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1. æ—≤π“°“√°“√√—°…“‚√§¥â«¬¬’π (Devel-
opment of Gene Therapy)

‡Àμÿ°“√≥å ”§—≠¢Õß°“√√—°…“‚√§¥â«¬¬’π‡√‘Ë¡¢÷Èπ

‡¡◊ËÕ¡’°“√μ’æ‘¡æåß“π«‘®—¬§√—Èß·√°„πªï §.». 1972 ‚¥¬

¥√. ∑’‚Õ¥Õ√å ‡ø√¥·¡π ·≈– ¥√. √‘™“√å¥ ‚√∫‘Èπ ‚¥¬ √ÿª

«à“ ç„πÕπ“§μ¡’§«“¡‡ªìπ‰ª‰¥â«à“¬’π “¡“√∂∂Ÿ°π”¡“

„™â„π°“√√—°…“‚√§∑’Ë‡°‘¥®“°§«“¡º‘¥ª√°μ‘∑“ßæ—π∏ÿ°√√¡

„π¡πÿ…¬å∫“ß‚√§‰¥â·≈–‡ÀÁπ«à“§«√¡’°“√»÷°…“«‘®—¬

‚¥¬μ√ß‡æ◊ËÕæ—≤π“‡∑§π‘§μà“ß Ê ∑’Ë®–„™â„π°“√√—°…“

‚√§¥â«¬¬’πÕ¬à“ßμàÕ‡π◊ËÕßé (Friedmann and Roblin,

1972) ®“°π—Èπ°Á¡’√“¬ß“π°“√«‘®—¬‡°’Ë¬«°—∫°“√√—°…“

‚√§¥â«¬¬’π‡√◊ËÕ¬¡“®π∂÷ßªï §.». 1978 æ∫«à“‚Õ≈‘‚°π‘«

§≈’‚Õ‰∑¥å·∫∫·Õπμ’È‡´π å

(antisense oligonucleotides)  “¡“√∂°¥°“√·ª≈√À— 

¢Õß‰«√— ™π‘¥Àπ÷Ëß‰¥â (Stephenson and Zamecnik,

1978) μàÕ¡“„πªï §.». 1980 °“√√—°…“‚√§¥â«¬¬’π∂Ÿ°

π”¡“»÷°…“«‘®—¬„π‚√§∏“≈— ´’‡¡’¬ (Cline et al., 1980)

®“°π—Èπªï 1989 °Á¡’√“¬ß“π°“√»÷°…“‡°’Ë¬«°—∫À≈—°°“√

¢Õß°“√√—°…“‚√§¥â«¬¬’πμàÕ‚√§μ—∫ ¡–‡√Áß·≈–‚√§∑“ß

√–∫∫ª√– “∑√«¡∂÷ß°“√„™â‰«√— ‡ªìπæ“À–„π°“√√—°…“

‚√§¥â«¬¬’π (Friedmann, 1989) °“√√—°…“‚√§¥â«¬¬’π

∂Ÿ°π”¡“»÷°…“«‘®—¬„π√–¥—∫§≈‘π‘° (clinical trial) ‡ªìπ

§√—Èß·√°‡¡◊ËÕªï §.».1990 „πºŸâªÉ«¬‚√§¡–‡√Áß (Rosenberg

et al., 1990) ·≈–„πªï‡¥’¬«°—ππ’È  ç·Õª∑“‡¡Õ√å (aptamer)é

´÷Ëß‡ªìπ√Ÿª·∫∫Àπ÷Ëß¢Õß°“√√—°…“‚√§¥â«¬¬’π°Á∂Ÿ°§âπæ∫

¢÷Èπ (Ellington and Szostak, 1990) ®“°π—Èπ„πªï
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§.». 1992 ¥√. §≈Ÿ¥‘‚Õ ∫Õ√å¥‘°πÕπ∑å ™“«Õ‘μ“≈’‰¥â„™â

 ‡μÁ¡‡´≈≈å‡ªìπæ“À–„π°“√√—°…“‚√§¥â«¬¬’π ”‡√Á®‡ªìπ

§√—Èß·√° (Abbott A, 1992) μàÕ¡“°“√√—°…“‚√§¥â«¬

¬’π„π√Ÿª·∫∫¢Õß¥’‡Õπ‡Õ‰´¡å (DNAzyme) ‰¥â∂Ÿ°§âπæ∫

„πªï §.». 1994 (Breaker and Joyce, 1994) „πªï

§.». 1998 º≈‘μ¿—≥±å°“√√—°…“‚√§¥â«¬¬’π™π‘¥·√°™◊ËÕ

«à“ çøÕ√å¡‘‡«Õ√å‡´π (Formivirsene)é ‰¥â√—∫°“√Õπÿ¡—μ‘

®“°§≥–°√√¡°“√Õ“À“√·≈–¬“ª√–‡∑» À√—∞Õ‡¡√‘°“

(Mulamba, et al., 1998, NIH) ÷́Ëß„πªï‡¥’¬«°—ππ’È

». ¥√. ·Õπ¥√Ÿ ·´¥ ‰ø√å ·≈– ». ¥√. ‡§√° ´’ ‡¡≈‚≈

‰¥â§âπæ∫°“√√—°…“‚√§¥â«¬¬’π√Ÿª·∫∫Õ“√å‡Õπ‡Õ‰Õ

(RNA interference, RNAi) (Fire, et al., 1998) ®“°

π—Èπ„πªï §.». 2000 ‡°‘¥§«“¡ ”‡√Á®§√—Èß·√°¢Õß°“√

»÷°…“«‘®—¬√–¥—∫§≈‘π‘°„πºŸâªÉ«¬‚√§‡Õ  ’́‰Õ¥’-‡Õä° ǻÀπ÷Ëß

(Severe Combined Immunodeficiency (SCID)-X1) „π

ª√–‡∑»Ω√—Ëß‡»  (Cavazzana-Calvo, et al., 2000) ·≈–

‡¡◊ËÕμâπ»μ«√√…∑’Ë 21 §≥–°√√¡°“√Õ“À“√·≈–¬“

ª√–‡∑»®’π°Á‰¥âÕπÿ¡—μ‘º≈‘μ¿—≥±å°“√√—°…“‚√§¥â«¬¬’π™◊ËÕ

«à“ ç‡®π´‘¥’π (Gencidine)é „πªï §.». 2003 (Pearson,

et al.,  2004) ·≈–„πªï §.». 2008 §≥–°√√¡°“√

Õ“À“√·≈–¬“ª√–‡∑» À√—∞Õ‡¡√‘°“‰¥âª√–°“»·π«∑“ß

ªØ‘∫—μ‘‡°’Ë¬«°—∫°“√º≈‘μº≈‘μ¿—≥±å°“√√—°…“‚√§¥â«¬¬’π

À≈“¬©∫—∫¥â«¬°—π ‡™àπ °“√∑¥ Õ∫§«“¡ª√“»®“°‡™◊ÈÕ

(sterility test) (USFDA, Guidance for Industry:

Validation of Growth-Based, 2008) ¢âÕ¡Ÿ≈ ”À√—∫

°“√¢ÕÕπÿ≠“μ»÷°…“«‘®—¬¬“„À¡à∑’Ë‡ªìπ¬’π (USFDA,

Guidance for FDA Reviewers and Sponsors, 2008)

·≈–°“√∑¥ Õ∫§«“¡·√ß¢Õßº≈‘μ¿—≥±å°“√√—°…“‚√§

¥â«¬¬’π (USFDA, Guidance for Industry: Potency Tests,

2008)  ”À√—∫„πªï §.». 2009-2010 æ∫«à“

‚§√ß°“√»÷°…“«‘®—¬„π√–¥—∫§≈‘π‘°‡°’Ë¬«°—∫°“√√—°…“‚√§

¥â«¬¬’π‰¥â√—∫Õπÿ≠“μ„Àâ∑”°“√«‘®—¬‰¥âª√–¡“≥ 100

‚§√ß°“√∑—Ë«‚≈° (The Journal of Gene Medicine )

2. À≈—°°“√√—°…“‚√§¥â«¬¬’π (Principle of
Gene Therapy)

2.1) π‘¬“¡ §«“¡·μ°μà“ß ®ÿ¥ª√– ß§å

¢Õß°“√√—°…“‚√§¥â«¬¬’π

¬’π §◊Õ π‘«§≈’‚Õ‰∑¥å™à«ßÀπ÷Ëß Ê ∫π‡ âπ ¥’‡Õπ‡Õ

À√◊ÕÕ“√å‡Õπ‡Õ (¬’π¢Õß‰«√— ∫“ß™π‘¥) ´÷Ëß∫√√®ÿ√À— 

∑“ßæ—π∏ÿ°√√¡¢Õß ‘Ëß¡’™’«‘μ‡Õ“‰«â‚¥¬¬’π®–∂Ÿ°∂Õ¥√À— 

·≈–·ª≈√À— „Àâ‚ª√μ’π∑’Ë¡’§«“¡‡©æ“–∑—Èß√Ÿª√à“ß·≈–

Àπâ“∑’Ë´÷ËßÀπâ“∑’Ë¢Õß‚ª√μ’π‡À≈à“π—Èπ “¡“√∂‡ªìπ‰¥â∑—Èß

 à«πª√–°Õ∫¢Õß‚§√ß √â“ß ‘Ëß¡’™’«‘μÀ√◊Õ‡ªìπ “√™’«‡§¡’

„π√à“ß°“¬ ‡™àπ ‡Õπ‰´¡å ŒÕ√å‚¡π À√◊Õ —≠≠“≥‚¡‡≈°ÿ≈

μà“ß Ê (signal molecules) ‡ªìπμâπ °“√¡’¬’π∑’Ëº‘¥ª√°μ‘

(defective gene) ‡ªìπ “‡Àμÿ¢Õß°“√‡°‘¥‚√§À≈“¬™π‘¥

‡π◊ËÕß®“°¬’π∑’Ëº‘¥ª√°μ‘∑”„Àâ‡°‘¥°“√º≈‘μ‚ª√μ’π∑’Ëº‘¥

ª√°μ‘‰ª¥â«¬ μ—«Õ¬à“ß‚√§∑’Ë‡°‘¥®“°°“√¡’¬’π∑’Ëº‘¥ª√°μ‘

·≈â«∑”„Àâ‡°‘¥°“√æ√àÕß‡Õπ‰´¡å ‡™àπ ‚√§®’´‘°æ’¥’

(Glucose-6-Phosphate dehydrogenase Deficiency,

G-6-PD) À√◊Õ‚√§‚≈À‘μ®“ß·∫∫´‘°‡°‘È≈‡´≈≈å (Sickle

cell anemia) ´÷Ëß‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ßÕ–¡‘‚π·Õ

´‘¥‡æ’¬ßμ”·Àπàß‡¥’¬«·≈â«∑”„Àâ‡¡Á¥‡≈◊Õ¥·¥ß¡’√Ÿª√à“ß

‡ª≈’Ë¬π·ª≈ß‰ª∑”„Àâ®—∫ÕäÕ°´‘‡®π‰¥â‰¡à¥’ À√◊Õ‚√§¡–‡√Áß

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

‚μ¢Õß‡´≈≈å·≈â«¡’º≈„Àâ‡´≈≈å‡®√‘≠‡μ‘≠‚μÕ¬à“ß‰¡à®”°—¥

‡ªìπμâπ (Pearson, 2006, Gerstein, et al., 2007) ¬’π

‡∑Õ√“ªï (Gene therapy) À√◊Õ°“√√—°…“‚√§¥â«¬¬’π §◊Õ

«‘∏’°“√√—°…“‚√§∑’Ë¡’®ÿ¥ª√– ß§å‡æ◊ËÕ·°â‰¢Õ“°“√‡®Á∫ªÉ«¬

Õ—π‡°‘¥®“°°“√¡’¬’π∑’Ëº‘¥ª√°μ‘√«¡∂÷ß°“√μ‘¥‡™◊ÈÕ¥â«¬¬’π

¥â«¬°—π‡Õß ‚¥¬¬’ππ—Èπ‡√“‡√’¬°«à“ ç¬’π‡æ◊ËÕ°“√√—°…“

(therapeutic gene)é ´÷Ëß∂Ÿ°ÕÕ°·∫∫„Àâ¡’≈”¥—∫°“√

‡√’¬ßμ—«·≈–§«“¡¬“«¢Õßπ‘«§≈’‚Õ‰∑¥å√«¡∂÷ß√Ÿª√à“ß

Õ¬à“ß®”‡æ“–‡®“–®ß‡æ◊ËÕ§«∫§ÿ¡„Àâ¡’°≈‰°„π°“√∑”

Àπâ“∑’Ë‡ªìπ‰ªμ“¡∑’ËμâÕß°“√ ´÷Ëß ‘Ëß‡À≈à“π’ÈμâÕß„™â

‡∑§‚π‚≈¬’·≈–ªØ‘∫—μ‘°“√∑“ßæ—π∏ÿ«‘»«°√√¡·≈–

™’«‚¡‡≈°ÿ≈ Õß§åª√–°Õ∫¢Õß°“√√—°…“‚√§¥â«¬¬’π

ª√–°Õ∫¥â«¬ 1) ¬’π‡æ◊ËÕ°“√√—°…“ 2) æ“À–∑’Ë„™âπ”

¬’π‡æ◊ËÕ°“√√—°…“‡¢â“‡´≈≈å‡ªÑ“À¡“¬ (vectors) ·≈–

3) ‡´≈≈å‡ªÑ“À¡“¬ (targeted cells) «‘∏’°“√∑’Ë„™â

 ”À√—∫°“√√—°…“‚√§¥â«¬¬’ππ—Èπ¡’À≈“¬«‘∏’¥â«¬°—π ‡™àπ

1) °“√π” àß¬’πª√°μ‘ (healthy gene) ‡¢â“‰ª·∑√°„π

®’‚π¡¢ÕßºŸâªÉ«¬‡æ◊ËÕ∑¥·∑π¬’π∑’Ëº‘¥ª√°μ‘ 2) „ à¬’π

ª√°μ‘‡¢â“‰ª„π√à“ß°“¬‡æ◊ËÕ∑”≈“¬À√◊Õ°¥°“√· ¥ßÕÕ°

¢Õß¬’π∑’Ëº‘¥ª√°μ‘ À√◊Õ 3) ‡ª≈’Ë¬π·ª≈ßªí®®—¬∑’Ë¡’º≈„π

°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π∑’Ëº‘¥ª√°μ‘π—Èπ ‡ªìπμâπ

(Human Genome Project Information)  °“√√—°…“‚√§

¥â«¬¬’π¡’§«“¡·μ°μà“ß®“°°“√√—°…“‚√§·∫∫‡¥‘¡

(traditional therapy) μ√ß∑’Ë°“√√—°…“‚√§·∫∫‡¥‘¡

‡ªìπ°“√„™âμ—«¬“´÷Ëß‡ªìπ “√‡§¡’∑’Ëº≈‘μπÕ°√à“ß°“¬„ à
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‡¢â“‰ª„ÀâÕÕ°ƒ∑∏‘Ï„π√à“ß°“¬ „π¢≥–∑’Ë°“√√—°…“‚√§

¥â«¬¬’π‡ªìπ°“√„ à¬’π‡æ◊ËÕ°“√√—°…“‡¢â“‰ª„π√à“ß°“¬

·≈â«„Àâ√à“ß°“¬º≈‘μ “√‡æ◊ËÕ°“√√—°…“¢÷Èπ¡“‡Õß ¥—ßπ—Èπ

§«“¡ ”‡√Á®¢Õß°“√√—°…“‚√§¥â«¬¬’π®÷ß¢÷ÈπÕ¬Ÿà°—∫

1) °“√π” àß¬’π (delivery) ‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà‡´≈≈å

‡ªÑ“À¡“¬‰¥âÕ¬à“ß∂Ÿ°μâÕß·≈–‡À¡“– ¡ ·≈– 2) §«“¡

 “¡“√∂„π°“√∑”Àπâ“∑’Ë‰¥âÕ¬à“ß‡À¡“– ¡¢Õß¬’π‡æ◊ËÕ

°“√√—°…“¿“¬„π‡´≈≈å (The National Institute of Health

resource for stem cell research)

2.2) «‘∏’°“√π” àß¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà

√à“ß°“¬·≈– Genetic Modified Cells

°“√π” àß¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà√à“ß°“¬ºŸâªÉ«¬¡’

2 √Ÿª·∫∫¥â«¬°—π (√Ÿª∑’Ë 1) 1) °“√©’¥‡¢â“√à“ß°“¬‚¥¬μ√ß

(directly infuse) ‚¥¬°“√π”¬’π‡æ◊ËÕ°“√√—°…“„ à‡¢â“‰ª

„πæ“À–∑’Ë‡ªìπ‰«√—  (viral vectors) À√◊Õ‰¡à„™à‰«√— 

(non-viral vectors) ·≈â«©’¥æ“À–∑’Ë∫√√®ÿ¬’π‡æ◊ËÕ°“√

√—°…“·≈â«π—Èπ‡¢â“√à“ß°“¬ºŸâªÉ«¬‚¥¬μ√ß ·≈– 2) °“√π”

¬’π‡æ◊ËÕ°“√√—°…“„ à‡¢â“æ“À–∑’Ë‡ªìπ‰«√—  À√◊Õ‰¡à„™à‰«√— 

·≈â«π”æ“À–π—Èπ„ à ‡¢â“‰ª„π‡´≈≈å∑’Ëπ”ÕÕ°¡“®“°

√à“ß°“¬ºŸâªÉ«¬ ®“°π—Èππ”‡´≈≈å¢ÕßºŸâªÉ«¬∑’Ë∫√√®ÿ¬’π‡æ◊ËÕ

°“√√—°…“·≈â«π—Èπ„ à°≈—∫‡¢â“ Ÿà√à“ß°“¬ºŸâªÉ«¬ (ex vivo)

Õ’°§√—Èß ‡´≈≈å™π‘¥π’È‡√’¬°«à“ çGenetic Modified Cellsé

À√◊Õ‡´≈≈å∑’Ë‰¥â√—∫°“√ª√—∫·μàß¬’π·≈â« ¥—ßπ—Èπ‡´≈≈å™π‘¥π’È

®÷ß∑”Àπâ“∑’Ë‡ªìπæ“À–√à«¡‚¥¬ à«π„À≠à·≈â«™π‘¥¢Õß

‡´≈≈å∑’Ëπ”¡“„™â‡ªìπæ“À–§◊Õ  ‡μÁ¡‡´≈≈å (Rath, et al.,

2009, Josef et al., 2006) ‡´≈≈å≈‘¡‚ø‰´μå ·≈–‡´≈≈å

‰ø‚∫∫≈“ μå „π°√≥’∑’Ë„™â ‡μÁ¡‡´≈≈å‡ªìπæ“À–‡√’¬°«à“

çGenetic Modified Stem Cellsé À√◊Õ çStem Cell Based

Gene Therapyé (√Ÿª∑’Ë 1) °“√„™â Genetic Modified Stem

Cells „π°“√√—°…“‚√§∂◊Õ‡ªìπ°“√‡ √‘¡°”≈—ß°—π (syner-

gism) √–À«à“ß°“√√—°…“‚√§¥â«¬¬’π·≈–°“√√—°…“‚√§

¥â«¬ ‡μÁ¡‡´≈≈å ¥â«¬‡Àμÿº≈∑’Ë«à“ºŸâªÉ«¬®–‰¥â√—∫ “√‡æ◊ËÕ

°“√√—°…“®“°¬’π‡æ◊ËÕ°“√√—°…“·≈–‡´≈≈å„À¡à∑’Ë‡ªìπ‡´≈≈å

μâπ°”‡π‘¥‰ª¥â«¬„π§√—Èß‡¥’¬«°—π (Yamamoto, et al.,

2009, Rey, et al., 2009) °“√√—°…“·∫∫ Genetic

Modified Cells ¡’¢âÕ¥’∑’Ë‡Àπ◊Õ°«à“ directly infuse ·≈–

°“√√—°…“‚√§¥â«¬‡´≈≈å (cell therapy) ∑’Ë‰¡à‰¥âª√—∫·μàß

¬’π¥—ßπ’È 1) ªØ‘∫—μ‘°“√π”¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà‡´≈≈å∑’Ë„™â

‡ªìπæ“À–π—Èπ°√–∑”πÕ°√à“ß°“¬ ¥—ßπ—Èπ π—°«‘∑¬“»“ μ√å

 “¡“√∂∑¥ Õ∫§ÿ≥¿“æ Genetic Modified Cells °àÕπ

∑’Ë®–‡≈◊Õ°„™â‡©æ“–‡´≈≈å∑’Ë¡’¬’π‡æ◊ËÕ°“√√—°…“·≈–∑’Ë

 “¡“√∂º≈‘μ “√‡æ◊ËÕ°“√√—°…“‡∑à“π—Èπ‡¢â“ Ÿà√à“ß°“¬ºŸâªÉ«¬

2) π—°«‘∑¬“»“ μ√å “¡“√∂§«∫§ÿ¡∑—Èß√–¥—∫·≈–Õ—μ√“

°“√º≈‘μ “√‡æ◊ËÕ°“√√—°…“¢Õß‡´≈≈å‰¥â (The National

Institute of Health resource for stem cell research)

2.3) æ“À–∑’Ë‡ªìπ‰«√—  (Viral vectors)

‡π◊ËÕß®“°‚¥¬∏√√¡™“μ‘‰«√—  “¡“√∂π”¬’π¢Õß

‰«√— ‡Õß‡¢â“ Ÿà‡´≈≈å‡®â“∫â“π‰¥â‚¥¬°“√‡¢â“∫ÿ°√ÿ°‡´≈≈å

‡®â“∫â“π®π∑”„Àâ‡°‘¥‚√§μ‘¥‡™◊ÈÕμà“ß Ê (Kay, et al.,

2001) πÕ°®“°π—Èπ‰«√— ¬—ß¡’§«“¡ “¡“√∂„π°“√·∫°

¬’π·ª≈°ª≈Õ¡‡Õ“‰«â ·≈â«π”¬’π·ª≈°ª≈Õ¡π—Èπ‡¢â“‰ª

 à ß „π‡´≈≈å ‡ªÑ “À¡“¬‚¥¬∑’Ë ¬’ππ—È π¬— ß§ß “¡“√∂

· ¥ßÕÕ°„Àâ‚ª√μ’π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ (Walther and

Stein, et al., 2000) ¥â«¬‡Àμÿπ’Èπ—°«‘∑¬“»“ μ√å®÷ß

ª√–¬ÿ°μå„™â§«“¡ “¡“√∂μ“¡∏√√¡™“μ‘¢Õß‰«√— ‡À≈à“

π—Èπ„π°“√√—°…“‚√§¥â«¬¬’π‚¥¬„Àâ‰«√— π”¬’π‡æ◊ËÕ°“√

√—°…“´÷Ëß∂◊Õ«à“‡ªìπ¬’π·ª≈°ª≈Õ¡ ”À√—∫‰«√— ‡¢â“ Ÿà

‡´≈≈å‡ªÑ“À¡“¬‚¥¬°“√ √â“ß (construct) ¬’π¢Õß‰«√— ∑’Ë

„™â‡ªìπæ“À–¢÷Èπ¡“„À¡à‚¥¬°“√ Õ¥¬’π‡æ◊ËÕ°“√√—°…“

‡¢â“‰ªÕ¬Ÿà„π®’‚π¡¢Õß‰«√—  ‡™àπ π”π‘«§≈’‚Õ‰∑¥å™à«ß∑’Ë¡’

§«“¡ ”§—≠μàÕ°“√‡æ‘Ë¡®”π«π‰«√— ÕÕ°·≈â«·∑√°¬’π

‡æ◊ËÕ°“√√—°…“‡¢â“·∑π∑’Ë À√◊Õπ”¬’π∑’Ë‡ªìπ‚§√ß √â“ß¢Õß

μ—«‰«√— ÕÕ°·≈â« Õ¥¬’π‡æ◊ËÕ°“√√—°…“‡¢â“‰ª·∑π ‡ªìπμâπ

(Walther and Stein, 2000,  Traversari and Bordignon,

2008) ‰«√— ·μà≈–™π‘¥∑’Ë„™â‡ªìπæ“À–§«√¡’§ÿ≥ ¡∫—μ‘

 ”§—≠¥—ßπ’È 1) ‰«√— ∑’Ë„™â‡ªìπæ“À–π—ÈπμâÕß∂Ÿ°∑”„Àâ¡’

§«“¡ª≈Õ¥¿—¬ ‡™àπ °”®—¥®’‚π¡∫“ß™à«ß∑’Ë¡’§«“¡ ”§—≠

μàÕ°“√‡æ‘Ë¡®”π«π¢Õß‰«√— ÕÕ° 2) ‰«√— π—ÈπμâÕß‰¡à‡°‘¥

æ‘…μàÕ≈—°…≥–∑“ß°“¬¿“æ¢Õß‡´≈≈å 3) ‰«√— π—ÈπμâÕß¡’

®’‚π¡∑’Ë¡’§«“¡‡ ∂’¬√‡¡◊ËÕ∂Ÿ°ª√—∫·μàß¬’π 4) ‚¥¬∑—Ë«‰ª

·≈â«¡—°μâÕß°“√‰«√— æ“À–∑’Ë “¡“√∂∫ÿ°√ÿ°‡´≈≈å‰¥â

À≈“¬·∫∫·μà„π∫“ß°√≥’‰«√— π—ÈπμâÕß “¡“√∂‡¢â“∫ÿ°√ÿ°

‡´≈≈å‰¥âÕ¬à“ß®”‡æ“–‡®“–®ßμàÕ‡´≈≈å∫“ß™π‘¥‡∑à“π—Èπ‰¥â

¥â«¬ (cell type specificity) 5) ‰«√— æ“À–μâÕß “¡“√∂

∂Ÿ°∫√√®ÿ¬’π∑’Ë„™â„π°“√§—¥‡≈◊Õ°‡´≈≈å‰¥â ‡™àπ ¬’π¥◊ÈÕ¬“

ªØ‘™’«π– (antibiotic resistance) ‰«√— ∑’Ë∂Ÿ°π”¡“

„™â‡ªìπæ“À–·∫àßÕÕ°‡ªìπ “¡°≈ÿà¡„À≠à §◊Õ 1) æ“À–∑’Ë

‡ªìπ√’‚∑√‰«√—  (retroviral vectors) ‡™àπ ‰«√— ¡‘«·Õ≈«’

(Moloney murine leukaemia virus, MuLV) ‡ªìπμâπ

(Traversari and Bordignon, 2008) ‡¡◊ËÕ√’‚∑√‰«√— ‡¢â“
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∫ÿ°√ÿ°‡´≈≈å‡®â“∫â“π®–∑”°“√·∑√°¬’π¢Õßμ—«‡Õß‡¢â“√«¡

(integrate) °—∫®’‚π¡¢Õß‡´≈≈å‡®â“∫â“π·∫∫‰¡à‡®“–®ß

μ”·Àπàß∫π¬’π„¥ (random integration) ·≈–¡’¢âÕ°”®—¥

§◊Õ®–‡¢â“∫ÿ°√ÿ°‡©æ“–‡´≈≈å‡®â“∫â“π∑’Ë¡’°“√·∫àßμ—«‡∑à“π—Èπ

(Roe, et al., 1993) ¥—ßπ—Èπ®÷ß¡’°“√π”‰«√— „π°≈ÿà¡

‡¥’¬«°—ππ’È·μà‡ªìπμ√–°Ÿ≈‡≈πμ‘‰«√—  (Lentiviruses) ´÷Ëß

¡’¢âÕ‡¥àπ‡æ‘Ë¡¢÷Èπ¡“§◊Õ “¡“√∂‡¢â“∫ÿ°√ÿ°‡´≈≈å∑’Ë‰¡à¡’°“√

·∫àßμ—«·≈â«‰¥â (Lewis  and Emerman, 1994, Naldini,

et al., 1996) §«“¡ “¡“√∂„π°“√π”¬’π¢Õßμ—«‡Õß‡¢â“

·∑√°®’‚π¡¢Õß‡´≈≈å‡®â“∫â“π‰¥âπ—Èπ àßº≈¥’§◊Õ∑”„Àâ¬’π

‡æ◊ËÕ°“√√—°…“· ¥ßÕÕ°‰¥âπ“π·μà°“√‡¢â“·∑√°·∫∫‰¡à

‡®“–®ßμ”·Àπàß∫π¬’π„¥Õ“®¡’º≈‡ ’¬§◊ÕÕ“®‡°‘¥°“√

°≈“¬æ—π∏ÿå (insertional mutagenesis) Õ—π‡π◊ËÕß¡“®“°°“√

integrate ‰¥â´÷ËßÕ“®‡°‘¥°“√¬—È∫¬—Èß°“√· ¥ßÕÕ°¢Õß

¬’πª√°μ‘À√◊Õ∂â“‡¢â“·∑√°μ√ß¬’π¡–‡√ÁßÕ“®°√–μÿâπ°“√

‡°‘¥¡–‡√Áß‰¥â (Patil, et al., 2005)  à«π§«“¡ “¡“√∂

¢Õß°“√∫ÿ°√ÿ°‡´≈≈å∑’Ë‰¡à¡’°“√·∫àßμ—« ‡™àπ ‡´≈≈å ¡Õß

·≈–‡´≈≈åÀ—«„® ∑”„Àâ “¡“√∂π”‰ª„™â„π‚√§∑“ß ¡Õß

À√◊ÕÀ—«„®‰¥â  μ—«Õ¬à“ß‰«√— „πμ√–°Ÿ≈π’È ‰¥â·°à ‰«√— ‡Õ™

‰Õ«’ (Human immunodeficiency virus type1, HIV-1)

(Naldini, et al., 1996, Kim , et al., 1998, Blomer, et

al., 1997) ‰«√— ∫’‰Õ«’ (Bovine immunodeficiency

virus, BIV) ‰«√— ‡Õø‰Õ«’ (Feline immunodeficiency

virus, FIV) ·≈–‰«√— ‡Õ ‰Õ«’ (Simian immunodeficiency

virus, SIV) 2) ‰«√— æ“À–∑’Ë¡’®’‚π¡‡ªìπ¥’‡Õπ‡Õ (DNA

virus vectors) ‰¥â·°à Õ–¥’‚π‰«√—  (Adenoviral vectors)

‡ªìπ‰«√— ∑’Ë¡’®’‚π¡‡ªìπ¥’‡Õπ‡Õ “¬§Ÿà§«“¡¬“«ª√–¡“≥

35 °‘‚≈‡∫  μ“¡∏√√¡™“μ‘‰«√— ™π‘¥π’È°àÕ„Àâ‡°‘¥°“√μ‘¥

‡™◊ÈÕ¢Õß√–∫∫∑“ß‡¥‘πÀ“¬„® √–∫∫∑“ß‡¥‘πÕ“À“√ ·≈–μ“

¢âÕ¥’¢Õß‰«√— ™π‘¥π’È‡¡◊ËÕπ”¡“„™â‡ªìπæ“À–„π°“√√—°…“

‚√§¥â«¬¬’π§◊Õ “¡“√∂‡¢â“∫ÿ°√ÿ°‡´≈≈å‰¥âÀ≈“¬™π‘¥·≈–

¡’ª√– ‘∑∏‘¿“æ Ÿß√«¡∂÷ß “¡“√∂∫ÿ°√ÿ°‡´≈≈å∑’Ë‰¡à¡’°“√

·∫àßμ—«‰¥â (Roth, et al., 1997, Vorburger and Hunt,

2002) ¡’√“¬ß“π°“√«‘®—¬„π™à«ß·√°æ∫«à“ “¡“√∂

∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“‡¢â“‰ª„π®’‚π¡¢Õß‰«√— ™π‘¥π’È‰¥â

¡“°°«à“ 7 °‘‚≈‡∫  (Bett, et al., 1993) μàÕ¡“æ∫«à“

 “¡“√∂∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“‡æ‘Ë¡¢÷Èπ‰¥â¡“°°«à“

30 °‘‚≈‡∫  (Morsy, et a., 1998) ·≈â«¬—ß¡’

ª√– ‘∑∏‘¿“æ°“√· ¥ßÕÕ°¢Õß¬’π‡æ◊ËÕ°“√√—°…“‡æ‘Ë¡¢÷Èπ

·≈–§«“¡‡ªìπæ‘…¢Õß‰«√— ≈¥≈ß (Schiedner, et al.,

1998) ¢âÕ¥âÕ¬¢Õß‰«√— ™π‘¥π’È§◊Õ°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π¡“°

·≈–‰¡à integrate ‡¢â“°—∫®’‚π¡¢Õß‡´≈≈å‡®â“∫â“π∑”„Àâ

¬’π‡æ◊ËÕ°“√√—°…“ÕÕ°ƒ∑∏‘Ï‰¥â‰¡àπ“π (transient gene

expression) ‰«√— ‡Õ‡Õ«’ (Adeno-associated virus,

AVV) ‡ªìπ‰«√— ¢π“¥‡≈Á°∑’Ë¡’®’‚π¡‡ªìπ¥’‡Õπ‡Õ “¬‡¥’Ë¬«

§«“¡¬“«ª√–¡“≥ 5 °‘‚≈‡∫ ·≈–‰¡à°àÕ‚√§„π¡πÿ…¬å

(Rose, et al., 1969) ‚¥¬∏√√¡™“μ‘‰«√— ™π‘¥π’È¡’

μ”·Àπàß∑’Ë®”‡æ“–„π°“√‡¢â“·∑√°®’‚π¡¢Õß‡´≈≈å

‡®â“∫â“π§◊Õ∫√‘‡«≥‚§√‚¡‚´¡ 19 (Kotin, et al., 1990,

Samulski, et al., 1991) ·μà‡¡◊ËÕ¡’°“√ª√—∫·μàß¬’π„À¡à

‡æ◊ËÕ„™â‡ªìπæ“À–·≈â«®– Ÿ≠‡ ’¬§ÿ≥ ¡∫—μ‘¢âÕπ’È‰ª (Walther

and Stein, 2000) ‰«√— ‡Õ‡Õ«’¡’¢âÕ¥’§◊Õ°√–μÿâπ

¿Ÿ¡‘§ÿâ¡°—πμË”·≈–¡’¢âÕ¥âÕ¬§◊Õ “¡“√∂∫√√®ÿ¢π“¥¢Õß¬’π

‡æ◊ËÕ°“√√—°…“‰¥âπâÕ¬ª√–¡“≥ 4.1 ∂÷ß 4.9 °‘‚≈‡∫ 

(Dong, et al., 1996) ‰«√— ‡Õ‡Õ«’∂Ÿ°π”¡“»÷°…“«‘®—¬

„πÀ≈“¬‚√§¥â«¬°—π ‡™àπ ‚√§¡–‡√Áßμ—∫ (Ponnazhagan,

et al., 2001, Arbanas, 2007) ·≈–‚√§Õ—≈‰´‡¡Õ√å

‡ªìπμâπ (Hudry, et al., 2010) ‡ŒÕ√åªï‰«√—  (Herpes

simplex virus (HSV) vectors) ‰«√— ™π‘¥π’È¡’®’‚π¡

‡ªìπ¥’‡Õπ‡Õ “¬§Ÿà§«“¡¬“« 150 °‘‚≈‡∫  ‡π◊ËÕß®“°¡’

¢π“¥∑’Ë§àÕπ¢â“ß„À≠à®÷ß “¡“√∂∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“

‰¥â Ÿßª√–¡“≥ 30 ∂÷ß 50 °‘‚≈‡∫  πÕ°®“°π—Èπ¬—ß

 “¡“√∂‡¢â“∫ÿ°√ÿ°‡´≈≈å‡®â“∫â“π‰¥âÀ≈“¬™π‘¥∑—Èß∑’Ë

·∫àßμ—«·≈–‰¡à·∫àßμ—«´÷Ëß‰¡à integrate ®’‚π¡μ—«‡Õß‡¢â“

°—∫®’‚π¡‡®â“∫â“π ‡ŒÕ√åªï‰«√— ‰¥â√—∫§«“¡ π„®„π°“√π”

¡“„™â‡ªìπæ“À–‡π◊ËÕß®“° “¡“√∂∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“

‰¥â¡“°·≈–‚¥¬∏√√¡™“μ‘‰«√— ™π‘¥π’È‡¢â“∫ÿ°√ÿ°‡´≈≈å

ª√– “∑‰¥â¥’®÷ß¡’°“√π”¡“»÷°…“«‘®—¬„π‚√§¡–‡√Áß‡´≈≈å

ª√– “∑ (neurogenic tumours) (Chou, et al., 1990)

·¡â«à“®– “¡“√∂‡¢â“∫ÿ°√ÿ°‡´≈≈å‡®â“∫â“π‰¥âÀ≈“¬™π‘¥·μà

æ∫«à“‰«√— ™π‘¥π’È¡’§«“¡‡ªìπæ‘…μàÕ‡´≈≈å (cytotoxic

effects) ‚¥¬§«“¡‡ªìπæ‘…μàÕ‡´≈≈å‡°‘¥®“°‚ª√μ’π™◊ËÕ«à“

ç‰Õ ’́æ’é (Infected Cell Protein, ICP) ¥—ßπ—Èπ°“√π”

‡ŒÕ√åªï ‰«√— ¡“„™â ‡ªìπæ“À–®÷ß¡—°°”®—¥‰Õ´’æ’¬’π

(ICP gene) ∑‘Èß´÷Ëßæ∫«à“ “¡“√∂≈¥§«“¡‡ªìπæ‘…μàÕ

‡´≈≈å≈ß‰¥â (Naxin, et al., 1996) Õ¬à“ß‰√°Áμ“¡‰«√— 

™π‘¥π’È°Á¬—ß∂Ÿ°®”°—¥°“√„™âÕ¬Ÿà (Lowenstein , et al.,

1994) 3) ‰«√— ™π‘¥Õ◊Ëπ Ê ‡™àπ ‰«√— ‡Õª ‡μπ∫“√å

(Epstein-Bar virus, EBV) ‰«√— ™π‘¥π’È “¡“√∂·Ωßμ—«

Õ¬Ÿà„ππ‘«‡§≈’¬ ¢Õß‡´≈≈å‡®â“∫â“π‰¥â‡ªìπ√–¬–‡«≈“π“π
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(Calos, 1998) ®÷ß∂Ÿ°π”¡“∑¥ Õ∫„π°“√„™â‡ªìπæ“À–

¢Õß°“√√—°…“‚√§¥â«¬¬’π πÕ°®“°π—Èπ¡’°“√π”‰«√— 

°≈ÿà¡Õ—≈øÉ“‰«√—  (Alphaviruses) ¡“„™â‡ªìπæ“À– ‡™àπ

‰«√— ‡Õ ‰Õ‡Õπ (Sindbis virus, SIN) (Xiong, 1989)

À√◊Õ ‰«√— «’Õ’Õ’ (Venezuelan equine encephalitis virus,

VEE) (Davis, et al., 1989) ¡’°“√»÷°…“«‘®—¬‚¥¬„™â

‰«√— «’Õ’Õ’ ‡ªìπæ“À–„π°“√∫√√®ÿ¬’πŒ’·¡°°≈Ÿμ‘π‘π

(Hemagglutinin gene) ¢Õß‰«√— ‰¢âÀ«—¥„À≠à‡æ◊ËÕº≈‘μ

«—§´’πªÑÕß°—π‰¢âÀ«—¥„À≠à (Davis, et al., 1996) √«¡

∂÷ß„™â‡ªìπæ“À–„π°“√∫√√®ÿ¬’π·°° (gag gene) ¢Õß

‡™◊ÈÕ‰«√— ‡Õ™‰Õ«’-Àπ÷Ëß„π°“√º≈‘μ«—§ ’́π‡æ◊ËÕ°√–μÿâπ„Àâ

√à“ß°“¬ √â“ß¿Ÿ¡‘§ÿâ¡°—π¢÷Èπ¡“μàÕμâ“π‡™◊ÈÕ‡Õ™‰Õ«’ (Caley,

et al., 1997) ‰«√— ∑’Ë„™â‡ªìπæ“À–·μà≈–™π‘¥¡’§«“¡

‡À¡“– ¡μàÕ‡´≈≈å‡ªÑ“À¡“¬∑’Ë‰¡à‡À¡◊Õπ°—π®÷ß∑”„Àâ‡°‘¥

¢âÕ®”°—¥ ¢âÕ¥’·≈–¢âÕ¥âÕ¬„π°“√π”‰ª„™â∑’Ë·μ°μà“ß°—π

¥—ß· ¥ß‰«âμ“¡μ“√“ß∑’Ë 1

2.4) æ“À–∑’Ë‰¡à„™à‰«√—  (Non- viral vectors)

·∫àß‰¥â‡ªìπ “¡°≈ÿà¡ §◊Õ 1) ‡∑§π‘§°“√π” àß¬’π‚¥¬

„™â‡§√◊ËÕß°≈·≈–°√–· ‰øøÑ“ (mechanical and

electrical technique) 2) °“√π” àß¬’π¥â«¬√–∫∫‚æ≈’‡¡Õ√å

(polymeric delivery systems) ·≈– 3) °“√π” àß¬’π

¥â«¬√–∫∫‰≈‚æ‚´¡ (liposomal delivery systems)

1) °“√π” àß¬’π‚¥¬„™â‡§√◊ËÕß°≈·≈–°√–· ‰øøÑ“ ‡™àπ

°“√„™â‡¢Á¡©’¥‡¢â“‡´≈≈å (microinjection) (Davis, et al.,

2000, GeneTherapyReview) „™âªóππ” àß¬’π (gene

gun) (Yang and Sun, 1995, Chuang,et al., 2003)

·≈–°“√„™â°√–· ‰øøÑ“ (electroporation) (Wells,

2004) æ∫«à“«‘∏’°“√π’È§«∫§ÿ¡¡“μ√∞“π„Àâ§ß∑’Ë‰¥â¬“°‡¡◊ËÕ

π”‰ª„™â®√‘ß„π¡πÿ…¬å 2) °“√π” àß¬’π¥â«¬√–∫∫‚æ≈’‡¡Õ√å

À√◊Õ‡√’¬°Õ’°Õ¬à“ß«à“ ç‚æ≈’‡æ≈Á° (polyplexs)é (Sun and

Zhang, 2010) §◊Õ°“√π” “√‚æ≈’‡¡Õ√å∑’Ë¡’ª√–®ÿ∫«°¡“

‡™◊ËÕ¡μàÕ°—∫¬’π‡æ◊ËÕ°“√√—°…“ (¥’‡Õπ‡Õ/Õ“√å‡Õπ‡Õ) ÷́Ëß

¡’ª√–®ÿ≈∫„π°“√π” àß‡¢â“‡´≈≈å  “‡Àμÿ∑’ËμâÕß„™â “√∑’Ë¡’

ª√–®ÿ∫«°‡π◊ËÕß®“°æ≈“ ¡“‡¡¡‡∫√π¢Õß‡´≈≈å‡ªÑ“À¡“¬

¡’ª√–®ÿ≈∫®“°À¡ŸàøÕ ‡øμ·≈–¬’π‡æ◊ËÕ°“√√—°…“´÷Ëß‡ªìπ

¥’‡Õπ‡ÕÀ√◊ÕÕ“√å‡Õπ‡Õ°Á¡’ª√–®ÿ≈∫®“°·π«·°πÀ¡Ÿà

øÕ ‡øμ‡™àπ‡¥’¬«°—π °“√¡’ª√–®ÿ‡À¡◊Õπ°—π∑”„Àâ‡°‘¥

·√ßº≈—°°—π√–À«à“ß‚¡‡≈°ÿ≈ ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ∑’Ë

μâÕß„™â “√∑’Ë¡’ª√–®ÿ∫«°™à«¬„π°“√π” àß‚¡‡≈°ÿ≈∑’Ë¡’

ª√–®ÿ≈∫‡¢â“‡´≈≈å‡ªÑ“À¡“¬ μ—«Õ¬à“ß‚æ≈’‡¡Õ√å‰¥â·°à

‚æ≈’‡Õ∑‘≈≈’ππ‘¡’π (poyethylenimine, PEI) (Abdallah,

et al., 1996) ‚æ≈’·Õ≈‰≈´’π (poly(L-lysine) (Lollo ,

et al., 2002, Yamagata, et al., 2007)

‰§‚μ´“π (chitosan) (Fernandes, et al., 2006,

Gaspar, et al., 2011) ·≈–‡¥π‰¥√å‡¡Õ√å (dendrimer)

(Paleos, et al., 2009, Dufes, et al., 2005) 3) °“√π”

 àß¬’π¥â«¬√–∫∫‰≈‚æ‚´¡ ‰≈‚æ‚´¡ À√◊Õ‡√’¬°Õ’°Õ¬à“ß«à“

ç≈‘‚ª‡æ≈Á° (lipoplexes)é (Li and Huang, 2000) §◊Õ

‚¡‡≈°ÿ≈∑’Ë¡’ à«πª√–°Õ∫ Õß™—Èπ‚¥¬™—ÈππÕ°‡ªìπ “√

øÕ ‚ø‰≈ªî¥ (phospholipid bilayers) ÀàÕÀÿâ¡™—Èπ„π ÷́Ëß

‡ªìπ à«π¢ÕßπÈ” ¥’‡Õπ‡Õ/Õ“√å‡Õπ‡Õ®–∂Ÿ°∫√√®ÿ‰«â„π à«ππ’È

‰≈‚æ‚´¡∑’Ëπ‘¬¡„™â§◊Õ‰≈‚æ‚´¡∑’Ë¡’ª√–®ÿ∫«° (cationic

liposome) (Charoensit, et al., 2010, Templeton,

2002)

√Ÿª∑’Ë 1 · ¥ß«‘∏’°“√π” àß¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà√à“ß°“¬ºŸâªÉ«¬ Õß«‘∏’À≈—° (The National Institute of Health resource

for stem cell research)
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1) °“√π” àß¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà√à“ß°“¬

ºŸâªÉ«¬‚¥¬μ√ß (direct infuse/delivery)

1.1) ¬’π‡æ◊ËÕ°“√√—°…“∂Ÿ°∫√√®ÿ‡¢â“ Ÿàæ“À–

„π∑’Ëπ’È§◊Õ‰«√—  1.2) ‰«√— ∑’Ë∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“·≈â«

∂Ÿ°©’¥ (injection) ‡¢â“√à“ß°“¬ºŸâªÉ«¬

2) °“√π” àß¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà√à“ß°“¬

ºŸâªÉ«¬‚¥¬„™â‡´≈≈åª√—∫·μàß (genetic modified cells)

2.1) ¬’π‡æ◊ËÕ°“√√—°…“∂Ÿ°∫√√®ÿ‡¢â“ Ÿàæ“À–

„π∑’Ëπ’È§◊Õ‰«√—  2.2)  ‡μÁ¡‡´≈≈å¢ÕßºŸâªÉ«¬∂Ÿ°π”ÕÕ°

®“°√à“ß°“¬ 2.3) æ“À–∑’Ë∫√√®ÿ¬’π‡æ◊ËÕ°“√√—°…“∂Ÿ°π”

 àß‡¢â“ ‡μÁ¡‡´≈≈å ´÷Ëß‡√’¬°«à“ ç ‡μÁ¡‡´≈≈å∑’Ë‰¥â√—∫  °“√

ª√—∫·μàß¬’π (genetic modified stem cells)é 2.4) ‡æ‘Ë¡

®”π«π ‡μÁ¡‡´≈≈å∑’Ë‰¥â√—∫°“√ª√—∫·μàß¬’π 2.5) π”‡´≈≈å

∑’Ë‰¥â√—∫°“√ª√—∫·μàß¬’π°≈—∫‡¢â“ Ÿà‡´≈≈å√à“ß°“¬ºŸâªÉ«¬Õ’°

§√—Èß

μ“√“ß∑’Ë 1 · ¥ß¢âÕ¥’·≈–¢âÕ¥âÕ¬¢Õß‰«√— ∑’Ë„™â‡ªìπæ“À–™π‘¥μà“ß Ê  (Walther and Stein, 2000, Roth and Cristiano,

1997)
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3. √Ÿª·∫∫°“√√—°…“‚√§¥â«¬¬’π (Approaches)

3.1) æ≈“ ¡‘¥ (plasmid) æ≈“ ¡‘¥§◊Õ¥’‡Õπ‡Õ

™π‘¥Àπ÷Ëß´÷Ëßæ∫‚¥¬∏√√¡™“μ‘‰¥â„π·∫§∑’‡√’¬  “À√à“¬

À√◊Õ ‘Ëß¡’™’«‘μª√–‡¿∑¬Ÿ·§√‘‚Õμ∫“ß™π‘¥ æ≈“ ¡‘¥¡’√Ÿª

√à“ßÀ≈“¬·∫∫ ‡™àπ  “¬§Ÿà«ß°≈¡  “¬§Ÿà‡ âπμ√ßÀ√◊Õæ—π

°—π‡ªìπ‡ âπ‡°≈’¬«ª≈“¬ªî¥·≈–ª≈“¬‡ªî¥ (Wikepedia.

Plasmid) ‡ªìπμâπ ‡π◊ËÕß®“°æ≈“ ¡‘¥¡’§ÿ≥ ¡∫—μ‘æ‘‡»…

∑’Ë “¡“√∂®”≈Õß (replication) ∂Õ¥√À—  (transcription)

·≈–·ª≈√À—  (translation) ¬’π¢Õßμ—«‡Õß‰¥âÕ¬à“ß‡ªìπ

Õ‘ √–‡¡◊ËÕÕ¬Ÿà „π‡´≈≈å ‡®â“∫â“π∑’Ë ‡À¡“– ¡®÷ß∑”„Àâ

æ≈“ ¡‘¥‡ªìπ∑’Ëπ‘¬¡„π°“√π”¡“„™â‡ªìπæ“À–π”¬’π‡æ◊ËÕ

°“√√—°…“‡¢â“ Ÿà ‡´≈≈å‡ªÑ“À¡“¬ μ—«Õ¬à“ß°“√π”

æ≈“ ¡‘¥¡“„™â ”À√—∫‡∑§‚π‚≈¬’°“√√—°…“‚√§¥â«¬¬’π¡’

¥—ßπ’È 1) °“√√—°…“‚√§¥â«¬¬’π„π√Ÿª·∫∫¢Õß ç¥’‡Õπ‡Õ

«—§´’π (DNA vaccine) /®’π’μ‘°«—§´’π (genetic

vaccine)/π‘«§≈‘Õ‘§·Õ´‘¥«—§ ’́π (nucleic acid vaccine)/

¬’π«—§´’π (gene vaccine)é ‡Õπ‡Õ«—§ ’́π‡ªìπ‡∑§‚π‚≈¬’

°“√º≈‘μ«—§´’π«‘∏’„À¡à∑’Ë ‡°‘¥®“°°“√ Õ¥·∑√°¬’π

‡ªÑ“À¡“¬‡¢â“ Ÿàæ≈“ ¡‘¥‚¥¬¬’π‡ªÑ“À¡“¬π—Èπ®–∂Ÿ°·ª≈

√À— „Àâ‚ª√μ’π∑’Ë¡’§ÿ≥ ¡∫—μ‘‡ªìπ·Õπμ‘‡®π∑’Ë “¡“√∂

°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π„ÀâμàÕμâ“π‚√§∑’ËμâÕß°“√‰¥â (Wikepedia.

DNA vaccination, Donnelly, et al., 2005) «—§´’π™π‘¥

π’È¡’¢âÕ‡¥àπ§◊Õ “¡“√∂ √â“ß„Àâ‡°‘¥·Õπμ‘‡®π∑’Ë¡’§«“¡

®”‡æ“–‡®“–®ßμàÕÀπ÷ËßÀ√◊Õ Õß‚√§„π§√—Èß‡¥’¬«‰¥â·≈–

 “¡“√∂°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π∑—Èß∑’Ë‡ªìπ·∫∫‡´≈≈å (cell-medi-

ated immunity) ·≈–·∫∫¢Õß‡À≈«„π√à“ß°“¬‰¥â

(humoral immunity) (Sharma, et al., 2004) ·μà¡’¢âÕ

¥âÕ¬§◊Õ√à“ß°“¬Õ“® √â“ß·Õπμ‘∫Õ¥’È¢÷Èπ¡“μàÕμâ“π ¥’‡Õπ‡Õ

∑’Ëπ” àß‡¢â“√à“ß°“¬ (Wikepedia. DNA vaccination)

°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π·∫∫ humoral ‰¥âπâÕ¬·≈–¡’§«“¡‡ ’Ë¬ß

μàÕ°“√‡°‘¥ insertional mutagenesis ‰¥â (Sharma, et al.,

2004) ¡’°“√»÷°…“«‘®—¬°“√„™â¥’‡Õπ‡Õ«—§´’π„π‚√§·æâ

Õ“À“√ (Nguyen, et al., 2001) ‚√§‰¢âÀ«—¥π° (Barnes,

2011) ·≈–‚√§«—≥‚√§ (Franco, et al., 2008) ‡ªìπμâπ

2) °“√√—°…“‚√§¥â«¬¬’π„π√Ÿª·∫∫¢Õß¬’ππ—°¶à“

(suicide gene) ‡∑§‚π‚≈¬’∑’Ë‡√’¬°«à“¬’ππ—°¶à“§◊Õ°“√π”

¬’π∑’Ë®–∂Ÿ°·ª≈√À— „Àâ‚ª√μ’π∑’Ë∑”Àπâ“∑’Ë‡ªìπ‡Õπ‰´¡å∑’Ë

„™â „π°“√‡ª≈’Ë¬π·ª≈ß¬“®“°√Ÿª∑’Ë¬— ß‰¡àÕÕ°ƒ∑∏‘Ï

(prodrug) „Àâ‡ªìπ√Ÿª∑’ËÕÕ°ƒ∑∏‘Ï (active form) ‡¢â“ Ÿà

‡´≈≈å‡ªÑ“À¡“¬∑’Ë‰¡à “¡“√∂º≈‘μ‡Õπ‰´¡å™π‘¥π—Èπ Ê ‰¥â

‡™àπ ‡´≈≈å¡–‡√Áß (Walther and Stein, 2000) μ—«Õ¬à“ß

¬’ππ—°¶à“‰¥â·°à °“√ Õ¥¬’π  ‰´‚μ ’́π¥’Õ–¡‘‡π  (Cytosine

deaminase, CD) ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π¬“

5-øŸÕÕ√å‚√‰´‚μ´’π‡ªìπ 5-øŸÕÕ√å‚√¬Ÿ√“´‘≈´÷ËßÕÕ°ƒ∑∏‘Ï

„π°“√¶à“‡´≈≈å¡–‡√Áß (Patil, et al., 2005, Alj, et al.,

2000) À√◊Õ¬’π‡ŒÕ√åªï´‘¡‡æ≈Á°‰∑¡‘¥’π‰§‡π ‰∑ªá«—π

(Herpes simplex type-1 thymidine kinase, HSV-Tk)

´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë„™â„π°“√‡ª≈’Ë¬π·ª≈ß¬“μâ“π‰«√— ·°ß

‰´‚§≈‡«’¬√åÀ√◊Õ‰´‚¥«Ÿ¥’π®“°√Ÿª∑’Ë¬—ß‰¡àÕÕ°ƒ∑∏‘Ï‡ªìπ

√Ÿª∑’Ë¶à“‡™◊ÈÕ‰«√—  (Denny, 2003, Bonini, et al., 2007)

‡ªìπμâπ

3.2) ‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å (oligonucleotides)

3.2.1·Õπμ’È¬’π ‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å (anti

gene oligonucleotides) §◊Õ ¥’‡Õπ‡ÕÀ√◊ÕÕ“√å‡Õπ‡Õ “¬

‡¥’Ë¬«À√◊Õ “¬§Ÿà∑’Ë —ß‡§√“–Àå¢÷Èπ‡æ◊ËÕ„Àâ‡¢â“®—∫°—∫¥’‡Õπ‡Õ

®’‚π¡‚¥¬°“√‡¢â“®—∫π—ÈπÕ“®‡¢â“®—∫°—∫¥’‡Õπ‡Õ “¬‡¥’Ë¬«

∑’Ë‡°‘¥¢÷Èπ¢≥–‡ªî¥‡ âπ¬’π„π¢∫«π°“√®”≈Õß¬’πÀ√◊Õ

¢ ∫ « π ° “ √ ∂ Õ ¥ √ À—    à ß º ≈ „ Àâ √ ∫ ° « π À √◊ Õ À ¬ÿ ¥

°√–∫«π°“√®”≈Õß¬’π·≈–°√–∫«π°“√∂Õ¥√À— μ“¡

≈”¥—∫ „π°√≥’∑’Ë‡¢â“®—∫°—∫¥’‡Õπ‡Õ “¬§Ÿà·Õπμ’È¬’π®–‡¢â“

®—∫∫√‘‡«≥√àÕß¢π“¥„À≠à (major groove) ¢Õß¥’‡Õπ‡Õ®’

‚π¡¿“¬„ππ‘«‡§√’¬ ∑”„Àâ‡°‘¥‡ âπ‡°≈’¬« “¡‡ âπ (triple

helix, triplex) ®÷ß‡ªìπ°“√¢—¥¢«“ß°“√‡¢â“®—∫¢Õß

‚ª√μ’π ”§—≠∑’ËμâÕß„™â„π°“√‡√‘Ë¡μâπ¢∫«π°“√∂Õ¥√À— 

(transcription factor protein) À√◊Õ¬—È∫¬—Èß

°√–∫«π°“√μàÕ§«“¡¬“«¢Õß‡ âπ¬’π (elongation)

À≈—°°“√·Õπμ’È¬’π∂Ÿ°π”¡“ª√–¬ÿ°μå„™â„π°“√√—°…“

‚√§μ‘¥‡™◊ÈÕ‰«√— À≈“¬™π‘¥ ‡™àπ ‚√§‡Õ¥ å ‚¥¬„Àâ·Õπμ’È

¬’π‡¢â“¬—È∫¬—Èß°√–∫«π°“√®”≈Õß¬’π¢Õß‰«√— ‡Õ™‰Õ«’

∑”„Àâ‡°‘¥°“√¬—È∫¬—Èß°“√‡æ‘Ë¡®”π«π¢Õß‰«√— ‡Õ™‰Õ«’

(McShan, et al., 1992)

3.2.2 ·Õπμ’È‡´π å ‚Õ≈‘‚° π‘«§≈’‚Õ‰∑¥å

(antisense oligonucleotides) ‡ªìπ¥’‡Õπ‡ÕÀ√◊ÕÕ“√å‡Õπ

‡Õ “¬‡¥’Ë¬«∑’Ë∂Ÿ° —ß‡§√“–Àå¢÷Èπ„Àâ¡’‡ªÑ“À¡“¬„π°“√‡¢â“

®—∫°—∫‡ÕÁ¡Õ“√å‡Õπ‡Õ (mRNA) ‡ªÑ“À¡“¬ À√◊Õ‡ âπ‡´π å

´÷Ëß∑”„Àâ‡°‘¥°“√¬—È∫¬—Èß°√–∫«π°“√·ª≈√À— μ“¡¡“

®ÿ¥∑’Ë·Õπμ’È‡´π å‡¢â“®—∫°—∫‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬¡’¥—ßπ’È

1) √–À«à“ß°√–∫«π°“√μ°·μàß‡ÕÁ¡Õ“√å‡Õπ‡Õ (splicing

process) ‚¥¬°“√‡¢â“®—∫°—∫‡∫ μ”·Àπàß∑’Ë‡°’Ë¬«¢âÕß

°—∫°√–∫«π°“√μ°·μàß (splicing sequence) ∑”„Àâ‰¡à
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‡°‘¥‡ÕÁ¡Õ“√å‡Õπ‡Õ∑’Ë ¡∫Ÿ√≥å 2) √–À«à“ß°√–∫«π°“√¢π

 àß‡ÕÁ¡Õ“√å‡Õπ‡ÕÕÕ° Ÿà‰´‚μæ≈“ ´÷¡∑”„Àâ‰¡à¡’‡ÕÁ¡Õ“√å

‡Õπ‡ÕÕÕ°¡“ Ÿà‰´‚μæ≈“ ´÷¡‡æ◊ËÕ°“√·ª≈√À—  3) ‡¢â“

®—∫°—∫‡∫ ∑’Ë‡ªìπ√À— ‡√‘Ë¡μâπ¢Õß°“√·ª≈√À—  (initiation

codon) ∑”„Àâ°√–∫«π°“√·ª≈√À— ‰¡à “¡“√∂‡√‘Ë¡μâπ‰¥â

À√◊Õ‰√‚∫‚´¡Õ≈‚ª√μ’π‡§≈◊ËÕπ∑’Ë‰ª∫π‡ âπ‡ÕÁ¡Õ“√å‡Õπ

‡Õ„π√–À«à“ß°√–∫«π°“√·ª≈√À— ‰¡à‰¥â „π°√≥’∑’Ë·Õπμ’È

‡´π åπ—Èπ‡ªìπÕ“√å‡Õπ‡Õ “¬‡¥’Ë¬« ®–‡ªìπ°“√®—∫°—π

√–À«à“ßÕ“√å‡Õπ‡Õ Õß‡ âπ (antisense RNA-mRNA) °“√

¬—È∫¬—Èß°“√·ª≈√À— Õ“®‡°‘¥®“°°“√‡§≈◊ËÕπμ—«¢Õß‰√‚∫

‚´¡Õ≈‰ª∫π‡ âπ‡ÕÁ¡Õ“√å‡Õπ‡Õ‰¡à‰¥â  à«π„π°√≥’∑’Ë

·Õπμ’È‡´π åπ—Èπ‡ªìπ¥’‡Õπ‡Õ “¬‡¥’Ë¬« ®–‡ªìπ°“√®—∫°—π

√–À«à“ß¥’‡Õπ‡Õ·≈–‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬ (antisense

DNA-mRNA) °“√®—∫°—ππ’È®–‰ª°√–μÿâπ°“√∑”ß“π¢Õß

‡Õπ‰´¡å‰√‚∫π‘«§≈’‡Õ ‡Õ™ (RNase H) ´÷Ëß¡’Àπâ“∑’Ë

Õ¬à“ß®”‡æ“–„π°“√μ—¥ “¬Õ“√å‡Õπ‡Õ∑’Ë‡¢â“§Ÿà°—∫‡ âπ¥’

‡Õπ‡Õ (DNA/RNA hybrids) ∑”„Àâ‡ÕÁ¡Õ“√å‡Õπ‡Õ

‡ªÑ“À¡“¬∂Ÿ°∑”≈“¬ àßº≈„Àâ°√–∫«π°“√·ª≈√À— ‰¡à

 “¡“√∂‡°‘¥¢÷Èπ‰¥â (Patil, et al., 2005, Dias and Stein,

2002, Jarald, et al., 2004, Bhindi, et al., 2007)

3.3) ‰√‚∫‰´¡å (Ribozyme)/ Õ“√å‡Õπ‡Õ‡Õπ‰´¡å

(RNA enzyme) À√◊Õ §“∑“‰≈μ‘°Õ“√å‡Õπ‡Õ (catalytic

RNA) §◊Õ Õ“√å‡Õπ‡Õ∑’Ë¡’§ÿ≥ ¡∫—μ‘‡ªìπ‡Õπ‰´¡åÕ¬Ÿà„πμ—«‡Õß

‚¥¬Õ“√å‡Õπ‡Õ®–∑”Àπâ“∑’Ë ‡ªìπ‡Õπ‰´¡å‰¥â°ÁμàÕ‡¡◊ËÕ

Õ“√å‡Õπ‡Õπ—Èπ¡’√Ÿª√à“ß∑’Ë®”‡æ“–·≈–¡’‚≈À–ª√–®ÿ Õß∫«°

√à«¡∑”ß“π¥â«¬ (‡©æ“–‰√‚∫‰´¡å∑’Ë¡’√Ÿª√à“ß·∫∫À—«¶âÕπ)

‰√‚∫‰´¡å∏√√¡™“μ‘∂Ÿ°§âπæ∫§√—Èß·√°‡¡◊ËÕ §.». 1970 ‚¥¬

¥√. ‚∑¡—  ‡§™ ·≈– ¥√. ´‘¥π’¬å ‡Õ∑·¡π ´÷ËßμàÕ¡“‰¥â√—∫

√“ß«—≈‚π‡∫≈ “¢“‡§¡’„πªï §.». 1989 ‡π◊ËÕß®“°

‰√‚∫‰´¡å “¡“√∂μ—¥æ—π∏–øÕ ‚ø‰¥‡Õ ‡∑Õ√å‰¥â∑—Èß¢Õß

μ—«‡Õß·≈–¢ÕßÕ“√å‡Õπ‡ÕÕ◊Ëπ∑”„Àâ‰√‚∫‰´¡å∂Ÿ°π”¡“„™â

»÷°…“«‘®—¬‡æ◊ËÕ°¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë∑”„Àâ‡°‘¥

‚√§‚¥¬ÕÕ°·∫∫„Àâ‰√‚∫‰´¡å‡≈◊Õ°‡¢â“®—∫°—∫‡ÕÁ¡Õ“√å‡Õπ

‡Õ‡ªÑ“À¡“¬·≈â«μ—¥æ—π∏–øÕ ‚ø‰¥‡Õ ‡∑Õ√å¢Õß

‡ÕÁ¡Õ“√å‡Õπ‡Õ¢Õß¬’π‡ªÑ“À¡“¬π—Èπ∑”„Àâ¬’π∑’Ë‡ªìπ “‡Àμÿ

¢Õß°“√‡°‘¥‚√§‰¡à “¡“√∂· ¥ßÕÕ°‰¥â (Bhindi, et al.,

2007, Stull  and Jr. Szoka, 1995) ‰√‚∫‰´¡å∂Ÿ°·∫àß

ÕÕ°‡ªìπ Õßª√–‡¿∑§◊Õ‰√‚∫‰´¡å∑’Ë¡’√Ÿª√à“ß·∫∫À—«¶âÕπ

(hammerhead ribozyme) ·≈–‰√‚∫‰´¡å∑’Ë¡’√Ÿª√à“ß

·∫∫°‘Íøμ‘¥º¡ (hairpin ribozyme) (Patil, et al., 2005)

´÷Ëß∑—Èß Õß™π‘¥¡’√Ÿª·∫∫°“√‡¢â“®—∫°—∫≈”¥—∫°“√‡√’¬ßμ—«

¢Õßπ‘«§≈’‚Õ‰∑¥å®”‡æ“–∑’Ë·μ°μà“ß°—π (Stull  and Jr.

Szoka, 1995) ‰√‚∫‰´¡å∑—Èß Õßª√–‡¿∑∂Ÿ°π”¡“„™â„π

°“√√—°…“‚√§¥—ßμàÕ‰ªπ’È 1) ‚√§μ‘¥‡™◊ÈÕ‰«√—  ‡™àπ

‚√§‰¢âÀ«—¥„À≠à (Wong, et al., 2010) ‚¥¬¡’‡ªÑ“À¡“¬

∑’Ë¬’πμà“ßÊ ‡™àπ ¬’ππ‘«§≈’‚Õ‚ª√μ’π¢Õß‰«√— ‰¢âÀ«—¥„À≠à

(Nucleoprotein gene, NP) (Tang, et al., 1994)

¬’πæ’∫’Àπ÷Ëß (PB1 gene) (Lazarev, et al., 1999)

À√◊Õ¬’π‡ÕÁ¡Àπ÷Ëß (Matrix, M1 gene) (Kumar, et al.,

2010) ‡ªìπμâπ À√◊Õ‚√§‰«√— μ—∫Õ—°‡ ∫™π‘¥∫’

(Weizsacker, et al., 1998, Wang, et al., 2010) ‰«√— 

μ—∫Õ—°‡ ∫™π‘¥´’ (Welch, et al., 1998, Pawlotsky,

et al., 2007) ‰«√— ‡√‘¡ (Trang, et al., 2001) ‰«√— 

‡Õ™‰Õ«’´÷Ëß°”≈—ß¡’°“√»÷°…“«‘®—¬„π¡πÿ…¬å√–¬–∑’Ë Õß

(de Feyter, et al., 2000, Rigden, et al., 2000,

Mitsuyasu, et al., 2009) ·≈–‰«√— ´“√å (Fukushima,

et al., 2009) ‡ªìπμâπ 2) ‚√§¡–‡√Áß Àπ÷Ëß„π “‡Àμÿ¢Õß

°“√‡°‘¥‚√§¡–‡√Áß§◊Õ°“√‡°‘¥°“√ºà“‡À≈à“ (mutation) ·≈–

°“√· ¥ßÕÕ°∑’Ë‡°‘π (over-expression) ¢Õß¬’π∫“ß

™π‘¥·≈â« àßº≈„Àâ¡’°“√‡æ‘Ë¡·≈–‡®√‘≠‡μ‘≠‚μ¢Õß‡´≈≈å

Õ¬à“ß‰¡à®”°—¥ ‰√‚∫‰´¡å∂Ÿ°π”¡“„™â„π°“√°¥°“√

· ¥ßÕÕ°¢Õß¬’πºà“‡À≈à“·≈–· ¥ßÕÕ°‡°‘π∑’Ë ‡ªìπ

 “‡Àμÿ¢Õß‚√§¡–‡√Áß¥—ßπ’È  ¬’π·√  (RAS gene)

´÷Ëß‡ªìπ¬’π∑’Ë§«∫§ÿ¡°“√‡®√‘≠‡μ‘≠‚μ·≈–°“√‡æ‘Ë¡®”π«π

¢Õß‡´≈≈å (Chang, et al., 1997, Leirdal and Sioud,

2002) ¬’π´’-¡‘§ (c-myc gene) ‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß

°—∫°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å (Cheng , et al., 2000)

¬’π‡ŒÕ√å- Õß (HER-2 gene) ‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫

°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å¡–‡√Áß‡μâ“π¡ (He, et al.,

2009) ¬’π∫’´’·Õ≈- Õß (bcl-2 gene) (CancerLink,

2011) ¬’π«’Õ’®’‡Õø (Vascular endothelial growth

factor, VEGF gene) ‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠

‡μ‘∫‚μ¢Õß‡ âπ‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß‡´≈≈å¡–‡√Áß æ∫«à“°“√°¥

°“√· ¥ßÕÕ°¢Õß¬’ππ’È¡’º≈„Àâ‡´≈≈å¡–‡√Áß≈¥°“√‡®√‘≠

‡μ‘∫‚μ≈ß (Ciafre, et al., 2004, Chang, et al., 2009)

¬’π‡∑‚≈‡¡Õ√å‡√  (telomerase gene) ∑—Èß Õß¬’ππ’ÈÕ¬Ÿà„π

«‘∂’°≈‰°∑’Ë∑”Àπâ“∑’Ë°”Àπ¥§«∫§ÿ¡°“√μ“¬¢Õß‡´≈≈å´÷Ëß

∂â“¡’°“√ºà“‡À≈à“¢Õß¬’ππ’È‰ª®–∑”„Àâ‡ ’¬ ¡¥ÿ≈√–À«à“ß

°“√¡’™’«‘μÕ¬Ÿà·≈–μ“¬¢Õß‡´≈≈å (Song, et al., 2004) ·≈–

¬’π‡ÕÁ¡¥’Õ“√å-Àπ÷Ëß (Multidrug resistance, MDR-1 gene)
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´÷Ëß‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥◊ÈÕ¬“ °“√· ¥ßÕÕ°∑’Ë‡°‘π

¢Õß¬’ππ’È¡’º≈„Àâ‡´≈≈å¡–‡√Áß¥◊ÈÕμàÕ¬“‡§¡’∫”∫—¥∫“ß™π‘¥

æ∫«à“‰√‚∫‰´¡å∑’Ë∂Ÿ°ÕÕ°·∫∫¡“„Àâ°¥°“√· ¥ßÕÕ°

¢Õß¬’ππ’È∑”„Àâ ‡´≈≈å¡–‡√Áß‰«μàÕ¬“¥äÕ°‚´√Ÿ‰∫´‘π

(doxurubixin) ‡æ‘Ë¡¢÷Èπ (Wang , et al., 2003) 3) ‚√§

À—«„®·≈–À≈Õ¥‡≈◊Õ¥ μ—«Õ¬à“ß‚√§À—«„®∑’Ë‡°‘¥®“°

æ¬“∏‘ ¿“æ¢ÕßÀ≈Õ¥‡≈◊Õ¥À—«„® ‡™àπ §«“¡¥—π‚≈À‘μ Ÿß

°“√‡°‘¥¿“«–μ’∫μ—π¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ßÀ≈—ß°“√ºà“μ—¥

¢¬“¬À≈Õ¥‡≈◊Õ¥¥â«¬ “¬ «π (artery restenosis after

angioplasty) ´÷Ëß°“√‡°‘¥¿“«–μ’∫μ—π‡À≈à“π’È‡™◊ËÕ«à“¡“

®“°°“√‡®√‘≠‡μ‘≠‚μ¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫¢ÕßÀ≈Õ¥

‡≈◊Õ¥ (Vascular smooth muscle cell, VSCM) √ÿ°≈È”‡¢â“

‰ª„π‚æ√ßÀ≈Õ¥‡≈◊Õ¥´÷Ëß¡’  “‡Àμÿ¡“®“°À≈“¬ªí®®—¬

¥â«¬°—π ‡™àπ  “√™à«¬‡®√‘≠ (growth factor) ‰´‚μ‰§πå

(cytokines) ‡§‚¡‰§πå (chemokines) ·≈– ŒÕ√å‚¡π

‡ªìπμâπ  ¡’°“√π”‰√‚∫‰´¡å¡“„™â°¥°“√· ¥ßÕÕ°¢Õß

¬’π∑’Ë‡ªìπ “√™à«¬‡®√‘≠ ‡™àπ ¬’πæ’¥’®’‡Õø (Platelet-de-

rived growth factor, PDGF gene) (Hu, et al., 2002)

¬’π∑’®’‡Õø-‡∫μâ“Àπ÷Ëß (Transforming growth factor,

TGF-β1 gene) (Su, et al., 2000) À√◊Õ¬’π‡Õø·Õ≈∑’-

Àπ÷Ëß ( Flt-1 gene) ·≈–¬’π‡§¥’Õ“√å (KDR gene)

´÷Ëß∑”Àπâ“∑’Ë‡ªìπμ—«√—∫„Àâ “√™à«¬‡®√‘≠¢ÕßÀ≈Õ¥‡≈◊Õ¥

(Vascular endothelial growth factor, VEGF) (Parry,

et al., 1999) ·≈–¬’π ‘∫ Õß-‰≈æäÕ°´’®‘‡π  (12-

Lipoxygenase, 12-LO gene) ´÷Ëß‡ªìπ¬’πº≈‘μ‡Õπ‰´¡å

„π«‘∂’°“√‡®√‘≠‡μ‘≠‚μ¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫¢Õß

À≈Õ¥‡≈◊Õ¥ (Gu, et al., 1995) ‡ªìπμâπ

3.4) ¥’‡Õπ‡Õ‰´¡å (DNAzyme) ¥’ÕäÕ° ’́‰√‚∫‰´¡å

(Deoxyribozyme) ¥’‡Õπ‡Õ ‡Õπ‰´¡å (DNA enzyme) À√◊Õ

§“∑“‰≈μ‘° ¥’‡Õπ‡Õ (Catalytic DNA) §◊Õ ¥’‡Õπ‡Õ∑’Ë¡’

§ÿ≥ ¡∫—μ‘‡ªìπ‡Õπ‰´¡å‚¥¬¡’§ÿ≥ ¡∫—μ‘·≈–°≈‰°°“√

∑”ß“π§≈â“¬ Ê Õ“√å‡Õπ‡Õ‰´¡å·μàμà“ß°—πμ√ß∑’Ë¥’‡Õπ‡Õ

‰´¡å¡’§«“¡§ßμ—« Ÿß°«à“‡π◊ËÕß®“°μ”·Àπàß∑’Ë 2û-OH ¢Õß

Õ“√å‡Õπ‡Õ´÷Ëß∂Ÿ°‰Œ‚¥√‰≈´‘ ‰¥âßà“¬π—Èπ∂Ÿ°·∑π∑’Ë¥â«¬

2û-H „π¥’‡Õπ‡Õ∑”„Àâ¥’‡Õπ‡Õ¡’§«“¡§ßμ—« Ÿß°«à“

Õ“√å‡Õπ‡Õ ‚§√ß √â“ß¥’‡Õπ‡Õ‰´¡åª√–°Õ∫¥â«¬π‘«§≈’‚Õ‰∑¥å

®”π«π 10-23 π‘«§≈’‚Õ‰∑¥å´÷Ëß·∫àß‡ªìπ Õß à«πμ“¡

Àπâ“∑’Ë §◊Õ à«π ç·¢π®—∫ (binding arm)é ´÷Ëß¡’Àπâ“∑’Ë‰«â

‡≈◊Õ°®—∫°—∫‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬‡∑à“π—Èπ ¥—ßπ—Èπ

∫√‘‡«≥π’È®÷ß‡ªìπ∫√‘‡«≥∑’Ë∂Ÿ°ÕÕ°·∫∫„Àâ¡’≈”¥—∫°“√‡√’¬ß

μ—«¢Õßπ‘«§≈’‚Õ‰∑¥å∑’ËÀ≈“°À≈“¬·ª√‡ª≈’Ë¬π‰ªμ“¡

‡ÕÁ¡Õ“√å‡Õπ‡Õ¢Õß¬’π‡ªÑ“À¡“¬∑’Ë®–‡¢â“§Ÿà¥â«¬  à«π∑’Ë Õß

§◊Õ ç∫à«ß∑’Ë„™âμ—¥(catalytic loop/core)é ‡ªìπ∫√‘‡«≥∑’Ë

‡Õπ‰´¡åÕÕ°ƒ∑∏‘Ïμ—¥‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬∑’Ë®—∫‰«â

¥—ßπ—Èπ ≥ ∫√‘‡«≥π’È¢Õß¥’‡Õπ‡Õ‰´¡å·μà≈–™π‘¥®–∂Ÿ°

ÕÕ°·∫∫„Àâ¡’‡∫ ∑’Ë‡À¡◊Õπ‡¥‘¡ (conserve) ‚¥¬ à«π

„À≠à‡ªìπ GGCTAGCTACAACGA (Richards, et al.,

2010) ¡’ß“π«‘®—¬æ∫«à“¥’‡Õπ‡Õ‰´¡å∑’Ë¡’ª√–‚¬™πå§«√¡’

≈—°…≥–¥—ßπ’È ¥’‡Õπ‡Õ‰´¡åπ—Èπ§«√‡¢â“®—∫·≈–μ—¥‡©æ“–

‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬‡∑à“π—Èπ ¬’π∑’Ë‡≈◊Õ°‡ªìπ‡ªÑ“À¡“¬

§«√‡ªìπ¬’π∑’Ë¡’∫∑∫“∑ ”§—≠μàÕ°“√‡°‘¥‚√§ °“√¬—È∫¬—Èß

°“√∑”ß“π¢Õß¬’π‡ªÑ“À¡“¬π—ÈπμâÕß‰¡à àßº≈„Àâ√à“ß°“¬¡’

§«“¡º‘¥ª√°μ‘ ¥’‡Õπ‡Õ‰´¡åπ—Èπ§«√∂Ÿ°π”·≈– àß‡¢â“ Ÿà

‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ‡ªÑ“À¡“¬‰¥â¥â«¬æ“À–À≈“¬™π‘¥

§«√ “¡“√∂∂Ÿ°‡μ‘¡·μàß‚§√ß √â“ß¥â«¬ “√‡§¡’‡æ◊ËÕ

ªÑÕß°—π°“√∂Ÿ°∑”≈“¬‰¥â (Dass, et al., 2008) ‡π◊ËÕß®“°

¥’‡Õπ‡Õ‰´¡å¡’§«“¡§ßμ—«∑’Ë¥’·≈–¬—ß “¡“√∂ —ß‡§√“–Àå

‰¥âßà“¬°«à“‰√‚∫‰´¡å ®÷ß∑”„Àâ¥’‡Õπ‡Õ‰´¡å∂Ÿ°π”¡“

»÷°…“«‘®—¬„π°“√√—°…“‚√§À≈“¬™π‘¥ ‡™àπ ‚√§¡–‡√Áß ‚¥¬

¡’‡ªÑ“À¡“¬∑’Ë¬’π c-myc ¬’π bcl-2 ¬’π VEGFR-2 (Patil,

et al., 2005, Spoerri, et al., 2006) ·≈–¬’π K-RAS

(Yu , et al., 2009) ‡ªìπμâπ ¥’‡Õπ‡Õ‰´¡å∂Ÿ°π”¡“

»÷°…“«‘®—¬„π —μ«å∑¥≈Õß ‡æ◊ËÕ√—°…“‚√§À—«„®¢“¥‡≈◊Õ¥

‚¥¬¡’¬’π‡ªÑ“À¡“¬∑’ËÕ’®’Õ“√å-Àπ÷Ëß (Egr-1) (Bhindi, et

al., 2006) À√◊Õ¬’π´’-®Ÿπ (c-Jun) ´÷Ëß‡ªìπ¬’π∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√Õ—°‡ ∫ (Luo, et al., 2009) ‡ªìπμâπ

πÕ°®“°π—Èπ¥’‡Õπ‡Õ‰´¡å¬—ß∂Ÿ°π”¡“»÷°…“«‘®—¬‚¥¬

√∫°«π°“√∑”ß“π¢Õß¬’π‡ÕÁ¡æ’Õ’Õ“√åÀπ÷Ëß (mPer1) ´÷Ëß

‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√μ‘¥¡Õ√åøïπ„πÀπŸ (Liu, et al.,

2005) ·≈–¬’π∑’®’‡Õø-‡∫μâ“„π‚√§°√«¬‰μÕ—°‡ ∫

‡ªìπμâπ (Isaka , et al., 2004)

3.5) ·Õª∑“‡¡Õ√å (Aptamer) §◊Õ ¥’‡Õπ‡ÕÀ√◊Õ

Õ“√å‡Õπ‡Õ “¬‡¥’Ë¬«À√◊Õ “¬§Ÿà∑’Ë∂Ÿ° —ß‡§√“–Àå¢÷Èπ¡“„Àâ

‡¢â“®—∫·≈–¬—È∫¬—Èß°“√∑”ß“π¢Õß‚ª√μ’π‡ªÑ“À¡“¬Õ¬à“ß

®”‡æ“–‡®“–®ß·≈â«∑”„Àâ°√–∫«π°“√∑“ß™’«¿“æ∑’Ë®–

‡°‘¥¢÷Èπ„π≈”¥—∫μàÕ¡“‰¡à “¡“√∂‡°‘¥¢÷Èπ‰¥â (Stull and

Szoka Jr., 1995) ·Õª∑“‡¡Õ√å∂Ÿ°π”¡“»÷°…“«‘®—¬„π

‚√§μ‘¥‡™◊ÈÕ‡Õ™‰Õ«’‚¥¬¡’‡ªÑ“À¡“¬μàÕ‚ª√μ’π ”§—≠‡À≈à“π’È

‡Õπ‰´¡åÕ‘π∑’‡°√  (integrase) (Chou, et al., 2005,

Held, et al., 2006,  de Soultrait, et al., 2004) ‡Õπ‰´¡å
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√’‡«Õ√å ∑√“π §√‘ª‡∑  (reverstranscriptase) (Held, et

al., 2006, Chaloin, et al., 2002) ‡Õπ‰´¡å‚ª√∑’‡Õ 

(protease) ‰°≈‚§‚ª√μ’π 120 (gp120) (de Soultrait,

et al., 2004) ´÷Ëß‡ªìπ‚ª√μ’π ”§—≠∑’Ë‰«√— ‡Õ™‰Õ«’„™â„π

¢—ÈπμÕπ°“√‡¢â“∫ÿ°√ÿ°‡´≈≈å‡®â“∫â“π √«¡∂÷ß‚ª√μ’π∑’Ë„™â

§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’πμà“ß Ê ‡™àπ ‚ª√μ’π‡√ª

(Regulator of Viral Gene Expression, Rev) ‚ª√μ’π·∑μ

(TransActivator of Transcription, Tat) √«¡∂÷ß‚ª√μ’π

∑“√å (Trans-activation response element, TAR) ´÷Ëß

‡ªìπ‚ª√μ’π∑’Ë„™â„π°√–∫«π°“√®”≈Õß¬’π¢Õß‡™◊ÈÕ‰«√— 

‡Õ™‰Õ«’ (Kolb, et al., 2006) ‡ªìπμâπ πÕ°®“°π—Èπ

·Õª∑“‡¡Õ√å¬—ß∂Ÿ°π”¡“„™â„π°“√ªÑÕß°—π°“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥

„À≠à‚¥¬‡¢â“®—∫°—∫Œ’·¡°°≈Ÿμ‘π‘π‰°≈‚§‚ª√μ’π (Jeon, et

al., 2004) ‡™◊ÈÕ‰«√— μ—∫Õ—°‡ ∫™π‘¥´’ (Hepatitis C) ‚¥¬

°“√‡¢â“®—∫°—∫‚ª√μ’πμ—«√—∫ CD81 ¢Õß‡´≈≈å‡®â“∫â“π

(Zhang, et al., 2010) À√◊Õ„π‚√§¡–‡√Áß∑’Ë¬’π K-RAS

(Jeong, et al., 2010) ¡’√“¬ß“π°“√«‘®—¬æ∫«à“·Õª∑“‡¡Õ√å

¡’¢âÕ¥’°«à“·Õπμ‘∫Õ¥’§◊Õ¡’§«“¡®”‡æ“–∑’Ë Ÿß°«à“‰¡à°√–μÿâπ

¿Ÿ¡‘§ÿâ¡°—π·≈–¡’§«“¡§ßμ—«¥’°«à“„π°“√‡μ√’¬¡‡ªìπ

º≈‘μ¿—≥±å¬“ (Patil, et al., 2005)

3.6) ¥’§Õ¬¥å (Decoy) ‡ªìπ°“√ —ß‡§√“–Àå¥’‡Õπ‡Õ

À√◊ÕÕ“√å‡Õπ‡Õ “¬§Ÿà„Àâ¡’≈”¥—∫°“√‡√’¬ßμ—«¢Õßπ‘«§≈’

‚Õ‰∑¥å‡À¡◊Õπ°—∫ cis-element ´÷Ëß‡ªìπ∫√‘‡«≥®”‡æ“–∑’Ë

‚ª√μ’π∑√“π §√‘ª™—Ëπ·øμ‡μÕ√å®–‡¢â“®—∫ ¥’§Õ¬¥å

 “¡“√∂¬—È∫¬—Èß°√–∫«π°“√°àÕπ∂Õ¥√À—  (pre-tran

cription level) ·≈–°√–∫«π°“√®”≈Õß¬’π (Bhindi, et al.,

2007, Stull and Szoka Jr., 1995) ‡™àπ ¬—È∫¬—Èß

°√–∫«π°“√°àÕπ∂Õ¥√À— ¢Õß¬’π ’́-¡‘§ (c-myc) ·≈–

¬’π ’́¥’´’ Õß (cdc2) ́ ÷Ëß‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡®”π«π¢Õß

‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫¢ÕßÀ≈Õ¥‡≈◊Õ¥ (vascular smooth

muscle cell) ‚¥¬‡¢â“®—∫°—∫‚ª√μ’π∑√“π §√‘ª™—Ëπ

·ø§‡μÕ√å™π‘¥Õ’ Õß‡Õø (E2F) ®÷ß‡√’¬°«à“ çE2F decoy

ç(Morishita, et al., 1995, Morishita, et al., 1998,

Prevent IV Investigator, 2005) À√◊Õ™π‘¥‡Õπ‡Õø

·§ªªÑ“∫’ (NF-kB) (Nakagami, et al., 2006)

‡√’¬°«à“ çNF-kB decoyé „πºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥À—«„®

À√◊Õ¬—È∫¬—Èß°√–∫«π°“√®”≈Õß¬’π¢Õß‰«√— ‡Õ™‰Õ«’Àπ÷Ëß

(HIV-1) ‚¥¬‡¢â“®—∫°—∫‚ª√μ’π‡√ª (Rev protein) ‡√’¬°

«à“ çRRE decoyé (Bahner, et al., 1996) À√◊Õ‡¢â“®—∫

°—∫‚ª√μ’π·∑μ (Tat protein) ‡√’¬°«à“ çTAR decoyé  ́ ÷Ëß

∑”„Àâ‰«√— ‡Õ™‰Õ«’Àπ÷Ë ß‰¡à “¡“√∂‡æ‘Ë¡®”π«π‰¥â

(Unwalla and Rossi, 2010)

3.7) Õ“√å‡Õπ‡Õ‰Õ (RNA interference, RNAi)

§◊Õ °√–∫«π°“√√∫°«πÀ√◊Õ°¥°“√· ¥ßÕÕ°¢Õß¬’π

‚¥¬„™âÕ“√å‡Õπ‡Õ¢π“¥‡≈Á° ‡™àπ ç‡Õ ‰ÕÕ“√å‡Õπ‡Õé (short

interfering RNA, siRNA) ç‡ÕÁ¡‰ÕÕ“√å‡Õπ‡Õé (micro

RNA, miRNA) À√◊Õ ç‡Õ ‡Õ™Õ“√å‡Õπ‡Õé (short hairpin

RNA, shRNA) ´÷ËßÕ“√å‡Õπ‡Õ¢π“¥‡≈Á°‡À≈à“π’È®–∑”ß“π

√à«¡°—∫‡Õπ‰´¡å„π√à“ß°“¬¢Õß‡®â“∫â“π ‡™àπ ‡Õπ‰´¡å

ç‰¥‡´Õ√åé (Dicer) ·≈–‡Õπ‰´¡å„π°≈ÿà¡ çÕ“√å‚°πÕμé

(Argonaute) μ—«Õ¬à“ß°≈‰°°“√∑”ß“π¢Õß siRNA ‡°‘¥

®“° °“√„ àÕ“√å‡Õπ‡Õ —ß‡§√“–Àå “¬§Ÿà¬“«‡¢â“‰ª„π‡´≈≈å

‡¡◊ËÕ‡¢â“‰ªÕ¬Ÿà„π‰´‚μæ≈“  ÷́¡·≈â«Õ“√å‡Õπ‡Õ “¬§Ÿà¬“«

π—Èπ®–∂Ÿ°μ—¥„Àâ‡ªìπ “¬§Ÿà —Èπ≈ß‚¥¬‡Õπ‰´¡å‰¥‡´Õ√å‡À≈◊Õ

§«“¡¬“«ª√–¡“≥ 21-25 §Ÿà‡∫  (Bernstei, et al.,

2006) ·≈–∑’Ëª≈“¬¥â“π “¡‰æ√å¡ (3û) ∑—Èß Õß¢â“ß

¡’π‘«§≈’‚Õ‰∑¥å¬◊Ëπ‡À≈◊ËÕ¡ÕÕ°¡“ 2 π‘«§≈’‚Õ‰∑¥å

º≈‘μ¿—≥±å∑’Ë‰¥â‡√’¬°«à“ çsmall interfering RNA À√◊Õ

siRNAé ®“°π—Èπ siRNA ®–‡¢â“®—∫°—∫‚ª√μ’π°≈ÿà¡

Õ“√å‚°πÕμ (Hammond, et al., 2000) √«¡‡ªìπ°≈ÿà¡

°âÕπ∑”ß“π‡√’¬°«à“ ç√‘ é (RNA-induced silencing

complex, RISC) (Hammond and Simard, 2008) ®“°

π—Èπ‡Õπ‰´¡åÕ“√å‡Õπ‡Õ‡Œ≈‘‡§  (RNA helicase) ∑’ËÕ¬Ÿà

¿“¬„π√‘ ®–·¬° siRNA ®“° “¬§Ÿà„Àâ‡ªìπ “¬‡¥’Ë¬« ‚¥¬

‡ âπ∑’Ë¡’≈”¥—∫°“√‡√’¬ßμ—«¢Õßπ‘«§≈’‚Õ‰∑¥å∑’Ë‡¢â“§Ÿà°—∫

‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬‡√’¬°«à“‡ âπ ç·Õπμ’È‡´π åé

(antisense) À√◊Õ ç‰°¥å ·μ√πé (guide strand)  à«π

‡ âπ∑’Ë‡À≈◊Õ‡√’¬°«à“‡ âπ ç‡´π åé (sense) À√◊Õ çæ“ 

‡´π‡®Õ√å ·μ√πé (passenger strand) ´÷Ëß‡ªìπ‡ âπ∑’Ë∂Ÿ°

°”®—¥∑‘Èß‰ª μàÕ¡“‰°¥å ·μ√π®–æ“√‘ ‡¢â“®—∫°—∫‡ÕÁ¡Õ“√å

‡Õπ‡Õ‡ªÑ“À¡“¬ (Martines, et al., 2002) Õ¬à“ß

®”‡æ“–‡®“–®ßμ“¡À≈—°°“√‡¢â“§Ÿà°—π¢Õß§Ÿà‡∫  (Watson

and Crick, 1953) ®“°π—Èπ    ‡Õπ‰´¡åÕ“√å‚°πÕμ®–μ—¥

æ—π∏–øÕ ‚ø  ‰¥‡Õ ‡μÕ√å√–À«à“ßπ‘«§≈’‚Õ‰∑¥å∑’Ë 10 ·≈–

11 ∫π‡ âπ‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬‡¡◊ËÕπ—∫®“°ª≈“¬

¥â“πÀâ“‰æ√å¡ (5û) ¢Õß‡ âπ‰°¥å ·μ√π (Elbashir, et al.,

2001, Elbashir, et al., 2001) ∑”„Àâ‡ âπ‡ÕÁ¡Õ“√å‡Õπ‡Õ

‡ªÑ“À¡“¬ ≈“¬μ—«Õ¬à“ß√«¥‡√Á«‡π◊ËÕß®“°∑’Ëª≈“¬∑—Èß 5û

·≈– 3û ‰¡à¡’ Cap (m7G) ·≈– Poly A μ“¡≈”¥—∫ ™à«¬

„π°“√ªÑÕß°—π°“√ ≈“¬μ—«Õ’°μàÕ‰ª (Liu, et al., 2004)
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¥—ßπ—Èπ®÷ß‡ªìπ°“√°¥°“√· ¥ßÕÕ°¢Õß¬’π ≥ √–¥—∫À≈—ß

°“√∂Õ¥√À—  (post-transcriptional level) ‡π◊ËÕß®“°

∑”≈“¬‡ÕÁ¡Õ“√å‡Õπ‡Õ‡ªÑ“À¡“¬∂Ÿ°∑”≈“¬°àÕπ∑’Ë®–∂Ÿ°

·ª≈√À—  ‡Õ ‰ÕÕ“√å‡Õπ‡Õ∂Ÿ°π”¡“»÷°…“„π‚√§À≈“¬

™π‘¥¥â«¬°—π 1) ‚√§μ‘¥‡™◊ÈÕ‰«√—  ) ‡™àπ ‚√§‰¢âÀ«—¥„À≠à

‚¥¬¡’‡ªÑ“À¡“¬∑’Ë¬’π¢Õß‡™◊ÈÕ‰«√— Õ‘πø≈Ÿ‡Õπ´“ ¥—ßπ’È ¬’π

‡ÕÁ¡Àπ÷Ëß (Hui, et al., 2004) ¬’π‡ÕÁ¡ Õß (Matrix2 gene,

M2) (Sui, et al., 2009) ¬’ππ‘«§≈’‚Õ‚ª√μ’π (Zhou, et

al., 2007) ·≈–¬’π∑’Ë∑”Àπâ“∑’Ëº≈‘μ‡Õπ‰´¡å‰´

Õ–√‘≈∑√“π ‡øÕ√å‡√ (sialyltransferase) °“√°¥°“√

· ¥ßÕÕ°¢Õß¬’π‡À≈à“π’È¡’º≈„Àâ°“√®”≈Õß¬’π¢Õß‰«√— 

À¬ÿ¥≈ß àßº≈„Àâ‰«√— ‰¡à¡’¬’π™ÿ¥„À¡à∑’Ë®–„™â„π°“√

ª√–°Õ∫√à“ß‡ªìπ‰«√— μ—«„À¡à¢÷Èπ¡“ ¥—ßπ—Èπ®÷ß‡ªìπ°“√¬—È∫

¬—Èß°“√‡æ‘Ë¡®”π«π¢Õß‰«√—  πÕ°®“°π—Èπ‡Õ ‰ÕÕ“√å‡Õπ

‡Õ¬—ß∂Ÿ°π”¡“»÷°…“„π°“√√—°…“‚√§μ‘¥‡™◊ÈÕ‡Õ™‰Õ« ’

‚¥¬∂Ÿ°ÕÕ°·∫∫„Àâ°¥°“√· ¥ßÕÕ°¢Õß¬’π Õß°≈ÿà¡

„À≠à§◊Õ ¬’π¢Õß‰«√— ‡Õ™‰Õ«’‡Õß ‡™àπ ¬’π Rev ¬’π Tat

·≈–¬’π Nef   ́ ÷Ëß àßº≈μàÕ°“√®”≈Õß¬’π¢Õß‰«√—  (Singh

and Gaur, 2009, Subramanya, et al., 2010) ·≈–

¬’π¢Õß‡®â“∫â“π ‡™àπ ¬’π´’¥’‚ø√å (CD4 gene) ´÷Ëß∑”

Àπâ“∑’Ë‡ªìπμ—«√—∫‡™◊ÈÕ‰«√— ‡Õ™‰Õ«’ À√◊Õ¬’π´’‡ÕÁ°´ǻ ’Õ“√å‚ø√å

(CXCR4 gene) ·≈–´’´’Õ“√å‰ø«å (CCR5 gene) ÷́Ëß∑”

Àπâ“∑’Ë‡ªìπμ—«√—∫™à«¬ (Rossi, 2008, Isamu, et al.,

2008) ‡ªìπμâπ ¬‘Ëß‰ª°«à“π—Èπ¡’§«“¡æ¬“¬“¡∑’Ë®–√—°…“

‚√§μ‘¥‡™◊ÈÕ‡Õ™‰Õ«’¥â«¬°“√π”«‘∏’√—°…“‚√§¥â«¬¬’πÀ≈“¬ Ê

«‘∏’¡“„™â√à«¡°—π ‡™àπ ¡’°“√»÷°…“∂÷ß§«“¡ª≈Õ¥¿—¬·≈–

ª√– ‘∑∏‘º≈¢Õß°“√π”‰√‚∫‰´¡å ‡Õ ‰ÕÕ“√å‡Õπ‡Õ ·≈–

¥’§Õ¬¥å¡“„™â√à«¡°—π (Anderson, et al., 2007) À√◊Õ

°“√„™â·Õª∑“√å‡¡Õ√å√à«¡°—∫‡Õ ‰ÕÕ“√å‡Õπ‡Õ (Zhou, et al.,

2008, Neff, et al., 2011) °“√„™â·Õπμ’È‡´π å√à«¡°—∫

‡Õ ‰ÕÕ“√å‡Õπ‡Õ (Juliano , et al., 2008) ‡ªìπμâπ

πÕ°®“°π—Èπ  ‡Õ ‰ÕÕ“√å‡Õπ‡Õ¬—ß∂Ÿ°π”¡“»÷°…“„π

‚√§‰«√— μ—∫Õ—°‡ ∫™π‘¥∫’ (Cheng, et al., 2005, Chen,

et al., 2008) μ—∫Õ—°‡ ∫™π‘¥ ’́ (Kim, et al., 2009)

·≈–μ—∫Õ—°‡ ∫™π‘¥Õ’ (Huang, et al., 2009) ¥â«¬‡™àπ°—π

2) ‚√§¡–‡√Áß ‚√§¡–‡√Áß‡ªìπ‡ªÑ“À¡“¬Àπ÷Ëß¢Õß°“√

√—°…“¥â«¬‡Õ ‰ÕÕ“√å‡Õπ‡Õ‚¥¬°¥°“√∑”ß“π¢Õß¬’π∑’Ë

‡ªìπ “‡Àμÿ°“√‡°‘¥¡–‡√Áß°≈ÿà¡‡¥’¬«°—∫°“√√—°…“¥â«¬

‰√‚∫‰´¡å (Pai, et al., 2006, Song, et al., 2009)

3) ‚√§À—«„®·≈–À≈Õ¥‡≈◊Õ¥ ‡Õ ‰ÕÕ“√å‡Õπ‡Õ∂Ÿ°π”

¡“„™â°¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë§“¥«à“®–‡ªìπ “‡Àμÿ¢Õß

°“√‡°‘¥‚√§À—«„®À≈“¬¬’π¥â«¬°—π ‡™àπ ¬’πμ—«√—∫ ·Õß®‘

‚Õ‡∑π ‘́π™π‘¥∑’ËÀπ÷Ëß (AT1R gene) ÷́Ëß‡ªìπ¬’π∑’Ëº≈‘μ

μ—«√—∫ “√‡√π‘π·Õß®‘‚Õ‡∑π ‘́π (rennin-angiotensin)

‚¥¬ “√™π‘¥π’È¡’§ÿ≥ ¡∫—μ‘∑”„ÀâÀ≈Õ¥‡≈◊Õ¥À¥μ—« ÷́Ëß

∑”„Àâ‡°‘¥§«“¡¥—π‚≈À‘μ Ÿß  À√◊Õ¬’ππ‘«‡§≈’¬√å·ø§‡μÕ√å

·§ªªÑ“∫’ (Nuclear factor-kappa B, NF-κB) ´÷Ëß§“¥

«à“®–‡ªìπ “‡ÀμÿÀπ÷Ëß¢Õß°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥À—«„®

μ’∫μ—π (atherosclerosis) ‡Õ ‰ÕÕ“√å‡Õπ‡Õ∂Ÿ°π”

¡“°¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë∑”Àπâ“∑’Ëº≈‘μ‡Õπ‰´¡å

Õ“√å‡Õπ‡Õ¥’‡æπ‡¥ÁπÕ“√å‡Õπ‡Õ‚æ≈’‡¡Õ√å‡√  (RNA-depen-

dent RNA polymerase) ÷́Ëß‡ªìπ‡Õπ‰´¡å∑’Ë„™â„π

°√–∫«π°“√®”≈Õß¬’π¢Õß ‰«√— §äÕ°´“°’È∫’ “¡

(Coxsackievirus B3, CVB3) ÷́Ëß‡ªìπ “‡Àμÿ¢Õß°“√

‡°‘¥‚√§°≈â“¡‡π◊ÈÕÀ—«„®Õ—°‡ ∫ (myocarditis) (Tang, et

al., 2007, Kim, et al., 2008) √«¡∂÷ß°¥°“√

· ¥ßÕÕ°¢Õß¬’πø“  (Fas gene) ‡æ◊ËÕ¬—È∫¬—Èß°“√μ“¬

¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕÀ—«„® (Kim, et al., 2008) À√◊Õ¬’π

Àâ“-‰≈æäÕ°´’®‘‡π  (5-lipoxygenase gene, ALOX5) ́ ÷Ëß

‡ªìπ “‡ÀμÿÀπ÷Ëß¢Õß°“√‡°‘¥‚√§°≈â“¡‡π◊ÈÕÀ—«„®¢“¥‡≈◊Õ¥

(Myocardial infraction, MI) (Lisovyy, et al., 2009)

·≈–¬’πøÕ ‚ø·≈¡·∫π (Phospholamban gene, PLB)

´÷Ëß‡ªì “‡Àμÿ¢Õß‚√§À—«„®«“¬ (Poller, et al., 2010)

4) ‚√§Õ—π‡°‘¥®“°§«“¡‡ ◊ËÕ¡¢Õß‡´≈≈åª√– “∑

ª√–°Õ∫¥â«¬‚√§À≈—° Ê ¥—ßπ’È ‚√§Õ—≈‰´‡¡Õ√å (Alzheimerûs

disease, AD) æ“√å§‘π —π(Parkinsonûs disease, PD)

‚√§Œ—πμ‘ßμ—Èπ (Huntingtonûs disease, HD) ‡Õ·Õ≈‡Õ 

(Amyotrophic lateral sclerosis, ALS) ·≈–‚√§

°≈â“¡‡π◊ÈÕ‡ ’¬°“√ª√– “πß“π®“° ¡ÕßπâÕ¬·≈–

‰¢ —πÀ≈—ß (Spinocerebellar ataxia, SCA)  “‡ÀμÿÀπ÷Ëß

¢Õß°“√‡°‘¥‚√§Õ—≈‰´‡¡Õ√å§◊Õ°“√‡æ‘Ë¡¢÷Èπ·≈– – ¡¢Õß

 “√‡∫μâ“Õ–‰¡≈Õ¬¥å (β-amyloid) ´÷Ëß‡ªìπæ‘…μàÕ‡´≈≈å

ª√– “∑´÷Ëß°“√‡æ‘Ë¡¢÷Èπ¢Õß “√π’È‡°‘¥®“°°“√°≈“¬æ—π∏ÿå

¢Õß¬’π∑Ÿ (Tau gene) ·≈–¬’π‡Õæ’æ’ (Amyloid precur-

sor protein, APP) À√◊Õ°“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫‡ÕÁπ‰´¡å

‡∫μâ“´’§√’‡∑  (β-secretase, BACE1) ¥—ßπ—Èπ

‡Õ ‰ÕÕ“√å‡Õπ‡Õ®÷ß∂Ÿ°π”¡“„™â°¥°“√· ¥ßÕÕ°¬’π‡À≈à“

π’È‡æ◊ËÕ≈¥°“√ – ¡¢Õß “√‡∫μâ“Õ–‰¡≈Õ¬¥å (Miller, et al.,

2004, Singer , et al., 2005) ¡’°“√»÷°…“‚¥¬π”

‡Õ ‰ÕÕ“√å‡Õπ‡Õ¡“°¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë‡™◊ËÕ«à“¡’
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 à«π‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‚√§æ“√å§‘π —π ¥—ßπ’È ¬’πÕ—≈øÉ“-

´‘ππ‘«§≈’Õ‘π (β-synuclein gene) ¬’πæ“√å§‘π (Parkin

gene) ¬’π¥’‡®-Àπ÷Ëß (DJ-1) ¬’πæ’‰Õ‡Õπ‡§-Àπ÷Ëß

(PINK-1) ·≈–¬’π¬Ÿ´’‡Õ™·Õ≈Àπ÷Ëß (Ubiquitin C-termi-

nal hydroxylase L1, UCHL1) (Manfredsson, et al.,

2006) πÕ°®“°π—Èπ‡Õ ‰ÕÕ“√å‡Õπ‡Õ¬—ß∂Ÿ°π”¡“„™â„π

°“√°¥°“√∑”ß“π¢Õß¬’πŒ—πμ‘ßμ‘π (Huntingtin gene) ́ ÷Ëß

‡ªìπ “‡Àμÿ¢Õß°“√‡°‘¥‚√§Œ—πμ‘ßμ—Èπ (DiFiglia, et al.,

2007) ¬’π‡Õ ‚Õ¥’Àπ÷Ëß (Cu/Zn-superoxide dismutase,

SOD1 gene) ´÷Ëß‡ªìπ “‡Àμÿ¢Õß°“√‡°‘¥‚√§ ‡Õ·Õ≈‡Õ 

·≈–¬’πÕ·∑°´‘π™π‘¥∑’Ë 1 ·≈–™π‘¥∑’Ë 10 (Ataxin-1 ·≈–

Ataxin-10) ÷́Ëß‡ªìπ “‡Àμÿ¢Õß°“√‡°‘¥‚√§°≈â“¡‡π◊ÈÕ

‡ ’¬°“√ª√– “πß“π®“° ¡ÕßπâÕ¬·≈–‰¢ —πÀ≈—ß™π‘¥∑’Ë

Àπ÷Ëß·≈–™π‘¥∑’Ë ‘∫μ“¡≈”¥—∫ (Xia, et al., 2004, Marz,

et al., 2004) 5) ‚√§‡∫“À«“π ‡∫“À«“π‡°‘¥®“°°“√

¡’√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ Ÿß°«à“ª√°μ‘´÷Ëß¡’ “‡Àμÿ¡“®“°

μ—∫ÕàÕπ √â“ß·≈–À≈—ËßŒÕ√å‚¡πÕ‘π´Ÿ≈‘π„π√–¥—∫∑’ËμË”°«à“

ª√°μ‘À√◊Õ¡’§«“¡º‘¥ª√°μ‘¢Õß °√–∫«π°“√ √â“ß

πÈ”μ“≈®“°μ—∫ (gluconeogenesis) ÷́Ëß°√–∫«π°“√π’È

∂Ÿ°§«∫§ÿ¡®“°¬’πÀ≈“¬™π‘¥ ¡’°“√»÷°…“‚¥¬„™â

‡Õ ‰ÕÕ“√å‡Õπ‡Õ°¥°“√∑”ß“π¢Õß¬’π¥—ßμàÕ‰ªπ’È‡æ◊ËÕ

√—°…“‚√§‡∫“À«“π ‡™àπ ¬’π·°¡¡à“-‚§-‡Õ°μ‘‡«‡μÕ√å (?-

co-activator gene, PGC-1) ¬’π∑’Õ“√å∫’ “¡ (TRB-3

gene) À√◊Õ¬’π∑’Ë∑”Àπâ“∑’Ëº≈‘μ‡Õπ‰´¡åøÕ ‚øÕ‘πÕ≈

‰æ√Ÿ‡«μ§“√å∫äÕ°´‘‰§‡π  (Phosphoenolpyruvate

carboxykinase, PEPCK) (Rondinone, 2006) ·≈–

¬’πø“  ÷́Ëß‡™◊ËÕ«à“‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‚√§‡∫“À«“π¥â«¬

‡™àπ°—π (Jeong, et al., 2010) 6) ‚√§μ‘¥‡™◊ÈÕ¡“≈“‡√’¬

‡Õ ‰ÕÕ“√å‡Õπ‡Õ∂Ÿ°π”¡“»÷°…“‡æ◊ËÕªÑÕß°—π°“√·æ√à

√–∫“¥¢Õß‡™◊ÈÕ¡“≈“‡√’¬‚¥¬„Àâ°¥°“√· ¥ßÕÕ°¢Õß¬’π

∑’Ë‡°’Ë¬«¢âÕß°—∫°“√Ωíßμ—«·≈–æ—≤π“°“√¢Õß‰¢à¬ÿß ‡™àπ °¥

°“√· ¥ßÕÕ°¢Õß¬’π≈“¡‘π‘π (Laminin gene) ´÷Ëß‡ªìπ

¬’π∑’Ë∑”„Àâºπ—ß¢Õß°√–‡æ“–¬ÿß·¢Áß·√ß‡À¡“–·°à°“√Ωíß

μ—«¢Õß‰¢à °“√°¥°“√· ¥ßÕÕ°¢Õß¬’ππ’È∑”„Àâ‰¢à¬ÿß‰¡à

 “¡“√∂Ωíßμ—«‰¥â´÷Ëß¡’º≈μàÕæ—≤π“°“√‰ª‡ªìπ‡ªìπ‰¢à„π

√–¬–Õ◊Ëπ Ê μàÕ‰ª (Brown and Catteruccia,  2006)

7) ‚√§º‘«Àπ—ß∑’Ë‡°‘¥®“°§«“¡º‘¥ª√°μ‘∑“ßæ—π∏ÿ°√√¡

‡™àπ ‚√§æ“‰§‚Õπ’‡™’¬ §Õπ‡®π‘μâ“ (Pachyonychia

congenita) ÷́Ëß‡°‘¥®“°°“√°≈“¬æ—π∏ÿå¢ÕßÕ–¡‘‚π·Õ ‘́¥

™π‘¥·Õ æ“√“®’π∑’Ëμ”·ÀπàßÀπ÷Ëß√âÕ¬‡®Á¥ ‘∫‡ÕÁ¥‰ª‡ªìπ

Õ–¡‘‚π·Õ ‘́¥™π‘¥‰≈ ’́π (N171K) ‚¥¬§«“¡º‘¥ª√°μ‘

π’È‡°‘¥¢÷Èπ∫π¬’π‡§Õ√“μ‘π (Keratin gene) ∑”„Àâæ∫

Õ“°“√º‘«Àπ—ß∫√‘‡«≥ΩÉ“‡∑â“Àπ“·≈–¥â“π¢÷Èπª«¥ΩÉ“‡∑â“

·≈–ΩÉ“‡∑â“ÕàÕπ°”≈—ß ‡Õ ‰ÕÕ“√å‡Õπ‡Õ∂Ÿ°π”¡“»÷°…“

‡æ◊ËÕ„™â°¥°“√· ¥ßÕÕ°¢Õß¬’π‡§Õ√“μ‘π∑’Ë°≈“¬æ—π∏ÿå´÷Ëß

°“√»÷°…“π’È°”≈—ß®–‡¢â“ Ÿà°“√»÷°…“«‘®—¬„π¡πÿ…¬å√–¬–∑’Ë 1

(Leachman, et al., 2008)  “¡“√∂¥Ÿ°“√‡ª√’¬∫‡∑’¬∫

√Ÿª·∫∫°“√√—°…“‚√§¥â«¬¬’π™π‘¥ μà“ß Ê ‰¥â®“°

μ“√“ß∑’Ë 2

4. °“√π”°“√√—°…“‚√§¥â«¬¬’π¡“»÷°…“«‘®—¬„π¡πÿ…¬å

(Gene Therapy Clinical Trials) (The Journal of Gene

Medicine )

À≈“¬ª√–‡∑»∑—Ë«‚≈°¡’Àπà«¬ß“π∑’Ë∑”Àπâ“∑’Ë„π

°“√§«∫§ÿ¡°”°—∫°“√»÷°…“«‘®—¬°“√√—°…“‚√§¥â«¬¬’π„π

¡πÿ…¬å ¥—ßπ’È 1) The NIH Recombinant DNA Advisory

Committee (RAC) ·≈– ”π—°ß“π§≥–°√√¡°“√Õ“À“√

·≈–¬“¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ (USFDA) 2) The Gene

Therapy Advisory Committee (GTAC) ª√–‡∑»Õ—ß°ƒ…

3) The Belgian Biosafety Server ª√–‡∑»‡∫≈‡¬’¬¡

4) Interactive database of trials being conducted in

Geramany (DeReG) √à«¡°—∫ Commision of Somatic

Gene transfer (KSG) ·≈– German Society for Gene

Therapy (DG-GT) ª√–‡∑»‡¬Õ√¡—ππ’ 5) The Gene and

Related Therapies Research Advisory Panel (GTRAP)

ª√–‡∑»ÕÕ ‡μ√‡≈’¬ 6) Swiss Expert Committee for

Biosafety ª√–‡∑» «‘μ‡´Õ√å·≈π¥å 7) çMinistry of Hous-

ing Spatial Planning and the Environmentûs (VROM)

office for licensing of genetically modified organisms

(GMOs) ª√–‡∑»‡π‡∏Õ√å·≈π¥å 8) The European

Agency for the Evaluation of Medicinal Products

(EMEA) ª√–‡∑»„π‡§√◊Õ À¿“æ¬ÿ‚√ª ·≈– 9) ‡¡◊ËÕ

§.». 2003 ª√–‡∑»®’π‚¥¬  State Food and Drug

Administration (SFDA) ‰¥âÕπÿ¡—μ‘„Àâ„™âº≈‘μ¿—≥±å¬’π

‡æ◊ËÕ„™â„π°“√√—°…“™π‘¥·√° (Edelstein, et al., 2007)
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μ“√“ß∑’Ë  2  · ¥ß°“√‡ª√’¬∫‡∑’¬∫§«“¡·μ°μà“ß¢Õß√Ÿª·∫∫°“√√—°…“‚√§¥â«¬¬’π™π‘¥μà“ß Ê
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°“√√—°…“‚√§¥â«¬¬’π∂Ÿ°π”¡“»÷°…“«‘®—¬„π

¡πÿ…¬å‡ªìπ§√—Èß·√°‡¡◊ËÕªï  §. ». 1990 π”°“√»÷°…“

«‘®—¬‚¥¬ π“¬·æ∑¬å ¥√.  μ’‡øπ ‚√‡´π‡∫Õ√å° ·≈–§≥–

(Rosenberg, et al., 1990) ®“°π—ÈπμàÕ¡“°Á¡’°“√»÷°…“

«‘®—¬„π¡πÿ…¬å‡°‘¥¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß®π∂÷ßªí®®ÿ∫—π (√Ÿª∑’Ë 2)

ª√–‡∑»∑’Ë¡’°“√π”°“√√—°…“‚√§¥â«¬¬’π¡“»÷°…“«‘®—¬„π

¡πÿ…¬å¡’À≈“¬ª√–‡∑»‚¥¬°√–®“¬Õ¬Ÿà∑—Ë«‚≈°μ“¡≈”¥—∫

¥—ßπ’È  À√—∞Õ‡¡√‘°“ (62.9%)

‚√§∑’Ë‡ªìπ‡ªÑ“À¡“¬ ”À√—∫°“√√—°…“¥â«¬¬’π §◊Õ

‚√§¡–‡√Áß ‚√§À—«„® ‚√§∑’Ë‡°‘¥®“°§«“¡º‘¥ª√°μ‘¢Õß

¬’π‡æ’¬ß™π‘¥‡¥’¬« (monogenic diseases) ‡™àπ

‚√§ ‘́ μ‘°‰ø‚∫ ‘́  (cystic fibrosis) Œ’‚¡øî‡≈’¬™π‘¥‡Õ ·≈–

™π‘¥∫’ (hemophilia A and B) ·≈– Severe combined

immunodeficiency (SCID) ‚√§μ‘¥‡™◊ÈÕ ‚√§∑“ß√–∫∫ª√– “∑

·≈–‚√§∑“ßμ“ ‡ªìπμâπ (√Ÿª∑’Ë 4)

√Ÿª∑’Ë 2 · ¥ß®”π«π‚§√ß°“√∑’Ë‰¥â√—∫°“√Õπÿ¡—μ‘„Àâπ”

°“√√—°…“‚√§¥â«¬¬’π¡“»÷°…“«‘®—¬„π¡πÿ…¬å μ—Èß·μàªï §.».

1989-2010

 À√“™Õ“≥“®—°√Õ—ß°ƒ… (11.9%) ‡¬Õ√¡—ππ’

(4.8%)  «‘μ‡´Õ√å·≈π¥å (2.9%) Ω√—Ëß‡»  (2.7%)

ÕÕ ‡μ√‡≈’¬ (1.7%) ‡π‡∏Õ·≈π¥å (1.6%) ‡∫≈‡¬’¬¡

(1.5%) ·§π“¥“ (1.3%) ®’π (1.2%) ·≈–ª√–‡∑»Õ◊Ëπ

Ê ‡™àπ Õ‘μ“≈’ (1.3%) ≠’ËªÿÉπ (1.1%)  ‡ªπ (0.8%)

Õ‘ √“‡Õ≈ (0.5%)  «’‡¥π(0.5%) ‚ª·≈π¥å (0.4%)

øîπ·≈π¥å (0.3%)  πÕ√å‡«¬å (0.1%) ‰Õ√å·≈π¥å (0.1%)

‡¥π¡“√å°(0.1%)  “∏“√≥√—∞‡™§ (0.1%) √— ‡ ’́¬

(0.1%) Õ’¬‘ªμå (0.1%) ‡¡Á° ‘́‚° (0.1%) π‘«´’·≈π¥å

(0.1%)  ‘ß§å‚ª√å (0.1%) ·≈–‰μâÀ«—π (0.1%) ‡ªìπμâπ

(√Ÿª∑’Ë 3)

√Ÿª∑’Ë 3 · ¥ßª√–‡∑»∑’Ë¡’°“√π”°“√√—°…“‚√§¥â«¬¬’π

¡“»÷°…“«‘®—¬„π¡πÿ…¬å

√Ÿª∑’Ë 4 · ¥ß‚√§‡ªÑ“À¡“¬¢Õß°“√»÷°…“«‘®—¬„π¡πÿ…¬å

æ∫«à“æ“À–∑’Ë„™âπ”¬’π‡æ◊ËÕ°“√√—°…“‡¢â“ Ÿà‡´≈≈å

À√◊Õ‡π◊ÈÕ‡¬◊ËÕ‡ªÑ“À¡“¬„π°“√»÷°…“«‘®—¬„π¡πÿ…¬å¡“°

∑’Ë ÿ¥§◊Õ Õ–¥’‚π‰«√—  √’‚∑√‰«√—  æ≈“ ¡‘¥ ·«§´’‡π’¬‰«√— 

°“√„™â‰≈‚æ‚´¡ æäÕ°‰«√—  Õ–¥’‚π·Õ ‚´´‘‡Õ∑‰«√— 

(adeno-associated virus) ‡ŒÕ√åªï‰«√—  ·≈–‡≈πμ‘‰«√— 

μ“¡≈”¥—∫ (√Ÿª∑’Ë 5)

√Ÿª∑’Ë 5 · ¥ßæ“À–∑’Ë„™â„π°“√»÷°…“«‘®—¬„π¡πÿ…¬å

¬’πÀ≈“¬™π‘¥∂Ÿ°π”¡“»÷°…“«‘®—¬„π√–¥—∫§≈‘π‘°

´÷Ëß‚¥¬ à«π„À≠à Õ¥§≈âÕß°—∫‚√§∑’Ë‡ªìπ‡ªÑ“À¡“¬ ‡™àπ

·Õπμ‘‡®π¬’π (antigen genes) ‰´‚μ‰§πå¬’π (cytokine

genes) ¬’π°¥°“√‡®√‘≠¢Õß‡π◊ÈÕßÕ° (tumor suppres-

sor genes) ¬’πμ—«√—∫ (receptor genes) ·≈–¬’ππ—°¶à“

(suicide genes) ´÷Ëß¬’π‡À≈à“π’È∂Ÿ°π”¡“»÷°…“«‘®—¬„π‚√§

¡–‡√Áß À√◊Õ¬’π™à«¬‡®√‘≠‡μ‘≠‚μ (growth factor genes)

´÷Ëß à«π„À≠à¡’‡ªÑ“À¡“¬¢Õß°“√»÷°…“∑’Ë‚√§À—«„®·≈–

À≈Õ¥‡≈◊Õ¥ πÕ°®“°π—Èπæ∫«à“¬’π∑’Ë¡’Àπâ“∑’Ë¬—È∫¬—Èß

°√–∫«π°“√®”≈Õß¬’π (replication inhibitor genes) ·≈–
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∑’Ë„™â‡ªìπ‡§√◊ËÕßÀ¡“¬∫àß™’È (marker genes) ∂Ÿ°π”¡“

»÷°…“«‘®—¬„π‚√§μ‘¥‡™◊ÈÕ‡Õ™‰Õ«’ (√Ÿª∑’Ë 6) ·≈–®“°

√“¬ß“π°“√«‘®—¬æ∫«à“ °“√π”°“√√—°…“‚√§¥â«¬¬’π¡“

»÷°…“«‘®—¬„π¡πÿ…¬å‚¥¬ à«π„À≠à·≈â«Õ¬Ÿà„π√–¬–∑’Ë 1

(√Ÿª∑’Ë 7)

mutageneis °“√‡°‘¥æ‘…μàÕ‡´≈≈å·≈–°“√‡æ‘Ë¡√–¬–‡«≈“

„π°“√ÕÕ°ƒ∑∏‘Ï„π√à“ß°“¬ ‡ªìπμâπ §“¥«à“∑—Èß„πªí®®ÿ∫—π

·≈–Õπ“§μ°“√√—°…“‚√§¥â«¬¬’π®–¡’§«“¡ ”‡√Á® Ÿß¢÷Èπ

‡æ√“–‡¡◊ËÕ‰¡àπ“π¡“π’È¡’°“√æ∫§«“¡ ”‡√Á®¢Õß‚§√ß°“√

»÷°…“¬’π„π¡πÿ…¬å çThe Human Genome Projecté ´÷Ëß

∂◊Õ‡ªìπ°“√»÷°…“«‘®—¬∑’Ë¡’ª√–‚¬™πåÕ¬à“ß Ÿß„π°“√π”

¢âÕ¡Ÿ≈¡“„™â‡™◊ËÕ¡‚¬ß°—∫«‘∏’°“√√—°…“‚√§¥â«¬¬’π·≈–°“√

√—°…“‚√§¥â«¬«‘∏’Õ◊Ëπ„π√–¥—∫™’«‚¡‡≈°ÿ≈

‡Õ° “√Õâ“ßÕ‘ß
Abbott A. Italians first to use stem cells.  Nature 1992;

356(6369): 465.

Abdallah B, Hassan A, Benoist C, et al. A  Powerful

Nonviral Vector for In Vivo Gene  Transfer into

the Adult Mammalian Brain: Polyethylenimine.

Hum Gene Ther. 1996; 7(16): 1947-54.

Alj MB, Hellin AC, Lechanteur C, et al. Cytosine

deaminase suicide gene therapy  for

peritoneal carcinomatosis. Cancer Gene Ther.

2000; 7(1): 20-26.

Anderson J, Li MJ, Palmer B, et al. Safety and

Efficacy of a Lentiviral Vector   Containing Three

Anti-HIV Genesû CCR5 Ribozyme, Tat-rev

siRNA, and TAR Decoy- in SCID-hu Mouse-

-Derived T Cells. Molecular Therapy 2007;

15(6): 1182-1188.

Arbanas C. Gene therapy using adeno-associated

virus linked to liver cancer in mice [Online].

2007 Jul 26 [Cited 2011 Feb 4]. Available

from: http://news.wustl.edu/news/Pages/

9733.aspx.

Bahner I, Kearns K, Hao QL, et al.  Transduction of

Human CD34+  Hematopoietic Progenitor Cells

by a Retroviral Vector Expressing an RRE

Decoy Inhibits Human Immunodeficiency

Virus Type 1 Replication in Myelomononcytic

Cells Produced in Long-Term Culture. J Virol.

1996; 70: 4352-4360.

√Ÿª∑’Ë 6 · ¥ß™π‘¥¢Õß¬’π∑’Ë„™â„π°“√»÷°…“«‘®—¬„π¡πÿ…¬å

√Ÿª∑’Ë 7 · ¥ß√–¬–¢Õß°“√»÷°…“«‘®—¬„π¡πÿ…¬å¢Õß°“√

√—°…“‚√§¥â«¬¬’π

5.  √ÿª
¡’§«“¡‡ªìπ‰ª‰¥â Ÿß«à“°“√√—°…“‚√§¥â«¬¬’π®–

‡ªìπ«‘∏’°“√√—°…“‚√§∑’Ë ”§—≠·≈–∑√ßª√– ‘∑∏‘¿“æÕ’°«‘∏’

Àπ÷Ëß„πÕπ“§μ ”À√—∫‚√§∑“ßæ—π∏ÿ°√√¡√«¡∂÷ß‚√§μ‘¥

‡™◊ÈÕ√â“¬·√ßÀ≈“¬™π‘¥„π¡πÿ…¬å ‡π◊ËÕß®“°°“√√—°…“‚√§

¥â«¬«‘∏’π’È¡’¢âÕ‡¥àπμ√ß∑’Ë‡ªìπ°“√·°âªí≠À“∑’Ëμâπ‡Àμÿ¢Õß

°“√‡°‘¥‚√§„π√–¥—∫π‘«§≈’‚Õ‰∑¥å‚¥¬°“√π”¬’π∑’Ëª√°μ‘
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