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L1 ##
L 1.1 Jiiki: pDlLuc Jii Fi 1 Reuther 1 1

(Laboratory of Albert S. Baldwin, Jr) 4. pDI-Luc
JRiET eydinD1 JA 31, %880 Fif# Lue 26 %
FLDR k. 44 W 4 ORL AL KA AT T8 TG
Jei, HHELTORL DNA,  FHARN ) P9 U) B A 1 0 40 %6 2
Ji, DA IETHIE DNA WK, & 4C{iff, W
R B RIS .

1.1.2 4l &: Tetror LMPI-HNE2 41 i &: LA
RN HNE2 A4, 454 Tet-on/Tet
off FIRIENE FRIE RS, WHFILIET AR
ki, PiReIfIE IS, LT — 8 LMP1 &A% UK
FEATEY R 18 & (doxtrocycline) ™% U 5 1 £
SE T Teronr LMPI-HNE2, %400 &b LMP1 4
BUr A FARIE, B AT ) & E T AR N,
LMP1 S B AH W F5 % 9 2 ik 8% 980 HNE2
LMPldel (187~ 351) (CTARI &t%&A) . HNE2
LMPI (1~ 231) (CTAR2 §%%) . HNE2LMPI
(1~ 185) (FRIEMuHK vk L) 9 =5 LMP1 Gk
S R % HNE2-LMP1 ( #77E #)) | HNE2
pSGS (4% [ %k 4K ) S W g 40 g RO A
LMPI CTARI #t%% . 8 CTAR2 2k . 5% CTARI .
CTAR2 [A] I G 2K 1) = Fb LMP1 58 4% 44 Je BF /4= 7Y
LMP1 . 75 F Ak pSG5 T N\ 5 A 9 40 s HNE2,
Fase ik, kMR E AR,

1. 1.3 Hifk: $T CycdinD1 $ifh (H-295, £ vl
PEPEDTAE, Santa Cruz 7)) ; 3L A A ™ HRP Ax
WP 1gG. LA ESUARI T 8 A S ED RSk EG.
1.1.4 GiACHEMR AL SE SR L 1T ( phosphorothioate
modified oligodeoxynucleotides, PS-ODNs) 1E X
(sense) . JZ X (antisense) LMP1 £ CyclinD1 1172
(&),

Table 1 The sequences of sense, antisense LMP1 and Cyclin D1

PS ODNs

sequences

antisense LM P1 5-GAA CAG TTC GTC CAC ATG GCG-3

sense LMP1 5-GCC ATG TGG ACG AAC TGT TG-3

5-AGG AGC TGG TGT TCC ATG-3

antisense cyclinD 1
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PL_E PS-ODNs ¢ 41 350 X6t 4 I 1) 0.4 1K1 11 )3
), W3 [E SRR 7T B R Ak R
Ak, A 20 mg/ L.

1.2 H#

1.2.1 400h53%: 45 15% AN I 1640
Bk, 1E£37°C, 5% CO, HIZAF FREATHIFR.
1.2.2  4iH S 8 e R B B B 4 o
SV BT OOr T IRy A iR AR 1S
B 1x 108 AN HT 1 x PBS PRIk, 40 24
(50 mmol/ L TrisHCI, 1 mmol/LL EDTA, 20 g/L
SDS, 5 mmol/L DTT, 10 mmol/L. PMSF) % fi%,
WA HE b AR Pk B K Th R R fE 30 s
10 000 v/ min &0 2 FR AN MURE S, W& B R AR
WL R A R EE ] BCA TR 7 & ( Pierce
Chemical Co, Rockford, IL, USA) W5,

1.2.3 AT 100 vg 8K ARA 10% A%
4L SDS KNI BERGEE R vk (PAGE) A LIk />
i, MR YERM, WARAS R)h,
TEPL eyclinD1 FUAR 7 F k4, 1 x PBS JE¥ A,
HRP AR i) Uik 5, DAB R, ki
WABAYELS 5. 45 B LL SDS-PAGE {4 1 Jit Bt b
HESR A SO bR iE, B0 2 1 BT KN ( RHENTBR AR
KA W)+ R A7 R 2 7). 3 — 0 Al Pharmacia
Biotech 22 ][] ImageM aster” " 84, tif &8 S iEAT 5%
JE TR ZE A RIEN, ¥ LMPL R 4iF T
eyelinD1 23558 Xl 1,00, TR IEAE, Bl
Excel7. 0 HEAT 1 K 43 #r.

1.2.4 WA 2% 10° 4T 70% 1 Z
R, 4 CH [ 30 min JG, 1 x PBS ¥k 1 X,
800 r/ min{/Lr 5 min, WA, 0.2 mol/ L 7%
R ¥ TR BN v 92 AR BE 30 min, 1 x PBS ¥t 2 X,
0. 1% Triton/ PBS Pt 1 ¥k, 1] 10 mg/ L Wik P4 g
(PI) H1100 mg/ L RNA fiff 7%, &6 30 min. B
I FACSort ( Becton Dickison) f& I, CELLQuest %k
fF53 4T,

1.2.5 JEifk (LipofecTAMINE) A 5 [ 1% ] #%
Yoo NG TAREE YL (Gibeo) WIS, B YLRT 18 h
KA AR T 24 FLAN MBS FRAR P BT 3R, fran ik
KA 50% ~ 80% M) Ml & [ i 5 K 2k, B A
eppendorfl B 7r AN 100 wl/ LG Mg hs 2, b
A A 2 ug/ 4L pDI-Lue, %4 MA 6 1l
(12 vg) /LA HAK, ZrmlR A )G, W E RS,
FEln N E 45 min, BEFLAME N 400 BI G I B
JE, TR DNA-TRRARIB SN, 5% CO, 554,
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37 CHEFE 2~ 24 h i, N 2 5L sE AR 3L, 18
~ 24 h JG, KRSt E IR YE. AR KREA R P
FATH, ER IR

1.2.6 %N HEM (luciferase) WH TR G5 A
J7 6 R B R TORE pD1- Luc 9% 18] 5 98\ 40 0 )5,
Mgt 24~ 48 h Ja, TR NEMRI R (luciferase
assay system, Promega A 7)) UiHH, BEFLE L 4i B
AN 100 B 1 x BRG0P, =L R 2E 15 min, H]
NSRS F, WA eppendorf BN, A2
A£212 000 / min, 15s, HL20 Bl L3, HIA 100 M f2
A, 3 HE A O A ( BECKMAN
LS5000 TA), Kl cpm {f. [FBE 10 s, B LA
PUASFATAL, REFLIE AN A, B

1.2.7 40 M08 G v B 0 R B s il 0. 5%
B, BLBIE A EKSE; %5 PSSODNs 4 2E 24 h
JE HNE2-LMP1 [ S 41 R, 2 x 10 41 i
N B3k, TR 8% L R R 0.5% 1 B M 2
0.33%, 5K EEBNE. SpAF =PI, E 5%
CO2, 37CHiF 10d, IE QS FUEEE (8
AN LA E o —ANE)  ECE RS, HIBERLER
BRI AR —FIL 5 A 1 em® W EBE L, Sk ILF
Yyvele sy, FeLLVILEHAL,  fFBR LAREAS T A AE
M, BRAS 41 RAE TR R, KRRl =
AN LR 40 R B % 0 R B, A izeh 4 e 1) 2k
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2 & B

2.1 LMPI1 183 CyclinD1 ik By FRIEE H F45E
TR E LMP1 7] LS 3 cyclinD1 £t FH BT 1) %
ik, R LMPL S0 52 5 ) 85 22 7™ % R 428 (1) 4o Wi i
411 & Tet-or LMPI-HNE2, Sk #13#!%,
LMPI-HNE2 6mg/ L 4 J) % % B} 5§ LMP1 K ik &
g, b, W 6 mg/L % T EE, LMPI S
cyclinDl 2% 1A [F) BF 0] 2l J7 22 5 4E (B 1), AT K,
15 minN cyclinD1 [FJZRIE (701 ikt h 34 ka) JF4R
Then, A RS HE T 4.84 £, 76 KP4 R
45 minj, RIETFIH T, HIBEALE T, 1h
JEEEEIA TG, H—H4E R mKPRIE K
KRG T 2 5447, HE24 h, #78 LMPL i
T cyclinD1 [¥)35 AT I [ ik
SN ) )¢ ek, EREFRILIETG
SRS 12 h, 222908 LMP1 % cyclinD1 &
ISR RN, B RENE LS KW, B LMPL
BEANIR] 7R (1) ) R 5 3 R IA, cyclinD1 Rk 1
9, ARGV P 2~ 3 £, HBEA T8 w1
I, cycinD1 [ 3R 3K & #r K 98, 9RO R h
0. 6 mg/ LIF,  cyclinD1 2 ik f5 54, {H JE 1% S0 A
26 mg/ LI, cyclinDl F3& KA1 bR, (HA3Z
AREFEFIH 2.22 %, $#75 LMP1 # S 7] LA
eydinD1 [1)3R1L, HiFSHAREAREME (K 2).
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Fig. 1 LMP1 induces CyclinD1 expression in a time dependent manner by Western blotting
I: Dox (=):; 2: 15min; F: 30 min; 4: 45 min; 5: 60 min: 6: 120 min; 7: 720 min; &: 1 440 min.
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Fig. 2 LMP1 induces cyclinD1 expression in a dosage dependent manner by Western blotting
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2.2 LMP1 {2i# cyclinDImRNA %% 3 B9 45 #4915

¢ BB IE B R ZE,  n] LU 43 B 4 2k [
5 D5 DR A sy i P 2 10 )R D P A7 5 DR 3k 1 45
. FHZ RS, 456 L4 R HNE- LMP1
Fe 23 FIRAR AN R HNE2 pSGS, K HL 5 %% (1 481440
Mo, BFAER LMPL ] 2 aUoT eyelinD1 43
FEPNEMEL) 11,2 1, $25 LMP1 L eyclinD1 25
AL I HLEI A L3 eyclinD1 1) mRNA $3%.

ffie T LMP1 AE BT LU 1 K, 1 H
A LA mRNA 7KF E eyelinD1 R IA G, #3F—
LW LMP1 %S eyclinD1 #iAM45 KB F) 1
HNE2LMPldel (187~ 351) (CTARI &%) |
HNE2LMP1 (1~ 231) (CTAR2 #K%) . HNE2
LMP1 (1~ 185) (&L M 2% i ik 2k 20Y) (19 — e
LMP1 SR g R A P4 % HNE2-LMPL . & A
HARTY HNE2- pSGS iX 2% R 4f (1) 4 ki Y, 454
T AL DRRS I, &5 W 18 3 TR . BB AR T LM P
tb %, CTARI @k Kk 3 3 CyelinD1 35 PE & B
23.6%, CTAR2 KT eyclinD1 3% ¥E T Bf 2y
80. 7%, #£75 LMP1 CTARI1 J CTAR2 )] I FE 5%
AP A eyelinD1 [0, EZHEE eyelinD1
FIE M I fig 45 K A CTAR2, H CTAR1 &
CTAR2 ZhRE e i il EE. [N, 453k
7~y C oY BB R I eyelinD1 3% P 38 A B 2E Y i
17. 7%, &7 EABARE) 2 £, b n CUHED, BRT
CTARI1 Fl CTAR2 #b, LMPI1 [F1#5 X K N 3 o]
et 2 53k eyelinD1 5 5630 I Thfik.

)
35r

S 30f
25t

mw-

(1~185)

HNE21MP1

Luciferase activity/10*
cwao ;g B
HNE24$S55 i
21MP1del l
~231)
s I

(187—351)

HNE
(1

Cell lines
Fig. 3 LMP1 has two essential signaling domains with the
carboxy terminus, termed C terminal activation regionsl
(CTAR1) and CTAR2. With cell lines stably expressed wild
type LMP1, the vector or various deletion mutants and
reporter gene assay, the activation essential domains of LMP1
activation cyclinD1 was identified
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2.3 LMP1 &1L cyclinD1 3Rik 5 40 B /&) #A 1733
HTHE— L LMP1 _E i IA eyelinD1 Ky
A7 2 i 16 40 i R 3 R 4 R, R Tet-omr LMPI-
HNE2 405, 25570 1 0N S e ) 2508 5 56 45 5,
0.06 mg/ L, FHSH A 12 h B 400, 24T

ZAFFHANM, S5 CyclinD1 & 23 it 41 45
TGO/ G1 H kb, M 66. 42% T 56. 55%, 1M
HEN S WK G/ M i 4n o] i 19 %

| ®)

20 40 60 80100 120
Channels

20 40 60 80 100 120
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Fig. 4 LMP1 activated cyclinD1 expression, promoted cell

cycle progression

(a) Dox (= ): (b) Dox (+); 0.06 mg/L, 12 h.

2.4 LMPI1 &1k CyclinD1 Fi%, $0E040 iR IRAs
EERRE

o A Tl R 1 55 2R I AR P R 2 AT e X
KRR TP A A0y, ity mRNA B4 (1§
JRAI HANEE, < Je 37, ATPEWT mRNA (¥ ¢, T
MIEDR 8 S B AL, sl E A, &
VHEF S AR O #E LD, B LMPL, % cyclinD1 J3 )
T SO AR B AL S R A 17 8, BLIE 3L LMPI
AAFHR, AE LMP1 FEE A ) HNE2LMP1 H,
SN S AKCF B LMP1, eyclinD1 (1) %14 J5,
LK B R EE T T % b, LS 8 v 71 i
Ao 5). 4R EoR: BIE X LMP1 b
(30.48%), J& X LMP1 PSODNs } Jz X cylinD1
AR, T LA 4 i 4 352 41 75 B 1 6 W Wl PR AR
(15.21%, 21.76%).

DRI, AHIT ST NS PR 175 S 0 Bk DR 0 L Ty
PIAS T2 i s: LMP1 B eyelinD1 £k 4
A INREN cyclinD1, 255 S0 ¥ 40 0 5 30147 3k 2 4
Jfu 2R A Y.
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(b)

Prog. Biochem. Biophys. 2001: 28 (35)

(c)

Fig. 5 Colony forming of HNE2- LMP1 cells treated conditions with (a) + PS ODN LMP1 sense; (b) + PS ODN LMP1

antisense; (c¢) + PS ODN cyclinD1 antisense

"[‘ hff ['Il]l]l'.:'i were (ﬂllllll‘[] in two ill[]!'l\!'l](l(!i][ (’.X[](’.ri[l'll'i'll.‘i,

3 it it
il ARa e — 2 R . FRATSERT IR B4

78 LMP1, K57 DNA BU% i EBV ME—
e I BUR MR =, ol fEn] BLER eyelinD1 3%
. RSO ST T 0 R

R LMP1 «Jcl_xj,l' AR S Judk Bl
SRS MORE Tet-or LMPI-HNE2, 5 LMPI #ff
S BL B cyelinD1 (30K, FIAIX — B & (1) 444b
BRIAR, M LMP1 %S cyclinD1 5 A i K 1A (1)
B ERAE T AT T, AR, MMAN6 mg/ L

s )RR G, BEAA W PHERS, cyclinD1 (R IA R
T e, 45 min BUAWEAE, 1 h J5ZEW FRE, H7E
MACEE S YR, ARIBINM 2 A4, &G

i) i 2k, AT 12 h B, W% LMPL if T
cyclinD1 FRIAMIFIRAN, KB, B85 £
BN, eyclinD1 ZIAHG 9, 0.6 mg/ LI 955
X eyelinD1 MIERIE S G . 25, 6 mg/ L B i A B
N, (HREAREE I 2 54, #é25 LMPI
5T eyclinD1 [31L, 7E30 244 AE BRI A I [H]
A B o A AE

mRNA ¥ 20 ¢ it 3 iRk ik B Ll 2
. ARAEHE RE AT LA A i i SR ] L BE DA i
WVEZ AN AH G, ()33 S AL AT (0 e ok A []
0 LMP1 43 1 fif 0 BF 52 10 58 W vk 0k e 42 W

LMP1 C i ()P AS S 1 45 M Th figdk, CTARI1 A
CTAR2, 7E LMP1 4510 2% #E 9 5~ Th g v k1%

FEASTA) 1 FAUST . DR e A D e B 0 R R
LMP1 88 —=Ff LMP1 S48 R ff) s Wit 4f ile R, DAAS
FIE R pSGS TN S Wk 95 40 it A %o B, 45 & 4Rl
JERI Bk, I oK F EAfie LMPL o] LA E i
eyclinD1 [IRIA, iR VR, B R AL

i, PR LMP1 RGCHEGE eyclinD1 11.2 %, 2
N LMPL E eyelinD1 8t [ 5T 238 (1935 40 HL I 4
[ eyclinD1 [f) mRNA #%3%. it — i LMPI1
RYEIXFPEY A s, a5 R WoR, BEE
BILMP1 LE%:, CTARI %53 CyelinD1 iG1E K

P 23.6%, CTAR2 WK FE cyclinD1 357 F Fr 2y
80. 7%, #&7s LMP1 45 cyclinD1 ik &5 #4148 4y

LLCTAR2 ¥, H CTARI 5 CTAR2 (Ihfg4 i
SR AR, g5 RS BoR, ¢ oy B ko
L\{]m[)l e.;H—xLﬁJ‘f’i MK 17. 7%, 22 HBARMK
2 1%, HIBERTLAHES, BR T CTARI A1 CTAR2 4h,
LMP1 % i X & N i o] fig th 2 5 3% 4 e d
eyclinD1 #3540 1 Dh fig.

{Eff e T LMP1 o] BL i cyelinD1 (R IE )5,
FUF A8 320 SO %52 4 i R B P 0%, SRR 4R 7K
Tk 6 U 5 40 i ST e R ) AR Ak, ik — 2D
LMPI I‘-i}*ﬂéz—i'_‘ (1) eyelinD1 A7 By 6 1) 41 1o 5 3 1)
WHT. 4RER, BmOHZBTRGT, LMPI
L eyelinD1 2RIk, @t N GO/ G1 HHE AN S
W1 (GO/G1 W41 66. 42% W4 56.55% ), fLik
SIS B PR S AT k. R B R A A5 T 1) 5 2R M A
WAFRRIEAT I B T-10, BAMWTIE N RIE, 4
o BOE S LMPL BB (30.48%), S 3L LMPI1
PS-ODNs A2 X eylinD1 (A, ] LA 40 i 45 85 i
TR E I PR (15.21%, 21.76%).

R, ASHIFST TR [R5 5 3 B ik DAL 4 08 FH Iy
PN IH 2 B3 LMP1 B cyelinD1 [ %3k,
H_ I eyelinD1 45 T g 6 40 g 5 35998 45 14,
2 X5 S WA P 200 R0 S04 T 308 R A4 T R kSR 2R

WL, X LMPL A S0E S % SFEBBEAOTR
WA T REEVEERE, W% LMPL A5 0E S1& S
B EALHE NF-xB . AP-1 % JAK/STAT %1,
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=20 5T W, eyelinD1 [ 3 8 1 F 45 NF-xB .
AP-1 ISl T R A 0 BN 5
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ZHAO Xiao Hong** , WANG Cheng-Xing, LUO FerJun, GU HuanrHua, TANG Min,
XIA Lin-Qing, DENG Lin, YI Wei, DENG Xt Yun, CAO Ya™
( Cancer Research I[nstitute, Xiangya School of Medicine, Central South University, Changsha 410078, China)

Abstract

LMP1 on cellular gene expression and its contribution to the cell growth and the development of malignancy is

Although LMP1 is expressed in the majority of Nasopharyngeal carcinoma (NPC), the effect of

largely unknown. CyelinD1 expression activated by LMP1 was studied. A dualstable LMP1 integrated NPC
cell line with Tet-on regulating system, designated as Tet-omr LMP1 HNE2 was used to gain insight into the cell
kinetics of the induction of cyclinD1 with Western blotting. The expression of LMP1 in Tet-omr LMPI-HNE2
was tightly regulated by tetracycline or its derivation, doxyeycline. LMPI has two essential signaling domains
with the carboxy terminus, termed C-terminal activation regionsl ( CTAR1) and CTAR2. With cell lines
stably expressed wild type LMP1 , the vector or various deletion mutants and reporter gene assay, the activation
essential domains of LMP1 activation eyclinD1 was also identified. The progression of cell cycle was determined
by flow cytometry and soft agar assay was done to indicate that the cyclinD1 induced by LMP1 is functional.
The results indicates that LMP1 induced cyclin D1 protein expression in both dose dependent and time
dependent manner with Western blotting analysis in Tet-onr LMPI-HEN2 cell line. Reporter gene assay revealed
that wild type LMP1 also can induce cyelinD1 expression at the transcriptional level via trans activation

compared to the control (11.2 fold). LMPI deletion mutants lacking either CTARIT or CTAR2 or both the
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CTAR1 and CTAR2 deletion mutants had a decreased ability to induce eyelin D1 expression (76.4% ., 19.3%,
17.7%). The results of flow cytometry analysis pointed to a cell eycle arrest at the GO/ G1 phase compared to
doxyeycline negative Tet-omr LMPI-HNE2 ( 66.42% to 56.55%). Compared with cultured with sense PS
ODN-LMP1 (30.48%), cultured with antisense PSSODN-LMP1 and cyclinD1 showed profound decrease in
colony formation (15.21%, 21.76%). This is the first report showing that cyclin D1 expression could be
activated by a viral protein, LMP-1. This novel finding may thus represent a direct link between LM P1 and cell

cycle regulator, CyclinDI1.

Key words epsteir barr virus, latent membrane protein 1, eyclin D1
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