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ABSTRACT : p16™¥* is a tumor suppressor that belongs to the INK4 family of the cyclin D-dependent kinases
(cdk) inhibitors. It plays regulatory roles in cell proliferation and in tumorigenesis by interacting with Rb signal-
ing. Abnormally elevated p16™** protein expression causes cell cycle arrest (G1/S transition) and loss of cyclin-
cdk activity. In many cancers, p16™~* is altered by mutation, deletion, and promoter methylation. This review
summarizes the function of p16 as an important regulator of cancer pathobiology and a promising target for
developing cancer therapeutic and chemopreventive agents.
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Fig, 1. Mammalian cell cycle and regulation of Rb pathway by p16™¢*.

*To whom correspondence should be addressed



el - #9e3 - E

&8

AW TR Bk kel

(100 11 pue Bunay]) (€00T “I& 10 URLINON)
(vooT e R ID

(1007 ] pue noyy)

{S00T “18 ® 120)

{5007 “18 W sPunIx(y) (ZO0T 8 10 Aoue))
(1002 ‘Zung)

(P00Z “Te 12 08D) (€007 “I& 3o WSUAMSIZpSRYdS)
(00T “f6 ¥ 01 (1007 “1e 1 nopdBueyedy)

(€007
SUOSIEJ PUB SIING) (6661 VOXI(T PUe BUWRLIRIA)

{(F00T 12 1 emesiAD

(9661 “Te 1 uosuyo() (89661 “T& 1 uyBH)
(99661 “Te 1 UYRH)

(9661 “I8 12 1220S) (9661 “IE 19 BYQ)

{661 ‘Sureyy pue uosdures) (£661)

(5661 “I2 30 1915004} (9661 “I¢ 1 Ueidnaey)
(¥661 T8 12 BIAD

(€661 “1e @ 1D
{5661 “Ie 1 PRaD (s661 “Te ¥ uenc)

(0661 “{8 19 oK) (5661 “0I Pur 0U))
(P00 “18 30 umoig) ‘(HO)T “18 19 eeis Y )
{go0T “1e 10 viBuomsiepdeos)

(5661 SHqOY pue LBYS)

(g661 “1B W0 107R3011) (€661 “T8 10 NEANOY)
(€661 “T& 19 [IGOONSIA}

(6661 “I¢ ¥ |I°F)

(1007 ‘wmses] pue Yojiys)

(100 ‘ueisey] pue yo[ms)
(00T ‘uBisey pue ISIuBpeg)

(£00T “fe 10 420}
{8661 “1e 1 Jonedua]) (g007 1Bismy pue unyd)

(s661 "spEjod)
1661 “12 12 Wpzur)) (1661 “I¢ 1 uopoin)

(b661 auser)
(9661 ‘saatid pue 03]) “(b661 “Te 10 Welquasify)

(1£61 uospriry) (Sa61 SIoqUIaM )

JIODUED I5E21q BWOUBIRIA

£auppy ‘Areao ‘AIABD [BIO Tedlaldd Gsealq Sun
SIFOUED I5LIq

‘UIMAIC[0d “Buny I9AY] “BlUOUICIED Te[njjadoteda
SI90UED oneoIURd

RIISWOPUD LSS 21231007

BUIOISBIGOINGU “BUIOUBIA]

s1ooued pro1Ay ‘amsoad Jeaduireydoseu
XIAI90 oAl ‘Kaupry ‘Seasoued 9searq ‘Fun

Jooued
aresoad puw prosAl) TeLBSWopUS BW0ISe|qoID

(RgAJsmowny propaeys JueuBifeiy
BUIOUIDIBY [[99 Jesed
J3OUED VOJOD PUE SHBAIOTE]
piouroed Suny pue uoed ‘yoewols qeafoeydosy
SELUOIqUOISUE (IEIEWOUIAIED [[30 [BUNY
&
A

BUWOIKI0WON0oYd BHIOUIOIRD [0 [PUSY
RLIOLIDIED LOJOD)

Auep]

AR

euowApudds ewoIBuUSW BUWOULRMYDS

BLIOYNS “BUWIOOTRS BRIOUDIED UOJOD BUIDILO0LSY
4

sapueuSiew renonaoydwdy

sapuruFifew rnoneoydwiy

SIDOUED JSPPE|q ‘UBLIBAO “OLISES ‘[BLBIWOpPUL]

BIUIOUIDIED YDRIIQTS PUR UOJOD)

BLI0ISBIGOIYdIN
Sloumny [[e JO 940€

IOUIOIRD 19pPR[q
puUB Fun| €3] ‘CWOdILSOASO “BUIOISBIGOUNSY

¢ A0S JO JONGIL]
skemiped onoydode jo uoneande pue ‘Gw

i ~feudis Julodyoayd 9{oko (jo2 ‘medas ymBuSHA]
II0UED I)S0IG ujord A10enSar JsewoR],

SoselgjsuRI AW Walod/SuoisIH
4 Joyor) Suneanoe aseatoud snoidody

I0URD [EIRI0[0D [RIfiUie]

A A3o10woy u19)0Id J0PAPS sBY
QWOIPUAS LIPMO)) asejeydsoyd pudi]
soxa|dwod

PA ujoxdnmuw JNS/IMS Surjppowas-unewon))

SWIOIPUAS SNARU []20 [eSeg
(sewoyreureyy) sisod4jod sjiusang

wa0id QUBIGUSLUSURI]

Aemyred g- 10 L w anaojows Suieudig
i . WSHOGEIAW IPISOINN
SISOIO[DS SNOIAqN ], Ananoe uetosd Suneanoe ssed [D-1dey
Jedes YNQ

(1a3uy oury) sedas ¥NQ
B]-JIH 10} 20108) uonudo
owoIpuks nepur-jeddi oA -021 953l €7 ‘SI100R) UONESUCE ik SIORIIL]
1 ABojowoy Wy N

J3OURD JSBAIq [RIIWB]
120URD UBLIBAO/SEI] [BIfIUNE,]

BUWIOURIOIA (uoneanoe ged) 1suoSelue Zwpiy
0NN JPIATIIA)

JUAURPEYE [EI9[2NS0IAD SURIGUUSIA
Ananoe urdjoid Suiralor ased 1958y
(10NU0D JNOMNPAYD [N))ISBULY W0 ]

BIIOUR[OU JRIfILUE]
1i 2d& sisoyewoIqLOIMON
1 2d4) SIS0RWOCIGHOMBN

JUWOIPUAS [USWNRLY-1"]

SWOIPUAS aFe{eaiq uaSawlin fonuos sutodyoayd sseyd § Sredar vNa
EBISE}TURY) BIXEIY (aseursy urmoad) Josuos afeurep YNNG
(owospuAs goukT) Joued

Jesaas0j00 sisodAjoduou Arenpaioy sedos yoyewst NG

sisod£jod snojewiouspe feijie| utuajeEd-gf spuig
s10)08} Fui
Jouwiny s,wpp, -ods gnam sprisiul duonejnSas jeuonduosuel ],
JWOIPUAS IUOLLNEL -] Jopey uopnduostrel],

BLIOISBIGOUIIAE [EIfILR,] uone|ndal [euonduosues |,

1ONI
1T/ TIIN
Xud

TNQAA/ZTY
[-dvdV

V1ASSVY
NAId

TINVSANS
J1d
YAVINS/AOdd
LiH4

1381
voud
1vodd

THA
20a

44y
ISLA/VIINT
CGIN

AN

CAHD

ISEN

NIV
THTIA pue ZHSIA
oY

IS
ggd

a

SAOUIY

suonEInuI )M S190UED J1peiods

AWOIPUAS paIYU] uonouny uislod

Judn)

(9661 “SHO®R[ "L “vOOT ‘BaYS (D) JO 2jqe) oy payipous) seusd tossaiddns sowiny urwny *f JqEL



Tumor suppressor pl6”5* in Cancer 89

2 FM 7 2 98 = Ae] cyclin dependent
kinase (CDK)/cyclin complexes®] &}, =3t CDK/cyclin
complexese ZA3le] A/ HEF77} FAHES o
S sl pleNKie ) CRIWAFL HaKIPL 157 Sl 21
< cyclin dependent kinase inhibitor (CKI) E—‘f’] SI= s
(Jacks 1996; Sherr and Roberts, 1995). o5 CKIS-2

52 2Ju]2 mor suppressor gene (TSGPl < h:} (Table
1) (Jacks, 1996; Sherr, 2004).

AL 75l HEF7]9] A2 Q] G phasedl| A=
CDK4 %% CDK6%} cyclin D complexes’} 2 s}
=4, transcription factorq] E2F9]- complexS- ©]F3= Retin-
oblastoma (Rb) proteing 3142} (phosphorylation) A]74
E2FollA] "ojA WA gt ofw] RejEl E2F:= thE Al
FF7] DA el 223 DNA polymerase-a(POL), CDC2,
cyclinE/A, E2F-1 #3180t ohuz} dihydrofolate reductase
(DHFR), thymidine kinase (TK), thymidylate synthase (TS)
Zo] §4} 8L A&} (Sher, 1994; Sherr, 1996).

G1 phaseoll= restriction pointZ} EAste] HME W 873
o) BHe @Sl S phase 1) ATVAL 37 24
Heol dxt o] AAE FHstA HW growth factorsel
independent sl M EZF7)7) oS S 2 AL A
G1 phase® 23R tumor suppressor gene®2 tHIEH<)
Ao ple™* (CDKN2A, MTS1, CDK4l)]c} (Sherr, 1996).

JulHg oz human tumorigenesis-‘= pi68] 754
(functional activity)® 918+ pl6/CDK4/cyclinD/Rb pathway<]
Z2L5E o o]} (nggett and Sidransky, 1998).

pl6ol functional activity® %A He HUgdoz:
mutation, deletion, promoter methylatibn—‘cf—i’/]- 7o WA
(alteration) w-F-o]™, o[Z <ls}e] astrocytoma, melanoma,
leukemia, breast cancer, head and neck squamous cell
carcinoma, malignant mesothelioma, osteosarcoma, bladder
cancer, ovarian cancer, lung cancer, liver cancer, renal
cancer 52| TRFEE E[e| §hol
and Sidransky, 2001). T8+ wjoFE ofe] SHE FoM=

Table 2. Frequency of p16™X*A inactivation

=} (Table 2) (Rocco

A ples] WAL E 4 AT (Table 3) (Kamb et
al., 1994; Kubo et al., 1999; Okamoto et al., 1994).

INK4 family proteins

INK4+ specific polypeptide inhibitors of cyclin dependent
kinase 4 oA frelist U AES Ak (Sher,
1996). ©|& INK4 family:= chromosome 9q21%] genomic
locusE Ff3 lom, pletkia psMKib  h1gNKie
p19™K4 (in human pl14°%)o] of7]el] &3, Z+2ke] mole-
cular weightol] @ebA] o] F-o] WS (Fig. 2). pl5e}
pl6 protein®] F71MD-L F 80% HE FUA (1dent1ty)——
Ho|al, pI8dt pl9el] HirE oF 40~45%2] TUE
et 258 d@7IMGelv FEREE Wt ‘rr"]'?f]'x]‘?_}
conformational flexibility, stability, aggregation 7 &Fel] o}
2 ek Alol7h e Maldh (Yuan e al, 1999). 7
A o] B2 FHolgl: 13} $97]M Y92 helical regionse] L
ofuf= o] FE-Fo] el AFT INK4 family 2]
33 F240 A S JHAAl s AeE AR
pl3™Kibel MKl ] 7)9] helix-turn-helix motifsE 7}
A3 p188} p19= oAl 9] helix-turn-helix motifE-
hydrophobic interaction® %34 zZt=vt (Li e dl,
1999; Yuan ef al., 1999).

pl6™4“Z encodingdl= locuss MZ T2 promoters=
e F 789 transcriptsE el ¥ & o A7
transcripte specific 5° exon Ela v} EIBE 7=t o]
ol splice Ho{AM exon B2, E37} Hrl EloE F3sl=
transcript’} p16™**2&- encodesl:l EIpS EFsl:= trans-
cript’} pl4*¥E encodedtt} (Duro er al., 1995). pl4*F
+ MDM2¢} bindingdted MDM2-mediated Rb inactiva-
tion®} MDM2-mediated p53 degradationS *]3& o2 4
zZH A 22 CDK/cyclin complexE GA|s7| Hefl= 7044
ol AZE B3M GIFF G2 phasedll A M 2] AAE oA
gt} (Bates er al, 1998; Stott et al, 1998). pls:

Cancer type Number of studies Positive cases (%) Reference
Prostate carcinoma 118 91(77.1) (Jeronimo et al., 2004)
Gastric tumor 81 16(20) (An et al., 2005)
Gastrointestinal stromal tumor 21 7(33.3) (Ricci et al., 2004)
Lung cancer 91 14(15.4) (Fujiwara et al., 2005)
Non-small-cell lung cancer 351 86(25) (Toyooka et al., 2004)
Renal cancer 17 6(35) (Hoque et al., 2004)
Primary colorectal carcinomas 53 17(32) (Lind et al., 2004)
Squamous cell carcinoma 36 13(36) (Brown et al., 2004)




90 on]d - F}ed - M3

Table 3. Status of p16™**A on tumor cell lines

Cell lines Alteration Cell lines Alteration Cell lines Alteration Cell lines Alteration
Skin Lung Colon Ovary
LOX IMVI HD A549 HD COLO205 TD IGROV1 W
Mi4 PM BEAS2B W DLD-1 M OVCAR-3 W
MALME-3M HD 866MT M HCC-2998 w OVCAR-4 W
SK-MEL-2 w Calu-1 ND HCT-15 TD OVCAR-5 HD
SK-MEL-5 HD Calu-6 ND HCT-116 PM OVCAR-8 w
SK-MEL-28 w EKVX D HT-29 TD SK-OV-3 HD
UACC-62 HD HOP-62 HD LS174T D Breast
UACC-257 PM HOP-92 HD SK12 ™D MCE-7 HD
Lymphocyte NCI-H23 D SW403 TD MDA-MB-231 HD
CCRF-CEM HD NCI-157 M SW620 D HS 578T HD
HL-60 PM NCI-H226 HD Renal MDA-MB-435 PM
K-562 HD NCI-322(M) HD SN12C w MDA-MB-N PM
MOLT-4 HD NCI-H358 ND TK-10 D T-47D TD
RPMI-8226 D NCI-H460 HD 786-0 HD MCF/ADR-RES w
SR HD NCI-H522 W A498 HD BT-549 w
Liver NCI-H5%96 W ACHN HD CNS

THLESB W NCI-N417 w CAKI-1 HD SF-268 HD
Hep3B w Pancreas RXF-393 HD SF-295 HD
HepG2 w ASPC-1 "ND U0-31 HD SF-539 W
HuH4 ND Prostate SNB-19 HD
Ha22T/VGH M DU-145 PM SNB-75 W
HB611 W PC-3 D U251 HD

W: wild type, PM: point mutation, HD: homozygous deletion, TD: transcriptional deficiency, ND: no detected

- o) -
pisre [N R
p14AFF N
p16inka R N .

Fig. 2. 9p21 locus.

transforming growth factor (TGF)pell &3] %% A2
7194l (cell-cycle arrestll] =83 98- & 7oz Rz
t} (Hannon and Beach, 1994).

Function of p1é

Rb pathways

NEF7]E CDKE9| sequential activation®} inactivation
o 28 ZdFHHunter and Pines, 1994; Serrano et
al., 1996). 7}7+e] CDK*= catalytic activity®} substrate

recognitionel] FpH el H&-E 3= cyclin subunit?} 23t
&l 9l cyclin family ZllA cyclin D12 oncogene
== M ET7]9] Gl phasedl|A] mitogenol] 93 %= A
A BAAREA g8 Cyclin Did] 28] S33E=
%8 CDK partner= CDK4%} CDK60]c}. o5 Kkinases®)
activity:= inhibitory subunitel] 9]} ZAHF o]
inhibitorzell 347} p16™K4eQld] | p16™*%= human cells
o} A CDK4-associated protein®-Z4 A& <8z}t
(Xiong et al., 1993). L Fol] F24e] HA CDK4-6/
cyclinD  complexesel 13 specific  inhibitorE-4
characterize®]§ T} (Serrano ef al,, 1993). in vivollA] CDK4-
6/cyclinD kinases®] A A<l 7] retinoblastoma-
susceptibility tumor suppressor protein (Rb)o|t}. Rbi=
Gl phaseollX] S phase® ‘del7F=d] T R3S} transcription
factord] E2FE i) A& EAM negativedtd] 24
gt} Transcription factorel] Z§3l:= Rbe 7% Gl
phase®] kinaseol] 2J8iA] f-==%]= 914k} (phosphorylation)
o] oJaiA] Asl] E=v] mitosisF o] B W7ix] A<
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CDK4/6 inhibitors] pl6™¥*o] overexpression® 7§,
pl6°] CDK4/62] regulatory domainell Z3}a}ed conforma-
tional changeE Y27A cyclin D] complex FAS A
33t} od) Ru7} QAR A F8k E2Fr) 8493} ¢
2324 ArPE Asi=le] Gl phaseol|A] cell cycleo] arrest
=} (Russo et al., 1998).

NF-kB pathways

Nuclear factor kB (NF-4Bye= W W JZubg3¥at o}
et AlE9 AA (growth), 23 (differentiation), AF'gQ
(apoptosisys MEF7T A4 el £33 IFL 3=
FAHAES] HE A AARIAelY} (Bacuerle and
Baichwal, 1997, Baldwin et al, 1991; Bash et al,
1997; Chen et al, 2001; Duyao et al, 1990, Guttridge
et al., 1999; Hinz et al, 1999; Mercurio and Manning,
1999; Perkins, 2000). &&A Algiell A& cytoplasmel] A
inhibitory protein®l 1kB} A= Qlcyl ME7} B4
inducersel] 93l stimulation = kB kinase (IKK)®| <]
A 1kB7} QAkEEE o] ubiquitinylationel] 28] degradations]
2 p50, p65E. o] Fo]Z NF-kB complex’} & U2 o]F
&led kB DNA binding domainell Z3tsle] 345212
HARE =gkt NF-4BY] wiAAdA ¢l =gt AR L.
2 ols sto] WA Hejzo: o8 ®it glew
(Dhawan et al., 2002; Gilmore et al., 1996; Luque
and Gelinas, 1997), NF-kB A t&Al3} CDKel =4 #
Al Gary J. Nabell] 28] 23 2150} (Perkins ef
al., 1997).

INK4 5H9212] ankyrin repeatst= protein-protein  interaction
motif24] & g2 912 NF-kB inhibitord! 1B family
o) gl E ZF98F motifes delA 9t (Sedgwick and
Smerdon, 1999). human cell linesel] A &2 k2] INK4
moleculeEo] EA|E1 Qv o A4 & o & o
22 EAQ) CDK4/CDK6 ©]9]e] o2 T4 whiz ol
A & 7FeAs A B 4 sledl, Wolff#} Naumann
o] INK4 proteins®] NF-kBE HA 22 sl NF-kB2 &
e s gL ¥HlTt (Wolff and Naumann, 1999). A%
= melanoc‘ytic lesionsell A 16™%4 alterationel] 2|3k W
7} NF-AB p65e] EME (nevi), Y3 SAF (primary
melanomas), Ho| (metastases)E. Zrol] webr wao] 7]
25 B9} (Ghiorzo et al., 2004). 1813 ankyrin repeats
£ 53 pl6} kBoel| & human T cell leukemia virus
I (HTLV-1) tax oncoprotein®] A&2F4-2 pl6e] CDK4E
kBa7} NF-kBE A #fsh= 58-S °‘7ﬂ slsde} (Hirai et
al., 1994).

pl16 in cancer

Tumor susceptibility of INKAa™~ mice

Tumor suppression®l] $1e1A] INK4a2] 985 793l7]
A carcinogens ABd T3} A A g &
heterozygous intercrossesd}e] tumor formation A TZE =
A § bt (Serrano ef al, 1996). un-treated INKda™
mice F 69%7} T 297X A oE PPl U
o] A=t vbd INKda™} INKda"F<l|Me= 3657}
AP Fofo] FRIFA] skt =3 INKda™, INK4a™
INK4a™2} genotypeS-ell @aAl 9,10-dimethyl-1,2-benza-
nthracene (DMBAYE 3bH A &3t § ultraviolet B (UVB)
(280-320 nm)E 48] W FA}g 7%, DMBA alone ]
& 4%, UVBR 241 A2 A2 ST AP Az
WS o]&3te] tumor inductiond 13 205 F<t
HAYE W, INKda™ mice®] % 90%7} DMBA/UVB
£ A2 729 tumors7t A AT A &
<= Aoz vepdch. 53] 20012]9] INK4a™™ mice Sl
127187} 22802 wdulst malignancys YFERS.2H
P os o= HARS W tumors’t HAAESIH v
230}2] 9] INKda™ ol 83%, 279}2]9] INK4a™ Fol]
100%7} 71743 el 2 dolgllet. ol2idt AAE2 v]Fo
E o INKda7} HAHANS | ko] 2] A3 2zte
(susceptibilityy’} 2718 & 4~ gloh.

p1é6 mutations and deletion

9p21 locus= YHFHOZ human tumorelA amino acid
mutations ©|-} proteirS- <1 FH 8= exonZell FFFS v]A
premature termination’s 224 distruption®! =} (Kamb, 1995;
Kamb et al, 1994; Nobori et al., 1994; Sherr, 19953).
Table 29| vk} Sl ®ke} Ze] pl6 locus®} mutation o
1} deletion®] primary cancersell A 15% oA} HEL 9
= 9}, Biliary tracto}A= ©F 50%, esophageal carcinoma
oA ME= oF 30%°] pl69] mutationol] &JsiA Uojr}i
(Elledge and Harper, 1994; Hall and Peters, 1996) glioma
2} esotheliomaol| A= 22t ¢F 50%, nasopharyngeal carcinoma
of|A] <F 40%, acute lymphocytic leukemiadllA <F 30%7}
INK4a locus®] homozygous deletionse] 2=, sarcomas,
bladder, ovarian tumors So|A= ZAFT} =3 pancreatic,
head and neck, non-small-cell lung carcinoma®] 7%+
INK4a9] mutations3} deletionso] Foigte] HIE ot
(Hall and Peters, 1996). pl62] tumor speciﬁc alteration
< protein functionoll °33kE THA cdk4/69} interaction
& B €224 pl69] inhibitory activitys FHAA]
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Z1e}, |24, p162] tumor-derived mutation®E 114HA)
9] prolinee] leucine® 2 B}A-E o in vitrool A cdk4}
binding 34| o o]2ela] Gl arrest® F-=3HA X3}

At

p16 methylation

DNA methylatione F-5-72] 73-¢<l] F83<] (epigenetic)
#Atolt} (Jones and Baylin, 2002). 53] postreplication
modificationel] 4] ©]Fo] A} dinucleotide sequence CpGoll
ZA181= cytosine residuesol] Al WAE ). Cancer cellol] A
+ gene silencing®] 9Ju]E 2¢lv} Tumor suppressor
genes®] promoter regionol]l %3 CpG island®] hyper-
methylatione gene inactivationel] W3t F23F vAYUS F
o slitolet. pl6™4e]  hypermethylation colorectal,
lung, pancreas®} - B2 solid tumor typesollAl g
Bl olj2} bladder, cervical tumors, melanoma, glioma
A epigenetic silencinge] doivdth 9172 Lung
cancer@At] serum DNAO|A oF 154%7} methylation™]
glow 7 2 clinical stage [ 13.2%, A 22.7%,
[vellA 222%2] B1=Z jehfigic} (Fujiwara er al,, 2005).
574 2] pulmonary adenocarcinoma AL} tumor sample
Zo)) 40.4%) 23" o] abberrent methylationS el gixz
(Tanaka er al., 2005), cutaneous squamous cell carcinoma
(SCO)PI M= 367 ol oF 36% (Brown er al, 2004),
gastrointestinal stromal tumorellA: 21HFoA <F 33.3%
(Ricci e al., 2004), prostate carcinomadl|A:= 118 %<
77.1% (Jarrard et al, 1997), primary colorectal
carcinomao| A& 32% (Lind et al, 2004)7} promoter
methylatione] o]y} whHo| chronic myelogenous
leukemia (Kusy et al., 2004), breast fibroadenoma/
carcinoma (Di Vinci et al., 2005), multiple myelomasi]
A& biological significance® 2Z+A] 551t} (Jeronimo
et al., 2004).

p16 in cancer therapy

p169] tumor suppressor 715 AR5 el g
53 9leh pRBS A2 W3 skA3t pl6e] mutation
HAY nuli=]ed Al breast cancer cell line (MCF-7, MDA-
MB-231, BT-549)3} osteosarcoma cell line (U-2 OS)ell
recombinant adnovirus Adpl6S infectiondle] pl6e] 71%
2 IBAIHS A 2ol vISke] cell cytotoxicityZ| 34l
o]A} Z7}81A5t (Craig er al., 1998). pRB QIAFEE A3
817] $18bed pl62} CDK4/69] interactiondl= F-8. 0w

2o -+ Aod

e

Ab Zp7]el galellA] 10319 k20708 I Hele]=F
antennapedia carrierZ ©]4-3l¢] human HaCaT cellsol] #
251329, S-phase®] ZdJe] ¥ (Fahracus e
al., 1998; Fahraeus ef al., 1996), Trojan pl6 peptide®
o]43l+ in viro ¥ in vivoolA pancreatic cancer growth
7} AslEE Aol =AU (Fujimoto er al., 2000;
Hosotani et al., 2002). %3} pl6-/pRB+Q] A375M ZA4E
M EAME pl6-mimicking peptideE A2|A] £ =7]7}
Zo] E3lv} (Noonan er al., 2005). pl63}+ p279] fusion
tumor suppressor gene (AV-W9)E adenoviral systemol]
ZH4AA A prostate, lung, colon, breast, retina
59 1471 cancer cell lineg 127)¢4%= apoptosis =
£ %8 wmor A7t Ao, WA= cell death,
growth arrest® Y27} (Patel et al, 2000). pl62] N-
terminal® 407 o) =Ake] cell transformations T3k
INK®} A}32k-8-3le Ras-JNK-c-Jun-AP-15 Fo2 3=
signal pathway?] A& A2 UVel 9J3iM =
5 SK-MEL-28 4% A| 22| AAbo| AA|gS Hraly]
o} (Choi et al., 2005).

Perspective

ple™Kax= M E F7] FollM Gl phaseol] T3l
CDK4/cyclinD complex?] activityS- *8]gho 24 Al ZA7
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