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HBV Is a ‘stealth virus’ poorly sensed by the
Innate Immune system
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HBYV Is a poor inducer of innate responses

* Cytokine and chemokine production in acute HBV infection is significantly more
modest and delayed compared with acute HIV infection (Stacey AR J. Virol. 2009)
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* Low production of type I IFN, IL-15 and IFN-A1, associated with high serum IL-10 levels, at
the early stages of HBV infection (Dunn C. et al Gastroenterology 2009)
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Is HBV able to inhibit innate responses?

Extracellular sensing (TLR) Intracellular sensing (RIG-1)
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NF-kB targetgenes




Is HBV able to inhibit innate responses?

Interferon loop

PKR, ADARI, 2-50AS,
IFIT1, Viperin, ISG6-16,
MxA




Summary of the early events in HBV infection

—
v we el

E 100_;
=~ :
8 )
» )
w 10-
Q :
5 :
o
o
<
4
e
>
0]
X

Early non cytolytic Delayed NK cells
clearance of HBV activation

damage
N\ —
Clinically overt infections
Dunn C et al Gastroenterology 2009
1x108 25

HBV-DNA NK cells "
< IFN-y |20 %
(8
z J s
-~ 5x107 <
A 10 &
x Z
5 =
o~

Weeks from infection

T cell inhibition to
avoid excessive

— 2,000

- 1,000

T

Poor induction of Efficient and timely
early intracellulaiinduction of adaptive
innate responses responses

/01 17V



Maturation of long-lasting memory T cell responses in self-
limited HBV infections

HBV INFECTION
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Progressive T cell functional impairment in chronically evolving
acute HBYV infections

Weak and narrowly focused T cell
responses

Chronic evolution
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Persistent and progressive impairment of
protective responses
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HBV-specific T cells in chronic infection



HBV-SPECIFIC CD8 CELLS ARE PREFERENTIALLY
CONCENTRATED WITHIN THE LIVER IN PATIENTS WITH

CHRONIC HBV INFECTION
(Fisicaro P. et al. Gastroenterology 2010)
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INTRAHEPATIC HBV-SPECIFIC T CELLS ARE MORE DEEPLY EXHAUSTED THAN
THEIR PERIPHERAL BLOOD COUNTERPARTS IN CHRONIC HBV INFECTION

(Fisicaro P. et al. Gastroenterology 2012 and personal comunication)
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NK cells in chronic infection



NK cell functional dichotomy in chronic HBV infection
Impaired IFN-y production with normal cytotoxicity (l)
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NK cell functional dichotomy in chronic HBV infection
Impaired IFN-y production with normal cytotoxicity (ll)
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% cytolysis

NK cell functional dichotomy in chronic HBV infection

Impaired IFN-y production with normal cytotoxicity (lll)
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NK cell functional dichotomy in chronic HBV infection
Impaired IFN-y production with normal cytotoxicity (IV)
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Different levels of T cell functional efficiency in different
conditions of HBV control
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PUTATIVE MECHANISMS OF T CELL EXHAUSTION IN HBV INFECTION

MODEL FOR HIERARCHICAL LOSS OF CD8 FUNCTIONS DURING

CHRONIC VIRAL INFECTIONS
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Are the virus-specif ¢ T cell defects of chronic

HBV infection reversible?

Effect of antigen decline

Acute Self-limited Infection
Eff cient T cell function/differentiation

< O

Restored T cell function/differentiation




Effect of long-term NUC therapy on T cell responses



T cell restoration following long-term NUC treatment is efficient

% of HBV dextramer+ CD8 T cells producing
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T cell restoration following long-term NUC treatment is
partial ex vivo
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INTRAHEPATIC INHIBITORY MECHANISMS
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THE INTRAHEPATIC MILIEU IMPAIRS IL-2 PRODUCTION BY T CELLS
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INTRAHEPATIC INHIBITORY MECHANISMS
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MECHANISMS OF HEPATIC TOLERANCE:
IMMUNOSUPPRESSIVE CYTOKINE MILIEU
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THE IMMUNOSUPPRESSIVE CYTOKINE MILIEU CAN
IMPAIR IFN-y PRODUCTION BY NK CELLS LIMITING

HBV infected hepatocytes

THEIR ANTI-VIRAL ACTIVITY

o0 .0 0 0 0 0 0 0 ™

¥ ¥ L ¥ ¥ ¥ ¥ VIRAL PERSISTENCE AND
LIVER DAMAGE

¢ .0 0 0 0 0 0 o O
LSRN SRS SREEE TREEE TREEE SIS

BIrRAIL-R2

TRAIL IFN-y IFN-y

T IL-10 and TGFB-mediated
suppression of IFN-y production

NK cell

Preserved cytolytic
activity

vy
T @ oy K ool
O

Dunn et al J.Exp.Med 2007
Peppa et al PloS Pathogens 2010



NK CELL MEDIATED DELETION OF HBV-SPECIFIC T CELLS

HBV infected hepatocytes

VIRAL PERSISTENCE AND

LIVER DAMAGE
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INTRAHEPATIC INHIBITORY MECHANISMS

Arginase

Dendritic
cell
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* Bim mediates deletion of antigen-specific CD8 cells in patients unable

to control infection (Lopes et al. J.Clin.Invest. 2008)
* Bim mediates premature death of CD8 T cells following intrahepatic

antigen presentation (Holtz et al Gastroenterology 2008)
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INTRAHEPATIC INHIBITORY MECHANISMS
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Expression of various inhibitory receptors on circulating and
Intrahepatic virus-specific CD8 cells of patients with chronic
HBYV infection
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T CELL CO-INHIBITORY MOLECULES IN THE LIVER

PD-1 is up-regulated on
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T CELL CO-INHIBITORY MOLECULES IN THE LIVER

TIM-3 is up-regulated on

HBV-specific T cells Kupffer cells express
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T cell restoration by Tim-3 blockade
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HBV-speciflc T cells
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TRANSCRIPTOME STUDY IN ACUTE AND CHRONIC
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Potential strategies to reconstitute the anti-viral T cell
function and implications for future therapies



Efficient control of HBV Slow HBsAg decline during NUC
replication by NUC therapy therapy:

' need of life-lona NUC administration

Clinical practice
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Clinical needs in HBV therapy for CH-B:

to shorten NUC therapy by accelerating

HBsAg clearance



SEQUENCIAL NUC/IFN-a THERAPY
Potential strategy to to shorten NUC therapies

NUC treatment
Decline of antigen load Inhibition of negative co-
stimulatory pathways

Several months

T cell
stimulation
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HBsAg CLEARANCE
ANTI-HBs
SEROCONVERSION
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0

CTL -I+ CTL ++

IFN-y -+ IFEN-y ++
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Proliferation -[+ Proliferation ++

Modified from: Ferrari C. Gastroenterology 2008



EFFECT OF ANTI-PD-1 THERAPY ON HCV INFECTED
CHIMPANZEES

Effect on magnitude of
T cell responses

Effect on viral load
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PD-1 PATHWAY BLOCKADE
Proof of concept of a-PD-1 in Chronic HC
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SEQUENCIAL NUC/IFN-a THERAPY
Potential strategy to optimize IFN-a efficacy and to shorten NUC therapies

NUC treatment
Decline of antigen load

Antigen load

T

T CELL RECOVERY OF T CELL
DYSFUNCTION RESPONSIVENESS

HBsAg CLEARANCE
ANTI-HBs
SEROCONVERSION

CTL -+ CTL ++
IFN-y -[+ IFN-y ++
IL-2 -[+ IL-2 ++
Proliferation -[+ Proliferation ++

Modified from: Ferrari C. Gastroenterology 2008



SEQUENCIAL NUC/IFN-a THERAPY
Potential strategy to optimize IFN-a efficacy and to shorten NUC therapies

NUC treatment
Decline of antigen load

Antigen load

SPECIFIC VACCINES

T CELL VACCINES

* Recombinant (Gilead)

* DNA (Transgene)

* Peptides (Immune Targeting

T CELL RECOVERY OF T CELL
DYSFUNCTION RESPONSIVENESS

T

HBsAg CLEARANCE
SEROCONVERSION

System)

ANTI-HBs

CTL -1+
IFN-y -I+
IL-2 -1+
Proliferation -+

CTL +4
IFN-y ++
IL-2 ++
Proliferation ++

Modified from: Ferrari C. Gastroenterology 2008



Synergistic effect of PD-L1 blockade and therapeutic vaccination

on T cell responses and viral control
(Liu J. et al. PLOS Pathogens 2014)
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Synerqistic effect of PD-L1 blockade and therapeutic vaccination

on T cell responses and viral control
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(Ha S-J. et al. J. Exp. Med. 2008)
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SEQUENCIAL NUC/IFN-a THERAPY
Potential strategy to optimize IFN-a efficacy and to shorten NUC therapies

NUC treatment
Decline of antigen load

Antigen load

TLR-7 AGONISTS

TLR AGONISTS

GS-9620 preclinical studies:
* HBsAg and HBV-DNA
reduction in woodchucks and

chimpanzees

T CELL RECOVERY OF T CELL
DYSFUNCTION RESPONSIVENESS

T

* Favorable safety profile in
healthy donors
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ANTI-HBs
SEROCONVERSION
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Modified from: Ferrari C. Gastroenterology 2008



TLR8 agonists can trigger potent activation of innate immune

cells in human liver

TLR agonists
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SEQUENCIAL NUC/IFN-a THERAPY
Potential strategy to optimize IFN-a efficacy and to shorten NUC therapies

NUC treatment
Decline of antigen load

IFNa, IFNy, IFNA

Antigen load

T

T CELL RECOVERY OF T CELL
DYSFUNCTION RESPONSIVENESS

HBsAg CLEARANCE
ANTI-HBs
SEROCONVERSION

CTL -1+ CTL ++
IFN-y -[+ IFN-y ++
IL-2 -+ IL-2 ++
Proliferation -[+ Proliferation ++

Modified from: Ferrari C. Gastroenterology 2008



FUTURE POTENTIAL IMMUNE MODOLATORY STRATEGIES
TO TREAT HBV INFECTION

NUC
therapy
T Decline of
u antigen load
i Blockade of
inhibitory
pathways
T cell
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Virus/antigen load
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