
∫∑§«“¡ª√‘∑—»πå

¬’π°¥¡–‡√Áß‡µâ“π¡ BRCA1

»‘√‘«—≤πå  «“ ‘°»‘√‘ 
1
 ·≈– Õ¥‘»√  √—µπæ—π∏å 

2

Abstract
Wasiksiri, S.

1

 and Ratanaphan, A.
2

Breast Cancer Susceptibility Gene1 (BRCA1)
Songklanakarin J. Sci. Technol., 2002, 24(3) : 509-531

Breast Cancer Susceptibility Gene1 (BRCA1) is a tumor suppressor gene for breast and ovarian can-

cers. The gene locates at chromosome 17q21 and encodes for 1863 amino acids protein. It is believed that

BRCA1 protein is involved in many functions  such as DNA repair, centrosome replication, cell cycle check-

point and replication of other genes. More than 800 mutations have been found in the population with an

increased risk of cancer incidence in their families. Germ-line mutation of BRCA1 accounts for 5-10 percent

of all breast cancer cases. Epigenetic modifications also reduce the function of normal BRCA1 gene. Several

methods are used for laboratory diagnosis of cancer-related mutations. The development of breast cancer in

carriers at risk with BRCA1 mutations may be prevented by suitable prevention plans such as breast cancer

screening, ovarian cancer screening, surgery and cancer chemotherapy.
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°“√‡°‘¥¡–‡√Áß À¡“¬∂÷ß°“√∑’Ë‡´≈≈å Ÿ≠‡ ’¬§«“¡
 “¡“√∂„π°“√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µµ“¡ª°µ‘Õ—π‡°‘¥
®“°°“√∑”ß“π∑’Ëº‘¥¢Õß‚ª√µ’πÀ√◊Õ‡Õπ‰´¡å¿“¬„π‡´≈≈å
π—Èπ   §«“¡º‘¥ª°µ¥—ß°≈à“«‡°‘¥®“°§«“¡‡ ’¬À“¬¢Õß
‚§√ß √â“ß‚§√‚¡‚´¡®“°À≈“¬ªí®®—¬ ‡™àπ °“√‰¥â√—∫√—ß ’
°“√‰¥â√—∫ “√‡§¡’  °“√µ‘¥‰«√— ∫“ß™π‘¥  ´÷Ëß§«“¡‡ ’¬À“¬
¡’‰¥âÀ≈“¬™π‘¥ ‡™àπ mismatch,  single-strand break,

double-strand break,  base-damage,  sugar-damage,

DNA-DNA crosslink,    DNA-protein crosslink

‡ªìπµâπ §«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷ÈπÀ“°¡’πâÕ¬‡´≈≈å®– “¡“√∂
´àÕ¡·´¡¥’‡ÕÁπ‡Õ  (DNA repair)  ‰¥â¥â«¬°≈‰°∑’Ë¡’Õ¬Ÿà
¿“¬„π‡´≈≈åπ—ÈπÊ  ·µà∂â“¡’§«“¡‡ ’¬À“¬¡“°‡´≈≈åÕ“®‡¢â“
 Ÿà ¿“«–∑”≈“¬µ—«‡Õß (apoptosis)   À√◊ÕÕ“®°≈“¬‡ªìπ
¡–‡√Áß (oncogenesis)

¡–‡√Áß‡µâ“π¡‡ªìπ¡–‡√Áß∑’Ë¡’Õÿ∫—µ‘°“√§àÕπ¢â“ß Ÿß ‚¥¬
‡©æ“–„πª√–‡∑»æ—≤π“·≈â« ‡™àπ  À√—∞Õ‡¡√‘°“   À¿“æ
¬ÿ‚√ª  ÕÕ ‡µ√‡≈’¬ π‘«´’·≈π¥å (5.8 - 87.6 §π/ª√–™“°√
100,000 §π)  ·≈–„πÕ‡¡√‘°“„µâ  ‡™àπ  ∫√“´‘≈ ·≈–
Õ“√å‡®πµ‘π“ (30 - 45.8 §π/ª√–™“°√ 100,000 §π)
(Denogan and Spartt., 1995)   ”À√—∫„πª√–‡∑»‰∑¬
Õÿ∫—µ‘°“√¢Õß‚√§¬—ß∂◊Õ«à“µË”°«à“ª√–‡∑» ¥—ß°≈à“«  (‚¥¬
‡©≈’Ë¬ < 17 §π/100,000 §π) ·≈–Õ—µ√“µ“¬πâÕ¬°«à“ ·µà
°Á‡ªìπ¡–‡√Áß∑’Ëæ∫¡“°‡ªìπÕ—π¥—∫ 2  (13.6%)  √Õß®“°

¡–‡√Áßª“°¡¥≈Ÿ°„πºŸâÀ≠‘ß  (17.7%)    (Deerasamee

et al., 1999) ·≈–¡’Õ—µ√“°“√‡°‘¥ Ÿß¢÷Èπ∑ÿ°ªï

 “‡Àµÿ ”§—≠¢Õß°“√‡°‘¥¡–‡√Áß‡µâ“π¡

 “‡Àµÿ¢Õß¡–‡√Áß‡µâ“π¡¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·¡â
®–æ∫«à“ “√‡§¡’∫“ß™π‘¥ ‡™àπ dimethylbenz(a)anthra-

cine  √—ß ’‡ÕÁ°´å ·≈–√—ß ’Õ—≈µ√â“‰«‚Õ‡≈Áµ  ∑”„Àâ‡°‘¥¡–‡√Áß
‡µâ“π¡„π —µ«å∑¥≈Õß‰¥âæ∫«à“¡’ªí®®—¬‚πâ¡π”À≈“¬ª√–°“√
∑’Ë∑”„Àâ‡ ’Ë¬ßµàÕ°“√°àÕ¡–‡√Áß‡µâ“π¡„π¡πÿ…¬å ‡™àπ §«“¡ Ÿß
Õ“¬ÿ °“√Õ¬ŸàÕ“»—¬„π¬ÿ‚√ªÀ√◊ÕÕ‡¡√‘°“ °“√‡§¬‡ªìπ¡–‡√Áß
‡µâ“π¡¢â“ß„¥¢â“ßÀπ÷ËßÀ√◊Õ‡§¬µ√«®æ∫‡π◊ÈÕßÕ°¢Õß‡µâ“π¡
¡“°àÕπ   πÕ°®“°π’È¬—ß¡’ªí®®—¬Õ◊ËπÊ  ‡™àπ  ‰¡à‡§¬¡’≈Ÿ°
§≈Õ¥≈Ÿ°§π·√°‡¡◊ËÕÕ“¬ÿ¡“° (À≈—ßÕ“¬ÿ 30 ªï) Õ“¬ÿ‡√‘Ë¡
ª√–®”‡¥◊Õπ§√—Èß·√°‡√Á«°«à“ª°µ‘ (°àÕπÕ“¬ÿ 12 ªï) Õ“¬ÿ
À¡¥ª√–®”‡¥◊Õπ™â“ (‡°‘π 55 ªï) ‰¥â√—∫√—ß ’ Õâ«π¡“°À√◊Õ
°‘πÕ“À“√‰¢¡—π Ÿß  „™âŒÕ√å‚¡π‡æ◊ËÕ√—°…“‚√§À√◊Õ‡ªìπ¬“
§ÿ¡°”‡π‘¥  Õ“»—¬„π‡¡◊Õß  ·≈–™Õ∫¥◊Ë¡ ÿ√“  °“√‡°‘¥‚√§¡—°
®–‡°‘¥„πÀ≠‘ß∑’Ë¡’ªí®®—¬‡ ’Ë¬ßµà“ßÊ  ¥—ß°≈à“« Ÿß  ´÷Ëß‰¡à„™à
 “‡Àµÿ∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ (sporadic cancer)

Õ¬à“ß‰√°Áµ“¡æ∫«à“¡’ª√–™“°√∫“ß°≈ÿà¡¡’·π«‚πâ¡
®–‡ªìπ¡–‡√Áß‰¥â‡¡◊ËÕÕ“¬ÿ¬—ßπâÕ¬ À√◊Õ‰¡à‰¥â√—∫ªí®®—¬‡ ’Ë¬ß„¥Ê
¡“°π—°   ‚¥¬¡—°¡’ª√–«—µ‘≠“µ‘ “¬µ√ß„π§√Õ∫§√—«‡ªìπ
‚√§¡–‡√Áß‡µâ“π¡·≈–/À√◊Õ¡–‡√Áß√—ß‰¢à¡“°àÕπ ´÷Ëß®“°°“√

∫∑§—¥¬àÕ
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¬’π BRCA1 (Breast Cancer Susceptibility Gene1) ‡ªìπ¬’πµâ“π°“√‡°‘¥¡–‡√Áß‡µâ“π¡·≈–√—ß‰¢à„π µ√’ ¬’ππ’È

Õ¬Ÿà∫π‚§√‚¡‚´¡ 17q21 ·ª≈√À— ‡ªìπ‚ª√µ’π ÷́Ëßª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π 1863 µ—« ́ ÷Ëß‡™◊ËÕ«à“∑”Àπâ“∑’Ë„π°“√ à́Õ¡·´¡

¥’‡ÕÁπ‡Õ §«∫§ÿ¡«ß√Õ∫°“√·∫àßµ—«¢Õß‡´≈≈å  §«∫§ÿ¡°“√·∫àßµ—«¢Õß‡´π‚µ√‚´¡  ·≈–§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß¬’πÕ◊Ëπ

ªí®®ÿ∫—πæ∫°“√ºà“‡À≈à“¢Õß¬’ππ’È¡“°°«à“ 800 ·∫∫  °“√∂à“¬∑Õ¥°“√ºà“‡À≈à“¢Õß¬’ππ’È¡’º≈„Àâ‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√

‡°‘¥¡–‡√Áß„π ¡“™‘°§√Õ∫§√—« “¬µ√ß ´÷Ëß¡–‡√Áß‡µâ“π¡∑’Ë∂à“¬∑Õ¥‚¥¬æ—π∏ÿ°√√¡æ∫ª√–¡“≥ 5-10% ¢Õß°“√‡°‘¥

¡–‡√Áß‡µâ“π¡∑—ÈßÀ¡¥   §«“¡º‘¥ª°µ‘Õ◊ËπÊ ∑’Ë≈¥°“√· ¥ßÕÕ°¢Õß¬’π BRCA1 ¡’º≈µàÕ°“√‡°‘¥¡–‡√Áß‡µâ“π¡‡™àπ°—π

¡’«‘∏’„π°“√µ√«®¡–‡√Áß‡µâ“π¡∑“ßÀâÕßªØ‘∫—µ‘°“√À≈“¬«‘∏’  ºŸâ∑’Ëµ√«®æ∫«à“¡’°“√ºà“‡À≈à“¢Õß¬’ππ’È “¡“√∂ªÑÕß°—π°“√‡°‘¥

¡–‡√Áß‰¥â‚¥¬°“√µ√«®‡µâ“π¡Õ¬à“ß ¡Ë”‡ ¡Õ  °“√ºà“µ—¥‡µâ“π¡°àÕπ°“√‡°‘¥‚√§·≈–‡§¡’∫”∫—¥
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µ√«®«‘‡§√“–Àåæ∫«à“¡’§«“¡ —¡æ—π∏å°—∫§«“¡º‘¥ª°µ‘∑“ß
æ—π∏ÿ°√√¡ ´÷Ëß∂à“¬∑Õ¥„π«ß»åµ√–°Ÿ≈‰¥â (familial cancer)

™π‘¥¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥¡–‡√Áß

¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥¡–‡√Áß·∫àß‰¥â‡ªìπ 2 °≈ÿà¡
§◊Õ

1. Proto-oncogene À¡“¬∂÷ß¬’π∑’Ë¡’Àπâ“∑’Ë°√–µÿâπ
·≈– àß‡ √‘¡„Àâ¡’°“√·∫àß‡´≈≈å·≈–¡’°“√‡æ‘Ë¡®”π«π (pro -

liferation) µ≈Õ¥®π¡’°“√‡ª≈’Ë¬π ¿“æ (differentiation)

∑—Èß„π√–¬–µ—«ÕàÕπ„π§√√¿å·≈–√–¬–‚µ‡µÁ¡«—¬  °“√∑’Ë¬’π
‡À≈à“π’È‡ ’¬À“¬®–·¡â‡æ’¬ßÕ—≈≈’≈ (allele) ‡¥’¬«°Á∑”„Àâ‡°‘¥
¡–‡√Áß‰¥â ®÷ß‡√’¬°«à“‡ªìπ¬’π≈—°…≥–‡¥àπ  (dominant gene)

(Table 1)

2. Tumor Suppressor Gene ¬’π‡À≈à“π’È„π ¿“«–
ª°µ‘®– √â“ß‚ª√µ’π∑’Ë¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√·∫àß‡´≈≈å
‡æ◊ËÕ√—°…“ ¡¥ÿ≈¢Õß°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å‡π◊ÈÕ‡¬◊ËÕ„Àâ
‡ªìπª°µ‘ Õ¬à“ß‰√°Áµ“¡À“°‡°‘¥§«“¡º‘¥ª°µ‘¢÷Èπ„πÕ—≈≈’≈
„¥Õ—≈≈’≈Àπ÷Ëß¢Õß¬’ππ’È ‡´≈≈å°Á¬—ß “¡“√∂º≈‘µ‚ª√µ’π®“°

Table 1. Proto-oncogenes and tumor suppressor genes

      Proto-Oncogene

   (Glover and Hames,     Gene      Chromosome location            Cellular function

1989; Pergament, 2001)

SRC 20q12 - q13 Cytoplasmic try kinase

ABL1 9q 34 Cytoplasmic try kinase

BRAF 7q34 Signal transducer
EGFR 7p12.3-p12.1 Receptor try kinase

LCK 1p35-p34.3 Lymphocyte try kinase

FMS 5q 34 CSF - 1 receptor try kinase
ROS 6q 22 Receptor - like try kinase

HRAS 11p15 Membrane bound GTPase

MYC 8q24 Nuclear proteins
FOS 14q24.3 Nuclear proteins

NRAS 1p13.2 Membrane bound GTPase

FES 15q26.1 Cytoplasmic try kinase

 Tumor Suppressor

(Yarnold et al, 1996)

RB 1 13q14 Cell cycle control

NF 1 17q11.2 Growth signal transduction

DCC 18q21.3 Cell-cell  adhesion
APC 5q21 Cell-matrix  adhesion

VHL 3p25-26 Unknown

MTS 1 9p21 Cell  cycle  control
MSH 2 2p22 DNA  repair

MLH 1 3p21.3 DNA  repair

BRCA1 17q21 DNA repair
BRCA2 13q12.3 DNA  repair

Gene   Chromosome location          Cellular function
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Õ—≈≈’≈∑’Ë‡À≈◊Õ‰¥â  °“√· ¥ßÕÕ°¢Õß°“√‡°‘¥¡–‡√Áß®–µâÕß
‡°‘¥®“°§«“¡º‘¥ª°µ‘¢Õß∑—Èß ÕßÕ—≈≈’≈  ®÷ß‡√’¬°¬’π°≈ÿà¡π’È
«à“‡ªìπ¬’π≈—°…≥–¥âÕ¬ (recessive gene) (Table 1)

Breast Cancer Susceptibility Gene (BRCA1)

ª√–¡“≥ 90% ¢Õß¡–‡√Áß‡µâ“π¡∑’Ëæ∫‰¡à‡°’Ë¬«¢âÕß
°—∫°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ (sporadic breast cancer)

„π¢≥–∑’ËÕ’° 5-10% ∑’Ë‡À≈◊Õ‡°‘¥®“°°“√ºà“‡À≈à“¢Õß¬’π
°¥¡–‡√Áß ∑’Ë ”§—≠§◊Õ BRCA1 ·≈– BRCA2  ¬’π BRCA1

∂Ÿ°§âπæ∫„πªï 1990 ·≈–‚§≈π‰¥â„πªï 1994 (Miki et

al.,1994)     à«π¬’π BRCA2 ∂Ÿ°æ∫·≈–‚§≈π‰¥â„πªï
µàÕ¡“ (Wooster et al.,1995)  °“√ºà“‡À≈à“¢Õß∑—Èß Õß¬’π
π’È®–‡°’Ë¬«¢âÕß°—∫ 2 „π 3 ¢Õß°“√‡°‘¥¡–‡√Áß‡µâ“π¡„π«ß»å
µ√–°Ÿ≈ (familial breast cancer) ∑’Ë‡À≈◊ÕÕ’°ª√–¡“≥ 1

„π 3 ‡°‘¥®“°°“√ºà“‡À≈à“¢Õß¬’πÕ◊ËπÊ ‡™àπ TP53 ·≈–
ATM ‡ªìπµâπ

§«“¡º‘¥ª°µ‘¢Õß¬’π BRCA1  ‡°’Ë¬«¢âÕß°—∫°“√
‡°‘¥¡–‡√Áß‡µâ“π¡·≈–√—ß‰¢à (Alberg et al., 1997, Peter-

son et al.,1998) πÕ°®“°π’È¬—ß‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥¡–‡√Áß
µàÕ¡≈Ÿ°À¡“°„π‡æ»™“¬ (prostate cancer)  (Gayther

et al., 2000)  ·≈–®“°°“√∑¥≈Õß∑—Èß„π‡´≈≈å‡æ“–‡≈’È¬ß
·≈–„π‡ÕÁ¡∫√‘‚Õ¢ÕßÀπŸ∑¥≈Õß∑’Ë∑”„Àâ¡’°“√ºà“‡À≈à“¢Õß¬’π
BRCA1 æ∫«à“°“√ºà“‡À≈à“¢Õß¬’π BRCA1 ®–∑”„Àâ‡°‘¥
§«“¡º‘¥ª°µ‘¢Õß°√–∫«π°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ °“√·∫àß
µ—«¢Õß‡´π‚µ√‚´¡º‘¥ª°µ‘   ‡´≈≈åÀ¬ÿ¥°“√·∫àßµ—« (cell

cycle arrest)  °“√‡®√‘≠‡µ‘∫‚µ™â“≈ß (growth retarda-

tion)  Õ—µ√“°“√µ“¬¢Õß‡´≈≈å‡æ‘Ë¡¢÷Èπ (apoptosis) ‡°‘¥
§«“¡‰¡à‡ ∂’¬√¢Õß “¬¥’‡ÕÁπ‡Õ´÷Ëß¡’º≈∑”„Àâ¬’π‡ª≈’Ë¬π·ª≈ß
‰¥â (genetic instability) ·≈–‡°‘¥¡–‡√Áß‰¥â (Deng and

Scott, 2000) ‚¥¬§«“¡º‘¥ª°µ‘¢Õß¬’π BRCA1 ¡—°‡°‘¥
√à«¡°—∫§«“¡º‘¥ª°µ‘¢Õß¬’π p53 (Miyoshi et al., 2000)

¬’π BRCA1 ¡’ 24 exon ·≈–·ª≈√À— ‰¥â‚ª√µ’π∑’Ë
¡’°√¥Õ–¡‘‚π 1863 µ—« (Miki et al.,1994)  ‚ª√µ’π
ª√–°Õ∫¥â«¬ à«πµà“ßÊ À≈“¬ à«π (domains) §◊Õ

1. N-terminal ¢Õß BRCA1 ª√–°Õ∫¥â«¬ Ring-

finger domain  (°√¥Õ–¡‘‚πµ—Èß·µà≈”¥—∫∑’Ë 24 ∂÷ß 64)
´÷Ëß¡’°√¥Õ–¡‘‚π cysteine ·≈– histidine ¬÷¥®—∫°—∫ Zn

Ring finger domain π’È “¡“√∂¬÷¥®—∫°—∫¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬
‰¥â  ™à«ß°√¥Õ–¡‘‚π 1-109 ®–‡ªìπ protease-resistant

domain  ∑’Ë®–®—∫°—∫Õ’°‚¡‡≈°ÿ≈¢Õß  BRCA1  ‡°‘¥‡ªìπ
homodimer À√◊Õ‡°‘¥ heterodimer °—∫‚ª√µ’π BARD1

(Meza et al.,1999) ·≈–¬—ßæ∫«à“ domain π’È¬—ß “¡“√∂
®—∫°—∫‚ª√µ’π E2F1 (Wang et al.,1997) ·≈– BAP1

(BRCA1-associated protein1)  (Jensen et al.,1998)

´÷Ëß§«√®–‡°’Ë¬«¢âÕß°—∫°“√∑”Àπâ“∑’Ë¢Õß BRCA1

2. Exon 11 ‡ªìπ exon ∑’Ë¡’¢π“¥„À≠à∑’Ë ÿ¥ ·ª≈
√À— ‰¥â 60% ¢Õß‚ª√µ’π BRCA1 ´÷Ëß¡’ nuclear lo-

calization signal ∑”Àπâ“∑’Ë‡ªìπµ—«π”‚ª√µ’π∑—ÈßÀ¡¥‡¢â“ Ÿà
π‘«‡§≈’¬   πÕ°®“°π’È‚ª√µ’π®“° exon 11 ¬—ß®—∫°—∫‚ª√µ’π
RAD50  (Zhong et al.,1999),   RAD51 (Scully

et al.,1997a;  Scully et al.,1997b), Rb (Aprelokova

et al.,1999) ·≈–  c-Myc (Wang et al.,1998)  ´÷Ëß
‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ

3. C-Terminal  ª√–°Õ∫¥â«¬  BRCT domain

(BRCA1 C-terminal domain) 2 µ”·Àπàß´÷Ëß “¡“√∂
®—∫°—∫‚ª√µ’πÀ≈“¬™π‘¥‡™àπ p53 (Ouchi et al., 1998;

Zhang et al., 1998;  Chai et al., 1999) , RNA poly-

merase II (Scully et al., 1997c),  RNA helicase A

(Anderson et al., 1998),   p300  ·≈–  CBP (CREB

binding protein) (Neish et al., 1998), BRCA2 (Chen

et al., 1998), Rb (Yarden et al., 1999), histone de-

acetylase complex (Yarden et al., 1999) ·≈– CtIP

(Yu et al.,1998) (Figure 1)

·¡â«à“‚ª√µ’π BRCA1 ®–¡’ nuclear localization

signal  ´÷Ëß®–π”‚ª√µ’π‡¢â“ Ÿàπ‘«‡§≈’¬ ·µàæ∫«à“‚ª√µ’ππ’È
¬—ß¡’ nuclear export sequence  „°≈â∫√‘‡«≥ª≈“¬ N-

terminal   · ¥ß«à“‚ª√µ’ππ’È “¡“√∂‡§≈◊ËÕπºà“π‡¢â“ÕÕ°
π‘«‡§≈’¬ ‰¥â (shutting protein) (Rodiquez and Hen-

derson, 2000)

°“√∑”ß“π¢Õß‚ª√µ’π BRCA1

‚ª√µ’π BRCA1 ‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√¿“¬„π
‡´≈≈åÀ≈“¬Õ¬à“ß   Àπâ“∑’Ë à«π„À≠à®–‡°’Ë¬«¢âÕß°—∫°“√
§«∫§ÿ¡‡ ∂’¬√¿“æ¢Õß‚§√‚¡‚´¡´÷Ëß¡’§«“¡ ”§—≠µàÕ§«“¡
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Figure 1. Functional domains of BRCA1 and interacting sites with various proteins. These inter-

actions have only been observed in vito, and have not been confirmed using rigorous in vivo
analysis of native proteins, such as coimmunoprecipitation under stringent conditions or

colocalization with endogenous protein to specific subcellular structures. (Deng and Brodie, 2000)

Õ¬Ÿà√Õ¥¢Õß‡´≈≈å   Àπâ“∑’Ëµà“ßÊ ¢Õß‚ª√µ’ππ’È¡’¥—ßπ’È
1. BRCA1 „π°√–∫«π°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ

BRCA1 ‡°’Ë¬«¢âÕß°—∫‚ª√µ’π 3 ™π‘¥„π°√–∫«π
°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ  §◊Õ  RAD50,   RAD51  ·≈–
BRCA2  æ∫«à“  BRCA1 ®–®—∫°—∫ RAD51 ¿“¬„π
π‘«‡§≈’¬  (Scully et al., 1997b) RAD51 ‡ªìπ‚ª√µ’π∑’Ë
§≈â“¬°—∫‚ª√µ’π  RecA  ¢Õß¬’ µå´÷Ëß„™â„π°√–∫«π°“√
homologous  recombination  ·≈–  DNA-damage

repair        RAD 51 ®–√«¡‡ªìπ°≈ÿà¡ (complex) °—∫
BRCA1 ·≈– BRCA2 (Chen et al.,1999) ‡¡◊ËÕ‰¥â√—∫
√—ß ’·°¡¡“ BRCA1 ®–√«¡‡ªìπ°≈ÿà¡°—∫ RAD50,  MRE11

·≈– p95/nibrin · ¥ß«à“‚ª√µ’π BRCA1 ®–µÕ∫ πÕß
µàÕ§«“¡‡ ’¬À“¬¢Õß¥’‡ÕÁπ‡Õ‚¥¬ºà“π‚ª√µ’π‡À≈à“π’È (Zhong

et al., 1999)

®“°°“√∑¥≈Õß„π‡´≈≈å‡ÕÁ¡∫√‘‚Õ∑’Ë‰¡à¡’‚ª√µ’π
BRCA1 æ∫«à“‡´≈≈å‡À≈à“π’È®–‰«µàÕ oxidative reagent

°“√‰¥â√—∫√—ß ’·°¡¡“·≈– hydrogen peroxide  (Gowen

et al., 1998)   ‡´≈≈å‡À≈à“π’È¬—ß¡’‚§√ß √â“ß‚§√‚¡‚´¡∑’Ë
º‘¥ª°µ‘ Õ—π‡π◊ËÕß®“°‰¡à¡’ DNA-repair system (Shen

et al., 1998)   ‡ÕÁ¡∫√‘‚Õ∑’Ë¢“¥‚ª√µ’π  RAD51  ·≈–
BRCA2  ¡’§«“¡‰«µàÕ√—ß ’·°¡¡“√«¡∑—Èß¡’°“√‡°‘¥§«“¡

º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡·≈–¡’°“√µ“¬¢Õß‡ÕÁ¡∫√‘‚Õ„π™à«ß
·√°§≈â“¬°—∫‡ÕÁ¡∫√‘‚Õ∑’Ë¢“¥‚ª√µ’π BRCA1 (Tavtigian

et al., 1996)  ≈—°…≥–· ¥ßÕÕ°∑’Ë§≈â“¬°—π¢Õß°“√ºà“
‡À≈à“¢Õß RAD51, BRCA1 ·≈– BRCA2 · ¥ß„Àâ‡ÀÁπ
«à“‚ª√µ’π∑—Èß 3 ™π‘¥¡’Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—π„π°√–∫«π°“√
´àÕ¡·´¡¥’‡ÕÁπ‡Õ πÕ°®“°π’È‡ÕÁ¡∫√‘‚Õ∑’Ë¢“¥¬’π BRCA1

®–¡’§«“¡º‘¥ª°µ‘„π°√–∫«π°“√ transcription-coupled

repair (Gowen et al., 1998) ·≈– homology-directed

repair ¢Õß double strand break (DSB) (Moynahan

et al.,1999)

„π°√≥’∑’Ë¥’‡ÕÁπ‡Õ‡°‘¥§«“¡‡ ’¬À“¬®“°√—ß ’·°¡¡“
‚ª√µ’π BRCA1 ®–‡°‘¥°√–∫«π°“√ phosphorylation

‚¥¬‡ÕÁπ‰´¡å  ATM  kinase  (Ataxia  Telangiectasia

Mutation kinase) (Cortez et al., 1999) ·≈– ATR

(ATM-related kinase) (Tibbets et al., 2000) À≈—ß°“√
‡°‘¥ phosphorylation    BRCA1 ®–·¬°µ—«ÕÕ°®“°
CtIP ·≈– CtBP   ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë°¥°“√∑”ß“π¢Õß
BRCA1 ∑”„Àâ BRCA1  “¡“√∂®—∫√«¡°—∫‚ª√µ’πÕ◊ËπÊ
·≈–®—∫°—∫¥’‡Õπ‡Õ∑’Ë‡ ’¬À“¬ (Figure 2) πÕ°®“°π’È¬—ß∑”
„Àâ‚ª√µ’π BRCA1   “¡“√∂°√–µÿâπ°“√∂Õ¥√À— ¢Õß¬’π
Õ◊ËπÊ ∑’Ë∑”Àπâ“∑’Ë´àÕ¡·´¡ ¥’‡ÕÁπ‡Õ‰¥â ‡™àπ ¬’π p21 (Li

and
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Figure 2. The roles of BRCA1 in DNA repair. The model suggests that a macromolecular complex

consisting of BRCA1, BRCA2, BARD1 and Rad51 function to repair damaged DNA.

Complex formation is preceded by phosphorylation of BRCA1 by the kinase ATM and

relocates to damaged regions. (Welcsh et al., 2000)

 et al, 1999) À√◊Õ¬’π GADD45 (Harkin et al., 1999)

BRCA1  ¬—ß‡°’Ë¬«¢âÕß°—∫°“√∑”ß“π¢Õß‡ÕÁπ‰´¡å  RNA

helicase A ·≈– histone deacetylase complex ´÷Ëß
‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√∂Õ¥√À—  (Li et al, 1997;  Scully

et al, 1997;  Yarden  et  al., 1999)

2. BRCA1 „π°√–∫«π°“√ cell cycle checkpoint

‚ª√µ’π BRCA1 ¡’§«“¡ —¡æ—π∏å°—∫‚ª√µ’π„π
°√–∫«π°“√  cell  cycle  checkpoint  À≈“¬™π‘¥ ‡™àπ
E2F, CDC2 ·≈– cyclin (Wang et al.,1997) ª√‘¡“≥
¢Õß‚ª√µ’π BRCA1 ®–‡æ‘Ë¡¢÷Èπ„π√–¬– late G1 ·≈–®–
 Ÿß ÿ¥„π™à«ß G1-S phase ‚¥¬‚ª√µ’π BRCA1 ®–‡°‘¥
°√–∫«π°“√ hyperphosphorylation „π√–¬–π’È·≈–®–
‡°‘¥ dephosphorylation À≈—ß√–¬– M phase (Ruffner

et al.,1997)  BRCA1 ¬—ß∑”Àπâ“∑’Ë°√–µÿâπ°“√∂Õ¥√À— 
¢Õß¬’πÕ◊Ëπ∑—Èß„π·∫∫∑’Ë√à«¡°—∫  p53  (p53-dependent)

·≈–·∫∫∑’Ë‰¡àµâÕß¡’ p53 ¡“‡°’Ë¬«¢âÕß (p53-independent)

(Zhang et al.,1998,  Chai et al.,1999)  πÕ°®“°π’È
BRCA1  “¡“√∂°√–µÿâπ p21 ∑”„Àâ‡°‘¥ cell-cycle arrest

 àßº≈∑”„Àâ‡´≈≈å‰¡à “¡“√∂ºà“π®“°√–¬– G1  ‡¢â“ Ÿà√–¬–
S ‰¥â  (Somasundaram et al.,1997)

„π‡ÕÁ¡∫√‘‚Õ¢ÕßÀπŸ∑’Ë‰¡à¡’‚ª√µ’π  BRCA1

(BRCA1-/-)  ®–· ¥ß§«“¡º‘¥ª°µ‘„π°“√·∫àßµ—«¢Õß
‡´≈≈å ∑”„Àâ°“√‡®√‘≠™â“≈ß   ·µà∂â“‡ÕÁ¡∫√‘‚Õ¢“¥‚ª√µ’π p53

À√◊Õ p21 ( p53-/- À√◊Õ p21-/-) ¡’º≈∑”„Àâ‡°‘¥°“√·∫àß
‡´≈≈åµàÕ‰ª‰¥â (Hakem et al.,1997)   ‡π◊ËÕß®“° p53

§«∫§ÿ¡  cell cycle  ºà“π‚ª√µ’π p21  · ¥ß«à“°“√∑’Ë
¥’‡ÕÁπ‡Õ‡ª≈’Ë¬π·ª≈ß‰ª‡π◊ËÕß®“°°“√¡’¬’π BRCA1  ∑’Ë
º‘¥ª°µ‘À√◊Õºà“‡À≈à“®–‰ª°√–µÿâπ p53 ·≈– p21 ‡™àπ‡¥’¬«
°—∫°“√ºà“‡À≈à“„π∑’ËÕ◊ËπÊ ∫π¥’‡ÕÁπ‡Õ   ·≈–º≈¢Õß°“√
°√–µÿâπ p53 °Á‡æ◊ËÕ„Àâ‡´≈≈åÀ¬ÿ¥°“√·∫àßµ—«‡æ◊ËÕ à́Õ¡·´¡
¥’‡ÕÁπ‡ÕÀ√◊Õ¡‘©–π—Èπ®–∑”„Àâ‡´≈≈åµ“¬‰ª (apotosis) ‡æ◊ËÕ
¢®—¥‡´≈≈å∑’Ëº‘¥ª°µ‘¡‘„Àâ‡®√‘≠‡µ‘∫‚µ¢÷Èπ ®“°°“√∑¥≈Õß„π



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 24 ©∫—∫∑’Ë 3 °.§.-°.¬. 2545
¬’π°¥¡–‡√Áß‡µâ“π¡ BRCA1

»‘√‘«—≤πå «“ ‘°»‘√‘  ·≈– Õ¥‘»√ √—µπæ—π∏å515

embryonic  fibroblast  cell  ¢ÕßÀπŸ∑’Ë‰¡à¡’  BRCA1

exon 11 æ∫«à“‡´≈≈å®–À¬ÿ¥°“√·∫àßµ—«‡¡◊ËÕ‰¥â√—∫√—ß ’·°¡¡“
∑’Ë√–¬– G1-S ‡À¡◊Õπ‡´≈≈åª°µ‘  ·µà‰¡àÀ¬ÿ¥°“√·∫àßµ—«∑’Ë
√–¬– G2-M ∑”„Àâ‡´≈≈åºà“π‡¢â“ Ÿà√–¬– mitotic phase

æ√âÕ¡¥â«¬¥’‡ÕÁπ‡Õ∑’Ë‡ ’¬À“¬ àßº≈∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘
∑“ßæ—π∏ÿ°√√¡‰¥â (Xu et al.,1999)

3. BRCA1 µàÕ°“√·∫àßµ—«¢Õß‡´π‚µ√‚´¡

‡´≈≈åª°µ‘®–¡’‡´π‚µ√‚´¡ 1-2 Õ—π  „π√–¬–
Interphase  „π√–¬– G1-S phase ‡´π‚µ√‚´¡®–‡°‘¥
°“√∂à“¬·∫∫ (replication) ·≈–‡¡◊ËÕ∂÷ß™à«ß°àÕπ mitosis

‡´π‚µ√‚´¡®–·¬°ÕÕ°®“°°—π  ·≈– √â“ß bipolar spin-

dles ´÷Ëß„™â„π°“√·∫àß‡´≈≈å„Àâ‰¥â‡´≈≈å≈Ÿ°¢π“¥‡∑à“Ê °—π
(Winey, 1996) °“√·∫àßµ—«¢Õß‡´π‚µ√‚´¡®–‡°‘¥æ√âÕ¡Ê
°—∫°“√·∫àß‡´≈≈å §«“¡º‘¥ª°µ‘¢Õß°“√∂à“¬·∫∫¢Õß‡´π-
‚µ√‚´¡®–∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß‡´≈≈å·≈–‡°‘¥¡–‡√Áß
(Lingle et al.,1998)

æ∫«à“ 30% ¢Õß‡´≈≈å∑’Ë BRCA1 ‰¡à¡’ exon 11

(homologous) ®–¡’‡´π‚µ√‚´¡À≈“¬Õ—π∑”„Àâ¡’°“√¥÷ß
‚§√‚¡‚´¡‰ª„πÀ≈“¬∑‘»∑“ß °“√·∫àßµ—«¢Õß‚§√‚¡‚´¡„π
°√–∫«π°“√·∫àß‡´≈≈å‡°‘¥‰¡à‡∑à“°—π (Xu et al., 1999)

°“√¢“¥‚ª√µ’πÕ◊ËπÊ ‡™àπ p53 (Fukusawa et al., 1996),

BRCA2 (Tutt et al., 1999) À√◊Õ GADD45 (Hol-

lander et al.,  1999)  °Á¡’º≈„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß
‡´π‚µ√‚´¡  · ¥ß«à“‚ª√µ’π‡À≈à“π’Èπà“®–∑”ß“π√à«¡°—π
„π°√–∫«π°“√‡¥’¬«°—π´÷Ëß§«“¡º‘¥ª°µ‘¢Õß‚ª√µ’πµ—«„¥
µ—«Àπ÷ËßÕ“®∑”„Àâ°√–∫«π°“√§«∫§ÿ¡‡´π‚µ√‚´¡º‘¥ª°µ‘
‰ª¥â«¬  ‚ª√µ’π CDK2-cyclinK ‡ªìπ‚ª√µ’π∑’Ë°√–µÿâπ°“√
‡°‘¥‡ªìπ§Ÿà (duplication) ¢Õß‡´π‚µ√‚´¡ æ∫«à“ CDK2-

cyclin ®–®—∫°—∫‚ª√µ’π BRCA1 ·≈–‡°‘¥ phosphory-

lation ‚ª√µ’π BRCA1 ‰¥â (Ruffner et al., 1999) Õ“®
‡ªìπ‰ª‰¥â«à“ CDK2-cyclin  ¡’º≈µàÕ°“√∑”ß“π¢Õß
BRCA1 „π°√–∫«π°“√‡æ‘Ë¡®”π«π‡´π‚µ√‚´¡¥â«¬

4. BRCA1 °—∫°“√§«∫§ÿ¡°“√∂Õ¥√À— 

®“°°“√»÷°…“°“√‡™◊ËÕ¡ GAL4 DNA-binding

domain ‡¢â“°—∫ C-terminal ¢Õß BRCA1 (°√¥Õ–¡‘‚π
µ—Èß·µà≈”¥—∫∑’Ë 1528-1863) ·≈–π”‡¢â“ Ÿà‡´≈≈å  æ∫«à“®–¡’
°“√°√–µÿâπ°“√∂Õ¥√À—  ¢Õß GAL4 - dependent pro-

moter ‰¥â (Chapman et al., 1996 ;  Monteiro et al.,

1996)  C- terminal ¢Õß BRCA1 ¡’ BRCT domain

2 µ”·Àπàß  ´÷Ëß®–®—∫°—∫‚ª√µ’π∑—Èß∑’Ë‡ªìπ transcription

activator  ·≈–∑’Ë‡ªìπ  co-repressor  (Callebaut and

Marnon, 1997)   BRCT domain µ”·Àπàß∑’Ë 2 ®–®—∫°—∫
p53 ·≈–°√–µÿâπ p53-dependent transcription ¢Õß p21

promotor (Chai et al., 1999)  ´÷ËßµàÕ¡“æ∫«à“‡°’Ë¬«¢âÕß
°—∫°“√∑”ß“π¢Õß RNA  polymerase  II  holoenzyme

πÕ°®“°π’È  BRCT domain ¬—ß¡’º≈„Àâ‡°‘¥ chromatin

remodel  ÷́Ëß‡°’Ë¬«¢âÕß°—∫°“√∂Õ¥√À—  (transcription)

¥â«¬ (Miyaki et al., 2000)

N-terminal ¢Õß BRCA1 ¡’ ring finger motif

´÷Ëß‡°’Ë¬«¢âÕß°—∫°“√  transactivation  ‚ª√µ’π  BARD1

(Wu et al., 1996) ®–¡’ ring domain (°√¥Õ–¡‘‚πµ—Èß·µà
≈”¥—∫∑’Ë 26-119) ´÷Ëß®–®—∫°—∫ ring domain ¢Õß BRCA1

æ∫«à“ BRCA1-BARD complex „π Hela cell ®–®—∫
°—∫‚ª√µ’π CStF-50  ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë„™â„π°“√µ—¥
polyadenylation ¢Õß RNA ∑’Ë∂Ÿ° —ß‡§√“–Àå¢÷Èπ„À¡à
(Kleiman et al.,1999)  ∂â“¡’ BARD1 ¡“°°√–∫«π°“√
π’È®–≈¥≈ß ·µà∂â“¡’πâÕ¬°“√∑”ß“π¢Õß°√–∫«π°“√π’È®–
¡“°¢÷Èπ ‡™◊ËÕ«à“°“√¡’  BRCA1,  BARD1 ·≈– RAD51

Õ¬Ÿà„π∫√‘‡«≥∑’Ë‚§√‚¡‚´¡‡ ’¬À“¬πà“®–™à«¬≈¥°“√∑”ß“π
¢Õß RNA  ∑’Ëº‘¥ª°µ‘„π™à«ß∑’Ë¡’°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ

BRCA1 ®—∫°—∫‚ª√µ’π c-Myc ´÷Ëß‡ªìπ‚ª√µ’π
∑’Ë°√–µÿâπ°“√∂Õ¥√À— ¢Õß¬’πÀ≈“¬Ê ¬’π √«¡∑—Èß CDC25A

æ∫«à“ BRCA1 ®–¬—∫¬—Èß°“√∂Õ¥√À— ¢Õß c-Myc  (Wang

et al., 1998)   πÕ°®“°π’È BRCA1 overexpression

 “¡“√∂¬—ß¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å∑’Ë¡’ c-Myc  ·≈–
H-ras º‘¥ª°µ‘ (Wang et al., 1998)  · ¥ß«à“ BRCA1

¬—∫¬—Èß°“√‡°‘¥¡–‡√Áß‚¥¬°“√§«∫§ÿ¡ oncogene ‡™àπ c-Myc

πÕ°®“°π’È BRCA1 ¬—ß¬—∫¬—Èß estrogen induced signal

‚¥¬¬—∫¬—Èß transcription  activation  function  ¢Õß
estrogen receptor (Fan et al., 1999) ∑”„Àâ≈¥°“√µÕ∫
 πÕß¢Õß‡´≈≈å∑’Ë¡’µàÕ‡Õ ‚µ√‡®π (estrogen) ≈ß

BRCA1 ¬—ß¡’Õ—πµ√°√‘¬“°—∫‚ª√µ’π ATF  ´÷Ëß
‡ªìπ‚ª√µ’π∑’Ë°√–µÿâπ°“√∂Õ¥√À— ¢Õß CREB ∑’ËµÕ∫ πÕß
µàÕ DNA damage (Houvras et al., 2000)  ¬’πÕ’° Õß
™π‘¥∑’Ë∂Ÿ°°√–µÿâπ¥â«¬ BRCA1 §◊Õ p21 (Somasundraram

et al., 1997) ·≈–  GADD45  (Harkin et al., 1999)
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‚¥¬∂Ÿ°°√–µÿâπºà“π‚ª√µ’π p53  ´÷Ëß∑—ÈßÀ¡¥‡°’Ë¬«¢âÕß°—∫
°√–∫«π°“√§«∫§ÿ¡«ß®√™’«‘µ¢Õß‡´≈≈å·≈–°“√´àÕ¡·´¡
¥’‡ÕÁπ‡Õ

§«“¡º‘¥ª°µ‘¢Õß¬’π BRCA1 µàÕ°“√‡°‘¥¡–‡√Áß

§«“¡º‘¥ª°µ‘¢Õß¬’π  BRCA1 ¡’º≈µàÕ°“√‡°‘¥
¡–‡√Áß‡µâ“π¡·≈–√—ß‰¢à  ´÷Ëß§«“¡º‘¥ª°µ‘¥—ß°≈à“«Õ“®‡°‘¥
®“°°“√ºà“‡À≈à“¢Õß¬’ππ’ÈÀ√◊Õ‡°‘¥®“°°“√‰¡à· ¥ßÕÕ°¢Õß
¬’πÕ—π‡π◊ËÕß®“°°√–∫«π°“√Õ◊ËπÊ (epigenetic modifi-

cation) ‡™àπ ubiquitination, methylation À√◊Õ phos-

phorylation ‡ªìπµâπ
°“√‡°‘¥ Epigenetic modification ¢Õß¬’π BRCA1

°“√‡°‘¥¡–‡√Áß·∫∫‰¡à “¡“√∂∂à“¬∑Õ¥ Ÿà≈Ÿ°À≈“π
‰¥â (non-familial cancer) ®–‰¡àæ∫°“√ºà“‡À≈à“¢Õß¬’π
BRCA1 (Futreal et al.,1994) Õ¬à“ß‰√°Áµ“¡°“√‡°‘¥
¡–‡√Áß∑’Ë‰¡à‰¥â∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡™π‘¥ high grade

carcinoma ª√‘¡“≥¢Õß‚ª√µ’π BRCA1 ®–≈¥πâÕ¬≈ß
(Thompson et al.,1995;  Wilson et al.,1999) ´÷Ëß
πà“®–¡’°√–∫«π°“√∫“ßÕ¬à“ß∑’Ë§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß
BRCA1 „π‡´≈≈å‡À≈à“π’È

1. Ubiquitination

Ubiquitination-proteosome pathway Õ“®
‡°’Ë¬«¢âÕß°—∫§«“¡§ßµ—«¢Õß‚ª√µ’π∑’Ë¡’  ring  finger  do-

main (Jensen et al.,1998) æ∫«à“ ring finger domain

¢Õß  BAP1  (BRCA1  associated  protein)  ®–®—∫°—∫
ring finger domain ¢Õß BRCA1 ́ ÷Ëß BAP1 ‡ªìπ‚ª√µ’π
„π°≈ÿà¡ Ubiquitin C-terminal hydrolase (UCH) „π
°“√»÷°…“‚¥¬«‘∏’°“√∑“ß Immunohistochemistry æ∫«à“
BRCA1 ®–®—∫°—∫ BAP1 „π‡´≈≈å‡æ’¬ß‡≈Á°πâÕ¬  Õ¬à“ß‰√
°Áµ“¡  overexpression ¢Õß BAP1 „π‡´≈≈å MCF7

(estrogen receptor positive cell line) æ∫«à“¡’°“√‡æ‘Ë¡
°“√¬—∫¬—Èß  °“√‡®√‘≠¢Õß‡´≈≈å®“°Õ‘∑∏‘æ≈¢Õß BRCA1

‰¥â º≈¥—ß°≈à“«Õ“®‡°‘¥‡π◊ËÕß®“° UCH ®–≈¥°“√ ≈“¬µ—«
¢Õß BRCA1 ®“°°√–∫«π°“√ ubiquitination ‰¥â

2. Phosphorylation

Phosphorylation ‡ªìπÕ’°°√–∫«π°“√„π°“√
§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß BRCA1    BRCA1 ®–‡°‘¥
hyperphosphorylation  „π™à«ß∑â“¬¢Õß√–¬–  G1 ·≈–

√–¬– S ·≈–®–‡°‘¥°√–∫«π°“√ dephosphorylation „π
√–¬–‡√‘Ë¡¢Õß M phase (Vaughn et al.,1996,  Ruffner

et al.,1997)   °“√„Àâ√—ß ’·°¡¡“·°à‡´≈≈åª°µ‘®–∑”„Àâ
BRCA1 ‡°‘¥ hyperphosphorylation   Õ¬à“ß‰√°Áµ“¡„π
‡´≈≈å √â“ß‡ âπ„¬ (fibroblast) ∑’Ë¢“¥‚ª√µ’π ATM  kinase

·≈–„π  lymphoblast  ∑’‰¥â¡“®“°ºŸâªÉ«¬∑’Ë‡ªìπ  Ataxia

telangiectasia mutation ®–‰¡àæ∫°√–∫«π°“√ hyper-

phosphorylation ¢Õß BRCA1 À≈—ß°“√©“¬√—ß ’·°¡¡“
· ¥ß«à“°“√‡°‘¥ phosphorylation ¢Õß BRCA1 ‰¥â√—∫
°“√°√–µÿâπ‚¥¬ ATM (Cortez et al.,1999)  ATM ®–
phosphorylate BRCA1 „π∫√‘‡«≥∑’Ë¡’°≈ÿà¡¢Õß serine-

glutamine  °“√∑”„Àâ‡°‘¥ missense mutation ∑’Ëµ”·Àπàß
S1423 ·≈– S1524 ®–∑”„Àâ BRCA1 ‰¡àµÕ∫ πÕßµàÕ
°“√©“¬√—ß ’·°¡¡“    πÕ°®“°π’È„π‡´≈≈å∑’Ë‡ªìπ ATM-/-

·≈–  BRCA1-/-   ®–¡’°“√· ¥ßÕÕ°¢Õß§«“¡º‘¥ª°µ‘
§≈â“¬Ê °—π  ‡™àπ  §«“¡º‘¥ª°µ‘¢Õß cell cycle check

point control ∑’Ë√–¬– G2-M  ·≈–¡’§«“¡‰«µàÕ “√∑’Ë‡ªìπ
DNA damaging agents (Xu  et  al., 1999)

3. Methylation

°“√‰¡à∑”ß“π¢Õß¬’π BRCA1  Õ“®‡π◊ËÕß®“°
°“√‡°‘¥ methylation ¢Õß CpG island  ´÷Ëß‡ªìπ regu-

latory region ¢Õß¬’ππ’È   æ∫«à“ 5' regulatory region

¢Õß BRCA1 ®–‰¡à„™à TATA ·µàª√–°Õ∫¥â«¬ cytosine-

guanine ª√–¡“≥ 56% (Rice et al., 1998)  „π‡´≈≈å
ª°µ‘  CpG ¢Õß BRCA1 ®–‰¡à‡°‘¥ methylation ·µà„π
sporadic breast and ovarian cancer ®–æ∫ methyla-

tion ¢Õß CpG  √Õ∫Ê  transcriptional  start  site

(Mancini et al., 1998)  Promoter region ¢Õß BRCA1

ª√–°Õ∫¥â«¬  transcription  factor  binding  motif

À≈“¬∫√‘‡«≥·≈–æ∫«à“ cAMP responsive element ‡ªìπ
binding site ∑’Ë∂Ÿ° methylation ‰¥âßà“¬∑”„Àâ°“√∂Õ¥
√À— ≈¥≈ß (Mancini et al., 1998)    à«π‚ª√µ’π BRCA2

®–‰¡à‡°‘¥ methylation ∑—Èß„π‡π◊ÈÕ‡´≈≈åª°µ‘  ·≈–‡π◊ÈÕßÕ°
(Collins et al., 1997)   æ∫«à“ methylation ¢Õß¬’π
BRCA1 ‡ªìπ “‡Àµÿ¢Õß°“√‡°‘¥ sporadic ovarian can-

cer ª√–¡“≥ 15% (Baldwin et al., 2000)

4. Epigenetic Õ◊ËπÊ

°“√‡°‘¥ splice variant ¢Õß¬’π BRCA1 Õ“®
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¡’º≈µàÕ°“√‡°‘¥¡–‡√Áß  ®“°°“√µ√«®«—¥  variant  ¢Õß
‚ª√µ’π BRCA1 ∑’Ë‰¥â®“°¬’π BRCA1 ∑’Ë‡ªìπ full length

À√◊Õ∑’Ë‡ªìπ deletion ∑’Ë exon 11, 9-10, ·≈– 9, 10, 11 „π
cancer cell line  ¢Õß¡–‡√Áß‡µâ“π¡ (breast cancer)

¡–‡√Áß√—ß‰¢à (ovarian cancer)  ·≈–¡–‡√Áß‡¡Á¥‡≈◊Õ¥¢“«
(leukemia cell)  æ∫«à“Õ—µ√“ à«π¢Õß‚ª√µ’π‡À≈à“π’È   „π
‡´≈≈å™π‘¥µà“ßÊ ·µ°µà“ß°—π·≈–µà“ß®“°‡´≈≈åª°µ‘´÷ËßÕ“®
¡’º≈µàÕ°“√‡°‘¥¡–‡√Áß„πÕ«—¬«–¥—ß°≈à“«‰¥â  (Orban and

Olah, 2001) πÕ°®“°π’È§«“¡º‘¥ª°µ‘¢Õß receptor µàÕ
ŒÕ√å‚¡π∫“ß™π‘¥ ‡™àπ estrogen receptor (Fan et al.,

1999)  androgen receptor (Yeh et al., 2000) ·≈–
vitamin D

3
 receptor (Campbell et al., 2000) ¡’º≈

∑”„Àâ°“√· ¥ßÕÕ°¢Õß‚ª√µ’π BRCA1 ≈¥≈ß·≈–¡’§«“¡
‡ ’Ë¬ßµàÕ°“√°àÕ¡–‡√Áß

°“√ºà“‡À≈à“¢Õß¬’π BRCA1

°“√ºà“‡À≈à“¢Õß¬’π BRCA1 ¡—°‡°‘¥¢÷Èπµ≈Õ¥∑—Èß
¬’π     Õ¬à“ß‰√°Áµ“¡ª√–¡“≥ 60% ®–æ∫∑’Ë exon 11

‡π◊ËÕß®“°‡ªìπ exon ∑’Ë¡’¢π“¥„À≠à∑’Ë ÿ¥ ≈—°…≥–¢Õß°“√
ºà“‡À≈à“®–æ∫∑—Èß·∫∫  °“√ Õ¥„ à (insertion)   °“√À≈ÿ¥
À“¬ (deletion) ´÷ËßÕ“®¡’º≈„Àâ‡°‘¥§«“¡º‘¥ª°µ‘∑—Èß·∫∫
inframe À√◊Õ frameshift ∑”„Àâ°“√·ª≈√À— À≈—ßµ”·Àπàß
∑’Ë¡’°“√ºà“‡À≈à“º‘¥‰ª  √«¡∑—Èß¡’ stop codon  º‘¥µ”·Àπàß
§◊Õ‡°‘¥¢÷Èπ°àÕπµ”·Àπàß‡¥‘¡µ“¡ª°µ‘∑”„Àâ‰¥â‚ª√µ’π∑’Ë¡’°“√
¢“¥À“¬‰ª¢Õß C-terminal  §«“¡º‘¥ª°µ‘·∫∫π’Èæ∫‰¥â
¡“°∂÷ß 60% πÕ°®“°π’È¬—ß¡’§«“¡º‘¥ª°µ‘‡©æ“–µ”·Àπàß
¢Õß‡∫ Õ—π∑”„Àâ°“√·ª≈√À— º‘¥‰ª (missense) À√◊Õ‡°‘¥
‡ªìπ√À— À¬ÿ¥ (nonsense) À√◊ÕÕ“®‰¡à àßº≈°√–∑∫„¥Ê
µàÕ°“√·ª≈√À—  (polymorphism) §«“¡º‘¥ª°µ‘¥—ß°≈à“«
æ∫∑—Èß„π∫√‘‡«≥ exon ·≈– intron   ªí®®ÿ∫—π¡’√“¬ß“π
°“√ºà“‡À≈à“¡“°°«à“ 800 ·∫∫∑—Ë«‚≈° (Table 2) (Breast

cancer  information  core)

Õÿ∫—µ‘°“√≥å°“√ºà“‡À≈à“¢Õß¬’π BRCA1

§«“¡∂’Ë¢ÕßÕÿ∫—µ‘°“√≥å°“√‡°‘¥°“√ºà“‡À≈à“¢Õß¬’π
BRCA1 „π·µà≈–‡™◊ÈÕ™“µ‘¡’§«“¡·µ°µà“ß°—π‚¥¬ “¡“√∂
·∫àß°≈ÿà¡µ“¡§«“¡∂’Ë‰¥â§◊Õ

1. °≈ÿà¡§«“¡∂’Ë Ÿß  æ∫„πª√–™“°√Õ‡¡√‘°—π  ¬‘«
(Ashkenazi Jews) ¥—∑´å ·≈– Õ‘µ“‡≈’¬π (Montagna et

al., 1996;  Roa et al., 1996;  Peelen et al., 1997;

Malone et al., 1998)

2. °≈ÿà¡§«“¡∂’Ëª“π°≈“ß æ∫„πª√–™“°√‡¬Õ√¡—π
‡«≈≈å ‰µâÀ«—π ·≈– ·°π¥‘‡π‡«’¬π (Jandrig et al., 1996;

Hakansson et al., 1997;  Lancaster et al., 1998;  Li

et al., 1999)

3. °≈ÿà¡§«“¡∂’ËµË”   æ∫„πª√–™“°√ °Õµ·≈π¥å
‰Õ´å·≈π¥å ≠’ËªÿÉπ ·≈–®’π  (Barkardottir et al., 1995;

Mullen et al., 1997;  Tang et al., 1999) (Table 3)

Table 2. Total number of mutation, polymorphism

and variants of BRCA1 from Breast Can-

cer Information Core (BIC) database.

(Breast Cancer Information Core, 2001)

            Total Number

    of entries

1 2 2 2
2 551 29 18
3 39 16 8
5 120 22 12
6 55 19 13
7 39 15 8
8 43 16 9
9 50 10 4

10 11 6 3
11 1764 441 254
12 39 13 6
13 128 21 11
14 23 10 6
15 77 17 12
16 191 43 23
17 42 26 20
18 86 38 21
19 39 17 9
20 359 34 19
21 30 14 8
22 79 16 7
23 25 18 14
24 64 21 11

Total 3856 864 498

 Exon
Distinct mutations,

Polymorphism

and Variants

Alteration

report only

once
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Table 3. Mutation of gene BRCA1 in population of each countries

Population  Mutation    References

American 185delAG, 1674delA, 2911del4, Malone et al. (1998);
3166ins5, 3345delAG, 3871del4, Newman et al. (1998)
4184del4,5149del4, 5292del4,
5382insC, 5489del28, 5640delA,
T4932C, 5396ins12, C5711G

African American 1625del5,  Lys1183Arg, Panguluri et al. (1999);
Leu1564Pro, Gao et al. (2000)
Gln1785His, Glu1794Asp,
Ser1140Gly

Ashkenazi Jew 185delAG, 5382insC Bahar et al. (2001);
Bar-Sade et al. (1994);
Bar-Sade et al. (1998);
Diez et al. (1999b);
Hodgson et al. (1999)
Kreiss et al. (2000);
Roa et al. (1996);
Simard et al. (1994);
Struewing et al. (1995)

Austrian 962del4, 2795del4, 3135del4, Wagner et al. (1998)
L3376X, Cys61Gly, 5382insC,
Q1806X

British 4184del4 Gayther et al. (1995)

Canadian 185delAG, 337insA, 1294del40 Simard et al. (1994)

French Canadian 3121insA, 4185del4, 5382insC, Tonin et al, (1998)
C2598A, 2953del3+C, 3768insA,
C4446T

Caucasian 962delCTCA, 2594delC, Ganguly et al. (2001);
3600del11 Janezic et al. (1999)

Chinese 5846ins A, 5899delCT Ho et al. (2000)

Dutch 2804delAA, 2312del5, 1411insT, Peelan et al. (1997);
C2457T Petrij-Bosch et al. (1997)

Filipino C2187T Worsham et al. (1998)

Finnish T8555G Paakkonen et al. (2001)

French 1104delAA, 1276delTT, G1710X, Fricker et al.(2000);
3600del11, 3747delGA, C4446T Sauvan et al. (2001);

Tonin et al. (1999)

German 5382insC, C5622T Backe et al. (1999);
Dong et al. (1998);
Hofman et al. (2001)

Hungarian 185delAG, T300G, 5382insC Szobo and King (1997);
Van der Looij et al. (2000)

(continued)
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Table 3. (continued)

Population  Mutation    References

Iranian 185delAG, Glu1621Gly Ghaderi et al. (2001)

Italian 5083del19, 5382insC Baudi et al. (2001);
Santarosa et al. (1999)

Japanese T190A, C561T, C2640T, T4410C, Ikeda et al. (2001);
3958del5 Wagner et al. (1999)

Mongolia 3452delA Elit et al. (2001)

Norwegian 1675delA, 3347delAG, 1135insA, Anderson et al. (1996);
816delGT, 913delCT, Borg et al. (1999);
2677ins356, C2988T, Dorum et al. (1997);
3203del111, G3297T, 3450del4, Dorum et al. (1999);
C3726T, 4148del4, G5166T, Moller et al.(2001)
5382insC, A5630G

Polish C61G, 185delAG, T300G, T309C, De Los Rios et al.(2001);
3819del5, 4153delA, 4154del4, Gorski et al. (2000);
5382insC Jakubowska et al. (2001)

Russian 5382insC, 4153delA Gayther et al. (1997);
Szobo and King (1997)

Scot G2508T, 2800delAA Liede et al. (1998);
Liede et al. (1998)

Singaporean G421-70A, T713-34C, 2885delA, Beaudet and Tsui (1993);
2846insA, G233A, 666-58delT, Ho et al. (2000)
T2430C, T4427C, A4956G,
A5106-68G, G5271-66A,
G5271+31A

Spanish 185delAG, 189insTGTC, A330G, Diez et al. (1999a);
C1240T, 1241delAC, G5263A, Diez et al. (1999b);
5282insC, 5537delA Bahar et al. (2001) ;

Kreiss et al. (2000);
Osorio et al. (1998)

Swedes A1067G, 1201del11, G1478A, Johannsson et al. (1996);
C1687T, C1806T, 2594delC, Hakansson et al. (1997);
3172ins5, 3600del10, 3744delT, Sarantaus et al. (2000);
3829delT, G4956A, G5080T, Schoumacher et al. (2001)
G5199T, 5234delG

Taiwanese 2670delC, 3073delT, 6696delTC Li et al. (1999)

Thai 774ins20, 3300delA Patmasiriwat et al. (2000)

Turkish T1013C, 1201insA, A2080G, Ozdag et al. (2000);
G2196A, C2201T, A3667G, Yazici et al. (2000)
5382insC
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Õ—µ√“°“√· ¥ßÕÕ°¢Õß‚√§µàÕ°“√ºà“‡À≈à“ (Penetrance of

mutation)

Penetrance  À¡“¬∂÷ß   —¥ à«π¢Õß°≈ÿà¡ºŸâ∑’Ë‡ªìπ
æ“À– (carrier) ∑’Ë· ¥ßÕ“°“√ªÉ«¬ÕÕ°¡“ æ∫«à“ pene-

trance ¢Õß BRCA 1 mutation ¡’§«“¡ —¡æ—π∏å°—∫‡æ»
·≈–Õ“¬ÿ¢ÕßºŸâ‡ªìπæ“À–   ‚¥¬‡©æ“–„π‡æ»À≠‘ß ª√–¡“≥
°—π«à“ penetrance ¢Õß BRCA1 mutation ®–Õ¬Ÿà„π™à«ß
36-85% „π°≈ÿà¡¡–‡√Áß‡µâ“π¡·≈– 16-60% „π°≈ÿà¡¡–‡√Áß
√—ß‰¢à   ¢âÕ¡Ÿ≈®“° breast cancer linkage consortium

family  ∑”π“¬«à“∫ÿ§§≈∑’Ë‡ªìπæ“À–¢Õß BRCA1 ®–
¡’‚Õ°“ ‡ ’Ë¬ß„π°“√‡°‘¥¡–‡√Áß‡µâ“π¡µ≈Õ¥™’«‘µ∂÷ß  80%

(Arason et al.,1998) Õ¬à“ß‰√°Áµ“¡∫ÿ§§≈∑’Ë¡’ mutation

·∫∫‡¥’¬«°—π°ÁÕ“®¡’‚Õ°“ ‡°‘¥‚√§·µ°µà“ß°—π¢÷Èπ°—∫ªí®®—¬
·«¥≈âÕ¡Õ◊ËπÊ ¥â«¬

æ¬“∏‘ ¿“æ·≈–°“√æ¬“°√≥å‚√§

æ¬“∏‘ ¿“æ¢Õß¡–‡√Áß‡µâ“π¡∑’Ëæ∫„πºŸâªÉ«¬ BRCA1

mutation ®–æ∫≈—°…≥– medullary histology „πºŸâªÉ«¬
À≈“¬√“¬ (Tirkkonen et al., 1997)  ‚¥¬æ∫∂÷ß 19%

‡∑’¬∫°—∫  non-mutation  BRCA1  cancer  (Eisinger

et al., 1998) · ¥ß«à“ medullary histology „™â‡ªìπµ—«
∫àß™’È BRCA1 mutation ‰¥â   ≈—°…≥– breast cancer „π
ºŸâªÉ«¬ BRCA1 mutation ®–‡ªìπ·∫∫ ductal invasion,

high grade carcinoma æ∫‡´≈≈å¡’≈—°…≥– aneuploid,

estrogen  and  progesterone  receptor  negative  ¡’
proliferation fraction  Ÿß (Chappuis et al., 2000)

°“√«‘π‘®©—¬·≈–°“√µ√«®À“°“√ºà“‡À≈à“¢Õß¬’π BRCA1

°“√µ√«®«‘π‘®©—¬∑“ß§≈‘π‘§

°“√µ√«®«‘π‘®©—¬∑“ß§≈‘π‘§ “¡“√∂°√–∑”‰¥â‚¥¬
µ√«®®“°§√Õ∫§√—«∑’Ë¡’ª√–«—µ‘°“√‡ªìπ¡–‡√Áß√—ß‰¢à·≈–‡µâ“π¡
À√◊Õ‡§¬¡’∫ÿ§§≈„π§√Õ∫§√—«‡ªìπ¡–‡√Áß‡µâ“π¡∑—Èß 2 ¢â“ß
À√◊Õ¡’ºŸâ™“¬∑’ËªÉ«¬‡ªìπ‚√§π’È  ´÷Ëß„π°√≥’∑’Ë¡’Õÿ∫—µ‘°“√≥å¥—ß
°≈à“«®–µâÕßµ√«® Õ∫∑“ßÀâÕßªÆ‘∫—µ‘°“√µàÕ‰ª ∫ÿ§§≈∑’Ë¡’
§«“¡‡ ’Ë¬ß Ÿß∑’Ë®–‡ªìπ BRCA1 mutation ‡™àπ ‡°‘¥¡–‡√Áß
‡µâ“π¡‡¡◊ËÕÕ“¬ÿπâÕ¬  ‡ªìπ¡–‡√Áß‡µâ“π¡∑—Èß Õß¢â“ß  À√◊Õ‡ªìπ
∑—Èß¡–‡√Áß‡µâ“π¡·≈–√—ß‰¢à  (Couch et al., 1997;   Shat-

tuck-Eiden et al., 1997; Chang-Claude et al., 1998;

Couch et al., 1998)  „π°“√µ√«®ºŸâ∑’Ë ß —¬«à“®–‡ªìπ
BRCA1 mutation ®–¡’‚Õ°“ æ∫‰¥âª√–¡“≥ 50% ∂â“
∫ÿ§§≈π—Èπ‡ªìπ¡–‡√Áß‡µâ“π¡∑—Èß 2 ¢â“ß À√◊Õ‡ªìπ∑—Èß¡–‡√Áß
‡µâ“π¡·≈–√—ß‰¢àÀ√◊Õ‡ªìπ¡–‡√Áß‡µâ“π¡°àÕπÕ“¬ÿ  40  ªï
(Chang-Claude et al., 1998)   ‚Õ°“ ∑’Ë®–µ√«®æ∫
BRCA 1 mutation ®–¡’ Ÿß∂â“æ∫«à“¡’§π„π§√Õ∫§√—«
¡“°°«à“ 3 §π‡ªìπ¡–‡√Áß‡µâ“π¡À√◊Õ√—ß‰¢à°àÕπÕ“¬ÿ 60 ªï
(Couch et al., 1998)    ‚¥¬¡’‚Õ°“ æ∫°“√ºà“‡À≈à“
ª√–¡“≥ 33% ·µà®–µ√«®æ∫‡æ’¬ß 17% „π§√Õ∫§√—«∑’Ë
‡ªìπ¡–‡√Áß‡µâ“π¡‡∑à“π—Èπ (Couch et al., 1998) ªí®®ÿ∫—π¡’
‚ª√·°√¡§Õ¡æ‘«‡µÕ√å∑’Ëæ—≤π“¢÷Èπ¡“‡æ◊ËÕª√–¡“≥‚Õ°“ 
∑’Ë‡ªìπ‰ª‰¥â„π°“√µ√«®æ∫ BRCA1 mutation ( Berry et

al., 1997; Chang-Claude et al.,1998; Couch et al.,

1997;  Shattuck-Eiden et al., 1997;  Williums et al.,

1997; http://www.isds.duRe.edu/~gp/breapro.html)

‚¥¬∑ÿ°·∫∫®”≈Õß (model)  æ—≤π“¢÷Èπ¡“®“°¢âÕ¡Ÿ≈
æ◊Èπ∞“π‡°’Ë¬«°—∫Õÿ∫—µ‘°“√≥å¢Õß‚√§ (prevalence) Õ—µ√“
°“√· ¥ßÕÕ°¢Õß‚√§µàÕ°“√‡°‘¥ °“√ºà“‡À≈à“ (penetrance)

·≈–®“°¢âÕ¡Ÿ≈§«“¡∂’Ë¢Õß°“√ºà“‡À≈à“∑’Ë‰¥â¡’°“√»÷°…“¡“
°àÕπÀπâ“π’È

°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√

°“√À“µ”·Àπàß∑’Ë‡°‘¥°“√ºà“‡À≈à“„π¬’π BRCA1

∑”‚¥¬°“√À“≈”¥—∫‡∫ ¢Õß¥’‡ÕÁπ‡Õ (DNA sequencing)

´÷Ëß„Àâº≈∂Ÿ°µâÕß·¡àπ¬” ·µà«‘∏’¥—ß°≈à“«¬ÿàß¬“°·≈–§à“„™â®à“¬
 Ÿß®÷ß¡’°“√æ—≤π“«‘∏’°“√µ√«®°√Õß¬’π BRCA1 ‡∫◊ÈÕßµâπ
°àÕπ°“√À“≈”¥—∫‡∫ ¢Õß¥’‡ÕÁπ‡Õ ´÷Ëß∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ
«‘∏’ allele specific oligonucleotide testing (ASO),

protein truncate testing (PTT), conformation sensi-

tive  gel  eletrophoresis  (CSGE),   single  strand

conformation polymorphism (SSCP), southern blot

analysis ·≈– denaturing high performance liquid

chromatography (DHPLC)  À√◊Õ°“√„™âÀ≈“¬Ê «‘∏’√à«¡
°—π (Strachan and Read, 1999)   Õ¬à“ß‰√°Áµ“¡¬—ß‰¡à¡’
«‘∏’„¥∑’Ë “¡“√∂®”·π°°“√ºà“‡À≈à“∑ÿ°·∫∫¢Õß BRCA1

‰¥â (Shattuck-Eidens et al., 1995)
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¢âÕ·π–π”∑—Ë«‰ª„πºŸâ∑’Ë¡’¬’π BRCA1 º‘¥ª°µ‘

„π°√≥’∑’Ë¡’¢âÕ ß —¬«à“Õ“®‡ªìπæ“À– (carrier) ‡™àπ
¡’≠“µ‘À≈“¬§πªÉ«¬‡ªìπ¡–‡√Áß‡µâ“π¡À√◊Õ‡ªìπµ—Èß·µàÕ“¬ÿ
¬—ßπâÕ¬  “¡“√∂µ√«® Õ∫°“√ºà“‡À≈à“‰¥â‚¥¬µ√«®„πÀâÕß
ªØ‘∫—µ‘°“√  ´÷Ëß “¡“√∂µ√«®‰¥â„πª√–‡∑»‰∑¬·µà¬—ß¡’§à“
„™â®à“¬ Ÿß ©π—ÈπºŸâÀ≠‘ß∑’ËÕ¬Ÿà„π°≈ÿà¡‡ ’Ë¬ßµàÕ°“√‡°‘¥¡–‡√Áß
‡µâ“π¡·≈–√—ß‰¢à™π‘¥∑’Ë‡ªìπæ—π∏ÿ°√√¡§«√‰¥â√—∫¢âÕ¡Ÿ≈·≈–
§”·π–π”∑’Ë∂Ÿ°µâÕß·≈–‡ªìπª√–‚¬™πå®“°∫ÿ§§≈“°√∑“ß
°“√·æ∑¬å∑’Ë‡°’Ë¬«¢âÕß‡æ◊ËÕª√–°Õ∫°“√µ—¥ ‘π„®‡≈◊Õ°·π«
∑“ß°“√ªÑÕß°—π¡–‡√Áß‡À≈à“π’ÈÕ¬à“ß‡À¡“– ¡∑’Ë ÿ¥  ”À√—∫
ºŸâ∑’Ëæ∫«à“¡’ªí≠À“¥—ß°≈à“«¡’¢âÕ‡ πÕ·π–‡æ◊ËÕªÑÕß°—πªí≠À“
À≈“¬ª√–°“√  ‡™àπ

1. °“√∑” Breast Cancer Screening §◊Õ °“√
µ√«® ¿“æ‡µâ“π¡Õ¬à“ß ¡Ë”‡ ¡Õ  ‡™àπ

- ‡√‘Ë¡«—¬ “«§«√§≈”µ√«®¥â«¬µ—«‡Õß‡¥◊Õπ≈–§√—Èß
- √–À«à“ßÕ“¬ÿ 25-35 ªï §«√æ∫·æ∑¬å∑ÿ°ªïÀ√◊Õ
§√÷Ëßªï/§√—Èß ·≈–§«√∂à“¬¿“æ√—ß ’‡µâ“π¡ (mam-

mography) ªï≈–§√—Èß
2. °“√∑”  Ovarian  Cancer  Screening √–À«à“ß

Õ“¬ÿ 25-35 ªï (Burke et al., 1997)

- µ√«®¿“¬„π∑ÿ°ªïÀ√◊Õ§√÷Ëßªï
- ∑”Õ—≈µ√“´“«¥åºà“π™àÕß§≈Õ¥ (transvaginal

ultrasound) ∑ÿ°ªïÀ√◊Õ§√÷Ëßªï/§√—Èß
- µ√«®¡–‡√ÁßÕ◊ËπÊ ∑’ËÕ“®‡°‘¥¢÷Èπ‰¥â ‡™àπ ¡–‡√Áß
≈”‰ â

3. °“√ºà“µ—¥ªÑÕß°—π
°“√ºà“µ—¥‡µâ“π¡∑‘Èß‡ªìπ«‘∏’°“√ªÑÕß°—π°“√‡°‘¥

‚√§∑’Ë‰¥âº≈¥’∑’Ë ÿ¥„πºŸâªÉ«¬‡ªìπæ“À–  ‚¥¬≈¥‚Õ°“ ‡°‘¥
‚√§‰¥â∂÷ßª√–¡“≥ 90% ·µà‡ªìπ«‘∏’∑’Ë¡’ºŸâ‡≈◊Õ°„™âπâÕ¬¡“°
(Burke et al., 1997)

4. °“√„™â¬“ªÑÕß°—π
¬“ tamoxifen ‡ªìπ non-steroid antiestrogen

∑’Ë„™â∑“ß§≈‘π‘§‡æ◊ËÕ√—°…“ metastatic breast cancer ·≈–
„™â„π adjuvant chemotherapy  æ∫«à“ tamoxifen ¡’
ƒ∑∏‘Ï‡ªìπ‡Õ ‚µ√‡®π (estrogenic activity À√◊Õ estrogen

agonist) „π°√–¥Ÿ°·≈–√–∫∫À≈Õ¥‡≈◊Õ¥À—«„® ·µà¡’ƒ∑∏‘Ï
µâ“π‡Õ ‚µ√‡®π (antiestrogenic activity À√◊Õ estrogen

antagonist) „π‡µâ“π¡·≈–‡¬◊ËÕ∫ÿ‚æ√ß¡¥≈Ÿ°  Tamoxifen

¡’ƒ∑∏‘Ï≈¥Õ—µ√“°“√‡°‘¥¡–‡√Áß≈ß‰¥âª√–¡“≥ 49%  ‚¥¬
‡©æ“–„πºŸâÕ“¬ÿµË”°«à“ 60 ªï ·≈–„πºŸâ∑’Ë‡ªìπ·∫∫  estrogen

receptor  positive  °“√„™â tamoxifen ¬—ß≈¥°“√‡°‘¥
contralateral  breast  cancer  ≈ß‰¥âª√–¡“≥  75%

(Narod et al., 2000)  Õ¬à“ß‰√°Áµ“¡°“√„™â¬“π’È„π∫ÿ§§≈
∑’Ë‡ªìπæ“À– ∑’Ë¬—ß‰¡à· ¥ßÕ“°“√¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥
‡π◊ËÕß®“°°âÕπ‡π◊ÈÕßÕ°¢Õß§π∑’Ë‡ªìπ BRCA1 mutation

¡—°‡ªìπ·∫∫  estrogen receptor negative

 √ÿª

π—∫µ—Èß·µà¬’π BRCA1 ∂Ÿ°§âπæ∫„πªï 1994 ‰¥â¡’
°“√»÷°…“∂÷ßÀπâ“∑’Ë·≈–§«“¡ —¡æ—π∏å¢Õß¬’ππ’ÈµàÕ°“√‡°‘¥
¡–‡√ÁßÕ¬à“ß°«â“ß¢«“ß  ¬’π BRCA1 ∑”Àπâ“∑’Ë‡°’Ë¬«°—∫
°“√´àÕ¡·´¡¥’‡ÕÁπ‡Õ  §«∫§ÿ¡«ß√Õ∫°“√·∫àß‡´≈≈å ·≈–
§«∫§ÿ¡°“√∂Õ¥√À— ¢Õß¬’πÕ◊Ëπ  ́ ÷Ëß‡ªìπ°“√√—°…“‡ ∂’¬√¿“æ
¢Õß¥’‡ÕÁπ‡Õ°àÕπ°“√·∫àßµ—«  °“√ºà“‡À≈à“¢Õß¬’π BRCA1

∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡·≈–¥’‡ÕÁπ‡Õ  ´÷Ëß¡’
º≈„Àâ‡´≈≈åª°µ‘æ—≤π“‰ª‡ªìπ‡´≈≈å¡–‡√Áß‰¥â   æ∫°“√
ºà“‡À≈à“¢Õß¬’ππ’ÈÀ≈“¬√Ÿª·∫∫°√–®“¬Õ¬Ÿà∑—Ë«‚≈°´÷ËßÕ—µ√“
°“√· ¥ßÕÕ°¢Õß‚√§·µ°µà“ß°—π‰ª ∫ÿ§§≈∑’Ë¡’·π«‚πâ¡ Ÿß
∑’Ë®–µ√«®æ∫°“√ºà“‡À≈à“¡—°¡“®“°ºŸâ∑’ËÕ¬Ÿà„π§√Õ∫§√—«∑’Ë¡’
≠“µ‘æ’ËπâÕßÀ≈“¬§π‡ªìπ¡–‡√Áß‡µâ“π¡À√◊Õ√—ß‰¢à  ªí®®ÿ∫—π¡’
À≈“¬«‘∏’„π°“√µ√«® Õ∫°“√ºà“‡À≈à“  Õ¬à“ß‰√°Áµ“¡°“√
‡ª≈’Ë¬π·ª≈ß¢Õß¥’‡ÕÁπ‡Õ  πÕ°∫√‘‡«≥·ª≈√À— ¢Õß¬’π
BRCA1 ¬—ß‰¡à¡’¢âÕ¡Ÿ≈‡æ’¬ßæÕ«à“¡’§«“¡ —¡æ—π∏å°—∫°“√
‡°‘¥¡–‡√ÁßÀ√◊Õ‰¡à‡π◊ËÕß®“°¡’∫√‘‡«≥°«â“ß¡“°  ∑”„Àâ‰¡à
 “¡“√∂∫Õ°‰¥â«à“∫ÿ§§≈∑’Ëµ√«®‰¡àæ∫°“√ºà“‡À≈à“„π∫√‘‡«≥
·ª≈√À—  (exon) ®–‰¡à¡’§«“¡‡ ’Ë¬ß„π°“√‡°‘¥‚√§¡–‡√Áß

·¡â®–¡’°“√»÷°…“‡°’Ë¬«°—∫¬’ππ’ÈÕ¬à“ß°«â“ß¢«“ß ·µà
°Á¬—ß¡’ª√–‡¥Áπµà“ßÊ  Õ’°¡“°∑’Ë¬—ß‰¡à∑√“∫§”µÕ∫ ‡™àπ ∑”‰¡
§«“¡º‘¥ª°µ‘¢Õß¬’ππ’È ®÷ß¡’§«“¡®”‡æ“–µàÕ°“√‡°‘¥¡–‡√Áß
‡µâ“π¡ ·≈– √—ß‰¢à  Õ—µ√“°“√· ¥ßÕÕ°¢Õß¬’ππ’È∑’Ë·∑â®√‘ß
‡ªìπ‡∑à“„¥  ¬—ß¡’°≈‰°Õ◊ËπÊ Õ’°À√◊Õ‰¡à∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
∑”ß“π¢Õß¬’ππ’È   √«¡∑—Èßª√–‡¥Áπ°“√»÷°…“º≈°√–∑∫∑’Ë
‡°‘¥¢÷Èπ∑—Èß∑“ß√à“ß°“¬  ®‘µ„®  ·≈– —ß§¡ ¢ÕßºŸâ‡ªìπæ“À–
¢Õß¬’ππ’È    ´÷Ëß°“√»÷°…“„π‡√◊ËÕßµà“ßÊ ‡À≈à“π’È®–™à«¬‡√“
¡’§«“¡‡¢â“„®·≈– “¡“√∂· «ßÀ“«‘∏’°“√∑’Ë‡À¡“– ¡„π°“√
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