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1

∫∑π” : ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬
°“√®”·π°ª√–‡¿∑¿Ÿ¡‘§ÿâ¡°—π

■ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ (Innate immunity)
- Õ—πμ√°‘√‘¬“√–À«à“ß®ÿ≈™’æ°—∫‡´≈≈åÀ√◊Õ‚¡‡≈°ÿ≈„π√–∫∫
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥

- °“√∑”Àπâ“∑’Ë¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥
■ ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ (Adaptive immunity, acquired immunity)

- ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“μ“¡∏√√¡™“μ‘ (Naturally acquired immunity)
- ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ (Artificially acquired immunity)
- °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π (Immune responses)
- °“√∑”Àπâ“∑’Ë¢Õß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“

■ °“√‡ª√’¬∫‡∑’¬∫√–À«à“ß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥°—∫¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“

‚§√ß √â“ß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π
■ ‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕ„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π
■ Õ«—¬«–∑’Ë‡°’Ë¬«¢âÕß°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π
■ ¿Ÿ¡‘§ÿâ¡°—π„π√–∫∫μà“ß Ê ¢Õß√à“ß°“¬

°≈‰°°“√ª°ªÑÕßμπ‡Õß¢Õß√à“ß°“¬
■ ≈”¥—∫¢—ÈπμÕπ„π°“√ªÑÕß°—πμπ‡Õß¢Õß√à“ß°“¬
■  ‘Ëß°’¥¢«“ß¢Õß√à“ß°“¬ (Barriers)
■ °“√Õ—°‡ ∫ (Inflammation)

- ª√–‡¿∑¢Õß°“√Õ—°‡ ∫·≈–¢—ÈπμÕπ°“√Õ—°‡ ∫
- ‡´≈≈å·≈– “√μ—«°≈“ß„π°“√Õ—°‡ ∫

■ ‰¢â (Fever, pyrexia)
-  “‡Àμÿ·≈–°≈‰°∑’Ë∑”„Àâ√à“ß°“¬¡’‰¢â
- º≈¢Õß°“√¡’‰¢âμàÕ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬

■ °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π®”‡æ“– (Specific immune responses)



2          ‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π·≈–°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π

√à“ß°“¬¢Õß§π‡√“ª√–°Õ∫¥â«¬√–∫∫μà“ß Ê ∑’Ë∑”ß“π —¡æ—π∏å°—π·≈–∑”Àπâ“∑’Ë√à«¡°—π‡æ◊ËÕ√—°…“
¿“«–∏”√ß¥ÿ≈ (homeostasis) „Àâ√à“ß°“¬¡’™’«‘μÕ¬Ÿà‰¥âμ“¡ª°μ‘ ÿ¢ ‚¥¬∏√√¡™“μ‘·≈â«√à“ß°“¬ “¡“√∂

ªÑÕß°—π®ÿ≈™’æ (microorganism) À√◊Õ ‘Ëß·ª≈°ª≈Õ¡ (foreign body) ∑’ËÕ¬Ÿà¿“¬πÕ°‰¡à„Àâ‡¢â“¡“∑”
Õ—πμ√“¬μàÕ√à“ß°“¬‰¥â ·μà∂â“®ÿ≈™’æÀ√◊Õ ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡ªìπÕ—πμ√“¬π—ÈπÀ≈ÿ¥‡¢â“¡“„π√à“ß°“¬ √à“ß°“¬
°Á®–¡’«‘∏’°“√∑”≈“¬À√◊Õ°”®—¥ ‘Ëß‡À≈à“π—Èπ„ÀâÀ¡¥‰ª

¿Ÿ¡‘μâ“π∑“πÀ√◊Õ¿Ÿ¡‘§ÿâ¡°—π (immunity) À¡“¬∂÷ß §«“¡ “¡“√∂¢Õß√à“ß°“¬„π°“√μàÕμâ“π
‡™◊ÈÕ‚√§À√◊Õ ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡¢â“ Ÿà√à“ß°“¬ ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬π—ÈπÕ“®¡’μ‘¥μ—«¡“μ—Èß·μà‡°‘¥ À√◊Õ‡ªìπ
¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°‘¥¢÷Èπ„π¿“¬À≈—ß

 ‘Ëß·ª≈°ª≈Õ¡·≈–®ÿ≈™’æμà“ß Ê ‰¥â·°à ‰«√—  ·∫§∑’‡√’¬ √“ ª√ ‘μ ™’«æ‘… (toxin)  “√‡§¡’
À√◊Õ¬“ ·≈–‡´≈≈å·ª≈°ª≈Õ¡∑’Ë√à“ß°“¬‰¥â√—∫ √«¡∑—Èß‡´≈≈å¢Õß√à“ß°“¬‡Õß∑’ËÀ¡¥Õ“¬ÿ·≈–μ“¬‰ª À√◊Õ
‡´≈≈å∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ‡´≈≈å‡π◊ÈÕßÕ° (tumor)

¿Ÿ¡‘§ÿâ¡°—π·μà°”‡π‘¥ (congenital immunity) À√◊Õ∑’Ë‡√’¬°«à“¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ (innate immu-
nity) ‡ªìπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’¡“μ—Èß·μà‡°‘¥·≈–¡’°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡®“°∫‘¥“¡“√¥“ ÷́Ëß à«π„À≠à‡ªìπ
¿Ÿ¡‘§ÿâ¡°—π‰¡à®”‡æ“– (nonspecific immunity) ·≈–‡ªìπ¿Ÿ¡‘§ÿâ¡°—π∏√√¡™“μ‘ (natural immunity)

¿“¬À≈—ß§≈Õ¥ÕÕ°®“°§√√¿å¡“√¥“·≈â«√à“ß°“¬ “¡“√∂æ—≤π“„Àâ‡°‘¥¿Ÿ¡‘§ÿâ¡°—π À√◊Õ√à“ß°“¬
‰¥â√—∫¿Ÿ¡‘§ÿâ¡°—π ¿Ÿ¡‘§ÿâ¡°—ππ’È‡√’¬°«à“¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ (acquired immunity) À√◊Õ‡√’¬°«à“¿Ÿ¡‘§ÿâ¡°—π·∫∫
ª√—∫μ—« (adaptive immunity) ´÷Ëß‡ªìπ¿Ÿ¡‘§ÿâ¡°—π®”‡æ“– (specific immunity)

§”«à“ immunity ¡“®“°§”„π¿“…“≈–μ‘π«à“ çimmunisé ·ª≈«à“ ç‰¥â√—∫¬°‡«âπé ´÷Ëß·μà‡¥‘¡
À¡“¬∂÷ß§π∑’Ë‡§¬μ‘¥‡™◊ÈÕ‡ªìπ‚√§„¥‚√§Àπ÷Ëß·≈â«®–‰¡à‡ªìπ‚√§‡¥‘¡Õ’° · ¥ß«à“¡’¿Ÿ¡‘§ÿâ¡°—πÀ√◊Õ‰¥â√—∫°“√
¬°‡«âπ‰¡à‡ªìπ‚√§‡¥‘¡´È”Õ’° „πªí®®ÿ∫—πæ∫«à“πÕ°®“°‚√§μ‘¥‡™◊ÈÕ·≈â«°“√‡°‘¥‚√§μà“ß Ê Õ’°¡“°¡“¬¡’ à«π

‡°’Ë¬«¢âÕß°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ ∑—Èß‚√§∑’Ë‡ªìπ¡“·μà°”‡π‘¥À√◊Õ¡“‡ªìπ„π¿“¬À≈—ß
°“√»÷°…“‡°’Ë¬«°—∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬‰¥âæ—≤π“·≈–¡’§«“¡°â“«Àπâ“‰ª¡“° ∑”„Àâ‡¢â“„®°≈‰°

μà“ß Ê „π°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π  “¡“√∂Õ∏‘∫“¬‰¥âμ—Èß·μà√–¥—∫‡´≈≈å®π∂÷ß√–¥—∫‚¡‡≈°ÿ≈ ´÷Ëß

√«¡∂÷ßæ—π∏ÿ°√√¡·≈– “√‡§¡’∑’Ë‡°’Ë¬«¢âÕß „π∑“ß§≈‘π‘° “¡“√∂Õ∏‘∫“¬æ¬“∏‘°”‡π‘¥ (pathogenesis)
À√◊Õæ¬“∏‘ ¿“æ¢Õß‚√§À≈“¬ Ê ‚√§∑’Ë —¡æ—π∏å°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ §«“¡√Ÿâ·≈–§«“¡‡¢â“„®∂÷ß
°≈‰°μà“ß Ê π—Èπ “¡“√∂π”‰ª„™âª√–‚¬™πå‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√«‘π‘®©—¬‚√§ °“√ªÑÕß°—π ·≈–°“√√—°…“

‚√§‰¥â
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°“√®”·π°ª√–‡¿∑¿Ÿ¡‘§ÿâ¡°—π
¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬·∫àßÕÕ°‡ªìπ 2 ª√–‡¿∑„À≠à Ê ‰¥â·°à
1. ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ (Innate immunity)

2. ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ (Adaptive immunity, acquired immunity)

¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ (Innate immunity)
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‡ªìπ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬∑’Ë¡’¡“·μà°”‡π‘¥·≈–¡’°“√ ◊∫∑Õ¥∑“ßæ—π∏ÿ°√√¡®“°

∫√√æ∫ÿ√ÿ… æ∫„πæ◊™·≈– —μ«å∑ÿ°™π‘¥ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ‰¥â·°à  ‘Ëß°’¥¢«“ß∑’Ëº‘« à«ππÕ°¢Õß√à“ß°“¬

√Ÿª∑’Ë 1.1 ¿Ÿ¡‘§ÿâ¡°—πª√–‡¿∑μà“ß Ê ¢Õß√à“ß°“¬



4          ‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π·≈–°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π

·≈–¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°‘¥®“°°≈ÿà¡‡´≈≈åÀ√◊Õ “√‡§¡’À≈“¬™π‘¥„π√à“ß°“¬ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ “¡“√∂μàÕμâ“π
‡™◊ÈÕ‚√§∑—Ë« Ê ‰ª‰¥â‚¥¬‰¡à¡’§«“¡®”‡æ“– ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‡°‘¥¢÷Èπ‰¥â‡Õß‚¥¬‰¡àμâÕß‰¥â√—∫°“√°√–μÿâπÀ√◊Õ

‡§¬‰¥â√—∫‡™◊ÈÕ‚√§π—Èπ¡“°àÕπ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‡ªìπ¥à“π·√°¢Õß√à“ß°“¬∑’ËªÑÕß°—πÕ—πμ√“¬®“°®ÿ≈™’æÀ√◊Õ
™’«æ‘…

‚§√ß √â“ß∫√‘‡«≥º‘« à«ππÕ°¢Õß√à“ß°“¬¡’≈—°…≥–æ‘‡»…·≈–¡’ “√™’«‡§¡’∑’Ë™à«¬ªÑÕß°—π‰¡à„Àâ

‡™◊ÈÕ‚√§‡¢â“ Ÿà√à“ß°“¬ ∂â“‡™◊ÈÕ‚√§ºà“π‡¢â“ Ÿà¿“¬„π√à“ß°“¬‰¥â °Á¬—ß¡’°≈‰°Õ◊Ëπ Ê Õ’°∑’Ë “¡“√∂°”®—¥‡™◊ÈÕ‚√§
‰¥âÕ¬à“ß√«¥‡√Á«‚¥¬„™â‡«≈“‡ªìππ“∑’À√◊Õ™—Ë«‚¡ß„π°“√∑”≈“¬‡™◊ÈÕ‚√§ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥®÷ß‡ªìπ®ÿ¥‡√‘Ë¡μâπ
¢Õß°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ ´÷Ëß®–¡’°“√μÕ∫ πÕßμàÕ‡™◊ÈÕ‚√§‡∑à“π—Èπ ‰¡à¡’°“√μÕ∫ πÕß

μàÕ‡π◊ÈÕ‡¬◊ËÕ¢Õßμπ‡Õß
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥¡’»—°¬¿“æ„π°“√°”®—¥·≈–∑”≈“¬‡™◊ÈÕ‚√§‰¡à Ÿß¡“°π—° ®÷ß∑”≈“¬À√◊Õ°’¥¢«“ß

‡™◊ÈÕ‚√§‰¥â„πª√‘¡“≥®”°—¥À√◊Õ‡ªìπ‡™◊ÈÕ‚√§∑’Ë‰¡à√â“¬·√ß¡“° ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®–‡√‘Ë¡∑”Àπâ“∑’Ë∂â“¿Ÿ¡‘§ÿâ¡°—π

 ◊∫∑Õ¥‰¡à “¡“√∂°”®—¥‡™◊ÈÕ‚√§‰ª‰¥â ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‡ªìπ¿Ÿ¡‘§ÿâ¡°—π®”‡æ“–∑’Ë¡’»—°¬¿“æ„π°“√°”®—¥·≈–
∑”≈“¬‡™◊ÈÕ‚√§‰¥â¥’°«à“¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‰¡à¡’§«“¡®”„π°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π
(immunological memory) °≈à“«§◊Õ ‡¡◊ËÕ¡’°“√μ‘¥‡™◊ÈÕ™π‘¥‡¥‘¡ È́”®–‰¡à∑”„Àâ°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π

§√—Èß∑’Ë 2 (secondary immune response) ‡æ‘Ë¡¢÷Èπ®“°‡¥‘¡ μ—«Õ¬à“ß¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ‡™àπ  ‘Ëß
°’¥¢«“ß∑’Ëº‘« à«ππÕ°¢Õß√à“ß°“¬ °“√Õ—°‡ ∫ °“√°≈◊π°‘π¢Õß‡´≈≈å (phagocytosis) √–∫∫§Õ¡æ≈’‡¡πμå
·≈– “√‡§¡’„π√à“ß°“¬

 ‘Ëß°’¥¢«“ß∑’Ëæ◊Èπº‘« à«ππÕ°¢Õß√à“ß°“¬ (Surface barriers)
 ‘Ëß°’¥¢«“ß∑’Ëæ◊Èπº‘« à«ππÕ°¢Õß√à“ß°“¬‡ªìπ ‘Ëß°’¥¢«“ß¥à“π·√°¢Õß√à“ß°“¬ ÷́Ëß¡’∑—Èß ‘Ëß°’¥¢«“ß

∑“ß°“¬«‘¿“§  ‘Ëß°’¥¢«“ß°“¬¿“æ  ‘Ëß°’¥¢«“ß∑“ß √’√– ·≈– ‘Ëß°’¥¢«“ß∑“ß‡§¡’ ´÷Ëß®–°≈à“«‚¥¬
≈–‡Õ’¬¥μàÕ‰ª  ‘Ëß°’¥¢«“ß∑’Ë ”§—≠ ‡™àπ

- º‘«Àπ—ß ∑”Àπâ“∑’ËªÑÕß°—π‰¡à„Àâ‡™◊ÈÕ‚√§ºà“π‡¢â“‰ª„π√à“ß°“¬
- ‡¬◊ËÕ‡¡◊Õ° ∑’Ë∫ÿ∑“ß‡¥‘πÀ“¬„® ∑“ß‡¥‘πÕ“À“√ ∑“ß‡¥‘πªí  “«– ·≈–√–∫∫ ◊∫æ—π∏ÿå ¡’‡¡◊Õ°∑’Ë

¢âπ‡Àπ’¬«‰«â®—∫®ÿ≈™’æ

- ¢π®¡Ÿ° ¢πμ“ ™à«¬°—π ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡ªìπ™‘Èπ„À≠à Ê ‰¡à„Àâºà“π‡¢â“‰ª„π®¡Ÿ°·≈–μ“
- πÈ”¡Ÿ° πÈ”μ“ πÈ”≈“¬ ¡’ “√‡§¡’∑’Ë‡ªìπ “√μâ“π®ÿ≈™’æ
- ¢π‡´≈≈å (cilia) ∑’Ë∑“ß‡¥‘πÀ“¬„® à«π∫π ™à«¬æ—¥ ‘Ëß·ª≈°ª≈Õ¡ÕÕ°‰ª

- °√–‡æ“–Õ“À“√ º‘«Àπ—ß ·≈–™àÕß§≈Õ¥ ¡’§«“¡‡ªìπ°√¥ ´÷Ëß¡’ƒ∑∏‘Ïμâ“π·∫§∑’‡√’¬
- ®ÿ≈™’æ∑’ËÕ“»—¬Õ¬Ÿà„π√à“ß°“¬μ“¡ª°μ‘ (normal microbial flora) ¡’ à«π™à«¬ªÑÕß°—π‰¡à„Àâ‡™◊ÈÕ

Õ◊Ëπ‡®√‘≠‡μ‘∫‚μ‰¥â

°“√Õ—°‡ ∫ (Inflammation)
°“√Õ—°‡ ∫‡ªìπªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ·°à‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫Õ—πμ√“¬®“°®ÿ≈™’æÀ√◊Õ°“√∫“¥‡®Á∫ ‡æ◊ËÕ

‡ªìπ°“√∑”≈“¬ ªÑÕß°—π À√◊Õ®”°—¥¢Õ∫‡¢μ¢ÕßÕ—πμ√“¬∑’Ë‡°‘¥¢÷Èπ‰¡à„Àâ≈ÿ°≈“¡μàÕ‰ª ÷́Ëß®–°≈à“«‚¥¬
≈–‡Õ’¬¥μàÕ‰ª
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√–∫∫§Õ¡æ≈’‡¡πμå (Complement)
§Õ¡æ≈’‡¡πμå‡ªìπ°≈ÿà¡¢Õß‚ª√μ’π∑’ËÕ¬Ÿà„π ’́√—¡·≈– “√πÈ” à«πÕ◊Ëπ¢Õß√à“ß°“¬ æ∫„π —μ«å¡’°√–¥Ÿ°

 —πÀ≈—ß  —μ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß·≈–æ◊™∫“ß™π‘¥ §Õ¡æ≈’‡¡πμå„π§π¡’¡“°°«à“ 30 ™π‘¥ §Õ¡æ≈’‡¡πμå
‡ªìπ√–∫∫∑’Ë´—∫´âÕπ ®—¥‡ªìπ¿Ÿ¡‘§ÿâ¡°—πŒ‘«‡¡Õ√—≈ (humoral immunity) ∑’Ë ”§—≠¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥
‡¡◊ËÕ∂Ÿ°°√–μÿâπ®–‡°‘¥ªØ‘°‘√‘¬“™’«‡§¡’μàÕ‡π◊ËÕß°—π‡ªìπ≈Ÿ°‚´à §Õ¡æ≈’‡¡πμå “¡“√∂∑”≈“¬‡´≈≈å‡ªÑ“À¡“¬
‰¥â‚¥¬μ√ß ¡’ à«π‡°’Ë¬«¢âÕß°—∫°“√Õ—°‡ ∫ ·≈–∑”Àπâ“∑’Ë™à«¬¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“„π°“√°”®—¥®ÿ≈™’æ (¥Ÿ√“¬
≈–‡Õ’¬¥„π∫∑∑’Ë 3)

¿Ÿ¡‘§ÿâ¡°—πºà“π‡´≈≈å (Cellular immunity, cell-mediated immunity)
‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ à«π„À≠à‡ªìπ‡´≈≈å∑’Ë¡’æ—≤π“°“√¡“®“°‡´≈≈åμâπ°”‡π‘¥‡¡Á¥‡≈◊Õ¥

(pluripotent hematopoietic stem cell) ∑’ËÕ¬Ÿà„π‰¢°√–¥Ÿ° ‡´≈≈å‡À≈à“π’È “¡“√∂∑”≈“¬®ÿ≈™’æÀ√◊Õ
 ‘Ëß·ª≈°ª≈Õ¡‰¥â‚¥¬°“√®—∫·≈–°≈◊π°‘π ‘Ëß‡À≈à“π—Èπ‡¢â“‰ª„π‡´≈≈å ·≈â«®÷ß∑”≈“¬·≈–¬àÕ¬ ‘Ëß∑’Ë°≈◊π‡¢â“
‰ª °√–∫«π°“√π’È‡√’¬°«à“ °“√°≈◊π°‘π¢Õß‡´≈≈å (phagocytosis) ‡´≈≈å∑’Ë‡ªìπμ—«°≈◊π°‘π‡√’¬°«à“‡´≈≈å
°≈◊π°‘π (phagocyte) ‡´≈≈å°≈◊π°‘π¡’ 2 ª√–‡¿∑¥—ßπ’È

1. ‡¡Á¥‡≈◊Õ¥¢“«∑’ËÕ¬Ÿà„π°√–· ‡≈◊Õ¥ ‰¥â·°à π‘«‚∑√øî≈ (neutrophil) ·≈–‚¡‚π‰´μå (mono-
cyte)

2. ‡´≈≈å°≈◊π°‘π∑’ËÕ¬Ÿàμ“¡‡π◊ÈÕ‡¬◊ËÕμà“ß Ê ‰¥â·°à ·¡‚§√‡ø® (macrophage) ´÷Ëßæ∫Õ¬Ÿàμ“¡Õ«—¬«–
∫“ßÕ¬à“ß ‡™àπ μ—∫ ªÕ¥ ¡â“¡ μàÕ¡πÈ”‡À≈◊Õß  ¡Õß ‰¢°√–¥Ÿ° ·≈–º‘«Àπ—ß ·¡‚§√‡ø®‡À≈à“π’È¡’√Ÿª√à“ß
·≈–™◊ËÕ·μ°μà“ß°—π‰ª ‡™àπ ‡´≈≈å§—ª‡øÕ√å (Kupffer cell) ∑’Ëμ—∫ ‡´≈≈å‡¥π‰¥√μ‘° (dendritic cell) ∑’Ë
º‘«Àπ—ß·≈–‡¬◊ËÕ‡¡◊Õ°

‡¡◊ËÕ¡’‡™◊ÈÕ‚√§‡¢â“ Ÿà¿“¬„π√à“ß°“¬ ∂â“‡´≈≈å°≈◊π°‘π‰¡à “¡“√∂∑”≈“¬‰¥âÀ¡¥ °Á®–¡’°“√Õ—°‡ ∫
‡°‘¥¢÷Èπ Àπâ“∑’ËÕ’°ª√–°“√Àπ÷Ëß¢Õß‡´≈≈å°≈◊π°‘π§◊Õ°“√°√–μÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π·∫∫®”‡æ“–‚¥¬°“√π”‡ πÕ
®ÿ≈™’æ„Àâ·°à¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“

¿Ÿ¡‘§ÿâ¡°—πŒ‘«‡¡Õ√—≈ (Humoral immunity)
 “√‡§¡’À≈“¬™π‘¥ ÷́Ëß à«π„À≠à‡ªìπ‚ª√μ’π∑’ËÕ¬Ÿà„π‡≈◊Õ¥À√◊Õ‡ªìπ “√∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’

°“√μ‘¥‡™◊ÈÕ  “√‡À≈à“π’È¡’∫∑∫“∑ ”§—≠„π¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ °≈à“«§◊Õ ‡ªìπ “√∑’Ë¡’ƒ∑∏‘Ï„π°“√°”®—¥À√◊Õ
∑”≈“¬®ÿ≈™’æ∑’Ë‡¢â“¡“„π√à“ß°“¬‚¥¬μ√ß À√◊Õ‡ªìπ “√μ—«°≈“ß∑’Ë„™â„π°√–∫«π°“√μàÕμâ“πÀ√◊Õ°”®—¥
‡™◊ÈÕ‚√§ ‡™àπ √–∫∫§Õ¡æ≈’‡¡πμå °“√Õ—°‡ ∫ ·≈–√–∫∫°“√‡°‘¥≈‘Ë¡‡≈◊Õ¥

μ—«Õ¬à“ß‚ª√μ’π∑’Ë¡’ƒ∑∏‘Ï∑”≈“¬®ÿ≈™’æÀ√◊Õ¡’ à«π√à«¡„π°√–∫«π°“√∑”≈“¬®ÿ≈™’æ ‡™àπ §Õ¡æ≈’-
‡¡πμå Õ‘π‡∑Õ√å‡ø√Õπ (interferons), ·≈Á°‚∑‡ø√‘π (lactoferin), ∑√“π å‡ø√‘π (transferrin), Õ‘π‡∑Õ√å-
≈‘«§‘π-1 (interleukin-1) ·≈–·Õ§‘«μå‡ø ‚ª√μ’π (acute phase proteins)

Õ—πμ√°‘√‘¬“√–À«à“ß®ÿ≈™’æ°—∫‡´≈≈åÀ√◊Õ‚¡‡≈°ÿ≈„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‡ªìπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°‘¥¢÷Èπ‰¥â‚¥¬‰¡àμâÕß‰¥â√—∫°“√°√–μÿâπÀ√◊Õ‡§¬‰¥â√—∫®ÿ≈™’æπ—Èπ

¡“°àÕπ ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥¡’§«“¡®”‡æ“–μàÕ®ÿ≈™’æ °≈à“«§◊Õ ®–¡’°“√μÕ∫ πÕßμàÕ®ÿ≈™’æ‡∑à“π—Èπ ‰¡àμÕ∫
 πÕßμàÕ‡π◊ÈÕ‡¬◊ËÕ¢Õßμπ‡Õß ®÷ß‰¡à∑”„Àâ‡°‘¥¿“«–¿Ÿ¡‘μâ“πμπ‡Õß (autoimmunity) ‡√“æ∫«à“®ÿ≈™’æ·μà≈–
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™π‘¥¡’·∫∫‚§√ß √â“ß‚¡‡≈°ÿ≈∑’Ë®”‡æ“– ·∫∫‚§√ß √â“ß‚¡‡≈°ÿ≈„π≈—°…≥–π’È ‰¡àæ∫„π‡´≈≈å¢Õß —μ«å‡≈’È¬ß
≈Ÿ°¥â«¬π¡ (mammalian cell) ‡´≈≈åÀ√◊Õ‚¡‡≈°ÿ≈´÷Ëß∑”Àπâ“∑’Ë„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥®–¡’μ—«√—∫

(receptor) ∑’Ëº‘«‡æ◊ËÕ®—∫°—∫·∫∫‚§√ß √â“ß‚¡‡≈°ÿ≈∑’Ë®”‡æ“–¢Õß®ÿ≈™’æ ¥—ßπ—Èπ ‡´≈≈åÀ√◊Õ‚¡‡≈°ÿ≈„π√–∫∫
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥®÷ß “¡“√∂μ√«®®—∫®ÿ≈™’æ∑’Ë‡¢â“¡“„π√à“ß°“¬‰¥â ÷́Ëß¡’º≈∑”„Àâ‡°‘¥°“√μÕ∫ πÕß∑“ß
¿Ÿ¡‘§ÿâ¡°—πμàÕ®ÿ≈™’æπ—Èπ

®ÿ≈™’æ∑ÿ°™π‘¥∑—Èß®ÿ≈™’æ∑’Ë°àÕ‚√§·≈–®ÿ≈™’æ∑’Ë‰¡à°àÕ‚√§ª√–°Õ∫¥â«¬·∫∫‚§√ß √â“ß‚¡‡≈°ÿ≈∑’Ë‡ªìπ
≈—°…≥–®”‡æ“–¢Õß®ÿ≈™’æ·μà≈–™π‘¥ ·∫∫‚§√ß √â“ß‚¡‡≈°ÿ≈¥—ß°≈à“«‡ªìπ·∫∫√Ÿª‚¡‡≈°ÿ≈∑’Ë‡°’Ë¬«¢âÕß°—∫
®ÿ≈™’æ (microbe-associated molecular patterns, MAMPs) À√◊Õ‡√’¬°«à“·∫∫√Ÿª‚¡‡≈°ÿ≈∑’Ë‡°’Ë¬«¢âÕß

°—∫®ÿ≈™’æ°àÕ‚√§ (pathogen-associated molecular patterns, PAMPs) PAMPs ‡ªìπ ‘Ëß®”‡ªìπ ”À√—∫
°“√¥”√ß™’«‘μ¢Õß®ÿ≈™’æ ®ÿ≈™’æ„π°≈ÿà¡∑’Ë„°≈â‡§’¬ß°—π®–¡’ PAMPs ∑’Ë‡À¡◊Õπ°—π μ“¡ª°μ‘‡´≈≈å¢Õß —μ«å
∑’Ë‡≈’È¬ß≈Ÿ°¥â«¬π¡‰¡à¡’ PAMPs ·μà∂â“‡´≈≈å‡ª≈’Ë¬π·ª≈ß‰ª®“°ª°μ‘ ‡™àπ ‡´≈≈å∑’Ëμ‘¥‡™◊ÈÕ ‡´≈≈å∑’Ë∫“¥‡®Á∫

À√◊Õ‡´≈≈å∑’ËÕ¬Ÿà„π¿“«–‡§√’¬¥ ‡´≈≈å¥—ß°≈à“«Õ“®· ¥ßÕÕ°§≈â“¬°—∫®ÿ≈™’æ∑’Ë¡’ PAMPs PAMPs ¡’‡ªìπ
æ—π™π‘¥ μ—«Õ¬à“ß PAMPs ∑’Ëæ∫∫àÕ¬ ‡™àπ

- ‰≈‚ææÕ≈‘·´Á°§“‰√¥å (lipopolysaccharide, LPS) ´÷ËßÕ¬Ÿà∑’Ëºπ—ß‡´≈≈å·∫§∑’‡√’¬·°√¡≈∫

- ‡æª‰∑‚¥‰°≈·§π (peptidoglycan) ´÷ËßÕ¬Ÿà∑’Ëºπ—ß‡´≈≈å·∫§∑’‡√’¬·°√¡∫«°
- °√¥‰≈‚æ‡∑‚§Õ‘° (lipoteichoic acid, LTA) ´÷Ëßæ∫„π·∫§∑’‡√’¬·°√¡∫«°
- πÈ”μ“≈·¡π‚π  (mannose sugar) ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß°≈Ÿ‚§≈‘æ‘¥ (glucolipid) ·≈–

‰°≈‚§‚ª√μ’π (glycoprotein) „π·∫§∑’‡√’¬
- ‡ÕÁπ-øÕ√å¡’≈‡¡‰∑‚Õ‰ππå (N-formyl methionine) ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß‚ª√μ’π„π·∫§∑’‡√’¬
- ·ø≈‡®≈≈‘π (flagellin) ∑’Ëæ∫„π·∫§∑’‡√’¬∑’Ë¡’·ø≈‡®≈≈—¡ (flagellum)

- °≈Ÿ·§π (glucan) ∑’Ëæ∫„πºπ—ß‡´≈≈å¢Õß√“
- Õ“√å‡ÕÁπ‡Õ‡°≈’¬«§Ÿà (double stranded RNA) ·≈–Õ“√å‡ÕÁπ‡Õ‡°≈’¬«‡¥’Ë¬« (single stranded

RNA) „π‰«√— 

- Unmethylated CpG DNA „π·∫§∑’‡√’¬ ·≈–‰«√— 
μ—«√—∫™π‘¥ pattern recognition receptors (PRRs) À√◊Õ‡√’¬°«à“ pattern recognition

molecules (PRMs) ‡ªìπμ—«√—∫∑’Ëª√“°ØÕ¬Ÿà∑’Ë‡´≈≈åÀ√◊Õ‚¡‡≈°ÿ≈„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ‚¡‡≈°ÿ≈∑’Ë‡ªìπ

μ—«√—∫π’È √â“ß®“°‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ PRRs Õ“®Õ¬Ÿà∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈åÀ√◊ÕÕ¬Ÿà¿“¬„π‡´≈≈å À√◊Õ
À≈—ËßÕÕ°¡“≈–≈“¬Õ¬Ÿà„π‡≈◊Õ¥À√◊ÕπÈ”‡À≈◊Õß ‡¡◊ËÕ¡’®ÿ≈™’æ‡¢â“¡“„π√à“ß°“¬ PRRs ∑’Ë®”‡æ“–®–μ√«®®—∫
PAMPs ¢Õß®ÿ≈™’æπ—Èπ‰¥â  àßº≈„Àâ‡°‘¥°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢÷Èπ„π∑—π∑’ ∂â“‡ªìπ PRRs ™π‘¥∑’Ë

≈–≈“¬Õ¬Ÿà„π “√πÈ”®–∑”Àπâ“∑’Ë‡ªìπÕÕª‚´π‘π (opsonin) ‡√‘Ë¡°√–μÿâπ√–∫∫§Õ¡æ≈’‡¡πμå„Àâ∑”ß“π
μ—«Õ¬à“ß PRRs ‡™àπ

- CD14 ∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å°≈◊π°‘π ´÷Ëß “¡“√∂®—∫°—∫ LPS

- f-Met-Leu-Phe - receptor ∑’Ë®—∫°—∫‡ÕÁπ-øÕ√å¡’≈‡¡‰∑‚Õ‰ππå
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Toll-like receptors (TLRs)
Toll-like receptors (TLRs) ‡ªìπμ—«√—∫ (transmembrane receptors) ∑’Ëª√“°ØÕ¬Ÿà∫πº‘«

‡´≈≈åÀ√◊Õ∑’Ë‡¬◊ËÕÀÿâ¡√Õ∫ÕÕ√å·°‡π≈≈å (organelles) „π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ TLRs ¡’∫∑∫“∑ ”§—≠„π
°“√‡°‘¥¿Ÿ¡‘§ÿâ¡°—π °“√»÷°…“‡°’Ë¬«°—∫ TLRs ‡√‘Ë¡®“°°“√§âπæ∫μ—«√—∫‚∑≈≈å (Toll receptors) „π·¡≈ßÀ«’Ë
°≈à“«§◊Õ μ—«√—∫‚∑≈≈å‡ªìπ‚ª√μ’π ÷́Ëß∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫æ—≤π“°“√¢Õß·¡≈ß ·≈–°“√μÕ∫ πÕß∑“ß

√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß·¡≈ß  “¡“√∂®”·∫§∑’‡√’¬À√◊Õ·Õπμ‘‡®π°àÕ‚√§‰¥â  àßº≈„Àâ‡°‘¥°√–∫«π°“√°”®—¥
‡™◊ÈÕ‚√§π—Èπ μàÕ¡“æ∫«à“‡´≈≈å¢Õß —μ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡°Á¡’μ—«√—∫∑’Ë§≈â“¬°—∫μ—«√—∫‚∑≈≈å¢Õß·¡≈ß ®÷ß‡√’¬°
™◊ËÕ«à“ Toll-like receptors (TLRs)

TLRs ‡ªìπμ—«√—∫∑’Ë‡¬◊ËÕ‡´≈≈å „π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ‡¡◊ËÕ TLRs ®—∫°—∫ PAMPs ¢Õß®ÿ≈™’æ
∑’Ë‡¢â“¡“„π√à“ß°“¬ °√–∫«π°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π®–‡°‘¥¢÷Èπ∑’Ë‡¬◊ËÕÀÿâ¡‡´≈≈å ·≈–μ“¡¥â«¬°“√∂à“¬
‚Õπ —≠≠“≥ (signal transduction) ´÷Ëß‡ªìπ°“√ àß —≠≠“≥‡¢â“‰ª„π‡´≈≈å ∑”„Àâ¡’°“√· ¥ßÕÕ°¢Õß

®’π‰¥â‡ªìπ‚ª√μ’π™π‘¥μà“ß Ê ∑’Ë„™â„π°“√μàÕμâ“π·≈–°”®—¥®ÿ≈™’æ∑’Ë‡¢â“¡“ ‡™àπ ·∫§∑’‡√’¬ “¡“√∂°√–μÿâπ TLRs
¢Õß‡´≈≈å‡¥π‰¥√μ‘° ∑”„Àâ¡’°“√ √â“ß·≈–À≈—Ëß‰´‚∑‰§πå (cytokines) ÕÕ°¡“ TLRs ∑’Ëæ∫„π‡´≈≈å¢Õß
 —μ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡¡’¡“°°«à“ 15 ™π‘¥ ‡™àπ TLR-4 ∑’Ëª√“°ØÕ¬Ÿà∫πº‘«¢Õß‡´≈≈å°≈◊π°‘π

TLR-4 ®–‰¡àæ∫∑’Ë∫’-‡´≈≈å (B-cell) ·μà∂â“‡°‘¥°“√Õ—°‡ ∫ ∫’-‡´≈≈å®–¡’°“√· ¥ßÕÕ°‡À¡◊Õπ°—∫
¡’ TLR-4 ‰¥â ‡´≈≈å°≈◊π°‘π™π‘¥μà“ß Ê „π√à“ß°“¬¡’∫∑∫“∑ ”§—≠„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ °√–∫«π°“√
∑’Ë‡´≈≈å°≈◊π°‘π “¡“√∂®—∫·≈–∑”≈“¬®ÿ≈™’æ∑’Ë‡¢â“¡“„π√à“ß°“¬ ‡ªìπμ—«Õ¬à“ß¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß

PAMPs ¢Õß®ÿ≈™’æ°—∫ PRRs ¢Õß‡´≈≈å ´÷Ëß‡ªìπ°√–∫«π°“√∑’Ë‡°‘¥¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß °≈à“«§◊Õ ‰≈‚ªæÕ≈‘-
·´Á°§“‰√¥å (LPS) ‡ªìπ PAMP ´÷ËßÕ¬Ÿà∑’Ëº‘«¢Õß·∫§∑’‡√’¬·°√¡≈∫ ·≈– CD14 ‡ªìπ PRR ∑’ËÕ¬Ÿà∫πº‘«
¢Õß‡´≈≈å°≈◊π°‘π ‡¡◊ËÕ·∫§∑’‡√’¬‡¢â“¡“„π√à“ß°“¬ CD14  “¡“√∂μ√«®æ∫‰≈‚ªæÕ≈‘·´Á°§“‰√¥å‰¥â ·μà

CD14 ‰¡à “¡“√∂®—∫°—∫‰≈‚ªæÕ≈‘· Á́°§“‰√¥å‰¥â‚¥¬μ√ß ‰≈‚ªæÕ≈‘· Á́°§“‰√¥å®–®—∫°—∫‚ª√μ’π (lipo-
polysaccharide binding protein, LBP) ‰¥â‡ªìπ LPS-LBP complex ·≈â«®÷ß¡“®—∫°—∫ CD14 ‡ªìπ
°“√‡√‘Ë¡μâπ¢Õß°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥‡¬◊ËÕÀÿâ¡‡´≈≈å‚¥¬°“√ª≈ÿ°ƒ∑∏‘Ï TLR-4 ´÷Ëß‡ªìπ

‚ª√μ’π∑’Ëº‘«¢Õß‡´≈≈å°≈◊π°‘π TLR-4 ¡’∫∑∫“∑ ”§—≠„π°“√∂à“¬‚Õπ —≠≠“≥ ∑”„Àâ¡’°“√ àß —≠≠“≥
®“°‡¬◊ËÕÀÿâ¡‡´≈≈å‰ª¬—ßπ‘«‡§≈’¬  ‡¡◊ËÕ TLR-4 ∂Ÿ°°√–μÿâπ®–∑”Àπâ“∑’Ëª≈ÿ°ƒ∑∏‘Ïπ‘«‡§≈’¬·ø°‡μÕ√å·§ªª“∫’
(nuclear factor kappa B, NF-kB) ´÷Ëß‡ªìπ∑√“π å§√‘ª™—π·ø°‡μÕ√å (transcription factor) ®÷ß‡ªìπ

°“√°√–μÿâπ°√–∫«π°“√∂Õ¥√À—  (transcription)  àßº≈„Àâ¡’°“√ —ß‡§√“–Àå‰´‚∑‰§πå ‡§‚¡‰§πå (chemo-
kines), ·Õ§‘«μå‡ø ‚ª√μ’π μ—«°≈“ß¢ÕßÕÕ° ‘́‡®π∑’Ë‰«μàÕ°“√‡°‘¥ªØ‘°‘√‘¬“ (reactive oxygen inter-
mediates, ROIs) ·≈–μ—«°≈“ß¢Õß‰π‚μ√‡®π∑’Ë‰«μàÕ°“√‡°‘¥ªØ‘°‘√‘¬“ (reactive nitrogen interme-

diates, RNIs)
Nod-like receptors (NLRs)
Nucleotide oligomerization domain (NOD) - like receptors ‡ªìπ‚ª√μ’π∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å

∑”Àπâ“∑’Ë‡ªìπμ—«√—∫ (PRRs) ®—∫°—∫ PAMPs ∑’Ë‚§√ß √â“ß¢Õß®ÿ≈™’æ NLRs μà“ß°—∫ TLRs μ√ß∑’Ë‰¡à‰¥â
Õ¬Ÿà∑’Ë‡¬◊ËÕ‡´≈≈å·μàÕ¬Ÿà∑’ËπÈ”„π‡´≈≈å (cytosol) ¢Õß‡´≈≈åμ—«„ÀâÕ“»—¬ (host cell) ∑—Èß NLRs ·≈– TLRs
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μÕ∫ πÕßμàÕ°“√μ‘¥‡™◊ÈÕ·∫§∑’‡√’¬ ‚¥¬™à«¬„Àâ®ÿ≈™’æ∂Ÿ°∑”≈“¬ °“√∑’Ë NLRs  “¡“√∂μ√«®®—∫ PAMPs
‰¥âπ—Èπ Õ“®‡°‘¥®“°‡´≈≈åμ‘¥‡™◊ÈÕ·∫§∑’‡√’¬‚¥¬μ√ß À√◊Õºà“π∑“ß°√–∫«π°“√°≈◊π°‘π¢Õß‡´≈≈å À√◊Õ
‡π◊ËÕß®“°∑’Ë‡¬◊ËÕ‡´≈≈å¡’√Ÿ´÷Ëß‡°‘¥®“°™’«æ‘… À√◊Õ “√®“°·∫§∑’‡√’¬ À√◊Õ “√®“°‡´≈≈å‡Õß

NLRs ∑’Ëæ∫§√—Èß·√°‡ªìπ NLRs „πæ◊™∑’Ë “¡“√∂μâ“π∑“π‚√§∑’Ë‡°‘¥®“°°“√μ‘¥‡™◊ÈÕ®ÿ≈™’æ·≈–
ª√ ‘μ‰¥â NLRs  “¡“√∂μ√«®®—∫‰¥â∑—Èß®ÿ≈™’æ·≈– ‘Ëß∑’Ë‰¡à„™à®ÿ≈™’æ ‡™àπ °√¥¬Ÿ√‘° (uric acid) ·≈–´‘≈‘°“
(silica) ‡¡◊ËÕ®ÿ≈™’æÀ√◊Õ ‘Ëß‡√â“¿“¬„π√à“ß°“¬ (endogenous stimuli) °√–μÿâπ NLRs ®–∑”„Àâ‡°‘¥°“√
°√–μÿâπ«‘∂’°“√ àß —≠≠“≥ (signaling pathways) μà“ß Ê ‡™àπ °“√°√–μÿâπ NF-kB, MAPKs (mitogen-
activated protein kinases) ·≈– caspase-1  àßº≈„Àâ‡°‘¥°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π ∑”„Àâ¡’°“√
 √â“ß‰´‚∑‰§πå àß‡ √‘¡°“√Õ—°‡ ∫ (proinflammatory cytokines), ‡§‚¡‰§πå ·≈–‚¡‡≈°ÿ≈μà“ß Ê ∑’Ë¡’
ƒ∑∏‘ÏμàÕμâ“π®ÿ≈™’æ

PRRs ∑’Ë®—¥Õ¬Ÿà„πμ√–°Ÿ≈ NLRs ¡’Õ¬ŸàÀ≈“¬™π‘¥ ¬°μ—«Õ¬à“ß‡™àπ NOD-1 ·≈– NOD-2 æ∫«à“
NLRs ∑’Ë¡’°“√°≈“¬ (mutation) À√◊Õ¡’§«“¡º‘¥ª°μ‘¢Õß®’π∑’Ë‡°’Ë¬«¢âÕß ®–‡™◊ËÕ¡‚¬ß°—∫°“√‡°‘¥‚√§∑’Ë¡’
°“√Õ—°‡ ∫√à«¡¥â«¬ (inflammatory diseases)

°“√∑”Àπâ“∑’Ë¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥∑”Àπâ“∑’Ë‡ªìπ¥à“π·√°∑’Ëª°ªÑÕß√à“ß°“¬‰¡à„Àâ‰¥â√—∫Õ—πμ√“¬®“°‡™◊ÈÕ‚√§ πÕ°

®“°π’È ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥¬—ß¡’∫∑∫“∑ ”§—≠„π°“√°√–μÿâπ„Àâ‡°‘¥¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ ·≈–¡’°“√∑”ß“π√à«¡°—π
°—∫¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“

°“√∑”Àπâ“∑’ËÀ≈—°¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ √ÿª‰¥â¥—ßμàÕ‰ªπ’È
1. °”®—¥‡™◊ÈÕ‚√§·≈– ‘Ëß·ª≈°ª≈Õ¡∑’ËÕ¬Ÿà„π‡≈◊Õ¥ πÈ”‡À≈◊Õß ‡π◊ÈÕ‡¬◊ËÕ ·≈–Õ«—¬«–μà“ß Ê ‚¥¬

Õ“»—¬‡´≈≈å°≈◊π°‘π ·≈–‡´≈≈å‡æ™¨¶“μ (killer cell)
2. º≈‘μ “√‡§¡’ ‰¥â·°à ‰´‚∑‰§πå ·≈– “√‡§¡’μ—«°≈“ß (chemical mediators) ™π‘¥μà“ß Ê

∑”„Àâ‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π‰ª√«¡°—π∑’Ë∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’°“√μ‘¥‡™◊ÈÕ
3. °√–μÿâπ√–∫∫§Õ¡æ≈’‡¡πμå ™à«¬„π°“√μâ“π∑“π·≈–°”®—¥·∫§∑’‡√’¬·≈–‡´≈≈å∑’Ëμ“¬·≈â«
4. °√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ ‚¥¬°“√π”‡ πÕ·Õπμ‘‡®π (antigen presentation)

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ (Adaptive immunity, acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥æ∫„π ‘Ëß¡’™’«‘μ‡°◊Õ∫∑ÿ°™π‘¥  à«π¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“¡’‡©æ“–„π —μ«å¡’°√–¥Ÿ° —πÀ≈—ß

∑’Ë¡’¢“°√√‰°√∑’Ë‡√’¬°«à“ jawed vertebrate ´÷Ëß‰¥â·°à  —μ«å¡’°√–¥Ÿ° —πÀ≈—ß∑—ÈßÀ¡¥ ¬°‡«âπæ«°·≈¡‡æ√¬å
(lampreys) ·≈–·Œ°øî™ (hagfish) ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‡√‘Ë¡æ—≤π“¢÷Èπ¡“§«∫§Ÿà‰ª°—∫«‘«—≤π“°“√¢Õß —μ«å
¡’°√–¥Ÿ° —πÀ≈—ß ‡æ◊ËÕ∑”Àπâ“∑’Ë√à«¡°—∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥„π°“√μàÕμâ“π·≈–°”®—¥‡™◊ÈÕ‚√§ °“√∑”Àπâ“∑’Ë¢Õß
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“μâÕßÕ“»—¬°“√°√–μÿâπ®“°¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ª√–°Õ∫¥â«¬°√–∫«π°“√·≈–
‡´≈≈å´÷Ëß∑”Àπâ“∑’Ë„π°“√ªÑÕß°—π·≈–°”®—¥ ‘Ëß·ª≈°ª≈Õ¡‚¥¬μ√ß ¥—ßπ—Èπ ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®÷ß¡’ª√– ‘∑∏‘¿“æ
„π°“√∑”≈“¬‡™◊ÈÕ‚√§À√◊Õ·Õπμ‘‡®π‰¥â Ÿß ·≈–¡’§«“¡®”‡æ“–‡®“–®ßμàÕ·Õπμ‘‡®π∑’Ë‡¢â“¡“°√–μÿâπ °“√
μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“„™â‡«≈“π“π‡ªìπ«—π‡ªìπ —ª¥“Àå ·μà “¡“√∂¡’¿Ÿ¡‘§ÿâ¡°—πÕ¬Ÿà‰¥â
‡ªìπ‡«≈“π“πÀ√◊ÕÕ¬Ÿà‰¥âμ≈Õ¥™’«‘μ ‡π◊ËÕß®“°¡’‡´≈≈åÀπà«¬§«“¡®” (memory cell) ´÷Ëß∑”Àπâ“∑’Ë®¥®”
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¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‡ªìπ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬∑’Ë‡°‘¥¢÷Èπ¿“¬À≈—ß‡°‘¥ ´÷ËßÕ“®‡°‘¥¢÷Èπ®“°°“√∑’Ë√à“ß°“¬
‡§¬‰¥â√—∫ ‘Ëß·ª≈°ª≈Õ¡·≈â«√à“ß°“¬ √â“ß¿Ÿ¡‘§ÿâ¡°—π¢÷Èπ¡“ À√◊Õ‡°‘¥®“°°“√‰¥â√—∫¿Ÿ¡‘§ÿâ¡°—π¡“‚¥¬μ√ß

®“°∫ÿ§§≈Õ◊Ëπ À√◊Õ‰¥â√—∫¿Ÿ¡‘§ÿâ¡°—π®“° ‘Ëß∑’Ë∑”¢÷Èπ (artificially acquired immunity) ‚¥¬∑’Ë√à“ß°“¬‰¡à
μâÕß √â“ß¿Ÿ¡‘§ÿâ¡°—π¢÷Èπ¡“‡Õß

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®”·π°ÕÕ°‡ªìπ 2 ª√–‡¿∑μ“¡≈—°…≥–À√◊Õ«‘∏’°“√∑’Ë‰¥â¡“¥—ßπ’È

1. ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“μ“¡∏√√¡™“μ‘ (naturally acquired immunity) ‰¥â·°à
1.1 ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘ (active naturally acquired immunity)
1.2 ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“μ“¡∏√√¡™“μ‘ (passive naturally acquired immunity)

2. ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ (artificially acquired immunity) ‰¥â·°à
2.1 ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õß®“° ‘Ëß∑’Ë∑”¢÷Èπ (active artificially acquired immunity)
2.2 ¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ (passive artificially acquired immunity)

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“μ“¡∏√√¡™“μ‘ (Naturally acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘ (Active naturally acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘ §◊Õ¿Ÿ¡‘§ÿâ¡°—π∑’Ë°àÕ¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘ ‡°‘¥¢÷Èπ¿“¬

À≈—ß®“°∑’ËÀ“¬ªÉ«¬®“°‚√§μ‘¥‡™◊ÈÕμà“ß Ê ‡™àπ À—¥ (measles) Õ’ ÿ°Õ’„  (chicken pox, varicella) ·≈–

§“ß∑Ÿ¡ (mumps) ¿Ÿ¡‘§ÿâ¡°—π‚√§∑’Ë‡§¬‡ªìπ·≈â«π’È ‡¡◊ËÕμ‘¥‡™◊ÈÕ™π‘¥‡¥‘¡´È”®–‰¡à‡ªìπ‚√§π—ÈπÕ’° ¿Ÿ¡‘§ÿâ¡°—π
™π‘¥π’ÈÕ“®§ßÕ¬Ÿà‰¥â‡ªìπ‡«≈“π“π À√◊Õ§ßÕ¬Ÿà‰¥âμ≈Õ¥™’«‘μ

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“μ“¡∏√√¡™“μ‘ (Passive naturally acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“μ“¡∏√√¡™“μ‘ §◊Õ¿Ÿ¡‘§ÿâ¡°—π∑’Ë√—∫¡“μ“¡∏√√¡™“μ‘ ‰¥â·°à ∑“√°∑’Ë‰¥â√—∫

·Õπμ‘∫Õ¥’®“°¡“√¥“ ∑“√°„π§√√¿å‰¥â√—∫¿Ÿ¡‘§ÿâ¡°—π®“°¡“√¥“‚¥¬ºà“π∑“ß√° (placenta) À√◊Õ∑“√°‰¥â
√—∫¿Ÿ¡‘§ÿâ¡°—π¡“®“°πÈ”π¡¡“√¥“ (¥Ÿ√“¬≈–‡Õ’¬¥„π∫∑∑’Ë 3)

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ (Artificially acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õß®“° ‘Ëß∑’Ë∑”¢÷Èπ (Active artificially acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬°àÕ¢÷Èπ‡Õß®“° ‘Ëß∑’Ë∑”¢÷Èπ §◊Õ¿Ÿ¡‘§ÿâ¡°—π∑’Ë°àÕ¢÷Èπ®“°°“√‰¥â√—∫«—§ ’́π (vacci-

nation) À√◊Õ ‘ËßÕ◊Ëπ∑’Ë∑”¢÷Èπ ‡ªìπ°“√ √â“ß‡ √‘¡¿Ÿ¡‘§ÿâ¡°—π®“°°“√∑’Ë√à“ß°“¬‰¥â√—∫‡™◊ÈÕ∑’Ëμ“¬·≈â« À√◊Õ‡™◊ÈÕ
∑’Ë∑”„Àâ§«“¡√ÿπ·√ß≈¥≈ß ´÷Ëß®–°√–μÿâπ„Àâ√à“ß°“¬ √â“ß¿Ÿ¡‘§ÿâ¡°—π‡©æ“–‚√§π—Èπ¢÷Èπ¡“ ¿Ÿ¡‘§ÿâ¡°—π™π‘¥π’ÈÕ“®

Õ¬Ÿà‰¥â‰¡àπ“πÀ√◊ÕÕ“®Õ¬Ÿà‰¥âμ≈Õ¥™’«‘μ ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‚√§·≈– ¿“æ¢Õß√à“ß°“¬
‚√§∑’Ë “¡“√∂ªÑÕß°—π‰¥â‚¥¬°“√„Àâ«—§´’π ‡™àπ ‚√§§Õμ’∫ (diphtheria), ‚√§‰Õ°√π (pertus-

sive) ·≈–‚√§∫“¥∑–¬—° (tetanus)

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ (Passive artificially acquired immunity)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‚¥¬√—∫¡“®“° ‘Ëß∑’Ë∑”¢÷Èπ §◊Õ¿Ÿ¡‘§ÿâ¡°—π∑’Ë‰¥â√—∫¡“‚¥¬μ√ß®“°¿“¬πÕ° ‡ªìπ°“√„Àâ

·Õπμ‘∫Õ¥’À√◊Õ “√¿Ÿ¡‘§ÿâ¡°—π‡¢â“ Ÿà√à“ß°“¬‚¥¬μ√ß‡æ◊ËÕ„Àâ¡’¿Ÿ¡‘§ÿâ¡°—π‚√§‰¥â∑—π∑’ ∑”„Àâ “¡“√∂μàÕμâ“π
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‡™◊ÈÕ‚√§À√◊Õ™’«æ‘…μà“ß Ê ‰¥â ‡™àπ °“√„Àâ‡´√ÿà¡·°âæ‘…ßŸ°—∫§π∑’Ë∂Ÿ°ßŸ°—¥ À√◊Õ°“√√—°…“§π∑’Ë∂Ÿ° ÿπ—¢∫â“°—¥
‚¥¬„™â‚°≈∫Ÿ≈‘π∑’Ë„Àâ¿Ÿ¡‘§ÿâ¡°—π‚√§æ‘… ÿπ—¢∫â“ (rabies immune globulin) ¿Ÿ¡‘§ÿâ¡°—π™π‘¥π’ÈÕ¬Ÿà„π√à“ß°“¬

‰¥â‰¡àπ“π
°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ Õ“»—¬°“√∑”Àπâ“∑’Ë¢Õß≈‘¡‚ø‰´μå‡ªìπÀ≈—°

≈‘¡‚ø‰´μå‡ªìπ‡¡Á¥‡≈◊Õ¥¢“«∑’Ë¡’Õ¬Ÿà„π‡≈◊Õ¥ πÈ”‡À≈◊Õß μàÕ¡πÈ”‡À≈◊Õß ·≈–‡π◊ÈÕ‡¬◊ËÕ à«πÕ◊Ëπ¢Õß√à“ß°“¬

≈‘¡‚ø‰´μå∑’Ë∑”„Àâ‡°‘¥°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫®”‡æ“– ‰¥â·°à ∫’-≈‘¡‚ø‰´μå (B-lymphocyte) À√◊Õ
∫’-‡´≈≈å (B-cell) ·≈–∑’-≈‘¡‚ø‰´μå (T-lymphocyte) À√◊Õ ∑’-‡´≈≈å (T-cell)

∑’-‡´≈≈å∑’Ë ”§—≠‰¥â·°à ‰´‚∑∑ÁÕ°´‘° ∑’-‡´≈≈å (cytotoxic T-cell, cytotoxic T-lymphocyte,

CTL, CD8+ cell) ·≈–‡Œ≈‡ªÕ√å ∑’-‡´≈≈å (helper T-cell, helper T-lymphocyte, CD4+ cell)

°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π (Immune responses)
¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“®”·π°ÕÕ°‡ªìπ 2 ª√–‡¿∑μ“¡™π‘¥¢Õß≈‘¡‚ø‰´μå ‰¥â·°à ¿Ÿ¡‘§ÿâ¡°—πŒ‘«‡¡Õ√—≈

·≈–¿Ÿ¡‘§ÿâ¡°—πºà“π‡´≈≈å À√◊Õ°≈à“«‰¥â«à“°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ ·∫àß‡ªìπ 2 ª√–‡¿∑¥—ßπ’È
1. °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫Œ‘«‡¡Õ√—≈ (Humoral immune response)
2. °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫ºà“π‡´≈≈å (Cell-mediated immune response)

°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫Œ‘«‡¡Õ√—≈ (Humoral immune response, HIR)
°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫Œ‘«‡¡Õ√—≈‡ªìπ°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‚¥¬Õ“»—¬·Õπμ‘∫Õ¥’

À√◊ÕÕ‘¡¡Ÿ‚π‚°≈∫Ÿ≈‘π (immunoglobulin, Ig) ≈‘¡‚ø‰´μå∑’Ë√—∫º‘¥™Õ∫∑”Àπâ“∑’ËÀ≈—°§◊Õ∫’-‡´≈≈å ‡¡◊ËÕ ‘Ëß
·ª≈°ª≈Õ¡À√◊Õ·Õπμ‘‡®π‡¢â“¡“„π√à“ß°“¬§√—Èß·√° ∫’-‡´≈≈å∑’ËÕ¬Ÿà„πμàÕ¡πÈ”‡À≈◊Õß·≈–‡π◊ÈÕ‡¬◊ËÕπÈ”‡À≈◊Õß

Õ◊Ëπ®–∂Ÿ°°√–μÿâπ ·Õπμ‘‡®π®–®—∫°—∫∫’-‡´≈≈å∑’Ë¡’μ—«√—∫∑’Ë®”‡æ“–°—∫·Õπμ‘‡®ππ—Èπ ·Õπμ‘‡®π∑’Ë‡ªìπ‚ª√μ’π
 à«π„À≠à‡ªìπ∑’-¥’‡æπ‡¥πμå·Õπμ‘‡®π (T-dependent antigen) °“√®—∫°—π√–À«à“ß∫’-‡´≈≈å°—∫·Õπμ‘‡®π
™π‘¥π’ÈμâÕßÕ“»—¬ CD4+ T cell ™à«¬ ·Õπμ‘‡®π∫“ßμ—«‡ªìπ§“√å‚∫‰Œ‡¥√μ À√◊Õ‰¢¡—π´÷Ëß‡ªìπ∑’-Õ‘π¥’‡æπ‡¥πμå

·Õπμ‘‡®π (T-independent antigen) ·Õπμ‘‡®πæ«°π’È “¡“√∂®—∫°—∫∫’-‡´≈≈å‰¥â‚¥¬μ√ß‰¡àμâÕßÕ“»—¬
CD4+ T cell ‡¡◊ËÕ∫’-‡´≈≈å∂Ÿ°°√–μÿâπ‡ªìπ∫’-‡´≈≈åª≈ÿ°ƒ∑∏‘Ï·≈â« (activated B-cell) ®–·∫àßμ—«·≈–
‡ª≈’Ë¬π ¿“æ‡ªìπ‡´≈≈åæ≈“ ¡“ (plasma cell) ∑”Àπâ“∑’Ë √â“ß·≈–À≈—Ëß·Õπμ‘∫Õ¥’ÕÕ°¡“‡ªìπ®”π«π

¡“° ·Õπμ‘∫Õ¥’ à«π„À≠àÕ¬Ÿà„πæ≈“ ¡“ ∫“ß à«πÕ¬Ÿà„π ‘Ëß§—¥À≈—Ëß ·Õπμ‘∫Õ¥’ “¡“√∂®—∫°—∫‡™◊ÈÕ‚√§À√◊Õ
 ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡¢â“¡“„π√à“ß°“¬ ‡ªìπ°“√¬—∫¬—Èß‰¡à„Àâ‡™◊ÈÕ‚√§π—Èπ‰ª®—∫°—∫‡´≈≈å¢Õß√à“ß°“¬ πÕ°®“°π’È
°“√∑’Ë·Õπμ‘∫Õ¥’®—∫°—∫‡™◊ÈÕ‚√§¡’ à«π™à«¬∑”≈“¬‡™◊ÈÕ‚√§∑’Ë‡¢â“¡“ ‚¥¬™à«¬„Àâ‡´≈≈å°≈◊π°‘π “¡“√∂°”®—¥

‡™◊ÈÕ‚√§‰¥âßà“¬¢÷Èπ ∫’-‡´≈≈åª≈ÿ°ƒ∑∏‘Ï·≈â«∫“ß à«π®–‡ª≈’Ë¬π‡ªìπ∫’-‡´≈≈åÀπà«¬§«“¡®” ÷́Ëß∑”Àπâ“∑’Ë„π°“√
®” ‡¡◊ËÕ√à“ß°“¬‰¥â√—∫·Õπμ‘‡®π™π‘¥‡¥‘¡´È”Õ’°®–‡°‘¥°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë®”‡æ“–μàÕ·Õπμ‘‡®π
™π‘¥‡¥‘¡Õ¬à“ß√«¥‡√Á«·≈–√ÿπ·√ß°«à“§√—Èß·√°

°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫ºà“π‡´≈≈å (Cell-mediated immune response, CMIR)
°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫ºà“π‡´≈≈å ‡ªìπ°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‚¥¬Õ“»—¬‡´≈≈å

‡´≈≈å∑’Ë√—∫º‘¥™Õ∫∑”Àπâ“∑’ËÀ≈—°§◊Õ∑’-‡´≈≈å ÷́Ëß‰¥â·°à ‰´‚∑∑ÁÕ°´‘° ∑’-‡´≈≈å (CD8+ cell) ·≈–‡Œ≈‡ªÕ√å
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∑’-‡´≈≈å (CD4+ cell) ·≈–¡’‡´≈≈åÕ◊Ëπ Ê ∑’Ë√à«¡∑”ß“π¥â«¬ ‰¥â·°à ‡´≈≈åπ”‡ πÕ·Õπμ‘‡®π (antigen
presenting cell, APC) ‡™àπ ·¡‚§√‡ø® ·≈–‡´≈≈å‡¥π‰¥√μ‘° ‡¡◊ËÕ ‘Ëß·ª≈°ª≈Õ¡À√◊Õ·Õπμ‘‡®π‡¢â“¡“
„π√à“ß°“¬§√—Èß·√° ·Õπμ‘‡®π®–®—∫°—∫‡´≈≈åπ”‡ πÕ·Õπμ‘‡®π°àÕπ ‡´≈≈åπ”‡ πÕ·Õπμ‘‡®π¡’Àπâ“∑’Ë¬àÕ¬
·≈–π”‡ πÕ·Õπμ‘‡®π„Àâ·°à∑’-‡´≈≈å

∑’Ëº‘«¢Õß‡´≈≈åπ”‡ πÕ·Õπμ‘‡®π¡’‚§√ß √â“ß∑’Ë¡’§ÿ≥ ¡∫—μ‘®—∫°—∫·Õπμ‘‡®π ‰¥â·°à ‚¡‡≈°ÿ≈
MHC class I (major histocompatibility complex class I) ·≈–‚¡‡≈°ÿ≈ MHC class II (major
histocompatibility complex class II) MHC „π§π§◊Õ human leukocyte antigen (HLA) ·Õπμ‘‡®π
∑’Ë®—∫°—∫‚¡‡≈°ÿ≈ MHC class I ®–∂Ÿ°π”‡ πÕ„Àâ·°à CD8+ cell ·≈–·Õπμ‘‡®π∑’Ë®—∫°—∫‚¡‡≈°ÿ≈ MHC
class II ®–∂Ÿ°π”‡ πÕ„Àâ·°à CD4+ cell

‰´‚∑∑ÁÕ°´‘° ∑’-‡´≈≈å‡¡◊ËÕ∂Ÿ°°√–μÿâπ‡ªìπ∑’-‡´≈≈åª≈ÿ°ƒ∑∏‘Ï·≈â« (activated T-cell) ®–·∫àßμ—«
‰¥â‡ªìπ effector cytotoxic T-cell ´÷Ëß “¡“√∂∑”≈“¬·Õπμ‘‡®π∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å∑’Ëμ‘¥‡™◊ÈÕ  à«π‡Œ≈‡ªÕ√å
∑’-‡´≈≈å ‡¡◊ËÕ∂Ÿ°°√–μÿâπ®–À≈—Ëß‰´‚∑‰§πåÀ≈“¬™π‘¥ ∑”Àπâ“∑’Ë‡ªìπ “√μ—«°≈“ß„π°√–∫«π°“√μÕ∫ πÕß
∑“ß¿Ÿ¡‘§ÿâ¡°—π ‡™àπ ™à«¬°√–μÿâπ°“√∑”ß“π¢Õß·¡‚§√‡ø®·≈–∫’-‡´≈≈å ∑’-‡´≈≈åª≈ÿ°ƒ∑∏‘Ï·≈â«∫“ß à«π
®–·∫àßμ—«·≈–‡ª≈’Ë¬π ¿“æ‡ªìπ∑’-‡´≈≈åÀπà«¬§«“¡®” ∑”Àπâ“∑’Ë„π°“√®”‡™àπ‡¥’¬«°—∫∫’-‡´≈≈åÀπà«¬
§«“¡®” ‡¡◊ËÕ√à“ß°“¬‰¥â√—∫·Õπμ‘‡®π™π‘¥‡¥‘¡Õ’° °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë®”‡æ“–μàÕ·Õπμ‘‡®π
‡¥‘¡π’È®–‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«·≈–√ÿπ·√ß°«à“§√—Èß·√° ·≈–¡’¿Ÿ¡‘§ÿâ¡°—πμàÕ‚√§‡¥‘¡‡ªìπ‡«≈“π“π

°“√∑”Àπâ“∑’Ë¢Õß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“
Àπâ“∑’ËÀ≈—°¢Õß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ ‰¥â·°à
1. μ√«®®—∫ ‘Ëß·ª≈°ª≈Õ¡ (non-self) ∑’Ë‡ªìπ·Õπμ‘‡®π®”‡æ“–‡¡◊ËÕ¡’°“√π”‡ πÕ‚¥¬‡´≈≈åπ”

‡ πÕ·Õπμ‘‡®π
2. ∑”„Àâ‡°‘¥°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’ª√– ‘∑∏‘¿“æ ‡æ◊ËÕ°”®—¥‡´≈≈å∑’Ëμ‘¥‡™◊ÈÕÀ√◊Õ‡™◊ÈÕ‚√§

„Àâ‰¥â¡“°∑’Ë ÿ¥
3. æ—≤π“„Àâ√à“ß°“¬¡’§«“¡®”∑“ß¿Ÿ¡‘§ÿâ¡°—π ∑”„Àâ√à“ß°“¬¡’¿Ÿ¡‘§ÿâ¡°—π®”‡æ“–Õ¬Ÿà‰¥âπ“πμ≈Õ¥‰ª

‚¥¬‡´≈≈åÀπà«¬§«“¡®” (∑—Èß∑’-‡´≈≈åÀπà«¬§«“¡®” ·≈–∫’-‡´≈≈åÀπà«¬§«“¡®”) ∑”Àπâ“∑’Ë®¥®”‡™◊ÈÕ‚√§
∑’Ë‡§¬‡¢â“¡“„π√à“ß°“¬¡“°àÕπ ∂â“¡’°“√μ‘¥‡™◊ÈÕ™π‘¥‡¥‘¡Õ’° ‡™◊ÈÕ‚√§®–∂Ÿ°°”®—¥‰ªÕ¬à“ß√«¥‡√Á« ‡ªìπ°“√
ªÑÕß°—π°“√‡°‘¥‚√§‡¥‘¡ È́”

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“¡’°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑—Èß°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫ºà“π‡´≈≈å ´÷Ëß
‡´≈≈å∑’Ë∑”Àπâ“∑’ËÀ≈—°§◊Õ∑’-‡´≈≈å ·≈–°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫Œ‘«‡¡Õ√—≈´÷Ëß‡´≈≈å∑’Ë∑”Àπâ“∑’ËÀ≈—°
§◊Õ ∫’-‡´≈≈å

°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥°—∫¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“
§«“¡·μ°μà“ß√–À«à“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë ◊∫∑Õ¥¡“μ—Èß·μà‡°‘¥·≈–¿Ÿ¡‘§ÿâ¡°—π∑’Ë‰¥â¡“À≈—ß‡°‘¥ ¡’¥—ßμàÕ‰ªπ’È
1. ¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‡ªìπ¿Ÿ¡‘§ÿâ¡°—π¥à“π·√°¢Õß ‘Ëß¡’™’«‘μ‡°◊Õ∫∑ÿ°™π‘¥∑—Èßæ◊™·≈– —μ«å  à«π

¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‡ªìπ¿Ÿ¡‘§ÿâ¡°—π∑’Ëæ—≤π“¢÷Èπ¡“∑”Àπâ“∑’Ë√à«¡°—π°—∫¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ æ∫‡©æ“–„π —μ«å¡’°√–¥Ÿ°
 —πÀ≈—ß∑’Ë¡’¢“°√√‰°√
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2. √–¬–‡«≈“°“√‡√‘Ë¡μâπ¢Õß°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π„π§√—Èß·√° (primary immune
response)

¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥ “¡“√∂‡°‘¥¢÷Èπ‰¥â∑—π∑’ À√◊Õ‡°‘¥°“√μÕ∫ πÕßÕ¬à“ß√«¥‡√Á«‚¥¬„™â‡«≈“‡ªìπ
π“∑’À√◊Õ‡ªìπ™—Ë«‚¡ß  à«π¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“μâÕß„™â‡«≈“π“π‡ªìπ«—πÀ√◊ÕÀ≈“¬«—π„π°“√μÕ∫ πÕß

3. §«“¡®”‡æ“– (specificity) ·≈–§«“¡À≈“°À≈“¬ (diversity)

¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥¡’§«“¡®”‡æ“–μàÕ®ÿ≈™’æÀ√◊Õ ‘Ëß·ª≈°ª≈Õ¡∑’Ë¡’ PAMPs ‡∑à“π—Èπ ·≈–μ—«√—∫
¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥∑’Ë®”‡æ“–μàÕ PAMPs μà“ß Ê ¡’‡æ’¬ß‰¡à°’Ë™π‘¥ ∑”„Àâ¡’§«“¡À≈“°À≈“¬∑’Ë®”°—¥
(limited diversity)  à«π¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“‡ªìπ°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’§«“¡®”‡æ“– Ÿß¡“° ‡ªìπ°“√

μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π®”‡æ“– (antigen specific immune response) ∑’Ë¡’§«“¡À≈“°À≈“¬¡“°
4. §«“¡ “¡“√∂∑’Ë®–·¬°√–À«à“ß‡´≈≈å¢Õßμπ‡Õß (self) °—∫ ‘Ëß·ª≈°ª≈Õ¡
∑—Èß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥·≈–¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ “¡“√∂·¬°‰¥â«à“ ‘Ëß„¥‡ªìπ¢Õßμπ‡Õß ·≈– ‘Ëß„¥‡ªìπ ‘Ëß

·ª≈°ª≈Õ¡ ‚¥¬¡’°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‡©æ“–μàÕ ‘Ëß·ª≈°ª≈Õ¡ ‰¡à‡°‘¥°“√μÕ∫ πÕßμàÕ ‘Ëß∑’Ë
‡ªìπ¢Õßμπ‡Õß ¿“«–‡™àππ’È‡√’¬°«à“§«“¡∑πμπ‡Õß (self-tolerance) ·μà„π∫“ß§√—Èß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“Õ“®¡’
§«“¡º‘¥ª°μ‘∑”„Àâ¡’°“√μÕ∫ πÕßμàÕ‡π◊ÈÕ‡¬◊ËÕ¢Õßμπ‡Õß ®÷ß¡’‚Õ°“ ‡°‘¥¿“«–¿Ÿ¡‘μâ“πμπ‡Õß‰¥â

5. °“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫Œ‘«‡¡Õ√—≈·≈–°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·∫∫ºà“π‡´≈≈å
∑—Èß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥·≈–¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“ ¡’°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π∑—Èß·∫∫Œ‘«‡¡Õ√—≈·≈–·∫∫

ºà“π‡´≈≈å ·μà¡’§«“¡·μ°μà“ß°—π∑’Ë°√–∫«π°“√·≈–Õß§åª√–°Õ∫ ‡™àπ ‚¡‡≈°ÿ≈  “√ ·≈–‡´≈≈å

6. §«“¡®”„π°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π (immunological memory)
¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥‰¡à¡’§«“¡®”  à«π¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“¡’‡´≈≈åÀπà«¬§«“¡®”∑’Ë¡’§«“¡ “¡“√∂„π

°“√®¥®” ‡¡◊ËÕ¡’°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π§√—Èß∑’Ë 2 °“√μÕ∫ πÕß®–‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ·≈–¡’

ª√– ‘∑∏‘¿“æ¥’°«à“§√—Èß·√°
7. ™à«ß‡«≈“∑’Ë¡’°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·≈–°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π ”À√—∫°“√ªÑÕß°—π (protec-

tive immunity)

°“√μÕ∫ πÕß¢Õß¿Ÿ¡‘§ÿâ¡°—π ◊∫∑Õ¥§ßÕ¬Ÿà‰¥â‰¡àπ“π ·≈–‰¡à¡’¿Ÿ¡‘§ÿâ¡°—π ”À√—∫°“√ªÑÕß°—π  à«π
°“√μÕ∫ πÕß¢Õß¿Ÿ¡‘§ÿâ¡°—π‰¥â¡“§ßÕ¬Ÿà‰¥â‡ªìπ‡«≈“π“πÀ√◊Õμ≈Õ¥‰ª ·≈– “¡“√∂ √â“ß¿Ÿ¡‘§ÿâ¡°—π ”À√—∫
°“√ªÑÕß°—π‰¥â

‚§√ß √â“ß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π
°“√∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π¡’≈—°…≥–‡ªìπ‡§√◊Õ¢à“¬‡°’Ë¬«¢âÕß°—∫∑ÿ°√–∫∫„π√à“ß°“¬ ¡’°“√®—¥

‚§√ß √â“ßÀ≈“¬¢—ÈπÀ≈“¬√–¥—∫ μ—Èß·μà√–¥—∫‚¡‡≈°ÿ≈ √–¥—∫‡´≈≈å ®π∂÷ß√–¥—∫°“√∑”ß“π√à«¡°—π√–À«à“ß

√–∫∫μà“ß Ê ¢Õß√à“ß°“¬ ∑ÿ°Õß§åª√–°Õ∫√à«¡°—π∑”Àπâ“∑’Ëª°ªÑÕßμπ‡Õß„Àâ√Õ¥æâπÕ—πμ√“¬®“°‡™◊ÈÕ‚√§
À√◊Õ ‘Ëß·ª≈°ª≈Õ¡ √–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ª√–°Õ∫¥â«¬‚§√ß √â“ß√–¥—∫μà“ß Ê ¥—ßμàÕ‰ªπ’È

1. ‚¡‡≈°ÿ≈·≈– “√‡§¡’

2. ‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π


