Perspectives for immunotherapy in HBV and HCV
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Epidemiology and course of HBV and HCV

Chron. HBV-Infektion: ~ 240.000.000 Chron. HCV-Infektion: ~ 160.000.000

Acute Hepatitis Chronic Hepatitis Cirrhosis HCC




Question

e What immune cells should be induced?

neutralizing antibodies




Role of CD4 * T cells iIn HBVY and HCYV infection

HBV

HCV

Strong CD4 * T cell responses are associated with virus clearance

Ferrari et al., J Immunol 1990

Early CD4* T-cell responses contribute
indirectly to viral control by facilitating
induction and maintenance of HBV-specific
CD8* T cells

Asabe et al., J Virol 2009.
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and CD8* escape variants
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Role of CD8* T cells iIn HBV and HCV infection

HBV
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* T-cell response and viral load
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* T-cell responses during viral clearance
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Questions

What immune cells should be induced?

What effector functions are used by CD8+ T cells?
Mechanisms of virus-specific CD8+ T cell failure?
Restoration of virus-specific CD8+ T cell dysfunction?



Effector functions of CD8* T cells in HBV
and HCV infection
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Effector functions of CD8* T cells in HBV
and HCV infection
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Assay for co-cultures:
— HBV infected HepG2hNTCP cells
— HLA-matched core, 4 ,,-specific CD8* T cells

— duration: 4 d
— direct and indirect conditions

Read-out:
cytoplasmic viral load (qPCR)
transaminase level (AST)



Effector functions of CD8* T cells in HBV
and HCV Iinfection
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Questions

What immune cells should be induced?

What effector functions are used by CD8+ T cells?
Mechanisms of virus-specific CD8+ T cell failure?
Restoration of virus-specific CD8+ T cell dysfunction?



Mechanisms of CD8* T cell failure In
HBV and HCV Iinfection
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CD8+ T cell failure in chronic HBV infection

Viral persistence in chronic HBV infection

HBV Infected Hepatocytes

SRR

T cell defects and
attenuated viral control:

Hierarchical loss of
T cell function
Excessive Co-inhibition

Liver micronutrient depletion
Elevated IL-10, TGF-B
Extrinsic regulation

Bim mediated apoptosis

Nebbia / Maini QIJM 2012



T cell failure in chronic HBV

Lack of CD4+ hel
P Maier / Chisari  J Immunology 2007
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Questions

What immune cells should be induced?

What effector functions are used by CD8+ T cells?
Mechanisms of HBV-specific CD8+ T cell failure?
Restoration of HBV-specific CD8+ T cell dysfunction?



Blockade of PD-1

Antiviral Intrahepatic T-Cell Responses Can Be Restored by Blocking
Programmed Death-1 Pathway in Chronic Hepatitis B
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Restoration of T cell function
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PD-1 Boni/Ferrari  J Virology 2007
Zhang/Wang Gastroenterology 2008
inhibi Peng/ Chen Mol. Immunol 2008
Inhibitory receptors Fisicaro / Ferrari Gastroenterology 2010
Fisicaro / Ferrari Gastroenterology 2012

2B4 Raziorrouh / Jung Hepatology 2010

. LY CTLAA4Schurich / Maini  Hepatology 2011
(& : |
R Tim-3 Wu/Chen Eur. J. Immunol 2012
A Nebbia / Maini  PLOS One 2012

X

effector molecules

—> Inhibitory receptor blockade possible for each rece ptor, but variable
response rates

- Comprehensive analysis of inhibitory receptor block ade



Summary: Response to inh. receptor blockade
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-> High variability of response among patients and epi topes
- PD-L1 mono-blockade has the strongest effect

Bengsch / Thimme, Journal of Hepatology 2014



Questions

What immune cells should be induced?

What effector functions are used by CD8+ T cells?
Mechanisms of HBV-specific CD8+ T cell failure?
Restoration of HBV-specific CD8+ T cell dysfunction?
Combination with antiviral therapy?



Effect of antiviral therapy on immune response
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Combination of antiviral and immuno -therapy

NUC therapy

Inhibition of Vaccine therapy
negative regulatory IFN-alpha
pathways TCR re-directed T cells

. |

HBV-specific
Tcell
function

1

Exhausted T cells Progressive restoration of the T cell function

—
Time during the course of disease

Bertoletti / Ferrari Gut 2012



Perspectives of immunotherapy in HBV

Supplementation of

Suppression of viral immunomodulating cytokines
replication by (e.g. peglFN-q, IL-2)
nucleos(t)ide analogues Blockads of
/ inhibitory T-cell
receptors (e.g. PD-1,
CTLA-4, 2B4)

T-cell receptor-like
antibodies as a tool——
for drug delivery

1

‘\ Inhibition of pro-apoptotic

molecules (e.g. Bim) in
HBV specific T-cells

Therapeutic vaccination Engineering of functional

HBV-specific T-cell
receptor transgenic cells

Grimm / Thimme Cli Sci 2013



Restoration of phenotype and function of HCV-specific T cells
by IFN-free therapy
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Restoration of virus-specific CD8* T-cell failure by

chronic
Infection
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Hepatitis C - Vaccine

ACUTE CHRONIC

HEPATITIS HEPATITIS CIRRHOSIS HCC

50-70% 4-20% 1-4%

Prophylactic
Vaccine




Summary

Insights into virus-specific CD8+ T cell function by using novel models:
- HCV: primarily non-cytolytic
- HBV: primarily cytolytic

Virus-specific CD8+ T cell failure is difficult to overcome by checkpoint
Inhibitors

Virus-specific CD8+ T cell exhaustion partially reversible by antigen removal

There is a role for immunotherapy, but additional studies needed to
overcome T cell exhaustion by vaccination etc



Y AT T
1L

22nd International Symposium

October 9-13, 2015

on Hepatitis C Virus Strasbourg, France

and Related Viruses

Organizers
Thomas Baumert Francois-Loic Cosset
Jean Dubuisson Robert Thimme



Acknowledgements

Department of Internal Medicine II,
University Hospital Freiburg

AG Robert Thimme
Tayibe Altay
Sebastian Bartels
Katrin Busch
Tobias Flecken
Nadine Hennecke
Maike Hofmann
Alexander Hoh
Philipp Muller
Anita Schuch
Karolin Schlitt
Dominik Wieland

AG Christoph Neumann-Haefelin
Janina Barmann

Philipp Ehrenmann

Katrin Frohnmller

Michael Muthamia Kiraithe

Julia Lang

Hendrik Luxenburger

Katja Nitschke

AG Tobias Bdattler

AG Michael Nassal

Institute of Innate Immunity,

University of Bonn
Bianca Martin

Institute for Immunology,

University of Pennsylvania
Betram Bengsch

Department of Molecular Virology,
Heidelberg

Ralf Bartenschlager

Volker Lohmann

Stephan Urban

D F G Deutsche
Forschungsgemeinschaft
Heiseﬁberg . )
Professur A
?Eé'ﬁﬁgsggmeggaé >

Persistence of Hepatotropic Viruses

Adaptive

Virus Immunity

~ Boehringer
|”|I Ingelheim




