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RNAi treatment for chronic hepatitis B 



RNA-interference (RNAi) mechanism: 
role of delivery 



RNA-interference (RNAi) mechanism: 
role of delivery 

ARC-520: in phase 2; efficacy vs toxicity signals  

 

Tekmira/Oncor: clinical developmet from Q1 2015  
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Modified from U. Protzer et al. Nature Reviews in Immunology 2012  

BLOCKING	
  INHIBITORY	
  RECEPTORS	
  ON	
  T	
  CELLS	
  

RESTORATION OF THE  T CELL FUNCTION BY COMBINED 
MANIPULATION OF PD-1/PD-L1 AND CD137/CD137L PATHWAYS 

Fisicaro P et al Gastroenterology 2012 

PD-1 PATHWAY BLOCKADE  
Proof of concept of α-PD-1 in Chronic HCV 

Gardiner et al. 2013. PLoS ONE 8(5): e63818.  
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HBV cccDNA 

 from Nassal  et al, Virus Research 2008 

• 	
  template	
  for	
  all	
  HBV	
  mRNAs	
  and	
  the	
  HBV	
  pgRNA	
  

• 	
  not	
  directly	
  targeted	
  by	
  NUCs	
  

•  	
   may	
   exist	
   hepaEc	
   “latent”	
   reservoire	
   (non	
   integrated	
   funcEonally	
  
competent	
  HBV	
  genomes):	
  OBI	
  and	
  inacEve	
  carriers	
  



The	
  HBV	
  cccDNA	
  as	
  a	
  “minichromosome”	
  

•  HBV cccDNA is organized as a minichromosome in the nucleus of 
infected cells by histone and non-histone proteins 

(Newbold 1995, Bock 2001, Pollicino 2006). 

Bock, T. et al 1994.  
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Persistence of cccDNA 

Belloni, Levrero, Gaeta HBV meeting 2010 
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Persistence	
  of	
  cccDNA	
  in	
  3	
  out	
  of	
  4	
  paEents	
  with	
  long	
  term	
  HBV	
  
suppression	
  under	
  lamivudine	
  
In	
  2	
  out	
  3	
  paEents	
  	
  cccDNA	
  is	
  inacEve	
  (no	
  pgRNA)	
  

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  unpublished]	
  

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  unpublished]	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



•  antivirals do not directly target cccDNA 
•  persists in NUC long-term suppressed patients, occult HBV 

infection and subjects recovered from AVH  
 (Werle-Lapostolle 2004; Pollicino 2004; Maynard, 2005; Belloni, 2010) 

cccDNA persistence 

 

active cccDNA (pgRNA pos) 

inactive cccDNA (pgRNA neg) 

Persistence of cccDNA 



Böttler et al, J Hepatol 2014 

cccDNA  
formation 

cccDNA  
degradation 

cccDNA  
silencing 

Hepatocyte turn-over 



Cleavage	
  of	
  cccDNA	
  
by	
  targeted	
  gene	
  disrupEon	
  strategies	
  

u   Zinc Finger [Weber, PlosOne, 2014]  

u  Talens [Chen, Mol Therapies, 2014]  

u  Bacterial CRISP / Cas  
      RNA-guided DNA endonucleases 
       [Seeger, Mol Therapy Nucl Acids, 2014; 
       [Lin, Mol Therapy Nucl Acids, 2014; 
       [Kennedy, Virology, 2015]  

CRISP/CAS,	
  
Talens,	
  Zn-­‐fingers	
  



Cleavage	
  of	
  cccDNA	
  
by	
  targeted	
  gene	
  disrupEon	
  strategies	
  

u   Zinc Finger [Weber, PlosOne, 2014]  

u  Talens [Chen, Mol Therapies, 2014]  

u  Bacterial CRISP / Cas  
      RNA-guided DNA endonucleases 
       [Seeger, Mol Therapy Nucl Acids, 2014; 
       [Lin, Mol Therapy Nucl Acids, 2014; 
       [Kennedy, Virology, 2015]  

CRISP/CAS,	
  
Talens,	
  Zn-­‐fingers	
  

Even if efficacy issues are solved, delivery 

may remain unpractical 



Lucifora	
  et	
  al.	
  Science	
  343,	
  1221-­‐8,	
  2014	
  

-  Interferon-α and lymphotoxin-β-receptor 
activation up-regulated APOBEC3A and 3B 
cytidine-deaminases, respectively, in HBV-
infected cells, primary hepatocytes and 
human liver-needle biopsies.  

-  HBV-core protein mediates the interaction 
with nuclear cccDNA resulting in cytidine-
deamination, apurinic/apyrimidinic site 
formation and finally cccDNA degradation  



Lucifora	
  et	
  al.	
  Science	
  343,	
  1221-­‐8,	
  2014	
  

-  Interferon-α and lymphotoxin-β-receptor 
activation up-regulated APOBEC3A and 3B 
cytidine-deaminases, respectively, in HBV-
infected cells, primary hepatocytes and 
human liver-needle biopsies.  

-  HBV-core protein mediates the interaction 
with nuclear cccDNA resulting in cytidine-
deamination, apurinic/apyrimidinic site 
formation and finally cccDNA degradation  

What about viral proteins ? 

 

can we target cccDNA-bound viral proteins  

(HBx and HBc) to modulate cccDNA function? 



HBc protein / capsid 

HBV capsid 
(120 HBc dimers) 

Bock, 2001 

HBc dimer 
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  modifies	
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  spacing	
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u  HBc	
  binds	
  to	
  cellular	
  promoters	
  and	
  
regulates	
  gene	
  expression	
  

	
   	
   	
   	
  (Guo,	
  BMC	
  genomics,	
  2013)	
  

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

	
   	
   	
   	
  (Durantel	
  D,	
  AASLD	
  2013)	
  

ChIP anti-HBc 



•  Core	
   inhibitors	
   (Hap12	
   and	
   AT130)	
   	
   impact	
   on	
   Cp	
   nuclear	
   funcEons	
   at	
  mulEple	
  
levels:	
  

	
  
-­‐  block	
  new	
  cccDNA	
  accumulaEon	
  (Rc-­‐DNA	
  delivery	
  and/or	
  core	
  parEcles	
  recycling)	
  	
  
-­‐  reduce	
  the	
  size	
  of	
  an	
  established	
  cccDNA	
  pool	
  
-­‐  inhibit	
  HBc	
  recruitment	
  on	
  the	
  cccDNA	
  

The	
  effects	
  on	
  HBc	
  recruitment	
  on	
  cellular	
  genes	
  remains	
  to	
  be	
  determined	
  

AnE-­‐capsid	
  drugs	
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Core inhibitors are the first “viral specific”  

compounds capable to target the cccDNA 



HBV capsid 
(120 HBc dimers) 

HBc dimer 

Core	
  inhibitors	
  /	
  AnE-­‐capsid	
  	
  
A	
  growing	
  family	
  

Phenylpropenamide	
  derivaEves	
  (AT61,	
  AT130)	
  [Gilead]	
  

Heteroaryldihydropyrimidines	
  (HAP-­‐1	
  and	
  Bay	
  41-­‐4109)	
  

Sulfamoylbenzamide	
  derivaEves	
  (DVR-­‐23,	
  DVR-­‐56	
  and	
  Novira	
  
TherapeuEcs	
  NVR-­‐1221)	
  [Novira]	
  

BCM-­‐599	
  [2-­‐amino-­‐N-­‐(2,6-­‐dychloropyridin-­‐3-­‐yl)	
  [acetamide	
  family]	
  

Isothiafludine	
  (pg-­‐RNA	
  packaging)	
  

Preclinical and Early Clinical Profile of  

NVR 3-778, a Potential First-In-Class  

HBV Core Inhibitor  

Gane, AASLD 2014 
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- Required for cccDNA transcription 
 (Belloni 2009; Lucifora 2011) 

 
- Prevents silencing of cccDNA by 
   HDAC1 and PMRT1  

 (Belloni 2009, Benhenda 2013) 
 
- Relocates CBP and DNMT3 on  
  cellular genes 

 (Cougot, 2007, Zhang, 2009) 

u  HBx	
  binds	
  to	
  and	
  is	
  required	
  for	
  cccDNA	
  transcripCon	
  and	
  viral	
  replicaCon	
  	
  
	
  
u  HBx	
  binds	
  to	
  cellular	
  promoters	
  and	
  modulates	
  the	
  epigenome	
  by	
  	
  

	
  relocaCng	
  chromaCn	
  regulators	
  
	
  
u  HBx	
  contributes	
  to	
  hepato-­‐carcinogenesis	
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HBx  

a very attractive target for HBV cure 
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Pre-clinical proof of concept stage 

 

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

carriers by „locking“ the cccDNA 
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Warnings     
 

-  complexity of responses 

-  functional redundancy 

-  duration of response 

-  off target effects 
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cccDNA silencing  

=  

functional cure 



HBV cure landscape 

Inhibitors	
  of	
  HBsAg	
  
release,	
  Replicor	
  

RNA	
  interference,	
  	
  
Arrowhead,	
  Tekmira,	
  
Alnylam,	
  GSK	
  

Polymerase	
  inhibitors	
  	
  
•  Nucleoside	
  analogues,	
  e.g.	
  Gilead,	
  	
  BMS	
  
•  Non-­‐nucleoside,	
  e.g.	
  LB80380	
  

TargeEng	
  
cccDNA	
  

Entry	
  inhibitors	
  
•  LipopepCdes,	
  e.g.	
  

Myrcludex-­‐B	
  	
  

Immune	
  modulaEon	
  
•  Toll-­‐like	
  receptors	
  agonists,	
  Gilead,	
  Roche	
  
•  AnI-­‐PD-­‐1	
  mAb,	
  BMS,	
  Merck	
  
•  Vaccine	
  therapy:	
  Transgene,	
  Gilead,	
  Roche	
  Innovio,	
  Medimmune,	
  ITS	
  

InhibiEon	
  of	
  nucleocapsid	
  assembly	
  
	
  Novira,	
  AssemblyPHARMA,	
  	
  

Gilead,	
  Janssen	
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promoted	
  cccDNA	
  clearance	
  in	
  the	
  majority	
  of	
  the	
  human	
  hepatocytes.	
  	
  

	
  Allweiss,	
  Petersen,	
  Dandri	
  et	
  al,	
  EASL	
  2014,	
  O101	
  

Entry	
  inhitor	
  plus	
  cell	
  proliferaEon	
  support	
  loss	
  of	
  cccDNA	
  and	
  HBsAg	
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Cell	
   proliferaEon	
   combined	
   with	
   anEviral	
   treatment	
   to	
   block	
   re-­‐infecEon	
   (Myrcludex	
   B)	
  
promoted	
  cccDNA	
  clearance	
  in	
  the	
  majority	
  of	
  the	
  human	
  hepatocytes.	
  	
  

	
  Allweiss,	
  Petersen,	
  Dandri	
  et	
  al,	
  EASL	
  2014,	
  O101	
  

Entry	
  inhitor	
  plus	
  cell	
  proliferaEon	
  support	
  loss	
  of	
  cccDNA	
  and	
  HBsAg	
  

Evidence for ongoing low level viremia in patients 

with CHB receiving long term NUC therapy  

Marcellin , AASLD 2014 



Viral	
  
targets	
  	
  

Immune	
  
modulaCon	
  	
  

Entry	
  inhibiCon	
  cccDNA	
  	
  
	
  -­‐	
  formaCon	
  	
  
	
  -­‐	
  stability	
  /	
  destrucCon	
  
	
  -­‐	
  epigeneCc	
  regulaCon	
  	
  

HBc	
  funcCons	
  
	
  
Other	
  viral	
  targets:	
  HBx	
  etc.	
  	
  

SCmulaCng	
  innate	
  responses	
  	
  
	
  -­‐	
  Specific	
  ligands	
  	
  

	
  
SCmulaCng	
  adapCve	
  responses	
  	
  

-­‐	
  Co-­‐inhibitory	
  signals	
  	
  
-­‐	
  Co-­‐sCmulatory	
  signals	
  	
  

	
  
TherapeuCc	
  vaccinaCon	
  	
  

FuncConal	
  cure	
  /	
  control	
  ?	
  	
  
Complete	
  cure	
  ?	
  	
  

What Might HBV Cure Will Look Like? 
let’s keep an open mind 

Modified from F Zoulim 6.2014 





Laboratory of Gene Expression 

Massimo	
  Levrero	
  	
  
	
  

Laura	
  Belloni	
  
Gianna	
  Aurora	
  Palumbo	
  

Leonardo	
  Lupacchini	
  
Francesca	
  Guerrieri	
  
Natalia	
  Pediconi	
  	
  
Ludovica	
  Calvo	
  
Debora	
  Salerno	
  
Silvia	
  di	
  Cocco	
  

Collaborations: 

	
  

Fabien	
  Zoulim	
  
Barbara	
  Testoni	
  
David	
  Durantel	
  

INSERM	
  U761	
  -­‐Lyon	
  
	
  

Thanks	
  to	
  

Adam	
  Zlotnick	
  	
  
Lichun	
  Li	
  

Department	
  of	
  Molecular	
  &	
  Cellular	
  Biochemistry,	
  	
  
Indiana	
  University,	
  Bloomington,	
  USA	
  

Uri	
  LopaEn	
  	
  
Adam	
  Zlotnick	
  

Assembly	
  PharmaceuEcals	
  

	
  Financial	
  support	
  


