JINGE&EE  28% 35 © 165~174 (2002) 165

p21 12X 5 & MR TOMERBEEDRF

BB K%

M, FAR2ICYT 2 FHEE# AL U TMRBEPSEDOH.0 %2185 B cEmE
NEMERAVENAFATIHFROBREFSFrETh TV 5. kL ICHERT MBELY
SVMEATREFr RS TOBIEHPEETH S EEZ 5N 3. p2IWAFI (4 cyclin-
dependent kinase (CDK) inhibitor T# ), 451 G1 HiC b (T 2 MAAAEIL#H5ET 3
BFHSNhTWS. %74, p21 2AHRBE S 3ETH A2 LHRETHMEBTEIRENIT
W3, KL TIE SVAT HiE L P RFE/LIF#lask NKNT-3 (251 5 p21 OMEFHERES
BEtL /. NKNT-3(Cp2l BBR7F/ IA1IWANY Z2— (AACMVp2l, CMV DI /N>
Y—RUOTOE-2—TRHICp21 1Y —F&ENTL3) KLU TAT protein & p21 O
fusion protein (pTAT-p21) ZRAWVT, p2l OBEEAR S -7 HMBEFRE, HER
8, 7IVT I RE, EYRMEEFETH 5 cytochrome P450 BEEE (CYP) RIBICRIF
TREREU /. RELE B KU Western blotting (2 & > T AdCMVp21 $ LT pTAT-
P21 IC K BRhR %L p21 DFIH NKNT-3 Hil8ICE23H 5 h7-. p2l FEEA#ZOMIRIL
fRBEIRRD L, REOHEKXEEH N/CLOETHIBHS hh . MBEEBEIFTIE G
arrest DIREER 7. T/, ZIVT I HLU CYP3A4, CYP2CO DRIBEMHI D S
7. b PARSE/CAT#IEE (NKNT-3) (2 p21 £BRFEME LD LIC &V HMEigpesEs
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p21 Transduction Augments Differentiated Phenotypes in Immortalized
Human Hepatocytes

Takemi KUNIEDA

Recently, there has been great expectation regarding the use of cell therapies such as hepatocyte
transplantation and bioartificial livers to treat patients with liver failure. Improvement of
differentiated cellular functions is of fundamental importance in hepatocyte-based biological
therapies. The molecule of p21, known as WAF1, is a potent cyclin-dependent kinase inhibitor
which regulates the transition from the G1 phase to the S phase in a cell cycle. Investigators have
demonstrated that p21 transduction induces cellular differentiation in various cell lines. We used
SV40Tag-immortalized human NKNT-3 hepatocytes in this study. A replication-deficient
adenovirus vector, Ad5SCMVp21, expressing a p21 gene under the control of the CMV promoter,
was used to achieve efficient p21 delivery. A pTAT-p21 fusion protein was also utilized for
transduction in NKNT-3 cells. Morphological alteration, cell-cycle progression, and protein
expression of albumin, CYP3A4, and CYP2C9 were analyzed in the p21-transduced NKNT-3
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cells. Immunofluorescent staining and Western blotting analysis for p21 showed efficient p21
transduction in the NKNT-3 cells using Ad5CMVp21 or pTAT-p21. Under cell cycle analysis,
transduction of p21 caused G1-arrest in NKNT-3 cells, leading to differentiated hepatic phenotypes

including a decreased N-C (nucleo—cytoplasmic) ratio, decreased cell density, and enhanced

protein expression of albumin, CYP3A4, and CYP2C9. In the results presented here, we show that

exogenous expression of p2] augmented ceilular differentiation in immortalized human NKNT-3
cells. (Accepted on August 28, 2002) Kawasaki Igakkaishi 28(3) & 165— 174, 2002
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+ (cyclin dependent kinase : Cdk) D{fM: % fHE
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Arg) 7 5 H K X 7L 5 Human immunodeficiency
virus (HIV) H3%&EHE (TAT protein) 23 & p21
@ fusion protein T4 pTAT-p21 %\ »T NKNT-
312 p21 X THEAT 5 Z & CHINLREM % R
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loxP ALK [ 2 simian virus4( large T HLE (SV40
Tag) & hygromycin i PE &5 T & B EIRT T
& 5 herpes simplex virus-thymidine kinase ) —
Bo@EmFrdbEeHFOL POy IVANY
% — SSR#69 & & FRANMRICEEZEAT 5
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BT 5. NKNT-3 fifigid, BMEOZ%Nkz
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Twb. ¥/, 7WV7 I, asialoglycoprotein
receptor (ASGPR) , bilirubin-uridine diphosphatase-
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glucuronosyltransferase (Bil-UGT), glutamine
synthetase (GS), glutathione-S-transferase r
(GST-n), human blood coagulation factor X
(HBCF-X) 7% & DL BIEF ORISR D
LRTWAD, BRI S HBFR L - EiE
K:ih ISE-RPMI S % Hivy, 37C, 5% CO; §eff
TORE L. Kl B AL A 2 B SR
WCEBMICEERCBIZEL, 3HBICHEEL
2 AN T DA

2) p2l BET7T/ I4IVANY 24— (AACMV

p21) IC&k B NKNT-3 A p21 BA
CMV 7uE£— 4% —"FIZp21cDNA 2% § %

MABZ 77 ) 7L WANY & — AdCMVp219:7
BLUH7OE—4%—TIZ Ecoli LacZcDNA
2RBETLMABRZIT T/ TANVARY ¥ —
AdCMVLacZ (% JA Roth 1+ (University of Texas
MD, Anderson Cancer Center, Huston, TX, USA)
X D t5 2 5Z21F 7. AACMVp21 % multiplicity of
infection (MOI) 10 & 7 % X 9 |2 NKNT-3 ¥
EFICEME, 5o BB TRERELRE) L,
1B OBRSZ T o7z, 1 BRI Bt 2o 52
WITIR L, HFABHPHIREBZICUAT DEERITAE
L7, SEERMEATRIICF M AJCMVLacZ
%R & &5 T & T NKNT-3 IZR) R 22 B 15
FHANTER S L LANETOT 7/ 74 N
A DMRLBEEE DD TH R WELHERL .

3) pTAT-GST (glutathioneS-transferease) %
& U pTAT-p21 expression vector DER! & §&H&L
pTAT-GST 3 X OF pTAT-p21 I Nagahara 58
DOFFEICET, BILKFHMBEAEYERE, RO
BiRAAIERLCTHE, 2R, T4
1%, pTAT-HA prokaryote expression vecter
Xhol & EcoRI site |2 human wild type p21 @ PCR
fragment Z{F AL, KEFE CHBEIE-%=
TVFL—b AT LZHCTHERAZER, K&
ApE UEBRICMER L /-,

4) pTAT-p21 transduction (Z K 2 fifaEEM
D5
MTT (3-(4.5-dimethyl-thiazole-2-yl)-2.5-
diphenyl tetrazolium bromide) (SIGMA) O b 5
VI LARIIEMBOI P2y FYTICHBa
NIEBEFe Py -l VR LEFED
ANV aFEERT Y. BEGEFA
L pTAT-p21 & NKNT-3 Ml bs =4 % Mt L
7z. 6 well-plate (Becton Dickinson) |2 NKNT-3
MR % 1% 100cells/well DEHE & L, pTAT-p2l
% % well {2 0 ug/ml, 2.5 ug/ml, 5 yg/ml, 10 ug/
ml, 25 ug/ml, 50 yg/ml DIEBETHRML 2. 24
e S %, MTT RAEZ B E LEHIC 1 mg/
welli®IML, 37C, 5% CO, &M T5EMD
incubation 7o 72D H, MTT fimEE#E iy
#W5IBZE L, 1ml ®0.04N HCL {4 v 7
T8/ — )V % 0 21055 @ incubation % T\ 2

e WIRKIZERMEE 2 B L FERIC,

WG ST (Labsystems, Multiskan MS 5 £ 7 4
ALVRAL VS —Fvarn) 2ERLER
540 nm TOWNELXBIE L7z, F72, pTAT-p21
VRN 240E [ 2 (248 A7 RUALAH 22 SRR TR B2
R WA

5) AdCMVp21 BERED p21 HE DG
a) Western blotting %(- & % p21 &3
NKNT-3 |2 AdCMVp21 (MOI 10) J&He4885 R

#IZH 2 EiE % W51 L, phosphate buffered saline
(PBS) T 3 [ peifk, MR Z#EMAIC dish &
O FIBERIX L 72, MM % cell lysis buffer TiA##
%, proteinsample % 1 L — ¥ &H 720 30 ug I
% L12% SDS-PAGE CEXKE L7z, h
= bt a— 2 (Amersham, Japan) b
FYAT =Lk, AFAINITTUY F
YT EATV, SN TYHFHie b p21/WAF1 #i
f& (1 :100) (Santa Crutz Biotechnology) % {i Ff
L 1 XPufE s, horseradish peroxydase 12 ik
~ 7 A IgG Hiifk (1 :2000) (MBL, Nagoya,
Japan) Z M L 2 KPS %47 - /2. ECL
detection kit (Amersham) # [l L Bt %17 o 7-.
¥ 7z, internal control & L C human g -actin %
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b) p21 DRBEHKELRE

6-well plates D % well FIZIREFA N N—H
I A% &, NKNT-3 e % 2 0 LI L 7.
AdCMVp21 (MOI 10) J&Gx %48k fH] £ 72, pTAT-
p21 (5 ug/ml) transduction #2485 [ B IZH5 2 b
Hx2W5| L, PBS gk %, 4 % paraformaldehyde
in PBS T i@, 3077 #E S &, FHkIZPBS
THEHE, 47T, 305 100% ethanol |2 THilAL
[E %€ % 17 - 72. [ KEIC PBS Tk # blocking
solution (10% skim milk, 10% FBS, 0.1% sodium
azide, and 0.1% TritonX-100in PBS) =i, 30
43T blocking %, ~ 7 AHLk b p21/WAFI1 Hifk
(1 :100) (Santa Crutz Biotechnology) % f#f L
1 RPUERIE (37C, 1H:H), DwWT 2 Xkbuk
& %47 o 72. ¥~ 7V % Vectashield Mounting
Medium (Vector Laboratories, Burlingame, CA)
12 LaeBafsE (Model Axiophot FL, Carl
Zeiss, Inc., Oberkochen, Germany) T p21 D%

Hekay L7,

6) pTAT-p21 (C&k D NKNT-3 D p21 HA
pTAT-p21 & N K ¥ lZ 6-Histidine (6-His)
Tag 2T 5 L¥%FIHL, NKNT-3 O
p21 & A %) = % $i 6-Histidine $T/4 (Amersham
Pharmacia, Bromma, Sweden) % Fi\>7> Western
blotting {2 CTHEF L7z, pTAT-p21 (2.5, 5,
10 ug/ml) A0 3 By M££I PBS THE& L, M
Fo % dish X 0 FEERILL 7=, M % cell lysis
buffer Tif#H, protein sample % 1 L — ¥ 7
D 30 ug |23 L12% SDS-PAGE TELiKE
L7z, ¥FEFNEIZ EFE p21 Western blotting 12

# 7.

7) A3 RO T
AdCMVp21 (MOI10) & Y448 # £ 7=,
pTAT-p21 (5, 10 ug/ml) transduction 24 I [
12 PBS T 3 m¥kEE, MUY VBT
i 2 F BRI L 72, 1000 rpm 5 43~ @ & 4Ly
%, Mile% 1ml OPBS IZTHE L, %100%
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ethanol 3ml Z L 2456 1 BT oML &
HE % BE70% ethanol |2 CHIREIE 21T 72. —
& J — ViRt 4 T304 H#E %, #1000
rpm 5 53 O @ L BEE AT ) & & THREME % [mlY
L7-. #ila%s 1ml ® PBS I2CHE&#%, RNAse
10 ul ZMZ37CT205 A Y Fax—Yary
L7, HwcTavib7u¥ vy L@ (PD
(Wako 1) # 1ml iz, RAKIREZ 50 ug/ml
IR L 4 C1057 M5 CT DNA O Rt 2475
2. 50 umDF A0y Xy a2 THY IV EE
B, 79—4% 4 b X —4%— (FACS Calibar,
Becton Dickinson, Mountain View, CA) 2 CTHl
BEBOBT 24iTo72. a2 bha—Le LT
AdCMVLacZ B & 0" pTAT-GST #fE i L 7-.

8) ZPIVT I DiEHtie

AdCMVp21 (MOI10) K F480s % £ 72,
pTAT-p21 (10 ug/ml) transduction 24 IF & # (2
E NTNT I URIBERBETo 2. ERFMEIX
b0 p21 S mIcHE L, 1 RPURICIE Y I
Fpie P TVT I PR (DAKO) ZfERIL,
2 RPUARIZIE TRITC Y FH 7 4 F 1gG i
fk (SIGMA) #fH L7, av bo—VEEL
LT AdCMVLacZ 3 X U pTAT-GST %/ L 7-.

9) Western blotting ;%(Z K& % cytochrome p450
BEBEFE (CYP) 3A4 & CYP2C9 I DRET
EEEFNHIZ p21 Western blotting £ (2 H#E U 7=,
1 RPUERUGICIE= 7 A + CYP3A4 B LY
CYP2C9 Hiifk (1 :100) (Daiichi Pure Chemicals
Inc. Ltd., Tokyo, Japan) #fH L 7.

] 3

(1) #HBafsiE

NKNT-3 #Hi}a 12 AACMVp21 (MOI10) &%
%, BRI AHZESEMER I TR0 & Lz
#1221 7> (Fig. 1). AACMVp21 (MOI 10) /&%
% NKNT-3 Mife OMIfa B EE A L, Fk o
K%EFBDN/CHOKTARD LN (Fig 1-
B). 10 ug/ml @ pTAT-p21 iR IZ b FEED
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B b7 (Fig. 1-C). Y% ZFHE1 LI,
AR ORI KT HIDTH o 7.

(2) pTAT-p21 transduction (= & % $fifafE s
3

pTAT-p21 JERMB X °2.5, 5, 10 ug/ml
RINTIE MTT-assay |2 X ) NKNT-3 Hif2 13 B
Hr B L7 (Fig. 2-A, B, C, D). — %,
pTAT-p21 BREAM (25, 50 ug/ml) Ti,
MR L2 BRaRESED O h o
(Fig. 2-E, F). 4FEHERH» S, HiEE pTAT-
p21 (=225 ug/ml) TIIHFREERIGRLZ &
MHBH L.

(3) pTAT-p21 BA KD EM p21 DHEE
pTAT-p21 & N K ¥ |2 6-Histidine (6-His)
Tag #F3 5 &6, Pi6-Histidine fufh % i
Fi L Western blotting #: (2 C 8 HIC /R 1 p21
DRI FEH 2 et L7z, ARG Histidine

DEARHIAD LNz (Fig. 3). Zhi,
pTAT-p21 {2 X ) NKNT-3 Hi Rz 12 %h B
pTAT-p21 2 TWEBATESLZ LERL.

(4) AACMVp21 1% NKNT-3 (Z$(F 3 p21
RBEBE

AdCMVp21 (MOI 10) EB48RF I BT L 72
Western blotting 3 T I3 AJCMVp21 JE % 3x 4 iz
EHAR, RYEHALIC p21 BADERGNY MR
BAAoh/ (Fig. 4-A). F7-, p21 OHE
gt TUX, BANIER p21 DRBIAED S
(Fig. 4-B). pTAT-p21 TH RO RELAD
7z.

(5) NKNT-3 TOp21 #E#EOMBERD
Z1it

AdCMVp21 (MOI10) 3%, NKNT-3 iz
SR A L, GO/Gl HoWhnsik Shr:
(Fig. 5). ¥7-, pTAT-p21 iz d FAEICH
B (5,10 yg/ml) 12 SEADSHA L, GO/
Gl o mAsA 5 Gl-arrest DIRBE & 72 » 7>
(Fig. 6-C, D). 2~ F T — )L G AJCMVLacZ

%> pTAT-GST B AMME Tid Z DRk HZE (LI
HoNihols (Fig 6-B).

(6) p21 BA# NKNT-3 $ijlaicE5 T3 7N
73, CYP3A4, CYP2C9 %3

p21 B A #% NKNT-3 18 lc BT 3 7V
7 I VR R RERLRE TR L. Kol
NKNT-3 #ifa Ti3 M E 12 3 < e REIFED
bh7- (Fig. 7-A). —7F, AACMVp21 (MOI 10)
Btk B & O 10 pug/ml @ pTAT-p21 FiN#
NKNT-3 #if8 T332 7 V7' 3 v O RBIHRAS
R Hh7: (Fig. 7-B, C). X512, CYP3A4
& CYP2(C9 » & B % 3 % Western blotting # T
BE L2 A, £ NKNT-3 MRICHN
p21 & & A # NKNT-3 #l}f2 T3 CYP3A4 &
CYP2C9 & b IZEH L NV TORBREHRA D
Hh/: (Fig. 8).
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MBOFIHICIEBAYRH S, 29 LEBHRD S,
PR R OMBatk RIE (W58 7 7 Friif
%E) MifaZ MRas kR N4 F N LI
TERRAVPLREINTELDD, Ui Lids,
JEEE R REHE (7 NREL oy 4 Vv R)
ZREOMBEFRHBINTHAY~, =5 L7
MEZMRT 572012, EEe MEdicy A
NV AHROFEEIZF TH D SVAT i &% E
ATHIET, WY OBES 25 {LikkEzE A
THOMBKREBLL LD LT 2RAHBY. =
9 LML, ERMBEZHFOZLNOLE
FICKREOMZREWTETHS. —HT, 1)
AR & MU EAME T 5%, 2) chromosome
DAL EME DR A & malignant formation 255§
BINWEEd L OMESLH S, 2S5 L7
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(Magnification % 100)

Fig. 1. Morphological appearance after p21 transduction
After p21 transduction, decreased cell-density with a lower
nuclear—to—cytoplamic (N/C) ratio and enlargement of
the size were occurred in p21-transduced NKNT-3 cells.
(A ; unmodified NKNT-3, B ; NKNT-3 treated with
AdCMVp21, C ; NKNT-3 treated with 10 zg/ml pTAT-
p21, magnification x 100) .
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Fig. 2. MTT-cytotoxicity assay of pTAT-p21 transduction
pTAT-p21-induced cellular damage was occurred in
dose-dependent manner. Transduction of NKNT-3
cells with pTAT-p21 of 2.5 to 10 ug/ml showed no
abnormalities in MTT-uptake, whereas treatment with =
25 ug/ml pTAT-p21 severely damaged cells. NKNT-3
was transduced with TAT/p21 of O ug/ml (A), 2.5 ug/
ml (B), 5ug/ml (C), 10 ug/ml (D), 25 ug/ml (E),
and 50 pg/ml (F).
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MRS 2R T 572012, SVAT HLEIC TR
Fefb & 7z b b M AR NKNT-3 % #8HSA
KBRS ST THs p2l xBHEIELI LT
STACTEE OFE, B % ANFZE TIERET L 7.

SV40T $LJ5 1Z p53 B & UF retinobrastoma (Rb)

ORBEEPWHRTHZ VAL TEY, ME
% 1E 0 J7 B[] A o3 Rl A9 2 EHE O FF T~
LB ED. 22 CHE, HH LD p53
DT HAALE UM R %2 #E LT 58
F+TH5Hp2l THAH. p2liE, 1993FIZIE LD

Fig. 3. Detection of exogenously transduced pTAT-p21
Uptake of pTAT-p21 by NKNT-3 cells was detected by
Western blotting analysis by means of a mouse anti~
6Histidine antibody. Intensity of the band for 6-His
increased in a dose-dependent manner of pTAT-p21 used
(A; 2.5 ug/mi pTAT-p21, B; 5ug/ml, C; 10 ug/
ml). These findings demonstrated the efficient transduction
of NKNT-3 cells with pTAT-p21.

(Magnification X 100)
Fig. 4. p21 expression by Western blotting analysis and immunofluorescent study
(A) Bands for p21 were detected in NKNT-3 cells treated with AdSCMVp21 (a ; AdSCMVp21-transduced NKNT-3, b ;
untransduced NKNT-3) .
(B) Much more intense expression of p21 was observed in the nucleus of Ad5CMVp21-transduced NKNT-3 cells compared

to unmodified counterparts (a ; untransduced NKNT-3, b ; Hoechst staining for a, ¢ ; AdSCMVp21-transduced NKNT-3,
d ; Hoechst staining for ¢, magnification x 100).
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Tp53 I & V) FH & h b WAFL
(wild type p53 activated factor) ;B {x
CFAREE SN, F-FEUEICY
429 EEHEXF —¥ (cyclin
dependent kinase : Cdk) D % FH
E5%%5 7 HE LT p21Cipl
Bra—=ryr7aEni. Zhb
PE—FFTHbHI AL, p53
® Cdk fHE ¥ » /37 & p21WAF1/
Cipl % 4 L 7= Ml Ba J& 39 o> 3 s 4%
WBAHLPC o7 72, p21
i [7] B¥ 2 12 senescent cell-derived
inhibitorl (sdill) & L T¥HFES
NTHH?, Mg sb/ECD
BELTwa RIS, p21
B Ck HAKRICHKABATAZET
EHEZIRZORRER DY) VB
bz #H L5 W F E2F Ok
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555, B, p21 773V —¢&
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D E 43T Cdk/cyclin &4k & &
SLTIRECERZIHT S, F
72, P21IZDNAKRKY A5 —F¥D
WG Y % 1R # 3 5 proliferating
cell nuclear antigen (PCNA) 3}
fl3sZeBnmshTwap20.2
(Fig. 9). ROo{LIEHICHES

LRI/ NRERE Cld & ) p21 D RBIBEERASH
Sz b 2 #HE22 R, monoblastic cell line |2
BT p21 DBFERICL ) HLrFE SN
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FL2-A
A : Untreated NKNT-3
GO0/G1 ; 58%
S;20%
G2/M 5 17%

FL2-A
B : p21-infected NKNT-3
G0/G1 ;77 %
S;4%
G2/M ; 19%

Fig. 5. Cell cycle analysis in treated AACMVp21
Remarkable G(0/G1 arrest was occurred in NKNT-3 cells treated with
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Fig. 6. Cell cycle analysis in treated pTAT-p21
Remarkable G0/G1 arrest was occurred in NKNT-3 cells treated with

pTAT-p21 of 5 and 10 ug/ml.
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(Magnification X 100)

Fig. 7. Albumin expression after p21 transduction
Treatment of NKNT-3 cells with 10MOI AdCMVp21,

pTAT-p21 of 10 ug/ml, increased albumin expression

(A ; untransduced NKNT-3, B ; AdCMVp21-infected
NKNT-3, C ; pTAT-p21-transduced NKNT-3).
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CYP 3A4

CYP 2C9

actin
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Fig. 8. Western blotting analysis for CYP 3A4 and 2C9
Protein expression of CYP 3A4 and CYP 2C9 increased
in NKNT-3 cells after adenoviral p21 transduction.
Similar results were observed in pTAT-p21-transduced
NKNT-3 cells (data not shown) (A ; NKNT-3, B ;
AdCMVp21-infected NKNT-3).

¥ T, Fsefbe MHfICEBIT B p21 OFIFRICD
WTIIBRE SN Twiwvw, 22T, XTI,
p21 B3A5EAL e b MR NKNT-3 (2B T
Wl RE, MR, 773 VB, BPR
#HEFE Tdh 5 cytochrome P450 B EEE#E (CYP)

RBUICRIZTHRLRE L7, ICHARZ
75 /)AL IWVANRY ¥ — AdCMVp2l R L
NKNT-3 {2 p21 DEA %47 - 72. MOI 10 {2 TH)
B 7% p2l OEEANTRETHY, BEHEL
NV THOT VT I B LUCYP3A4, CYP2CH
DORBMEPED SN2, 9 LIEETFHRE
34 ORETEE 5 OERR, ERERHRED
S UHIBRE LB W THEERGRED—DOTH
HEEZONDD, BVENNROLLEE IV
B ASTEAERBIIB TR T4
Tz v, 4, PTD (protein

(328% %35 2002

p-Gal % BD7-LTIHHREDH S, £Z T,

RIZHIV RO TAT &H & p2l ZEH L ORLA
&ZH (pTAT-p21) Z{/EH L, NKNT-3 #ifziZ
p21 BHHE T EA T 5 HEH L (protein therapy)
RE L. EAEEORHEELT, 1) S
BUCEA L7-BEAOKERBGHfFTES (15
~24B8), 2) RMTAEAERZAH TS
CETHIMBEZ EMICa Y b —LTE& 5,
3) B ERVH5WAHBICICHTRETH
%, 4) MRICH—-ICEAXBATETHS
EFIFLN TS, BE, pTAT-p21 IZBE
M (2.5~10 pg/ml) |2 45 B R © NKNT-3
HRMNICRIRMICEATL I EWTEL. 7T
I IANANRY ¥ —%FIHT 556, BIZFL
NV TOEATHL7-OERAFHRIZ, BHE?Z
ZOFFTEATHHEABEICHYREBEN L
BWFEEINDL., —FINZTF /) T4 NVANRY 7 —
1L BBEEFEAIZFOE — 7 R Gg%48~72
B H, BEBRETIE 3 ~24ME IR Sh
TWwWab I ehbh, FHEOME T AACMVp21
R 48K #%, pTAT-p21 iRIN24ME R # \ZH i
B BT & BAT L 7. GO/G1 Bl oM BeEl &t
pTAT-p21 R INEEAS AACMVp21 &g X b H#dhm,

G2-M i o M B o & & 13412 AdCMVp21 &
YR THIML Tz, 47— ¥ 1, pTAT-p21
BEBEETIE p21 OEHA L D BFEICHIS 5
Z L /Y. pTAT-p21 & A % ® NKNT-3 i
AACMVp21 % Fl\W7- kL AR TREE LT &
2L, GO/GUEILZR2 L7 T/, BENICD
7NVT 3 v, CYP3A4, CYP2CY DFHLHE A

transduction domain) B§ERTF F kN 3
LZDy 8y BEERERICE |
m3aZ iz, HBMESIC
HigE L&A MRMICEAT
B ENTRETH DI L HES
ﬂTV‘Z,>2>’3)’8)’ZS>- F 7-, in vivo |2 G
BWT TAT &H & B -galactosidase
HE (120-kD) t ORI AG&EH
(TAT- B -Gal) %~ ZAfEHERNIZ
&5 L% &2 Eiic TAT-

cyclin DI —»

cyclin
/CDKs

ppRb + E2Fs «— pRb/E2Fs

pi p21 family
v v v
14-3-3¢0 GADD45 MDM?2
S Cdk ;cyclin dependent kinase
@ B  CKi:Cdk inhibitor
cyclin

(AT - —
pikipy 1 ]
ps7Kip2) I I

_L_ ;inhibition
BB ;Cdx inhibit domain

Spindle checkpoint E& ;PCNA binding domain

] ;QT box

Fig. 9. Schematic drawing representing cell cycle regulation by p53 and its
associated molecules
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