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HBV-specific CD8+ T-cell responses during 
chronic infection

Schuch et al, GUT 2019

• Lack of HBsAg specific CD8+ T cell responses with increasing  duration of infection
• Mechanism unknown



What is T cell exhaustion ? – virus-specific 
T cell responses 
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• counteracting 
immunopathology

• maintaining the T cell 
response 

Virgin, Cell 2009

= non-functional



Is chronic viral infection strictly linked to T cell exhaustion?

 T cell exhaustion = T cell response in the context of persisting antigen
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Research question  

Are HBV specific CD8+ T cells really exhausted?
Single-cell sorting 
in 384 well plates

Single-cell RNA 
sequencing
and analysis

Enrichment of 
HBV-specific 
CD8+ T cells

Chronic HBV

HBeAg- chronic 
hepatitis

HBeAg- chronic 
HBV infection

• normal liver enzymes
• low VL

 endogenous viral 
     control

• elevated liver enzymes
• high VL  NUC  low VL

 treatment-mediated viral 
     control

• CEL-Seq2 technology
• 10x scRNAseq approach
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Targeted viral protein? 
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Gut  2019
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Frequency  

Expansion  

Dysfunction  

Survival  

HBV-specific CD8+ T cells are not 
homogenous

Heterogeneity based on targeted viral protein

HBV-specific CD8+ T cell heterogeneity in 
chronic infection
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Clinical phases of chronic HBV infection?

• normal liver enzymes
      no/little liver pathology

• low VL

 “endogenous viral 
     control“

• elevated liver enzymes
      liver pathology

• high VL  NUC  low VL

 treatment-mediated viral 
     control

Immune-active 
phase

Endogenous control 
phase

EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. 
J Hepatol 2017

Targeted viral protein? 

unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST

HBV-specific CD8+ T cell heterogeneity in 
chronic infection

… based on clinical phases
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HBV-specific CD8+ T cell heterogeneity in 
chronic infection
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 Cytotoxic effector-like subset targets HBV polymerase and is associated with the endogenous 
control phase of chronic HBV infection 

Clinical phases of chronic HBV infection?Targeted viral protein? 
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HBV-specific CD8+ T cell heterogeneity in 
chronic infection



Frequency 

10-6

10-5

10-4

10-3

10-2

Fr
eq

ue
nc

y 
of

H
B

V-
sp

ec
ifi

c 
C

D
8+

  T
 c

el
ls

*

Calc. ex vivo frequencies
chronic HBV/

endogenous control
acute HBV

CD8 

pM
H

C
I t

et
ra

m
er

11.50%2.72%

acute resolved HBV

9.95%

endogenous control/chronic HBV
acute HBV

HBV pol455

acute resolved HBV

 The strength of the HBVpol-specific CD8+ T cell response appears to be attenuated in patients 
with endogeneous control

Do we find a bona fide effector T cell response in 
chronic HBV infection?

unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST
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HBVpol-specific CD8+ T cells

Do we find a bona fide effector T cell response in 
chronic HBV infection?
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 Attenuated T cell differentiation program in chronic HBV infection 
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Mechanisms of attenuated effector T cell response? TGFβ?

unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST

Do we find a bona fide effector T cell response in 
chronic HBV infection?



 TGFβ signaling pathway is augmented in patients with endogenously controlled chronic HBV infection

TGFβ signaling pathway
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unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST

Is TGFß linked to T cell attenuation?



Blocking TGFβ signaling
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 TGFβ signaling is linked to attenuated HBVpol-specific effector CD8+ T cell characteristics 

unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST

Is TGFß linked to T cell attenuation?



TNFBlocking TGFβ signalling
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 TGFβ signalling inhibition leads to an increased cytokine response of HBVpol-specific CD8+ T cells
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Is chronic antigen stimulation strictly linked to 
T cell exhaustion? 

Is TGFß linked to T cell attenuation?
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…enriched in HBV pol-specific CD8+ T cells.

… associated with endogenous control 
(HBeAg- chronic HBV infection) phase

… “ready-to-go”, but blocked by TGFβ signaling

Attenuated HBV-specific CD8+ T cells… 

CD8

granzyme

IFNγ
TNF

perforin

cytotoxic 
capacity

cytokine secretion

ZEB2 ↓
T-BET ↑
EOMES ↓ attenuated effector 

cell differentiation

TCR

Functional adaptation of HBV-specific CD8+ T cells is not purely restricted to 
“classical” T cell exhaustion. 

Summary: Beyond T cell exhaustion – HBV-specific 
CD8+ T cell attenuation

unpublished data, accepted in Nat. Immunol. – PLEASE DO NOT POST



New concept: not all HBV-specific CD8+ T cells are 
exhausted!

Created with KI





 Restoration of dysfunctional immunity (checkpoint inhibitor)

 Induction of new immunotherapeutic approaches (T cell vaccine)

Immune restoration is possible



 Restoration of dysfunctional immunity (checkpoint inhibitor)

 Induction of new immunotherapeutic approaches (T cell vaccine)

 Combine these methods with novel antiviral strategies

Combination of antiviral strategy with vaccination
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Before and after DAA therapy

Maintenance of a chronic molecular scar



Nature Immunology 2021

Summary molecular scar

Henselt et al
Yates et al
Tonnerre et al
Abdel-Hakem et al



Heim et al, GUT 2021

Transcriptional scar of HBV specific CD8+ T cell exhaustion after antigen elimination

Maintenance of a chronic molecular scar



Salimzadeh et al, JCI 2018
Burton et al, JCI 2018



• T cell heterogeneity driven by virus (HBV / HCV) and targeted antigen (cor / pol)

• Absence of classical T cell exhaustion in chronic HBV (attenuated effector function)

• Attenuated effector function linked to endogeneous control

• Relevance for functional recovery?

• Molecular scar in HBV?

Conclusion: mechanisms of exhaustion and path for 
functional recovery 
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