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If cccDNA half life is shorter 
than presumed

You may think of it as 
« intensification »

Do we need anti viral immunity to cure HBV?
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“Capsid inhibitors”
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Inhibitors 
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If lowering HBsAg is 
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Do we have evidences that immunity can control HBV ?

• Functional dichotomy of adaptive immunity in chronic versus 
resolved patients

• Immune suppression (T and B cells) causes HBV reactivation

• Transplantation of HBV primed bone marrow causes HBV 
functional control in CHB patients

Lau et al. Hepatology 1997 

Ilan et al. Gastroenterology 1993

• HBsAg+ liver became HBsAg negative after transplantation in 
resolved HBV.

Loggi et al. J Hepatol 2009



Restoration of antiviral immunity
Background

1. HBV is recognized by the innate immunity but it is poorly 
sensed and is a weak inducer of innate pro-inflammatory 
cytokines

2. HBV-specific T cells in chronic infection are deeply 
dysfunctional

3. NK cells in chronic HBV infection seem to be impaired in their 
anti-viral capacity

4. Expansion of HBsAg-specific atypical memory B cells in CHB
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Pathogen sensing

Limited HBV sensing is combined with active 
suppression of innate responses

ISG expression

HBV

Wang H et al. PlosPathog 2010
Yu S et al. J.Gen.Virol. 2010
Wei C et al. J.Immunol. 2010 
Kumar M et al. J.Virol. 2011
Wang X et al. Cell. Mol. Immunol. 2010
Vincent IE at al, PloSOne 2011
Xie Q et al, Microbes Infect. 2009
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HBV by-passes the innate immune response and does not 
protect HCV from antiviral activity of interferon

Mutz et al, Gastroenterology 2018



Hepatitis B virus does not interfere with innate immune 
responses in the human liver

Suslov et al, Gastroenterology 2018



Suppression of intrahepatic ISG expression in CHB patients: 
role of high HBsAg levels

Lebossé et al, J Hepatol 2017
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HBV-specific T cells are dysfunctional in chronic HBV infection 

Proteasome 
autophagy 

dysfunction

High antigen load
(blood and liver)

Intrahepatic nutrient 
depletion

(increased arginase 
and IDO/TDO activity)

Intrahepatic 
activation of negative 

regulatory cells 
(Treg, NK cells, MDSC)

Elevation of 
suppressive cytokines 

within the liver
(IL-10, TGF-b)

Suboptimal T 
cell activation 
by liver APC

Up-regulation co-
inhibitory receptors
(PD-1, CTLA-4, 2B4, 
TIM-3,LAG-3, CD160, 

TIGIT)



HBV specific CD8 T cell responses in humans

• Hepatic microenvironment

Arginase, IDO, IL-10, TGFb

Tolerogenic antigen presenting cells

• Local induction of regulatory cells

T regs by LSECs, stellate cells and DC

MDSCs by stellate cells

• Attrition of T cell responses

Functional exhaustion/up-regulation co-

inhibitory receptors (effector T cells)

T cell killing by NK cells
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Preserved 
cytolytic 
activity

Liver inflammation
Liver cell killing

Poor IFN-g 
production

Poor HBV 
clearance

NK cell
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NK cell
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NK cell functional dichotomy in chronic HBV infection:
more pathogenic than protective

Boni C et al Hepatology 2015
Peppa D et al J Exp Med 2013
Maini M et al Front Immunol 2013
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HBsAg specific atypical memory B cells in CHB

2018

• HBsAg AtMBCs > AtMBCs HBcAg

• enriched for PD-1 and T-bet

• Impaired cytokine production

• Impaired plasma cell differentiation

• Defective antibody response



Targeting Innate Immunity

• TLR-7 agonists : target pDCs; induction of  endogenous type I IFN
[Direct antiviral effect and restoration of anti-viral immunity]

• TLR-8 agonists : target monocytes CD161bright / MAIT / Nkbright cells
[Induction of IL12, IL18, IFNg]

• RIG-I agonists : restoration of endogenous IFN production & interference on 
Polymerase/pgRNA interaction

Gehring et al, Gastroenterology 2019



Stellate cell

HepatocytesJ.Jo et al. PLOS Pathogens 2014; Menne S et al. J Hepatol 2015; Lanford RE et al. Gastroenterology 2013; Gane 
EJ et al. J Hepatol 63:320–328; 2015; Huang LR et al. Nat Immunol 2013; Maini and Gerhing J. Hepatol. 2016

TLR-7 
activation

pDC

IFN-a

TLR7 agonist GS-9620 : 
• prolonged suppression of hepatitis B virus in 

chronically infected chimpanzees
Lanford et al, Gastroenterology 2013

• induces an ISG response in patients in vivo but 
no durable HBsAg loss

Gane et al, J Hepatol 2015
Janssen et al, J Hepatol, 2017

Manipulation strategies for innate immunity



TLR-7 agonist increases responses of HBV-specific T cells and 
natural killer cells in CHB patients treated with NUCs

Boni et al, Gastroenterology 2018

T cell function is improved but does not reach the levels 
displayed by spontaneous controllers of infection

no patients with >0.5-log10 declines in 
HBsAg at week 24;
no patients had HBsAg loss at week 
24



Stellate cell

Hepatocytes

Manipulation strategies for innate immunity

J.Jo et al. PLOS Pathogens 2014; Menne S et al. J Hepatol 2015; Lanford RE et al. Gastroenterology 2013; Gane EJ et al. 
J Hepatol 63:320–328; 2015; Huang LR et al. Nat Immunol 2013; Maini and Gerhing J. Hepatol. 2016
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PHASE Ib clinical trial of TLR8 agonist GS-9688

•  Blood samples from HBV patients treated withGS-9688 for 2 to 7 days and 
analyzed for cytokine response

•  GS-9688 induced cytokines and also reduced the frequency of conventional 
regulatory Tcells (Tregs) 

•  GS-9688 triggered dose-dependent activation of NK cells
•  GS-9688 triggered the production of IL12, IFNg & TNFa: potential for 

stimulation of innate immunity, adaptive immunity, and direct antiviral effect

TLR8 agonist GS-9688 : sustained efficacy and 
surface antigen seroconversion in the woodchuck 
model of CHB
 Daffis et al J Hep 2017, 66:S692-S693



Stellate cell

HepatocytesJ.Jo et al. PLOS Pathogens 2014; Menne S et al. J Hepatol 2015; Lanford RE et al. Gastroenterology 2013; Gane EJ et al. 
J Hepatol 63:320–328; 2015; Huang LR et al. Nat Immunol 2013; Maini and Gerhing J. Hepatol. 2016
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Subcutaneous TLR9 agonist 
induces IFN-a and intrahepatic 
T cell aggregates and shows 
antiviral efficacy in the 
woodchuck model of CHB 
during treatment in 
combination with entecavir
Meng et al Antiviral Res 2016
Huang L-R Nature Immunol. 2013

Manipulation strategies for innate immunity



RIG-I agonist (SB 9200): restoration of endogenous IFN production
 & interference on Polymerase/pgRNA interaction

PHASE II ACHIEVE trial of oral RIG-I 
agonist Inarigivir and Tenofovir
Yuen et al Hepatology 2017,66:22A

RIG-I agonist SB 9200: antiviral efficacy in the 
woodchuck model of CHB during sequential 
treatment with SB 9200 and entecavir
Suresh et al Plos One 2017



Targeting Adaptative Immunity

Maini et al, J Hepatol 2016; 
Bertoletti et al, J Hepatol 2016; 
Fisicaro et al, Nature Medicine 2017

• Antigen load reduction ?

• Therapeutic vaccines : stimulation of HBV-specific CD4 and CD8 T cells

• Check-point inhibitors :  rescue exhausted HBV specific CD4 and CD8 T cells

• Targeting mytochondrial disfunction : restoration of the antiviral activity of  
exhausted HBV-specific CD8 T cells

• T cells engineering : redirecting T cells to infected hepatocytes 



Nucleic Acid 
Polymers (NAPs)

• HBsAg clearance is a a therapeutic end-point

• Reduction of HBsAg should translate in a revival of HBV-specific exausted T cells

• Multiple strategies are evaluated:
- Interfering RNAs (siRNA): «genetic silencing»
- Nucleic Acid Polymers (NAPs): HBsAg secrétion
- Anti-HBs antibodies

REP 2139
REP 2165

Reduce antigen load to restore T cell responses

MoA unknown

siRNAs ASO 

5 -AS′

5 -sense′

Lipid Nanoparticles for IV infusion

GalNAc-Conjugate for sc 
administration
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An ideal therapeutic vaccination approach

Vaccine:

• incorporating core, pol and surface antigens

• inducing multispecific broadly cross-reactive T cells

• inducing functional B cells and neutralizing antibodies

• accompanied by immunomodulation to overcome HBV-specific immune exhaustion



Therapeutic vaccines for chronic HBV infection

Recombinant yeast is efficiently taken up by professional antigen-presenting cells (APCs)

Processed viral antigens are then presented  to T cells via MHC I and II.

GS-4774 (Tarmogen)

Boni C. et al. Gastroenterology  2018

T cell responses are improved by vaccination but still remain 
much lower than after spontaneous resolution of infection

• All patients normalized ALTs, most became HBV-DNA neg
• No patients had HBsAg loss at week 48



Therapeutic vaccination with prime boost



Therapeutic vaccination (TherVac) with prime boost

Bakes et al. Vaccine 2016;34:923-932

High antigen levels limit the immunological 
response to therapeutic vaccination in HBV-Tg 

mice



Response to TherVac is increased by prior decline of antigen



HBV-specific T cell responses in patients with chronic HBV infection treated 
with anti-PD-1 alone or in combination with the GS-4774 vaccine 

• HBc- and HBs-specific T cells detected ex vivo in 18/24 pts
• No increase with Nivolumab

• 2/22 (9%) at wk 12 and 3/22 (14%) at wk 24 with > 0.5 log10 reduction in HBsAg
• 19/22 pts treated with 0.3 mg/Kg showed some decline in HBsAg by wk 24

Gane et al, 2018

• 1 patient off treatment for > 9 mo with sustained S 
loss and anti-HBs seroconversion



Targeting underlying HBV-specific T cell  
mitochondrial/metabolic dysfunction

Adapted from Maini and Pallett, Lancet Gastroenterol Hepatol 2018

Schurich et al Cell Reports 2016 
Fisicaro et al Nat Med 2017

Exhausted CD8 T cells are poorly able to use 
oxphos to meet their energy demands

Functional restoration of antiviral effector CD8 responses 
by mitochondrial targeted anti-oxidant compounds 



Adoptive cell therapy through T cell engineering

T cell
receptor

(TCR)

Viral peptide 
presented 

by HLA-class I

HLA

Engineered T cell Infected  cell
Engineered T cell

Infected  cell

Chimeric antigen
receptor

(CAR)

Antigen 
expressed 

on the T cell 
surface

Gehring et al, J Hepatol 2011,Qasim et al, J Hepatol 2015
Kah et al, JCI 2017, Koh et al, Gastro 2018

T cells are HLA-class I restricted T cells recognize conformational antigen

Bohne et al, Gastro 2008, Krebs et al, Gastro 2013
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Why Immune therapies didn’t (so far) work?

IFN-alpha is the only therapy that increases seroconversion

Activation of Intrahepatic Innate Immunity Restoration of HBV-specific Immunity
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Because we are targeting the wrong patient population ?

Some HBV T cells 
(tolerant / anergic)

Tolerogenic environment

Few HBV T cells 
(exhausted)

Suppressive environment

CHB patients, 
mainly anti-HBe,
under NA therapy

• Increased frequency of HBV specific T cells in 
“Young Immunotolerant” pts

Kennedy et al Gastroenerology 2012

• More complete T cell repertoire



Consequences of HBV hepatic priming

• Different HBV specific CD8 T cells in (young) IT 
• and (adult) CHB patients

• Phenotypically they show that they form a different cluster 
(cluster 13, CD127++ (IL7R), CXCR3++, CD27++)

HBV specific CD8 T cells in IT (HBe pos CI) or IA (HBe neg CH) are different

Young / IT  : Vac therapy ? IL-2 ? TLR-7/8 ? 
Older CHB : Reconstitution of T cells ?  PDL1 ?

- tolerant / anergic
- not sensitive to anti-PD1
- IL2 dependent

- exhausted T cells



Heterogeneity of HBV specific CD8+ T cells

• Distinct subsets • Different target epitopes

Gut, 2019



Conclusions

• Immune therapy could be an important asset for 
HBV cure but patients selection is crucial

• Immune therapies need to be personalized in 
relation to the immune profile of disease and not 
only to virological parameters



Massimo Levrero 
Mirjam Ziesel

Marie Laure Plissonnier
Francesca Guerrieri

Natali Abeywickrama Samarakoon 
Vincenzo Alfano
Oceane Floriot
Alexia Paturel

Paul Deny
Jean Claude Cortay

Claude Caron de Fromentel

Lab of Gene Expression

Massimo Levrero 
Francesca Guerrieri

Natalia Pediconi 
Laura Belloni

Ludovica Calvo
Debora Salerno

INSERM U1052 
Equipe 23

Fabien Zoulim

Barbara Testoni
and her team

INSERM U1052
Equipe 15

Thanks to Antonio  Bertoletti, Rober Thimmeand Carlo Ferrari  for providing me slides 
and Carlo Ferrari for the continuing collaboration that keeps me in the immunology loop


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 22
	Slide 23
	Slide 24
	Slide 27
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 35
	Slide 36
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

