Korean J Gastroenterol Vol. 74 No. 5, 267-273
https://doi.org/10.4166/kjg.2019.74.5.267
pISSN 1598-9992 elSSN 2233-6869

REVIEW ARTICLE

QME, AN
JHE NN o|TtTHTt QMR Y ASY|Lat

New Potential Therapies for Chronic Hepatitis B
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A HBV infection is a dynamic disease and long-term liver inflammation contributes to the development of liver cirrhosis and hep-
atocellular carcinoma. Currently available nucleos(t)ide analogues and pegylated interferon are effective in inhibiting HBV repli-
cation but rarely achieve HBsAg clearance. The present article introduces a new definition of HBV cure and several emerging
therapies for HBV cure, including direct acting antivirals and immune modulatory antivirals. (Korean J Gastroenterol 2019;74:267

273)
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N 2 A o AFAY BRI WS REEY AR EYoR &
A AEEE FABHA AAsHch B3t Hlo|f A FAS
BE A A AAHORE 39 64w WOl g ATt Ao T Aok FHAF o] =2 A Gufol| A A
a1, AR O E ZHA|EST 3FA}9] oF 40% S A}A|3}al ¢Jch Aol $HALS A4 (nucleos|tlide analogue inhibitors)2} pegy-
FYANE T BEUGS NS U ZAEYE ] lared interferon (PEG-IFNJo] W] ALEEIRA THY BHZY
%0 U0low oF PRl ARYe] 2 BES QST ok @4 © BAE & gn Awe] Adom v ot
M AR A7]7E(World Health Organization)o| A= 20307} I8y A BE7EY X Ro] &4F0] BAL &Aoo g
A BY, CHtES BrEstaAt o, Ad, Ad, Xzof o]= HBV 5415 dAIste] 7HHE =2 M-S HAE
= 7 A HRE A4k o)l R HS AAlS)H ofgho =x] THASe] O3 AFES WA AEES A
I 9MTk? ol A AAF R =7F 713, AFIA|, A, A 7] Aot ol w2 Al A Hiki= HBsAgS| 44l
A 5o Felslo] HBV ¢XE ZEE 8} International  Fi= X Aoz BF3la FA|e] Putolg|a NuARE
Coalition to Eliminate HBVE 2016Lj A5 Ot'J‘I BH7t o]t B3k GAjo] ofFHrl= Zo| dAlolr) ¢hx| Algjo] o] &
o XE 93t L& A& Qlth? LM% BEIEL 2= 7= 7N E9] 3 Yol A covalently closed circular

198349 BYZHY uhAlo] *PPLQ}E] 1, 1995 RE = 5ot DNA (cccDNA)%} integrated DNAZ} |48 0.2 ZA6lal,

o] BAEEAY Ao R Aol BELY ol
AHBV)S 98 3%7HA gAadtdon, 20029 47
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268 Rule, AEY. Mz gD QU= Bt

oR

K=

cccDNAS} integrated DNA 5 HBV A&Afe] et o] g7}
g5Aoln, FH <L sodium taurocholate cotransporting
polypeptide (NTCP) HBV entry receptor®] BFA¥} A EufoF
Hd(primary human hepatocytes, HepaRG cells, hepatocyte-
like cells from pluripotent stem cell)e] 7/|&H= 7= 244
3t HBV AEA A1L7F 715914 E %t} International
Coalition to Eliminate HBVo] A= HBVY A& 9|3l
7V 583 F 7HK] Mo g 1) YFHO R cecDNAE AA,
2) HBVOl| HE 7HA|2E HHsHAl AAT &= Q= S&et
Hel ¥k =5 AT ofo EilofA= HBV X[ €]
go, @A MIEL e ARAES dote HESNEIA

g},

Table 1. Definitions of HBV Cure

= &

1. HBV &xX|9 H2|
F & n]=27+8ks](American Association for the Study of
Liver disease)?} &3 715}3](European Association for the
Study of the Liver) &% u|glo]lA] HBV X|§9] & Ex9|
HBV A& th&3} o] AHoj3girk(Table 1).*°
A3 X|-fHcomplete or sterilizing cure)s A]<&52191
HBsAg®] A43} 7t U] cccDNA 9! integrated DNAS X
HBVO| ¢Hdet Alato & Aofslsint. H& HBVS A%
Sz ARollA 7hset 7id o=, ofiAo)7]= kARt A

R

ok gk

O ok oxt

1:

2o

& A% 7ol offth=d §of7F o]FofAal Sl
71%4 Xf(functional cure)= 47 7]7te] FufolgA

AR FE ¥ antiHBsS 8% A FU 57 gl

Functional cure

Complete/sterilizing cure Partial cure
Ideal Realistic
HBsAg Negative Negative Negative Positive
Anti-HBs Negative Positive Positive/negative Negative
HBeAg Negative Negative Negative Negative
Serum HBV DNA Not detected Not detected Not detected Low level/not detected
cccDNA Not detected Detected Detected Detected
Integrated HBV DNA Not detected Detected Detected Detected

HBYV, hepatitis B virus; HBsAg, hepatitis B surface antigen; Anti-HBs, antibody to hepatitis B s antigen; HBeAg, hepatitis B e antigen; cccDNA,

covalently closed circular DNA.
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Fig. 1. HBV replication cycle and targets for new treatment. HBV, hepatitis B virus; cccDNA, covalently closed circular DNA; RNA, ribonucleic

acid; siRNAs, small interfering RNAs.
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¥4 HBsAgY} HBV DNAQ A|&Z0] A~AIZ Aottt
o]t AHolo= cccDNA EX integrated DNAS A|AE
2381A] o} theal e = vkx] Aog /@71_3“51_ 2 ot}
A WA Al o= 34 BYLY o] % 353k gl
= A *MFJ Q= HEs4 T BEEE A9 HBSAQH
= WAHFAAIL QIEHE 5 AA ] FutolH A

X F T §E 5= HBsAgo] AAEE Zolth A WA A$-
L 7k &4)0] glo] 71t Q¥ ) Zv)ekA] ko T HA
AL = 7F &Afo] Y]] ok A|7ro] Aol ulel
AGaw o} 719t QP ETt AT S 9kl Aot ¥
AZ AL HBsAg 242 AHolE| 7|=2 X871 dAlzel

A 717re] FupolH s A= F

HE X]8(partial cure)
& ¥ HBsAgZ qu o o] |4t HBeAgL &40l
9% HBV DNAE - Aol Ay HEEA] ¢ Aot
oAb o] HBV ¢4 9] /\}EH oY Rk, o] 3k el 7t

Pm rr
o&
o

AR el %A B 24 e e
#1237k @ 4 oloka 4¥eta 9)

2. HBV MZAt
J%9F HBV 24|(Fig. 1)9] ZF T HBV 9HAS
ojflont, FH*

Sft A

So] AE Y (biogenesis), A)(homeostasis),
cccDNAS] A 9l HlZ=(turn over) Sof thot ASo] 3}t
= WHAIHA oAl= HBV A& 93t A o] Hof A7}
3] W9 Folth. HBVE pre S1 o] LA AZure]
sodium taurocholate cotransporting polypeptide (NTCP)
F=&A ﬁ"”}‘ﬂ Azd ko s F9% &, vlol|A gl A=
dho] g3 =] @ A E(nucleocapsid)7} HEE T A

o o= Liﬂﬂoﬁﬁlcoﬂﬁ it o]

7} BejEt) ol £ 3| AE(histone) U H] 8] AE(non-his-
tone) Thall Ao oJsto G FAF vy FA A (chromatin-
like minichromosomes)® ZA%H cccDNAZR 3T o]
cccDNAE 7HE £30] 7HA1E 3 o)A @ eixet vlolg)
0] 2A} QRO molulA vloleig] ZAglo] Hr 32 kb
HBV genome 57}4] 8 mRNA, < pregenomic (pgRNA
T+ core mRNA) mRNA, precore mRNA, preS1 mRNA,
preS2/S mRNA, HBx mRNAZ ZAFE AL, o]% 7749 thaizl
(core protein [HBcAg, nuclecapsid], polymerase, precore
protein [HBeAgO & HH|%]=] HBsAg [large, medium and
small envelop protein], X protein [HBx]))& HAEC} o]%

pgRNA+= polymerase?}t 34| A E3tE]|o] DNAR A
o, o] QJu] thill(envelop protein)o] oJsto] EAE o] A

53 2 QAAE AU g volei

7 Ho] AlaE Bfe & HiE A thA] cccDNAS] 3+
A=t

Hvirion)

3. MEA HEEL A= HBV X=H
QA BBV A RHE 2 B PR ol 44 28
"o AR (direct acting antivirals) 3 &5 W 24 Hh-s-
AZA G 28 drto]H AA|[indirect acting antivirals])
PR S AT, B Y 8A} VY 4E8A} B

=
Ao dutolg 2 ABAIE Y Foltk(Table 2, 3).
g YHIo|2AX

(1) HBV entry inhibitors

| HBVZE A2 YRS Z19)o 583 98 sh=
NTCP 4847} WA=EIHA 22 A A (entry inhibitor)2]
Jieto] A2t it 7H4F )34 91 myrcludex BE NTCP <=
SAo] HBVE} AAA 087 Agsto], HBVS] A%¥ AU
Tz 4 AT E E(lipopeptide)o| . M| W= o] HBV
o] XY= dof ofA] A=A 2 I EE L] HBV A<
a1, o] S 2 A 7F viell A ARG HEo] EolEH
THAOF Hiolg{AT} Xﬂﬂﬂ% 7)30)h® A S
% 2479] HBV/HDV WA 7 3RS A & myrcludex
B, PEG-IFN alfa-2a &= Bg% QHE 24F Fob Eojdt
147278 A8 43, 2= AT EO|A HDV RNA7P i

Sk B4 9w AjLo| 4] HBV DNAYF 2
ok gl 824 HBsAgX|of= Heks Ko
A, 18} ARAR A IR s AL ‘-’Liﬂ A
ol NTCP 484 AIAZ Ft in vitro Al
Z0| A cccDNAS ofdlslH A HBV AXE oAsl= 7o

et g3 271 a7t 7"k’

Alel irbesartan®

U

(2) Targeting cccDNA
HBVS] S S84 cecDNAS] AL WfskAL 4
AFE oAt} 4522 cccDNAS $H13] AABHE o]
ARAL 71 TEA] X2 Bieky oA T 9lrkt ol
7102 @ relaxed circular DNAOJA cccDNAZR Q] Aok
AABFAY, @ core particle assembly modulatorty 748
Guole A AAE 0]-85Fe] cccDNAQ| 35 HAaAl7|H,
@ clustered regularly interspaced short palindromic re-
peats (CRISPR)E ©|&3l cccDNAS AF{A uty 4l
PEG-IFN-S %3} cocDNAS] 71424 by, @ X ehld o744
2 B4 cocDNAY] A} 4 ol Etslel A7t AaE T
ATk’
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270 R, AP Mz HeEe U= BEUY Kz

PEG-IFN-S HBV A& AR oju] 7, AREElO
cccDNA®] el & H3E(post translational-modification)S
F310] cooDNA AALS oA Ao AeAYe AE
HjjoF % 7] H5Lof|A] di-substitued sulfonamide?l CCC-0975
2} CCC-0346-L relaxed circular DNAZEE cccDNAZ]
AL BT 5 U2E HofFQIoh ™ 2ol zinc finger
nucleases, transcription activator-like endonucleases 3!
CRISPR-associated system 9 THZo] cccDNAE A1 A 0
= Al Adele ARAeAe] o] e Uy 5
o]t} thul, CRISPR/CRISPR-associated system 90] 3
Ho| & cocDNAZA] BEHOR 7 AWeElolo} 311,
cccDNA EZof 2 AdEQt) 3le gt cccDNA7F &30
HE Ao oFAA 0 & integration® o] 17| W&o, 4F

of Ao o)71X] GhL off target X7} glofof BH HEol
Yoo & gefo|cks®

(3) Targeting viral transcripts

HBV @z AAE Add 4+ 9% small interfering
RNAsE©| 7JE= %l o, ARC-520, ARB-1467 W ALN-HBV
-—-o] o]APA]oh]]-x] oﬂg o—h:]_ ARC-520& 2/1]— OM]—/\]cﬂoﬂ
4] HBV DNAS} Hpo|H{ AN FUES A& 0z oA|s19]

o okg A AAeL BEE SH0E A4 o] FHE
oth” ARB-1467-2 249 9] T¥AE tjAFo = 3] 8okt

b

o] SO FoIdt A[dolA HBsAgAE HAl7l= 2l
= etk ALN-HBVE @A) 94 1/2/48 9 444

3o Y Fo|c}

Table 2. Direct Acting Antiviral Agents for HBV in the Developmental Pipeline (Modified from Lee and Banini®, with permission from Curr Treat

Options Gastroenterol)

Drug Developer Status
Entry inhibitors Myrcludex B Hepatera/MYR GmbH Phase I
Irbesartan FDA-approved for hypertension
Viral mMRNA inhibitors ARC-520/-521 Arrowhead pharmaceuticals Terminated
ARB-1467 Arbutus Biopharma Phase I
ALN-HBV Alnylam Phase 1 /10
RO7020322(RG7834) Roche Phase [
lonis HBVRX(GSK3228836) lonis pharma/GSK Phase [
IONIS-HBVLRXx(GSK33389404) lonis pharma/GSK Phase [
AB-452 Arbutus Biophama Preclinical
ARB-1740 Arbutus Biophama Preclinical
Gene editing REP2139 and REP2165 Replicor Phase I
AB-423 Arbutus Biophama Phase [
AB-506 Arbutus Biophama IND enabling
EBT106 Exision BioTherapeutics Preclinical
Di-substituted sulfonamides Preclinical
(ccc0975 and ccc0346)
TALEN Preclinical
Zinc finger nuclease Preclinical
Nucleocapsid assembly GLS4 HEC Pharm Phase I
inhibitors/core inhibitors INJ56136379 Johnson and Johnson; Jassen Phase 1
ABI-HO731 Assembly Biosciences Phase [
AB-423 Arbutus Biophama Phase I
BAY41-4109 AiCuris Phase [
NVR3-778 Noviral Pharmaceuticals/Janssen Phase [
ABI-H2158 Assembly Biosciences IND enabling
AB-506 Arbutus Biophama IND enabling
HBsAg release inhibitors REP2139 Replicor Phase I
REP2165 Replicor Phase I

HBYV, hepatitis B virus; FDA, Food and Drug Administration; mRNA, messenger ribonucleic acid; TALEN, transcription activator-like endonucleases;

IND, investigational new drug; HBsAg, hepatitis B surface antigen.
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(4) Nuclerocapsid assembly and pgRNA packing

BAY 41-4109 9 GLS49} Z2 3AIHl 4-H (hetero-
aryldihydropyrimidine) A4l RNA A =3k} A= H3
£ oJAsto] & oA AA|BH= cccDNAL] ool Jgke A
ot AFAIHoA] BAY 414109 HBV DNA EA1E 81|
AR oW A= 7I7te] 2 wjF HBV DNA EAI7F #2438
A7 GLS4x ofd|Eulo] W4 HBV #3o] BA1S
AR BRI AR 24F FAAE Folh”

(b) Targeting HBsAg

V= FAE HAF Z3H4(nucleic acid polymer, NAP)
Hpolg| A B2} gl 29 A= At F HAE TRol
it} NAP A|A|°] REP-2055, REP-2139 Y REP-2165%= 7Y
¥ 7 Eo|A HBsAge] HHlE Ahshe dehs ot 40
O] TS PO R 265 ¢t HicEH[O]E Foldt & 2714
o5 485 FF FASIR H=2H]o]e} PEG-IFN 59 819
NAP (REP-2139 Hi= REP-2165)5 X8 otAY 23oA] ¢
L T Fo7 N3RS u, NAPZF E3E T1E9| g
22}= HBsAgZF AAE AL OF 50%2] DAtof| A= anti-HBs
7h AR At *

H A

2)

=

Y A8 oA (=3 B 2E HE X=H)

(1) Toll-like receptor agonists (pathogen recognition
receptors)
Toll-like receptor agonistst< HYUAE Q1 A|slo] A

Wl Wt Ag we kg 2] Aol skl TS
AL Hg WY WS FAHIAG A 4y Aol

GS-96202 Ex 9 ZHHIE U HBV DNA, HBsAg 9
HBeAg 401 #2417 A0 et 24 QA
o A% GS-96200] HBV Ei= HBsAg 4230l 9-0J3t

u07] 23O TAES NKAE 5 45 Wl o
71 Ao Uyttt

(2) Engineered T cells

HBV 2] $9] 749 HBVS| TALE 8] 2141o]
0] 9J2-& 0|83} engineered TH|EE HBV-&% WY
o= AlA B} Sk X m Wo] e qlek. &
H1E THE 484 re-programmed nonlytic TA|XE
HBV E% HCV peptide-HLA B34S ¢l4l3lo] HBVO
SollA] HBY 24

i

N
o T e o

% humanized mice@} JFIATF B
AR HolFQIh® olFA 2&AE THEE o]gd}o]
HBVO| s 7HAEe] e 315 gl e gh-gof oJ3th Hlo]

& AAZE 7 HE

(38) Immune check inhibitor

o F2o] vhA Hbolel A That ob FF Aol A= A
U 9910 Ao wlel whgo] 4%1Ho] programmed
death-1 (PD-1)9] ®¥rdo| Z7}3tt} Z71= PD-1& PD-1
Zteel Ao Atgste] THIE 9l {4 752 Alste] WY
98-S 3)v] oA gHETE® PD-1& Athels GdSEYAE
oA Qoluet opeh WA HBY 7le] thit gtole2

=

Table 3. Indirect Acting Antiviral Agents for HBV in the Developmental Pipeline (Modified from Lee and Baninig, with permission from Curr Treat

Options Gastroenterol)

Drug Developer Status
Toll-like receptor agonists BM601 Preclinical
GS-9620 Gilead Sciences Phase I
RO6864018(RG7795) Roche Phase II
GS-9688 Gilead Sciences Phase I
Small molecules/checkpoint inhibitors SB9200 Spring Bank Pharmaceuticals Phase I
PD-1/PDL-2mAb Merck Sharp and Dohme; Preclinical
Bristol-Myers Squibb
CTLA-4mAb Preclinical
Therapeutic vaccines ABX-203 Abivax Phase 11 /1l
GS-4774 Globelmmune Phase II
AIC649 AiCuris Phase I
FB-02.2 Altimmune Phase I
TF-1050 Transgene Phase I
INO-1800 Inovio Phase I

HBYV, hepatitis B virus; PD-1, programmed death-1.
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4) Therapeutic vaccine

W BE7E BRI A2$ W40 BRE HBY Sol
TAE HoS §HSI= Aolt) GS-4774%= HBV core protein
3} X proteing e AW 7REe] A5 WAoo R X 24)
Al XY= e} AE FHtolg A (R &E HiolgA
7F Al 178782 WM BRI TR o s -8 9t
olelz TS Nmgd 474 Peloleiad] U Gs4774 WY
ArFoz BAe| el AR 245 U 48571 HlB
e 1] F 2 7] HBsAg 40§93 Holg HolAk
oot fARHAl ElleEulo] BE IET HEHo] gl
CS4774 WY TEOR R4S e 19590 T 24 94
Aol A e W A 85 B2 TIFoA= HBsAgAE A
A\AE Fosich el CDs+ TAES] A% Wel AL
Z+0] IFN-v, tumor necrosis factor, interleukin-2 5°] E%
Z7b Aom Ueht 45 v)ze] 474 WolEa AR
Aot w3 aog 77t "rk® HBsAg 9l HBcAg A|Z3
SRS Bt WAL ABXA030] That 2734 A Aol
= HBeAg &7 $HAtol A <lE7tulo] ¥l HlexH|o] (8 E
S F 7] 125 offo] x7] wpole A Ay} yEE
Q1o Al ABX203 Wij4lo] e ES AA|BFg et

Pr]
N

o,

)
o

A

4 B

WS HBV Ao FR Aoz (AE ¥ e
cccDNAO|T}. cccDNAE pregenomic RNAS I 3sF B E
wlolz] 2 RNAsS] Aol FH07 HaelEA Wl
5 ], F gl vreldAURe] f-AT THA|E Al o A
9] encapsidated DNAQ] Zj&+8-0 72 AA7} v ojHc} 1
Hollke Etokal X2 HBV A&Ate] tfeh 21 ofsfi7l 7¢
o HlaL, o]E EWE HBV Z19& 913k NTCP 4~8-4]
o] ¥4, cccDNASH ¥ ARE, 1 9] HBV life cycle?]
ofe] A4 A8 4= = ARA gutolg A A mAlE0]
=] Qlok E3F HBVOl| Sol&l W vh-g-& 3|55}
9 WA AR 9 5o 174 Wizl AR

=
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