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New Strategy of Cancer Targeting Chemotherapy
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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, IKB: inhibitor of NF-KB, IKK: KB 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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NANLTHARS epidermal growth factor (EGF), transforming
growth factor-ot (TGF-at), heparin-binding EGF, amphiregulin,
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Drugs Trade name Target Status Indication
Gefitinib Iressa (AstraZeneca) EGFR (ErbB1) FDA approved NSCLC (conditional).
ZD1839 Phase Il NSCLC (in Asia).

Phase Il Breast cancer, head & neck.
Erlotinib Tarceva (Genetech-OSI) EGFR (ErbB1) FDA approved NSCLC, pancreatic cancer.
0OSI-774 Phase | Breast cancer.
Vandetanib Zactima (AstraZeneca)  EGFR, HER2, VEGFR Phase |lI NSCLC, medullary thyroid carcinoma.
ZD6474
Lapatinib Tykerb (GSK) EGFR, HER2 FDA approved Breast cancer.
GW572016 Phase |lI 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 llI GIST.
Dasatinib Sprycel (Bristol- BCR/ABL, Src FDA approved CML, ALL.
BMS-354825 Myers-Squibb) Phase I Advanced breast cancer.

Phase |

NSCLC, Solid tumors.

Sunitinib SU11248

Sutent (Pfizer)

PDGFR, VEGFR, cKit,

FDA approved

Renal cell carcinoma, GIST.

RET, CSF-1R Phase |l Breast, NSCLC
Sorafenib BAY Nexavar (Bayer) VEGFR1/2, Raf, FDA approved Renal cell carcinoma, hepatoma.
43-9006 PDGFR, c-Kit Phase /1l Soft tissue sarcoma, bladder
cancer, solid tumors.
Trastuzumab Herceptin (Genetech) HER2/neu (erbB2), FDA approved Breast cancer with
humanized monoclonal Phase IlI her2/neu overexpression.
antibody Phase I Metastatic breast cancer.
Advanced urothelial cancer.
Cetuximab Erbitux (Imclone, EGFR : human-mouse FDA approved Head & neck, colorectal cancer.
Bristol-Myers-Squibb) chimeric monoclonal Phase I Prostate, advanced cervical,
antibody endometrial cancers.
Bortezomib Velcade (Millennium) 26S proteasome FDA approved Multiple myeloma, Mantle cell lymphoma.
PS-341 Phase I Non-Hodgkin’s lymphoma, NSCLC, breast,

prostate cancer

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

Phase |l NSCLC, liver, multiple myeloma, chronic

lymphocytic leukemia

Thalidomide Thalomid (Celgene) IKK FDA approved Multiple myeloma.

Phase | Chronic lymphocytic leukemia
Tanespimycin Telatinib, HSP-90 Phase II/1lI Multiple myeloma.
17-AAG, KOS-953 (Kosan Biosciences) Phase Il Melanoma, breast cancer.

Phase | GIST, prostate, CML, soft tissue sarcoma
Retaspimycin (AstraZeneca) HSP-90 Phase |lI GIST.
hydrochloride, Phase /1l NSCLC, prostate cancer.
IPI-604 Phase | Advanced solid tumors
Enzastaurin, (Eli Lilly) Ser/Thr kinase, PKC-3, Phase Il Non-Hodgkin,s lymphoma.
LY317615 PKB/Akt inhibitors Phase I Mantle-cell lymphoma.

Phase /1l NSCLC, prostate, breast, gliomas
Vorinostat, Zolinza (Merk) Inhibitor of histone FDA approved Cutaneous T-cell lymphoma.
M344, SAHA deacetylases Phase Il Myelodysplastic syndrome.

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

Janssen-Cilag deacetylases Phase /1l SCC of head & neck.

Pancreatic, multiple myeloma

%@Hﬂmummmﬁﬁuimﬂ@ 181984 http://www.cancer.gov/clinicaltrials, www.accessdata.fda.gov
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1 nalnn19vinenuees EGFR waz PDGFR Ll agonist 1M EGF duAvTLinimasaziia dimerization ANaAae

autophosporylation 284 ‘21teulmallu cytoplasm  1aulmafazyinnng phosphorylation teulmaditiuunefdlase ¥1a
SH-2 domain luarmusiald 1w phosphoinositide-3-kinase (PI3K) waz protein kinase-B (Akt) videldanaw léun
mitogen-activated kinase (MAPK) A@ Ras-Raf-Mek-MAPK 11l ‘n1smauaunisu Aveanaedduanuauuing
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2. Small-molecule tyrosine kinase inhibitors (TKI)
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13, 1517

Agent & comparison Tumor (type of study)

Response(%) Median overall survival

Gefitinib vs placebo NSCLC (ISEL, phase II)

8% vs 1% 5.6 vs 5.1 mo (ns)

Erlotinib vs placebo NSCLC (BR.21, phase )

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
+ gefitinib (500 and 250mg)

NSCLC (INTACT1 & I, phase I}

49.7% vs 50.3%
vs 44.8%

9.9 vs 9.9 vs 10.9 mo
(placebo vs 500mg vs 250mg)

Gefitinib + chemotherapy: NSCLC (INTACT)

mutation vs wild type

72% vs 55% 19.4 -14.6 vs 9.2-9.3 mo

Gem + cisplatin + erlotinib NSCLC (TALENT, phase IlI) 31.5% vs 29.9% 43 vs 44.1 wk
Irinotecan + cetuximab Colorectal cancer, phase Il 229vs 10.8 8.6 vs 6.9 mo
LREA
A deleti
ek on mm}mx
associated with
sansitivity to ' ‘
o i I <<+
associated with 18 Excn 20 Exon 21
resistancs to
EGFR TKIs

D7ETY T T790M
DT70_NT71insNPG
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dup||cat|on) @\‘1 umﬂmmu u@nmn trastuzumab WA
&1 TKI 'Vlf;l‘]_lf;lx‘i tyrosine kinase VI?J‘I_IF;I\WN EGFR 991U Her-2
I lapatinib WAY vandetanib Ineensawsnlinnssuses
Wl lunzidasun uazenvisgnasdne lunziielen
(A13199 1)
WFLNZIFeUNA NNgi AeeenYed EGFR luAu
o v X Ly =< 9 19 ° e
widadmeanuldiausfesay 13.6 Defeay 27.4"° wusu
Tu intrahepatic cholangiocarcinoma wazfaaas 19.2
1 extrahepatic cholangiocarcinoma® #2¢/43 IHC wanannil
N193LATIYY activating mutation TAeadaaiunisney
wassieen Henulufiaensiialenluaulnenudn
i deletion # exon 19 uaY point mutation i exon 21 ¥asiay
48.3 UAY 9.3 ANNANAL FINTIN mutation Feway 57.4
AniszaniAaziiiennn 61 AW F9UaNE 9uan

AEUASUNSY 15 2552; 24(1)

m‘lwﬂqaimﬂ@m mvwiumv(ﬁmu@ﬁﬂm TKI
FathAathiiin ‘LA%Q’]N‘IJ’JEIN“’LN‘V]@‘L&’]@@”N@Ufﬂﬂ’]im
mutation tuetels uazariinnsmeu ummemﬂ@uu
wiuls

Iummvwmm A9aaNaed Her-2 Tufilnanziievie
mmmwmummnmqnu NAN9AR Suzuki LAZADLY
mennlngnisdiontuiladae IHC ‘wm@ﬂm 26.3 (AN
29 AU lumﬂfm”lmmmwm numﬂfmmﬂu luan
mmm’lumﬂ%ﬂmmﬂuu L5WienAleRa IHC wubes
v 323 (31N 31 AY) ‘lummmmmm‘mummmwm
mmﬂuu‘lumﬂwu Liqmmmwmﬂumwmmﬂm 5
(A7 236 A1) WY AaLANGNaLluE AN
m@%uﬁummﬁmmaﬂumummz& IHC @eldeulea
mmﬁmmmnmmiumumum

mﬂﬂjm TKI Vlﬂ’ﬂ'l’]'ﬂ’ﬂﬂE]V]ﬁLL‘Ll‘LIN\iLﬂ’] 38 targeted
drug therapy 1ma‘ummmm@umqu NATIENNLL B 9F
3l erlotinib lugthauzi5evianng 42 au wu response
rate 5p21a% 8 LL@‘;; myed|an survival 7.5 198142 1u°umzv1m:r
iGi lapatinib ﬁﬁuﬁ\‘iﬁ\‘i EGFR L&Y Her-2 Wil response rate
ugusd Iumﬂfm 19 378UAZ median survival 1.8 mau
u@ﬂmnummaﬂqummmLmuq (multi-targeting drug)
11 sorafenib (AN397 1) SeuluTifiuga 2007 1Wua
lalumnsneiunnndn na1aRaNL response rate FREAY 6
WA median survival 6 LB @ﬂ'ﬁq”la‘ﬁmuma‘ﬁﬂmmm
”Lmimvmﬂmmmimmm mutation L‘W@ﬂm@‘ﬂﬂNﬂQH
NANTIFNEIA1AaY mmmmumm’m@mmmﬂfmm
N30 ANBRNTAY EGFR WAz Her-2

msé‘fné’?’q Tyrosine kinase %Iu 9

vl tyrosine kinase Tiaflumany wlaluilaqii
1#wA Ber-Abl WA vascular endothelial growth factor
(VEGF) receptor N17Lk AYRANNNHALUNALAY Ber-Abl
wulugilae cML Taafinannnisuansinuazsedulug
mm‘im‘iu‘&nw_jﬁ 9 uar 22 WailulasTulawlvaFan
Philadelphia chromosome rial¥iingugnu ufliimanniu
Ber uaz Abl ansefufiaifly BorAbl AEINs¥NaILEAN
Aaunafiinl nsudedauasfunsde angalvadiia
s nEnwlunisdnen chronic myelogenous leukemia
(CML) Amnn An imatinib 1w TKI fiuefaoulad Ber-Abl®
flaqiiunedn imatinib (Gleevec”) Lﬂummmﬁmlumi
N1 CML WAL gastrointestinal stromal tumors (GIST) GINN
N9l ANRANNINNALNFTRY c-Kit oncogene lAEILaNN
AnssnEll CML Aednfitlsr " nEnmann ilesannen
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e e complete hematological (blood) response
mﬂﬁﬁ‘ﬂﬂ@& 96.8 i major cytogenetic (cellular) response 5
sDefesay 87.1 uay major molecular response Spe1a 39

o

Faueynnsssfiudiesnmld 12 Few? 61 “Imatinib”
ﬁmﬂumﬁ%mﬂmmmﬁu “targeted drug therapy” fitlsy
A "i5a_aunedhaildipeilenlar lunaneipdiiie
wevinld vildnensz n1sAuAd1an TKI ANuNnanau
1N

N198EIAAUATNITUNTNTZANEIDINELTINND AR
growth factor L VEGF Lﬁ@Lﬁ;mzi $ravaaniaen il i
ﬁLﬁamvlﬂLamL'fifau:quﬁfay:ﬁulﬁﬂmﬁwzmmfa@ﬂ%wu
LAZANE ‘Lw’iﬂfmwL?‘Wi@ﬁﬁﬁfmqﬁjﬂuwuﬁmm ANBAN
184 VEGF SnsFatiaz 5687 AU c-Met Tudtloene
Lmvmﬂm@mw 435 mmmmnmmummms‘lﬂmmLﬂu
monoclonal antibody fia VEGF A8 bevacizumab 'Vﬂ“]li'mﬂ‘l_l
witnTnAe gemcitabine LAY oxaliplatin Tunns@ne
phase Il lugfilaeny L‘?&‘Wi@ﬁﬁﬁl,l,@vmﬁﬂﬁﬁmqu 19 978
wmmmiuimmaimLmenmmLm WUHARRL Wasdi
n wlafsde¥enny 57.9% @mﬂmmummmmm
mmﬂmm@uumemmiﬂﬂmu

gmszna TKI mmqwm‘um kinase wan8TlA
99 mut| -target kinase inhibitor 1mwwmmummmumn
(13797 1) Imﬂmqmﬂ@iﬂﬂﬂi@@qwm:mmu a3
e adnslsfinuen TKE wiazadaluuuuaunig
fudls kinome 7 laiwiElewfuatuda® Faednauu sunitinb

e

®, . ® . . ®
(Sutent ), sorafenib (Nexavar ) 199 vandetanib (Zactima )
wiWF single-target 1 gefitinib AWANFAINAIN erlotinib

NAUR9EN muti-target TUNIANHTASINZIALNYT BT

wm@m'ﬁ'ﬂqﬂdwmazﬁ“wzﬁfﬂﬁm@ﬁm wlanan nisdnm
N9ARTN L1 sorafenib 387U bevacizumab TunziFasald
9138390 cytotoxic 14 melanoma Auasnunun Wl
L*ﬂ'uLﬁmﬁum@m@%ﬂmﬁw sunitinib TunzIFaduNYETe
N mﬂ@mmmm@uum gnsA1 mFnNalden mutitarget
kmasemmummmﬂumfmmmmu Li\mumﬂﬂ@ﬂuuﬂm
vanuaneluszuy 9 ynms 19 staurosporine vmqvm
159HnNT n Ansadfudaeulol kinase Tunuynatia
wishalad mﬁmmmimﬂumLummﬂmww ,34IN
u@ﬂmnummmwm muti-target kinase A% N1TD
28NOVFWLY broad spectrum Iafmudnlidussa wely
iHlanaaadldnienaan® muummmmmmnmmmn
TUNNSFUALIMUANTAdEN multi-target Kinase 1AL
Tunsldn1epatin
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msé‘fné’?’q Proteasome
Proteasome L% multisubunit enzyme ﬁﬁﬁﬂﬁiu
miﬁﬁmiﬂiﬁuﬁmﬁ@‘l%u%”biﬁmmimﬂum@ﬁﬁ@
Lﬂ‘tﬁﬂmum\lmﬂhmu ] (short-lived functional proteins)
‘Eﬂimumvmmmﬂim proteasome AYABNYNFAA AN
piae1T)554 ubiquitin (ubiquitin Lﬂuiﬂimumm@mmmm 8.6
kDa WUA1KIUNINTY eukaryote) wdsanniulsAuian
anazgnudhildesluenlad proteasome complex
Tusufidudu wen aulugjasiiullsiuiAeadeiy
NNTuUNAY LAUlALAY apoptosis LazaaNalisAuilifn
U1alay TUsRuL T 887TNTIRAINNTTLIUANT oxidative
damage Vi3] Proteasome AviininauANsilTesllsiy
Ay lumaduazinen unareanIsinuaely
wadlfimang w0 (U 3) iy AauAw oyclin A, B, D, E,
tumor suppressor protein p53, pro-apoptotic protein Bax,
cyclin-dependent kinase inhibitor p27, L& NF-KB inhibitor
(IKB) e Hliteh ubiquitin-proteasome TULTARNZLY
az waliinisannisvinanelilsAungs tumor suppressor
LL@% pro-apoptotic proteins A9 FUNTANLRTARHN I
satiuRaiimonuiluldldlunnsin proteasome inhibitor
a1z endausniidlldae “Bortezomib”
(Velcade®) 3 3
ﬂﬁiﬁuﬁl\‘imiﬁwﬁumm proteasome A NaN1 eI
cell cycle 1 G1/S waz G2/M phases {NNT & NUBS
pro-apoptotic mediators L4 Bim %ﬁﬂﬂm’mimwm
Fnditiadann Bim 115 mitochondria L emeifin1svinanu
finn3nszsu caspase3 WAz caspases 1l ;msmneay
apoptosis  Proteasome inhibitor ﬁm@ﬁuﬁdﬁiﬂquuﬂgi
pro-survival transcription factor LU NF-KB Tagnnseiugi
proteasome ATAANNINNATE IKB mﬂu‘iﬂimumummu
uadUEIN1INN9NULee NF-KB (atﬂw 3 v lannsLARewT
299 NF-kB 11 ‘Taweds wazdnmiliiianisu asnestiy
7 FuN38EI8A N19AANNINTTHUN9RE IRV T AR
undnelud a wodmaduzSneila gy myeloma
cells azilmNlasie proteasome inhibitor NNNEARUNR
1laq1ii4 26 S proteasome inhibitor 14U bortezomib
wuwan dipeptide boronic acid analogue AWNINENUN
MIAAANIIANE I8 TARNLLTIVANLTRA WU prostate,
ovarian, lung, colorectal, breast, &% non-Hodgkins lymphoma
FanalnfinnaliAenisf bortezomib AANTTNATEY KB
1gTinnien i ldnenatinuasTilduamunAe multiple
myeloma wardnisAnm lugilaauzifelandndas
(mm\iﬁl 1)
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Call survival
Antiapoplosis

Cell stress

g1l 3 nnsvinanalisfulag proteasome complex Lﬁ@m@ﬁgﬂm:f?jué’w “RUeyuENL U L cytokine. kB ﬁ?qmg'ﬁu
NFkB uazfifannsvinenuaes NF-kB azgn ubiquitination wazgniuirllvinanadiage proteasome ¥l NF-kB 1flu
8 sriazdnlingzdunisy aseantesiiusne viusadaiu Yo nsaadunniiU DNA L awneasnszsi ps3
Whinnulseduginisudasaduazdmirliisadng uilumadyziia pss gn vinansetwmaialagin ubiquitin-
proteasome Bortezomib  1:13EILIEN 265 proteasome YN TELIENN1INTEFW NF-KB uazduganisvinane p53

Insensitive to anti-proliferative
signals: COK4, CDES, cyclin D

Evading apoptosis:
IGF-1R, Akt

N
.—@Fﬂﬂj‘
N .

Self-sufficiency in growth
signals: Her-2, Kit, Met etc.

Unlimit replicative
potential: telomerase

Tissue invasion &
metastasis: MMP2, urokinase

Sustained angiogenesis:
HIF, Met, Src, VEGF, etc.

‘i'iJ‘VI 4 mmaﬂwmu’umwmu Li‘\W]'ﬂ"]ﬁEl 7 mm’]mmvlmum@ ?WQ‘H%L@\?LW@‘IMNF’W’]N WN’W?N@EI?@G]VLﬂ@ i‘v‘lllﬁl’m_l
U ﬂ.lf].l’]m&‘;l‘].lilﬁ’“ﬂﬂl,u’mil’ﬂﬂﬂﬂ NIRRT iﬁ\iﬂ@ﬂm@ﬂﬂ unsn I‘ﬂi‘ﬁlu 17 mmnmmmummnu

W runsavineulddag HSPIO

nN198ued Heat shock protein 90

1A Heat shock protein 90 (HSP90) Hneluaad
Anfludasas 1-2 289 cytosolic protein Hutinduanidln
X . o oo X .
WL@HQLLﬂTﬂimumﬂ N WATIENUY (chaperone protein)

=

LW@IﬁTﬂiﬁummﬁu RO T PAS FUCEN! %\‘1

a

Vlﬁlilﬂlll,l,@ ﬁ]ﬁ]ilﬂll‘l/]ﬂﬂﬁ]’m ‘1/1’]1‘121 WﬁJﬁﬁ‘ﬂﬂ’]\iﬁubl,ﬂ muu
m@mmumm HSP90@\‘1LﬂF_I’J°I.I'ﬂ\'1ﬂ‘LIﬂ’1§‘ N O_IEU’]ELLJY]EISLN
LSH@@ NNTLLNFY ﬂﬂQLsﬁﬂﬂﬂﬂ[ﬂ 13304 ?QNVNﬂ’]iﬂﬁ“"lﬂu
oncoprotein SL‘WVINWLLWJF_I Wi mutant p-53, Her2 WA
Ber- Abl °lwmu ﬂ’]ﬁ‘il‘]_IFN HSP90 quﬂun@mmm ’m%‘ﬂ
EUEQHW?LWUIG]‘H@QL"IJ@@N Lﬁ\‘l Luﬂ\i"ﬂ’mﬂ’]i‘ﬂ’ﬂﬂq%ﬁﬂﬂﬂﬂ

HsP9o lalldiinaseriuluanaiiunnaluanaien

AEUASUNSY 15 2552; 24(1)
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anaifigndasiuien sl Iﬂmuqamwmmmmmiﬂ
AAUTE WWTNITAaURINEIs Lummmm@u ENGRE
RNIRE “yhaInneueniag mw\mmm 730
NAR mmﬁmmﬁmLW@IW@@mmm@m muummum
mfrmmumm‘iﬂmummiwNmmﬂmmﬂnm\am@ﬂum
ARIANEIUZAN] TRIHzITIa A (gﬂw 4)

T1)sFiuitu CDK4, IGF- 1R, Aktﬁmiv‘mmmnamﬂﬂﬁ
Tuwne mmwum mmum HSP90 mﬂuiﬂmummu
mnmmm‘wmu uasdfudansl AsaesEumantangae

W?Lﬂuﬂ’mﬁﬁmmm \M1 geldanamycin WAz ﬂuwuﬁ
‘vmmm wimdluenlsne tanespimycin (17-AAG) Loy
retaspimycin wazlFin 1@ lugiaenzide multiple
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myeloma, GIST az NSCLC tfluu™

m‘sﬂ’uéily'q Histone deacetylase

~ aulmd histone deacetylase (HDAC) tiluiaulnal Aty
Meudaniu histone acetylase (HAT) lunisaaupw
ngaAfaLazAanenaea1ed 1alasuniu Tae HAT
/Y acetylatlon mvm lysine 284 histone Iﬂﬁ‘lﬂuﬂ@‘]_lﬂ‘i_l DNA
LL@VTﬂimu@uMu‘Lﬂja 1M1 (non-histone protein) N1
18 DNA ARNENALR8anin1el RNA-polymerase 11198
Fn1NNTTLIUAIT transcription 18 lunnamsadin HDAC
Az acetyl 89N (deacetylation) 184T15U histone Ay
non-histone proteins Y1119 1&gl DNA mﬂumﬁmmmmx
WEANIZUAUNT transcription N19iAaEUUIAINYINY
U84 histone fﬁ”mﬂuﬂaimmuy epigenetic ‘Lumsmu@u
N3l A9eanaeddu N3 HDAC winli histone uaz
non-histone protem umqvmn acetylaﬂon NWﬂ‘ﬂu NAGIE
N9l ANBBNTBIEU ﬂ’WlﬁJE]Vlﬁﬂ‘LIFN HDAC ¥3a HDI
A uruuudalunsdneniedanns 1w i mood
stabilizer wazeiudn 16un valproate sodium  flaquiuls
wlatnun T lu neurodegenerative disease AL T9ANZIT
Tugend1an9aifinNLI3 tumor suppressor gene BIAGNNA
ﬂwﬁwm‘imﬂmvl,ﬂ histone deacetylation AN19911911
RIS muumwmﬂ HDI L1 vonnostat suberoylanlllde
hydroxamic acid: (SAHA) (Zolmza ) QPP XTI YETFY
N34 maﬂﬂmmgu p21(WAF1)* sﬁqmmuma‘u AIBAN
484 p53 N U1 TN UILTARNZ159 Vorinostat 161
fun195usesaIn FDA ﬁ?‘giumﬂ%ﬁﬂm cutaneous T-cell
Iympholma (ﬁl’l?’Nﬁ 1) Ty non-Hodgkin’s lymphoma
wuuvilalnefinalnifaadesiunise Aeeenaea p21(WAFT),
Bax uaz STAT6 il ‘nnsenemes T-cel nzifeunetn
mummmmﬂﬂmm acetylation 16 leukemia, lymphoma,
gastric, prostate, colcin cancers N1gANE U “AdNAaaY
vorinostat  1NNTNELENNEZL5Y prostate, acute promyelocytic
leukemia, mantle lymphoma ke glioma ﬁ@’ﬁﬁu vorinostat
waz romidepsin tAulUANMIaAATN U nzSe
PANETUA

ﬂ’]'a‘il‘i.lm Cyclooxygenase-2 (COX 2)

ulnyd cox hweulmiiiutiilunig * 1A
prostaglandin (PGs) mﬁ‘lum\mmmmumnmiuﬂnm
LAZNENE AW Ined PGs mqwﬁm‘umﬂwma‘umma
NSANEAUIUNINNUAHIN T8989 PGs IUNNINIZHL
nassyiiuinveszsmangiin u nzdeanl ”‘L‘my
NUFWAUN® wazuzifriennn” lnadaann “uRusiu
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AsfNNNsL aeenaesiuuaziawlml COX-2%* PGs
$ldsinenenlnd 2 1iinAa COX-1 uaz COX2 fu COX-2
azu psaeniilagnnezsuléising nazsne i nsdnt o
AN ﬁ?dlfﬂ[ﬂ"m“”] yL’ﬁu cytokines, chemokines, growth
factors 13~ alMa1HazdnIINNg 529 PGs '

nsAn lwasduzifoiaanud1lnisiunig
b meeenteeulmd COX-2 n1slia PGE2 LLﬂ”m”l,ﬂ
N3 o Fumsiesginlngesaaduz Sevierhauazan
N1TANYLUL apoptosis endufansiesaeaiawles
COX-2 11 ngqu non-steroidal anti-inflammatory drugs
(NSAIDs) wud1 ﬁmmﬁummiwimLmuimmmjm
SavaneTiavaly in vitro UAZ in vivo mmm:mqmﬁ
284 NSAIDs luNﬂQEWLﬂu adenomatous polyposis WL
£1 NSAIDs ummmmmmmpmmmmLmzﬂiz@u
N191A apoptosis N3 ldENTUTULLANNIZFE COX-2
1 celecoxib (SC-68635) uNsAAANIIANATNTRIsA
Ny mmblMmeﬂuma‘ﬂnmluuume@v “ninmaaes’ ©
HoRuesendiuds Cox2 mfaummﬁn\imemrmmaum
wuulaiangas uen aspirin vi3a sulindac u@ﬂmﬂu
celecoxib €9 1MTNAANTELAUNNT phosphorylation 5| Akt
dualunisannisagsenreamaduzifeviathaliuay
il ‘nsmnenuy apoptosis Tnaazlinaiiunszdu
flﬁi‘wﬁﬂ cytochrome ¢, ycaspase—9 LAY caspase-3 UBNANN
i celecoxib €lallnatiusia cyclin-dependent kinase inhibitors
ﬁlfﬂ 21" uaz p27*" 1l ‘nnaifie cell cycle arrest
1 G1/S checkpoint™

udazi _aulaa91 NSAID  wnsoflesiulazan
guRnsainzifean " ug)lunywd  usnsAnelden
celecoxib FanfLLANLNTA AP LU irinoctecan, 5-FU
‘Mi@ oxaliplatin, 5-FU way folinic aC|d
(FOLFOX7)* LL@W?QN%Q?ﬁﬂﬂﬁuﬂﬁiﬁﬂH’muﬂ e aﬂw
anARBITUIN N3N celecoxib Taisfeniinlss~vanmw
wese Al ey Tidduanazayuscarlnveclan uay
Tuu1931897uns 14 celecoxib nduvinlvlsy " nann
PRI NANDARIAE fﬁuﬂuﬁ‘mﬁmamw.;“\uﬁmﬁumﬁﬁ
ﬂwmmmnmm mmmmmwmmmmﬂumﬂ%ﬂu
MafnEuy mmfﬂuiml,ﬂmnumsﬂum COX 1huitifins
Feldlunnstlasiunzibs

LAY leucovorin®

mssi’ué’amsn'a‘:é’u Transcription factor:
NF-KkB
X Ao o o Y o =
mﬂﬂmm@mmumumwmm@inmmu na b
fiflannu "IﬂﬂJLLﬂyﬂ’]@\iLﬂu‘Vlu’\ Wlafne ﬂ@”l,ﬂwmumu
transcription factors wmmm@\mumsmmLmuimﬂwﬁm

AP-1,
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|1 AP WAy NF-KB  NFKB SLmunmannanesianis
agfsanlnd 1w navieuesszuLg AN Uhisen
Nt uuaznsmAnmAdHALNG anaiununlunisie
T3afN9 WU 6L vresde T3AL anaeeszuLLlsy A HIV,
LM Faladuivian wazuzide Transcription factors
wanignnIvsudian1eTuAeenTInduLAT Ty
#NL U W TNF-aL, IL-1B, phorbol ester, 59~
1198 endotoxin N lANN3NIZFL kinase LU PI3K LAz MAPK
1i714] L U8 phosphorylation fiLl repressor protein 484
transcriptionlfactors panane NNl transcription factors
wrsadauddnlilutiaede wazdnivinldiiae
n79L m@@nm@\mu‘wmmmmnummmmmuim LAy
ﬁmuﬂ‘wLsmzmm@mLL@“ﬂummimmmLaﬁzm Wasan
NN3NITHU antiapoptotic genes VBILTATN mmwumm@m
mmqmmrm’mmmumm NF-KB (i“ﬂ‘Vl 5) YNEIDN9
Sudmaguziiad mm@ﬂmmmmummsm LHU
transcription  factor mmuuiuvﬁmu 159’ mﬁ‘ﬁﬂ‘iﬂ’]
wﬁﬁmwmwmqwﬂummum NF-KB waz AP-1 unld
1éun ﬂ@ll flavonoids 1114 EGCG, genistein, curcumin,
resveratol WAL isothiocyanates m‘mmmﬁ?mmuimm
IAANY mmﬂumim u@nmnumumﬂ’mqmm NF-KB
1oun L@uimuwquﬁﬂmnuwmammwu L4 heme

ultraviolet

Proteasome
complex

Degradation

Veevapal

i‘ﬂﬂ 5 NF-KB ﬂﬂﬂi”mu@%ﬂﬂ’]i"ﬂﬂl, u [ﬂﬂL‘ﬁ’ﬂLL‘].Iﬁ‘V]L?EI ¥

U

Aspirin, arsenic, curcumin,

] s s
P5-1145, resveratrol, quercetin,
IK ey aaomide,

sulfasalazine, thalidomide

Inflammation ¥
Immunity

oxygenasel, yglutamylcyteme ligase Loz NADPH qumme
oxidoreductase-1 NIANEGI] meau”bﬁummuum@
ﬂmﬂwﬁmmm@u n1TL mi@@ﬂwmﬂ’lwﬁm@uwwq
ananaadasiuag sanuaznishasiasadingg 1K
mﬂ%ﬁmLlﬂﬁﬁﬁﬁmﬁﬂgz“w%mwmm
9% "NN9ndUINNINIFW NFKB HnsAnsniv

at19ndneranaLlsznausag

- Eﬂﬂmd NSAIDs l#iun aspirin, sulfasalazme qmmi
gy phosphorylation 284 KK LaSfInnTIARD L0
p65 subunits W lUluTaAAE |

- Glucocorticoids ﬂixﬁuma‘ 19 KB Muilu repressor
protein U834 NF-KB .

- PPARY ligands \iain13u Ae@naey IKB uaz
€119 KK

- Immunosupressants 1114 thalidomide/lenalidomide
bae macrolides

- proteasome inhibitors 114 bortezomib tag NPI-0052
AANINNANEY KB

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

awanaaiia i dudaviveat Tusendenisdnm

growth factor LAY wafaﬂsm,l,mwnmlmﬂmﬂgmm

phosphorylation 68 IKK 611\1 IKK ALYINNg phosphorylation KB 9l KB @“’fm mﬂiﬂmn ubiquitin-proteasome
N9 NF-KB ﬁmﬁmvm@@ummqmm Vl,ﬂ‘ﬂﬂuﬂﬂ’]ﬁ‘LL m@@m@mumm VlLﬂF;I']‘IJ'ﬂ\‘if‘IUﬂ’Wﬁ‘@ﬂL U n9iAuls
NTRE9IAA LATUNWINIZANE 8767 WAL 19ANEITUEAUATHA 1HIINEUEN phosphorylation U8 KK

R mmm@zrﬁ’juma‘ﬁﬁmumm NF-kB

AEUASUNSY 15 2552; 24(1)
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n1apdtin etelsAniuen wwluainalnnisesngms

PALLUL N3ETUE NFKB i3 AP-1 datlunalnuile
8188 1 Ay

|l %
UNn M

nesfnuuzifelutlaqiuuday mmmmqumiﬂ
289NN umiwwmﬂﬂum mmummﬂmuma@mm
WANTL ﬂmmmmﬂfmm Liqwam@quu aulnnjiinan
meluladiau ’Lum?mfmwu‘l:mmLLm‘“ﬂ”LLiﬂj uaz
s stlesiuiasuInnd TusnefinissnEnusii
‘Lmvﬂv mV]’]EIVLJJNWJ’]Nﬂ’]'JWLA’W]LLV]@NSLu[)’l@’ﬂﬂﬁ‘W?;IULQ@’I
mmumumwmim RIVHY mmumﬂm ANATI
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