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% AT K % # (hepatitis B virus, HBV)ZE # J 56 B AT, b5l 2 2. B X, AP KB ER LT HE
FFREAL B8 B R . JuR & it 7 = B FIHBVIE R LW F 8 7 =, BEar A T RWHHBV A4 £ &
K aT R EMZFER)E V. X B KT LIH R EE S, R R R R E AR R E
] I e R &R, (B30 F B B 2 i3k 2|HBV % W J0 2 (HBV surface antigen, HBsAg)f# 3 4% [ 3 ¥ % 7/ 2 £
[ & 4k DNA(covalently closed circular DNA, cccDNA), Fr IHBV 2 P4 & 22 /R % 6 A, JL4F 3k, F & A1 3THBVAF
REEN, St EERWEENA R RESE T RERRZ A TAER R R G WA 4T K k. AUt
NERERBEERAMEZRE A (— % E T EATIERRE R &), A REEIT &e &7 Bt
AT, I Ah, xS & 07 % 5 K (unbiased high-throughput screens)3 % 3 iy 4707 # 1 & 4, DA R £ 24 %7 F

Wy s g B T RIHBVIEAT T 4847

Keultinl  ZARRRE, G, AEIRF LN, BT %, HHFE

LTI 989 (hepatitis B virus, HBV)Z&—Ff/)s
B AR, 0 SEEDNAYREE, JB TRETDNAMG
R BT, At RAE3MCIEIHBVY, K E2 %
A NP HB VG TS B, SR aE g LA 1) s
RGUHELR, SRMWA —H 53 AR N T > 2L Yy
HE JUBGEHBV G ANRE A A, B A8 e v £ BT
#(chronic HBV infection, CHB). %14 2 FF25 | i #E
JEGLAH T RE An - AL R ) F 28I, RRARESE
Tk B I RREMIZ94 700000 APV, R4S B ETH & B
W B A RN HHBV AR EMERE, (HIEXT T8 &k
HBV B R A IR T 25 W i i AR 2[R,
IO &t TR B VIEGGIT 258 B2 A/ W
% o PR EIALAT (). W2y n]
PIFE— e 2 FIHIHBVE G, I HA /N LR

HBVEXH$iFE(HBV surface antigen, HBsAg)#% [, 0
AREAD S 17 [ JH 240 L PN 2 FEs 6 10 52 S Al - 247y FAT
A HIRDNA(covalently closed circular DNA,
cceDNA)Y T (R, 34 0011 3 35 1 coc DN A L K% BHL I
PRGOS M O e A A R X
TEImIR b, 8YOFRia @ WA Zm: (1) 2
BEPEIA AL, 7685 N KA FHBsAgFTHBV DNA,
[ B R A SO A S 3R TR 9 I3 27 e 4.
HBV  cccDNAR] BETEF A PR SEA77E, 7E5¢ LA R
RITTRRE IFEIR . AR (hepatocellular - car-
cinoma, HCC)XUK M. (2) 584167, 52 RHBY,
FL3E T cccDNAFIEE S ITHBY DNAT™) IhfgrEIA Ay
JECTIRFRIGTT ISR A%, (HELIEIR 2 L BEE
WAL WL, WAWFGFCHBV B A G A W 1 TF & 55
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M4 E B 2095108 H64% HE30H

HBV A [RFEFR AT TR 25 BA 28 L. ASCHHBY
A T S 9 KA DGV TE 25 8 o5 ) BT I S SR S A T 25
W RS AR RE B S (AR UR TR 2 ) R
BEAIE ARG G TR 7 (i BRI 258 LA S 5 %
SEPHA A SN 7210,

HBVIEHF A 2K 2932 kb, H—4%KM(-)-DNA%E
Fil— 2% S 14 (+)-DNASE 4L A FRAR TS 43 AUEEDN AL,
SEREHB VAR HERL 0 ELAR 2042 nmPYERAY, R 51w A
MR A BERE . AATE SR . B =2 f R IR T 1
TR AR T B B 3R R T AR A AR, A% AR
B AR FRGEH, EE R MR RO E A
HBVEA MR A G ], & 2 #(%1). HBV
fRADURIG, &l e R A A e ST
2 B R THT Y BRIR £ Tk 2R 25 1 SR M (heparan sulfate pro-
teoglycans, HSPGs)iffixf I A1 AH BAE 56 B B ik
Fl'>M SR ISHBV K0 8 1L (large surface protein, L)
(preS 145 H 48 5 P4 SV 22 (AN - A IR R R i
% F1(Na ' -taurocholate cotransporting polypeptide,
NTCP) ™ A s EFIAHE AR, LA SE U 75 ) Jsk gy
AR NTCPJR T T AR R R 1045 1
(solute carrier family 10 member 1, SLC10A1), {XFE/F
B A SRS A BB RN SRR -3k, AR AEY)
S DI RE S I JHEAIE A v 285 1 ATk (1) o 2 gk FIEL 7R
B BT, NTCPEHBV A T 4 v %
FESCERAEFH, Fr 5 S HB VA T BT 48 9% 75 (hepatitis
D virus, HDV)&4LF4upat. 4Kk, 3235 ANTCPH)
N IR B HBV S e, i LA AR5
TR I8 ANTCP I i 4 M R HepG2-NTCP 4 il
(9 7 [ B 52 B X HBYV ) 5 S AR AR [, i 6
HBV A BUR P EAAMIAEH T2 5.

HBVEE 5 20 M Rl 5 )5 38 2o 32 AR A 3 A S/
BHEAMMAEAZSS50ANFEM, JEHRABSAH
RAB7A SRR E, WITEAZ AR 5 40 i
WY TR ARSI B O T A B A A AN G I A
ANE A F RN %12 52 1K (cellular transport receptors
of the importin family)R94 5 TS FLIEA 4G
P BALE A 153 R — Pl i AR S %
BB REAR, EReE A TAE R R
AT ETERALE Sy, Base oLt
O 1t I BE U B I S s PRIRDN A (relaxed  circular
DNA, rcDNA)ZE4ifft%H. ZEMHBV(duck HBYV,
DHBV)BHY | 7R, reDNA R AELE B Z BE-DNA- R
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—JHF2(TDP2) B B T 27, G IE e e 1
B9 7 I A i (polymerase, P)FIRNAG| ) ZfR.
BEARSRTUAR TN VIE . NEIEsEERE, DI
SXDNAFE LS 2N IR L A cceDNA. {HXTF A
KIRAHBY, RIEAETDP2 R A4 4 i sh AT T LA i 2t
SEJEGL, XA R AL 5 TDPAH G & H AT RE S
5T AKIFHBV cceDNAE X —id !>, HBV
cceDNATERGL W FAi b S E A FAEH E AL S
S EYIAE R N EARTEEAFE. HBV cccDNA
(5% S AR B T (1%L, pre-S1, pre-S2/SHIXJE 3)F)
F2AHaEGE TP, TFERNAR A B T 54 5458 i
P FEMRNA: A HES 7 i HZ% 0 (core)/ R H% L (pre-
core) fIPZE F Apre-core RNA M FijF:FE ZHRNA (pre-
genomic RNA, pgRNA)(3.5 kb), ZmfSHHHpreS]
RNA(2.4 kb)FlpreS2/S RNA(2.1 kb), Dl Mt HBxE
FIEX RNA(0.7 kb)) 35 T 141 G4 s ] (HBx
mRNA) BTG, B30 T 1 M1 A g 7,

HBV P /&M pgRNA N — A AUGHE RS T I
GRENE, HABHBVAL B BRI i R SE i HimRNA
SRS IG TS T IFEADY. PEE S5pgRNA  5'%ite
HEESHEGTE A, I Z St core i ZRE
B, IWTEIEEATERIEES. Hrp, $URTTER90
v FpgRNAFIPHE [ 2 I AR AT, 22 5kt i
R T LA core i I I CR ImZE M4 &, R4
B H R4 LA BT 1k 3 4R AR R S RN AR A
HEO0 A I AR APOBEC3G 1] i 1 S5 2 P 2R 1145
B AR BB T, ATREME 2 HI i —
WA A HETRE.

FEIRFEZATE N, PAR AR i i [ 25 A S E R 0 30
PERNAGSFE S5 | ks Ho i e 5% (—)-DNA, - [l Af
K% P4E 1RNase  HIG P DI BB AR pg RN AR A,
B iEpgRNARYS Ruiht, PEEHLIMRE TR —E
RNAZER PN 5 P 4 5 1(+H)-DNAPL - i F AR
JRH, (+H)-DNARE B ATERE, KR A EEFAH
SR E—F, T FEERRIB > D e DN AR .
TELEHPTEET, S rcDNARIZ A STol s iz 40
MRz B cccDNAM, S8 A ke i1 X B b 1 RE ik
ZEANMIAN. HBVIGERRL T R4, ¥ Je RAZ A il i
NEDDAF AR AR 11 52 511 I Aky2 (adaptor-related
protein complex 1 subunit gamma 2, AP1G2)iz i 2| £l
A (multivesicular bodies, MVBs)Z 1" k5 1115
T B AN ARS8 52 59 (endosomal sorting complex re-
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B 1 HBV/AENSFMARA AR HBVA G R aISR NS AL B5E. MAURKAGER . cccDNABIR. 55k, B, 4128,
MEE. HBVIE SHSPGHIM EAEHIMEETEANMIRT, HBV LEH5ZANTCPIE— SRR tE4s &, MRt AL SEAMMUR, SReERAcT
RO 8 Z AN, i —L R HBY reDNA. fEZEAIA% Y, reDNA#GEAE JrcccDNA, Fon] 1k /NG (@ PR 2E IR 40 M ) A A Fh 3R 82 A7 A,
IHE A TEMRNAFE RGBT, i FEmRNABZ B A LTTD, BIERUR TR . SPE &, peRNAB LB ACTE AT 5% SR T
fRreDNA. I BAE A MV Bsif 42 S HBV R I 8 [ 31 T4 ROE U s 2 WORL, 5% 12 A0 MU re DNAFL L cccDNA LI ST
cccDNAJE. MEAh, th 47— 57 LM RUEDNA (double-strand liner DNAASIDNA)IRZATE, N F¢idsIDNAE A IR F9% A 2143 N 21
bl SHBVR T 28 MU SR R TR R TR B0 HBV A fir R AR IR AL BRI 25 W sl i 7 70 AL 68 S 7R

Figure 1 HBYV life cycle and therapeutic targets[11 . The HBV cycle includes virus attachment, entry, uncoating, trafficking to nucleus, cccDNA
formation, transcription, translation, encapsulation, secretion, and integration. HBV infection is initiated via interaction with heparan sulfate
proteoglycans (HSGP), resulting in a large envelope protein that binds NTCP. After internalization, viral capsids are released and then directed to the
nucleus, where the HBV genomes are released. In the nucleus, relaxed circular DNA genomes are converted into cccDNAs, which can persist in the
nucleus of infected cells as a minichromosome and serve as a template for viral RNA transcription. Viral mRNAs are transported to the cytoplasm,
where they are translated into viral proteins. Together with the viral polymerase, the pgRNA is encapsulated and reverse transcribed within the
nucleocapsid into progeny rcDNA. Mature nucleocapsids are then either directed to the MVB pathway for envelopment with HBV envelope proteins or
re-directed to the nucleus to establish a cccDNA pool. dsIDNA that contains capsid is also produced that can be integrated into the cellular genome or
released as a defective virion. Drugs or antiviral agents designed to target different steps of the HBV life cycle are shown in red

quired for transport, ESCRT)i# AMVBsJf-5HBVZIf
B A TR A, IR M VBEMVBATE Y
AR5 A M SR RS R A TR B VIR TR T R T
HBV5¢ 555 B UKL (Dane UKL ) (14 730 M Z A1, 1A G145

IR ORL AN BRI JORLTE PN BV 22 A8 56 BE 0I5 2 UKL
MR AT PR R, R, 8 UKL Al Dane
TBURL EAT AR ) 3 ihade e, TR FELRIUAE DU 7 PRy [ o s
W3EAT AL — R R R ™. s, e
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M4 E B 2095108 H64% HE30H

EHBY RNAFUR & i 8 1 A 2 .

1 HiZbuwisrdyt

HBV A 36 JE I = 220 ik ARFAiiE . BT
reDNAFEAZIIA% . cccDNATE 8 5% 5 . mRNAH
¥iy BT %E R . IR aE kL TR oAl
AR, DR, Ao 2 A 6 TR 00 A0 AS ) B A A T e
FRIF B AL 259 TR EEL (D).

1.1 HBVEAHIE]

ETEriA, HBVHE A4 o2 HHBsAg 5T
AN EHSPGSEAITESE A, ARG LE I SNTCPE
TR RN A G AR, SRS 2R
il i BT HB YV 55 T 40 M i 45 & & FEDUR BEAE . T
. —H NP A Y MEES 45 5 HSPGsUIFNaifs 5
PR T2 T ] LI HBVHE A 4. Myrcludex B
E—FRIETHBY L HpreS145M 094 Mg ik, Al
5HBV preS 13445 & FA A i ANTCP M i BT
HBVIEANFAIME. &R — Rl 1] 3 (Y NTCPSZ {4 FH Wt
FIPY HXTHBVAIHD VAR 8 AT ARG B
SERTUIG RIS, SR 2 AZAL AW S AT LR
U289 IR« 2R R A T e 2 30 S04 A — ik
5L i R I/ 2 S R AN R S AR Y TR TR
NTCPA-3HYHBVHIHD VR 15 B §idEmrse T
K. AN, E R LR RS S BELIT I A 2
ISR TR, SETTIMHIHBY 3EA, $i5 ) E 24
F LYW AE TIENTCP LI fEIF NI HBsA g3
K EYPOO1R—Fh e B A M EX RIS, AT
HBV7£HepaRGANME b (YL, O AMEIWIG AR IR I BY
&[64].

1.2 cccDNAJEHCHIEE A1)

FEHBVIERGL AN, HBV cccDNARFUE fF7E
HMELIE . AR, flap- NI BL 1 (flap-endo-
nuclease 1, FEN1)A] LI Z:BkreDNA ) S- 4544, 1l RE
47 BhFcceDNAMIIE B, ZEHBVAI USRS, DNA
R Hlic(polymerase «, POLK)fENES 55E MircDNAIE
HERYA Y, DNAEHENE M3 B FeccDNAKIE
IR DNAEHEFEHI R R — R B 254 1
AbTIF 2 v, TR R A A FHBV Y
WTEZ).

JHFRE R s 5 i 22 R SR R - FAZ A2 AR RE S S HBV
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Ja S T a3 ool & LMY HBVES 5. PreS1JA 3l
T & Y MUAZ N 7 (hepatocyte nuclear factor, HNF)1
(HNF)FI3(HNE3) L5 A0 5. pre-S2/SJ s FAYHE 5%
HH % 55 [R5~ SP 1A - REMA B S AL B I X 52 M4 ou(retinoid
X receptor o, RXRA). 1 S Ak A GE P 06 32 Ak o
(peroxisome proliferator-activated receptor a, PPAR)FI
HNF4A. 58 715 A HNF1, HNE3FCCAAT-H58 745
& % 1(CCAAT-enhancer-binding protein, CEBP)AY45 &
BLAS. AP, pre-C/CJi Bl F FI PR 8 -4 & A A% 32 A4
25 A5, FIFEHNF4A, RXRA, PPARa, B2 IATE K
W24 F i 5 (nuclear receptor subfamily 2 group F
member, NR2F28{COUPTF)1 121 K A% 32 1A 5 12
ZHCAL T I(NR2CTEL TR2). LA I 3sx B 53 R f14) 8 1] 417
FALA T LU HIHBV & 11  lsh, HBV
cceDNA/N L (0 (A Y DN A YL AL FIZH 25 1A 1 1 28 0L
BULABHTRENS B IMHBY  cccDNARYH: T, 40P 7
WHERS 5 cccDNAKH BAFE 2 5 R WL B,  AATTTE
PESANHIHBY  cceDNAEET HBx Al LR iE
SPEDNAZE G 6 312 3 4 He il F e ) B g (AR 2
¥4k 58 H (structural maintenance of chromosomes,
SMO)SFI6 LA TREME, MM XTHBY cccDNAF, 5%
A FE AT, HBx Al 7T LUK SETDB 12 A S0
H3AE M . =3 b (H3K9me3) MIHP 17 55 LUK
ificceDNARE U K1, HBxE N —Fia 151 )
MR EEAYTRE AL HETR A RSB 25 e
2T I B TR SO e i R 7. GS-5801
SRR 0 Y - 5 R i 01, A Ry R ) T 24 1
TESEA TG RIS, B R EHAEHB VIR B3 rhift
FHIREG R PR R IR i 2 > —T. X szl
SRR ] T RKIG T I i cccDNA. - Ak, A%
H NG 5 25 W AL A3 1Y /N G SCIE v U 32
CCC-0975FICCC-0346 15 45 F4 FH I (1) BURLFAH e 25
258 XN/ ESRN BRI e 25 2R Tl A T
M EEANHHBY DNARE S, {H] LU ] rcDNA
F 7B (UL BT reDNA [l cccDNA R AL /Ny
FALA Y Cod6I T LI 5 i p300 FICBPZH 2
2B B R I HB V™,

1.3 FEPIgasa

FEH g 2w Ak THZ —. BHE#
PR i (zinc-finger nucleases, ZFNs). % 306 FIEERN

Y(transcription activator-like effector nucleases, TA-



1 ATIRTHBVESE R R TR Z A WAE ER R

Table 1 Direct-acting antivirals and agents that target host factors in development for treatment of HBV infection

254 FEHIPLE Il PRATFE B B THR Il R
. NCT02888106
Myrcludex B Entry Phase 2 Hepatera, Russia NCT02637999
NCT02452528
NCT02604212
. . NCT02604199
ARC-520 siRNA Terminated Arrowhead NCT02738008
NCT02065336
NCT02577029
ARC-521 siRNA Terminated Arrowhead NCT02797522
ARO-HBV siRNA Phase 1/2 Arrowhead NCT03365947
ARB-1467 . .
(TKM-HBV) siRNA Phase 2 Arbutus Biopharma, USA NCT02631096
ARB-1740 siRNA Terminated Arbutus Biopharma, USA Sponsor’s web site
AB729 siRNA Phase 1 Arbutus Biopharma, USA Sponsor’s web site
LUNAR™-HBV siRNA Preclinical Arcturus Sponsor’s web site
DCR-HBVS siRNA Preclinical Dicerna, USA Sponsor’s web site
ALN-HBV siRNA Phase 1/2 Alnylam NCT02826018
Vir-2218 .
(ALN-HBV02) siRNA Phase 1/2 Alnylam NCT03672188
BB-103(Hepbarna, . .. . . s .
BB-HB331) siRNA Preclinical Benitec, Australia Sponsor’S web site
IONIS-HBVLRx . . . Ionis Pharmaceuticals, with GlaxoSmithK-
(GSK3389404) Antisense oligonucleotide Phase 2 Jine, UK NCT03020745
IONIS-HBVRx . . . Tonis Pharmaceuticals, with GlaxoSmithK-
(GSK3228836) Antisense oligonucleotide Phase 2 line, UK NCT02981602
RG6004 . . . [45]
(RO7062931) Locked Nucleic Acid Phase 1/2 Roche, Switzerland NCTO03038113
GS-5801 Epidrug Phase 1 Gilead Sponsor’s web site
AB-452 RNA destabilizer Preclinical Arbutus Biopharma, USA Sponsor’s web site
EBT106 CRISPR Preclinical Excision BioTherapeutics Sponsor’s web site
HBV CRISPR Preclinical Intellia Therapeutics Sponsor’s web site
HBV CRISPR Preclinical Precision Biopharma Sponsor’s web site
INJ-379 . . .
(INJ-56136379) Capsid Phase 2 Janssen Sciences, Belgium NCT03361956
JNJ-440 . . .
(INJ-64530440) Capsid Phase 1 Janssen Sciences, Belgium NCT03439488
Morphothiadin Capsid Phase2 HEC Pham, China NCT03638076*"
(GLS4)
GLP-26 Capsid Preclinical Emory University, USA [47]
EP-027367 Capsid Preclinical Enanta Pharmaceuticals, USA [48]
NVR 3-778 . . NCT02112799NC-
(AL-3778) Capsid Phase 1/2 Novira T024017374)
Bay 41-4109 Capsid Phase 1 AiCuris, Germany Sponsor’s web site™”
AB-423 Capsid Phase 1 ArbutusBiopharma, USA Sponsor’s web site
AB-506 Capsid Preclinical Arbutus Biopharma, USA Sponsor’s web site
QL-007 Capsid Phase 1 Qilu Pharmaceutical, China NCT03244085
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[Ex3))
i) YEIBL I PRAIFFE B Be TFET e RIS
QL-0A6a Capsid Preclinical Qilu Pharmaceutical, China Sponsor’S web site
RO7049389 Capsid Phase 2 Roche, Switzerland Eg;gg;%ggg
RO6864018 Capsid Phase 2 Roche, Switzerland NCT02391805
RG-7907 Capsid Phase 1 Roche, Switzerland NCT02952924
ABI-H0731 Capsid Phase 1b/2a AssemblyBiosciences, USA NCT03109730
ABI-H2158 Capsid Phase 1 Assembly Biosciences, USA NCT03714152
CB-HBV-001 Capsid Preclinical Zhimeng Biopharma, China Sponsor’S web site®!!
Besifovir Polymerase Phasg(i;ﬂ? Il)é);f;ed in Il Dong Pharmaceutical, South Korea NCTO01937806

DA-2802(tenofovir Polymerase Phase 3 Dong-A ST Co., Ltd., South Korea NCT02967939

disoproxil orotate)

Metacavir Polymerase Phase 2 Guangzhou Yipinhong Pharmaceutical, China NCT02965859

(teno f((i E/iIrX];Zli dex) Polymerase Phase 2 ContraVir Pharmaceuticals NCTO02710604
HS-10234 Polymerase Phase 3 Jiangsu Hansoh Pharmaceutical, China Sponsor’s web site
CKD-390

(Tenofovir disoproxil Polymerase Phase 3 Chong Kun Dang, South Korea NCT02805738
aspartate)

RNase H inhibitors RNaseH Preclinical Arbutus Sponsor’s web site
(I;]él; é?fé) HBsAg Phase 2 Replicor, Canada NCT02646163"
REP 2139 HBsAg Phase 2 Replicor, Canada NCT02565719"**
REP 2165 HBsAg Phase 2 Replicor, Canada NCT02565719"4

RO7020322 (RG7834) HBsAg Terminated Roche, Switzerland NCT02604355""

LEN ) F 8% i HLEE ] B8 45 7] 37 8] (clustered  regu-
larly interspaced short palindromic repeats, CRISPR)
HAH K N YIBF(CRISPR associated nuclease, Cas)je:
i 0 Z0E 5 AT LA I HB VA ) i1 30y It .
HBVH}5 I ZENBERE A R 2R A - HBY DNA, i
A ™Y TALENsT] AR TR SE IUDNAZS & 45
¥y (customizable DNA-binding domains)i*j|HBVH)
JPA LABCEHBV AL K451, A8/ HB VR FH i 7™
A, FfKpgRNAFlIcceDNA 7K E™]. CRISPR/Cas9F]
FHHBVHEF 1 gRNA (guide RNA)YJEHBY DNAFRYH
XHE, FBOUEEDNAWI B, DA R 16 L 20 bR
cccDNA KBS TEfs EHE A P IWHBY DNAREL. A1
5T 2, FIHICRISPR/Cas9 2 48 i) LUK 4Hl g HHBV (14
G B Fllccc DNAKF-3 380 0.1% 110%™, DL 1
XEEHFFEIER] TR g AR B IR KR AW 1, #T
KHFIRIT EERAIEMEHIBVEY . Excision
BioTherapeuticsflllntellia Therapeutics/A &) 43 H/AF T
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HATEE—AH FHB VYL CRISPR/CasOAH XMk i
J7 )74, SR, CRISPR/Cas9Z: 4t o 35 1 i #E A I 42
— MR IR, e G T P S 1pS3
A DNASS 3 5L 7T RE L5 A H PR 7 .

1.4 RNATHL

RNAT#E(RNA interference, RNA)F AT HFH
TR RS FRak, A BT A HThURTRYT. HAH
BRI/ THERNA (small interfering RNA, siRNA)
DUHE 1) 457 78 AR FEmRNAFF 1. SR 5 FR 4]k % 3
JF4MarD, siRNA SHETEMRNAH AMRAS, HE G200
FERNARYREARST . 45 —FhEEXTHBVIT % HsiRNA J2&:
ARC-520"™, & REAGA 2 IRHB VIS 1 SR 1
#"HBsAg, HBeAg, HBcAgHIHBY DNA [,
{E7EHBe AglH P Ay SRS A S P A B B HBS A gl
DU FHBeAg A, X ATHER K ARC-520%
] LhcceDNA T AN E RS T15 FREK 4 ’YHBYV DNA



P A

IS SR (R SRR Xt fiEA: 725 —fRsiRNA, AP
ARC-521"" ARC-520/52 175 Zfif i 52 23 14336 3 1 591,
ZHIFN R85 2 B Y)(dynamic  poly-conjugates, DPC),
J& Arrowhead 2y B ¥ & 1 T siRN AR m] 56 26 22 40
ML % - . BIRARC-520/52 1 E I R RTAS Y K% I PR
IRIG TP RE T A IR Ry B AT Sk, H T I
PRI 55 o N DPC- 5 ZE B0 B4 B A2 IV FH M ¢
b Ay S BT A e S L ) 0 55 M 5% R e/ Mk, Al -
lam A FF & ALN-HBVISHBVE: R EsiRNAZ A &
IR (GalNAC)FE. %KM T SEIALN-HBV 5
FEIRTE 4 M 2% 1HT ) M VR R B 2K 1] (asialogly coprotein
receptor, ASGPR)Z G 1M PEHUIE A T4, 1% A
Bt i SR T 5 £ 72 Ak 2 -Elus(ESC+)GalN A c B 4%
ARH K THTEECHFIRITH RNAL HZ5ALN-
HBV02(Vir-2218), %2 5§l T A HBVE H IR
5, HRTEA TG RL % B, Arrowhead /2
MRS NI BB/ Fh2hisi TRIF R T
ARO-HBV. #4558 /R, ARO-HBV 1] K] i 2 A%
HBV DNAMIHEHRHBsAg; 7E%4HBV DNATfT
A= T HBs A gl v [R BRI T X HBs A gl #0 il
YEH, HXRERA LA EEME. ARO-HBV HHETIEFE
BTG RIR ", A S AR & bR
YEF. BEAN, SRZRLE i TT & iR A R SR R
(GSK3389404F1GSK3228836), HiERM(RG6004)F
RNA 2545 7(AB-452)%"" 4+ X HBVAYsiRNA H
FAAL T B B, 75 28 2 SR D 2547 3%
g G )

L5 BAembb

HBV#.0>8 F(HBV core protein, HBe) A £ 713
fig, EAMUATLL H 4 AIE A% ACTE, SEMpgRNARIASE
b, oA DUAE 20 B A% N 48 55 40 2 O P R AL e R T
cccDNA S f5 FEAHCIE R )RR, JREEZARTCAIIE BRI
peRNAGLBE R B AR 10 JE I 1) G B A0 0%, PHtk, HBefy
ATRERCA PR T2 A . HATE X — A e 4
F R P ZE FEE IR AR T4 2 )8 15 7] (capsid - assembly
modulators, CAMSs): (1) <P Pk S Fad s ik < g
254k & W (phenylpropenamides, PPAs)™] DA+
PERNA 14 25& - 38 A 1 224 28 A% AR e A UK (AT L
Q) 2475 H — A ek & W (heteroaryldihydropyrimi-
dines, HAPs) W] LA 54 AL 5 8 A e 45 T Wi S
IR TERE A AT, H AT IEAE SR TR 5% sl PRI 1)

CAMsHAT-61, AT-130, DVR-01, DVR-23, NVR3-778,
HAP-1, HAP-18, NVR-010-001-E2, GLS4, Bay 41-4109,
BAY 38-7690, BAY 39-5493, RO7049389, RO6864018,
JNJ-379, JNJ-440, ABI-H0731, ABI-H2158, AB-506,
AB-423, BCM-599F1QL-0074:"""71 AB-506F1ABI-
H21581EAN T IR RETAFFE B B, INJ-379 & —Fh HA W
HEIREMICAM, BEA] AT 4icceDNAR M LA AL, X A]
DIBHIFGG F A A FE RO 4125 AHOCIFFT I, IND-3797E 44
24511928 drp B R At 27, I HLAR AR AR BAT A 8K
BRSPS, ABI-HO73 LZELUIG RIS i e 4 B
it 37 7 17 ¢ B B 4 I B A A 3000 P 75 3 1
RO70493897E & PEHB V&Y 8 # vp HA 38 K AP TR 7
W, A RS T R R Ak, BRREA
R R T —2EH MHBVZ A S 77 CB-HBV-001,
B HE SRS 5. CB-HBV-001 L4
FARE A T A H S A HBY  pgRNAFIDNARIA% AT
TER, REANFFER BRI HBV A AZ AT 2B (nucleos(t)ide
reverse transcriptase inhibitors, NRTIs, tL##5 A nucleos
(t)ide analogs, NAs)AYT ™ LM 3Z ITHBVYA I
AP, Bay 41-41092 A BB BRI —FIHAP, H
AOBCEE AL, AR B R v] 5 R A S A TE
MAZHAL, R IR ) S A AT AR T 1) A TR 2 2 Y AR
AT iR ",

1.6  HBVEATEHI

HBVR & fi(polymerase, P)&— 12 IieHE M, &
A A vtE H(terminal protein, TP)IX.. [B]BF[X (space)~
Wik S B (reverse transcriptase, RT)IGEPEX . AR
fifH(ribonuclease, RNaseH)[X.. NRTIs A DA# [n] P2 FH Y
RTIX, THipgRNAWHE A BREEDNA, &8 HHBV
JRYYRIT R TR IR Jyim. 55 T AUNRTIsZ5 4 in AR5 .
B AR TS N SE LI A] LA PER 14 T 30 7 S
GRS AT M HBY & i, [EX BT 8K b
cccDNAZK - FEYE LA s, BRI I AN ae A L
HBVIEYL. Ll BEHEAGMRL, FdiE—
SET 25 25 R4 07 w0 0 A F AT IEAE T &
[ ZFINRTIsZ59) B LEXT LA 2593 T R, {245 Besi-
fovir(LB80380)"*”, Metacavir' ™", TenofovirftHiFhfi2}
CMXI157HIDA-2802. IxX L2y HAT 238 ) 24 B ot
JFELAT DA — S 0, (R LA 25 A
ST AT L5, HS-10234/2 87—
AR RS AR R B AT 2y, TR AR R,
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H A7 IEAESEA T I R 05 RNase HJE2HBV P H.
AR, P A R ETHRET TG,
It, RNase HA B A— AR HBVIRTF S, T4
CLZ Y% T ZFRNase HINGIF, f045p-ME0 2 fEsib
FEBAER O X ST HBVIN IR EE T & h, A¥YS
A IR YT T BeAH S, G LAk 1) 5 G (4 30 3619 2 42 ) 9
e

1.7 HBVr ikl

FEHB VIR YL 85 i fE A HBsA gl s R ik,
HBsAgREUS MM sz RGE RN, T BORpLE
MM, [, I HBsAghHY /A B THLIA ol
REAYIRSZ . REPOACHEMEAT LA I HB VB £ 35 HH- 41 A
FHBsAg, %24 HATIE A T IUH I ik g p B
REP21392 —Fh %R I & (nucleic acid polymer,
NAP), XZ2y¥ iy HARVEHALSIE AN EARE R, nThE
3 3 Y0 L T4 1R HB s A g 94 LR i
A0 HB VAT 14 25 25 TR 3 %) 4 26 e T A1 7]
FIRZRRSR & WA TT o pr 5341001051,

2 RPEITIE

G P A B AN AT A PR 7 1T A S HB VIR 1 41 it 24
FRFIAE 4 2L R R 0.5%~1 % A
P PR B4 e % R G R IR HBV A
il WERHBsAgI L BN 2. ik, BE& A
K2 LA 20 B DR A T BB R 5 K B N
It — 2K B ML I P G s S —FliA T HB VI T
ZABEITE, SR R 0 B B AR R A R
HBVEYL I 1, AT HURERIRIT IS DL T 58
IR HE R, JF BRI RE A A Y L
Bil(2).

2.1 SERGpE RGN

FERPE RN A PR R SRR, (B ST
BEFITHH AR AAE DG A AR A 5, I b8 IO S LA
PRk fie I ;. HBV A il RN 23175 S 240 e ™ A= 4
JHEL PRI, (o 5 0T 8L ] A= 358 J) BTN ] A0 R %) 248 i K]
TR, HE 2 A4 (pattern recognition receptor,
PRR) 320 J57 2% R A St () UG 5 3 TR R (interfer-
on, IFN)BL A P2 At X 4n g R AL - (tumor necro-
sis factor, TNF), 4% (interleukin, IL)1, IL6, IL12F
L1874t e, tollFE3Z 1A (toll-like receptor, TLR){i5 %5
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& ) L BRI S 1 i (antigen  presenting  cell,
APC) T EMEMRA AR, LIFIIRAPCH T Z 4 ZIA 75
2 A W(major histocompatibility complex 11, MHCII)
S AT A T A, el S T4
WkupflerH A AZ MM, W] AU AFIEEREE, MR
PEUREE RN, B, O SR S A T A
AU BE TS A A R A, fR R I 2 AT
AR FFIEGOEAEE. SR, AP 2IFNo, IFNBFITNFL
A DA S R B BB B e A2, 3 0] BB 2 BRI R
SO ARk T
211 FH#H=E

IFNo2 B THBVEYGAIT Y, &l LIk
S AN PN ELAT U EE TS P RO TR NI 4 3% PR (TFN-stimu-
lated genes, ISGs) 3Rk, MIMAIHIHBY mRNA M B3
TR A BA A, SET R R & 2 e
b, PoRRE/E A EE R UIFNA S, HisHHBVEE
SR JRBERNAFIZ A SRR PE; TRIIFN. TIEYIFN
WM ZBFITNFA] 3 HBV cccDNA MR L4 A% rh
FRUP R 2 GE RS PEHB VI 1Y
JPRE R BAT HE P, R A TN I 1 7 2 A2 14
(lymphotoxin B receptor, LTPR)# a5 o] LA 175 4%
R 2 B2 IE 3 B mRNAZq 8 it /b IV FE (apolipopro-
tein B mRNA editing enzyme, catalytic polypeptide-like,
APOBEC)3A =3B 111175 3 HB VgL iy A A4 g
i} HepaR G4l ifd 1 cccDNA FAE 4il L v e . IFNa
AT LA B 3 T 1 APOBEC3AZK Y LTBRI3h
# W APOBEC3B!'*. fECre/r R E L HBV
cccDNARY A il 5 Hh it K IK APOBEC3ARE S T 3
cceDNAIE/P, A BT 30, IFNaid i L4
PHBV pgRNAMEAGTIE AL, fEEHBV cccDNAF [
fift, 2 5cocDNARE IR EEME". 4R1, IFNa
FECGRIE R T IR .
2.12 TLR¥ 3 #

TLR/Z MG RE 2 50 rp 55 2 100 [ AR 1) 2 1,
AT LB A IE AR B A7 e, 18 TS0 2 M L R
FR BRI A e v 2 ERGTE SR v
1) EAT PR R E A TLRsBR T TLR34h, HABTLRsHE
T 5518 W FIMyD88. TLRsTE B 2 i (4 2Rk 4
Ml HZAnif . ErEAniE) LR m RS, AL
FRATLR1, TLR2, TLR3FMITLRASME(LFGL. HIITRE
B, HBVA]LIGE T TLR PAREBEH LA K SR G i 2,
M TLR 5 452 B AR SE & nl LA i S AL AR G g8



#£2 ATIBITHBVERE RE R Y

Table 2 Immunomodulatory therapy for treatment of HBV Infection

25 L IR RIS BB TR R R B
EYPO001 FXR agonist Phase 1 Enyo Pharma, France NCT03469583
CRV431 Cyclophilin inhibitor Phase 1/2 ContraVir Pharmaceutical Sponsor’s web site
IZJ};/ CP 5(5)5 Cyclophilin inhibitor, IRF-9 Preclinical NeuroVivePharmaceutial Sponsor’s web site

APG-1387 Apoptosis Phase 1 Asscentage Pharma, China Sponsor’s web site!' ™
Birinapant Apoptosis Terminated TetraLogic Pharmaceutical NCT02288208
NJK14047 p38 MAPK inhibitor Preclinical Kyung Hee University, Korea [109]
GS-9620 TLR7 agonist Phase 2 Gilead, USA NCT02579382
RO6864018 (RG7795 and ANA773) TLR7 agonist Phase 2 Roche, Switzerland NCT02391805
RO7020531 TLR7 agonist Phase 1 Roche, Switzerland NCT02956850
RG7854 TLR7 agonist Phase 1 Roche, Switzerland NCT02956850
AL-034 TLR7 agonist Phase 1 Janssen Sciences, Belgium NCT03285620
GS-9688 TLR8 agonist Phase 2 Gilead, USA NCT03491553
AIC649 Immune modulator Phase 1 AiCuris, Germany [110]
Thymalfasin Immune modulator Phase 4 Huashan Hospital, China NCT03448744
GC-1102 Immune modulator Phase 2 Green Cross NCT03519113"""
( GS-QQIQHeri(gji\S[i]; 9200) RIGI and NOD?2 agonist Phase 2 Spring Bank Egigz;gzg
Nivolumab PD-1 blockade Phase 1/2 BMS NCT01658878""
CBT 501 PD-1 blockade Phase 1/2 CBT Pharmaceuticals, Australia NCT03655613
INO-1800 Therapeutic vaccine Phase 1 Inovio Pharmaceuticals NCT02431312
TG1050 Therapeutic vaccine Phase 1 Transgene, France NCT02428400
GS-4774 Therapeutic vaccine Terminated Gilead, USA NCT02258581
ABX-203 Therapeutic vaccine Phase 4 Abivax, France NCT02249988
DV-601 Therapeutic vaccine Phase 1 Dynavax, Poland NCT01023230
HB-110 Therapeutic vaccine Phase 1 Genexine, South Korea NIS%)F(;) 51 16 3491 655[1613]
HepTcell (FP-02.2) Therapeutic vaccine Phase 1 Altimmune NCT02496897
INJ-64300535 Therapeutic vaccine Phase 1 Janssen Sciences, Belgium NCT03463369
VR-CHBO1 Therapeutic vaccine Preclinical Vical, USA Sponsor’s web site
VBI-2601 Therapeutic vaccine Preclinical VBI Vacg?j:;igns(ﬁswnh Brii Sponsor’s web site
TomegaVax HBV Therapeutic vaccine Preclinical TomegaVax Sponsor’s web site
MVA-VLP-HBV Therapeutic vaccine Preclinical GeoVax and CaroGen Sponsor’s web site
HBYV vaccine+IFN+a2b+IL-2 Therapeutic vaccine Phase 2/3 Tongji Hospital NCT02360592
CVI-HBV-002 Therapeutic vaccine Phase 1/2 Cha Vaccine Institute NI(Cgl?ggg 1326:92 ;
LTCR-H2-1 T cell receptor Preclinical Lion TCR, Singapore Sponsor’s web site
IMM Tav T cell immune regulation Preclinical Immunocore, USA [114]

TP SR HE TR A 4 Tk I 40 i Fn B
I B AR A AL A R HB VG & 412 S0 A 4nie

AUTLRI, TLR2, TLR3IFITLR4XIHBVEA HREHIPUIK
FEAEHTY, LEHBVEEIER/ N, TS TLR3, TLR4,
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TLRS5, TLR7Z{TLROMFLTE 0] IFEAKCHBV &
HIUY R B B, TLR7AITLROAY S 7T LA+
K BT &% 5 (woodchuck  hepatitis  virus, WHV)I1 %
HIM Ak, TLRIE S J1E A0 P 2 Y TNF
AT AR i) BR AR L 440 6 2R 4 DA S A I S T Y 7 4k
15, R R R TLRs AT LAZs SN [ 40 it PR 7 A
(2 SR PR T TS, BINF-x BRI T4 259875 K 73 (inter-
feron regulatory factor 3, IRF3)FIIRF7!'>),
GS-9620/2—FhTLR7 M1 ARi&ah5, 7EHBVIEYLH)
R, AT PR R R Y T HBY  DNAFI
HBsAgll HFHHBY DNARYKFE, (HEZRe
YR TT I 75 I A2 2 R R R
GS-9620F - N REA Al AR A L0 A HBs A g7k -
HABTLR 71 S0 7 tRO6864018 1F A T 1L AR 36 By
Bt, RG7854F1AL-0341F &b T LIl it a6 iy B 1)
TLR&WA BB IR 2 S R s BB 20 R, R
BT LA A BAZ A0 43 WA IL-12F0IL-18, A
T 50 P 1 92 440 JH 0 285 FEERH OC T 248 i FTN K 448 fif
(natural killer cell)FiIFN—y“m. TEFHIL-128%1L- 1840 HE
FITESL T, TFN-yfE B ] LA S HBVINIERR, I
HoT AR HBVEE L /MR 3 FRACHBE A H iy
HBV A H1S FEiRSN S8, TL-1277 ARG/ i
HBVH54ECDS” TAHERHURERE" . GS-9688)2
— A O ARTLRSFEL SN, v LAYE 505 A 40 B Js e
R B IFN-y =4, B T IEAL T I Rt o pr e,
CpGHE M AT RS TLROFA BN, HAL PRI A0 ML
ZER AN (plasmacytoid dendritic cell, pDC)FBAIE
A LIESIFN-afy 74" HCpG 21798 5 B8 R
(entecavir, ETV)BCAIRYF L& BT PALLET VL Zy AT
R WHY DNA, Rl 2 WHVREHLRE(WHV sur-
face antigen, WHsAg)FEAREIRMRLLT, JF LRk
SR AIC649 S — T4 TG (Bl e o 2 R R ), T
3 O - BE AN P A AMA R TLRAK A P (TLR9) AR
AR 515 S, PEdEA B T4 5 59 SO FTTFN-a
A DR T R Y, A B R AR AT L A
HBsAgf{7K " ZEig PEHB VYL B A TG R IR
Wrp e R R A, MTLROB SN S5 H R I
YA 2y, T RARELH 2RV, Riboxxoljg—7FH
4 HU50 bpfI WUFERNA, TEHETLR3! . RiboxxolfE
15 78 0 AR 1A v omT A I HB V8 & I A
cccDNAZK -, BA KEHumaEE". —&FITLRIL
TR R EAEEA TR, T2 T X SEy 75 25 W () Dl
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MBI A B TIVAL, LI e AR FHa 4L
213 B ERERHE T

240 0 5 P A RN AR IR EL AR RN A Jié i DExD/H-
boxfi# iE i 58(DDX58/RIG-1)FIIFIH 1/MDA5(interferon
induced with helicase C domain 1), 7] LA i 475 IRF3
FINF-kBI AR 1A MDASIEUI 40
AILEERNA,  TRIG-THU 5 = B R AL BB EERNA.
RIG-IA AT LAE A/ MAIF S A T, RIG-T
B 30 T LF A STHBV BT .
I3 FRERRASE R SB-9200/2 1 H R SB-9000 1 HifAZY
Yy, ATLAEE RIG-TFIAZ H R 45 & 58 RALZE 182 (nu-
cleotide binding oligomerization domain containing 2,
NOD2), # M HIFIFEN A 3 AT HB VR & i B BT
EEVEI. SB-92001T L 44k BUIFIE HH AYRIG-13&
KM HXFWHY DNAFIWHsAgH7K - 38 R 14
FI AN HN BN, TF BAEAF 25 5 25 3 8 5 1 1)
R H, 7ESB-92003477 5 B LI RUMIA
I 7 SR IEAEEA T I I R

IR S5 PR IR- I 1 R PR IR & B (cyclic guano-
sine monophosphate-adenosine monophosphate synthase,
cGAS)H] LITUSI 40 i 25 1 Hh Y RUEEDNA, 5 Hon T
W AT R (cyclic dinucleotides, cGAMP), F-#{ 15 i
FH 173(transmembrane protein 173, TMEMI173 or
STING)#E—2BRUH, MM Se R AR S . /N,
STING# 37/ DMXAATE H W 20 g op 0] L S IFN-a/B
I SRYANME A R, DA /N BSR40 M P AT HB YV
SN ST STINGHL S ARSI b 78 I PR T
i,

22 GRS

T2 7 B IV 2 R R TR R AINA ATHB VR
SR, I 2 RME Sl B T e B T s |
T 2 B PR 2 At ot e B D e S e e 88 g 2 4 25 ) 2
B FEAE ) 7 B A A T 4 T PR FR S L
JEE S ET AN ARG 2 s B 50 e FH IR MBI T4 i
RIS YR AT PR Y, X e 25 ) G HB Vi
] e R B BUR RERCR.

221 REAEEWF A

BLIR I G % 2R G T e kA o5 o0 1. 7E12
Y BE T, HBVER TN R HB VB e 5
T OATE Y, HYURFIRE E BN T A BV
(TR 24> HB VAR T4 B 1 RE 8 S 3500l



P A

IRTC R R T4, TN A FE R 5 i v 2
{APD1, CTLA-4, TIM-3, THIIAEERE H, CD244F1
BTLAR) i B ihA 5415 5 i e 1E ik e A )
AR A 5 (41BBFIIL-12) 22 [8] iP5 1] LUK 2
TR IIRE, BRpLIARGE 10 HErE Ry, &
HB VG C e 5 T, PD-1RITIM-3Y B A A
AR B IR K, I HLS I 9 TN e 2 1 2% D)
FHET PD-1/2155:CDS TNl 7235 1) F= B il 2
&, fi HHTPD-L1AHTIABHTPD-15PD-L1AH BAEH
A BT A HB VR ST S 24435 1 g8
PEHBVECHCV /G (4 i f8 35 1 FHPD- LI i I Nivo-
lumab ), A5k E e, (R AT O
gt — 098, BTLATG 5@ Mo U5, HBVHL
JEONT SR8 200 ) 00 P S AR, S A
K T e AT B M HB VIR A S0 vk, (BT
BRI 2 MR T B — A0 A,
222 THifiER

T2 0 5 A 5 7 38 Ao 6 DR TR T 20 i LA [ 019 B
HBVIEY AT A, 58 1 HATHBV Sy g itk
HRER AL B2 M R B R I e T, AR AT L
T ERAPAE AP B HB VY, (E R [ RS T 40 M A A o
HRIVEH Canseze HE TR A sET SRR T =R .
Zoim AL TR LR IS HB VR S 52 R 1 B 1A T 41 i
DL e il FIRY T e EHBVIEY,, FlBTHBVAH G
I B IES VAT HB VA EHCC! i A4 32 14 (chi-
meric antigen receptor, CAR)A)ZEFALHE HI /MNTFRZE A
RN MRAMECREIX . BERRIA k G A2 AR i X —
AR ENT MBS SLAEME, PSS G 45 AT
A A R AR P B T AR R B R gE F T G O,
A TG R s, CARIB M T40 M 5
HB VRG240 M 1) 25 6 T L fish e 14 58 s 05 1555 LA
JA A REIPCHBY T4 24" Y, X fhr ik D& TE
HBV YR P fE 4T T — R BIE, Qg iF4n i 2
I [ HBsA g/ CAR-THI I 7] LLZe 4 %ot i Br /N U
HBVIEZL 4, M4 TAIMSZAK(T cell receptor,
TCR) T FCiE TN 25 7 B8 38 I e b SR Ik SE T
VBT T R A E . WA, 1 ATEARITIE Y/ B
WLEL R T ik CARDE T FEAL TCRAY TN i 11 41 fitd 224 fie
FAE AR ELR R AR, PR, 3207 % TYATF
HBVAHEHCCE 12 HEHB VYL BA — & 1% 7.
223 WHTHEE

PPk AR PR T HERE R B AR 1A T 2

i BIHTHBV S8 1y 22 LATH BR Bl ATHB VS 1 240 f
MRS E A e B 5, By LR a8 i
F AR, FRR B R EEEd]. B AT o BRI
PET R 2 v T R w00 Rm bR
SHHBsAgHI R AW . TAEn"  FIDNAYE
U0 3 BB 2B T S TR
GS-4774J% —Fh o B WA TIE WERESE 1, Al 3Rk
HBVHLJF(HBV X, HBsAgHIHBcAg)I i/ FCD4 Fi
CDS AR "™, TG-1050)E—FPE41IE & 7 A
PR e, " EIRZFE R DAIHBVHLF (HBcAgHIPE
1), 383 T Ibk B 40 A A T 1 28 S I B4 R B AR
F RN HBVIZ L B4 s M HBV A H1"7. ABX203
S FHHBsAgFIHBcAgE A1 1M A%, XTHBsAgHIHBcAgH
A e INO-18002 —Fh 4 HBsAg
FIHBcAgM Z I EDNAYE Y, 7EL R R T ot
F5 VAT I B T B A Bl 5 g IL- 129 INO-9112
A, DV-601 245 HBsAgHIHBcAg 51SCO-
MATRIX Ve RISE A, IR I SE F R A R
(2 AR ) HepTeell(FP-02.2) & —Flh 9
P A BRI P E T, X EEHORIE THBV IR SF 145
My, AR ERICD4A MICDS" TAEN, 2214
ANZEF 40 iR (human leukocyte antigen, HLA)S5{v J&
RIBR, 3 T2 AHBVEFE R WA G 5 2
Y I 5% 0 58 BRER 1 RITRE 248 JiE - 5 10 240 i 4 % R S 19 5
HIHBVEERT, DL &4 TFN-a2bFITL-2 (Y HB VE 1 45

3 /Iy -HBVAURRIGR ey H i ik

Bifi 25 e 38 1 B R A R R AN A R AR BT
I, BT R PR T IHUA 1 575 1 L 5 1T LA
HBVILAY). YURERLS VIR s e 2 kR B
A7 B G  al  PE AN RS R R G/ N B LK R
R EAII RS, B EEANRENREE . 4
FRaEnEE, WIMNATHEIE—HF LN EY
JEUTRUTSfei sk i 2R G A ARS8 ST T HB VIR
PepEak S I R R 5T, RO T 2
HB VIl 30 i i e s,

o R B, — 2Bl PR P BT AR B 1 25 ) RE %
VERT1E LM R R Es, DT L A2 i /e
AL F T I s (o 2 s, Sl e e
e 7 vl LI PR Hp FH T A e y6 97 i 25 9 sl o
A A 2 v ik L RERE I I HB VA= il sl e 1) 24
WINE T O HTHB VB p g 2541 ™, LIT Tt
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BRRGLRY T O T AR EZ T R B SRR EETT BRI SCHBVIAYT ik
R TR], S BERE 15 29 250 A 1 JLAS RIS A K — ZR A HTHBY 24549 (4 16 PR i1 PRI 56 1

fEE, HBV YT FIIGY T WosE XA B R . FeAl]

4 AR I B XS SR MR B B RRAT P 7 T 25

A RWMBURTER T REB ARG TN RARE  PIOERIBA, teinfd F80m 258, RN, 7etgtk L

HINFEF4Efl . FREAL L MR R AET SRR, 2 BRE DA IS HB VA Y EBAN A T g 2 HBV
EHREME R nf, FERMERSE AT ER. BEEHRANAT FERMRRE, i bxt
HAYHBV cccDNA. THIMISIE . BANMR A L. Fifi HBVEH AL B AWHER, 16 AHBVEG R R 7T HE.
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Hepatitis B virus (HBV) infection is prevalent throughout the world, with approximately 300 million people chronically
infected. HBV infection can cause acute and chronic liver hepatitis. Long-term chronic infection can increase the incidence
of liver cirrhosis and hepatocellular carcinoma (HCC). At present, there are two types of approved drugs for chronic HBV
infection: nucleos(t)ide analogs (NAs) and interferon o (IFNa), currently pegylated IFNa, (PegIFNa). Although these drugs
can inhibit viral replication and reduce the risk of liver cirrhosis and HCC, the limitations are obvious: HBV surface antigen
(HBsAg) and covalently closed circular DNA (cccDNA) pool cannot be efficiently eliminated. To overcome these
limitations, new drugs are required urgently to be designed and developed. In recent years, with the deepening of research
on HBYV, drugs targeting different targets of viral complex replication mechanisms and interactions with the host immune
system have been developed. Drugs targeting viral complex replication mechanisms include HBV entry inhibitors,
cccDNA formation and transcription inhibitors, gene editing targeting HBV DNA, HBV specific siRNAs, capsid
inhibitors, polymerase inhibitors and HBV secretion inhibitors. Entry inhibitors have been used successfully in treating
viral infections. Myrcludex B, a synthetic N-myristoylated lipopeptide derived from HBV preS1 protein, competes with the
virus for binding to the solute carrier family 10 member 1 (SLC10A1 or NTCP). This agent prevents HBV and Hepatitis D
virus (HDV) infection and in cells and animal models. cccDNA is the transcriptional template of HBV RNAs and is an
ideal target for clearing HBV. DNA ligase inhibitors, which can inhibit cccDNA formation and are being developed as
anticancer agents, may be tested for treatment of chronic HBV infection, if the side effects are tolerable. The genome
editing tool, clustered regularly interspaced short palindromic repeats associated nuclease 9 (CRISPR/Cas9), has many
innovative applications in different fields because of its potential for gene therapy. These have provided a clear proof of
concept that this approach has the potential to treat or even cure patients with chronic HBV infection. RNA interference
technology can be used to manipulate virus gene expression and may be developed for HBV treatment. HBV nucleocapsid
formation and pgRNA packaging are critical steps of viral life cycle that may be targeted by antiviral agents. Inside the viral
capsid, pgRNA is reverse transcribed into minus-strand DNA by the viral polymerase, with its terminal protein domain
acting as a primer for initiation of reverse transcription. HBV polymerase is also a good drug target. Drugs targeting the
host immune system include that stimulating the innate immune system, like IFNa, Toll-like receptor (TLR) agonists and
stimulating cytoplasmic nucleic acid sensors, and that activating an adaptive immune response, like checkpoint inhibitors,
T-cell redirection and therapeutic vaccines. IFN-based therapies are considered as immunomodulatory strategies. TLRs are
expressed either at the cell surface or on endosome membranes, where they recognize molecular patterns associated with
invading pathogens. Stimulation of TLR1, TLR2, TLR3, and TLR4 on hepatocytes has direct antiviral effects against HBV.
The RNA helicases DExD/H-box helicase 58 (DDX58, also called RIG-I) and IFN induced with helicase C domain 1
(IFTH1, also called MDAS) are RNA sensors in the cytoplasm that induce production of cytokines by activating IRF3 and
NF-kB. Activation of RIG-I induces an antiviral response against HBV. PD-1 is the inhibitory receptor expressed by most
HBYV specific T cells, so agents are in development to disrupt the interaction between PD-1 and its ligand, PD-L1. A
therapeutic vaccine against HBV needs to overcome mechanisms of HBV-specific immune tolerance. Because natural
resolution of HBV infection is accompanied by lifelong T-cell- and antibody-mediated immunity, these vaccines should
induce HBV-specific B- and T-cell immune responses. Here, we review recent advances in development of directing-acting
antiviral (DAA), host-targeting agents and immunomodulatory therapies. Some of which have entered clinical trials. We
also discuss strategies for unbiased high-throughput screens to identify compounds that inhibit HBV and for repurposing
existing drugs.
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