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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 WAF]I, 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, AdSCMVp21, 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 AdSCMVp21 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 p21 augmented cellular differentiation in immortalized human NKNT-3
cells. (Accepted on August 28, 2002) Kawasaki Igakkaishi 28(3) . 165— 174, 2002
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4+ (cyclin dependent kinase : Cdk) DiEM: % HE
THEHE L LT u—= 7 Ehiz p21Cip1Y
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NKNT-3 % #¥HZ p21cDNA BB T 7/ 7 4 )L
ANRY F— ACMVp21 B L 1D T 3/ B
(Tyr-Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-
Arg) 7 5 R & 1L 5 Human immunodeficiency
virus (HIV) HI3E& B (TAT protein) 23 & p21
@ fusion protein T4 pTAT-p21 % Fiv>C NKNT-
3IZp2l #EEAT S 2 & THIBLREI % R
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1) MHRaHECHEERG

FBRIIA S DL L 72 A5 b e TR
NKNT-3 % f#i i L 7z. NKNT-3 #fi fid 1& — 3% D
loxP EC % B2 simian virus40 large T Hi)E (SV40
Tag) & hygromycin ifPEBIZF & HBBIZTF T
& % herpes simplex virus-thymidine kinase ¢ =
MoOBETEHbERHOL PO YA VAR
% — SSR#69 # & b ANFMLISTEEEAT %
PR PR RVAF (WAl PUL iV T (A 1511 )
BTdh 5. NKNT-3 Mg, BfEOB/NE%E
ATHRELKERD, MBNERIZE A,
Wb 2 IFREEMB O RENE#E A L
Twh., F72, 77 IV, asialoglycoprotein
receptor (ASGPR) , bilirubin-uridine diphosphatase-
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glucuronosyltransferase (Bil-UGT), glutamine
synthetase (GS), glutathione-S-transferase n
(GST-7), human blood coagulation factor X
(HBCF-X) 7% DL BIZF DFBAFD
LNTW 5. BRI S 2BA%E L 7 Ml i
B: i ISE-RPMI ® % Fivy, 37C, 5% CO, &1t
TORAE L 7o, BRI B L R AR 2 B S
CCEMIMICERRCBZL, 3 HEICHER
b AN YA

2) p2l EBT7 T/ I ILANY 22— (AACMV
p21) 1Z& 3 NKNT-3 A p21 BA

CMV 7O E—% —TFI|Zp21cDNA #3H 7 %
MMMz 75 ) 4 WANRY ¥ — AdCMVp21%:7
BXOH 79 € — 4% —TIZ Ecoli LacZcDNA
ERBATLMAMEZT T /) IANVART ¥ —
AdCMVLacZ {3 JA Roth 1# -+ (University of Texas
MD, Anderson Cancer Center, Huston, TX, USA)
X Y ft5% 513 7-. AACMVp21 % multiplicity of
infection (MOI) 10 & 72 % X 9 1T NKNT-3 28
LFEICEIME, 5o HBTEERSEELIRE ) L,
1B OBGEZETo 7z, 1 BB R E
WCSH L, FI48RFH BT MR LL T O FEBRICAE
L7 MEBEATRIC R i AdCMVLacZ
%KY X2 2 & T NKNT-3 2R R %% 815
FEANWNEERZ L ERAMETOT T/ 74V
2 DOMNBEEE DD TLHRWHEERERL 2.

3) pTAT-GST (glutathioneS-transferease) #
& U pTAT-p21 expression vector D{ER! & FE5!
pTAT-GST B X U pTAT-p21 (& Nagahara 59
DOFFHEL, MR FMAEYFEE=E, R
BOERAIERLCHE, 5220572, T4
%, pTAT-HA prokaryote expression vecter
Xhol & EcoRlI site {Z human wild type p21 @ PCR
fragment Z 3 A L, KIGH CHE I E/-H%=y
FVFL— A7 2 EHCWTEAZHER, K&
A LEBRICER L7z,

4) pTAT-p21 transduction (Z & % fHiBEEM

DH&ES
MTT (3-(4.5-dimethyl-thiazole-2-yl)-2. 5-

diphenyl tetrazolium bromide) (SIGMA) @7 h J
VU ARIIEMBEOI P2 N TICHB 2
NZBTFe Farh -l X VR LEERD
ANV F U aREAERT Y. YOG EFIH
L pTAT-p21 @ NKNT-3 i fa b5 1 % Mgt L
72. 6 well-plate (Becton Dickinson) {2 NKNT-3
R % 1% 105cells/well DFERE L L, pTAT-p21
%% well 12 0 yg/ml, 2.5 pg/ml, 5 uyg/ml, 10 ug/
ml, 25 yg/ml, 50 ug/ml DIEETHRML 72, 24
REMI B 2R, MTT iR 2 5528 RiEH 2 1 mg/
welli’i L, 37C, 5% CO, &M T T5KHD
incubation % 17 » 72 ®» 5, MTT FEE 2 Lig
W51k L, 1ml® 0.04N HCL i&hnA v 7
/% — )V & H 21055 [ @ incubation % T\ 52
fo 387z, WIRMICEBIRE %2 R LRIFRZ,
WOt T (Labsystems, Multiskan MS 5 A 7 4
A2 vy —Fvatbn) 2HHLER
540 nm TOWNEZHIE L7z, 72, pTAT-p21
RN 2455 [ £ (2B 7 U AR ZE BE AR T R4
a2 1T o 72,

5) AdCMVp21 BRED p21 FHOI%E
a) Western blotting ;%(Z K % p21 1]
NKNT-3 {2 AdCMVp21 (MOI 10) 5481k [

%K 3 L% % W51 L, phosphate buffered saline
(PBS) T 3 m{kiffk, Mz EMAYIC dish &
) FEEEDN L 72, Hifa% cell lysis buffer Tf#
%, protein sample # 1 L' — ¥ & 720 30 ug i
FH112% SDS-PAGE THELAXB L72. Th
= bt a— ZAfE (Amersham, Japan) b
FURT =L, AFAINVITTUuy ¥
YT ERAT, BT FHiE b p2l/WAFL H
1K (1 :100) (Santa Crutz Biotechnology) % fii
L 1 XPu4A I, horseradish peroxydase R kT
~ 7 A IgG Hifk (1 :2000) (MBL, Nagoya,
Japan) %A L 2 RYUAKIL % 4T - 72. ECL
detection kit (Amersham) % ] L 5% 17 - 7-.
% 7>, internal control & L “C human f -actin %
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b) p21 DRFEHILRE

6-well plates D % well FIZIEEFHA N N—F
I A% &, NKNT-3 fiffa % 2o LIZikfE L 7.
AdCMVp21 (MOI 10) 412 48H5 [ % 72, pTAT-
p21 (5 ug/ml) transduction % 24FF [ H I2R5 %
HE WL, PBS {£i%f%, 4 % paraformaldehyde
in PBS T, 307 & E <&, [ARICPBS
THEH, 4T, 305 100% ethanol |2 THiKY
& % 17 o 72. [AkIZ PBS T & 1% blocking
solution (10% skim milk, 10% FBS, 0.1% sodium
azide, and 0.1% TritonX-100in PBS) =&, 30
43 blocking 8, <~ A¥Lk I p21/WAF1 $Hifk
(1 :100) (Santa Crutz Biotechnology) % i L
1 kPuEREIS (37C, 1), DT 2 kKR
FE#4T o7z, ¥~ 7% Vectashield Mounting
Medium (Vector Laboratories, Burlingame, CA)
123z Lt EE (Model Axiophot FL, Carl
Zeiss, Inc., Oberkochen, Germany) T p2l D%
BAEmEt L.

6) pTAT-p21 (C&k B NKNT-3 A®D p21 HEA
pTAT-p21 (¥ N K ¥ (2 6-Histidine (6-His)
Tag #H 352 L¥%FBEL, NKNT-3 ~O
p21 & A %) ¥ % 3 6-Histidine $Lfk (Amersham
Pharmacia, Bromma, Sweden) % FJ\>7> Western
blotting {12 THEf L7z, pTAT-p21 (2.5, 5,
10 ug/ml) A0 3 Bf #4212 PBS T L, M
Fa % dish X 0 FIBERILL 72. M % cell lysis
buffer ‘CTiAf# %, protein sample # 1 L — ¥ H 7>
0 30 ug |2 L12% SDS-PAGE THEXikE)
L72. Y% TNEIZ EFS p21 Western blotting {12

#L7.

7) HHRIAKADEER
AdCMVp21 (MOI10) % 4e48/ [ #% ¥ 7=,
pTAT-p21 (5, 10 ug/ml) transduction 24 [ A
#%IZPBS T 3 Mk, MY 7Y ABIZT
¥, % 34 8 15X L 72, 1000 rpm 5 43R oD 5& s
%, M % 1ml OPBS IZCTHEHL, %100%
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ethanol 3ml Z ¥ L A5 1 {3 2@ L&
WIBEET0% ethanol (2 CHIBBEE 2 T 72, =
& 7 —)ViRintk 4 T304 M ##E %, FE 1000
rpm 5 S OO BIEER AT Z & THIR % BT
L7-. Mifa% 1ml ® PBS |CT%#% %, RNAse
10l M Z37TCT2HMA v Far—-vary
L7z, EwTavibra¥ vy 2K (PD
(Wako #1) % 1ml iz, HHMIRE% 50 ug/ml
I L 4 CT104- WS FT © DNA O §eta %247 -
2. 50umDFA AL Ay aTHY T NVEHE
Wk, 70— 4 bk Ax—%— (FACS Calibar,
Becton Dickinson, Mountain View, CA) 2 CHl
R OB 24iTo72. 2 ba—ne LT
AdCMVLacZ 3 X OF pTAT-GST 2 {#f L 7.

8) ZFIVT I DREFHNEE

AdCMVp21 (MOI10) X Y48k #% ¥ 7=,
pTAT-p21 (10 ug/ml) transduction 24 ¥ [#] #% (2
 bTNVT I REREE T 7. ERFIEIT
LS p21 RyESmICHE T 1 RPURICIZY
Fhie b7 VT I ViR (DAKO) ZfEAL,
2 RPUAITIE TRITC FEFR Y FH 7 H F 1gG $L
fk (SIGMA) #fEH L7, 2~ bo—VEEL
LT AdCMVLacZ 3 X UF pTAT-GST % f#fH L 7-.

9) Western blotting j%(Z & % cytochrome p450
BEEEFE (CYP) 3A4 & CYP2CY HEDIRET
FEERTEIZ p21 Western blotting 13 (2 # U 7z,
1 REUASUBIZIE~ 7 Adte + CYP3A4 BI O
CYP2C9 ¥k (1 :100) (Daiichi Pure Chemicals
Inc. Ltd., Tokyo, Japan) #f#H L 7-.

] R

(1) $HkafsRE

NKNT-3 #if2 12 AdCMVp21 (MOI 10) J& ¥
%, B EAAHZEBME S CHlEEOELE
gz 7> (Fig. 1). AJCMVp21 (MOI 10) B4y
#% NKNT-3 flifa o Mifa % 3w L, fafkors
K% GO N/CHOKTFHHED s (Fig 1-
B). 10 ug/ml @ pTAT-p21 iFMNE I FARD
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EALHRD Sz (Fig. 1-C). MFEE LI,
SRR DRI KT HbDTH o 72,

(2) pTAT-p21 transduction (= & 3 {HjafE=E
3

pTAT-p21 JEiRMB £ ' 2.5, 5, 10 ug/ml
AN Tld MTT-assay 12 & ) NKNT-3 i fig 13 g
H#mr 2 L7 (Fig. 2-A, B, C, D). —4,
pTAT-p21 B ERM (25, 50 ug/ml) T,
MR X BE L & BERRDFBD bNL b o 72
(Fig. 2-E, F). LRI S, HiRE pTAT-
p21 (=25 ug/ml) TITMILBEEEA R &
ASHIBR L 72,

(3) pTAT-p21 BA# DS AN p21 DFER
pTAT-p21 & N K ¥4 {2 6-Histidine (6-His)
Tag # H$ 52 &H 5, Pt 6-Histidine Hifk %
JH L Western blotting {312 C 2 A 124 4 p21
ORISR E WET L 72, B2 2 Histidine

DEARB A SN (Fig. 3). Zhiz
pTAT-p21 2 & ) NKNT-3 #ihz i )dJ%EI’J
pTAT-p21 # W EEBATELZ L 2/RLT.

(4) AdCMVp21 BE41% NKNT-3 (Z51F 5 p21
BB ERE

AdCMVp21 (MOI 10) BeYe48kF M I EAT L 72
Western blotting 3 T i AACMVp21 JF % 4l 2
EHR, RGBS p21 EEDFRWN Y B
HAsA b7 (Fig. 4-A). T 7=, p2l DHIE
et T, AR p21 DFRBH D Sz
(Fig. 4-B). pTAT-p21 T} RO R %D
7z,

(5) NKNT-3 T p21 #EEOMBAAD
Z1it

AdCMVp21 (MOI 10) J&Hs%, NKNT-3 i
XS HASIEA L, GO/Gl BB masa sz
(Fig. 5). ¥ 7=, pTAT-p21 RN IZ b FHEICH
B (5,10 ug/ml) 12 S BIASHA L, Go/
Gl o BEnAsA & Gl-arrest DIRFE L 7 o 72
(Fig. 6-C, D). 2~ h T — )L CH AdCMVLacZ

X 5 bFRIRIMR T O LFEERE DR 169

% pTAT-GST # AMM Tid 2 DRk A ZALIZ R
woHMLpo7z (Fig. 6-B).

(6) p21 A NKNT-3 #if3icH (T3 7N
73>, CYP3A4, CYP2C9 &I

p21 B & A #% NKNT-3 i iz 81 % 7 v

I VREBERREELRETRE L. RO
NKNT-3 #lifid T i3 e E (28 < 3t mswlo
5 iz (Fig. 7-A). —7, AdACMVp21 (MOI 10)
et B & U8 10 pug/ml @ pTAT-p21 RN
NKNT-3 #il T3 iz 7V 7 3 v BT
Ao HNh7: (Fig. 7-B, C). & 512, CYP3A4
& CYP2C9 @ & H 3¢ Bl % Western blotting ‘HET“
BEfL7z& 25, KA NKNT-3 M1
p21 TG 8 A % NKNT-3 #if3 T3 CYP3A4 <‘:
CYP2CY &  IZEBEH L NIV TOFRBIEHRATLD
shi: (Fig. 8).
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ATHZET, MYBOES = LEREEH
THMBRER L XD LT 2RAVH Y. T
9 L7-MifalL, MMM LZ RO LPOLE
o KB oMM 2 RMETRETH S, —HT, 1)
BAC L LI EAME T %, 2) chromosome
DA EM DB AH & malignant formation 235
BN EELZEOMER DL, TH L
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Fig.

Fig.

(Magnification x 100)

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 xg/ml pTAT-
p21, magnification x 100) .

Aabsorbance
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1 0.528
- 0.502
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. 0.006

; . . 0.004
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 0 ug/ml (A), 2.5 ug/
ml (B), 5 ug/ml (C), 10 ug/ml (D), 25 ug/ml (E),
and 50 yg/ml (F).
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P RE 5 2 R B 720102, SVA0T JLIEIC TA
FEAL & N7z e b ARk NKNT-3 2 K
N R MR CTdh b p2l ZRBEELIET
SALIE O, W5k & ARFZE TIIME L7,

SV40T $LJ5 1% p53 B X 0 retinobrastoma (Rb)

DORBZIHT LI EMONTE Y, MR
1% 1E 0 JF I 1) A Ao B SR I A (2 35 oD 5 T~
LFEIEL. 2 THME, #HLZZDO25p53
O TFHAALE LA 2 RS LT b#ER
FTHbHp2l THAH. p2liE, 19938EICIZ LD

A B C

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/ml 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 Ad5CMVp21 (a ; AdSCMVp21-transduced NKNT-3, b ;

untransduced NKNT-3) .

(B) Much more intense expression of p21 was observed in the nucleus of Ad5SCMVp21-transduced NKNT-3 cells compared
to unmodified counterparts (a ; untransduced NKNT-3, b ; Hoechst staining for a, ¢ ; Ad5SCMVp21-transduced NKNT-3,

d ; Hoechst staining for ¢, magnification x 100) .
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Tp53 12 & ) FF I h 5 WAFL
(wild type p53 activated factor) # 1z
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Fig. 5. Cell cycle analysis in treated AACMVp21

AW Lotz 72, p21
I3 [F] B # 12 senescent cell-derived
inhibitor] (sdill) & LTHFEEE

Remarkable G0/G1 arrest was occurred in NKNT-3 cells treated with
AdCMVp21.
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D EB 43 T Cdk/cyclin #8 &1k & &%
AL CRALEEZIH T 5. £
72, P21 IEDNA RKY X5 —ED
BT % R 3 5 proliferating
cell nuclear antigen (PCNA) 3 #J
W4 22 EBMERTY B0
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G2/M : 18% G2/M : 19% G2/M : 5% G2/M : 4%

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 pg/ml.

(Fig. 9). Ko LREE ICHE0

LB e/ NHIBSRE Tl X 0 p21 OFEBIHETRA R
Sk 5 #H/E2 %, monoblastic cell line (2
BT p2l OBRFEBU L Y bAFE SN
ETAHER LD L. T, HERMEKICT
F ) H A NANY & — % Hv p21Cipl/sdil %
BIETEAT LI LX) REFLEEMEONME
< —H—DIRED 1 D TH 5 involucrin & H
DFBL NV HERIHRL 2L THHEYD
H5bH. IhHoREIAEAE MFRIZBW
TH MM & MRS p21 25 LR BE~ D %
B2 bHZERBEL. L2LEDXSH, Th

(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 ; AACMVp21-infected
NKNT-3, C ; pTAT-p21-transduced NKNT-3).
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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).
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