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The burden of chronic HBV infections 
 

Acute infection 

Chronic infection: 250 million carriers ! 

Non inflammatory 
phase 

Chronic hepatitis 
Inactive carrier 

Resolved 
infection 
5% neonates 
90% adults   

Wild type virus HBeAg+  
Pre-core mutant HBeAg- 

Cirrhosis  

Hepatocellular carcinoma 

Reactivation  

30-50 years 
Seeger, Zoulim, Mason; Fields Virology; 2007-2013 



HBeAg(+) HBeAg(-) / anti-HBe(+) 

ALT 

HBV DNA  

Minimal CH Moderate to severe CH Moderate to severe CH Remission 

Cirrhosis 

Non inflammatory 
phase 

Immuno-active 
phase 

Inactive phase 
Low replication  Reactivation phase 

Cirrhosis 

109-1012 IU/mL >2,000-<109 IU/mL <2,000 IU/mL >2,000 IU/mL 
or > 20,000 IU/mL 

Inactive cirrhosis 

Treatment indicated Treatment indicated 

HBsAg 
Occult infection 

EASL	
  Clinical	
  Prac.ce	
  Guidelines,	
  J	
  Hepatol	
  2012	
  



Current	
  treatment	
  indica9ons	
  

Pa9ents	
  in	
  the	
  immunoac9ve	
  phase	
  
AgHBeAg+,	
  VL	
  >	
  2,000	
  UI/mL,	
  elevated	
  ALT	
  
HBeAg-­‐,	
  VL	
  >	
  2,000	
  UI/mL,	
  elevated	
  ALT	
  (flucta=ng)	
  
	
  
Inac9ve	
  carriers	
  
HBeAg-­‐,	
  VL	
  <	
  2,000	
  UI/mL,	
  normal	
  ALT	
  
If	
  immune	
  suppressive	
  therapy	
  /	
  preven=on	
  of	
  viral	
  reac=va=on	
  
	
  
«	
  Immune	
  tolerant	
  »	
  pa9ents	
  
HBeAg+,	
  VL	
  >	
  6log	
  UI/mL,	
  normal	
  ALT	
  
Familial	
  history	
  of	
  cirrhosis	
  or	
  HCC	
  	
  
Why	
  not	
  all	
  ?	
  
	
  
Pregnant	
  women	
  
If	
  VL	
  >	
  6	
  log	
  UI/mL	
  
Last	
  trimester	
  of	
  pregnancy	
  to	
  prevent	
  MTCT	
  
With	
  HBIG	
  and	
  vaccine	
  in	
  the	
  newborn	
  

EASL	
  CPG	
  2012	
  
AASLD	
  CPG	
  2015	
  

Huang	
  et	
  al,	
  JAMA	
  2014	
  
Perrillo	
  et	
  al,	
  JAMA	
  2015	
  

Chan	
  et	
  al,	
  	
  
Gastroenterology	
  2014	
  

Chen	
  et	
  al,	
  Hepatology	
  2015	
  
Brown	
  et	
  al,	
  	
  Hepatology	
  2016	
  
Visvanathan	
  et	
  al,	
  Gut	
  2016	
  



Zoulim & Locarnini, Gastroenterology 2009; Zoulim  Antiviral Research 2012; Mico et al  J Hepatol 2013; Boni et al Hepatology 2015 
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Zoulim & Locarnini, Gastroenterology 2009; Zoulim  Antiviral Research 2012; Mico et al  J Hepatol 2013; Boni et al Hepatology 2015 
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cccDNA	
  is	
  the	
  key	
  molecule	
  of	
  HBV	
  lifecycle	
  

The	
  covalently	
  closed	
  circular	
  DNA	
  (cccDNA)	
  is	
  the	
  persistent,	
  	
  
stable	
  form	
  of	
  HBV	
  genome,	
  template	
  for	
  all	
  viral	
  mRNAs	
  and	
  pgRNA	
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48-­‐weeks	
  ADV	
  therapy	
  

Werle-­‐Lapostolle,	
  Gastroenterology	
  2004	
  

HBe+	
   HBe-­‐	
   Wong,	
  CGH	
  2013	
  

1	
  year	
  NAs	
  therapy	
  	
  

Mathema=cal	
  modeling	
  suggests	
  that	
  >10	
  years	
  therapy	
  	
  
would	
  be	
  required	
  to	
  clear	
  cccDNA!	
  

SOC	
  therapy	
  does	
  not	
  affect	
  cccDNA	
  reservoirs	
  



Zhang,	
  JCI	
  2016	
  48-­‐weeks	
  ADV	
  therapy	
  

In	
  situ	
  analysis	
  of	
  intrahepa=c	
  viral	
  DNA	
  in	
  9	
  CHB	
  pa=ents	
  before/a]er	
  NUC	
  therapy	
  

At	
  a	
  single	
  cell	
  level,	
  a	
  decline	
  but	
  not	
  a	
  disappearance	
  of	
  cccDNA	
  is	
  observed	
  

Gradual	
  transi9on	
  from	
  vigorous	
  virion	
  produc9on	
  to	
  ac9ve	
  
stockpiling	
  of	
  genome	
  copies	
  and	
  nuclear	
  cccDNA	
  reserves	
  

SOC	
  therapy	
  does	
  not	
  affect	
  cccDNA	
  reservoirs	
  



Persistence of cccDNA 

Belloni, Levrero, Gaeta unpublished 
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  9.4	
  neg	
  >250	
  

HBsAg	
  

Persistence	
  of	
  cccDNA	
  in	
  3	
  out	
  of	
  4	
  pa9ents	
  with	
  long	
  term	
  HBV	
  
suppression	
  under	
  lamivudine	
  
In	
  2	
  out	
  3	
  pa9ents	
  	
  cccDNA	
  is	
  inac9ve	
  (no	
  pgRNA)	
  

•  Detected	
  in	
  the	
  liver	
  of	
  NUCs	
  long-­‐term	
  suppressed	
  pa9ents	
  ager	
  HBsAg	
  to	
  an9-­‐HBs	
  
seroconversion	
  [Maynard,	
  2005;	
  Belloni	
  unpublished]	
  

•  Detected	
  in	
  the	
  liver	
  of	
  HBsAg	
  nega9ve	
  pa9ents	
  (occult	
  HBV	
  infec9on)	
  
	
  	
  	
  	
  	
  [Werle-­‐Lapostolle,	
  2004;	
  Pollicino	
  unpublished]	
  
	
  
•  Present	
  in	
  30	
  /30	
  pa9ents	
  with	
  occult	
  HBV	
  infec9on	
  and	
  HCC	
  [Pollicino,	
  2004]	
  

Werle Lapostolle 2004 
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  [Werle-­‐Lapostolle,	
  2004;	
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  unpublished]	
  
	
  
•  Present	
  in	
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  pa9ents	
  with	
  occult	
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  2004]	
  

Werle Lapostolle 2004 

cccDNA persistence 

 

active cccDNA (pgRNA pos) 

inactive cccDNA (pgRNA neg) 



Strategies	
  for	
  an	
  «	
  HBV	
  cure	
  »	
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  for	
  an	
  «	
  HBV	
  cure	
  »	
  



«	
  Func9onal	
  cure	
  »	
  
•  Situa=on	
  where	
  an=viral	
  therapy	
  could	
  be	
  stopped	
  with	
  a	
  minimal	
  risk	
  of	
  

viral	
  reac=va=on	
  
•  HBsAg	
  loss	
  with	
  an=-­‐HBsAb	
  seroconversion	
  
•  cccDNA	
  inac=va=on	
  and/or	
  control	
  by	
  host	
  mechanisms	
  

«	
  Complete	
  cure	
  »	
  
•  HBsAg	
  clearance	
  and	
  cccDNA	
  eradica=on	
  
	
  
In	
  all	
  cases,	
  	
  «HBV	
  cure	
  »	
  associated	
  with	
  clinical	
  benefit:	
  	
  regression	
  in	
  the	
  
risk	
  of	
  disease	
  progression	
  and	
  HCC	
  
	
  
The	
  impact	
  of	
  molecular	
  damage	
  and	
  integrated	
  viral	
  sequences	
  in	
  infected	
  
hepatocytes	
  will	
  need	
  to	
  be	
  addressed.	
  	
  

Zeisel,	
  Lucifora	
  et	
  al,	
  Gut	
  2015;	
  
Revill	
  et	
  al,	
  Nature	
  Reviews	
  Gastroenterol	
  Hepatol	
  2016	
  

Levrero,	
  Testoni,	
  Zoulim	
  	
  Curr	
  Opin	
  Virology	
  2016	
  

Defini9on	
  of	
  HBV	
  cure	
  



cccDNA	
  is	
  a	
  minichromosome	
  

cccDNA	
  is	
  associated	
  to	
  histones	
  and	
  
non-­‐histone	
  proteins	
  and	
  to	
  HBV	
  Core	
  

16	
  nucleosomes	
  with	
  a	
  
spacing	
  ~	
  200bp	
  	
  

10%	
  spacing	
  reduc=on	
  
respect	
  to	
  cellular	
  

chroma=n	
  
Bock,	
  Virus	
  Gen	
  1994	
  and	
  JMB	
  2001;	
  Newbold,	
  1995	
  

Human	
  chroma9n	
  

cccDNA	
  

~	
  215bp	
  	
  



Targe9ng	
  cccDNA	
  

Modified	
  from	
  Nassal,	
  Gut	
  2015	
  

FORMATION	
  

DESTRUCTION	
  

TRANSCRIPTIONAL	
  CONTROL	
  



Gao	
  and	
  Hu,	
  J	
  Virol	
  2007	
  

cccDNA	
  forma9on:	
  a	
  black	
  box	
  

Cortes	
  Ledesma,	
  Nature	
  2009	
  
Koeniger,	
  PNAS	
  2014	
  
Cui,	
  Plos	
  One	
  2015	
  

DP-­‐rcDNA	
   minichromosome	
  

?	
  

Tdp2 Knockdown does not block but ENHANCES 
HBV infection with increased cccDNA formation?! 



Inhibitors	
  of	
  rcDNA	
  to	
  cccDNA	
  conversion	
  

CCC-­‐0975	
  

CCC-­‐0946	
  

Molecular	
  mechanism	
  s9ll	
  unknown	
  

Hirt	
  

Effect	
  only	
  during	
  establishment	
  of	
  infec9on	
  or	
  	
  
during	
  phases	
  of	
  high	
  hepatocytes	
  turnover	
  

Disubs9tuted	
  sulfonamides	
  (DSS)	
  

Cai,	
  AnXmic	
  Agents	
  &	
  Chemother,	
  2012	
  

De	
  novo	
  
forma9on	
  

Recycling	
  



cccDNA	
  destruc9on	
  

Hepatocytes	
  turn-­‐over	
  

Non-­‐cytotoxyc	
  degrada=on	
  

Selec=ve	
  killing	
  of	
  infected	
  cells	
  



Do	
  in	
  vivo	
  prolifera9on	
  of	
  hepadnavirus-­‐
infected	
  hepatocytes	
  affect	
  cccDNA	
  levels?	
  

Lutgehetmann,	
  Hepatology	
  2010	
  

No	
  origin	
  of	
  replica=on	
  

No	
  nuclear	
  retaining	
  signal	
  

Does	
  cccDNA	
  survive	
  mitosis?	
  

Reaiche-­‐Miller,	
  Virology	
  2013	
  

Ducks	
  (NAs	
  +	
  rapid	
  liver	
  growth):	
  

HuHep	
  mice	
  undergoing	
  serial	
  engrafments:	
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  cccDNA	
  levels?	
  

Lutgehetmann,	
  Hepatology	
  2010	
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  retaining	
  signal	
  

Does	
  cccDNA	
  survive	
  mitosis?	
  

Reaiche-­‐Miller,	
  Virology	
  2013	
  

Ducks	
  (NAs	
  +	
  rapid	
  liver	
  growth):	
  

HuHep	
  mice	
  undergoing	
  serial	
  engrafments:	
  
Hepatocytes turn-over: limitations for cure 

 

•  Difficult to control 

•  May trigger clonal selection of hepatocytes (oncogenic ?)  

 



cccDNA	
  destruc9on	
  

Hepatocytes	
  turn-­‐over	
  

Non-­‐cytotoxyc	
  degrada9on	
  

Selec=ve	
  killing	
  of	
  infected	
  cells	
  



cccDNA	
  destruc9on:	
  deamina9on	
  

Lucifora,	
  Science	
  2014;	
  Shlomai	
  &	
  Rice,	
  Science	
  2014;	
  Xia,	
  Gastroenterology	
  2015	
  

IFNα,	
  Lymphotoxin	
  β	
  agonists,	
  IFNγ,	
  TNFα	
  can	
  induce	
  	
  
APOBEC3A/B	
  dependent	
  degrada9on	
  of	
  HBV	
  cccDNA	
  



cccDNA	
  destruc9on:	
  deamina9on	
  

Lucifora,	
  Science	
  2014;	
  Shlomai	
  &	
  Rice,	
  Science	
  2014;	
  Xia,	
  Gastroenterology	
  2015	
  

IFNα,	
  Lymphotoxin	
  β	
  agonists,	
  IFNγ,	
  TNFα	
  can	
  induce	
  	
  
APOBEC3A/B	
  dependent	
  degrada9on	
  of	
  HBV	
  cccDNA	
  

 

Cytokines-induced deamination: limitations for cure 

 

•  Strong but partial effect on the established cccDNA pool in vitro 

•  Specificity to be further confirmed 

•  Are they targeting only a subset of cccDNA molecules? 



cccDNA	
  destruc9on:	
  CRISPR/Cas9	
  

	
  Seeger,	
  Mol	
  Therapy	
  Nucl	
  Acids,	
  2014;	
  Lin,	
  Mol	
  Therapy	
  Nucl	
  Acids,	
  2014;	
  Kennedy,	
  Virology,	
  2015;	
  Kennedy,	
  AnXviral	
  Res	
  2015	
  

Induc9on	
  of	
  dele9ons	
  in	
  cccDNA	
  
Decreased	
  number	
  of	
  cells	
  expressing	
  viral	
  an9gens	
  

NHEJ	
  DNA	
  repair	
  

Double	
  strands	
  breaks	
  

Dele=ons/large	
  muta=ons	
  



cccDNA	
  destruc9on:	
  CRISPR/Cas9	
  

	
  Seeger,	
  Mol	
  Therapy	
  Nucl	
  Acids,	
  2014;	
  Lin,	
  Mol	
  Therapy	
  Nucl	
  Acids,	
  2014;	
  Kennedy,	
  Virology,	
  2015;	
  Kennedy,	
  AnXviral	
  Res	
  2015	
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  dele9ons	
  in	
  cccDNA	
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  of	
  cells	
  expressing	
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  an9gens	
  

NHEJ	
  DNA	
  repair	
  

Double	
  strands	
  breaks	
  

Dele=ons/large	
  muta=ons	
  

Targeted cccDNA cleavage: limitations for cure 

 

•  Potential off-target effects 

•  Specific delivery to infected cells is lacking 

•  Effect of cccDNA chromatin accessibility? 



cccDNA	
  transcrip9onal	
  control	
  

Viral/host	
  Transcrip=on	
  factors/cofactors	
  
associated	
  to	
  cccDNA	
  

cccDNA	
  epigene9c	
  modifica9ons	
  



cccDNA	
  is	
  subjected	
  to	
  the	
  «	
  histone	
  code	
  »	
  

Histone	
  tails	
  ACETYLATION	
  -­‐>	
  TRANSCRIPTIONAL	
  ACTIVATION	
  

METHYLATION	
  [H3K9,	
  H3K27	
  -­‐>	
  REPRESSION	
  

METHYLATION	
  [H3K4]	
  -­‐>	
  ACTIVATION	
  



The	
  cccDNA-­‐ChIP	
  assay	
  

liver tissue 

Hepatocytes 

Pollicino	
  et	
  al.	
  Gastroenteroplogy	
  2006	
  
Levrero	
  et	
  al.	
  J	
  Hepatol,	
  2009	
  
Belloni,	
  PNAS	
  2009	
  
Belloni,	
  JCI	
  2012	
  

A methodology to study cccDNA function 
 

[ HBV minichromosome structure ] 
[ modifications of cccDNA bound histones ]  

[ binding of TF and coregulators ] 
 

in vitro,  
in animal models 

ex vivo (liver samples/biopsies) 

PCR or real time PCR  
with cccDNA  

specific primers  

crosslink 

sonicate 

reverse crosslink 
purify DNA 

Reference  
input DNA 

immunoprecipitate 
with specific antibodies 

Massive Parallel 
Sequencing 
(ChIP-Seq) 



cccDNA	
  acetyla9on	
  parallels	
  HBV	
  replica9on	
  	
  
in	
  vitro	
  and	
  in	
  vivo	
  

HuH7	
  cells	
  replica9ng	
  HBV	
  

Acetylated Histones 

High Replication 
HDAC1 HDAC1 

Low Replication 

Hypoacetylated Histones 

HBV	
  replica9on	
  is	
  regulated	
  by	
  the	
  acetyla9on	
  status	
  of	
  	
  
cccDNA-­‐bound	
  H3/H4	
  histones	
  

Pollicino, Gastroenterology 2006 
Levrero, Hepatology 2009 

Liver	
  biopsies	
  of	
  CHB	
  pa9ents	
  



cccDNA	
  epigene9c	
  status	
  in	
  pa9ents	
  

spontaneously 
iatrogenic 

immunosuppression 

iatrogenic 
immunosuppression 

tolerance  chronic hepatitis  inactive carrier  pre-core mt      occult HBV 

0,001 
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100 
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DNA 
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p300 

High Replication Low Replication 

Sirt1 
Sirt1 HDAC1 HDAC1 

Histones 

Ezh2 

Sirt1 
Sirt1 HDAC1 HDAC1 

Histones 

HP1 
MeCP2 

Suv39 

Occult	
  HBV	
  

 Input   1    2   3    4    5    6    IgG  
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  unpublished	
  



Mapping	
  cccDNA	
  nucleosomes	
  	
  
and	
  histones	
  PTMs:	
  ChIP-­‐Seq	
  

Tropberger,	
  PNAS	
  2015	
  

HBV	
  chroma9n	
  shares	
  some	
  basic	
  
features	
  with	
  cellular	
  chroma9n	
  

cccDNA	
  molecules	
  coming	
  from	
  infected	
  HepG2-­‐NTCP,	
  PHH	
  and	
  human	
  liver	
  	
  
share	
  a	
  very	
  similar,	
  but	
  not	
  iden9cal,	
  histone	
  PTMs	
  profile	
  

Different	
  HBV	
  regulatory	
  regions	
  
shows	
  specific	
  histone	
  PTMs	
  profiles	
  



Effects	
  of	
  IFNα	
  treatment	
  on	
  HBV	
  replica9on	
  
and	
  transcrip9on	
  in	
  HuHep	
  mice	
  

	
  

Petersen,	
  PNAS	
  1998,	
  Dandri,	
  Hepatology	
  2001,	
  2002,	
  2008,	
  J	
  Hepatol	
  2005,	
  Petersen,	
  Nature	
  Biotech.2008	
  

woodchuck,	
  
tupaia,	
  human	
  
hepatocytes	
  

In	
  vivo	
  
HBV	
  infec9on	
  

Belloni,	
  JCI	
  2012	
  



Altera9on	
  of	
  cccDNA	
  epigene9c	
  modifica9ons:	
  IFNα	
  

Tropberger,	
  PNAS	
  2015	
  

Alpha-­‐IFN:	
  
•  inhibits	
  cccDNA	
  transcrip9on	
  
•  reduces	
  the	
  acetyla9on	
  of	
  cccDNA-­‐bound	
  histones	
  	
  

Liu,	
  PLosPath	
  2013	
  

HBV-­‐infected	
  HepG2-­‐NTCP	
  	
  Dstet5	
  with	
  Tet-­‐on	
  DHBV	
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  ACS	
  2016	
  

Altera9on	
  of	
  cccDNA	
  epigene9c	
  modifica9ons:	
  
epigene9c	
  small	
  molecules	
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Altera9on	
  of	
  cccDNA	
  epigene9c	
  modifica9ons:	
  
epigene9c	
  small	
  molecules	
  

Pre-clinical proof of concept stage 

 

Make active carriers „true“ inactive and, eventually,  over time „occult“ 

carriers by „locking“ the cccDNA 

Warnings     
 

-  complexity of responses 

-  functional redundancy 

-  duration of response 

-  off target effects 



cccDNA	
  transcrip9onal	
  control	
  

Viral/host	
  Transcrip9on	
  factors/cofactors	
  
associated	
  to	
  cccDNA	
  

cccDNA	
  epigene=c	
  modifica=ons	
  



HBx	
  protein	
  impacts	
  on	
  cccDNA	
  transcrip9on	
  
HBx	
  binds	
  to	
  and	
  is	
  required	
  for	
  full	
  cccDNA	
  transcrip9on	
  and	
  
viral	
  replica9on	
  
(Belloni,	
  PNAS	
  2009;	
  Lucifora,	
  JHepatol	
  2011)	
  	
  

HBx	
  prevents	
  recruitment	
  of	
  nega9ve	
  regulators	
  on	
  cccDNA	
  	
  
(Belloni,	
  2009;	
  Benhenda,	
  2013;	
  Ducroux	
  2014,	
  Rivière	
  2015,	
  Decorsière,	
  2016)	
  

HDAC1 

Modified	
  from	
  Riviere,	
  J	
  Hepatol	
  2015	
  

Decorsière,	
  Nature	
  2016	
  
Smc5/6	
   Smc5/6	
  

Decorsière,	
  Nature	
  2016	
  Belloni, PNAS 2009 
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u  HBx binds to and is required for transcription from the viral cccDNA minichromosome and viral replication 
 

u  HBx binds to cellular promoters and modulates the epigenome by relocating chromatin regulators 
 

u  HBx contributes to hepato-carcinogenesis 

HBx protein, HBV replication and HBV pathogenesis 
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Levrero & Zucman Rossi – J Hepatology 2016 

u  HBx binds to and is required for transcription from the viral cccDNA minichromosome and viral replication 
 

u  HBx binds to cellular promoters and modulates the epigenome by relocating chromatin regulators 
 

u  HBx contributes to hepato-carcinogenesis 

HBx protein, HBV replication and HBV pathogenesis 

HBx  

a very attractive target for HBV cure 

 
but 

 

•  Difficult task: HBx has no enzymatic activity 

•  Try to specifically target HBx-host factors interactions? 

•  siRNA against viral RNAs are under evaluation 



HBV	
  Core	
  binds	
  to	
  cccDNA	
  	
  
and	
  arranges	
  nucleosome	
  spacing	
  

157-­‐SPRRRT-­‐162	
  
8	
  =mes	
  more	
  specific	
  for	
  dsDNA	
  than	
  pdsDNA	
  

SPXX	
  family	
  mo=f	
  =	
  bind	
  to	
  DNA	
  minor	
  groove	
  
(like	
  histones	
  and	
  RNA	
  Pol	
  II)	
  

HBc	
  is	
  bound	
  to	
  cccDNA	
  EARLY	
  POST-­‐INFECTION	
  and	
  is	
  associated	
  to	
  posi9ve	
  histone	
  PTMs	
  

Floriot, unpublished observation 
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Hatton et al, J Virol 1992; Bock et al, JMB 2001 

HBx-independent 



Role	
  of	
  cccDNA-­‐bound	
  HBc	
  

Riviere,	
  J	
  Hepatol	
  2015	
  

Guo,	
  EpigeneXcs	
  2011	
  

22	
  liver	
  biopsies	
  CHB	
  pa=ents	
  

ΔHBc	
  virus	
  

Role	
  of	
  incoming	
  HBc	
  protein	
  



Core inhibitors drugs 

HBV capsid 
(120 HBc dimers) 

Bock, 2001 
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u  HBc	
  binds	
  the	
  cccDNA	
  and	
  modifies	
  
cccDNA	
  nucleosome	
  spacing	
  

u  HBc	
  binds	
  to	
  cellular	
  promoters	
  and	
  
regulates	
  gene	
  expression	
  

u  HBc	
  binds	
  to	
  (and	
  represses)	
  the	
  IFN-­‐b,	
  
IL-­‐29	
  and	
  OAS1	
  cellular	
  promoters	
  

Core	
  
inhibitors	
  

1	
  

2,	
  3	
  

4	
  

1.	
  Bock	
  T.	
  et	
  al.,	
  JMB	
  2001;	
   	
  2.	
  Belloni	
  L.	
  et	
  al.	
  PNAS	
  USA	
  
2009;	
  3.	
  Guo,	
  BMC	
  genomics,	
  2013;	
  4.	
  Durantel	
  D.	
  et	
  al.,	
  
AASLD	
  2013;	
  Lupacchini	
  and	
  Floriot	
  et	
  al.	
  unpublished	
  

Lupacchini and Floriot,  (unpublished) 
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Core	
  inhibitors	
  are	
  the	
  first	
  “viral	
  specific”	
  	
  compounds	
  that	
  poten9ally	
  target	
  cccDNA	
  

[1]	
  cccDNA	
  accumula=on	
  	
  
(Rc-­‐DNA	
  delivery	
  and/or	
  core	
  par=cles	
  recycling)	
  

•  Phenylpropenamide	
  deriva=ves	
  (AT61,	
  AT130)	
  [Gilead]	
  
•  Heteroaryldihydropyrimidines	
  (HAP-­‐1	
  and	
  Bay	
  41-­‐4109)	
  
•  Sulfamoylbenzamide	
  deriva=ves	
  (DVR-­‐23,	
  DVR-­‐56	
  	
  

and	
  Novira	
  Therapeu=cs	
  NVR-­‐1221,	
  NVR	
  3-­‐378)	
  
•  BCM-­‐599	
  [2-­‐amino-­‐N-­‐(2,6-­‐dychloropyridin-­‐3-­‐yl)	
  

	
  	
  acetamide	
  family]	
  
•  Iso-­‐thiafludine	
  (pg-­‐RNA	
  packaging)	
  

[2]	
  ccDNA	
  transcrip=on	
  
[3]	
  HBc	
  recruitment	
  
	
  on	
  the	
  cccDNA	
  

[4]	
  HBc	
  cellular	
  target	
  genes	
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f. 
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f. 

Hap12 CpAM 
 

- blocks new cccDNA formation 

- reduces the cccDNA pool 

 - repress residual cccDNA transcription  

-  leads to an inappropriate assembly of viral capsids 

virus specific mechanism 
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f. 

Core inhibitors are the first “viral specific”  

compounds capable to target the cccDNA 

 

Preclinical and Early Clinical Profile of NVR 3-778, a 

Potential First-In-Class HBV Core Inhibitor  

Gane, AASLD 2014  

[NVR3-778-101 Protocol, Clinicaltrials.org # NCT02112799]  

 

Phase 1b clinical trial 

[4 dosing cohorts: 100, 200, 400 mg QD and 600 mg BD]  

Yuen, AASLD 2015; Yuen ILC 2016 



Klumpp	
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  EASL	
  2015	
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