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Function of CD8+ T cells
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- viral escape?

- T cell exhaustion



CD8+ T-cell responses in HBV infection
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cytolytic mechanisms

Function of CD8+ T cells in HBV



Identifcation of a novel cell culture model

human sodium taurocholate cotransporting

polypeptide (hNTCP)

2013



Methods – Experiment set-up

• HBV infected HepG2hNTCP cells

• HLA-matched core18-27-specific CD8+ T 

cells§

• duration: 4 d

• Direct and indirect conditions

• cytoplasmic viral load (qPCR)

• transaminase level (AST)

Assay for co-cultures: Read-out: 

HBV infected hepatoma cell

CD8+ T cell

Untreated control Direct co-culture

§ provided by Antonio Bertoletti, A*STAR, Singapore

Transwell cultures

- + stimulation

core18-27 peptide



Reduction of viral loads requires cell killing

Hoh et al. J Virol 2015
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Reduction of viral loads requires cell killing

Hoh et al. J Virol 2015
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Strong reduction (95%) of viral loads requires:

• Direct cell-cell contact

• Cytotoxic effector mechanisms
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Function of CD8+ T cells in HBV
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Function of CD8+ T cells
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Mechanisms of CD8+ T-cell failure

Persistent antigen
recognition

adapted from Knolle and Thimme, Gastroenterology, 2014 



HBV-specific CD8+ T cell response

Project 02

Repertoire of virus-specific CD8+ T cell epitopes

Immune epitope databank (www.iedb.org); Llano et al., HIV Mol Immunol 2013; 

Nitschke/Neumann-Haefelin, Dig. Dis, in press

HLA-A2:

28 

epitopes 

89 well described 

epitopes

HLA-A2:

16 epitopes 

22 well described 

epitopes

• Viral escape

• T cell dysfunction

Mechanisms of virus-specific CD8+ T cell failure

• No relevant role of 

viral escape!

• T cell dysfunction

HCV HBV

HCV HBV

• Viral escape

• T cell dysfunction

HIV

250 well described 

epitopes

HIV

HLA-A2:

17 

epitopes 



HIV HCV

- low viral loads - associated with spontaneous 

viral clearance- slow CD4+ decline

- late onset of AIDS

Immunodominant HLA-B27-restricted CD8+ epitopes:

gag263-272 KRWIILGLNK NS5B2841-2849 ARMILMTHF

Viral escape

T cell failure

HLA-B27 is protective in HIV and HCV infection



Hypothesis 

HLA-B*27 is a dominant driver of viral escape 

also in HBV infection

3 experimental approaches:

1. HBV sequence analysis in HLA-B*27 positive and 

negative patients => „HLA-B*27 footprints“

2. In silico HLA-B*27 epitope prediction

3. Overlapping peptides in acute HBV infection



HLA-B*27 footprints
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HLA-B*27 restricted CD8+ T cell epitopes
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Functional evidence for HLA-B*27 driven 

viral escape
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Differential role of HLA-B*27 restricted HBV-

specific CD8+ T cells

Early CD8+ response: no viral escape even in 

case of persistence

• No T cell pressure during chronic infection?

Acute Chronic

Later CD8+ response: viral escape

in persistent infection

• T cell pressure -> HBeAg

seroconversion?
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Mechanisms of CD8+ T-cell failure

Persistent antigen
recognition

adapted from Knolle and Thimme, Gastroenterology, 2014 



Picture modified from Bertoletti / Ferrari Gut 2012

Model: T cells and the course of viral Hepatitis 



Exhausted CD8+ T cells are heterogeneous



Exhaustion of HBV-specific CD8+ T cells

Patient cohorts (cHBV patients)

Phenotypic analyses:

• 15 inactive carriers

• 20 cHBV patients under NUC therapy

Gene expression profiles:

• 7 inactive carriers

• 2 cHBV patients under NUC therapy

Methods

• Tetramer-based enrichment of 

HBV-specific CD8+ T cells (ex vivo)

HCV epitopes (HLA-A*0201-Tetramers)

AA position Sequence

Core18-27 FLPSDFFPSV

Env183-191 FLLTRILTI

Env335-343 WLSLLVPFV

Pol455-463 GLSRYVARL

Before enrichment After enrichment
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Exhaustion of HCV-specific CD8+ T cells

32,5% 18%

49,3%
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CD8+ T-cell exhaustion on the transcriptional level

Paley, Wherry, Science 2012

EOTBaseline
57.6

42.3

80.5

19.0

PD1

C
D

1
2
7

Eomeshi

b
a
s
e
li
n

e

E
O

T

F
U

1
2

0

2 0

4 0

6 0

8 0

%
E

o
m

e
s

h
i

**

**

b
a
s
e
li
n

e

E
O

T

F
U

1
2

0

2 0

4 0

6 0

8 0

%
P

D
1

h
i  E

o
m

e
s

h
i *

*

%Eomeshi

of HCV-specific CD8+ T cells

%PD1hi Eomeshi

of HCV-specific CD8+ T cells



Are terminally exhausted subsets absent 

in HBV-specific CD8+ T-cell populations?
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The majority of HBV-specific CD8+ T cells express 

the memory marker Tcf-1

Jeannet, Held, PNAS 2010
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Normalisierte Gesamtübersicht Proliferation
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Variable proliferative response of HBV-specific CD8+ 

T cells to inhibitory receptor blockade

 PD-L1 blockade has the strongest effect

Bengsch / Thimme, J Hepatol 2014



Is there a signature of exhaustion in HBV-specific

CD8+ T cells from asymptomatic carriers?

acute

chronic
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Helios (IKZF2)

• Zinc finger transcription factor

• IKZF proteins found in many hematopoietic cells - Helios in T cells

 expressed in autoreactive thymocytes undergoing clonal deletion

 expressed in exhausted CD4+ T cells and a subset of Treg cells

 expressed in exhausted CD8+ T cells 

 expressed in a model of peripheral CD8+ T-cell tolerance

• Role of Helios in T cells

 marker of T-cell activation and proliferation

 induces epigenetic silencing of IL-2 gene expression

Parish et al., Blood 2009

Himmel et al., J Immunol 2013

Daley et al., J Exp Med 2013

Baine et al., J Immunol 2013

Crawford et al., Immunity 2014

Doering et al., Immunity 2014



Summary CD8+ T cells in HBV

Dominance of cytolytic effector functions

Viral escape is associated with HBV persistence

HBV-specific CD8+ T cells less exhausted than

HCV specific CD8+ T cells

Unique expression of Helios of HBV-speciic CD8+ 

T cells



Restoration of HBV-specific CD8+ T cell failure by

antiviral therapy

Boni, Ferrari, JCI 1998

Boni, Ferrari, J Hepatol 2003

Boni, Ferrari, Gastro 2012

Penna, ferrari, J Hepatol 2012

Micco, Maini, J Hepatol 2013



Michel et al, J Hepatol 2011

Concepts for immunotherapy 



Plos Pathogens 2013



Plos Pathogens 2014



Plos Pathogens 2014



Ferrari, Bertoletti, GUT 2012

Outlook
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