥≈ßµ“¡°“√‡ª≈’ Ë¬π·ª≈ß¢ÕßÕ“À“√∑’ Ë

∫√‘‚¿§∑’Ë¡’ÕàÕπ≈ß°«à“„πÕ¥’µ(5,6)  

 2. ªí®®—¬®“°‘Ëß·«¥≈âÕ¡¿“¬πÕ° (environment 

factors) ∑’Ë¡’º≈µàÕ°“√‡®√‘≠¢ÕßÀπàÕøíπ ‰¥â·°à °“√‰¥â√—∫

°“√∫“¥‡®Á∫ (trauma) ·≈–°“√∑”»—≈¬°√√¡‡æ◊ËÕ°“√

√—°…“∑’Ëàßº≈∑”≈“¬‡¥Áπ∑—≈æ≈“‚§¥∑’Ë‡®√‘≠∫πà«π‚§âß

·π«øíπ (dental arch) àßº≈„Àâ°“√‡®√‘≠¢Õßøíπ´’Ë∑’Ë∂Ÿ°

∑”≈“¬À¬ÿ¥°“√‡®√‘≠≈ß‰¥â(12) °“√©“¬√—ß’À√◊Õ°“√‰¥â√—∫

‡§¡’∫”∫—¥ (radiotherapy and chemotherapy) ‡æ◊ËÕ°“√

√—°…“„πºŸâªÉ«¬‚√§¡–‡√Áßàßº≈µàÕ°“√‡®√‘≠¢Õßøíπ„π

√–¬–µà“ßÊ ·≈–àßº≈„Àâ‡°‘¥°“√À“¬¢Õßøíπ™π‘¥‰Œ‚ª-

¥Õπ‡∑’¬‰¥â ∑—Èßπ’Èº≈°√–∑∫¢÷ÈπÕ¬Ÿà°—∫Õ“¬ÿ¢ÕßºŸâªÉ«¬·≈–

ª√‘¡“≥‡§¡’À√◊Õ√—ß’∑’ËºŸâªÉ«¬‰¥â√—∫ª√‘¡“≥‡§¡’À√◊Õ√—ß’∑’ËºŸâªÉ«¬‰¥â√—∫ª√‘¡“≥‡§¡’À√◊Õ√—ß’∑’ (13,14) °“√‰¥â√—∫¬“∫“ß

™π‘¥ ‡™àπ ∑“≈‘‚¥‰¡¥å (Thalidomide) (N-phthaloylg-

lutamimide) „π¢≥–∑’Ëµ—Èß§√√¿åÕ“®àßº≈„Àâ‡°‘¥°“√À“¬

¢Õßøíπ·µà°”‡π‘¥¢Õß∫ÿµ√‰¥â(15) ¡’¢âÕ—ππ‘…∞“π∑’Ë«à“øíπ

µ”·Àπàß¥â“π„°≈â°≈“ß (mesial) ∑’Ëÿ¥¢Õßøíπ·µà≈–™π‘¥ 

„π·µà≈–®µÿ¿“§ (quadrant) ‰¥â·°à øíπµ—¥°≈“ß øíπ‡¢’È¬« 

øíπ°√“¡πâÕ¬´’Ë·√°·≈–øíπ°√“¡´’Ë·√° ®–¡’§«“¡¡—Ëπ§ß

„π°“√‡®√‘≠‰¡à‰«µàÕªí®®—¬¿“¬πÕ°∑’Ë¡“°√–∑∫µàÕ°“√

‡®√‘≠ à«πøíπ∑’ËÕ¬Ÿà¥â“πµ”·Àπàß¥â“π‰°≈°≈“ß ‡®√‘≠ à«πøíπ∑’ËÕ¬Ÿà¥â“πµ”·Àπàß¥â“π‰°≈°≈“ß ‡®√‘≠ à«πøíπ∑ (distal) 

∑’Ëÿ¥¢Õßøíπ·µà≈–™π‘¥®–‰¡à¡—Ëπ§ß„π°“√‡®√‘≠·≈–‰«µàÕ

‘Ëß°√–µÿâπ¿“¬πÕ°‡ªìπº≈„Àâ¡—°æ∫°“√À“¬¢Õßøíπµ—¥´’Ë

¢â“ß øíπ°√“¡πâÕ¬´’Ë∑’ËÕß·≈–øíπ°√“¡´’Ë∑’Ë“¡(16,17) πÕ° 

®“°π’Èµ”·Àπàß¢Õß‡¥Áπ∑—≈æ≈“‚§¥¢Õßøíπ∫“ß´’Ë∑’ ËµâÕß

Õ“»—¬°“√‡™◊ËÕ¡°—π¢Õßà«π¬◊Ëπ„∫Àπâ“ (facial process)

„π°“√‡®√‘≠ ‡™àπ ‡¥Áπ∑—≈æ≈“‚§¥¢Õßøíπµ—¥∫π´’Ë¢â“ß´÷Ëß

‡®√‘≠„πµ”·Àπàß°“√‡™◊ËÕ¡°—π¢Õßà«π¬◊Ëπ¡’‡¥’¬≈π“‡´≈ 

(medial nasal process) ·≈–à«π¬◊Ëπ·¡°´‘≈≈“√’ 

(maxillary process) ‡¥Áπ∑—≈æ≈“‚§¥¢Õßøíπµ—¥≈à“ß´’Ë

°≈“ß∑’Ë‡®√‘≠„πµ”·Àπàß°“√‡™◊ËÕ¡°—π¢Õßà«π¬◊Ëπ·¡π

¥‘∫Ÿ≈à“√å∑—ÈßÕß¢â“ß (mandibular process) ®–‰«µàÕ°“√

À“¬¢Õßøíπ¥â«¬‡™àπ°—π(18)  

 3. °“√À“¬¢Õßøíπ·µà°”‡π‘¥∑’ Ë‡ªìπº≈¡“®“°¬’π 

(genetic factors) ∂◊Õ‡ªìπ“‡ÀµÿÀ≈—°µàÕ°“√À“¬¢Õßøíπ 

À≈“¬°“√»÷°…“„πªí®®ÿ∫—π·¥ß∂÷ß∫∑∫“∑¢Õß¬’πµàÕ

°“√‡®√‘≠¢Õßøíπ„π°“√°”Àπ¥µ”·Àπàß°“√‡®√‘≠ ¢π“¥

·≈–√Ÿª√à“ß¢Õßøíπ °“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ëàßº≈°√–∑∫

µàÕ°“√‡®√‘≠„π√–¬–µà“ßÊ ¢Õßøíπ°àÕ„Àâ‡°‘¥§«“¡«‘°“√

·≈–°“√À“¬¢Õßøíπ·µà°”‡π‘¥‰¥â(19) °“√À“¬¢Õßøíπ·µà

°”‡π‘¥Õ“®®–‡°‘¥√à«¡°—∫°≈ÿà¡Õ“°“√¢Õß‚√§µ—«Õ¬à“ß 

‡™àπ Ectodermal dysplasia, Witkop syndrome, 

Holoprosencephaly ´÷Ëß‡°‘¥®“°°“√°≈“¬æ—π∏ÿå¢Õß¬’π 

ectodysplasin A (EDA), muscle segment homeobox 

1 (MSX1), SHH µ“¡≈”¥—∫(20-22) ªí®®ÿ∫—πæ∫«à“°“√

°≈“¬æ—π∏ÿå¢Õß¬’π EDA ·≈– MSX1 àßº≈„Àâ‡°‘¥°“√

À“¬¢Õßøíπ™π‘¥∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§(23,24)

πÕ°®“°π’È¬—ß¡’√“¬ß“π°“√»÷°…“∑’Ë·¥ß∂÷ß°≈“¬æ—π∏ÿå

¢Õß¬’πµà“ßÊ àßº≈„Àâ‡°‘¥°“√À“¬¢Õßøíπ™π‘¥∑’Ë‰¡à

—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§‰¥â·°à paired box 9 

(PAX9(PAX9( ), axis inhibition protein 2 (AXIN2), axis inhibition protein 2 (AXIN2), axis inhibition protein 2 ( ), wingless 

10A (WNT10A)(25-27) ·≈–¡’°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

‰¥âÀ≈“¬≈—°…≥–¥—ßπ’È °“√∂à“¬∑Õ¥·∫∫≈—°…≥–‡¥àπ 

(autosomal dominant)(28-30) °“√∂à“¬∑Õ¥·∫∫≈—°…≥–

¥âÕ¬ (autosomal recessive)(31) °“√∂à“¬∑Õ¥∑“ß

‚§√‚¡‚´¡‡ÕÁ°´å (X-linked trait)(32,33) °“√∂à“¬∑Õ¥°“√

°≈“¬æ—π∏ÿå¢Õß¬’πÀ≈“¬¬’π√à«¡°—π (polygenic inheri-

tance)(34)  

°“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À“¬¢Õß
øíπ∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§  
°“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À“¬¢Õß
øíπ∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§  
°“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À“¬¢Õß

  °“√À“¬¢Õßøíπ·µà°”‡π‘¥∑’ Ë‰¡à—¡æ—π∏å°—∫°≈ÿ à¡

Õ“°“√¢Õß‚√§ Õ“®¡’ª√–«—µ‘°“√À“¬¢Õßøíπ¢Õß¡“™‘°

§√Õ∫§√—«¢ÕßºŸâªÉ«¬√à«¡¥â«¬À√◊Õ‰¡à°Á‰¥â ªí®®ÿ∫—πæ∫

«à“°“√°≈“¬æ—π∏ÿå¢Õß≈”¥—∫‡∫∫ππ‘«§≈‘‚Õ‰∑¥å¢Õß¬’π

‡æ’¬ß 1 µ”·Àπàß (point mutation) àßº≈µàÕ°“√À“¬

¢Õßøíπ‰¥â ‚¥¬°“√°≈“¬æ—π∏ÿåàßº≈„Àâ≈”¥—∫°√¥Õ–¡‘‚π

¢Õß‚ª√µ’π¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª 1 Àπ÷Ëßµ”·Àπàß ‡√’¬°

°≈“¬æ—π∏ÿå™π‘¥π’È«à“¡‘‡´πå (missense mutation) À√◊Õ 

°“√°≈“¬æ—π∏ÿå∑’Ë∑”„Àâ≈”¥—∫°√¥Õ–¡‘‚π‡ª≈’Ë¬π‡ªìπ√À—
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À¬ÿ¥„π°√–∫«π°“√√â“ß‚ª√µ’π ≥ µ”·Àπàß¢Õß°“√

°≈“¬æ—π∏ÿå ∑”„Àâ‰¥â‚ª√µ’π∑’Ë¡’¢π“¥∑’Ë— Èπ≈ß°«à“ª°µ‘ 

‡√’¬°°≈“¬æ—π∏ÿå™π‘¥π’È«à“πÁÕπ‡´πå  (nonsense mutation)

πÕ°®“°π’È°“√‡æ‘Ë¡¢÷Èπ (insertion) À√◊Õ≈¥≈ß (deletion)

¢Õß≈”¥—∫π‘«§≈‘‚Õ‰∑¥å¡“°°«à“À√◊Õ‡∑à“°—∫ 1 µ—« àßº≈

„Àâ°“√·ª≈√À—≈”¥—∫°√¥Õ–¡‘‚π¢Õß‚ª√µ’πÀ≈—ßµàÕ®ÿ¥

°≈“¬æ—π∏ÿå‡ª≈’Ë¬π·ª≈ß‰ª ‡√’¬°°“√°≈“¬æ—π∏ÿå™π‘¥π’È«à“  

‡ø√¡™‘ø∑å (frameshift mutation) °≈“¬æ—π∏ÿå¥—ß°≈à“«

àßº≈µàÕ°“√∑”Àπâ“∑’Ëµ“¡ª°µ‘¢Õß‚ª√µ’π∑’Ë¡’º≈µàÕ°“√

√â“ßøíπ‰¥â  

 ¬’π PAX9 Õ¬Ÿà∫π‚§√‚¡‚´¡ 14 „πµ”·Àπàß 14q12-

q13(21) ‚¥¬‚ª√µ’ππ’È¡’∫∑∫“∑„π°“√‡®√‘≠¢ÕßÕ«—¬«–

µà“ßÊ „π°“√‡®√‘≠¢Õßµ—«ÕàÕπ (embryogenesis) ‰¥â·°à 

°“√‡®√‘≠¢Õß»’√…–·≈–„∫Àπâ“ √–∫∫ª√–“∑ µ“ ÀŸ ‰µ 

‡ªìπµâπ à«π MSX1 Õ¬Ÿà∫π‚§√‚¡‚´¡ 4 „πµ”·Àπàß 

4p16.3-p16.1(35) æ∫°“√·¥ßÕÕ°¢Õß¬’π√–À«à“ß°“√

√â“ßÕ«—¬«–µà“ßÊ ¢Õßµ—«ÕàÕπ ‚ª√µ’π∑—ÈßÕß™π‘¥∑”

Àπâ“∑’ Ë‡ªìπªí®®—¬àß‡√‘¡°“√·¥ßÕÕ°¢Õß¬’π„π°“√

‡®√‘≠‡µ‘∫‚µ√«¡∑—Èß°“√‡®√‘≠¢Õßøíπ ®“°°“√»÷°…“„π

ÀπŸ∑¥≈Õßæ∫°“√·¥ßÕÕ°¢Õß¬’π∑— ÈßÕß„π‡¥Áπ∑—≈ 

¡’‡´π‰§¡å·≈–‚ª√µ’π∑— ÈßÕß¬—ß‡°‘¥ªØ‘°‘√ ‘¬“µàÕ°—π 

(protein interaction) ‡æ◊ËÕ„Àâ‡°‘¥°“√·¥ßÕÕ°¢Õß¬’π

‡ªÑ“À¡“¬ ‰¥â·°à ¬’π Bmp-4 „π‡¥Áπ∑—≈¡’‡´π‰§¡å„π

°√–∫«π°“√√â“ßøíπ®“°√–¬–∫—¥Ÿà√–¬–·§ª(36,37) À“°

∑”„Àâ‰¡à¡’¬’π Pax9 ·≈– Pax9 ·≈– Pax9 Msx1 „πÀπŸ∑¥≈Õß (knockout

mice) °“√‡®√‘≠¢Õßøíπ®–À¬ÿ¥≈ß„π√–¬–∫—¥·≈–‰¡à

“¡“√∂√â“ßøíπ„π√–¬–µàÕ‰ª‰¥â(38,39) °“√°≈“¬æ—π∏ÿå

¢Õß¬’π PAX9 ·≈– MSX1 —¡æ—π∏å°—∫§«“¡™ÿ°¢Õß°“√

À“¬¢Õßøíπ„π¡πÿ…¬å¥â«¬‡™àπ°—π °“√°≈“¬æ—π∏ÿå¢Õß¬’π À“¬¢Õßøíπ„π¡πÿ…¬å¥â«¬‡™àπ°—π °“√°≈“¬æ—π∏ÿå¢Õß¬’π À“¬¢Õßøíπ„π¡πÿ…¬å¥

PAX9 àßº≈„Àâ‡°‘¥°“√À“¬¢Õßøíπ∑—Èß‰Œ‚ª¥Õπ‡∑’¬·≈–

‚Õ≈‘‚°¥Õπ‡∑’¬ √«¡∑—Èß°“√À“¬¢Õßøíπ°√“¡∑—ÈßÀ¡¥„π

™àÕßª“° (isolated molar oligodontia) °“√°≈“¬æ—π∏ÿå

¢Õß¬’π¡’°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·∫∫≈—°…≥–‡¥àπ 

æ∫°“√°≈“¬æ—π∏ÿå¡“°∑’Ëÿ¥∑’Ë‡ÕÁ°´Õπ (exon) ∑’Ë 2(40)

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ (polymorphism) ¢Õß

¬’ππ’È¡’§«“¡—¡æ—π∏å°—∫°“√‡°‘¥°“√À“¬¢Õßøíπ ‡™àπ °“√

‡ª≈’Ë¬π¢Õß≈”¥—∫‡∫∫ππ‘«§≈‘‚Õ‰∑¥å∑’Ë ‡ª≈’Ë¬π¢Õß≈”¥—∫‡∫∫ππ‘«§≈‘‚Õ‰∑¥å∑’Ë ‡ª≈’Ë¬π¢Õß≈”¥—∫‡∫∫ππ‘«§≈‘‚Õ‰∑¥å∑ 1031G>A ·≈– 

912T>C(25)  °“√°≈“¬æ—π∏ÿå¢Õß¬’π MSX1 —¡æ—π∏å°—∫

°“√À“¬¢Õßøíπ°√“¡°√“¡πâÕ¬´’Ë∑’ Ë 2 ·≈–øíπ°√“¡´’Ë 

∑’Ë 3(41,42) ¡’°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·∫∫≈—°…≥–

‡¥àπ(24) æ∫°“√∂à“¬∑Õ¥·∫∫≈—°…≥–¥âÕ¬‰¥â∫â“ß(31) æ∫

°“√°≈“¬æ—π∏ÿå¡“°∑’Ëÿ¥∑’Ë ‡ÕÁ°´Õπ∑’Ë 2 ‡™àπ°—π °“√°≈“¬

æ—π∏ÿå¢Õß¬’π PAX9 ·≈– MSX1 æ∫¡“°∑’Ëÿ¥∑’Ëµ”·Àπàß

‡ÕÁ°´Õπ∑’Ë 2 ·≈–àßº≈µàÕ§«“¡º‘¥ª°µ‘„π°“√‡®√‘≠¢Õß

øíππ—Èππà“®–—¡æ—π∏å°—∫°“√∑”Àπâ“∑’Ë¢Õß‚ª√µ’π∑—ÈßÕß 

‡π◊ËÕß®“°‡ªìπµ”·Àπàß‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë‡ªìπªí®®—¬àß

‡√‘¡°“√·¥ßÕÕ°¢Õß¬’π·≈–°“√‡°‘¥ªØ‘°‘√‘¬“µàÕ°—π

¢Õß‚ª√µ’ππ—Ëπ‡Õß(36,40,43)  

 ¬’π AXIN2 ¡’°“√·¥ßÕÕ°∑’Ë‡¬◊ ËÕ∫ÿº‘«øíπ ·≈–

‡¥Áπ∑—≈¡’‡´π‰§¡å„π√–¬–∫—¥·≈–·¥ßÕÕ°∑’Ë‡¬◊ËÕ∫ÿº‘«øíπ 

„π√–¬–·§ª·≈–√–¬–‡∫≈(26) ¬’π AXIN2 Õ¬Ÿà∫π

‚§√‚¡‚´¡∑’Ë 17 µ”·Àπàß 17q23-q24(44)  ‚ª√µ’π AXIN2

∑”Àπâ“∑’Ë°¥°“√∑”ß“π¢Õß—≠≠“≥ WNT ‚¥¬ 

AXIN2  ®–°“√∑”≈“¬‚ª√µ’π‡∫µâ“‡§∑‘π‘π (β-catenin)

´÷Ëß‡ªìπ‚ª√µ’π∑’Ë∑”Àπâ“∑’Ëàß‡√‘¡°“√·¥ßÕÕ°¢Õß¬’π

‡ªÑ“À¡“¬¢Õß—≠≠“≥¢Õß WNT(45,46) æ∫°“√°≈“¬

æ—π∏ÿå¢Õß¬’π AXIN2 —¡æ—π∏å°—∫°“√À“¬¢Õßøíπ™π‘¥‚Õ≈‘

‚°¥Õπ‡∑’¬·≈–‚√§¡–‡√Áß≈”‰âà«πª≈“¬ (colorectal 

cancer) ´÷Ëßª√“°Æ„π¡“™‘°¢Õß§√Õ∫§√—«™“«øîπ·≈π¥å  

æ∫°“√°≈“¬æ—π∏ÿ å™π‘¥πÁÕπ‡´πå∑’ Ëàßº≈„Àâ°“√√â“ß

‚ª√µ’π¡’¢π“¥—Èπ≈ß°«à“ª°µ‘ °àÕ„Àâ‡°‘¥°“√À“¬¢Õßøíπ

°√“¡ øíπ°√“¡πâÕ¬ øíπµ—¥≈à“ß·≈–øíπµ—¥∫π´’Ë¢â“ß ´÷Ëß

√ÿπ·√ß°«à“°“√À“¬¢Õßøíπ∑’Ë‡°‘¥®“°°“√°≈“¬æ—π∏ÿå¢Õß

¬’π PAX9 ·≈– MSX1(26) §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡¢Õß¬’ππ’È∑’Ëµ”·Àπàß 956+16 A>G ·≈–  2062 C>T

´÷ËßÕ“®®–¢—¥¢«“ß°√–∫«π°“√√â“ß‚ª√µ’π AXIN2 ∑’Ë

¡∫Ÿ√≥å —¡æ—π∏å°—∫§«“¡‡’Ë¬ßŸß„π°“√‡°‘¥°“√À“¬¢Õß

øíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬(47) §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¢Õß¬’ππ’È¬—ß—¡æ—π∏å°—∫°“√À“¬¢Õßøíπµ—¥„πºŸâªÉ«¬™“« 

∫≈“´‘≈·≈–µÿ√°’(48)

 ¬’π EDA ¡’µ”·ÀπàßÕ¬Ÿà∫π‚§√‚¡‚´¡‡ÕÁ°´å (Xq12-

13.1)(49) ‡ªìπ¬’π∑’Ë§«∫§ÿ¡°“√√â“ß‚ª√µ’π ‡ÕÁ°‚µ¥‘-

æ≈“´‘π‡Õ«—π (ectodysplasin A1) ∑’Ë®–‰ª®—∫°—∫µ—«√—∫  

(Ectodysplasin A receptor; EDAR) ·≈–∑”ß“π√à«¡

°—∫‚ª√µ’π (EDAR-associated death domain protein; 

EDARAD) °√–µÿâπ„Àâ‡°‘¥—≠≠“≥¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«
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°àÕ„Àâ‡°‘¥°“√·∫àß‡´≈≈å (division) °“√‡®√‘≠°“√‡µ‘∫‚µ

Õ¬à“ß¡∫Ÿ√≥å (growth and maturation) ·≈–¬—ß®”‡ªìπ

µàÕ°“√‡Àπ’Ë¬«π”´÷Ëß°—π·≈–°—π√–À«à“ß‡´≈≈å‡¬◊ËÕ∫ÿº‘«·≈–

‡´≈≈å¡’‡´π‰§¡å (epithelial mesenchymel interaction)

„π°“√‡®√‘≠¢Õß º¡ ¢π ‡≈Á∫ º‘«Àπ—ß·≈–µàÕ¡‡Àß◊ËÕ 

®“°°“√»÷°…“æ∫«à“°“√°≈“¬æ—π∏ÿå¢Õß—≠≠“≥ EDA

‰¥â·°à EDA, EDAR, EDARAD ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π 

·ª≈ß≈”¥—∫‡∫∫ππ‘«§≈‘‚Õ‰∑¥å¢Õß¬’π‡ªìπº≈„Àâ‚ª√µ’π 

EDA, EDAR, EDARAD ∑”ß“πº‘¥ª°µ‘°àÕ‡°‘¥°≈ÿà¡

Õ“°“√∑’Ë‡√’¬°«à“ hypohidrotic ectodermal dysplasia 

(HED) ºŸâªÉ«¬®–¡’Õ“°“√º¡√à«ß °“√‡®√‘≠¢Õßº‘«Àπ—ß

·≈–‡≈Á∫º‘¥ª°µ‘ ‰¡à¡’µàÕ¡‡Àß◊ËÕ ¡’øíπÀ“¬∫“ß´’Ë·≈–øíπ∑’Ë

‡À≈◊ÕÕ¬Ÿà¡—°¡’µ—«øíπ‡ªìπ√Ÿª°√«¬ (conical shape)

‡ªìπµâπ °“√°≈“¬æ—π∏ÿå¢Õß¬’π EDA ¡’°“√∂à“¬∑Õ¥∑“ß

æ—π∏ÿ°√√¡·∫∫≈—°…≥–¥âÕ¬¢Õß‚§√‚¡‚´¡‡ÕÁ°´å (X-

linked recessive) °“√°≈“¬æ—π∏ÿå¢Õß¬’π EDAR ¡’°“√

∂à“¬∑Õ¥∑“ßæ—π∏ ÿ°√√¡·∫∫≈—°…≥–‡¥àπÀ√ ◊Õ·∫∫

≈—°…≥–¥âÕ¬ ≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß

°“√°≈“¬æ—π∏ÿå¢Õß EDARADD ‡ªìπ·∫∫≈—°…≥–

¥âÕ¬(20,49-51) —≠≠“≥ EDA ¡’∫∑∫“∑„π°“√§«∫§ÿ¡

¢π“¥·≈–√Ÿª√à“ß¢Õßµ—«øíπ(52) ªí®®ÿ∫—πæ∫«à“°“√°≈“¬

æ—π∏ÿå¢Õß—≠≠“≥ EDA ‰¡à‡æ’¬ß·µà®–æ∫√à«¡°—∫°≈ÿà¡

Õ“°“√ HED ‡∑à“π—Èπ °“√°≈“¬æ—π∏ÿå—≠≠“≥ EDA ¬—ß

—¡æ—π∏åµàÕ°“√À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬·≈–‚Õ≈‘‚°

¥Õπ‡∑’¬‚¥¬‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√ HED øíπ∑’ËÀ“¬

‰ªà«π„À≠à‰¥â·°à øíπ°√“¡·≈–øíπ°√“¡πâÕ¬(32,33,53)

®“°√“¬ß“π°“√»÷°…“°“√°≈“¬æ—π∏ÿå¢Õß¬’π EDA „π

ª√–‡∑»‰∑¬ æ∫°“√°≈“¬æ—π∏ÿå¢Õß¬’π„πºŸâªÉ«¬∑’Ë¡’°“√

À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬∑’Ë‰¡à—¡æ—π∏å°

·≈–æ∫°“√°≈“¬æ—π∏ÿå™π‘¥¡‘‡´πå∑’Ëµ”·Àπàß p.Glu 

164Ala ´÷Ëß∂Ÿ°√“¬ß“π¡“°àÕπ«à“¡’§«“¡—¡æ—π∏å°—∫°≈ÿà¡

Õ“°“√ πÕ°®“°π’È¬—ßæ∫«à“µ”·Àπàß¢Õß°“√°≈“¬æ—π∏ÿå

¢Õß¬’π EDA ™π‘¥¡‘‡´πå∑’Ëµ”·Àπàß p.Arg334His ∑’Ë

∂Ÿ°√“¬ß“π¡“°àÕπ«à“—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√ ·µà°≈—∫æ∫

°“√°≈“¬æ—π∏ÿå™π‘¥π’È‰¥â„π§π‰∑¬ª°µ‘ º≈°“√»÷°…“

·¥ß„Àâ‡ÀÁπ«à“µ”·Àπàß¥—ß°≈à“«Õ“®®–‡ªìπµ”·Àπàß∑’Ëàß

‡√‘¡°“√‡ªìπ‚√§À√◊Õ‰¡à°Á‰¥â(54)  

 πÕ°®“°°“√√“¬ß“π°“√‡°‘¥°“√°≈“¬æ—π∏ÿå¢Õß¬’π 

PAX9,  MSX1, AXIN2 ·≈–°≈ÿà¡—≠≠“≥ EDA ·≈â« 

¬—ß¡’√“¬ß“π°“√»÷°…“æ∫«à“°“√°≈“¬æ—π∏ÿå¢Õß WNT10A

´÷Ëß¡’§«“¡—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√∑’Ë¡’§«“¡º‘¥ª°µ‘„π°“√

‡®√‘≠¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘« (ectodermal dysplasia) ‰¥â·°à

°≈ÿà¡Õ“°“√ Schöpf-Schulz-Passarge syndrome 

(SPSS) ·≈– odonto-onycho-dermal dysplasia 

(OODD)(55,56) √à«¡°—∫°“√À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬ 

Õ¬à“ß‰√°Áµ“¡°“√»÷°…“„π§√Õ∫§√—«™“«Õ‡¡√‘°—πæ∫°“√Õ¬à“ß‰√°Áµ“¡°“√»÷°…“„π§√Õ∫§√—«™“«Õ‡¡√‘°—πæ∫°“√Õ¬à“ß‰√°Áµ“¡°“√»÷°…“„π§√Õ∫§√—«™“«Õ‡¡√‘°

À“¬¢Õßøíπ™π‘¥‰Œ‚ª¥Õπ‡∑’¬„π¡“™‘°§√Õ∫§√—« ‚¥¬

‰¡àæ∫°≈ÿà¡Õ“°“√°“√‡®√‘≠¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘«º‘¥ª°µ‘ æ∫

°“√°≈“¬æ—π∏ÿå¢Õß¬’π WNT10A ™π‘¥¡‘‡´πå  øíπ∑’Ë

À“¬‰¥â·°à øíπµ—¥∫π·≈–≈à“ß´’Ë¢â“ß·≈–øíπ°√“¡πâÕ¬≈à“ß

´’Ë∑’ËÕß(57) °“√π”—≠≠“≥¢Õß WNT10A ºà“π‡∫µâ“ 

‡§∑‘π‘π æ∫°“√·¥ßÕÕ°¢Õß¬’π WNT10A „π√–¬–

‡¥Áπ∑—≈æ≈“‚§¥·≈–√–¬–∫—¥¢Õß°“√‡®√‘≠¢Õßøíπ ·≈–

¬—ß¡’∫∑∫“∑„π°“√‡®√‘≠¢Õß¬Õ¥øíπ„π√–¬–·§ª(46,58)

ªí®®ÿ∫—π WNT10A ∂◊Õ«à“‡ªìπ¬’π∑’Ë‰¥â√—∫§«“¡π„®„π ∂◊Õ«à“‡ªìπ¬’π∑’Ë‰¥â√—∫§«“¡π„®„π ∂◊Õ«à“‡ª

∫∑∫“∑∑’Ë—¡æ—π∏å°—∫°“√À“¬¢Õßøíπ √“¬ß“π°“√»÷°…“

≈à“ÿ¥æ∫°“√°≈“¬æ—π∏ÿå¢Õß WNT10A ∂÷ß√âÕ¬≈– 56 

¢ÕßºŸâªÉ«¬∑’Ë¡’°“√À“¬¢Õßøíπ∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√ 

„π¢≥–∑’Ëæ∫°“√°≈“¬æ—π∏ÿå¢Õß MSX1, PAX9 ·≈– 

AXIN2 √âÕ¬≈– 3, 9 ·≈– 3 µ“¡≈”¥—∫„πºŸâªÉ«¬∑’Ë¡’°“√

À“¬¢Õßøíπ(27) πÕ°®“°π’Èæ∫°“√°≈“¬æ—π∏ÿå¢Õß¬’π latent

transforming growth factor beta binding protein 3 

(LTBP3) „πºŸâªÉ«¬§√Õ∫§√—«™“«ª“°’∂“π∑’Ë¡’°“√À“¬

¢Õßøíπ·≈–¡’°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·∫∫≈—°…≥–

¥âÕ¬(59) ªí®®ÿ∫—π¡’√“¬ß“π°“√»÷°…“∑’Ë·¥ß∂÷ß∫∑∫“∑

¢Õß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß¬’πÕ◊ËπÊ ∑’Ë—¡æ—π∏å

°—∫°“√À“¬¢Õßøíπ ‡™àπ ¬’π Interferon regulatory 

factor 6 (IRF6) ·≈–¬’π fibroblast growth factor 

receptor 1 (FGFR1receptor 1 (FGFR1receptor 1 ( ) °“√°≈“¬æ—π∏ÿå¢Õß¬’π IRF6 °àÕIRF6 °àÕIRF6

„Àâ‡°‘¥°≈ÿà¡Õ“°“√ Van der Woude ·≈– popliteal 

pterygium ∑’Ë¡’°“√‡®√‘≠¢Õß»’√…–·≈–„∫Àπâ“∑’Ëº‘¥ª°µ‘ 

‡™àπ ª“°·À«àß·≈–°“√À“¬¢Õßøíπ·µà°”‡π‘¥ à«π 

FGFR1 °àÕ„Àâ‡°‘¥°≈ÿà¡Õ“°“√ Kallmann ∑’Ë¡’°“√‡®√‘≠

∑’Ë‡¢â“Ÿà«—¬‡®√‘≠æ—π∏å≈à“™â“·≈–¡’§«“¡º‘¥ª°µ‘„π°“√√—∫

°≈‘Ëπ æ∫ª“°·À«àß‡æ¥“π‚À«à·≈–°“√À“¬¢Õßøíπ·µà

°”‡π‘¥√à«¡‰¥â¥â«¬ ®“°°“√»÷°…“§«“¡À≈“°À≈“¬∑“ß
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æ—π∏ÿ°√√¡„πºŸâªÉ«¬∑’Ë¡’°“√À“¬¢Õßøíπ∑’Ë‰¡à—¡æ—π∏å°—∫

°≈ÿà¡Õ“°“√ æ∫«à“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫ 

π‘«§≈‘‚Õ‰∑¥å‡¥’Ë¬« (single-nucleotide polymorphism; 

SNP) ¢Õß IRF6 ·≈– IRF6 ·≈– IRF6 FGFR1 ¡’§«“¡—¡æ—π∏åÕ¬à“ß¡’

π—¬”§—≠µàÕ°“√À“¬¢Õßøíπ°√“¡πâÕ¬¢ÕßºŸ âªÉ«¬(60)

™π‘¥¢Õß°“√°≈“¬æ—π∏ÿå¢Õß¬’πµà“ßÊ ∑’Ëàßº≈„Àâ‡°‘¥°“√

À“¬¢Õßøíπ·µà°”‡π‘¥∑’Ë‰¡à‡°’Ë¬«¢âÕß°—∫°≈ÿà¡Õ“°“√¢Õß

‚√§„π¡πÿ…¬å·≈–≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

·¥ß¥—ßµ“√“ß∑’Ë 3 

·π«∑“ß°“√√—°…“ºŸâªÉ«¬„πªí®®ÿ∫—π·≈–Õπ“§µ 
 ·¡â«à“°“√À“¬¢Õßøíπ®–‰¡à¡’º≈µàÕ°“√¥”√ß™’«‘µ

¢ÕßºŸâªÉ«¬‚¥¬µ√ß ·µààßº≈„π°“√∫¥‡§’È¬« °“√æŸ¥ ÿ¢-

¿“«– ™àÕßª“°‚¥¬√«¡¢ÕßºŸâªÉ«¬ πÕ°®“°π’È°“√À“¬¿“«– ™àÕßª“°‚¥¬√«¡¢ÕßºŸâªÉ«¬ πÕ°®“°π’È°“√À“¬¿“«– ™àÕßª“°‚¥¬√«¡¢ÕßºŸâªÉ«¬ πÕ°®“°π’

¢ÕßøíπÀ≈“¬´’Ëàßº≈µàÕ°“√‡®√‘≠¢Õß¢“°√√‰°√ §«“¡

«¬ß“¡ Õ“√¡≥å·≈–°“√‡¢â“—ß§¡¢ÕßºŸâªÉ«¬ ¥—ßπ—Èπ

·ºπ°“√√—°…“ºŸ âª É«¬®÷ß‡ªìπ°“√√—°…“·∫∫Õß§å√«¡ 

(multidisciplinary treatments) ªí®®ÿ∫—π¡’·π«∑“ß°“√

√—°…“‡æ◊ËÕ™¥‡™¬øíπ∑’ËÀ“¬‰ªÀ≈“¬·π«∑“ß¥â«¬°—π ‡™àπ 

°“√√—°…“‚¥¬°“√®—¥øíπ‡æ◊ËÕªî¥™àÕß«à“ß√–À«à“ßøíπ °“√

§ß¿“æøíππÈ”π¡‰«â‡æ◊ËÕ™¥‡™¬°“√∑”Àπâ“∑’Ë¢Õßøíπ·∑â∑’Ë

À“¬‰ª °“√„àøíπª≈Õ¡∑—Èß™π‘¥µ‘¥·πàπÀ√◊Õ∂Õ¥‰¥â √«¡

∑—Èß°“√Ωíß√“°‡∑’¬¡‡æ◊ËÕ™¥‡™¬øíπ∑’ËÀ“¬‰ª(61,62) °“√Ωíß

√“°‡∑’¬¡‡ªìπÀπ÷Ëß„π∑“ß‡≈◊Õ°¢Õß°“√√—°…“∑’Ëª√–∫

§«“¡”‡√Á®·≈–‡ªìπ∑’Ëπ‘¬¡°—π·æ√àÀ≈“¬„π™à«ß 10 ªï∑’Ë

ºà“π¡“(63,64) Õ¬à“ß‰√°Áµ“¡¬—ß¡’√“¬ß“π„π‡™‘ß≈∫·¥ß∂÷ß

§«“¡≈â¡‡À≈«¢Õß°“√√—°…“ “‡ÀµÿÕ“®‡π◊ËÕß¡“®“°‚√§

ª√–®”µ—«¢ÕßºŸâªÉ«¬∑’Ëàß‡√‘¡°“√µ‘¥‡™◊ÈÕ‰¥âßà“¬À≈—ß°“√

ºà“µ—¥‡æ◊ËÕΩíß√“°‡∑’¬¡(65) À√◊Õ °“√ªØ‘‡∏¢Õß‡π◊ÈÕ‡¬◊ËÕ

¢ÕßºŸâªÉ«¬µàÕ√“°‡∑’¬¡™π‘¥π—ÈπÊ ‰¥â(66) ¥—ßπ—Èπ§«“¡‡¢â“ ¥—ßπ—Èπ§«“¡‡¢â“ ¥—ßπ—Èπ§«“¡‡¢

°—π‰¥â∑“ß™’«¿“æ (biological compatible) ‡ªìπªí®®—¬

”§—≠∑’Ë®–∑”„Àâ°“√√—°…“ª√–∫§«“¡”‡√Á®¡“°¬‘Ëß¢÷Èπ 

º‘«√“°‡∑’¬¡™π‘¥‰∑∑“‡π’¬¡∂◊Õ«à“‡¢â“°—∫‡π◊ÈÕ‡¬◊ËÕ¡πÿ…¬å

·≈–‰¥â¡’°“√æ—≤π“º‘«√“°‡∑’¬¡™π‘¥‰∑∑“‡π’¬¡„Àâ¡’

ª√–‘∑∏‘¿“æ¡“°¬‘Ëß¢÷Èπ‚¥¬°“√‡§≈◊Õ∫¥â«¬‚ª√µ’π ‡™àπ 

‰ø‚∫√‡π°µ‘π (fibronectin) ·≈–≈“¡‘π‘π (laminin) ∑’Ë

™à«¬„Àâ√“°‡∑’¬¡‡¢â“°—π‰¥â¥’°—∫‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘«·≈–°“√¬÷¥µ‘¥

°—∫‡Àß◊Õ°‰¥â¥’¬‘Ëß¢÷Èπ(67,68) Õ¬à“ß‰√°Áµ“¡¬—ß¡’¢âÕ®”°—¥∫“ß

ª√–°“√„π°“√√—°…“ºŸâªÉ«¬¥â«¬°“√Ωíß√“°‡∑’¬¡ ‰¥â·°à 

°“√Ωíß√“°‡∑’¬¡„πºŸâªÉ«¬∑’Ë¡’°“√‡®√‘≠¢Õß°√–¥Ÿ°„∫Àπâ“

¬—ß‰¡à¡∫Ÿ√≥å ®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßµ”·Àπàß¢Õß√“°

‡∑’¬¡∑’ËΩíß àßº≈µàÕ§«“¡”‡√Á®„π°“√√—°…“‰¥â ·≈–√“°

‡∑’¬¡¬—ß‰¡à“¡“√∂‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√√â“ß‡ÕÁπ¬÷¥ª√‘-

∑—πµå√Õ∫√“°‡∑’¬¡‰¥â‡À¡◊Õπ°—∫√“°øíπª°µ‘‰¥â(61) ‡æ◊ËÕ

™¥‡™¬¢âÕ®”°—¥¥—ß°≈à“« ß“π«‘®—¬¥â“π«‘»«°√√¡øíπ (tooth

engineering) ‡æ◊ËÕæ—≤π“°“√√â“ßøíπ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õß√—∫

µ“√“ß∑’Ë 3 ™π‘¥¢Õß°“√°≈“¬æ—π∏ÿå™π‘¥¢Õß°“√À“¬¢Õßøíπ·≈–≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡„π¡πÿ…¬å µ“√“ß∑’Ë 3 ™π‘¥¢Õß°“√°≈“¬æ—π∏ÿå™π‘¥¢Õß°“√À“¬¢Õßøíπ·≈–≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡„π¡πÿ…¬å µ“√“ß∑’Ë 3

Table 3 Type of mutation, phenotype of tooth agenesis and mode of transmission in humans 
GENE MUTATION PHENOTYPE MODE OF 

TRANSMISSION 
REFERENCE 

PAX9 

Missense Molar oligodontia Autosomal dominant Kapadia et al., 2006(28) 

Nonsense Oligodontia Autosomal dominant Nieminen et al., 2001(29) 

Frameshift Oligodontia Autosomal dominant Stockton et al., 2000(30) 

MSX1 

Frameshift Oligodontia Autosomal dominant Kim et al., 2006(24) 

Missense Oligodontia Autosomal recessive Chishti et al., 2006(31) 

Missense Hypodontia Autosomal dominant Vastardis et al.,1996(41) 

AXIN 2 Nonsense Oligodontia Autosomal dominant Lammi et al., 2004(26) 

EDA 

Missense Hypodontia X-lined recessive Ayub et al., 2010(32) 

Missense Incisor hypodontia X-liked dominant Tarpey et a l., 2007(33) 

Missense Hypodontia X-lined recessive Han et al., 2008(53) 

WNT10A 
Missense Hypodontia Uncertain Kantapura and 

Sripathomsawat, 2011(57) 

LTBP3 Nonsense Oligodontia Autosomal recessive Noor et al., 2009(59) 
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øíπ‚¥¬Õ“»—¬‡´≈≈åµâπ°”‡π‘¥ (stem cells) ‡ªìπÕ’°∑“ß

‡≈◊Õ°Àπ÷Ëß„π°“√√—°…“ºŸâªÉ«¬ ‚¥¬°“√√â“ßøíπ®–Õ“»—¬

‡´≈≈åµâπ°”‡π‘¥ 2 à«π§◊Õ ‡´≈≈åµâπ°”‡π‘¥‡¬◊ËÕ∫ÿº‘« 

(epithelial stem cells) ‡æ◊ËÕ√â“ß‡§≈◊Õ∫øíπ ·≈–‡´≈≈å

µâπ°”‡π‘¥¡’‡´π‰§¡å (mesenchyme stem cells) ‡æ◊ËÕ

°“√√â“ß‡π◊ÈÕøíπ ‡§≈◊Õ∫√“°øíπ °√–¥Ÿ°√Õß√—∫øíπ ·≈–

‡ÕÁπ¬÷¥ª√‘∑—πµå ·À≈àß‡´≈≈åµâπ°”‡π‘¥¡’‡´π‰§¡å‰¥â¡“®“°

‰¢°√–¥Ÿ° ‡ÕÁπ¬÷¥ª√‘∑—πµå·≈–‡π◊ÈÕ‡¬◊ËÕ„π‚æ√ßøíπ¢Õß‰¢°√–¥Ÿ° ‡ÕÁπ¬÷¥ª√‘∑—πµå·≈–‡π◊ÈÕ‡¬◊ËÕ„π‚æ√ßøíπ¢Õß‰¢°√–¥Ÿ° ‡ÕÁπ¬÷¥ª√‘∑—πµå·≈–‡π

¡πÿ…¬å ‡ªìπµâπ(69,70) Õß§åª√–°Õ∫”§—≠¢Õß°“√√â“ßøíπ

®“°‡´≈≈åµâπ°”‡π‘¥‰¥â·°à ®”π«π¢Õß‡´≈≈åµâπ°”‡π‘¥ 

“√”§—≠√–¥—∫‚¡‡≈°ÿ≈µà“ßÊ (growth factors) ∑’Ë

°√–µÿâπ°“√‡®√‘≠¢Õß‡´≈≈å·≈–°“√·ª√¿“æ¢Õß‡´≈≈å

µâπ°”‡π‘¥‰ª‡ªìπ‡´≈≈å‡ªÑ“À¡“¬‡æ◊ËÕ∑”Àπâ“∑’Ë„π°“√√â“ß

øíπ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õß√—∫ ªí®®ÿ∫—π°“√»÷°…“„πÀπŸ∑¥≈Õß

æ∫«à“‡´≈≈åµâπ°”‡π‘¥“¡“√∂‡®√‘≠‰ª‡ªìπ‡´≈≈å∑’Ë√â“ß

‡π◊ÈÕ‡¬◊ËÕøíπ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õß√—∫øíπ ‡™àπ °√–¥Ÿ°(71-73)  °“√

«‘®—¬°“√√â“ßøíπ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õß√—∫øíπ∑’Ë¡∫Ÿ√≥å®“°

‡´≈≈åµâπ°”‡π‘¥‡æ◊ËÕ∑¥·∑πøíπŸ≠‡’¬‰ªÀ√◊ÕÀ“¬‰ª·µà

°”‡π‘¥øíπ¢ÕßºŸâªÉ«¬¬—ß§ß‡ªìπ‡ªÑ“À¡“¬”§—≠¢Õß°“√

«‘®—¬µàÕ‰ª 

°“√À“¬¢Õßøíπ·µà°”‡π‘¥‡æ‘Ë¡®”π«π¡“°¢÷Èπ„π™à«ß

∑»«√√…∑’Ë 20(74) °“√µ√«®æ∫øíπÀ“¬·µà°”‡π‘¥à«π„À≠à 

‰¥â¡“®“°§«“¡∫—ß‡Õ‘≠‡¡◊ËÕºŸâªÉ«¬‡¢â“√—∫µ√«®·≈–√—°…“

∑“ß∑—πµ°√√¡ ´÷ËßÕ“®àßº≈°√–∑∫∑’Ë√ÿπ·√ßµàÕºŸâªÉ«¬‰ª

·≈â«·≈–‡°‘¥§«“¡¬ÿàß¬“°„π°“√√—°…“µ“¡¡“‰¥â °“√

µ√«®‡æ◊ËÕ°“√«‘π‘®©—¬¢—ÈπŸß·≈–°“√«“ß·ºπ°“√√—°…“ 

ºŸâªÉ«¬‰¥âÕ¬à“ß∂Ÿ°µâÕß √«¥‡√Á« ∂◊Õ‡ªìπ‡ªÑ“À¡“¬”§—≠

¢Õß∑—πµ·æ∑¬åºŸâ∑”°“√√—°…“ ªí®®ÿ∫—π¡’√“¬ß“π°“√

»÷°…“∑’Ë·¥ß°“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë‡ªìπ“‡Àµÿ¢Õß°“√

À“¬¢Õßøíπ‡æ‘Ë¡¢÷Èπ‡ªìπ®”π«π¡“° ·≈–§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡¬—ß·¥ß§«“¡—¡æ—π∏å°—∫°“√‡°‘¥

°“√À“¬¢Õßøíπ º≈°“√»÷°…“πà“®–‡ªìπ¢âÕ¡Ÿ≈∑’Ë”§—≠„π

°“√æ—≤π“‡§√◊ËÕß¡◊Õ‚¥¬Õ“»—¬≈—°…≥–§«“¡º‘¥ª°µ‘¢Õß

¬’π∑’Ë‡ªìπ“‡Àµÿ°“√À“¬¢Õßøíπ¡“„™â„π°“√µ√«®°“√

À“¬¢Õßøíπ·µà°”‡π‘¥‰¥â πÕ°®“°®–∑√“∫∂÷ß“‡Àµÿ¢Õß

°“√À“¬¢Õßøíπ¢ÕßºŸâªÉ«¬·≈â«¬—ß“¡“√∂„Àâ¢âÕ¡Ÿ≈·°à 

ºŸâªÉ«¬„π‡√◊ËÕß¢Õß§«“¡‡’Ë¬ß·≈–‚Õ°“°“√‡°‘¥°“√À“¬

¢Õßøíπ·µà°”‡π‘¥®“°≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ-

°√√¡¢Õß¬’π∑’Ëº‘¥ª°µ‘ ∑”„Àâ∑—πµ·æ∑¬å“¡“√∂‡µ√’¬¡

°“√«“ß·ºπ°“√√—°…“·≈–„Àâ§”·π–π”ºŸâªÉ«¬‰¥âÕ¬à“ß∂Ÿ°

µâÕß‚¥¬∑’Ë‰¡àµâÕß√Õ„Àâ¡’°“√À“¬¢Õßøíπ‡°‘¥¢÷Èπ¡“°àÕπ 

‡™àπ ºŸâªÉ«¬·√°‡°‘¥À√◊Õ∫ÿµ√„π§√√¿å¡“√¥“∑’Ë¡’§«“¡‡’Ë¬ß 

∑”„ÀâºŸâªÉ«¬‰¥â√—∫°“√√—°…“∑’Ë√«¥‡√Á« ™à«¬≈¥§«“¡√ÿπ·√ß

¢Õß§«“¡º‘¥ª°µ‘ ·≈–§«“¡¬ÿàß¬“°„π°“√√—°…“¢Õß 

ºŸâªÉ«¬‰¥â  

∫∑√ÿª 
 °“√‡®√‘≠¢Õßøíπ‡®√‘≠¡“®“°‡π◊ ÈÕ‡¬◊ ËÕµâπ°”‡π‘¥ 

∫∑√ÿª 
 °“√‡®√‘≠¢Õßøíπ‡®√‘≠¡“®“°‡π◊ ÈÕ‡¬◊ ËÕµâπ°”‡π‘¥ 

∫∑√ÿª 

‰¥â·°à ‡¬◊ËÕ∫ÿº‘«øíπ·≈–‡¥Áπ∑—≈¡’‡´π‰§¡å ·≈–∂Ÿ°§«∫§ÿ¡

°“√‡®√‘≠‚¥¬¬’πµà“ßÊ °“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë§«∫§ÿ¡

°“√‡®√‘≠¢Õßøíπ®–àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°µ‘„π°“√

‡®√‘≠¢Õßøíπ‰¥â ‡™àπ ®”π«π´’Ëøíπ ¢π“¥·≈–√Ÿª√à“ß¢Õß

øíπ °“√À“¬¢Õßøíπ·µà°”‡π‘¥‡ªìπ§«“¡º‘¥ª°µ‘∑’Ëæ∫‰¥â

¡“°∑’Ëÿ¥„π§«“¡º‘¥ª°µ‘¢Õß°“√‡®√‘≠¢Õß»’√…–·≈–

„∫Àπâ“¢Õß¡πÿ…¬å °“√À“¬¢Õßøíπæ∫‰¥â∑—ÈßøíππÈ”π¡

·≈–øíπ·∑â „π°√≥’∑’Ë‰¡à√«¡°“√À“¬‰ª¢Õßøíπ°√“¡´’Ë

“¡ øíπ·∑â∑’Ë¡—°æ∫°“√À“¬¢Õßøíπ¡“°∑’Ëÿ¥ ‰¥â·°à øíπ

°√“¡πâÕ¬≈à“ß´’Ë∑’ËÕß·≈–øíπµ—¥∫π´’Ë¢â“ß “‡ÀµÿÀ≈—°

°“√À“¬¢Õßøíπ·µà°”‡π‘¥∑’Ë‡ªìπº≈¡“®“°¬’π´÷Ëß‡°‘¥¢÷Èπ„π

ºŸâªÉ«¬√à«¡°—∫°≈ÿà¡Õ“°“√¢Õß‚√§À√◊Õ‰¡à‡°‘¥√à«¡°—∫°≈ÿà¡

Õ“°“√¢Õß‚√§ ªí®®ÿ∫—π¡’√“¬ß“πº≈°“√»÷°…“·¥ß∂÷ß

µ”·Àπàß¢Õß°“√°≈“¬æ—π∏ÿå¢Õß¬’π∑’Ë—¡æ—π∏å°—∫°“√À“¬

¢Õßøíπ·µà°”‡π‘¥∑’Ë‰¡à—¡æ—π∏å°—∫°≈ÿà¡Õ“°“√¢Õß‚√§‡æ‘Ë¡

¢÷Èπ®”π«π¡“° ‡™àπ MSX1, PAX9, AXIN2, EDA, 

WNT10A, LTBP3 √«¡∑—Èß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ-

°√√¡¢Õß¬’π PAX9,  AXIN2,  IRF6, FGFR1 ∑’Ë·¥ß

§«“¡—¡æ—π∏å°—∫°“√À“¬¢Õßøíπ·µà°”‡π‘¥∑’Ë‰¡à—¡æ—π∏å

°—∫°≈ÿà¡Õ“°“√¢Õß‚√§ º≈°“√»÷°…“πà“®–‡ªìπª√–‚¬™πå

„π°“√æ—≤π“‡§√◊ ËÕß¡◊Õ‚¥¬Õ“»—¬°“√µ√«®«‘‡§√“–Àå 

¥’‡ÕÁπ‡Õ ‡æ◊ËÕ°“√µ√«®«‘π‘®©—¬·≈–√—°…“ºŸâªÉ«¬‰¥â∂Ÿ°µâÕß

·≈–√«¥‡√Á«  
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