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M EEER D2 Xt HBV S H8)0n
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[(FWE] Hi OB ES D2 (cyclin D2) XF HBV S| A2 iR AR RTG 207 HLH .
Jitk s qRT-PCR 43 #r 40 i Ji 3 26 B3 280 il 03 78 HBY A2 1 4 Jf 3% vb 1) & 3K 7K °F 5 qRT-PCR |
Western blot f&ll HBV & ] X} cyclin D2 35 )52 00 ; Western blot 36 iiF cyclin D2 7T ERZ( R , Real-time
PCR, Southern blot & {iF T Bk cyclin D2 %f HBV & i 0 8] 14 < 15 ) 52 ) Az ELISA 3&3F cyclin D2 %
HBsAg HBeAg 73 WARYSZ MR ; FRALIN cyclin D2 1 K3k xf HBV LRI EEM . 5% TR S E AT,
HBV 42 IS cyelin D2 FeRB IRy .35 HBY 4] I cyelin D2 mRNA R (1K FH0T, F
¥ cyelin D2 S H055] HBV 942 il o [a]{A i 2235 , HBsAg Fil HBeAg Y40 , 11 F635 cyclin D2 B i 4 i7F
HBV 9520, 4548 BV 5 1A L2 H AR eyelin D2 (7235 eyelin D2 47 FIF HBY 95, %
RINFEAK HBV (G PREIGYT SRS L s S At 18 i S

[X#EiA ]  HBV;cyclin D2; 40 B A

[HPEZESES] R341; R373.21; R394.2 [ XkFRERL ] A

Effect of cyclin D2 on HBYV replication in vitro

Ren Jihua, Ran Longkuan, Li Wanyu, Tao Nana, Chen Xiang, Zhou Hongzhong, Liu Bo, Chen Juan ( Key Laboratory
of Molecular Biology on Infection Diseases of Ministry of Education, Chongqing Medical University, Chongqing,
400016, China)

[ Abstract | Objective  To investigate the role of cyclin D2 in hepatitis B virus ( HBV) replication
and explore the cyclin D2 regulation mechanism in HBV replication. Methods  The mRNA levels of cyclin
family members were analyzed by RT-PCR. The effect of cyclin D2 on the expression of HBV replicative
intermediates was measured by real-time PCR and Southern blotting, and the effect of cyclin D2 on the secretion
of HBsAg and HBeAg was analyzed by ELISA. The effect of cyclin D2 over-expression on HBV replication was
analyzed. Results  Among the cyclin family members, HBV replication had the most significantly impact on
cyelin D2 expression, and HBV replication induced cyelin D2 replication. Cyclin D2 knockdown inhibited the
expression of HBV replicative intermediates and the secretion of HBsAg and HBeAg, and cyclin D2 over-
expression promoted HBV replication. Conclusion  HBV replication promotes cyclin D2 expression, and
cyclin D2 is conducive to HBV replication. This discovery can provide a novel strategy for reducing HBV
infection and exploring new hepatitis B therapeutic target.
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AT 46 9% 5 ( Hepatitis B Virus, HBV ) JE¢ZJu 5 i
FHEEIZ AT , A M 3 ARG I B P
RIENGME CBINT 58 AL IR , F4E 294 100 J7
NFET AR 1 25 Fh 2R AP . S X HBV %
efy el oG 1 T AT EAL, A FE e
iz T4 HBV &L FiayT HBV 3% {HiG)7 HBV
ARG Y (BT REDY M TIR) A RE
SERIE IR AR HBV , I H Al 3 B2y Wb sl ™ £
FEEREIE . B, ST ARV IR T A
K BIRYT R A U

Cyclin D2 24N & A &0k D KR Z —.
TEAN S IIRERE H , eyclin D2 55 40 i J5 9] 8 (1 sk
14 4 ( Cyclin-dependent kinase4 , CDK4 ) FlI CDK6 & i,
AWIHAE W HAE G1/S Fefferp 4% 1 B
PR o A SCHRARGE cyclin D2 25 7 o ke
I HAE HBV AHCH HCC 1, eyclin D2 #YJE 3 172 &
JEHIEARRY S o 53 A, — A JE IR A R T 0 pS3
p21 2 5 HBV MISE R HCC 1y & 4 Kk RA K/,
XL LA 7 A A0 B B B R T PR - 5 HBY ARG Y
HCC fA7e e Ok, (H H ATAR DA B 58 6 11 T eyclin
D2 5 HBV JEIe Z [A] (19 5C & o A PRS0RE 38 i 0 3R
cyclin D2 A F 14 ik cyclin D2 W J7 1l BT 48 cyclin
D2 2L T HBV 1521

1 H5HE

1.1 ##

HepG2. 2. 15  HepG2 4 it i F ATCC ( American
Type Culture Collection) 2\ ], 2 eyclin D2 ) shRNA
() pLKO. 1-puro JFOKL (7 fh H 5% 2 5 SH2421) , 43¢
scramble shRNA ¢ pLKO. 1-puro ki ( 725 H 3% 4 =
SH2421) #] ] -F Sigma-Aldrich, pcDNA3. 1-cyclin D2
Wy T addgene, A 2 JIF % 7 % (HBV) 5 1 1 b
pGEM-HBVI. 3 i 0S5 f68 k- Protzer 111 .
Cyclin D2 Hi44 (3741) It F Cell Signaling Technology,
B-actin HL 1A (sc-1616-R) Il F Santa Cruz Biotechnology,
ELISA 71| & T KHB,

1.2 ZFi
1.2.1 Ml aRfnityerik HepG2 4iMuds 5 T
SAT 10% JIA2E M35 9 MEM 8536580 HepG2. 2. 15 1%

FRFEH 10% FR2EIE ,400 pg/mL G418 (1) MEM £
Frdh T 5% CO,,37 C WA hw M IR, Bk
B8 Lipofectamin 2 000™ ( Invitrogen ) it 1t B P e 755 L .
1.2.2 40Py HBV & ik thlal {42 BURT southern blot 43

Mro AT SRR S d 5, ZBREEFRAL, PBS 1
U, BB AL, A 0.5 mL éﬂiﬂ@r’”ﬁ’i?&(lo mmol/L.
Tris-HCl pH =8. 0,1 mmol/L EDTA (1% NP-40 11 2%
sucrose ) ,1&51)5,37 C I H 15 min, #52H K 2| EP
15 000 x g BS.0> 5 min, 7E I35 P Il A DNase [
(40 U/mL) il MgCl, (10 mmol/L) ,37 CHFE =4 h 5
JIMA 200 wl 35% PEG 8 000( % 1.5 mol/L NaCl) , K
1 h 511000 xg 4 CELLy5 min, BYLHE, A 0.5 mL
FEEREF K MAL Uk (0. 5% SDS, 150 mmol/I. NaCl,
25 mmol/L Tris-HCl pH =8.0 F1 10 mmol/L. EDTA ) #
0.5 mg/mL % i K( Takara) ,45 Cid# . By D5
$&, EINBEULTE, 70% LBk, TE 22 il 8¢ ddH, 0
Vg HBV S b AR, SRS HBV A2 i b [a] K 22
0. 9% I REHEEE N FOL UK , B 20 A8 0 MR 7 2 B, 120 °C [
FE o PAASIE N & AR iC DNA #R5F 22 583 74

P RO REE S

1.2.3  S29E%a i PCR(qPCR) 425 HBY &
il F A&, # B SYBR Green ( Roche, Germany) {iiHH -
BC ] SN A 28 AN B SN 254, HBY DNA 514, F i

CCTAGTAGTCAGTTATGTCAAC, T jif: TCTATAAGC-
TGGAGGAGTGCGA , H L% 3 AN E fL, M4l st &

i3 W
1.2.4 Western blot #;{lll i3 d g, LGk
JE,PBS ¥k, RIPA 24728 il 24 0, 15 min J5

W 2R L, 22BN B, A BCA 345 2
WHE . B (30 pg) S T BFE, T 10% 1Y
SDS-PAGE /3 B8 1) , 7 Bio Rad {2 3X/%#% Ha Uk Al
FERE . 5% JBLRE A WA NC B 1 h, Ji—4Ht (1:2 000
ke —d) 4 CRIREE SR K54 TBS-T PEk
3,5 ming 4L (B HRP ARic i et A 1gG it
A, LA A 1:3 000 7 ) , i FHERIFE 2 h
Ye% 3 JE ,ECL 3%, LA B-actin HHNZ
1.2.5 HBsAg il HBeAg [y £l #”ﬁﬁ@iﬁaéﬁaf“ /3
B ( ELISA) 2] G 45V vt B AG DU 240 35 57 13 v
f) HBsAg 1 HBeAg (143K o
1.3 %itgam

R H] SPSS 17. 0 B T4e T, ZAEA A ER] 1) i
PERIS 7 253 , AR RIAE LLACR FHCXS ¢ R

2 HR

2.1 e R B Y Rkl HBV A 4w e b o) & ik
KF
AT E SRR T 40 M R A& DA
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HBV il 40l HepG2. 2. 15 5% BEZH /] HepG2 H i)
FeikE R, qRT-PCR 73081 & FH cyclin D2 f) mRNA 7K 3
f£ HepG2. 2. 15 #i fifs v I 3 = F HepG2 ZH il (P <
0.01, 1),

20 -
[ HepG2

W HepG22.15 b

—_
W
1

mRNA AHXS Fek 7K
>

W
1
©

1 2 3 4 5 6 7

1. cyclin A2; 2. cyclin Bl; 3. cyclin B2; 4.
5: cyclin D1; 6 cyclin D2; 7 cyclin E1
a:P<0.05,b:P<0.01,5 HepG2 #mfienrb 3z

B 1 ¢RT-PCR 4 #i7E HepG2.2.15 5 HepG2 4 fitl Hh £

M EEAK IR 53 mRNA FIRIZER  (n=3,x%s)

cyclin C;

2.2 HBV A%t cyclin D2 £k 49 %

TE HepG2 4 Ji v I s 5% 4 X5} B8 50k pcDNA3. 1
HBV 35 Foki pCH9/3091 Il pGEM-HBV1. 3 Ji5 , qRT-
PCR # | % B8 pCH9/3091 # pGEM-HBVI1. 3 4 th
cyclin D2 f) mRNA 7KF-ZRBFIXHEL 43001 (2. 52 +
0.35) (2.3 +0.3) ] W& T pecDNA3. 1 21 (1.01 +
1.01) , 227 HAGH2#E X (P <0.01), Western blot
o % B pCHO/3091 Al pGEM-HBV1. 3 REW] 13 3 il
cyclin D2 {Y3E H XK (E 2) .

1 2 3

1:peDNA3. 152 pCH9/3091 ;3 : pGEM/HBVI. 3
2 Western blot 4347 pCH9/3091 #1 pGEM-HBV1. 3 3}
cyclin D2 FiX #2000

Cyclin D2(31x10°)—

B-actin(43x10*)—

2.3  cyclin D2 B & HBV & %] 89 % @

BT BE cyelin D2 UER X HBV 2 i 150, 36
fiTF shRNA BEINUTER T HepG2. 2. 15 Zfiffdr cyclin D2
iR (E 3), Real-time PCR ¥l 5E sheyelin D2-1
il sheyelin D22 HLER cyclin D2 43235 J5 , 51> 40 i
HBV & i bl {4 i 5 D& [ 43 5912 (60. 67 £7.09) |

(40.67 £10.21) | & Z Ik T XF B4 shCont 41 (95.33 =
13.5) , =R HA G145 X (P <0.05) , southern blot
RrHIESE eyclin D2 JUERIG , HBV & il v [ {4 1) 2235 7K
- AR (R 4) o ELISA 5 4 15 % b it &k 3
cyclin D2 JT 2R J5, HBsAg #1 HBeAg 43 i BH & 3 2>
(P<0.05,1 5), FH] cyclin D2 Ji Bk & & i il 1
HBV ({52 i F1 HBV HL 1530

B-actin(43x10°)—

1 2 3

1:shCont;2 :sheyclin D2-1;3:sheyelin D2-2
3 Western blot & cyclin D2 jTEA%T R

M 1 2 3

rcDNA
dsDNA

3200 bp—

ssDNA

1 800 bp—

M: 47 ;1 :shCont;2 : sheyelin D2-133 ;sheyelin D2-2
El4 cyclin D2 iEX HBV £ &) 1 jEl 4 A B 2200

1501 mHBsAg
OHBeAg
S
< 100}
) a 2 a @
%
2
= S0
/m
=
0
1 2 3

1:shCont ;2 :shcyclin D2-1;3;shcyclin D2-2
HBsAg:HBV & @4t /% ; HBeAg: HBV e R
a:P <0.05 %5 shCont b
E 5 ELISA #&il] cyclin D2 ;T 2k % HBsAg 1 HBeAg
SibHIRM (n=3,x%s)

2.4 L&A cyclin D2 2 HBV &%) 69 % vk

A —J7 1, A T H#iIk eyclin D2 % HBV Eﬁu 5
i, F AT I7E HepG2. 2. 15 4 BEHT#5 4% T cyclin D2,
Western bot % ik cyclin D2 i ik 2 i) (& 6) o
Real-time PCR #1431 & 1L #23% cyclin D2 5, B4~
A HBV 53 il v (] 44 1) 45 D145 (196. 00 + 19. 08) B
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5 F X BE peDNA3. 1 41 (93.33 +5.86) , southern
blot 73 #f A Blik ik cyclin D2 J5 , HBV & il b [A]4
IR BT (B 7) o ELISA I 4 g 3% 5% |
T & Mt F 3R cyclin D2 20 HBsAg ik AHXT{E N
(133.33 +6.66) B i3 & F pcDNA3. 1 41 (101. 33 +
11.06) ,P <0.05; 133K cyclin D2 2 HBeAg ik HH
SHE A (126.00 6. 56) B I & F peDNA3. 1 41(98.33 +
10.60) ,P <0. 05, FWidF ik cyclin D2 e BT B
HBV ()52 %1 F1 HBV HL 1580

1 2

1:pcDNA3.1;2; cyclin D2
6 Western blot I§iF cyclin D2 JFRIEZHR

Cyclin D2(31x10°)—

B-actin(43x10°)—

M 1 2

3200 bp—
dsDNA

1 800 bp—

M. 474 ;1:pcDNA3. 1;2: cyclin D2
7 cyclin D2 3% 3%E3F HBV & 8 R xR 220

3 itig

T i R RILRE T, i A RE ORI RE )
I T 3 BP9 T ke 0 2 5 i 2 9 AH FL A
IR I BB s S R S 2 e IS N 1R A )
AR H. AN & B HBY J& e al L e it
miR146a ({5 53- F I T STATI £k, 58T HBV
AR AIHT . Cyelin D2 VE N ANMLF IR 1T, 46
AT — L8 5T A S A M 5 P AR T O
MIPER . fEZ MO TVERTE T 40 #0 B 20 s
AR, eyelin D2 255 — 075 W 2 1k 19 40 i 5 9
(78 BB kUL B2 39 B ( phosphatidylinositol-3
kinase, PI3K) FIER IR H RN IC 145 5 & F (cAMP-
response element binding protein, CREB) REfi£ i} cyclin
D2 FA S B, AT IR ST T itk A s g 5 L

cyclin D2 45 T Mg SRFE R ¥ K e 1Y) B 48 i 1 £k
F (B cell-activating factor belonging to the TNF
family, BAFF) i/ /9 CD4* T 3k B 40 g g 3 5
ULAE A WTSEHRIAE cyclin D2 7 HIV i APy CD4™ T
i AW eyelin D2 mRNA JKP- 72 I3
A R B IR 1 S R A0 A i 2R R KT BB
2 xR BB eyclin D2 Ji i 4 e 52 19 17
FREZ—.

Park 25" & B cyclin D2 1) Z #&PE 5 HBV Jik
M BRA K, #5784 cyclin D2 W RES 5 T HBV [E
A, AR A R R B cyclin D2 5 HBV & i
PR O, 6 4 M S I B KR eyelin D2 7E HBV
ST 2 i 5 0 B v 1) 22 3K 22 S e Ry B R R
YL HBV J5, cyclin D2 [ mRNA Fl2 (/K P48 B 2% I
Tho BE—BHI5E R cyclin D2 FEW] R At HBV 521
Hh R 1) 2235 F5 BEDL I ) 40006 o

Cyclin D2 [ T HLA I 75 40 8 B 0 1 A0, 38 2
ZARESRBPEENGES . ARTHEAM
J¥R 5 1 % (human T-lymphotropic virus 1, HTLV-1)
M FE TG AR H (Tax) A3 3 NFkB 35S cyclin D2 1§
£ Cyelin D2 1 2 BCR-ABL/FoxO3a {5 %= i fi% &
LWL Mye-cyelin D2-p27 {553 s th ZE 4K
B2 P R J v S T EEAR T, HBV A%
KA HEZFMES TINS5, P8 E B e i S 7
454 T HBV .0 38+ 12 57 HBV & il i)
=, . Sp1t"' . PPAR-alpha'™’ | AP1™' HNF4'®)
NFkB 45 AR T — il i HF5E eyelin D2 %
B I S #E— 2D B W] eyclin D2 [iH HBV &
il B 3T, AT Ry & S ) HBV S 6 7 SR
FRALH A
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