
New Strategy of Cancer Targeting Chemotherapy•¬ÿ∑∏«‘∏’„À¡à¢Õß¬“‡§¡’∫”∫—¥„π°“√√—°…“¡–‡√Áß

78 »√’π§√‘π∑√å‡«™ “√ 2552; 24(1) • Srinagarind Med J 2009; 24(1)

¬ÿ∑∏«‘∏’„À¡à¢Õß¬“‡§¡’∫”∫—¥„π°“√√—°…“¡–‡√Áß

«’√æ≈  §Ÿà§ß«‘√‘¬æ—π∏ÿå, ‡∫≠®æ√  ∫ÿ√“≥√—µπå

¿“§«‘™“‡¿ —™«‘∑¬“ §≥–·æ∑¬»“ µ√å ·≈–»Ÿπ¬å«‘®—¬æ¬“∏‘„∫‰¡âµ—∫·≈–¡–‡√Áß∑àÕπÈ”¥’  ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

New Strategy of Cancer Targeting Chemotherapy
Veerapol  Kukongviriyapan, Benjaporn  Buranrat
Department of Pharmacology, Faculty of Medicine and Liver Fluke & Cholangiocarcinoma Research Center
Khon Kaen University

∫∑øóôπøŸ«‘™“°“√ • Review Article

∫∑§—¥¬àÕ

¡–‡√Áß‡ªìπ‚√§∑’Ë∫—Ëπ∑Õπ™’«‘µ·≈– —ß§¡¢Õß§√Õ∫§√—«
°“√„™â¬“‡§¡’∫”∫—¥‡ªìπ«‘∏’∑“ß√—°…“·∫∫Àπ÷Ëß„π°“√√—°…“
¡–‡√Áß∫“ß™π‘¥·≈–¡–‡√Áß„π∫“ß√–¬– §«“¡°â“«Àπâ“¢Õß
°“√„™â¬“‡§¡’∫”∫—¥„πªí®®ÿ∫—π‡°’Ë¬«¢âÕß°—∫¬“∑’Ë°”Àπ¥
‡ªÑ“À¡“¬ ´÷Ëß·µ°µà“ß®“°¬“ cytotoxic  à«π„À≠à∑’Ë®–∑”≈“¬
‡´≈≈å∑’Ë·∫àßµ—«Õ¬à“ß√«¥‡√Á«√«¡∑—Èß‡´≈≈åª°µ‘ °“√»÷°…“
‡ªÑ“À¡“¬¢Õß¬“‡À≈à“π’È‰¥â·°à‚¡‡≈°ÿ≈„π«‘∂’∑’Ë‡´≈≈å¡–‡√Áß„™â
‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√‡®√‘≠‡µ‘∫‚µ Õ¬Ÿà√Õ¥ ·æ√à°√–®“¬
·≈–ªÑÕß°—π°“√µ“¬®“° —≠≠“≥ àß®“°‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ
ª°µ‘À√◊Õ®“°¬“‡§¡’ ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬∑’ËÕ¬Ÿà„π§«“¡ π„®
·≈–æ—≤π“‡ªìπ¬“¡’®”π«π¡“° ‰¥â·°à protein tyrosine kinases
µà“ßÊ ‡™àπ epidermal growth factor family, √«¡∑—Èß vascular
epidermal growth factor receptor ·≈– mitogen-activated
protein kinases √«¡∑—Èß‚¡‡≈°ÿ≈∑’Ë∑”ß“π„π«‘∂’‡¡·∑‚∫≈‘´÷¡
∑’Ë°«â“ß¢«“ß ‡™àπ proteasome, histone deacetylase ·≈–
transcription factor nuclear factor kappa B ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬
‡À≈à“π’È‰¥â®“°¢âÕ¡Ÿ≈°“√»÷°…“æ◊Èπ∞“π¢Õß¡–‡√Áßµà“ßÊ ·≈–
‰¥âæ—≤π“°≈“¬‡ªìπ¬“¢÷Èπ  ¬“‡À≈à“π’È®÷ß‡ªìπ§«“¡À«—ß∑“ß‡≈◊Õ°
Õ’°∑“ß¢Õß‡§¡’∫”∫—¥ ·≈–¬—ß„™â‡ªìπ‡§√◊ËÕß¡◊Õ«‘®—¬»÷°…“∂÷ß
™’««‘∑¬“¢Õß¡–‡√ÁßÕ’°‚ µ

Cancer is the disease that mutilates patient life and
family.  Cancer chemotherapy is one of treatment modalities
for some cancers and cancers in some stages.  Current
advances in chemotherapeutic drugs involve with the
targeted drug therapy where it is distinct from the classical
cytotoxic drugs which damage rapidly dividing cancer as well
as normal cells.  Target molecules of the new drugs include
molecules in signaling pathways which confer advantages for
growth, survival, metastasis, and resistance to dead signals
from normal tissues or chemotherapeutic drugs. The target
molecules of interest which undergo new drug development
pipelines comprise various protein tyrosine kinases, i.e.
epidermal growth factor family and vascular epidermal growth
factor receptors; mitogen-activated protein kinases, and
molecules involving in broad metabolic pathways, such as
proteasomes, histone deacetylase and transcription factor
proteins such as nuclear factor kappa B.  The target molecules
are derived from basic studies of cancer and evolved to be
potential anticancer drugs.  This new generation of targeting
drugs offers an alternative of cancer chemotherapy and is
also employed as potential research tools in cancer biology.

Abbreviation: ALL: acute lymphoblastic leukemia, AP-1: activator protein-1, CCA: cholangiocarcinoma, CML: chronic
myelogenous leukemia, COX: cyclooxygenase, EGFR: epidermal growth factor receptor, GIST: gastrointestinal stromal tumor,
HDAC : histone deacetylase, HSP: heat shock protein, IHC: immunohistochemistry, IκB: inhibitor of NF-κB, IKK: IκB kinase,
MAPK: mitogen-activated protein kinase, NF-kB: nuclear factor-kappa B, NSAID: non-steroidal anti-inflammatory drug, NSCLC:
non-small cell lung cancer, PDGFR: platelet derived growth factor receptor, PI3K/Akt: phosphoinositide 3-kinase/protein kinase B,
RTK: receptor tyrosine kinase, SCC: squamous cell carcinoma, SNP: single nucleotide polymorphism, TKI: Small-molecule
tyrosine kinase inhibitors, TGF: transforming growth factor, VEGFR: vascular endothelial growth factor receptor
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∫∑π”

°≈‰° ”§—≠∑’Ë∑”„Àâ‡´≈≈å¡–‡√ÁßÕ¬Ÿà√Õ¥ ‰¡à∂Ÿ°∑”≈“¬‚¥¬
°≈‰°√à“ß°“¬À√◊Õ¥â«¬¬“‡§¡’∫”∫—¥Õ“®‡°‘¥®“°°≈‰°À≈“¬
ª√–°“√ ‡™àπ ‡´≈≈å¡–‡√Áß‡æ‘Ë¡ —≠≠“≥‡°’Ë¬«°—∫°“√Õ¬Ÿà√Õ¥
¿“¬„π‡´≈≈å (survival signal) À√◊Õ¬—∫¬—Èß°“√µÕ∫ πÕßµàÕ
 —≠≠“≥ apoptosis ∑”„Àâ‡´≈≈å¡–‡√Áß‰¡àµ“¬·¡â„π ‘Ëß·«¥≈âÕ¡
∑’Ë‰¡àÕ”π«¬ ‡™àπ „π¿“«–ÕÕ°´‘‡®πµË” ¡’§«“¡‡§√’¬¥
ÕÕ°´‘‡¥™—π Ÿß ¡’ —≠≠“≥®“°‡´≈≈åª°µ‘„Àâ¬—∫¬—Èß°“√·∫àßµ—«
À√◊Õ„Àâ‡°‘¥ apoptosis °“√‡æ‘Ë¡°“√≈”‡≈’¬ß¢Õß¬“ÕÕ°®“°
‡´≈≈å¡–‡√Áß¥â«¬ p-glycoprotein (Pgp) À√◊Õ multidrug resistance
associated-protein (MRP) °“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡æ‘Ë¡®”π«π
‚¡‡≈°ÿ≈‡ªÑ“À¡“¬¢Õß¬“1 °≈‰°∫“ßÕ¬à“ßÕ¬Ÿà„π§«“¡ π„®
Õ¬à“ß¡“°¢Õßπ—°«‘∑¬“»“ µ√å∑’ËµâÕß°“√æ—≤π“¬“∑’Ë¡’§«“¡
®”‡æ“–·≈–°”Àπ¥‡ªÑ“À¡“¬∑’Ë¬“‰ª¬—∫¬—Èß (targeting drugs)
µ—«Õ¬à“ß‡™àπ °≈‰°∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡ —≠≠“≥°“√Õ¬Ÿà√Õ¥
·≈–¬—∫¬—Èß°“√µ“¬¢Õß‡´≈≈å¡–‡√Áß ‚¥¬ —≠≠“≥¥—ß°≈à“«
‡°‘¥¢÷Èπ®“°°“√‡ª≈’Ë¬π·ª≈ß„π«‘∂’µà“ßÊ  ́ ÷Ëß„π∑’Ë ÿ¥®–‡°’Ë¬«¢âÕß
°—∫°“√ºà“‡À≈à“„π®’‚π¡¢Õß‡´≈≈å °“√¬—∫¬—Èß —≠≠“≥‡À≈à“π’È
®÷ßÕ“®¡’º≈∑”„Àâ‡´≈≈å¡–‡√ÁßÀ¬ÿ¥°“√‡®√‘≠‡µ‘∫‚µ·≈–π”‰ª Ÿà
°“√µ“¬¢Õß‡´≈≈å¡–‡√Áß„π∑’Ë ÿ¥ ¬“„À¡à®÷ß‡ªìπ¬“∑’Ë°”Àπ¥
‡ªÑ“À¡“¬‚¥¬°“√¬—∫¬—Èß°“√ àß —≠≠“≥Õ¬Ÿà√Õ¥·≈–‡æ‘Ë¡
 —≠≠“≥™—°π”°“√µ“¬ ¥—ßπ—Èπ°≈‰°®÷ß·µ°µà“ß®“°‡§¡’∫”∫—¥
‡¥‘¡∑’Ë¬—ß„™â„πªí®®ÿ∫—π´÷Ëß®–¬—∫¬—Èß°“√·∫àß‡´≈≈å·∫∫‰¡à‡≈◊Õ°
∑—Èß‡´≈≈å¡–‡√Áß·≈–‡´≈≈åª°µ‘ ®÷ß°àÕªí≠À“§«“¡‡ªìπæ‘…®“°¬“
∑’Ë√ÿπ·√ß ‡π◊ËÕß®“°‡´≈≈å¡–‡√ÁßÕ¬Ÿà√Õ¥‰¥â‡°‘¥®“°°“√· ¥ßÕÕ°
∑’Ë¡“°‡°‘π‰ªÀ√◊ÕπâÕ¬‡°‘π‰ª¢Õß¬’πÀ≈“¬ª√–‡¿∑ ‚¥¬
∏√√¡™“µ‘°“√¬—∫¬—Èß°“√· ¥ßÕÕ°∑’Ë¡“°‡°‘π‰ª¢Õß‡Õπ‰´¡å
À√◊Õ¬’π “¡“√∂π”‰ª Ÿà·π«ªØ‘∫—µ‘¥â«¬°“√ √â“ß¬“‰ª¬—∫¬—Èß
„π¢≥–∑’Ë°“√™—°π”„Àâ‡æ‘Ë¡ —≠≠“≥∫“ßÕ¬à“ß∑’Ë¡’„π‡´≈≈å
¡–‡√Áß∑’Ë¡’πâÕ¬‡°‘π‰ªπ—Èπ∑”‰¥â¬“°°«à“

°“√ àß —≠≠“≥¿“¬„π‡´≈≈å¡–‡√Áß¡—°¡’§«“¡º‘¥ª°µ‘
¡’°“√· ¥ßÕÕ°∑’Ë¡“°‡°‘π‰ª¢Õß¬’π·≈–¢Õß‡Õπ‰´¡å∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√Õ¬Ÿà√Õ¥·≈–‡æ‘Ë¡®”π«π ¥—ßπ—Èπ°“√¬—∫¬—Èß
®÷ß‡ªìπ‡ªÑ“À¡“¬°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“ ∑’Ë®–Õ¿‘ª√“¬µàÕ‰ª ‰¥â·°à
(1) receptor tyrosine kinases (RTKs) ·≈– non-receptor tyrosine
kinases (2) proteasomes (3) heat shock proteins  (4) histone
deacetylases (5) cyclooxygenase-2 ·≈– (6) transcription
factor: nuclear factor-kappa B (NF-κB), activator protein-1 (AP1)
 “√ÕÕ°ƒ∑∏‘Ï¬—∫¬—ÈßµàÕ«‘∂’‡©æ“–‡À≈à“π’È∂Ÿ°§âπæ∫®“°°“√µ√«®
°√Õß “√‡§¡’®“°∏√√¡™“µ‘ ·≈–Õπÿ°√¡¢Õß “√ —ß‡§√“–Àå
®”π«π¡“°∑’Ë‰¥â®“°°“√ÕÕ°·∫∫¥â«¬ quantitative structure-
activity-relationship (QSAR)  “√‡À≈à“π’È‰¥âπ”¡“»÷°…“‡æ◊ËÕ
æ‘ Ÿ®πå§«“¡ ”§—≠¢Õß«‘∂’∑“ß àß —≠≠“≥¿“¬„π‡´≈≈å

·≈–‡ªìπ°“√æ‘ Ÿ®πå«à“µ”·Àπàß‡À≈à“π’È‡ªìπ∑’Ë¬“ÕÕ°ƒ∑∏‘Ï·≈â«
®–‰¥âº≈µÕ∫ πÕß∑’ËµâÕß°“√À√◊Õ‰¡à (drugable)  “√‡§¡’À≈“¬
™π‘¥‰¥âæ—≤π“‡ªìπ¬“ ‰¥âπ”‡¢â“»÷°…“„π¡πÿ…¬å∑“ß§≈‘π‘°
πÕ°®“°π’È¬“À≈“¬™π‘¥‰¥â√—∫Õπÿ¡—µ‘„Àâ„™â„πºŸâªÉ«¬„π¢âÕ∫àß„™â
∑’Ë°”Àπ¥‰«â (µ“√“ß∑’Ë 1)

‡§¡’∫”∫—¥„π¡–‡√Áß∑àÕπÈ”¥’ ‡ªìπ∑“ß‡≈◊Õ°¢ÕßºŸâªÉ«¬∑’Ë
‰¡à “¡“√∂√—∫°“√ºà“µ—¥ ·µàªí®®ÿ∫—π¬—ß‰¡à¡’ Ÿµ√¬“∑’Ë„™â·≈–
‡ªìπ∑’Ë„™â°—π∑—Ë«‰ª ¡–‡√Áß∑àÕπÈ”¥’‡ªìπ¡–‡√Áß∑’Ë¡’Õÿ∫—µ‘°“√≥å Ÿß
„πª√–‡∑»‰∑¬ ‚¥¬‡©æ“–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ  “‡Àµÿ
„π°“√‡°‘¥‚√§¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·µà¡’À≈—°∞“πæ∫«à“
 —¡æ—π∏å°—∫°“√µ‘¥‡™◊ÈÕæ¬“∏‘„∫‰¡âµ—∫·≈–Õ“®√à«¡°—∫ªí®®—¬
Õ◊ËπÊ Õ’°2, 3 ‚√§¡–‡√Áß∑àÕπÈ”¥’¡’°“√¥”‡π‘π¢Õß‚√§§àÕπ¢â“ß™â“
¡’æ¬“°√≥å¢Õß‚√§‰¡à¥’  ºŸâªÉ«¬¡—°‰¡à¡’Õ“°“√· ¥ßÕÕ°∑’Ë
®”‡æ“– ∑”„ÀâºŸâªÉ«¬∑’Ë¡“√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈¡—°‡ªìπ
¡–‡√Áß„π√–¬–∑’Ë≈ÿ°≈“¡¡“°·≈â«4  °“√√—°…“À≈—°§◊Õ°“√ºà“µ—¥
·≈–§π‰¢â∫“ß√“¬®–‰¥â√—∫°“√ºà“µ—¥√à«¡°—∫°“√√—°…“¥â«¬
¬“‡§¡’∫”∫—¥ ·µàº≈°“√√—°…“¬—ß‰¡à‡ªìπ∑’Ëπà“æÕ„®π—° ‡π◊ËÕß®“°
§π‰¢â¡’Õ—µ√“°“√√Õ¥™’«‘µµË”¡’Õ—µ√“°“√√Õ¥™’«‘µ¿“¬„π
√–¬–‡«≈“ 3 ªï‡æ’¬ß√âÕ¬≈– 0-16 ‡∑à“π—Èπ4 °“√„™â¬“‡§¡’∫”∫—¥
∑—Èß∑’Ë√“¬ß“π„πª√–‡∑»‰∑¬·≈–®“°µà“ßª√–‡∑»¬—ß‰¡à‰¥âº≈¥’
‡™àπ‡¥’¬«°—π ‡π◊ËÕß®“°¡–‡√Áß∑àÕπÈ”¥’‰¡àµÕ∫ πÕßµàÕ¬“‡§¡’
∫”∫—¥ „πªí®®ÿ∫—π®÷ß¡’°“√»÷°…“∂÷ß¬“∑’Ë°”Àπ¥‡ªÑ“À¡“¬  ‡æ◊ËÕ
π”‰ª Ÿà°“√æ—≤π“°“√√—°…“‚√§¡–‡√Áß∑àÕπÈ”¥’∑’Ë ‰¥âº≈
„π∫∑§«“¡π’È®–°≈à“«∂÷ß°“√∑¥≈Õß¬“„π¡–‡√Áß∑àÕπÈ”¥’∑’Ë¡’
√“¬ß“π‰«â

°“√¬—∫¬—Èß Epidermal growth factor receptor family
Epidermal growth factor receptor (EGFR) ‡ªìπ receptor

„πµ√–°Ÿ≈ receptor tyrosine protein kinase (RTK) ∑’Ë¡’
§«“¡ ”§—≠„π°“√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ (cell growth),
¥’ø‡øÕ‡√π™‘‡Õ™—π (differentiation), °“√·ª√√Ÿª (transformation),
°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à (angiogenesis), °“√‡§≈◊ËÕπ∑’Ë
(migration), °“√Õ¬Ÿà√Õ¥ (survival) °“√¥◊ÈÕµàÕ¬“‡§¡’∫”∫—¥·≈–
°“√©“¬√—ß ’5 EGFR ‡ªìπµ—«√—∫°≈ÿà¡ ErbB ª√–°Õ∫¥â«¬ EGFR
À√◊Õ ErbB1 À√◊Õ Her-1, ErbB2 (Her-2), ErbB3 (Her-3) ·≈–
ErbB4 (Her-4)6 EGFR  “¡“√∂∂Ÿ°°√–µÿâπ‰¥â¥â«¬µ—«°√–µÿâπ
À≈“¬™π‘¥§◊Õ epidermal growth factor (EGF), transforming
growth factor-α (TGF-α), heparin-binding EGF, amphiregulin,
betacellulin, epiregulin ·≈– neuregulin G2b  “√À√◊ÕŒÕ√å‚¡π
‡À≈à“π’È°√–µÿâπ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√Áßºà“π∑“ßÀ≈“¬
«‘∂’ —≠≠“≥‡™àπ phosphoinositide 3-kinase (PI3K)-Akt,
mitogen-activated protein kinase (MAPK), phospholipase Cγ
(PLC-γ) (√Ÿª∑’Ë 1) ·≈–¬—ßºà“π«‘∂’ Janus kinase- STAT
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Drugs Trade name Target Status Indication
Gefitinib Iressa (AstraZeneca) EGFR (ErbB1) FDA approved NSCLC (conditional).
ZD1839 Phase III NSCLC (in Asia).

Phase II Breast cancer, head & neck.
Erlotinib Tarceva (Genetech-OSI) EGFR (ErbB1) FDA approved NSCLC, pancreatic cancer.
OSI-774 Phase I Breast cancer.
Vandetanib Zactima (AstraZeneca) EGFR, HER2, VEGFR Phase III NSCLC, medullary thyroid carcinoma.
ZD6474
Lapatinib Tykerb (GSK) EGFR, HER2 FDA approved Breast cancer.
GW572016 Phase III Advanced renal cell carcinoma
Imatinib STI-571 Gleevec /Glivec BCR-ABL FDA approved Chronic myelogenous leukemia

(Novatis) (CML), GIST
Nilotinib AMN107 Tasigna (Novaris) BCR-ABL FDA approved CML.

Phase III GIST.
Dasatinib Sprycel (Bristol- BCR/ABL, Src FDA approved CML, ALL.
BMS-354825 Myers-Squibb) Phase II Advanced breast cancer.

Phase I NSCLC, Solid tumors.
Sunitinib SU11248 Sutent (Pfizer) PDGFR, VEGFR, c-Kit, FDA approved Renal cell carcinoma, GIST.

RET, CSF-1R Phase II Breast, NSCLC
Sorafenib BAY Nexavar (Bayer) VEGFR1/2, Raf, FDA approved Renal cell carcinoma, hepatoma.
43-9006 PDGFR, c-Kit Phase I/II Soft tissue sarcoma, bladder

cancer, solid tumors.
Trastuzumab Herceptin (Genetech) HER2/neu (erbB2), FDA approved Breast cancer with

humanized monoclonal Phase III her2/neu overexpression.
antibody Phase II Metastatic breast cancer.

Advanced urothelial  cancer.
Cetuximab Erbitux (Imclone, EGFR : human-mouse FDA approved Head & neck, colorectal cancer.

Bristol-Myers-Squibb) chimeric monoclonal Phase II Prostate, advanced cervical,
antibody endometrial cancers.

Bortezomib Velcade (Millennium) 26S proteasome FDA approved Multiple myeloma, Mantle cell lymphoma.
PS-341 Phase II Non-Hodgkinûs lymphoma, NSCLC, breast,

prostate cancer
Temsirolimus Torisel (Wyeth) mTOR kinase FDA approved Advanced renal cell carcinoma.
CCI-779 Phase II Breast cancer, melanoma
Arsenic trioxide Trisenox (Cephalon) IKK FDA approved Acute promyelocytic leukaemia.

Phase II NSCLC, liver, multiple myeloma, chronic
lymphocytic leukemia

Thalidomide Thalomid (Celgene) IKK FDA approved Multiple myeloma.
Phase I Chronic lymphocytic leukemia

Tanespimycin Telatinib, HSP-90 Phase II/III Multiple myeloma.
17-AAG, KOS-953 (Kosan Biosciences) Phase II Melanoma, breast cancer.

Phase I GIST, prostate, CML, soft tissue sarcoma
Retaspimycin (AstraZeneca) HSP-90 Phase III GIST.
hydrochloride, Phase I/II NSCLC, prostate cancer.
IPI-504 Phase I Advanced solid tumors
Enzastaurin, (Eli Lilly) Ser/Thr kinase, PKC-β, Phase III Non-Hodgkin,s lymphoma.
LY317615 PKB/Akt inhibitors Phase II Mantle-cell lymphoma.

Phase I/II NSCLC, prostate, breast, gliomas
Vorinostat, Zolinza (Merk) Inhibitor of histone FDA approved Cutaneous T-cell lymphoma.
M344, SAHA deacetylases Phase II Myelodysplastic syndrome.

Phase I Advanced solid tumors.
Romidepsin Gloucester- Inhibitor of histone Phase II Cutaneous T-cell lymphoma,

Janssen-Cilag deacetylases Phase I/II SCC  of head & neck.
Pancreatic, multiple myeloma

¢âÕ¡Ÿ≈√«∫√«¡®“°∞“π¢âÕ¡Ÿ≈ “∏“√≥– http://www.cancer.gov/clinicaltrials, www.accessdata.fda.gov

µ“√“ß∑’Ë 1 ¬“‡§¡’∫”∫—¥ÕÕ°ƒ∑∏‘ÏµàÕ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬®”‡æ“– ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬‡À≈à“π—Èπ®–‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠‡µ‘∫‚µ
¢Õß¡–‡√Áß™π‘¥µà“ßÊ ¬“„À¡à‡À≈à“π’È¡’∑—Èß∑’Ëºà“π°“√√—∫√Õß®“° ”π—°ß“πÕ“À“√·≈–¬“  À√—∞ (US-FDA) À√◊ÕÕ¬Ÿà„π
√–À«à“ß°“√»÷°…“∑“ß§≈‘π‘°
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√Ÿª∑’Ë 1 °≈‰°°“√∑”ß“π¢Õß EGFR ·≈– PDGFR ‡¡◊ËÕ agonist ‡™àπ EGF ®—∫°—∫√’‡´æ‡µÕ√å®–‡°‘¥ dimerization µ“¡¥â«¬
autophosporylation ¢Õß à«π‡Õπ‰´¡å„π cytoplasm  ‡Õπ‰´¡å®–∑”°“√ phosphorylation ‡Õπ‰´¡å‡ªÑ“À¡“¬∑’Ë¡’‚§√ß √â“ß
SH-2 domain „π≈”¥—∫µàÕ‰ª ‰¥â·°à phosphoinositide-3-kinase (PI3K) ·≈– protein kinase-B (Akt) À√◊Õ‰ª«‘∂’Õ◊Ëπ ‰¥â·°à
mitogen-activated kinase (MAPK) §◊Õ Ras-Raf-Mek-MAPK π”‰ª Ÿà°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π®”π«π¡“°∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√Õ¬Ÿà√Õ¥·≈–·∫àßµ—«

¬’π EGFR À√◊Õ ErbB1 ¡’°“√· ¥ßÕÕ° Ÿß„π‡´≈≈å¡–‡√Áß
À≈“¬™π‘¥ ‡™àπ head and neck, lung, colon, breast, and
kidney ºŸâªÉ«¬¡–‡√Áß∑’Ë¡’°“√· ¥ßÕÕ°¢Õß EGFR ¡“°¡—°®–
¡’°“√æ¬“°√≥å¢Õß‚√§∑’Ë‰¡à¥’π—°  àßº≈„Àâ‡°‘¥ metastasis ‰¥â
µ—Èß·µà√–¬–·√°Ê  πÕ°®“°π’È¬—ßæ∫«à“°“√∑’Ë EGFR-2 À√◊Õ
Her-2 ¡’°“√· ¥ßÕÕ°¢Õß¬’π Ÿß®– —¡æ—π∏å°—∫°“√≈ÿ°≈“¡¢Õß
¡–‡√Áß (advanced tumor stage) ·≈–°“√¥◊ÈÕµàÕ¬“‡§¡’∫”∫—¥
·≈–√—ß ’√—°…“ ¥—ßπ—Èπ EGFR/Her-2 Õ“®‡ªìπµ—«™’È«—¥∑’Ë ”§—≠
„π¡–‡√ÁßÀ≈“¬™π‘¥ ‡™àπ ¡–‡√Áß‡µâ“π¡∑’Ë¡’°“√· ¥ßÕÕ°¢Õß¬’π
HER2  Ÿß7 ‡π◊ËÕß®“° EGFR ¡’§«“¡ ”§—≠µàÕ°“√Õ¬Ÿà√Õ¥¢Õß
‡´≈≈å¡–‡√Áß °“√¬—∫¬—Èß°“√∑”ß“π¢Õß (1) √’‡´æ‡µÕ√å∑’Ëº‘«‡´≈≈å
‡¡¡‡∫√π (2) °“√∑”ß“π¢Õß‡Õπ‰´¡å tyrosine protein kinase
¿“¬„π‡´≈≈å À√◊Õ (3) ‡Õπ‰´¡å∑’ËÕ¬Ÿà„π«‘∂’∑“ß∑’Ë∂Ÿ°°√–µÿâπ¥â«¬
EGFR ´÷Ëßª√–°Õ∫¥â«¬«‘∂’‡Õπ‰´¡å∑’Ë ”§—≠ 2 «‘∂’§◊Õ Ras/Raf/
MAPK ·≈– PI3K/Akt6, 8 ®÷ß¡’§«“¡ ”§—≠∑’Ë®–π”‰ª Ÿà°“√æ—≤π“
‡ªìπ¬“‡§¡’∫”∫—¥ „π∑“ß§≈‘π‘°‰¥â¡’°“√π”¬“°≈ÿà¡π’È¡“„™â∫â“ß
·≈â« ‚¥¬·∫àß¬“°≈ÿà¡π’È‡ªìπ 2 ™π‘¥§◊Õ

1. Monoclonal antibodies ‡™àπ cetuximab (Erbitux˙:
Bristol-Myers Squibb), panitumumab (Vectibix˙: Amgen)
¬“∑”Àπâ“∑’Ë‡ªìπ antibody  IgG ∑’Ë®”‡æ“–µàÕ√’‡´æ‡µÕ√å EGFR
∑’Ë· ¥ßÕ¬Ÿà∫πº‘«‡´≈≈å ‡¡◊ËÕ¬“®—∫√’‡´æ‡µÕ√å®–¬—∫¬—Èß‰¡à„Àâ
ligands ‡¢â“¡“®—∫∑’Ëµ—«√’‡´æ‡µÕ√å ∑”„Àâ≈¥°“√∑”ß“π¢Õß
√’‡´æ‡µÕ√å·≈–≈¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë™—°π”„Àâ‡´≈≈å¡–‡√Áß
‡®√‘≠‡µ‘∫‚µ πÕ°®“°π’È cetuximab ∑’Ë‡ªìπ IgG1 ‡¡◊ËÕ√«¡µ—«

°àÕ antibody-EGFR complex ®–™—°π”„Àâ‡°‘¥°“√°√–µÿâπ
complement ·≈–„Àâ‡°‘¥ antibody-dependent cellular
cytotoxicity (ADCC) ∑”„Àâ‡´≈≈å¡–‡√Áß∂Ÿ°∑”≈“¬  ¬“ cetuximab
‰¥â√—∫Õπÿ¡—µ‘®“° FDA  À√—∞‡æ◊ËÕ„™â√—°…“ head and neck
cancer ‚¥¬„™â√à«¡°—∫°“√©“¬√—ß ’∫”∫—¥ À√◊Õ„™â‡¥’Ë¬«Ê „πºŸâªÉ«¬
∑’Ë‡§¬„™â¬“°≈ÿà¡ platinum ¡“°àÕπ πÕ°®“°π’È‰¥âπ”¡“„™â√à«¡
°—∫¬“‡§¡’∫”∫—¥ ‡™àπ irinotecan „π ¡–‡√Áß≈”‰ â√–¬–≈ÿ°≈“¡
(metastatic colon cancer)

2. Small-molecule tyrosine kinase inhibitors (TKI)
¬“ —ß‡§√“–Àåπ’È‡ªìπ‚¡‡≈°ÿ≈¢π“¥‡≈Á° (‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫ monoclonal antibody ¢â“ßµâπ) „π°“√ÕÕ°ƒ∑∏‘Ï¬“®–µâÕß
‡¢â“‰ª„π‡´≈≈å·≈–®—∫°—∫µ—«√—∫¿“¬„π‡´≈≈å∑’Ë¡—°‡ªìπ tyrosine
kinase domain ‡ªìπ à«πÕÿâß∑’Ë ATP ‰ª®—∫ ∑”„ÀâªÑÕß°—π°“√®—∫
¢Õß ATP ·≈–¬—∫¬—ÈßªØ‘°‘√‘¬“ phosphorylation ¢Õß tyrosine
kinase ¢Õß EGFR  ¬“ gefitinib (Iressa˙), ‰¥â√—∫°“√Õπÿ¡—µ‘®“°
FDA  À√—∞Õ¬à“ß√«¥‡√Á«‡¡◊ËÕº≈°“√∑¥≈Õß‡∫◊ÈÕßµâπ„π¡πÿ…¬å
√–¬–∑’Ë 2 (phase II) „π¡–‡√Áß NSCLC „Àâº≈°“√√—°…“∑’Ëπà“ π„®
ºŸâªÉ«¬¡’ median survival time 7.6-8 ‡¥◊Õπ9 Õ¬à“ß‰√°Áµ“¡
°“√»÷°…“∑“ß§≈‘π‘° phase III æ∫«à“°“√„™â gefitinib √à«¡°—∫
¬“‡§¡’∫”∫—¥ „Àâº≈‰¡à·µ°µà“ß°—π√–À«à“ß°“√¡’ gefitinib
√à«¡¥â«¬À√◊Õ‰¡à10, 11 ∑”„Àâ FDA  À√—∞‡ª≈’Ë¬π·ª≈ß¢âÕ∫àß„™â¬“
gefitinib „Àâ„™â‡©æ“–ºŸâªÉ«¬∑’Ë‡§¬µÕ∫ πÕßµàÕ gefitinib ¡“°àÕπ
 ”À√—∫ erlotinib (Tarceva˙) π—Èπªí®®ÿ∫—π¬—ß‰¥â√—∫Õπÿ¡—µ‘„π
¢âÕ∫àß„™â„πºŸâªÉ«¬¡–‡√ÁßªÕ¥Õ¬Ÿà ‡π◊ËÕß®“°æ∫«à“°“√„™â¬“π’È
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„πºŸâªÉ«¬∑’Ë¥◊ÈÕµàÕ¬“¬“‡§¡’∫”∫—¥·≈â« “¡“√∂‡æ‘Ë¡°“√Õ¬Ÿà√Õ¥
‰¥âÕ¬à“ß¡’π—¬ ”§—≠12

     Õ¬à“ß‰√°Áµ“¡º≈°“√√—°…“¢Õß¬“∑—Èß 2 ‡°‘¥¢÷ÈππâÕ¬°«à“
∑’Ë‰¥â§“¥À«—ß‰«â °“√«‘‡§√“–Àå„πºŸâ∑’ËµÕ∫ πÕßµàÕ¬“æ∫«à“
§π‰¢â∑’Ë‰¡à‡§¬ Ÿ∫∫ÿÀ√’Ë ‡æ»À≠‘ß ª√–™“°√‡™◊ÈÕ™“µ‘‡Õ‡™’¬
·≈–æ¬“∏‘«‘∑¬“¢Õß¡–‡√Áß‡ªìπ·∫∫ adenocarcinoma ®–µÕ∫
 πÕßµàÕ¬“‰¥â¥’ ·≈–∑’Ë ”§—≠§◊Õ ºŸâ∑’Ë¡’ mutation ¢Õß EGFR
„π∫“ßµ”·Àπàß ‡™àπ deletion exon 19, mutation ∑’Ë G719A/S,
L858R ·≈– L861Q À√◊Õ¡’°“√‡æ‘Ë¡®”π«π™ÿ¥¢Õß¬’ππ’È®–¡’º≈
„ÀâµÕ∫ πÕßµàÕ¬“‰¥â¥’¢÷Èπ13, 14 (√Ÿª∑’Ë 2) °≈ÿà¡ºŸâ∑’ËµÕ∫ πÕß
µàÕ¬“æ∫ EGFR mutation µ—Èß·µà√âÕ¬≈– 55-80 „π¢≥–∑’ËºŸâ∑’Ë
‰¡àµÕ∫ πÕß¡’ mutation ‡æ’¬ß√âÕ¬≈– 16-26  ºŸâ∑’Ë¡’ mutation
¡’ overall survival ‡©≈’Ë¬¬“«°«à“ºŸâ∑’Ë‰¡à¡’ mutation 14-30 ‡¥◊Õπ
‡ª√’¬∫‡∑’¬∫°—∫ 5-8 ‡¥◊Õπ º≈¢Õß°“√‡°‘¥ mutation æ∫«à“
∑”„Àâ¬“∑—Èß 2  “¡“√∂®—∫°—∫ ATP binding pocket ¥â«¬
affinity ∑’Ë Ÿß¢÷Èπ¡“° ¢≥–‡¥’¬«°—π¡’ Km µàÕ ATP ‡æ‘Ë¡¢÷Èπ13

À¡“¬∂÷ß§«“¡ “¡“√∂„π°“√®—∫°—∫ ATP ≈¥≈ß
Õ¬à“ß‰√°Áµ“¡ºŸâªÉ«¬¡–‡√ÁßªÕ¥∑’ËµÕ∫ πÕßµàÕ¬“„π

√–¬–·√°¡—°®–‡ª≈’Ë¬π‡ªìπ‰¡àµÕ∫ πÕß„π∑’Ë ÿ¥ ‚¥¬æ∫«à“‡°‘¥
mutation ¢÷Èπ∑’Ë¬’π EGFR ∑’Ë —¡æ—π∏å°—∫°“√¥◊ÈÕ¬“æ∫∑’Ëµ”·Àπàß
T790M  √Ÿª∑’Ë 2 · ¥ßµ”·Àπàß∑’Ëæ∫  single nucleotide
polymorphism (SNP) · ¥ß„π·∂«≈à“ß„π√Ÿª∑’Ë 2 æ∫¡’§«“¡
 —¡æ—π∏å°—∫°“√¥◊ÈÕ¬“∑—Èß 2 ™π‘¥  °“√‡°‘¥ mutation π’È®–‰¥â
°√¥Õ–¡‘‚π∑’Ë¡’¢π“¥„À≠à°«à“∑”„Àâ gefitinib ·≈– erlotinib
‰¡à “¡“√∂‡¢â“‰ª„πµ”·ÀπàßÕÿâß¢Õß‡Õπ‰´¡å∑’Ëª°µ‘¬“‡¢â“‰ª®—∫
∑”„Àâ‰¡à “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å kinase

°“√√—°…“¡–‡√ÁßªÕ¥™π‘¥ non-small cell lung cancer
(NSCLC) ∑’Ë¬“ gefitinib ·≈– erlotinib ‰¥âµ—Èß„®π”¡“„™âµ—Èß·µà·√°
·¡â¬“∑—Èß 2 ®–„Àâ response rate ∑’Ë¥’°«à“¬“À≈Õ°·µà√–¬–‡«≈“
°“√¡’™’«‘µÕ¬Ÿà√Õ¥‚¥¬√«¡Ê ‰¡à‡æ‘Ë¡¢÷Èπ‡∑à“‰√ ∂÷ß·¡â®–„™â
√à«¡°—∫¬“‡§¡’∫”∫—¥¡“µ√∞“πµà“ßÊ „π∑”πÕß‡¥’¬«°—∫°“√π”
cetuximab ‰ª√—°…“¡–‡√Áß≈”‰ â„À≠à (µ“√“ß∑’Ë 2) ·µà∑’Ëπà“ π„®

Agent & comparison Tumor (type of study) Response(%) Median overall survival
Gefitinib vs placebo NSCLC (ISEL, phase III) 8% vs 1% 5.6 vs 5.1 mo (ns)
Erlotinib vs placebo NSCLC (BR.21, phase III) 6.7 vs 4.7 mo (p<0.05)
Gefitinib: Mutation vs wild type NSCLC (IDEAL, phase II) 46% vs 10%
Erlotinib: Mutation vs wild type NSCLC (BR.21) 30% vs 8%
Gem + cisplatin NSCLC (INTACT1 & II, phase III) 49.7% vs 50.3% 9.9 vs 9.9 vs 10.9 mo
+ gefitinib (500 and 250mg) vs 44.8% (placebo vs 500mg vs 250mg)
Gefitinib + chemotherapy: NSCLC (INTACT) 72% vs 55% 19.4 -14.6 vs 9.2-9.3 mo
mutation vs wild type
Gem + cisplatin + erlotinib NSCLC (TALENT, phase III) 31.5% vs 29.9% 43 vs 44.1 wk
Irinotecan + cetuximab Colorectal cancer, phase III 22.9 vs 10.8 8.6 vs 6.9 mo

µ“√“ß∑’Ë 2 ¬“¡ÿàß‡ªÑ“À¡“¬ EGFR °—∫º≈°“√∑¥≈Õß∑“ß§≈‘π‘° ·∫àßµ“¡°“√‡ª√’¬∫‡∑’¬∫°—∫ placebo À√◊Õµ“¡º≈°“√µ√«®
°“√‡°‘¥ mutation/IHC (¢âÕ¡Ÿ≈√«∫√«¡®“°®“°√“¬ß“πµà“ßÊ13, 15-17)

√Ÿª∑’Ë 2 µ”·Àπàß∑’Ë‡°‘¥ mutation ∫π¬’π EGFR ∑’Ëµ√«®æ∫„π‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß®“°ºŸâªÉ«¬ µ”·Àπàß mutation ∑’Ë·∂«∫π¡’§«“¡ —¡æ—π∏å
°—∫°“√µÕ∫ πÕßµàÕ¬“ gefitinib ·≈– erlotinib ¢π“¥≈Ÿ°»√·∑π§«“¡∂’Ë¢Õß mutation ∑’Ëæ∫„πª√–™“°√ ‚¥¬∑’Ë deletion
∑’Ë exon 19 ·≈– mutation L858R ¡’§«“¡∂’Ë Ÿß ÿ¥√«¡‡ªìπ√âÕ¬≈– 86 ¢Õß mutation ∑’Ëæ∫  πÕ°®“°π’È¬—ß¡’ mutation
∑’Ëµ”·ÀπàßÕ◊ËπÊ Õ’°¡“°∫π¬’π EGFR ·µà§«“¡ —¡æ—π∏å°—∫≈—°…≥–ª√“°Ø¬—ß‰¡à™—¥·®âß (¿“æ®“° Riely ·≈–§≥–13)
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¡“°§◊Õ„πºŸâªÉ«¬∑’Ë„™â¬“ gefitinib À√◊Õ erlotinib ‡¡◊ËÕ®—¥°≈ÿà¡
µ“¡°“√ª√“°Ø mutation ¢Õß EGFR  æ∫«à“ºŸâªÉ«¬∑’Ë¡’
mutation ¡’°“√µÕ∫ πÕß∑’Ë Ÿß°«à“¡“° ·≈–‡¡◊ËÕ„™â√à«¡°—∫
¬“‡§¡’∫”∫—¥ ºŸâ∑’Ë¡’ mutation ®–‡æ‘Ë¡√–¬–‡«≈“¡’™’«‘µ¡“°¢÷Èπ
(µ“√“ß∑’Ë 2) Õ¬à“ß‰√°Áµ“¡°“√µ√«® mutation π’È‡ªìπ°“√
µ√«®¬âÕπÀ≈—ß ¬—ß§ßµâÕß√Õº≈°“√»÷°…“·∫∫‰ª¢â“ßÀπâ“
(prospective study) µàÕ‰ª«à“°“√µ√«®∑“ßæ—π∏ÿ°√√¡®–„Àâ
º≈°“√√—°…“∑’Ë‡æ‘Ë¡Õ—µ√“°“√Õ¬Ÿà√Õ¥¢÷ÈπÕ¬à“ß¡’§«“¡À¡“¬
À√◊Õ‰¡à

 ”À√—∫ Her-2 /neu ‡ªìπ¬’π„πµ√–°Ÿ≈ EGFR À√◊Õ Her
‡™àπ°—π·µà‡ªìπ√’‡´æ‡µÕ√å∑’Ë‰¡àæ∫«à“¡’ ligand „¥∑’Ë®”‡æ“–
Õ¬à“ß‰√°Áµ“¡ Her-2  “¡“√∂∂Ÿ°°√–µÿâπ‰¥â¥â«¬°“√√«¡°—∫
EGFR Õ◊ËπÊ ‡¡◊ËÕ EGFR π—Èπ∂Ÿ° ligand ®”‡æ“–°√–µÿâπ ‡™àπ EGFR
À√◊Õ Her-3 ‡°‘¥ herterodimerization °—∫ Her-2 ∑”„Àâ “¡“√∂
 àß —≠≠“≥‰¥â·√ß°«à“°“√‡¥‘¡∑’Ë‰¡à„™â Her-2  „π¡–‡√Áß‡µâ“π¡
æ∫«à“¡’√âÕ¬≈– 10-34 ∑’Ë¡’°“√· ¥ßÕÕ°¢Õß‚ª√µ’π À√◊Õ®”π«π
 ”‡π“¢Õß¬’π Her-2 ¡“°º‘¥ª°µ‘  ·≈–∑’Ë ”§—≠æ∫«à“¡’§«“¡
 —¡æ—π∏å°—∫§«“¡√ÿπ·√ß¢Õß‚√§ °“√∫ÿ°√ÿ° ·æ√à°√–®“¬
°“√¡’™’«‘µÕ¬Ÿà√Õ¥¢ÕßºŸâªÉ«¬·≈–°“√√—°…“∑’Ë‰¡à‰¥âº≈¢Õß¡–‡√Áß
‡µâ“π¡π’È18 ¥—ßπ—ÈπºŸâªÉ«¬®÷ß‰¥â√—∫°“√·π–π”„Àâµ√«® ∂“π–¿“æ
¢Õß Her-2 °àÕπ∑’Ë®–„™â¬“ trastuzumab (Herceptin˙) ´÷Ëß‡ªìπ
monoclonal antibody µàÕ Her-2 ‡∑§π‘§°“√µ√«®ª√–°Õ∫¥â«¬
°“√µ√«®™‘Èπ‡π◊ÈÕ¥â«¬«‘∏’ immunohistochemistry (IHC) ‡ªìπ°“√
¬âÕ¡‡´≈≈å¡–‡√Áß¥â«¬ antibody µàÕ‚ª√µ’π Her-2 ‡ªìπ°“√À“
°“√· ¥ßÕÕ°¢Õß‚ª√µ’π Her-2 ‚¥¬ºŸâ∑’Ë‰¥âº≈µ√«®∫«°√–¥—∫
3+®÷ß ¡§«√„™â¬“π’È  πÕ°®“°π’È¬—ß “¡“√∂µ√«®®”π«π ”‡π“
¢Õß¬’π Her-2 ∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬«‘∏’‡∑§π‘§ fluorescent in situ
hybridization (FISH) ¡’ —¥ à«π Her-2 µàÕ chromosome 17
¡“°°«à“ 2 ́ ÷Ëß∫àß∂÷ß°“√‡°‘¥‡æ‘Ë¡®”π«π°äÕªªïô¢Õß Her2 (gene
duplication) ®÷ß ¡§«√„™â¬“π’È18 πÕ°®“° trastuzumab ·≈â«
¬“ TKI ∑’Ë¬—∫¬—Èß tyrosine kinase ∑’Ë¬—∫¬—Èß∑—Èß EGFR √à«¡°—∫ Her-2
‡™àπ lapatinib ·≈– vandetanib ‚¥¬¬“µ—«·√°‰¥â°“√√—∫√Õß
„Àâ„™â„π¡–‡√Áß‡µâ“π¡ ·≈–¬“∑—Èß§Ÿà°”≈—ß»÷°…“„π¡–‡√ÁßªÕ¥
(µ“√“ß∑’Ë 1)

 ”À√—∫¡–‡√Áß∑àÕπÈ”¥’ °“√· ¥ßÕÕ°¢Õß EGFR „π§π
‡Õ‡™’¬¡’√“¬ß“π‰«âµ—Èß·µà√âÕ¬≈– 13.6 ∂÷ß√âÕ¬≈– 27.419  ”À√—∫
„π intrahepatic cholangiocarcinoma ·≈–√âÕ¬≈– 19.2
„π extrahepatic cholangiocarcinoma20 ¥â«¬«‘∏’ IHC πÕ°®“°π’È
°“√«‘‡§√“–Àå activating mutation ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√µÕ∫
 πÕßµàÕ¬“ ¡’√“¬ß“π„πºŸâªÉ«¬¡–‡√ÁßªÕ¥„π§π‰∑¬æ∫«à“
¡’ deletion ∑’Ë exon 19 ·≈– point mutation ∑’Ë exon 21 √âÕ¬≈–
48.3 ·≈– 9.3 µ“¡≈”¥—∫ √«¡∑’Ë¡’ mutation √âÕ¬≈– 57.4
®“°ª√–™“°√«‘‡§√“–Àå∑—ÈßÀ¡¥ 61 §π21 ´÷Ëßπ—∫«à“¡’ Ÿß¡“°

∑”„ÀâºŸâªÉ«¬‰∑¬¡’‚Õ°“ ∑’Ë®–‰¥â√—∫ª√–‚¬™πå®“°¬“ TKI
¥—ßπ—Èπ®÷ß‡ªìπ∑’Ëπà“ π„®«à“ºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’®–¡’Õÿ∫—µ‘°“√≥å
mutation ‡ªìπÕ¬à“ß‰√ ·≈–®–¡’°“√µÕ∫ πÕßµàÕ¬“°≈ÿà¡π’È
‡™àπ‰√

„π¢≥–∑’Ë°“√· ¥ßÕÕ°¢Õß Her-2 „πºŸâªÉ«¬¡–‡√Áß∑àÕ
πÈ”¥’¡’√“¬ß“π∑’Ë·µ°µà“ß°—π °≈à“«§◊Õ Suzuki ·≈–§≥–
√“¬ß“π‚¥¬°“√¬âÕ¡™‘Èπ‡π◊ÈÕ¥â«¬ IHC æ∫√âÕ¬≈– 26.3 (®“°
29 §π) „πºŸâªÉ«¬‰∑¬´÷Ëß¡’æÕÊ °—∫ºŸâªÉ«¬≠’ËªÿÉπ22  „πÕ’°
√“¬ß“π„πºŸâªÉ«¬‰∑¬∑’Ë‡ªìπ¡–‡√Áß∑àÕπÈ”¥’‚¥¬«‘∏’ IHC æ∫√âÕ¬
≈– 32.3 (®“° 31 §π) „π¢≥–∑’Ë√“¬ß“π„À¡àµ√«®¥â«¬«‘∏’
‡¥’¬«°—ππ’È„πºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’™“«≠’ËªÿÉπ¡’‡æ’¬ß√âÕ¬≈– 5
(®“° 236 §π) ‡∑à“π—Èπ20  §«“¡·µ°µà“ß°—π„π√“¬ß“π‡À≈à“π’È
Õ“®¢÷Èπ°—∫‡∑§π‘§°“√ª√–‡¡‘π¥â«¬«‘∏’ IHC ´÷Ëß‰¥âª√—∫„Àâ¡’
¡“µ√∞“π‡¥’¬«°—π‡¡◊ËÕ‰¡àπ“π¡“π’È‡Õß

°“√„™â¬“ TKI ∑’Ë∂◊Õ«à“ÕÕ°ƒ∑∏‘Ï·∫∫¡ÿàß‡ªÑ“ À√◊Õ targeted
drug therapy ‰¥â‡√‘Ë¡π”¡“∑¥≈Õß‡√Á«Êπ’È º≈√“¬ß“π‡∫◊ÈÕßµâπ
°“√„™â erlotinib „πºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’ 42 §π æ∫ response
rate √âÕ¬≈– 8 ·≈– median survival 7.5 ‡¥◊Õπ23 „π¢≥–∑’Ë°“√
„™â lapatinib ∑’Ë¬—∫¬—Èß∑—Èß EGFR ·≈– Her-2 æ∫ response rate
‡ªìπ»Ÿπ¬å „πºŸâªÉ«¬ 19 √“¬·≈– median survival 1.8 ‡¥◊Õπ24

πÕ°®“°π’È¬“∑’ËÕÕ°ƒ∑∏‘ÏÀ≈“¬µ”·Àπàß (multi-targeting drug)
‡™àπ sorafenib (µ“√“ß∑’Ë 1) √“¬ß“π„πªï∑’Ë·≈â« 2007 „Àâº≈
‰¡à·µ°µà“ß°—π¡“°π—° °≈à“«§◊Õæ∫ response rate √âÕ¬≈– 6
·≈– median survival 6 ‡¥◊Õπ25 Õ¬à“ß‰√°Áµ“¡°“√»÷°…“‡À≈à“
‰¡à‰¥â√–∫ÿ«à“‰¥â∑”°“√µ√«®À“ mutation ‡æ◊ËÕ§—¥‡≈◊Õ°ºŸâªÉ«¬
º≈°“√√—°…“Õ“®®–¥’°«à“π’È∂â“¡’°“√µ√«®°√ÕßºŸâªÉ«¬∂÷ß
°“√· ¥ßÕÕ°¢Õß EGFR ·≈– Her-2

°“√¬—∫¬—Èß Tyrosine kinase Õ◊ËπÊ
‡Õπ‰´¡å tyrosine kinase ∑’ËÕ¬Ÿà„π§«“¡ π„®„πªí®®ÿ∫—π

‰¥â·°à Bcr-Abl ·≈– vascular endothelial growth factor
(VEGF) receptor °“√· ¥ßÕÕ°¡“°º‘¥ª°µ‘¢Õß Bcr-Abl
æ∫„πºŸâªÉ«¬ CML ‚¥¬‡°‘¥®“°°“√·µ°À—°·≈–µàÕ°—π„À¡à
¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 9 ·≈– 22 ‡°‘¥‡ªìπ‚§√‚¡‚´¡„À¡à‡√’¬°
Philadelphia chromosome °àÕ„Àâ‡°‘¥¬’π≈Ÿ°º ¡∑’Ë‡°‘¥®“°¬’π
Bcr ·≈– Abl ¡“µàÕ°—π‡°‘¥‡ªìπ Bcr-Abl ∑’Ë¡’°“√∑”ß“π¡“°
º‘¥ª°µ‘∑’Ëπ”‰ª Ÿà°“√·∫àßµ—«·≈–‡ªìπ¡–‡√Áß ¬“µ—«„À¡à∑’Ë¡’
ª√– ‘∑∏‘¿“æ„π°“√√—°…“ chronic myelogenous leukemia
(CML) ¥’¡“° §◊Õ imatinib ‡ªìπ TKI ¬—∫¬—Èß‡Õπ‰´¡å Bcr-Abl26

ªí®®ÿ∫—π∂◊Õ«à“ imatinib (Gleevec˙) ‡ªìπ¬“¡“µ√∞“π„π°“√
√—°…“ CML ·≈– gastrointestinal stromal tumors (GIST) ´÷Ëß¡’
°“√· ¥ßÕÕ°¡“°º‘¥ª°µ‘¢Õß c-Kit oncogene ‚¥¬‡©æ“–
°“√√—°…“„π CML ∂◊Õ«à“¡’ª√– ‘∑∏‘¿“æ¡“° ‡π◊ËÕß®“°¬“
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 “¡“√∂∑”„Àâ‡°‘¥ complete hematological (blood) response
 Ÿß∂÷ß√âÕ¬≈– 96.8 ¡’ major cytogenetic (cellular) response ‰¥â
 Ÿß∂÷ß√âÕ¬≈– 87.1 ·≈– major molecular response √âÕ¬≈– 39
∑—ÈßÀ¡¥π’È∑”°“√ª√–‡¡‘π‡¡◊ËÕ√—°…“‰¥â 12 ‡¥◊Õπ27  ¬“ çImatinibé
∂◊Õ‡ªìπ¬“µ—«·√°¢Õß°≈ÿà¡ çtargeted drug therapyé ∑’Ëª√– ∫
§«“¡ ”‡√Á® Ÿß¡“°Õ¬à“ß∑’Ë‰¡à‡§¬¡’¬“„¥Ê „πæ«°¬“‡§¡’∫”∫—¥
‡§¬∑”‰¥â ∑”„Àâ°àÕ°√–· °“√§âπ§«â“¬“ TKI µ“¡¡“®”π«π
¡“°

°“√Õ¬Ÿà√Õ¥·≈–°“√·æ√à°√–®“¬¢Õß¡–‡√Áß¡—°Õ“»—¬
growth factor ‡™àπ VEGF ‡æ◊ËÕ‡æ‘Ë¡°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à„Àâ
¡’‡≈◊Õ¥‰ª‡≈’È¬ß‡π◊ÈÕ¡–‡√Áß¡‘©–π—Èπ‡π◊ÈÕ¡–‡√Áß®–¢“¥ÕÕ°´‘‡®π
·≈–µ“¬  „πºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’™“«≠’ËªÿÉπæ∫¡’°“√· ¥ßÕÕ°
¢Õß VEGF  Ÿß∂÷ß√âÕ¬≈– 56.820 ·≈–æ∫ c-Met „πºŸâªÉ«¬‰∑¬
·≈–≠’ËªÿÉπ√âÕ¬≈– 43.5  ¡’√“¬ß“π‡∫◊ÈÕßµâπ¢Õß°“√„™â¬“∑’Ë‡ªìπ
monoclonal antibody µàÕ VEGF §◊Õ bevacizumab ∑’Ë„™â√à«¡°—∫
‡§¡’∫”∫—¥§◊Õ gemcitabine ·≈– oxaliplatin „π°“√»÷°…“
phase II  „πºŸâªÉ«¬¡–‡√Áß∑àÕπÈ”¥’·≈–∂ÿßπÈ”¥’®”π«π 19 √“¬
∑’Ëºà“µ—¥‰¡à‰¥âÀ√◊Õ‚√§·æ√à≈ÿ°≈“¡·≈â« æ∫º≈µÕ∫ πÕß∑’Ë
πà“ π„®¬‘Ëß∂÷ß√âÕ¬≈– 57.928 Õ¬à“ß‰√°Áµ“¡¬—ß§ßµâÕß√Õ
º≈√“¬ß“π©∫—∫‡µÁ¡¢Õß°“√»÷°…“π’È

¬“µ√–°Ÿ≈ TKI ∑’ËÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß kinase À≈“¬™π‘¥
À√◊Õ muti-target kinase inhibitor ‰¥âæ—≤π“¢÷Èπ¡“®”π«π¡“°
(µ“√“ß∑’Ë 1) ‚¥¬À«—ß«à“°≈‰°°“√ÕÕƒ∑∏‘Ï®–√à«¡°—π àß‡ √‘¡
°“√∑”ß“π  Õ¬à“ß‰√°Áµ“¡¬“ TKI ·µà≈–™π‘¥¡’·∫∫·ºπ°“√
¬—∫¬—Èß kinome ∑’Ë‰¡à‡À¡◊Õπ°—πÕ¬Ÿà·≈â«29 µ—«Õ¬à“ß‡™àπ sunitinib
(Sutent˙), sorafenib (Nexavar˙) À√◊Õ vandetanib (Zactima˙)
·¡â·µà single-target ‡™àπ gefitinib °Á·µ°µà“ß®“° erlotinib
º≈¢Õß¬“ muti-target „π°“√»÷°…“‡´≈≈å‡æ“–‡≈’È¬ßÀ√◊Õ —µ«å
∑¥≈Õß∑’Ëª≈Ÿ°∂à“¬‡´≈≈å¡–‡√Áß„Àâº≈∑’Ëπà“ π„®¡“°  °“√»÷°…“
∑“ß§≈‘π‘° ‡™àπ sorafenib √à«¡°—∫ bevacizumab „π¡–‡√Áß√—ß‰¢à
À√◊Õ√à«¡°—∫ cytotoxic „π melanoma °Á„Àâº≈√—°…“∑’Ëπà“ π„®
‡™àπ‡¥’¬«°—∫º≈°“√√—°…“¥â«¬ sunitinib „π¡–‡√Áß‡µâ“π¡À√◊Õ
¡–‡√ÁßªÕ¥∑’Ë¥◊ÈÕ¬“Õ◊Ëπ·≈â«  ¬ÿ∑∏»“ µ√å°“√„™â¬“ muti-target
kinase ‡À≈à“π’È®–¥Ÿ‡¢â“°—∫™’««‘∑¬“¢Õß¡–‡√Áß∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß
À≈“°À≈“¬„π√–∫∫ àß —≠≠“≥  “√ staurosporine ∑’Ë¡’ƒ∑∏‘Ï
·√ß¡“°∑’Ë ÿ¥  “¡“√∂¬—∫¬—Èß‡Õπ‰´¡å kinase ‰¥â·∑∫∑ÿ°™π‘¥
·µà¬—ß‰¡à “¡“√∂π”¡“„™â‡ªìπ¬“‡π◊ËÕß®“°¡’æ‘… Ÿß¡“°
πÕ°®“°π’È§«“¡À«—ß∑’Ë¬“ muti-target kinase ®– “¡“√∂
ÕÕ°ƒ∑∏‘Ï·∫∫ broad spectrum ‰¥â°Áæ∫«à“‰¡à‡ªìπ®√‘ß‡ ¡Õ‰ª
‡¡◊ËÕ∑¥≈Õß„™â∑“ß§≈‘π‘°30 ¥—ßπ—Èπ¬—ßµâÕß¡’°“√»÷°…“Õ’°¡“°
„π°“√°”Àπ¥∫∑∫“∑¢Õß¬“ multi-target kinase ‡À≈à“π’È
„π°“√„™â∑“ß§≈‘π‘°

°“√¬—∫¬—Èß Proteasome
Proteasome ‡ªìπ multisubunit enzyme ¡’Àπâ“∑’Ë„π

°“√°”®—¥‚ª√µ’π∑’Ë‡À≈◊Õ„™âÀ√◊Õ‰¡àµâÕß°“√¿“¬„π‡´≈≈åÀ√◊Õ
‡ªìπ‚ª√µ’π∑’Ë¡’Õ“¬ÿ„™âß“π —ÈπÊ (short-lived functional proteins)
‚ª√µ’π∑’Ë®–∂Ÿ°∑”≈“¬‚¥¬ proteasome ®–µâÕß∂Ÿ°µ‘¥ ≈“°
¥â«¬‚ª√µ’π ubiquitin (ubiquitin ‡ªìπ‚ª√µ’π¢π“¥‡≈Á°¢π“¥ 8.6
kDa æ∫®”π«π¡“°„π eukaryote) À≈—ß®“°π—Èπ‚ª√µ’π∑’Ëµ‘¥
 ≈“°®–∂Ÿ°π”‡¢â“‰ª¬àÕ¬„π‡Õπ‰´¡å proteasome complex
‚ª√µ’π∑’Ë‡ªìπ´—∫ ‡µ√∑ à«π„À≠à®–‡ªìπ‚ª√µ’π∑’Ë‡°’Ë¬«¢âÕß°—∫
°“√·∫àßµ—« ‡µ‘∫‚µ·≈– apoptosis ·≈–√«¡∑—Èß‚ª√µ’π∑’Ë‡°‘¥
∫“¥‡®Á∫ ‚ª√µ’π‡ ’¬∏√√¡™“µ‘®“°°√–∫«π°“√ oxidative
damage À√◊ÕÕ◊ËπÊ Proteasome ¡’Àπâ“∑’Ë§«∫§ÿ¡√–¥—∫¢Õß‚ª√µ’π
 ”§—≠¿“¬„π‡´≈≈å·≈–√—°…“ ¡¥ÿ≈¢Õß°“√∑”ß“π¿“¬„π
‡´≈≈å„Àâ‡À¡“– ¡ (√Ÿª∑’Ë 3) ‡™àπ §«∫§ÿ¡ cyclin A, B, D, E,
tumor suppressor protein p53, pro-apoptotic protein Bax,
cyclin-dependent kinase inhibitor p27, ·≈– NF-κB inhibitor
(IκB) °“√¬—∫¬—Èß«‘∂’ ubiquitin-proteasome „π‡´≈≈å¡–‡√Áß
®– àßº≈„Àâ¡’°“√≈¥°“√∑”≈“¬‚ª√µ’π°≈ÿà¡ tumor suppressor
·≈– pro-apoptotic proteins ®÷ß àß‡ √‘¡°“√µ“¬¢Õß‡´≈≈å¡–‡√Áß
¥—ßπ—Èπ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â„π°“√π” proteasome inhibitor
¡“„™â„π°“√√—°…“¡–‡√Áß ¬“µ—«·√°∑’Ë¡’„™â§◊Õ çBortezomibé
(Velcade˙)

°“√¬—∫¬—Èß°“√∑”ß“π¢Õß proteasome ®–¡’º≈∑”„Àâ¬—∫¬—Èß
cell cycle ∑’Ë G1/S ·≈– G2/M phases ¡’°“√ – ¡¢Õß
pro-apoptotic mediators ‡™àπ Bim ®–π”‰ª Ÿà°“√µ“¬¢Õß
‡´≈≈å‡π◊ËÕß®“° Bim  ∑”„Àâ mitochondria ‡ ’¬Àπâ“∑’Ë°“√∑”ß“π
¡’°“√°√–µÿâπ caspase3 ·≈– caspase8 π”‰ª Ÿà°“√µ“¬·∫∫
apoptosis  Proteasome inhibitor ¡’º≈¬—∫¬—ÈßµàÕ°√–∫«π°“√
pro-survival transcription factor ‡™àπ NF-κB ‚¥¬°“√¬—∫¬—Èß
proteasome ®–≈¥°“√∑”≈“¬ IκB ∑’Ë‡ªìπ‚ª√µ’π∑”Àπâ“∑’Ë®—∫
·≈–¬—∫¬—Èß°“√∑”ß“π¢Õß NF-κB (√Ÿª∑’Ë 3) ∑”„Àâ≈¥°“√‡§≈◊ËÕπ∑’Ë
¢Õß NF-kB ‡¢â“ Ÿàπ‘«‡§≈’¬ ·≈–™—°π”„Àâ‡°‘¥°“√· ¥ß¢Õß¬’π
∑’Ë àß‡ √‘¡°“√Õ¬Ÿà√Õ¥ °“√≈¥°“√°√–µÿâπ°“√Õ¬Ÿà√Õ¥∑”„Àâ‡´≈≈å
¡–‡√Áßµ“¬„π∑’Ë ÿ¥ æ∫«à“‡´≈≈å¡–‡√Áß∫“ß™π‘¥ ‡™àπ myeloma
cells ®–¡’§«“¡‰«µàÕ proteasome inhibitor ¡“°°«à“‡´≈≈åª°µ‘17

ªí®®ÿ∫—π 26 S proteasome inhibitor ‡™àπ bortezomib
‡ªìπæ«° dipeptide boronic acid analogue  “¡“√∂™—°π”
∑”„Àâ‡°‘¥°“√µ“¬¢Õß‡´≈≈å¡–‡√ÁßÀ≈“¬™π‘¥ ‡™àπ prostate,
ovarian, lung, colorectal, breast, ·≈– non-Hodgkins lymphoma
´÷Ëß°≈‰°∑’Ë§“¥‰«â§◊Õ°“√∑’Ë bortezomib ≈¥°“√∑”≈“¬ IκB
‰¥â¡’°“√π”¬“π’È¡“„™â∑“ß§≈‘π‘°·≈–∑’Ë‰¥âº≈¥’¡“°§◊Õ multiple
myeloma ·≈–¡’°“√»÷°…“„πºŸâªÉ«¬¡–‡√ÁßªÕ¥Õ’°¥â«¬
(µ“√“ß∑’Ë 1)
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√Ÿª∑’Ë 3 °“√∑”≈“¬‚ª√µ’π‚¥¬ proteasome complex  ‡¡◊ËÕ‡´≈≈å∂Ÿ°°√–µÿâπ¥â«¬ —≠≠“≥Õ—°‡ ∫ ‡™àπ cytokine.  IkB ∑’Ë√«¡Õ¬Ÿà°—∫
NF-kB ·≈–¬—∫¬—Èß°“√∑”ß“π¢Õß NF-kB ®–∂Ÿ° ubiquitination ·≈–∂Ÿ°π”‰ª∑”≈“¬¥â«¬ proteasome ∑”„Àâ NF-kB ‡ªìπ
Õ‘ √–∑’Ë®–‡¢â“‰ª°√–µÿâπ°“√· ¥ßÕÕ°¢Õß¬’πµà“ßÊ ∑”πÕß‡¥’¬«°—π  —≠≠“≥‡´≈≈å∫“¥‡®Á∫ DNA ‡ ’¬À“¬®–°√–µÿâπ p53
„Àâ∑”ß“π‚¥¬¬—∫¬—Èß°“√·∫àß‡´≈≈å·≈–™—°π”„Àâ‡´≈≈åµ“¬  ·µà„π‡´≈≈å¡–‡√Áß p53 ∂Ÿ° ∑”≈“¬Õ¬à“ß√«¥‡√Á«‚¥¬«‘∂’ ubiquitin-
proteasome  Bortezomib  “¡“√∂¬—∫¬—Èß 26S proteasome ∑”„Àâ¬—∫¬—Èß°“√°√–µÿâπ NF-κB ·≈–¬—∫¬—Èß°“√∑”≈“¬ p53

√Ÿª∑’Ë 4 §ÿ≥≈—°…≥–¢Õß‡´≈≈å¡–‡√Áß∑’ËÕ“»—¬ “√ —≠≠“≥∑’Ë‰¥â√—∫À√◊Õ √â“ß¢÷Èπ‡Õß‡æ◊ËÕ„Àâ¡’§«“¡ “¡“√∂Õ¬Ÿà√Õ¥‰¥âÕ‘ √– ‰¡àµÕ∫
 πÕß —≠≠“≥¬—∫¬—Èß®“°‡π◊ÈÕ‡¬◊ËÕª°µ‘  “¡“√∂‡æ‘Ë¡®”π«π  √â“ßÀ≈Õ¥‡≈◊Õ¥ ∫ÿ°√ÿ° ‚ª√µ’π “√ —≠≠“≥‡À≈à“π’È∂Ÿ°°”°—∫
„Àâ “¡“√∂∑”ß“π‰¥â¥â«¬ HSP90

°“√¬—∫¬—Èß Heat shock protein 90
‚ª√µ’π Heat shock protein 90 (HSP90) ¡’¿“¬„π‡´≈≈å

§‘¥‡ªìπ√âÕ¬≈– 1-2 ¢Õß cytosolic protein ¡’Àπâ“∑’ËÀ≈—°‡ªìπ
æ’Ë‡≈’È¬ß·°à‚ª√µ’πµà“ßÊ ∑’Ë —ß‡§√“–Àå¢÷Èπ (chaperone protein)
‡æ◊ËÕ„Àâ‚ª√µ’π‡À≈à“π—Èπ “¡“√∂¡â«π ¢¥µ—«„Àâ¡’‚§√ß √â“ß
∑ÿµ‘¬¿Ÿ¡‘·≈–µµ‘¬¿Ÿ¡‘∑’Ë∂Ÿ°µâÕß ∑”„Àâ “¡“√∂∑”ß“π‰¥â  ¥—ßπ—Èπ
°“√∑”ß“π¢Õß HSP90 ®÷ß‡°’Ë¬«¢âÕß°—∫°“√ àß —≠≠“≥¿“¬„π
‡´≈≈å °“√·∫àßµ—« ¢Õß‡´≈≈åª°µ‘ ·≈–√«¡∑—Èß°“√°√–µÿâπ
oncoprotein „Àâ∑”ß“π¥â«¬ ‡™àπ mutant p-53, Her-2 ·≈–
Bcr-Abl „Àâ∑”ß“π °“√¬—∫¬—Èß HSP90 ®÷ß‡ªìπ°≈¬ÿ∑∏∑’Ë “¡“√∂
¬—∫¬—Èß°“√‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√Áß ‡π◊ËÕß®“°°“√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß
HSP90 ‰¡à‰¥â¡’º≈µàÕ°—∫‚¡‡≈°ÿ≈‡ªÑ“À¡“¬‚¡‡≈°ÿ≈‡¥’¬« ·µà

Õ“®‡°’Ë¬«¢âÕß°—∫‡Õπ‰´¡å ‚ª√µ’π«‘∂’∑“ßÀ≈“¬·∫∫∑’Ëπ”‰ª Ÿà
°“√‡µ‘∫‚µ ·æ√à°√–®“¬¢Õß¡–‡√Áß ‡π◊ËÕß®“°‡´≈≈å¡–‡√ÁßÕ“®
µâÕß°“√ —≠≠“≥®“°¿“¬πÕ°‡´≈≈å √«¡∑—Èß¡’§«“¡ “¡“√∂
º≈‘µ —≠≠“≥‡Õß‰¥â‡æ◊ËÕ„Àâ‡Õ◊ÈÕ°“√Õ¬Ÿà√Õ¥ ¥—ßπ—Èπ°“√¬—∫¬—Èß
°“√∑”ß“π¢Õß‚ª√µ’π∑’Ë¡’°“√∑”ß“π¡“°º‘¥ª°µ‘®÷ßÕ“®¬—∫¬—Èß
§ÿ≥≈—°…≥–µà“ßÊ ¢Õß¡–‡√Áß≈ß‰¥â31 (√Ÿª∑’Ë 4)

‚ª√µ’π‡™àπ CDK4, IGF-1R, Akt ¡’°“√∑”ß“π¡“°º‘¥ª°µ‘
„π¡–‡√Áß∫“ß™π‘¥ °“√¬—∫¬—Èß HSP90 ∑”„Àâ‚ª√µ’π‡À≈à“π’È
∂Ÿ°∑”≈“¬‡æ‘Ë¡¢÷Èπ ·≈–¬—∫¬—Èß°“√· ¥ß¢Õß¬’π‡À≈à“π’ÈÕ’°¥â«¬
 “√‡§¡’®“°∏√√¡™“µ‘ ‡™àπ geldanamycin ·≈–Õπÿæ—π∏å
∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ¬“‰¥â§◊Õ  tanespimycin (17-AAG) ·≈–
retaspimycin ·≈–‰¥âπ”‰ª„™â»÷°…“„πºŸâªÉ«¬¡–‡√Áß multiple
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myeloma, GIST ·≈– NSCLC ‡ªìπµâπ32

°“√¬—∫¬—Èß Histone deacetylase
‡Õπ‰´¡å histone deacetylase (HDAC) ‡ªìπ‡Õπ‰´¡å ”§—≠

∑’Ë∑”ß“π√à«¡°—∫ histone acetylase (HAT) „π°“√§«∫§ÿ¡
°“√¢¥µ—«·≈–§≈“¬‡°≈’¬«¢Õß “¬‚§√¡“µ‘π  ‚¥¬ HAT
®– acetylation  ¬—ßÀ¡Ÿà lysine ¢Õß histone ‚ª√µ’π∑’Ë®—∫°—∫ DNA
·≈–‚ª√µ’πÕ◊Ëπ∑’Ë‰¡à„™àŒ’ ‚µπ (non-histone protein) ∑”„Àâ
 “¬ DNA §≈“¬‡°≈’¬«ÕÕ°∑”„Àâ RNA-polymerase  “¡“√∂
™—°π”°√–∫«π°“√ transcription ‰¥â  „π∑“ßµ√ß¢â“¡ HDAC
®–π”À¡Ÿà acetyl ÕÕ° (deacetylation) ¢Õß‚ª√µ’π histone ·≈–
non-histone proteins ∑”„Àâ “¬ DNA ¢¥‡ªìπ‡°≈’¬«·πàπ·≈–
À¬ÿ¥°√–∫«π°“√ transcription  °“√‡ª≈’Ë¬π·ª≈ß°“√∑”ß“π
¢Õß histone ®—¥‡ªìπ°≈‰°·∫∫  epigenetic „π°“√§«∫§ÿ¡
°“√· ¥ßÕÕ°¢Õß¬’π  °“√¬—∫¬—Èß HDAC ∑”„Àâ histone ·≈–
non-histone protein ¡’¿“«–∂Ÿ° acetylation ¡“°¢÷Èπ àßº≈µàÕ
°“√· ¥ßÕÕ°¢Õß¬’π ¬“∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß HDAC À√◊Õ HDI
¡’„™â¡“π“π·≈â«„π°“√√—°…“∑“ß®‘µ‡«™ ‡™àπ ‡ªìπ mood
stabilizer ·≈–¬“°—π™—° ‰¥â·°à valproate sodium  ªí®®ÿ∫—π‰¥â
 π„®π”¡“„™â„π neurodegenerative disease ·≈– ‚√§¡–‡√Áß
„π√–À«à“ß°“√‡°‘¥¡–‡√Áß tumor suppressor gene Õ“®∂Ÿ°°¥
°“√∑”ß“π‚¥¬°≈‰° histone deacetylation ¡’°“√∑”ß“π
º‘¥ª°µ‘  ¥—ßπ—Èπ®÷ßæ∫«à“ HDI ‡™àπ vorinostat: suberoylanilide
hydroxamic acid: (SAHA) (Zolinza˙)  “¡“√∂™—°π”‡æ‘Ë¡
°“√· ¥ßÕÕ°¢Õß¬’π p21(WAF1)33 ´÷Ëß§«∫§ÿ¡°“√· ¥ßÕÕ°
¢Õß p53 ∑”„Àâ¬—∫¬—Èß°“√‡æ‘Ë¡®”π«π‡´≈≈å¡–‡√Áß Vorinostat ‰¥â
√—∫°“√√—∫√Õß®“° FDA  À√—∞„π°“√„™â√—°…“ cutaneous T-cell
lymphoma (µ“√“ß∑’Ë 1) ´÷Ëß‡ªìπ non-Hodgkinûs lymphoma
·∫∫Àπ÷Ëß‚¥¬¡’°≈‰°‡°’Ë¬«¢âÕß°—∫°“√· ¥ßÕÕ°¢Õß p21(WAF1),
Bax ·≈– STAT6 π”‰ª Ÿà°“√µ“¬¢Õß T-cell34 ¡–‡√Áß∫“ß™π‘¥
∑’Ë¡’§«“¡º‘¥ª°µ‘¢Õß acetylation ‰¥â·°à leukemia, lymphoma,
gastric, prostate, colon cancers °“√»÷°…“„π —µ«å∑¥≈Õß
vorinostat  “¡“√∂¬—∫¬—Èß¡–‡√Áß prostate, acute promyelocytic
leukemia, mantle lymphoma ·≈– glioma  ªí®®ÿ∫—π vorinostat
·≈– romidepsin ‰¥âπ”‰ª»÷°…“∑“ß§≈‘π‘°„πºŸâªÉ«¬¡–‡√Áß
À≈“¬™π‘¥

°“√¬—∫¬—Èß Cyclooxygenase-2 (COX-2)
‡Õπ‰´¡å COX ‡ªìπ‡Õπ‰´¡å∑’Ë¡’Àπâ“∑’Ë„π°“√ —ß‡§√“–Àå

prostaglandin (PGs) ¿“¬„π√à“ß°“¬®”π«π¡“°∑—Èß„πª°µ‘
·≈–æ¬“∏‘ ¿“æ  ‚¥¬∑’Ë PGs ¡’ƒ∑∏‘Ï°√–µÿâπ„Àâ¡’°“√·∫àß‡´≈≈å
°“√»÷°…“®”π«π¡“°æ∫§«“¡‡°’Ë¬«‚¬ß¢Õß PGs °—∫°“√°√–µÿâπ
°“√‡®√‘≠‡µ‘∫‚µ¢Õß¡–‡√ÁßÀ≈“¬™π‘¥ ‡™àπ ¡–‡√Áß≈”‰ â„À≠à35

¡–‡√Áß‡µâ“π¡36 ·≈–¡–‡√Áß∑àÕπÈ”¥’37 ‚¥¬¡’§«“¡ —¡æ—π∏å°—∫

°“√‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß¬’π·≈–‡Õπ‰´¡å COX-238-40 PGs
 √â“ß‰¥â¥â«¬‡Õπ‰´¡å 2 ™π‘¥§◊Õ COX-1 ·≈– COX-2  ¬’π COX-2
®–· ¥ßÕÕ°‡¡◊ËÕ∂Ÿ°°√–µÿâπ‰¥â¥â«¬ ¿“«–µà“ßÊ ‡™àπ °“√Õ—°‡ ∫
√«¡∑—Èß “√ ◊ËÕµà“ßÊ ‡™àπ cytokines, chemokines, growth
factors  “√ ◊ËÕ‡À≈à“π’È®–™—°π”°“√ √â“ß PGs

°“√»÷°…“„π‡´≈≈å¡–‡√Áß∑àÕπÈ”¥’æ∫«à“¡’°“√‡æ‘Ë¡°“√
· ¥ßÕÕ°¢Õß‡Õπ‰´¡å COX-2 °“√‡æ‘Ë¡ PGE2 ·≈–π”‰ª Ÿà
°“√ àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√Áß∑àÕπÈ”¥’·≈–≈¥
°“√µ“¬·∫∫ apoptosis ¬“¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å
COX-2 ‡™àπ ¬“°≈ÿà¡ non-steroidal anti-inflammatory drugs
(NSAIDs) æ∫«à“ “¡“√∂¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å
¡–‡√ÁßÀ≈“¬™π‘¥∑—Èß„π in vitro ·≈– in vivo °“√»÷°…“ƒ∑∏‘Ï
¢Õß NSAIDs „πºŸâªÉ«¬∑’Ë‡ªìπ adenomatous polyposis æ∫«à“
¬“ NSAIDs ¡’º≈™à«¬≈¥°“√≈ÿ°≈“¡¢Õß¡–‡√Áß·≈–°√–µÿâπ
°“√‡°‘¥ apoptosis °“√„™â¬“¬—∫¬—Èß·∫∫®”‡æ“–µàÕ COX-2
‡™àπ celecoxib (SC-58635)  “¡“√∂≈¥°“√≈ÿ°≈“¡¢Õß‚√§
¡–‡√Áß≈”‰ â‰¥â∑—Èß„π°“√»÷°…“„π¡πÿ…¬å·≈– —µ«å∑¥≈Õß41, 42

¢âÕ¥’¢Õß¬“¬—∫¬—Èß COX-2 §◊Õ¡’Õ“°“√¢â“ß‡§’¬ßµË”°«à“µ—«¬—∫¬—Èß
·∫∫‰¡à‡®“–®ß ‡™àπ¬“ aspirin À√◊Õ sulindac πÕ°®“°π’È
celecoxib ¬—ß “¡“√∂≈¥°√–∫«π°“√ phosphorylation µàÕ Akt
¡’º≈„π°“√≈¥°“√Õ¬Ÿà√Õ¥¢Õß‡´≈≈å¡–‡√Áß∑àÕπÈ”¥’‰¥â·≈–
π”‰ª Ÿà°“√µ“¬·∫∫ apoptosis ‚¥¬®–¡’º≈‡æ‘Ë¡°√–µÿâπ
°“√À≈—Ëß cytochrome c, caspase-9 ·≈– caspase-3  πÕ°®“°
π’È celecoxib ¬—ß¡’º≈¬—∫¬—Èß cyclin-dependent kinase inhibitors
§◊Õ p21waf1/cip1 ·≈– p27kip1 π”‰ª Ÿà°“√‡°‘¥ cell cycle arrest
∑’Ë G1/S checkpoint43

·¡â®–æ‘ Ÿ®πå·≈â««à“ NSAID  “¡“√∂ªÑÕß°—π‚¥¬≈¥
Õÿ∫—µ‘°“√≥å¡–‡√Áß≈”‰ â„À≠à„π¡πÿ…¬å ·µà°“√»÷°…“„™â¬“
celecoxib √à«¡°—∫‡§¡’∫”∫—¥ Ÿµ√µà“ßÊ ‡™àπ irinoctecan, 5-FU
·≈– leucovorin44 À√◊Õ oxaliplatin, 5-FU ·≈– folinic acid
(FOLFOX7)45 ·≈–√«¡∑—Èß√“¬ß“π°“√»÷°…“Õ◊ËπÊ „Àâº≈ √ÿª∑’Ë
 Õ¥§≈âÕß°—π«à“ °“√‡æ‘Ë¡ celecoxib ‰¡à™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
¢Õß¬“‡§¡’∑’Ë„™âÕ¬Ÿà ‰¡à«à“ºŸâªÉ«¬®–Õ¬Ÿà„π√–¬–„¥¢Õß‚√§ ·≈–
„π∫“ß√“¬ß“π°“√„™â celecoxib °≈—∫∑”„Àâª√– ‘∑∏‘¿“æ
¢Õß¬“‡¥‘¡≈¥≈ß¥â«¬ ®÷ß‡ªìπ‡√◊ËÕß∑’Ëπà“º‘¥À«—ß‡°’Ë¬«°—∫¬“∑’Ë¡’
¿Ÿ¡‘À≈—ß°“√»÷°…“∑’Ë¥’ ºŸâ‡™’Ë¬«™“≠„Àâ§«“¡‡ÀÁπ«à“„π°“√„™â„π
°“√√—°…“¡–‡√ÁßÕ“®‰¡à‰¥â‡°’Ë¬«°—∫°“√¬—∫¬—Èß COX ‡™àπ∑’Ë‡ÀÁπ
‡¡◊ËÕ„™â„π°“√ªÑÕß°—π¡–‡√Áß

°“√¬—∫¬—Èß°“√°√–µÿâπ Transcription factor: AP-1,
NF-κB

°≈‰°°“√¥◊ÈÕ¬“‡§¡’∫”∫—¥¡’À≈“¬°≈‰°¥â«¬°—π °≈‰°Àπ÷Ëß
∑’Ë¡’§«“¡ ”§—≠·≈–°”≈—ß‡ªìπ∑’Ëπà“ π„®°Á§◊Õ °≈‰°∑’Ë§«∫§ÿ¡
transcription factors ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å
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‡™àπ AP-1 ·≈– NF-κB  NF-κB ¡’∫∑∫“∑¡“°¡“¬∑—Èß°“√
Õ¬Ÿà√Õ¥ª°µ‘ ‡™àπ °“√∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ªØ‘°‘√‘¬“
Õ—°‡ ∫·≈–°“√°”®—¥‡´≈≈åº‘¥ª°µ‘ Õ’°∑—Èß¡’∫∑∫“∑„π°“√°àÕ
‚√§µà“ß ‡™àπ Õ—°‡ ∫¢Õß¢âÕ ‚√§‡ ◊ËÕ¡¢Õß√–∫∫ª√– “∑ HIV,
‡∫“À«“π À—«„®≈â¡‡À≈« ·≈–¡–‡√Áß Transcription factors
‡À≈à“π’È∂Ÿ°°√–µÿâπ¥â«¬¿“«–‡§√’¬¥ÕÕ°´‘‡¥™—π·≈– —≠≠“≥
Õ—°‡ ∫ ‡™àπ TNF-α, IL-1β, phorbol ester, √—ß ’ ultraviolet
À√◊Õ endotoxin ∑”„Àâ¡’°“√°√–µÿâπ kinase ‡™àπ PI3K ·≈– MAPK
π”‰ª ŸàªØ‘°‘√‘¬“ phosphorylation °—∫ repressor protein ¢Õß
transcription factors  ¥—ß°≈à“« ∑”„Àâ transcription factors
 “¡“√∂‡§≈◊ËÕπµ—«‡¢â“‰ª„ππ‘«‡§≈’¬ ·≈–™—°π”∑”„Àâ‡°‘¥
°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√·∫àßµ—«‡µ‘∫‚µ ·≈–
™—°π”„Àâ‡´≈≈åÕ¬Ÿà√Õ¥·≈–¬—∫¬—Èß°“√µ“¬¢Õß‡´≈≈å ‡π◊ËÕß®“°
°“√°√–µÿâπ antiapoptotic genes ¢Õß‡´≈≈å¡–‡√Áß∫“ß™π‘¥Õ“»—¬
 —≠≠“≥®“°°“√∑”ß“π¢Õß NF-κB (√Ÿª∑’Ë 5) ¬ÿ∑∏«‘∏’°“√
¬—∫¬—Èß‡´≈≈å¡–‡√Áß∑’Ë ”§—≠®÷ß‰¥â·°à°“√¬—∫¬—Èß°“√°√–µÿâπ
transcription factor ‡À≈à“π—Èπ„π‡´≈≈å¡–‡√Áß46 °“√»÷°…“
 “√∏√√¡™“µ‘∑’Ë¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß NF-κB ·≈– AP-1 ¡“„™â
‰¥â·°à °≈ÿà¡ flavonoids ‡™àπ EGCG, genistein, curcumin,
resveratol ·≈– isothiocyanates47 ∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õß
‡´≈≈å¡–‡√Áß∂Ÿ°¬—∫¬—Èß‰¥â πÕ°®“°π’È¬’π∑’ËÕ¬Ÿà„π«‘∂’¢Õß NF-κB
‰¥â·°à ‡Õπ‰´¡å∑’Ë¡’ƒ∑∏‘ÏªÑÕß°—π‡´≈≈å∫“¥‡®Á∫ ‡™àπ heme

oxygenase1, γ-glutamylcyteine ligase ·≈– NADPH quinine
oxidoreductase-1 °“√»÷°…“µà“ßÊ æ∫«à“‡Õπ‰´¡å‡À≈à“π’È¡’º≈
ªÑÕß°—π‡´≈≈å∫“¥‡®Á∫ °“√· ¥ßÕÕ°∑’Ë¡“°„π‡´≈≈å¡–‡√Áß
Õ“®‡°’Ë¬«¢âÕß°—∫Õ¬Ÿà√Õ¥·≈–°“√¥◊ÈÕµàÕ¬“‡§¡’∫”∫—¥ ∑”„Àâ
°“√„™â¬“‡§¡’∫”∫—¥¡’ª√– ‘∑∏‘¿“æ≈¥≈ß

 “√∑’Ë “¡“√∂¬—∫¬—Èß°“√°√–µÿâπ NF-κB ¡’°“√»÷°…“°—π
Õ¬à“ß°«â“ß¢«“ßª√–°Õ∫¥â«¬

- ¬“°≈ÿà¡ NSAIDs ‰¥â·°à aspirin, sulfasalazine ®–¡’°“√
¬—∫¬—Èß phosphorylation ¢Õß IKK ·≈–¬—∫¬—Èß°“√‡§≈◊ËÕπ¢Õß
p65 subunits ‡¢â“‰ª„ππ‘«‡§≈’¬ 

- Glucocorticoids °√–µÿâπ°“√ √â“ß IκB ∑’Ë‡ªìπ repressor
protein ¢Õß NF-κB

- PPAR-γ ligands ‡æ‘Ë¡°“√· ¥ßÕÕ°¢Õß IκB ·≈–
¬—∫¬—Èß IKK

- Immunosupressants ‡™àπ thalidomide/lenalidomide
·≈– macrolides

- proteasome inhibitors ‡™àπ bortezomib ·≈– NPI-0052
≈¥°“√∑”≈“¬ IκB

- IKK inhibitors ‡™àπ arsenic trioxide, manumycin A,
PS-1145, BMS-345541, CHS-828, ACHP, AS602868, blocking
peptides

¬“À≈“¬™π‘¥‰¥âπ”¡“„™â·≈â«À√◊ÕÕ¬Ÿà„π√–À«à“ß°“√»÷°…“

√Ÿª∑’Ë 5 NF-κB  ∂Ÿ°°√–µÿâπ¥â«¬°“√Õ—°‡ ∫ µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬ ‰«√—  growth factor ·≈– “√ÕÕ°´‘·¥π´å∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“
phosphorylation µàÕ IKK ´÷Ëß IKK ®–∑”°“√ phosphorylation IκB ∑”„Àâ IκB ®–∂Ÿ° ≈“¬‚¥¬«‘∂’ ubiquitin-proteasome
∑”„Àâ NF-κB  “¡“√∂®–‡§≈◊ËÕπ‡¢â“π‘«‡§≈’¬ ‰ª™—°π”°“√· ¥ßÕÕ°¢Õß¬’πµà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√Õ—°‡ ∫ °“√‡µ‘∫‚µ
°“√Õ¬Ÿà√Õ¥ ·≈–·æ√à°√–®“¬  ¬“µà“ßÊ ·≈– “√®“°∏√√¡™“µ‘À≈“¬™π‘¥ “¡“√∂¬—∫¬—Èß phosphorylation ¢Õß IKK
®–≈¥°“√°√–µÿâπ°“√∑”ß“π¢Õß NF-kB
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∑“ß§≈‘π‘° Õ¬à“ß‰√°Áµ“¡¬“ à«π„À≠à¡’°≈‰°°“√ÕÕ°ƒ∑∏‘Ï
À≈“¬·∫∫ °“√¬—∫¬—Èß NF-κB À√◊Õ AP-1 ®—¥‡ªìπ°≈‰°Àπ÷Ëß
∑’ËÕ“®¡’ à«π ”§—≠

∫∑ àß∑â“¬

°“√√—°…“¡–‡√Áß„πªí®®ÿ∫—π·¡â®–¡’§«“¡°â“«Àπâ“‰ª
Õ¬à“ß¡“° ¡’°“√æ—≤π“¬“„À¡àÊ ®”π«π¡“°‡°‘¥¢÷Èπµ≈Õ¥‡«≈“
·µà°“√‡ ’¬™’«‘µ¢ÕßºŸâªÉ«¬¡–‡√Áß∑’Ë≈¥≈ßπ—Èπ  à«π„À≠à‡°‘¥®“°
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¡“µ√“°“√ªÑÕß°—π∑’Ë¥’¢÷Èπ¡“°°«à“ „π¢≥–∑’Ë°“√√—°…“¡–‡√Áß
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∑’Ëºà“π¡“À≈“¬∑»«√√… ¬“„À¡àÊ ®”π«π¡“°∑’Ë· ¥ßº≈∂÷ß
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·π«∑“ß„À¡à„π°“√√—°…“∑’Ë°”Àπ¥‡ªÑ“À¡“¬‚¡‡≈°ÿ≈
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