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Figure1. HBV life cycle and main classes of antiviralsin development.
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FLE) HBV YA . 2358 976 B e e BR 2 1
(HBIG)Z/EH T HBV K Hi#i )5 (hepatitis B surface
antigen, HBsSAQ)MZ wapEprik, AEME L BH W 1m
BB Ah 2K X5 40 3 T Y B R £ TR R R
1 22 WA A R T A0 HBY X JFF 4t it 7 Wi
M, ©Rihn T O R AR BRI, A 05T
FW HBIG fgfe — e B bl R/ N BN
CHB & fLiEH 1) HBV DNA F1 HBV FiiHi)5
7K,

AL, — Rl R IR A BT A (GL2) X
S % FHA H MRS R R AN T e B PR
BRI 775 P HBSAg /KM, BRilt, Li S 4i3E T —
FAEAT preSL XA TEREDTIA, ] = AL RHLI
HBV 54 R et 2 kg &, NimEA
R R ATENE ;. X —PUARREE AR FRG /)
RS R B B 8, (2 R ReA il 2 &
HEATFREE HBY By, Wit —at™,

& K Myrcludex-B 7] 5 HBV-preS1 i 4+
454 NTCP, M| HBV #EA R4l . 76 A
A/ INEUBEL | Myrcludex-B W BE S ] £ ek
L IFZHLN HBY ARG 10, T HLAE s 40
250l LA AN AFARL N cocDNA K 22
O TG R TUBIPEAS , $di s iz 25 BAT AT
FRIT 2k 22 4k 7 MR — e ¥R E NTCP
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WFFEARGE, 72046 HepRG Fl ST 41 A 7L
RIRTHER o (IFNa)FHEFEER p ZH(LTPR)M
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BERR S, IR SR, X — e —
SEFERE PR T AR A M 5 % Jr EBR cccDNA 1)
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cccDNA (A4 d LR, AN, 2o
FIFFEAIT 5 285 cocDNA i S A% R i ek
R E T A A% R TN D) S 1% R 2 i b % A
cccDNAM? | fiff CRISPR/Cas9 Z4:123Y | ik
RiBREE(ZFNS)® > | K7 FE R A i (meganucl ease) |
S ST AL BRI (TALENS) 125 sk, H Al
%éﬁiﬁ&ﬂiﬁmﬁﬁE@Hﬁﬁﬁéﬁ@%ﬂ@%é%iﬁﬁ
RS ) A BRI S R BR , T3 Rtk — 2B 5 2%
1.3 HEEHEE mMRNA

L EERATR | RERT RNA T3 (RNAI#R AT
PLEE ) HBV mRNA . J SCBE A% T R 3 2K 5

RNase H i, HuiA MRy AlGKRLE:, 0
IONIS-HBVRX/IONIS-HBV-LRX®Y, i RNAI /&
5 B OUEE/N RNA [f34E/N T4 RNA(SIRNA)FIf
/I RNA (microRNA)]5 & [ [R] 5 mRNA 553504 5
PERERR IO BIZ Y, T SIRNA T8 5 D 45
Sk %‘&i‘r@;u&iﬁﬁﬂé%%&iﬁéﬁ*ﬂr%&ﬁ
FEH AR TS . BT, A 5FF SRNA 43
FIEFEIG RIS, A1 45 ARB-1467/ARB-1740 (5]
H http://investor.arbutusbio.com/rel easedetail .cfm?
Releasel D=1022375) . ALN-HBV . RGB004\ARO-
HBV (% 1).

1§t HBV EHIE A

Table1l. New drugstarget the replication cycle of HBV
R Stage of Clinical Trials.gov
Classification Drug name de?/il opment _ identifier 9 Company
Entry inhibitors Myrcludex-B IIb NCT02888106 Hepatera Ltd
Antisense molecules IONIS-HBVgx/IONIS-HBV-Lgx Il Il NCT02981602/ GSK
NCT03020745
siRNAs ARB-1467 IIb NCT02631096 Arbutus Biopharma
siRNAs ARB-1740 I Noidentifier found  Arbutus Biopharma
siRNAs ALN-HBV /1 NCT02826018 Alnylam Pharmaceuticals
SiRNAs RG6004 (HBV LNA) /1 No identifier found Roche
SiRNAs ARO-HBV /1 NCT03365947 Arrowhead Pharmaceuticals
SiRNAs Hepbarna (BB-HB-331) Preclinical  Noidentifier found Benitec
siRNAs Lunar-HBV Preclinical No identifier found Arcturus
TDF Pro drugs TXL (CMX-157) I NCT02710604 ContraVir Pharmaceuticals
Capsid inhibitors NVR 3-778 11 NCT03125213 Janssen
Capsid inhibitors Morphothiadin (GLS-4) 1I NCT03638076 HEC Pharma, PR China
Capsid inhibitors AlIC 649 I No identifier found AiCuris
Capsid inhibitors JINJ56136379 I No identifier found Janssen
Capsid inhibitors ABI-HO0731 I NCT03577171/ Assembly Biosciences
NCT03576066
Capsid inhibitors AB-423 I No identifier found Arbutus Biopharma
Capsid inhibitors EP-027367 Preclinical  Noidentifier found Enanta Pharmaceuticals
HBsAg inhibitors REP-2139 I NCT02646189/ Replicor
NCT02233075/
NCT02726789/
NCT02565719
HBsAg inhibitors REP-2165 II NCT02565719 Replicor
Ribonuclease H inhibitors  RNaseH Inhibitor Preclinical Noidentifier found  Arbutus Biopharma

Remarks: Data from Hepatitis B Foundation and Clinical Trials.
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ARC520 /& Arrowhead /A FIHF & F)—Fh £ &
HHiPT HBV sIRNA 254, RERSFEAR O Fhk[H#Y
HBV #3791 . ARC520 7] i FAR R IR 1A
HBV RNA. DNA ##EE /K-, 1 HBeAg [
s A P iOR By 2 R R T IR 2
W, ARC520 5 NAs B REME I & P MG 2 T
BFH MG HBsAg il HBeAg /K™, 14h,
ARC-520 T LIEidc HBV 9 T 4if ),
ARC-521 J&45 — /% siRNA, 1] [a]IsH/E F T cccDNA
AT AR B H BE DNA %55 mRNA 724,
i T B HBsAQ 5% sl i BolE & 1918 1 2
B & (355 B . http://irarrowheadpharma.com/
rel easedetail.cfm?Releasel D=967823) , A AT,
M P AT i EXL IR AR R KBS h k17
FIFEPLA AT B T SET- 4, ARC-520 IEFE#E
731 T b A PRIFFE 4 FDA B

ALN-HBV 3= 2] A4 K RS L2 By 28 i
ALY SIRNA L 7E AAV-HBV % S/ B % &2
VESF =4, FHEEN 3 mg/kg, HBsAgQ /KFF45 T
K7 2.9 logi, FfHARKF-4i4: T 100 d (FdhE51

H : http://www.alnylam.com/web/assets ALN-HBV _

AASLD_111515.pdf ). 1Ak, FEFRIEREASIIG 4,
BB, 9T 555 60 K HBSAQ FH R T
2 logye (Fa#E51 A : http://www.alnylam.com/web/
assets/ALN-HBV_RNAi_Roundtable 072815.pdf).
HAR SRNA #16] HBV ZCR %, (BARALE
FEA R EARXE S o 4N SIRNA #EANLIASS
A RESS AR KRR e R Ge, 5 R RPEAH M
AR IR G R TR RN, BRIz 4,
AL RY] SIRNA FIRES S5 MR miRNA HLHI
TERFRFR, TEP— Do FHRITRN: 58
Z I A s, DAZINR Bk B e d O A ROR
RIS BEAR 22 42 0] HoKs 2 Wiz ik = FE AN, SRNA

TS HIE R 25 A it v B8 H BB IR 42
14 SHEH (R)ELY

H R IER—Z697 254 NAs Fe K1) JR B4 2
KNGS Zy - AR 250k . T s lRiX —dk i, 17F
ZMALH) NAs IEZEIG RBESE

Bt B 0B o\ B B (Tenofovir
aafenamide fumarate, TAF) &#— LRI B LRSS
Hi & (Tenofovir disoproxil fumarate, TDF)244, H:
TE MR AN T B ANESE , PUWEEAREE 52, TAF
HF¥ 02— TDF gy, Binlsisly
TDF MRIPUR TS TR R EIVE R FRRR, &8
OGS B S A R A, BRI B A XU
LT R A £ 5 5 /NS 55 AT I A 56 1)
KEBMZ, nEBIGEREE", B, TAF 2
225 FDA GAIE, A9 8 CBIFRIG YT )
—Z 2,

DUV 5 55 (Besifovir) & — Fil 55 B 1848 = BR 25
LR B IRPT HBV 254 I 2 2R Z v s
R LB, RV FIR B, Hins
IR A R HBeAg 3Ry ETV
MTCH 225, HoRAEM 2y, R, DIPEHE
T — TG YRR 2 2 S BUA N A SR T
K, HALLE BN T A IE . HHEr, D7
B IEFESA TG AR GRS, BRI RIOTT A B
WAy, (B BERAL T2,

1.5 MHIBARTHRE

BA5c /& reDNA &R, 78 HBV & i
A, ARSI R B R A S0 TR, W]
PR ot A rh A o BE SR DA BT, X O 1Y
VEFIX TR 5 (b1 HoA S fE AU SR o i
BERE AL A P (U AT-130 . AT-61 55 )id i 2 48 HBV
ARSEER PR A3 A 454105 NTTBE - RNA HE AR
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KeW . W AT E (GLS-4) 2 —Fh — AW IE
HK(HAPS)ZY), I RRASE AR, AT
Tl HBV A4 il K B2 2 ks ey = A 15550 |
Xt NAS it 2955 2 FR 354 B £ S, 55 4h,
A5 RN HAPs g5 cccDNA AYEEE TR,
NVR3-778 1F 2.0 S, W Res BT
AR, ImK 1 biXEess R, NVR3-778 HAY
R 2, BRIk CHB H.# HBV DNA K
A HBeAg /KF-, H-5 PEG-IFN-a 5 AYERA
TR SmE GEUE (NZ-4) 32 50 3 32 ) HBV %
D C RImYss 150-152 MAEZERR, 5% HBV
TREEURLI S8 28 | TR A S 2 BE IR 9 25 2o
TRURE, DT SELRHR 2 14 1 A 0,
1.6 M ZBFRIKRFERE DU (HBsAQ)
HBsAg MK EAFTESE FEMYERHEPE HBY
SR YL B e 22 Y E RN, HBsAQ BHFE
N 2 B A e U F AR SR
H ETRIRTT 259 7 23S HBsAg B . JF
R B AT R T I BR B 2 R HBSAG T 254
EIR SR ORI IRIG AR
HRTIGIRBF I Uk Rty HBsAg Al & —
MR E AW (nucleic acid polymer, NAP), HATT™
TEPUR BRI T, Hr B BEAN ] HBsAQ 1 43118001
TEME AR & B NAP REP 2055 fE % 1L 1 [
HBsAg, [FIETHI-HBs /K472 7, HAEH4ii
HroG: I AS E15 240 57 REP2139-Ca J2: REP2055
2RI, P HUREERE AR Y, (AR R
e, HAE I E IR 3 HBY RNA 7K,
fHSEXF HBV-RNA (/R FIHLG 4 A A5 Jnloeed . =
TRE & B ke AR SR PEAL T REP2055 FRLT L K
REP2139-Ca Bk ffl PEG-IFNa/ETV X8 2 i i 1
M 32 PERGUR RERON O™, 45 R, NAPBEG
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—2, —IFEAL X B S (NCT02565719) 45 i 4k
. NAPs /- 3:191M7% HBsAQ 15 B -5 5% 2 iK1
WA VIRIOG, ELEE /KP4 T IF A 5 I
NRE, PRFE AN T 2 T BRI A Y A
SR o [ 2 3 NAP A3 1) HBsAQ 1 B3 17
peg-IFNo. 1936 J7 3R (BHiE 51 A - hitp://replicor.
com/wp-content/upl oads/2016/11/Replicor-REP-401-
AASLD-2016-LB-7.pdf, http://replicor.com/wp-content/

uploads/2017/04/REP-401-EASL-2017-FINAL-THU-
154.pdf ),

I, FRATTAT ARG ) —FhEE X HBsAgQ HR. 5w
GAR(EBFE), 44T HBV 5L /N BB ) & i
E6F6 I BT s AL . THEEA M0 HBsAg 7K
F1 HBV DNA /K-, HA i 5 2 iof (] < A 5508 2
Ao E6F6 PR FEEEA W IRITAEN . H
— PR TRMER, EE TN
HepaRG/HBV & YL Afi ffu i3 71 A1 3 F FRG /MR
JHF% 5 /I B (HU-FRG) K P J2 e 45 Y v IR 52 1
E6F6 A #4BHIKT HBV JERYLHT4if, BN C &
YL HBV 9 Hu-FRG /IR, EBF6 JAIT 1R k!
FNHH GG R HUAN T RS
SRERIEBRIEA, M H HBV #E 3L/, St
TR F KR 51 HBV #5457 /N B (HDI-HBV) Al
HBV 4L Hu-FRG /N 4IRS B3] E6F6 1A
7 B AT 5290 %F HBSAQ/HBY DNA £k 20d L) |1
Fremil, JFH£% E6F6 16I7 R E 1w
HDI-HBV /M PBMC H HBV FE5PE T 41 ffd HL 6]
W] E6F6 A7 BERR /301 e fid X HBV (1% fe iz i
%o WFFEIESS E6F6 A3/ HBV ViR 32
FeyRs 434 W40 1 (4 Neutrophil . Macrophage
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A6 )X 9 1 R BRI A7 WA 2T . EBF6
) 22 1 Uk 1 09 25 AT I 35 R IR = 2 B W g
(diethylnitrosamine, DEN)i% S HBV FE(#/)\
B 2 R

2 HEET

FEIEGL 2] HBV (R BRAKIALIA 1 st 175
Kz SRELN T MRS SR, etk
YRR, T R RN SR MR
GYUh L 6 TR G S AN TS AS L RN BT DRk 5 AN )
BB | o f2e 0 ) 240 A P b f3) I 3 25 R 3R T ol
PEMH Z RS KB HBV FR5E T 41 i B e
RMIIBEZ B I, F AR A5 40 M (NK) FTA 5
RN A (DC) 55 K AR fou 28 41 L ) ) Bt 2 R Ry T
TR, B AN G BT HLA SR =
A5 RO B ) i R ST
21 WEREAREDIEE

VE R MUATLG R e (5 —B Bk, 114 %
SE RGP R AR . IS, O
Je BN R AIHUIRG B G Y o e R A B e I
e A P R R Y SRR
2.1.1 Toll #3Z2{k(Toll-like receptor, TLR)EZ)
#M: TLRs & —REEM RRGEN LT, B35
WU ZFI SR AR DG o TR, BT X AR
JER I IR 2, R ARAGIE S N, ik
KIRGIE R G RAASE Gy RGO RO SR,
VFZUEE R HBV AT TLRs Ay FA el TLR
(M S, Mk TLR A SRR AR Gz i,

GS-9620 2 —F F IRk TLR7 s, A%
S (B BN, AR SRR HBV SR A v 1Y
o7 AT DA S 300 B 6 KA i 9 2 a2E IFN-a f9 7™
A0 A -4k B BAIE, 255 88 GS-9620

REAS A A I AR RS HBY DNA, - [m] s %t
cccDNA WA VERIEY, tedh, —IFEENLN I | XUE
HIIG R BFFE R, GS-9620 2 AH X224 FITi 32 (Y,
% GS-9620 iAJ7 CHB M I AL S| HBsAg
1 HBV DNA f22 T FE, HAME M T4 = H)
WL N 15(1SG15)%ik FiH, HEFELERE, B
A% 25 IEAESEA T I IR 11355

RG-7795 &5 A H ik TLR7 #zhil, &I
WA F TR HOVEA, ARTE 8% KA F T
Pt HBV ByBSE, #EAGIR I
2.2 WREENL MR TIRE

NP N, UHGE T A A0 40
B g N AR T HBV i & i 518 2 I ik
e EE,
221 JRITHERER . TEIE OIS, ARUNHT
PRA T A SN TR B R IERR B OCE S, [H2
TEAS PRI R T A0 I FE s 3 350 15 Ok
BRI SRS T —Fh I TR S Sl
R, EA BT HBY FEbil, fili CHB & s
ARG, FIRCPEmN 32, 38 AR sl I E R
WA, FR IR ANE bR, RENGIT B,

H AT SR P i AR B 2
FALIRIERETT . DNA 8 F1 DCsFE I 55 VRIT
PERETEFE S AR | BoR R AFRRCR, AT DL
SUN7 A S I N R R VA S A O (P
e AR 0 25 SR AN AR A BRI h i B
PRGN REBEY, N ILsesh T NUCS, 75k
WAV i 28 e B N L D 67 7 R ity B eIy
JPPERET, ATREA RIS T A0EHRAmS A
SR, 7E—I0 1 /1Im KI5 s, DNA Sk
FH NASFH A FAR NAS {524 Ji5 & K% XU DL Sk &2
PURRE SN I, WS HBV 455k

http://journals.im.ac.cn/actamicrocn



1444

Jinwel Zheng et a. | Acta Microbiologica Sinica, 2019, 59(8)

AN S N A SR, R AE KL RS R], &R
S YRS B R 3 R TP R AR R (R, W] REYRYT
PEE T T BB A TS A k] . Rz R sh )
BT A R A R R AR A

HAA 2006  r e b Fis R 17111, 4
$5 GS4774°9 | TG10501%% . DV6011%045: (3 2),
222 SR RMFIFNEST : 76 CHB YL 2
H1, HBV 45 CD8" T it £ L}y PD-1.CTLA-4,

Lag-3. Tim-3, CD244 451Uy ity i /311
2RI o HRRE RS e A T A RV o g B DRy 410 £
TR OREE(F SRR E HBY stk CD8™ T
A ALY LI RE o

B X e A e 8 PR ) TSR AR VR YT R
R REWE TR a8k BT 24 PD-1 7%
E A 3 A4S PD-L1 7 5B, AE HBV R8s iy
/NFRBERL R R B, 1T PD-1 PR RE TR AT i 5

®2 HEGEAHHY
Table2. Novel immunomodulatory drugs

Classification Drug name Mechanism Stage of Company .Cl 'n cal Trials.gov
development identifier
Innate immune defense pathway GS9620 TLR-7 agonist II Gilead NCT02166047/
NCT02579382
Innate immune defense pathway RO6864018 TLR-7 agonist 1I Roche NCT02391805
(RG7795 ANAT73)
Innate immune defense pathway GS9688 TLR-8 agonist II Gilead NCT03491553/
NCT03615066
Innate immune defense pathway Inarigivir RIG-1and NOD2 agonist I Spring Bank NCT02751996/
(SB9200) Pharmaceuticals NCT03434353
Innate immune defense pathway ABX-203 NK receptor agonist I Abivax NCT02249988
Therapeutic vaccine TG-1050 Vaccine technology usedto 1/1b Transgene NCT02428400
Therapeutic vaccine DV-601 stimulate the immune Ib Dynavax NCT01023230
Therapeutic vaccine HB-110 System as atreatment 1l Genexine NCT01813487
Therapeutic vaccine GS-4774 II Gilead NCT01943799/
NCT02174276
Therapeutic vaccine HepTcell I Altimmune NCT02496897
Therapeutic vaccine INO-1800 I Inovio NCT02431312
Pharmaceuticals
Therapeutic vaccine TomegaVax HBV Preclinical TomegaVax No identifier found
Therapeutic vaccine MVA-VLP Preclinical GeoVax Labs  No identifier found
Host acting pathway EY POO1 FXR agonist I Enyo Pharma  NCT03272009
Host acting pathway APG-1387 Apotosis inducer I Ascentage NCT03585322
Pharma, China
Host acting pathway CRV 431 Ciclofillin inhibitor I ContraVir NCT03596697
(CPI 431-32)
Gene editing EBT106 CRISPR/Cas Preclinical  Excision No identifier found
Biotherapeutics
Gene editing HBV Preclinical  Intellia No identifier found
Therapeutics
Other GC1102 HBsAg monoclonal antibody 11 Green Cross NCT03519113
Other LTCR-H2-1 T cell immunotherapy Preclinical Lion TCR No identifier found

Remarks: Data from Hepatitis B Foundation and Clinical Trials.

actamicro@im.ac.cn



A% | A4k, 2019, 59(8)

1445

THW T kA RS R, [FIRAE— & fE
3B HBVE 7 4k B 21 A e B v R 1R
FELIT PD-1/PD-L1 i@ %, #E—Pk4A ETV A1 DNA
FEWT, W WA R R R T 4HML) B BE L KRt
95 B A2 T SCBLRFLE I Gy 0, 534, M CHB
BE B CD8T T 4 L A BHIBT A [7) 46 2
T SZ AR B RN , 4955 PD-1. 2B4, CLTA-4, Tim-3
M BTLA, 258 &R, i PD-1 > FKE fyE Uke
HOR RS HATE A I R R PD-1 Hiikse
YRR Ry, O AT SCER B .
223 HBV Rk T 4. o5 ob— Pk g L
o7 FE IR G SR s 1 CHB HR B A PN iy AR Akt
M E R HBV 55 T 4, 2 fhin Aoz 4k
T 4L (CAR-T) Rl #ik HBV FRE T 41z ik
) T 4(TCR-T)®, TCR-T 4 A A RA
BIBCRBYRE ST, (HE EAAAE— & BB BRI T e
(N, an HLA BRI DL TCR ARSE R AT .
CAR-T 1] IYE—EFEE il A Bl . Bk
FIAI7 AR CAR-T J7 A B4 B, X
¥4 CAR-T QUi R B A, R CAR-T Jrik
78 H LR TR TT H BUAS BAF RO, (HR 2 ek
AT R O R, — 7T, AN RS
fIE(CRS), 7 —Jrifi, id3ik CAR B(# TCR 774
WG SR BE BRI R A T, AT RE B
T35 2 i 7 A A A B AR 1 it AL B

3 RZ

F R~ 5 2 20 & Y T 4 o 2 69 A= i Jo 0T A
T HOATRARER , KL HBV A= i Ji 1145 4>
A5 BRI BT 75 24 1) LE AR BEA T i RIDHS R A I PRI
5, QAR AIIRIR R AR e R
B BEHIM RG] | AT AR TR HBsAg 73 M

W BRI, BB B ATy SR s LA ) W7 >R P o] A 5 s
S AL 9 245 9 B R SE LR I O P T RE MR A
MRIEEE T, FEXLEIEEH RIHTZ H, TAF 4
BT NAs Z525) ORI/ TR RR AU 76 5 I
HHE AR RN, H Anti-HBV {5 TDF
FFE I 325 5 . Myrcludex-B 48 AL 130 ] LA
AT HBV BAE 46 AL, (HA] ge oIk bR
FEAER) HBV . B4/ cccDNA #A hy Jt A vl RETH
B HBV [9IRY7 %, {HH X cccDNA JEA . 4k
R S B A= 2 DL G AN 58 i R R S )
cccDNA H/NrF 25T Be A ARk HBV 2 &
JRIGE LT, BLAl, B X HBV 85 G i &
DL AR, DU B8O T itk 4 e )
REREAT L BRI, LAFT i HBV S il 52 £ i i
H ANt-HBV Gy Ly 2R S 1) SR 1R YT SR s )
RERL TR A . 5% HCV DAA 24 i i
Sy, ZiRiE. 2. 224G KT HBY 1Y
VAL, A5G REEIRTT R AT BRI SE B
HBV B YL HRIA I E BLIR AR

Z % 3 W

[1] Durantel D, Zoulim F. New antiviral targets for innovative
treatment concepts for hepatitis B virus and hepatitis delta
virus. Journal of Hepatology, 2016, 64(S1): S117-S131.

[2] Frenette CT, Gish RG. Editorial: To “be” or not to “be”: that is
the question. The American Journal of Gastroenterology,
2009, 104(8): 1948-1952.

[3] Moucari R, Lada O, Marcellin P. Chronic hepatitis B: back to
the future with HBsAg. Expert Review of Anti-Infective
Therapy, 2009, 7(6): 633-636.

[4] Revill P, Locarnini S. Antiviral strategies to eliminate
hepatitis B virus covalently closed circular DNA (cccDNA).
Current Opinion in Pharmacology, 2016, 30: 144-150.

[5] Trépo C, Chan HLY, Lok A. Hepatitis B virus infection. The
Lancet, 2014, 384(9959): 2053—-2063.

[6] Gish RG, Given BD, Lai CL, Locarnini SA, Lau JYN, Lewis
DL, Schluep T. Chronic hepatitis B: Virology, natural history,

http://journals.im.ac.cn/actamicrocn



1446

Jinwel Zheng et a. | Acta Microbiologica Sinica, 2019, 59(8)

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

current management and a glimpse at future opportunities.
Antiviral Research, 2015, 121: 47-58.

Marcellin B, Ahn SH, Ma XL, Caruntu FA, Tak WY, Elkashab
M, Chuang WL, Lim SG, Tabak F, Mehta R, Petersen J, Foster
GR, Lou LL, Martins EB, Dinh P, Lin LJ, Corsa A,
Charuworn P, Subramanian GM, Reiser H, Reesink HW, Fung
S, Strasser SI, Trinh H, Buti M, Gaeta GB, Hui AJ,
Papatheodoridis G, Flisiak R, Chan HLY. Combination of
tenofovir disoproxil fumarate and peginterferon a-2a increases
loss of hepatitis B surface antigen in patients with chronic
hepatitis B. Gastroenterology, 2016, 150(1): 134-144.e10.

Lin CL, Kao JH. Perspectives and control of hepatitis B virus
infection in Taiwan. Journal of the Formosan Medical
Association, 2015, 114(10): 901-909.

Yan H, Zhong GC, Xu GW, He WH, Jing ZY, Gao ZC, Huang
Y, Qi YH, Peng B, Wang HM, Fu LR, Song M, Chen P, Gao
WQ, Ren BJ, Sun YY, Ca T, Feng XF, Sui JH, Li WH.
Sodium
functional receptor for human hepatitis B and D virus. elLife,
2012, 1: e00049.

Verrier ER, Colpitts CC, Sureau C, Baumert TF. Hepatitis B
virus receptors and molecular drug targets. Hepatology
International, 2016, 10(4): 567-573.

Urban S, Bartenschlager R, Kubitz R, Zoulim F. Strategies to
inhibit entry of HBV and HDV
Gastroenterology, 2014, 147(1): 48-64.

Tsuge M, Hiraga N, Uchida T, Kan H, Miyaki E, Masaki K,
Ono A, Nakahara T, Abe-Chayama H, Zhang YZ, Naswa MG,
Kawaoka T, Miki D, Imamura M, Kawakami Y, Aikata H,
Ochi H, Hayes NC, Chayama K. Antiviral effects of anti-HBs
immunoglobulin and vaccine on HBs antigen seroclearance

taurocholate cotransporting polypeptide is a

into hepatocytes.

for chronic hepatitis B infection. Journal of Gastroenterology,
2016, 51(11): 1073-1080.

Lempp FA, Urban S. Inhibitors of hepatitis B virus attachment
and entry. Intervirology, 2014, 57(3/4): 151-157.

Wang W, SunLN, Li TS, MaYC, Li JS, LiuY, Li M, Wang L,
Li C, Xie YH, Wen YM, Liang MF, Chen L, Tong SP. A
human monoclonal antibody against small envelope protein of
hepatitis B virus with potent neutralization effect. mAbs,
2016, 8(3): 468—477.

Li D, He WH, Liu XM, Zheng SD, Qi YH, Li HY, Mao FF,
Liu J, Sun YY, Pan LJ, Du KX, Ye KQ, Li WH, Sui JH. A
potent human neutralizing antibody Fc-dependently reduces
established HBV infections. eLife, 2017, 6: €26738.

Volz T, Allweiss L, MBarek MB, Warlich M, Lohse AW,

actamicro@im.ac.cn

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Pollok JM, Alexandrov A, Urban S, Petersen J, Ltgehetmann
M, Dandri M. The entry inhibitor Myrcludex-B efficiently
blocks intrahepatic virus spreading in humanized mice
previously infected with hepatitis B virus. Journal of
Hepatology, 2013, 58(5): 861-867.

Bogomolov P, Alexandrov A, Voronkova N, Macievich M,
Kokina K, Petrachenkova M, Lehr T, Lempp FA, Wedemeyer
H, Haag M, Schwab M, Haefeli WE, Blank A, Urban S.
Treatment of chronic hepatitis D with the entry inhibitor
myrcludex B: First results of a phase Ib/lla study. Journal of
Hepatology, 2016, 65(3): 490-498.

Watashi K, Sluder A, Daito T, Matsunaga S, Ryo A, Nagamori
S, lwamoto M, Nakgima S, Tsukuda S, Borroto-Esoda K,
Sugiyama M, Tanaka Y, Kanai Y, Kusuhara H, Mizokami M,
Wakita T. Cyclosporin A and its analogs inhibit hepatitis B
virus entry into cultured hepatocytes through targeting a
membrane transporter, sodium taurocholate cotransporting
polypeptide (NTCP). Hepatology, 2014, 59(5): 1726-1737.
Lucifora J, Esser K, Protzer U. Ezetimibe blocks hepatitis B
virus infection after virus uptake into hepatocytes. Antiviral
Research, 2013, 97(2): 195-197.

Nassal M. HBV cccDNA: viral persistence reservoir and key
obstacle for a cure of chronic hepatitis B. Gut, 2015, 64(12):
1972-1984.

Cai DW, Mills C, Yu WQ, Yan R, Aldrich CE, Saputelli JR,
Mason WS, Xu XD, Guo JT, Block TM, Cuconati A, Guo HT.
Identification of disubstituted sulfonamide compounds as
specific inhibitors of hepatitis B virus covalently closed
circular DNA
Chemotherapy, 2012, 56(8): 4277-4288.

Pollicino T, Belloni L, Raffa G, Pediconi N, Squadrito G,
Raimondo G, Levrero M. Hepatitis B virus replication is

formation. Antimicrobial Agents and

regulated by the acetylation status of hepatitis B Virus
cccDNA-bound H3 and H4 histones. Gastroenterology, 2006,
130(3): 823-837.

Tropberger P, Mercier A, Robinson M, Zhong WD, Ganem
DE, Holdorf M. Mapping of histone modificationsin episomal
HBV cccDNA uncovers an unusual chromatin organization
amenable to epigenetic manipulation. Proceedings of the
National Academy of Sciences of the United Sates of
America, 2015, 112(42): E5715-E5724.

Belloni L, Allweiss L, Guerrieri F, Pediconi N, Volz T,
Pollicino T, Petersen J, Raimondo G, Dandri M, Levrero M.
IFN-o inhibits HBV transcription and replication in cell
culture and in humanized mice by targeting the epigenetic



A% | A4k, 2019, 59(8)

1447

[25]

(26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

regulation of the nuclear cccDNA minichromosome. The
Journal of Clinical Investigation, 2012, 122(2): 529-537.
Lucifora J, Protzer U. Attacking hepatitis B virus
cccDNA-The holy grail to hepatitis B cure. Journal of
Hepatology, 2016, 64(S1): S41-48.

Lucifora J, Xia YC, Reisinger F, Zhang K, Stadler D, Cheng
XM, Sprinzl MF, Koppensteiner H, Makowska Z, Volz T,
Remouchamps C, Chou WM, Thasler WE, Huser N, Durantel
D, Liang TJ, Mink C, Heim MH, Browning JL, Dejardin E,
Dandri M, Schindler M, Heikenwalder M, Protzer U. Specific
and nonhepatotoxic degradation of nuclear hepatitis B virus
cccDNA. cience, 2014, 343(6176): 1221-1228.

Chisari FV, Mason WS, Seeger C. Comment on “ Specific and
nonhepatotoxic degradation of nuclear hepatitis B virus
cccDNA”. Science, 2014, 344(6189): 1237.

XiaYC, Stadler D, Lucifora J, Reisinger F, Webb D, Hosel M,
Michler T, Wisskirchen K, Cheng XM, Zhang K, Chou WM,
Wettengel JM, Malo A, Bohne F, Hoffmann D, Eyer F,
Thimme R, Falk CS, Thasler WE, Heikenwalder M, Protzer
U. Interferon-y and tumor necrosis factor-a. produced by T
cells reduce the HBV persistence form, cccDNA, without
cytolysis. Gastroenterology, 2016, 150(1): 194—205.

Kennedy EM, Kornepati AVR, Cullen BR. Targeting hepatitis
B virus cccDNA using CRISPR/Cas9. Antiviral Research,
2015, 123: 188-192.

Seeger C, Sohn JA. Targeting hepatitis B virus with
CRISPR/Cas9. Molecular Therapy Nucleic Acids, 2014, 3:
e216.

Seeger C, Sohn JA. Complete spectrum  of
CRISPR/Cas9-induced mutations on HBV  cccDNA.
Molecular Therapy, 2016, 24(7): 1258-1266.

Zimmerman KA, Fischer KP, Joyce MA, Tyrrell DLJ. Zinc
finger proteins designed to specifically target duck hepatitis B
closed circular DNA inhibit
transcription in tissue culture. Journal of Virology, 2008,
82(16): 8013-8021.

Cradick TJ, Keck K, Bradshaw S, Jamieson AC, McCaffrey
AP. Zinc-finger nucleases as a novel therapeutic strategy for

virus covalently viral

targeting hepatitis B virus DNAs. Molecular Therapy, 2010,
18(5): 947-954.

Chen JL, Zhang W, Lin JY, Wang F, Wu M, Chen CC, Zheng
Y, Peng XH, Li JH, Yuan ZH. An efficient antiviral strategy
for targeting hepatitis B virus genome using transcription
activator-like effector nucleases. Molecular Therapy, 2014,
22(2): 303-311.

[39]

(36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Bloom K, Ely A, Mussolino C, Cathomen T, Arbuthnot P.
Inactivation of hepatitis B virus replication in cultured cells
and in vivo with engineered transcription activator-like
effector 2013, 21(10):
1889-1897.

Urnov F. Genome editing: The domestication of Cas9. Nature,
2016, 529(7587): 468-469.

Nelson CE, Hakim CH, Ousterout DG, Thakore PI, Moreb
EA, Castellanos Rivera RM, Madhavan S, Pan XF, Ran FA,
Yan WX, Asokan A, Zhang F, Duan DS, Gersbach CA. In vivo
genome editing improves muscle function in a mouse model
of Duchenne muscular dystrophy. Science, 2016, 351(6271):
403-407.

Schaefer KA, Wu WH, Colgan DF, Tsang SH, Bassuk AG,
Mahagjan VB. Unexpected mutations after CRISPR-Cas9
editing in vivo. Nature Methods, 2017, 14(6): 547-548.
Billioud G, Kruse RL, Carrillo M, Whitten—Bauer C, Gao DC,
Kim A, Chen L, McCaleb ML, Crosby JR, Hamatake R, Hong
Z, Garaigorta U, Swayze E, Bissig KD, Wieland S. In vivo
reduction of hepatitis B virus antigenemia and viremia by

nucleases. Molecular Therapy,

antisense oligonucleotides. Journal of Hepatology, 2016,
64(4): 781-789.

Pan JQ, Tong SM, Kang L, Tang J. New anti-hepatitis B virus
drugs under development and evaluation. Current Opinion in
Infectious Diseases, 2016, 29(6): 632—638.

Gish RG, Yuen MF, Chan HLY, Given BD, Lai CL, Locarnini
SA, Lau JYN, Wooddell CI, Schluep T, Lewis DL. Synthetic
RNAI triggers and their use in chronic hepatitis B therapies
with curative intent. Antiviral Research, 2015, 121: 97-108.
Xu Z, Chavez D, Guerra B, Littlejohn M, Peterson R,
Locarnini S, Gish R, Anzalone C, Kanner S, Goetzmann J,
Lanford R, Lewis D, Wooddell C. Treatment of chronically
HBV-infected chimpanzees with RNA interference therapeutic
ARC-520 LED to potent reduction of viral MRNA, DNA and
proteins without observed drug
Hepatology, 2016, 64(S2): S398.
Wooddell CI, Rozema DB, Hossbach M, John M, Hamilton
HL, Chu QL, Hegge JO, Klein JJ, Wakefield DH, Oropeza
CE, Deckert J, Roehl |, Jahn-Hofmann K, Hadwiger P,
Vornlocher HP, McLachlan A, Lewis DL. Hepatocyte-targeted
RNAIi therapeutics for the treatment of chronic hepatitis B
virus infection. Molecular Therapy, 2013, 21(5): 973-985.
Yuen MF, Chan HLY, Liu K, Given B, Schluep T, Hamilton J,
Lai CL, Locarnini SA, Lau JYN, Ferrari C, Gish RG. Effective
inhibition of cccDNA derived mRNA/viral antigens and

resistance. Journal of

http://journals.im.ac.cn/actamicrocn



1448

Jinwel Zheng et a. | Acta Microbiologica Sinica, 2019, 59(8)

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

tolerability with ARC-520[J]. Hepatology International, 2016, 10
(Suppl 1): 1. DOI: https://doi.org/10.1007/s12072-016-9707-8
Ferrari C. HBV and the immune response. Liver International,
2015, 35(S1): 121-128.

Meng ZJ, Lu MJ. RNA interference-induced innate immunity,
off-target effect, or immune adjuvant? Frontiers in
Immunology, 2017, 8: 331.

Scott LJ, Chan HLY. Tenofovir alafenamide: a review in
chronic hepatitis B. Drugs, 2017, 77(9): 1017-1028.

Buti M, Gane E, Seto WK, Chan HLY, Chuang WL,
Stepanova T, Hui AJ, Lim YS, Mehta R, Janssen HLA,
Acharya SK, Flaherty JF, Massetto B, Cathcart AL, Kim K,
Gaggar A, Subramanian GM, McHutchison JG, Pan CQ,

Brunetto M, lzumi N, Marcellin P, GS-US-320-0108
Investigators. Tenofovir alafenamide versus tenofovir
disoproxil fumarate for the treatment of patients with

HBeAg-negative chronic hepatitis B virus infection: a
randomised, double-blind, phase 3, non-inferiority trial. The
Lancet Gastroenterology & Hepatology, 2016, 1(3): 196-206.
Ward H, Tang L, Poonia B, Kottilil S. Treatment of hepatitis B
virus:. an update. Future Microbiology, 2016, 11(12):
1581-1597.

Delaney WE, Edwards R, Colledge D, Shaw T, Furman P,
Painter G, Locarnini S. Phenylpropenamide derivatives AT-61
and AT-130 inhibit
lamivudine-resistant strains of hepatitis B virus in vitro.

2002, 46(9):

replication of wild-type and
Antimicrobial Agents and Chemotherapy,
3057-3060.

Billioud G, Pichoud C, Puerstinger G, Neyts J, Zoulim F. The
main Hepatitis B virus (HBV) mutants resistant to nucleoside
analogs are susceptible in vitro to non-nucleoside inhibitors of
HBYV replication. Antiviral Research, 2011, 92(2): 271-276.
Feld JJ, Colledge D, Sozzi V, Edwards R, Littlejohn M,
Locarnini SA. The phenylpropenamide derivative AT-130
blocks HBV replication at the level of viral RNA packaging.
Antiviral Research, 2007, 76(2): 168-177.

Katen SP, Chirapu SR, Finn MG, Zlotnick A. Trapping of
hepatitis B virus capsid assembly intermediates by
phenylpropenamide assembly accelerators. ACS Chemical
Biology, 2010, 5(12): 1125-1136.

Katen SP, Tan ZN, Chirapu SR, Finn MG, Zlotnick A.
differentially bind
quasiequivalent pockets to modify HBV capsid tertiary and
quaternary structure. Sructure, 2013, 21(8): 1406-1416.

Wu GY, Liu B, Zhang YJ, Li J, Arzumanyan A, Clayton MM,

Assembly-directed antivirals

actamicro@im.ac.cn

(56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Schinazi RF, Wang ZH, Goldmann S, Ren QY, Zhang F,
Feitelson MA. Preclinical characterization of GLS4, an
inhibitor of hepatitis B virus core particle assembly.
Antimicrobial Agents and Chemotherapy, 2013, 57(11):
5344-5354.

Stray SJ, Bourne CR, Punna S, Lewis WG, Finn MG, Zlotnick
A. A heteroaryldihydropyrimidine activates and can misdirect
hepatitis B virus capsid assembly. Proceedings of the National
Academy of Sciences of the United Sates of America, 2005,
102(23): 8138-8143.

Wang XY, Wei ZM, Wu GY, Wang JH, Zhang Y J, Li J, Zhang
HH, Xie XW, Wang X, Wang ZH, Wei L, Wang Y, Chen HS.
In vitro inhibition of HBV replication by a novel compound,
GLSA4, and its efficacy against adefovir-dipivoxil-resistant
HBV mutations. Antiviral Therapy, 2012, 17(5): 793-803.
Ren QY, Liu XC, Luo ZH, Li J, Wang CL, Goldmann S,
Zhang JC, Zhang Y J. Discovery of hepatitis B virus capsid
assembly inhibitors leading to a heteroaryldihydropyrimidine
based clinical candidate (GLS4). Bioorganic & Medicinal
Chemistry, 2017, 25(3): 1042—1456.

Belloni L, Li L, Palumbo GA, Chirapu SR, Calvo L, Finn MG,
Lopatin U, Zlotnick A, Levrero M. HAPs hepatitis B virus
(HBV) capsid inhibitors prevent HBc interaction with the
viral minichromosome and selected host cell genes to inhibits
transcription and affect cccDNA stability. Digestive and Liver
Disease, 2014, 46 Suppl 1: €9.

Yuen MF, Kim DJ, Weilert F, Chan HLY, Lalezari JP, Hwang
SG, Nguyen T, Liaw S, Brown N, Klumpp K, Flores O,
Hartman G, Gane E. LB06-NVR 3-778, a first-in-class HBV
core inhibitor, alone and in combination with peg-interferon
(PeglFN), in treatment-naive HBeAg-positive patients. early
reductions in HBV DNA and HBeAg. Journal of Hepatology,
2016, 64(S2): S210-S211.

Yang L, Wang YJ, Chen HJ, Shi LP, Tong XK, Zhang YM,
Wang GF, Wang WL, Feng CL, He PL, Xu YB, Lu MJ, Tang
W, Nan FJ, Zuo JP. Effect of a hepatitis B virus inhibitor,
NZ-4, on capsid formation. Antiviral Research, 2016, 125:
25-33.

Yang L, Shi LP, Chen HJ, Tong XK, Wang GF, Zhang YM,
Wang WL, Feng CL, He PL, Zhu FH, Hao YH, Wang BJ,
Yang DL, Tang W, Nan FJ, Zuo JP. Isothiafludine, a novel
non-nucleoside compound, inhibits hepatitis B virus
replication through blocking pregenomic RNA encapsidation.
Acta Pharmacologica Snica, 2014, 35(3): 410-418.

Kondo Y, Ninomiya M, Kakazu E, Kimura O, Shimosegawa



A% | A4k, 2019, 59(8)

1449

[64]

[65]

[66]

(67]

(68]

[69]

[70]

[71]

[72)

T. Hepatitis B surface antigen could contribute to the
immunopathogenesis of hepatitis B virus infection. 1SRN
Gastroenterology, 2013, 2013: 935295.

Noordeen F, Vaillant A, Jilbert AR. Nucleic acid polymers
prevent the establishment of duck hepatitis B virus infection
in vivo. Antimicrobial Agents and Chemotherapy, 2013,
57(11): 5299-5306.

Noordeen F, Vaillant A, Jilbert AR. Nucleic acid polymers
inhibit duck hepatitis B virus infection in vitro. Antimicrobial
Agents and Chemotherapy, 2013, 57(11): 5291-5298.

Vaillant A. Nucleic acid polymers: Broad spectrum antiviral
activity, antiviral mechanisms and optimization for the
treatment of hepatitis B and hepatitis D infection. Antiviral
Research, 2016, 133: 32—40.

Noordeen F, Scougall CA, Grosse A, Qiao Q, Ajilian BB,
Reaiche-Miller G, Finnie J, Werner M, Broering R, Schlaak
JF, Vaillant A, Jilbert AR. Therapeutic antiviral effect of the
nucleic acid polymer REP 2055 against persistent duck
hepatitis B virus infection. PLoS One, 2015, 10(11):
€0140909.

Jansen L, Vaillant A, Stelma F, Kootstra NA, Bazinet M,
Al-Mahtab M, Reesink HW. O114: Serum HBV-RNA levels
decline significantly in chronic hepatitis B patients dosed with
the nucleic-acid polymer REP2139-CA.
Hepatology, 2015, 62 Suppl 2: S250.

Bazinet M, Pantea V, Cebotarescu V, Cojuhari L, Jimbei P,
Vaillant A. LO2: Significant reduction of HBsAg and HDV
RNA by the nucleic acid polymer REP 2139 in caucasian

Journal  of

patients with chronic HBV/HDV co-infection. Journal of
Hepatology, 2015, 62 Suppl 2: S257-S258.

Al-Mahtab M, Bazinet M, Vaillant A. Effects of nucleic acid
polymer therapy alone or in combination with immunotherapy
on the establishment of SVR in patients with chronic HBV
infection. Journal of Clinical Virology, 2015, 69: 228.
Al-Mahtab M, Bazinet M, Vaillant A. Safety and efficacy of
nucleic acid polymers in monotherapy and combined with
immunotherapy in treatment-naive bangladeshi patients with
HBeAg" chronic hepatitis B infection. PLoS One, 2016, 11(6):
€0156667.

Zhang TY, Yuan Q, Zhao JH, Zhang YL, YuanLZ, Lan Y, Lo
YC, Sun CP, Wu CR, Zhang JF, Zhang Y, Cao J., Guo XR,
Liu X, Mo XB, Luo WX, Cheng T, Chen Y X, Tao MH, Shih
JW, Zhao QJ, Zhang J, Chen PJ, Yuan YA, Xia NS. Prolonged
suppression of HBV in mice by a novel antibody that targets a
unique epitope on hepatitis B surface antigen. Gut, 2016,

[73]

(74

[79]

[76]

[77]

(78]

[79]

[80]

[81]

65(4): 658-671.

Kang XZ, Guo XR, Chen BB, Zhang TY, Yuan Q, Chen PJ,
Zhang J, Xia NS. The unique antibody suppresses HBV
viremia and reduces hepatocarcinogenesis in HBV-transgenic
mice. Human Vaccines & Immunotherapeutics, 2018, 14(7):
1779-1781.

Tan A, Koh S, Bertoletti A. Immune response in hepatitis B
virusinfection. Cold Spring Harbor Perspectives in Medicine,
2015, 5(8): a021428.

Martinet J, Dufeu-Duchesne T, Bruder Costa J, Larrat S,
Marlu A, Leroy V, Plumas J, Aspord C. Altered functions of
plasmacytoid dendritic cells and reduced cytolytic activity of
natural killer cells in patients with chronic HBV infection.
Gastroenterology, 2012, 143(6): 1586—1596.€8.

Schuch A, Hoh A, Thimme R. The role of natural killer cells
and CD8" T cells in hepatitis B virus infection. Frontiers in
Immunology, 2014, 5: 258.

Ma ZY, Zhang EJ, Yang DL, Lu MJ. Contribution of toll-like
receptors to the control of hepatitis B virus infection by
initiating antiviral innate responses and promoting specific
adaptive immune responses. Cellular & Molecular
Immunology, 2015, 12(3): 273-282.

Zhang EJ, Lu MJ. Toll-like receptor (TLR)-mediated innate
immune responses in the control of hepatitis B virus (HBV)
infection. Medical Microbiology and Immunology, 2015,
204(1): 11-20.

Lanford RE, Guerra B, Chavez D, Giavedoni L, Hodara VL,
Brasky KM, Fosdick A, Frey CR, Zheng J, Wolfgang G,
Halcomb RL, Tumas DB. GS-9620, an oral agonist of toll-like
receptor-7, induces prolonged suppression of hepatitis B virus
in chronically infected chimpanzees. Gastroenterology, 2013,
144(7): 1508-1517.e10.

Menne S, Tumas DB, Liu KH, Thampi L, AlDeghaither D,
Baldwin BH, Bellezza CA, Cote PJ, Zheng J, Halcomb R,
Fosdick A, Fletcher SP, Daffis S, Li L, Yue P, Wolfgang GHI,
Tennant BC. Sustained efficacy and seroconversion with the
toll-like receptor 7 agonist GS-9620 in the woodchuck model
of chronic hepatitis B. Journal of Hepatology, 2015, 62(6):
1237-1245.

Gane EJ, Lim YS, Gordon SC, Visvanathan K, Sicard E,
Fedorak RN, Roberts S, Massetto B, Ye ZS, Pflanz S,
Garrison KL, Gaggar A, Mani Subramanian G, McHutchison
JG, Kaottilil S, Freilich B, Coffin CS, Cheng W, Kim YJ. The
oral toll-like receptor-7 agonist GS-9620 in patients with
chronic hepatitis B virus infection. Journal of Hepatology,

http://journals.im.ac.cn/actamicrocn



1450

Jinwel Zheng et a. | Acta Microbiologica Sinica, 2019, 59(8)

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

2015, 63(2): 320-328.

Bergmann JF, De Bruijne J, Hotho DM, De Knegt RJ,
Boonstra A, Weegink CJ, Van Vliet AA, Van De Wetering J,
Fletcher SP, Bauman LA, Rahimy M, Appleman JR, Freddo
JL, Janssen HLA, Reesink HW. Randomised clinical trial:
anti-viral activity of ANA773, an oral inducer of endogenous
interferons acting via TLR7, in chronic HCV. Alimentary
Pharmacology & Therapeutics, 2011, 34(4): 443-453.

Barnes E. Therapeutic vaccines in HBV: lessons from HCV.
Medical Microbiology and Immunology, 2015, 204(1): 79-86.
Zhang EJ, Kosinska A, Lu MJ, Yan HM, Roggendorf M.
Current status of immunomodulatory therapy in chronic
hepatitis B, fifty years after discovery of the virus: Search for
the "magic bullet" to kill cccDNA. Antiviral Research, 2015,
123: 193-203.

Fontaine H, Kahi S, Chazallon C, Bourgine M, Varaut A,
Buffet C, Godon O, Meritet J- Saidi Y, Michel ML,
Scott-Algara D, Aboulker JP, Pol S, ANRS HBO02 Study
Group. Anti-HBV DNA vaccination does not prevent relapse
after discontinuation of analogues in the treatment of chronic
hepatitis B: a randomised tria—ANRS HB02 VAC-ADN.
Gut, 2015, 64(1): 139-147.

Liang F, Lindgren G, Sandgren KJ, Thompson EA, Francica
JR, Seubert A, De Gregorio E, Barnett S, O'Hagan DT,
Sullivan NJ, Koup RA, Seder RA, Loré K. Vaccine priming is
restricted to draining lymph nodes and controlled by
adjuvant-mediated antigen uptake. Science Translational
Medicine, 2017, 9(393): eaal 2094.

Gaggar A, Coeshott C, Apelian D, Rodell T, Armstrong BR,
Shen G, Subramanian GM, McHutchison JG  Safety,
tolerability and immunogenicity of GS-4774, a hepatitis B
virus-specific therapeutic vaccine, in healthy subjects: a
randomized study. Vaccine, 2014, 32(39): 4925-4931.

Lok AS, Pan CQ, Han SHB, Trinh HN, Fessel WJ, Rodell T,
Massetto B, Lin LJ, Gaggar A, Subramanian GM,
McHutchison JG, Ferrari C, Lee H, Gordon SC, Gane EJ.
Randomized phase Il study of GS-4774 as a therapeutic
vaccine in virally suppressed patients with chronic hepatitis B.
Journal of Hepatology, 2016, 65(3): 509-516.

Martin P, Dubois C, Jacquier E, Dion S, Mancini-Bourgine M,
Godon O, Kratzer R, Lelu-Santolaria K, Evlachev A, Meritet
JF, Schlesinger Y, Villeval D, Strub JM, van Dorsselaer A,

actamicro@im.ac.cn

(90]

[91]

[92]

(93]

[94]

[99]

[96]

[97]

(98]

[99]

Marchand JB, Geist M, Brandely R, Findeli A, Boukhebza H,
Menguy T, Silvestre N, Michel ML, Inchauspé G. TG1050, an
immunotherapeutic to treat chronic hepatitis B, induces robust
T cells and exerts an antiviral effect in HBV-persistent mice.
Gut, 2015, 64(12): 1961-1971.

Plotkin SA, Schaffner W. A hepatitis B vaccine with a novel
adjuvant. Vaccine, 2013, 31(46): 5297-5299.

YeB, Liu X, Li X, Kong H, TianL, Chen Y. T-cell exhaustion
in chronic hepatitis B infection: current knowledge and
clinical significance. Cell Death & Disease, 2015, 6: €1694.
Heidelberger V, Goldwasser F, Kramkimel N, Jouinot A,
Franck N, Arrondeau J, Guégan S, Mansuet-Lupo A,
Alexandre J, Damotte D, Avril MF, Dupin N, Aractingi S.
Clinical parameters associated with anti-programmed death-1
(PD-1) inhibitors-induced tumor response in melanoma
patients. Investigational New Drugs, 2017, 35(6): 842-847.
Vafadar S. Immunotherapy for lung cancer: Targeting the
PD-1 pathway. Journal of the American Academy of Physician
Assistants, 2017, 30(6): 48-50.

Three drugs approved for urothelial carcinoma by FDA.
Cancer Discovery, 2017, 7(7): 659-660.

Ellis PM, Vella ET, Ung YC. Immune checkpoint inhibitors
for patients with advanced non-small-cell lung cancer: a
systematic review. Clinical Lung Cancer, 2017, 18(5):
444-459.el.

Tzeng HT, Tsai HF, Liao HJ, Lin YJ, Chen LP, Chen PJ, Hsu
PN. PD-1 blockage reverses immune dysfunction and hepatitis
B viral persistence in amouse animal model. PLoS One, 2012,
7(6): e39179.

Liu J, Zhang EJ, Ma ZY, Wu WM, Kosinska A, Zhang XY,
Médller 1, Seiz B, Glebe D, Wang BJ, Yang DL, Lu MJ,
Roggendorf M. Enhancing virus-specific immunity in vivo by
combining therapeutic vaccination and PD-L1 blockade in
chronic hepadnaviral infection. PLoS Pathogens, 2014, 10(1):
€1003856.

Bengsch B, Martin B, Thimme R. Restoration of
HBV-specific CD8" T cell function by PD-1 blockade in
inactive carrier patients is linked to T cell differentiation.
Journal of Hepatology, 2014, 61(6): 1212-1219.

Li KY, Lan YL, Wang JB, Liu LX. Chimeric antigen
receptor-engineered T cells for liver cancers, progress and
obstacles. Tumour Biology, 2017, 39(3): 1010428317692229.



A% | A4k, 2019, 59(8) 1451

Novel potential treatmentsfor chronic hepatitis B virus
infections
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Abstract: Over 240 million people worldwide are chronically infected with hepatitis B virus (HBV) although the
HBV prophylactic vaccine has dramatically reduced new infections. However, still up to 680000 deaths per year are
caused by HBV-related end-stage liver diseases and liver cancer. Currently, strategies for the treatment of Chronic
Hepatitis B (CHB) include interferon-alpha (IFNa) and nucleos(t)ide analogues (NAS), but it is difficult to achieve
the ideal clinical treatment endpoint, namely hepatitis B surface antigen (HBSAQ) negative or serological
conversion. Many teams are trying to develop more effective treatments, targeting key stepsin the HBV life cycle
and potential host factors, aiming to great medical needs for CHB patients that have not yet been met. This article
reviews the advances in the research and development of the potential drugs in clinical development and partial
preclinical stages.
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