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The Role of N-terminal Truncated Retinoblastoma Protein (pRb’) in Transcriptional
Regulation of the Hepatitis B Virus X-protein in Human Hepatoma Cells

Sang-Dal Lee, M.D. and Sang-Yong Choi, M.D.

Department of Surgery, College of Medicine, Korea University

Backgrond: Hepatocellular carcinoma (HCC) is one of the leading causes of cancer deaths in the world,
especially in Korea where 6~12% of the general population show positive for HbsAg. The accumulating
studies suggest that the HBV-X protein found in HBV DNA may be the causative factor in the
development of a HCC.

Method: We studied the role of retinoblastoma (Rb) protein in the suppression of the tumorigenicity
of a HCC by using cytomegalovirus (CMV) co-transfected HBV-X protein with retinoblastoma protein
(pRb) or N-terminal truncated retinoblastoma protein (pRb*) in HepG2 cell lines.

Results: First, culturing HepG2 cells with CMV-Rb/liposome or CMV-Rb*/liposome, we observed
the suppression of cell growth by using hemocytometric counting of the cells stained by trypan blue
and by using a PHlthymidine incorporation assay. Then, by using a plasmid co-transfected with the
chloramphenicol acetyl transferase(CAT) gene, we investigated the role of HBV-X gene in regulating
the transcriptional activity in the HepG2 cells under the control of a kB-like sequence of HIV-1 enhancer
and the suppression of its activity by pRb and pRb™,

Conclusions: We concluded that both pRb and prg“ were capable of suppressing cell growth of a
HepG2 cell line containing recombinant plasmids coding HBV-X protein. Furthermore, it was demon-
strated that the suppression activity of pRb>*‘was more potent and sustaining thari that of pRb. These
results suggest that if additional research is performed on the method of gene delivery, gene therapy
using pRb** might be used as a new modality for the treatment of a HCC.

Key Words: Hepatitis B virus X-protein, Retinoblastoma protein, Retinoblastoma™ protein
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Selvels BY 7Y EHIUMHbsAg)S YA E
612%2 Hasn gloes" gty wEs BY
29 vl 2®BY) 7 Dol EE ABA}
gtz deiAm Uk &, ke pagel of
=7 ol] HBsAge] ZA3}=], ®= HBV DNA7} 3x}9)
ZHAE 17H Aol &3 (integration) Eo] 1-8o]
23 b Ik o]f HBV o Zeim 709t Al
1Rell Bolticha PeiF HBV-X DAL 16560
Da¢] o A-g HAE 4 9low] EHE heterolo-
gous viral sequence?] A ZF7}atg-o] Qlgo] F9
) glu}. 16

%<+ N-terminal 112 o} AE AA3)} retinoblas-
toma®“cHl A (pRb*ol] o) #ll ¥] LA E #H|Y(non-small
cell lang carcinoma)®} W39te] EokAlao] A3
A=At AHAA ] 2ehsied®™ pRbEY pRb™
o 7t AEF 5 HBV-X whefiol didt #4&
ks

E d7E uloF 719FA]EoA] Retinoblastoma(pRb)
) Retinoblastoma® 4] (pRb* ol 28t 7HtA| E 9]
Aed A 2488 Yol o-&E HIV-19l NF ¢ B
site® 3 HBV-X whilide] A F7 2goll of
g 2A01Ae A s SHoE A=

UL -5
) A8 W=

B AlYell AEEE HepG2e 7MY AEFZA o]
= 5% CO7} &5+ 37°C incubatorollA] 10% FBS
£ 393 DMEM wjopalol] sobat Zolch,

w3k o] odFellx hepatitis B virus(HBV)-X--3 2}
9} o]9] ALY F7}zEHEo] Hadt human immu-
nodeficiency virus type 1(HIV-1) promoterd A}-£3}4]
ow M Q8 plasmide] 7-$ HIV-1 promoter-
CAT plasmid®} HIV-1 promoteroll 4 «B-siteE #H#

&} HIV-1(-NF «B) promoter-CAT plasmidx- Temple t}
322 Dr. Ramana Reddy2X-E|, HBV-X {329}
cytomegalovirus(CMV) promotorZ 7%k CMV-X vec-
tore 4 AYFeATL FAd HARTE, 29
I CMV promotor$} Rb FAALE A% CMV-Rb
vector= Jefferson Cancer Center?] Dr. GiordanoZ X
E] #-2ulgtonr] CMV promotor?} N-terminal trun-
cated retinoblastoma(Rb™)E <33k CMV-Rb™ vector

2] A% PCR Rb-5& ©]83le] Rb F32}9] coding
sequense®] +1Z €] +3227}A] AAE mutant Rb
FAAE lacZE A|AE CMV vectore] Notl Z-g]ol
AHglste] Alz3gict

2) dE dd

7¥et A EF(HepG2)oll A plasmid®] transfection ¥
$2 B7] 93 Rous sarcoma virus p -galactosidase
plasmidE HepG2M|XEel] transfection &}o] X-gal®E <3
A AxaEA gAdsiddch 3 HepG2 HEAE
Wloll4l CMV-Rb -2 CMV-Rb™ whuide] wrdlg &
olsl7] ¢ste] CMV-Rbfliposome %2 CMV-Rb™/
liposome®] H3tA] Hel & transfectiondt F AE F
55 AlZsto] polyacrylamide gel 4toljA] A 7] o
%38}31 nitrocellulose blotting-2- 71X 3 Rb antibody
& o] &3lo] Western blot-g A|#fslgict. wlef 7het
AEoflA Rb whiA 4ol A% A4 dAFEE
BAst7] Aste] DAAEE 1~5x10° cell/ml] ¥
X2 100 miml-g& 96 well microplatedl] E-F3F *
CMV vector, CMV-Rb vectord CMV-Rb™vector® 7}
7} liposome#te] ZHEFHEN(CMV vector/liposome, CMV-
Rb vector/liposome, CMV-Rb™vector/liposome)® ¥HE
ol 77t 100 mijwell & WFME] 743 Thg plate
& 397 CO; ujk7]ollA wiekdt ¥ [H]-thymidine
< 1 mCijwell®¥] TlahF 2 18~24A)7F vl ufks} o).
wjokEl MEE W 2F FHIE fdR filterel
Z=3slo] DNAol #9138 [HJ®l oS beta-counter®
=43k}, 8 CMV vector/liposome, CMV-Rb™ vec-
tor/liposome, CMV-Rb vector/liposome ¥ el & uljokA)]
FollA] 797 vlekslsL 02% trypan blueE FAYslo]
AA AEgel BAE AEFGEHEA G AEF)
o] 4% hemocytometry 25 Al A5} ).

33 HBV-X w82 9] transactivator£4] ¢} =83}
HBV-X chuAe] HIV promotore] AAE7} Zhgo]
i3t Rb protein®] 288 <tobiy] $af HepG2 7+
9} A|¥E oA CAT(chloramphenicol Acetyl Transferase)
assay® AMelgich ol AT E 10% FBSE ¥4
3l DMEMol| 4] wljokslte] 1x10° HEE 60 mm
petri dishol] platedt ¥ HBV-X whiZ o) 23 HIV
promoter®] AAZE7} 28-S X7 fl3le] 5 mg HIV-
CAT reporter plasmid Xt HIV(-NF «B)-CAT re-
porter plasmidZ Z}7} 20 mgel HBV-X expression
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vectore} Cl A AAW o7 co-transfections} 3 L,
& HBV-X wh Aol &gt AA F74ar-go] Rb o
WA o AAEE RS QU 7] 9ste] HBV-
X expression vectord pCMV, pCMV-Rb, pCMV-Rb™
g} ol AZF Ao & co-transfectiondtit). 164]
7+ & QidEEE AH, AAE F senmd AAY
mediumol] A 12X] 7} wokslgicl. 4714 AXE F&
Ajzslx 0] & “C-chloramphenicol ] acetyl CoA
¥}-2-X}A thin layer chromatography plate’}oll 4]
& ¥ Xray DI Aol A spot
N st wrAE2) Al7|E ZH(scintillation count)
o] 1 ko g8 AHA CAT activityS =619t}

o

A
Ac)

# o}

1) HepG2 2t M|ELHO] CMV-S galactosidase

vector@| Transfection assay

HepG2 7H}t M|E Wil A plasmid7} E3}H 22 trans-
fection®] =% #Hg1s}7] 9ste] CMV-b galactosidase
vectorZ liposome#} 2] E3}A|E 9tEo] transfectiond}
F QA% Ax ZHHez wige] A=t
(Fig. 1).

2) HepG2 ZI%t MIZ LJOAQ] CMV-Rb &2
CMV-Rb™ SHE§FIO| AjAL

CMV-Rb/liposome £-& CMV-Rb*fliposome e

i

Fig. 1. Transfection assay of CMV-j galactosidase vector
in IlepG2 cells.

Wi HepG2 79t AIE HZ transfectiondt ¥ HE
28] o oiAg Al=sle] polyacrylamide gel A
7199 %#} nitrocellulose blotting& X ¥ Rb anti-
body& o] &3} western blot& A|#¥s}ed band®) FA
HEZ Rb shii Az RV thajd o) Bg elds]
o} (Fig. 2).

3) Rb SHYYEO| HepG2 Z'R} MIZE LY AAHOH
OBt M|ZiHEio] THE

(1) H{QF HepG2 Zi2t M[ZEO|AM Rb SHUF A
of 23 Maix =82l 2Ha: Rb gk Axuy
Aol o3k AlE Aol it 82 BEI] 9
lod CMV-Rbjliposome ¥-& CMV-Rb™/liposome
el wiet HepG2 7+t AEWHEZ  transfectiondt 3
AE QRS AEFZA B4 43 Rb Y RV F
whld 2ol SURRE] A A Lol FE
AT wild Rbe) ¢ AgdA FEL 6nrA]
A&7 TARNE AR Fo| viehbn skseh
W RV AgolE ol AAHEES TR
##s] VetukchFig. 3-A).

(2) Assay for inhibition [SH]-thymidine incorpora-
tion: RB gl Aol o3t HepG2 ZHHAIES)
proliferation 38 AH|EuW [*H]-thymidine incorpora-

< Rb
Rbo4

1, 28 HepG2
3, 4 HepG2(Rb94)
5: HepG2(Rb)

Fig. 2. CMV-Rb and CMVRb™ protein expression in HepG2
cells. 1, 2: No transfection with Rb plasmid, 3, 4:
Rb** protein expression, 5: Rb protein expression
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Fig. 3-A. Suppression of cell growth by Rb and Rb*
protein in HepG2 cells.
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Fig. 3-B. Assay for Inhibition [’H] thymidine incorporation.

tiong 243 A7 wild Rbol] &8 AA A28
B E Rb*A xFAHQ A AAzHgo] Bas
gl v} (Fig. 3-B).

4) Ziet MIZEF HepG2 N|ZO0AM HIV promoter
9| HMAHE ZF 8= hepatitis B virus(HBV)-
X cHef 3ol =g

HepG2 7}Q}FAl|¥ol] HBV-X expression vector®} HIV-
CAT plasmid& co-transfectiond}od A]388lF CAT assay
73} HIV-CAT %-& HIV(-«B site)-CAT vector?] wF
EoHE Y& CAT activiyr} #rE]9leon) HIV-
CAT, CMV-X H &4 & 38 ojdte] Z7E R
HBV-X wh#|Foll 23 HIV promoter?] ZA}zHE-9)
Z7HE BRY + YAtk AT NF 4B sied A
A% HIV( 4B site) CATIIAE ol2le 448 & &

kB site SDI TATA  CAT

HIV-CAT PP

-453 —104 —-80 80

HIV-CAT e, S

(— «B)
CMV 26 kb HBV-X

CMV-X L

Fig. 4-A. HIV-CAT plasmid.
HIV(- kB site)-CAT plasmid: deletion of «B
site (DNA fragment from position -104 to-80)
CMV-X plasmid: Control of HBV-X gene of
600 base pair by Cytomegalo virus promoter of
2.6 kilo base

100 1
90 +
80
70 1
60
50 1
40 1
301

20 +
(W
0
+
) +

Relative CAT Activity

HIV-CAT + +
HIV-CAT(-kB +
CMV“X + +

Fig. 4-B. HBV-X gene on regulating transcriptional acti-
vity in HepG2 cells under control of kB-like
sequence of HIV-i enhancer.

3l c}HFig. 4-A, 4-B).

5) HIV promoter?| Z A0 2ZiAH|3tE HBV-X
crejZoll Ciet Rb CHefFO X8

HBV-X tiufZ ol 2|3 HIV promoter?] HA =7}
Zr-goll Rb iAol AY4te] ojmt 288 #&A
Yotr 7] fste wild Rb < o RY* A g
7}z} HIV-CAT, CMV-X%} co-transfection & 73} Rb
ol g% AAAMA}Ge] A=t $AH
Rb* whiFel AL wild Rb FHARCDE ©-$
AT¥ew HBV-X ol &3 HIV promoter?]
AAREE o Alsl3lehFig. S-A, 5-B).
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CMV Rb 3540 Kb
CMV-Rb
’ Rb™
D et N
2.6 Kb 322 bp

Fig. 5-A. CMV-Rb and CMV-Rb™ vector, lacking N-ter-
minal 112 amino acids.
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Fig. 5-B. Suppression of HBV-X gene activity by pRb
and pRb*.
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£9 AL GlF7h BAG Yoz WY ¥ HF
Sgol 6MY olulolm, 2AH AAE FolE 54
QEEo] 20% HAZ ohE ARHA A Fokol
94 ekls WeRHeR 7 ATY o9
e AT o, WH §F, 2 ZAE Y(Heps
toblastoma) % o) EFe) §F ol T HAY
£ 2 el §2 4AS) WA el 85%
A4S AAE 2 AEte Suldth etsl B
4B Aol wak 2 Holzk LA, Asjet dE
ohZelzt, v, 33 G, WY Ao SANAE
AT 1097 F 209 o149l ¥ WHES Hol:
dhdell o), gul, A%, 35, AE FAAE 2
T 1005 57 olstel B WAEE R

Seluetolld kel WAL WA 1099 2

3059, o 109k 3 769 FAEW Ed) 40
AellA 607 2] F AhdrlellAe] dhAe gt
748, oz} 15602 AAlNA 7} Ee FFo|?
Zhete] WA 9L fAA 2dEce 34 8
ol F2E AL & Aoz AAH ged 2
olfre AHez 74 WAFo] g Tl dld
A Aol whe} Zpol7t b, Ziqte] WA Eo] w2
Foll4 B Eoz o|FY AFEY FEoAME
a g Eo] dolRlrt= HEelvh

By 2t wlolzlAMHBV)9| Zede 7igtel s
F23% A=A 7t 3hAte] 66~80%7 B zhed
EWUHBsAg) FAE Holn™ HbsAg(—)Y &
Fe] 7Z-$-Er} HosAg(+)Q] dllAIA 2F 100u] o]
e 4 HAES HYda RuEla gle
U BY 7rdo] Aasl ojwjdt Aol efA 7¢}
& FusteAd daiAe obF d#HAA gn gl
o} slA|gt o 83%2] HBV %A 74t #ajellA] o
Al Al HBV-X §AAE] WAt Bu
H3 glem HBV-X {37 Aol 23 7hqk Ay
AR A= HEsA gExA ga gley
HBV-X §Az 4z AAz-A=E 7|- TalA
= gL 23t gleh

HBV-X §A2E 483} vector?} HBV enhancer-
core promoterol] 93745 CAT gene plasmidE A+2]
7+t HESF PLC/PRF/S A ¥ol| co-transfection 3}
< ol HBV-X chfiholl ]38k CAT gened| AAM&<]
Z7}8 H4¢rct HBV-X thA L huyman immunodefi-
ciency virus type 1(HIV-1) promoter?] AAMz}&-& =
AANE Ao A Jded™ HBV YAkt ol
Zasl Ael o9l HBV-X {32 whufA e
FEA 9 HBV-X whuize] 7iqhikalell cist dtey)
HhAE =2e ofAsk ol ek ol 7
HBV-X w2 9] (ransactivation®] #A)-& simian virus
)

N

o
O

40(SV40) promoter, Rous sarcoma virus enhancer,”
HSV-TK, HTLV-1,® HIV-1,”? c-fos promoter” 5 tj
HHol virus promoterell 4= =g} MMTV
LTRo|\} human methalothionein(MTIIA) promoter o] 4]
£ a0 2 X Suddl o8 RARA F7e
vhehbA] okgkl. olutoll . c-fos promoterit ofz] H
2] 9] deletion mutationol] 2]3t CAT-assayol|A] serum
responsive element(SRE)-315, TPA-responsive element-
296, AP-2 siteSoll HBV X thuldo] ztfets Re
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Z de#izleo] SRE sited |83t gel mobility shift
assayollA] HBV-X DNAoll 283t b ZAgroky
o] Wshe #U=A gheh? HIV-1 promoterol] 4]
HBV-X thiiAel] 2|3 AAZA 2] F7b= NF kappa
B siteS Felo] o|Folctn YA m glov
Ap-1, AP-2, C/EBP-like sequence, CREB/ATF-2 site®
o] HBV-X gene Wk AAt2A gHA L k"

A4 Rb §AAE W23 Rb(—) FLHAEE 9
A72Y miceol] FY3IAE W F% LA A}
WAt ¢H Rb KRR F4 AFRN FYo
2 Zofe] Ho] A" 3} angiogenesis,” FF ANE
9] immunogenicity 24P 5o] Busglcl 22
of] ¥ 31%] o3Fol] 2]} N-terminal 112 o}w] % AHS
AAL 94 kd AL APAsHE pRb™7} non-small
cell lung carcinomal} bladder carcinoma®] Z-9FA#F
< 9AE AAEPYn Pov ol pRb™IF FoF
AEANA B A4} FL A A4S Pz o
dolglol Al wild Rb el nlsto] ek FokAlE
o] A&7} AFAZ ehdeba shgleh

B dFoAE olEd AT AFAY dXse A
72 Hol F£Q¥Ed A wAE HIV-CAT plasmids}
CMV-X plasmidE co-transfections} Q] -&ofl &4 9l
WAES] 27l olFolHent B sied AAs
g o ol2l® CMV-X 4Fel Sl% WA 27 A4E
o] AekxE Ag el o4 HBV-X Dol
HIVe] EA F<dQl long terminal repeat( «B site)E
s AAEF ZHE FEste AL BN
HIV promoter®] «B siteol] 283} CMV-X g9
74282 FoF AA A2 2R full length
Rb E-& N-terminal 112 oju|:=4te] AAH Rb* ¢t
ol oste] AL ojuf Rb™ ghA 23t
o} Azt 4-2 Rb whfA el oJat A AFHoE T
S And ez Jehdg WAl o2 e
o] «B sited F3 ZAAA N g Q7 ¥t oprigt
Rb %2 Rb™ whfol 2jgh oA 2-go] DNAS}e|
Ay Aol o §9A F2 ALY AEel AY
ARE S FuEe ATt 9 & UF el
Fuh pRU™E Rb(—) FHHME 3k oz} B4
Rb allele®] F4 AEoAE A AA2HEo] B3
ek ol2ldt 17 ZAe mousel| A hepatoma
2 gutA)# RbME o]8-3 stimualted cancer gene
therapy AIE9 YRSl AFE ALY & UL Ao

2 Kl
| 2

Rb ghaldol 7+ gbel a4 WA shiz
A ZFES Qe B Y 7 wlol2)2MHBV)9 #A
Aol shiel x-guiel WAz lsel dhetod
olwgh &g shevbel del ARy ol
HepG2 ZFGAMEE o] 88 Hge 2 37 22 4
& At

Z HepG2 7t AEWeA plasmid7} B3lH o g
transfection®)-& ¥9l¥F ¥ western blot-g £}l Rb
chi Az Rb¥chiAle] weg Holsgla 02%
trypan blue g9 gl A FEW {(*H]-thymidine incor-
porationg ZAsto] Rb A7 Rb™ el <
g HBV-X Thilg sl HepG2 AlE2] 4o
A Ag-e BRPEd oy Rb™ hyA 2%
A4L oS aAnHolx AHHAE ¢ + Uk

HE8F HepG2 74k AlEujolA] HBV-X w42 NF
«B siteE E3t HIV promoter®] HAENE-S ZF714]7)
v g ol gsle] FofAl R4 Udeidl Rb
FARE 7Y AXNE =sled Rb A
HBV-X el oiat HA=d28-s #3 Ax
Rb chuiZo] HBV-X glu{2le] HIV promoterol] thilh
Aeg AAsldon oul wild Rb gHHA 2] Neter-
minal 2|9 322 bp7} AAX Rb™* AL wild Rb
chid b oS fFA oz HBV-X Aol %
HIV promoter®] HAZE-8 dAllsl= A& S5t

o3 AF Aze RV FAHAE o] &7 A
avjo] 7] X zel AZE b} W 4 UALE
A) At
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