BEFFRVAINRIZHEITHHMEAY A L AMBLBIED EENRHT
Quantifying the intracellular dynamics of hepatitis B virus
s K, AN, Ju+HETF % Miles P Davenport?,
Etws—2 AR HE&'

Yusuke Kakizoel, Masashi Iwamoto2, Senko Tsukuda?,
Miles P Davenport, Koichi Watashi3, Shingo Iwami*
TR AT DAEMBER !, BN GYENTFERT 2
S VR VNI N o Al 5
PSS 2R oy NE S22 i
Systems Life Sciences, Graduate School of Kyushu University?,
National Institute of Infectious Diseases?,

Kirby Institute, University of New South Wales3,
Department of Biology, Kyushu University+*

LIZC®IZ

B AR T A /LA (HBV) IE&HMRCT 2/ 4 T AL ESDAMEMHEEY LT
DA NAT, AN A7 8% 5| X Z 3 ERMED 7= O it FUBR T O ARME £
BT HMETHS 12, HBVIZKT DTV 7 F U ERE I WDy, EEE
E Tl LR MEV, EBEE T 2O A LV AERRAISNBY, ZAbHD
FHREEMTHZ L TMTOTANABEZRD>SELNLN, EHETMTH L T A
NABITTE LR U, UA 0V APEBRER FTREZR IS TIT AR, T A L APERRDS =LA
o0l BYSHRENICEMMAEGFL b 7102 DNA Th 5 ERR —EH
(cccDNA) TH B & E 2 BTV 5, cccDNA 1342 > HBVMRNA O CTH D |
HBV 7 A LV ABERIZB W THEARIKTH D, Z 2T, cceDNA [FEGAHIREEN T
L L CHAE L, U A L ABEEGEFE IS B W THZICEA ST HBV DNA 28 cccDNA
DERRNE VA 7 LI TNDZ LN, ZHE TORITHEL VB LN > T
53, LML 5 cccDNANED XL S A=A LT, F72 EUE EDHIM cccDNA
NEELL TNDNE VST EENREmIIINETIT L A ETOATE TRV,
T T TARMFETIL, VA VARG ER L BT T V2 W5 Z & THBV OflaA
VAN ABRGRRREE EENICHAL L, ERRO X D RREICOWTERD T LIz
U7z, BARMIZIX, 1n vitro DEBRFZOT T b ABFIMFIZTNWEEZE L LN TWHH)
REZEONFME (PHH) Z2H L Tw A L AR ERZ I 2720, M cccDNA
&, HBV DNA &°Hifust HBV DNA BORET — % Z2BS L7z, 20X 9 e fkis



TR EWZD L BRBEET VAR - ST 5 Z LI X o T HBV #RLUEFREICE
WTCTHEETHD cceDNA DY A 7 ) o TR A HEE L2, £ LT, Mg T
cccDNA DN EHIMZEL LTV A EIRZ3H7E L,

2HREEFMRE AW e 7 A L R RYe=BR

ARETHE, MR (PHH) 2 H 2w o b 28G5 O 32 B L C i
T 5, RERIL, LFEIEE Th 2 EEYYEMIERT OS5 AR L L Ju+H T4
b LSRR IC L > TiThie, £, HE L PHH I L CIHERISH
BEOHBV 2845, ZOMKICT D2 L TUA VAR E TOHINEZ Y S
BRI DE TN U TN A T K B DA VARG ERR B T b, 2T,
HEL DAL T A LV ARG X DR DL T ITFHA L TWARWT & 2R L TV
Bo UAVAEER 1 A% L VRS S ARFCHIBEN O cccDNA &, HBV DNA &,
Afast o HBV DNA &2 HIE Lz, ZOFREET, 2 b —lXb55%4 T e
FUHBVETHL =T/ (ETV) ZhZ (OHHE9OHHE) IZH&ELZEHT
THEBREZEmLE (1), B 11352 OFR4T3EERD KL b D33 2 FEfH
DRERINT —H o m LTV 5B,

s b AN s 1A I¥TAEL 10 L IVTFAEL
. ccc L |
o nommrona oo OHEERS 9 ! 9HEARS
g 8 0 © #HREPIDNA g— g !
£ 74 vaoan 222 5 7 o L = IVNE
32 6 o4 2o 6 B A A 6 Dgééﬁ
2 AN é = VANRRVANRYN A 1 O A A
<z(2 544 5— O o 54 A !
o S oo o O O o b N
> HOV 00 0 00 O 4o OO O O 4dOVOTO o oo 0
% 3 3 3 E
° 2 2 2- !
1 14 1 !
| I J I | I | [ | I | |
0 10 20 30 0 10 20 30 0 10 20 30
days days days

1.PHH Z AL =7 A L RREEER

PREETHEE PHH) ZAVWTOMLABRRERERMEL. MIAD cccDNAE (O) RUHBVDNAE (A). #
fast HBV DNA £ (O) OBMEZELZRAE LTz, FLIVTHELMRABESHHEZEZSET. B3 EOELS
EHETTIOAINARRRRETE o1,



MR ITMARIZR T DMBEA Y A W ZAEROKHEET NV

ARETIE, PHH 2 W EBR D HBV ERERE A i 2 58T 7 /L OIS
LTCa4 5, MIE L7 ccecDNA &= & MifaN o HBV DNA &% £ i1 €1
Ct),D),EM) T D&, VANREIFRZRZ ST T VT TORKIZAR S

dc)
—a = fpP(©)-dc(),

dDp(t)

— = aC(®) = pD (D), (1)
dE(t)

— == (1= PpD(®) - dzE ().

X (D) IZBWTS,p,d,a dglETNEI, Ak 7z HBV DNA 73 cceDNA D4
WU A 7 a5 EE,. HBV DNA OBAEE, cceDNA ORVEE, 1 cccDNA
H7= 0 » HBV DNA JEARE 2K LT\ 5, flllast HBV DNA O iEE %22 LT
Wb, ZZ Ty T hEenE, HBVDNA OFEAZLET L7720, =7 henkh
REDBHE T VILLL FOERIC 72 5

dc(t)

—3 = fPP(O)-dC(),

% = (1 —-e)aC(t) — pD(0), 2
dE

_égzu—ﬂmXO—@ﬂﬂ

PLEDORRIZL T, 2 COEBRFMICB T H2HEBET VOB AT -T2, LIBED
EErT —Z Oz 50X (1), (2) ZHWTITo 7=,

4.9 A VR BRYERT — ¥ OFEHT

ARECIE, A VAR L IFRE T A A D - AT B L CHiRT 5,
TR T — 2 RN D72 lc, WIE SN EREEEHEET NVICE D THIEOZED —
FOREEE . TFORI BRORBEE D -



SSR(8) = ) 10g( C1(8) = Ci(6) )* + ) log(Dy(6) = Di(®))?
t t

+ ) 10g(Ex(D) — E{(©)* + ) 10g(&:(®) = G5 (©) )’
t t

+Zlog( D,(t) — Di(t) )? +210g( E,(t) — E; () )? (3)
t t

+ ) 10(Cs(0) = C5(©))? + ) log(Ds(®) = D5(8) )
t t

+ ) log(By(6) — E5(8) )™
t

ZZTCG),D;(), E(®) (i = 1~3)IE. ENZENDORERZIIZIIT HHFEND cccDNA
# . HBV DNA # . fifas o HBV DNA #0 EMEEZEX L THE Y .
Ci (), D} (t), E*()(i = 1~3)IXENENORNERFLIZ I 1T DN D cccDNA &,
HBV DNA &, #lifasto HBV DNA BEOHGME FOEET VLR S ME) %
KLTWD, FLUIENENDOERFMHELZERZLTEY, i=1f=ar bue—/L &R
L AER, =230 A RIC T AN ERE LR L A ERR, i = 3136
Z9HBICZ T HENVERG LRI 2EBRTHD, X (3) 2R/METEF
T, NI A=%0=(f,p,d,a, L1, e) DEZITIo>7- (F1), £/, X (3) =4
W CHERIE RN " RIEZHN TR T A =40 = (f,p,d,a, L, 1, e) DA HEE L=, LA
LORRICHEE LT T A =22 VTR (1), (2) iZonWTyIalb—varsk
FAT LT, M2 Tl VA NVABRERCTOREME I 2L —T a3 ZiVRDH
NicEmmEZ 7 my hLTWD (M2), M2 X0, BEET/IVITY A LAY TR
) FLHHTETCWDENRDMND,



104> ~O—=JL oiccona 107 TYFAEI] 10 V IVFAEIL
. CCC JL 1 L
o A HHHPSDNA g OHBE®ES - : OHBE#S
g 8 . 0 : #EIERIDNA 8o . 8- :
8 74 I 7= 7o > '
5 S‘\A ek g P Ay N Mgyl
3 . R
E£2 67 6 ‘A--‘@g;é-;ll--&...z& AT A 6 : 1 TR AL A
< 8’ A TS = A 1 Bl -
Z= 5 54 : 5 1 O
> 4 e 41 .
1
% 3 3 3 :
° 2 2 2 !
1 1 1 :
T T T T T T T T T T T T
0 10 20 30 0 10 20 30 0 10 20 30
days days days

K2. HEBETIVIZEDUAMIIABRLEBRT—45 DR

®* (1) - (2) ZAVWTIDDNELGIZEFHT TCOIMNIARABREERT— 2 ZRBIZI«vTao VT L= R2&
U, BERK T4y T4 VI TETWEEN DL D,

INTGA—H BT HEE ST
@ (HBV DNA o A7) (copies/well) - day'! 126.5
P (KIF2P9 HBV DNA 0jib i) (copies/well) - day'! 0.365
f (HBVDNA @4+ 7 15%) 2.329 x 107*
d (ccc DNA D¥b i) (copies/well) - day'! 0.035
d g GF4+ HBV DNA b %) (copies/well) - day! 0.76
€ (ZUFHENMT L BMEDF) --- 0.91

x1. R (3) ZR/IMET H/NFT A4

5.4 W RIBRIR

ARETIXABETHE LT AT A =282 HO T AP EE R BRI ONWTE
HL TN, FTWIERERERERTHL =TI EME, e=091HESINTE
DENETCHIRELZHE L TWDENRDND, 2L, BEFOREE O L =T
EANIEFIZRC A N ZAER o A2 HELTWDL RSN D, £1-
HBV DNA OV A 7 )VHRILf = 2329 x 107+ L fEE S, ZHudAERk &z HBV
DNA ®W 0.02%723 cccDNA OAERICHFHAENTWD E WO HETH Y | FEFITHK
HOD ccecDNA NI H A TNV LTWDLHEICLDEHTEIND, AHEEMSFEIX
HepG2-NTCP fifid z FHNT o A )V A EGLER LTI o T2 FATE L —FH L TV D 4,
% LT, cccDNA OEDHEITd = 0.035 L HEESNTEY, Z 2205 cccDNA O
BB EZ 208 THLIENHEESND, AFERL V.. cceDNA DEGEHIlN TR
MRS 2 AT =X L0F, cccDNA BIEF IR VR 2 FoF & | FEFITHED



cccDNA VYA 7 VKD R NED Z &SRB Sz,

6.t LERODERE
ARIFFETIL Y A NV ARG TR & BORE T VA DE 5 Z & T, MiaNo HBV

EEENRE, FFIT cccDNA OFEA EEAICH O L LD & Lz, BELET L2
T fRMT DFER. cceDNA DL EALERIX, cccDNA ZiLH F BIEFIT RV 2 Ff
OF L FEFITHED cceDNA VYA 7 V2 L VD LD Z EPRIB S LT, 51413,
RN (n vivo) TOSMTIZEIT 5 HBV EYER 23 U, in vitro RIZ XK Afif
Pt 5 & bige 4~ 2 MR % T b b,

F AR THW T HBV OHIIEN 7 A /L AERIENRE 2 & =EAIZH & 229 B Pl
Fl%. cccDNA Z 4 % 72 OIZENRBY R B EE P DPRR O, FrE DIFHE T 2 FFo
ICEWOTRFRIZH W=D THENHIFINTE Y, SBOMENIIFFIND,

7. 513

1.  Ocama, P., Opio, C. K. & Lee, W. M. Hepatitis B virus infection:
Current status. Am. J. Med. 118, 15-22 (2005).

2. Ott, J. d., Stevens, G. A., Groeger, J. & Wiersma, S. T. Global
epidemiology of hepatitis B virus infection: New estimates of
age-specific HBsAg seroprevalence and endemicity. Vaccine 30, 2212—
2219 (2012).

3. Allweiss, L. & Dandri, M. The Role of cccDNA in HBV Maintenance.
(2017). doi:10.3390/v9060156

4. Qi Y. et al. DNA Polymerase x Is a Key Cellular Factor for the
Formation of Covalently Closed Circular DNA of Hepatitis B Virus.
PLoS Pathog. 12, 1-26 (2016).



