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HBV-specific CD8+ T-cell responses during
chronic infection
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» Lack of HBsAg specific CD8+ T cell responses with increasing duration of infection
* Mechanism unknown
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What is T cell exhaustion ? — virus-specific
T cell responses

Acute infection

Chronic infection

Virgin, Cell 2009

MAGNITUDE

MAGNITUDE

T cell response

T cell response e

B (@ 9 )
Polyfunctional
self-renewing
memory T cells

TIME

T cell response

T cell response O
Negatively regulated
and/or variably
us functional T cells

TIME

T cell effector/memory response

T cell exhaustion
Infected
I-pratoc tes

counteracting

HeV immunopathology
epitope MHC-I
HCV-
specific . ..
CD8* T cell maintaining the T cell

2,
response
— —
= e} INIKUM FREIEURG s

# non-functional



—> T cell exhaustion = T cell response in the context of persisting antigen

Is chronic viral infection strictly linked to T cell exhaustion?
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Evidence for T cell exhaustion in chronic HBV

accumulation of inhibitory
receptors crLa4_TIM-3

:ﬁ%\\\

reduced proliferative

capacity b
Boni et al. J Virol 2007

Das et al. J Exp Med 2008
Raziorrouh et al. Hepatology 2010
Schurich et al. Hepatology 2011
Nebbia et al. PloS one 2012
Lopes et al. J Clin Invest 2008
Bengsch,et al, J Hepatol 2013
Kurktschiev et al. J Exp Med 2014
Schurich et al. Cell Rep 2016
Fisicaro et al. Nat Med 2017

Heim et al., Gut 2019
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TOX reinforces the phenotype and
longevity of exhausted T cells in chronic
viral infection
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Research question

Are HBV specific CD8+ T cells really exhausted?

Chronic HBV

HBeAg- chronic
HBV infection

» normal liver enzymes
* low VL

» endogenous viral
control

HBeAg- chronic
hepatitis

» elevated liver enzymes
* high VL - NUC - low VL

» treatment-mediated viral
control

Enrichment of
HBV-specific
CD8+ T cells

Single-cell sorting
in 384 well plates

—b'

Single-cell RNA
sequencing
and analysis

+SNE2

A 20 0 0 0 20 30
+SNET

« CEL-Seq2 technology
* 10x scRNAseq approach
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Comparison of HBV- and HCV-specific CD8+ T cells
obtained from chronic infection

T cell exhaustion

exhaustion  cytotoxic effector memory
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- HBV-specific CD8+ T cell characteristics distinct from T cell exhaustion in chronic hepatitis B
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HBV-specific CD8+ T cell heterogeneity in
chronic infection

Targeted viral protein?

HBV-specific CD8+ T cells are not
homogenous

4

pOl455

Heterogeneity based on targeted viral protein

HBV core;s  HBV pol s
Frequency A 7
Expansion A 7
Dysfunction v A
Survival A 7
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HBV-specific CD8+ T cell heterogeneity in
chronic infection

Targeted viral protein?
Epitopes

® HBV core g
O HBV polyss

UMAP dim.2

UMAP dim.1

Clinical phases of chronic HBV infection?

Immune-active
phase

Endogenous control

phase

* normal liver enzymes  * elevated liver enzymes
- nollittle liver pathology -> liver pathology
* low VL * high VL 2 NUC - low VL

- treatment-mediated viral
control

- “endogenous viral
control”

... based on clinical phases

HBeAg+chronic  HBeAg+chronic  HBeAg-chronic  HBeAg-chronic
infection hepatits B HBV infection hepatits B
ant HBe

AT 2,000 Ui

detection limit
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HBV-specific CD8+ T cell heterogeneity in
chronic infection

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

Targeted viral protein? Clinical phases of chronic HBV infection?
Epitopes GZMB PRF1
‘E ® HBV core,g o —
% 80— % HBV pol,ss
= 10} e NUC control/chronic
5 = 607 HBV
O 40— e endogenous control/
X e chronic HBV
20— e high VL/chronic HBV
0_

UMAP dim.1

- Cytotoxic effector-like subset targets HBV polymerase and is associated with the endogenous

control phase of chronic HBV infection

unpublished data, accepted in Nat. Imnmunol. — PLEASE DO NOT POST
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Do we find a bona fide effector T cell response in
chronic HBV infection?

chronic HBV/
endogenous control
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acute resolved HBV

11.50%

9.95%

ol 2.72%
[CHE

& o
51 |

o e

T+ it

E 3 . [

Q3 T i
—
L~ » cos

Frequency of

Calc. ex vivo frequencies

K

3 _x

(3)

= 102

+ P |

© 103 HBV pol,s5

8 | ® cndogenous control/chronic HBV
o 1074 ® acute HBV

= 105 b ® acute resolved HBV
5 _

e

‘P 10 6_

>

m

I

- The strength of the HBVpol-specific CD8+ T cell response appears to be attenuated in patients
with endogeneous control
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Do we find a bona fide effector T cell response in
chronic HBV infection?

HBVpol-specific CD8+ T cells chronic HBV/ acute HBV acute resolved HBV
endogenous control
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> UMAP dim.1

C1: cytotoxic, effector- CO: genes associated C3/4: stem-like
associated genes and with terminal associated genes
TRM genes differentiated effector

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

HBV-specific CD8+ GZMB+ T cells Effector differentiation program
ZEB2 T-BET EOMES
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- Attenuated T cell differentiation program in chronic HBV infection ® acute resolved HBV

Mechanisms of attenuated effector T cell response? TGF3?
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Is TGF linked to T cell attenuation?

TGFpB plasma levels TGFp signaling pathway TGFpB pathway gene expression
(KEGG)
" . Average Expression
3000_ "g’ *kkk *kkk [
3 endogenous control/ () e o 1
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2 2000+ 3 acute resolved HBV{ - - @ e N
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® endogenous control/chronic HBV
® acute HBV

® acute resolved HBV

- TGFp signaling pathway is augmented in patients with endogenously controlled chronic HBV infection
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Is TGF linked to T cell attenuation?

ZEB2 T-BET EOMES
Blocking TGF signaling .
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- TGFp signaling is linked to attenuated HBVpol-specific effector CD8+ T cell characteristics
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Is chronic antigen stimulation strictly linked to

T cell exhaustion?
Is TGFR linked to T cell attenuation?

polyfunctionality

Blocking TGFp signalling IFNy TNF IFNy+ TNF+
Peptide-specific in vitro expansion 0.6— 0.6- 0.60 —*—
< < x
/4 N NN 2 2 HEE -
_ - 4 4 . = o 0.4 L o 0.4+ Z o 0.4+
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- TGFp signalling inhibition leads to an increased cytokine response of HBVpol-specific CD8+ T cells
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Summary: Beyond T cell exhaustion — HBV-specific
CD8+ T cell attenuation

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

Attenuated HBV-specific CD8+ T cells...

...enriched in HBV pol-specific CD8+ T cells.

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

attenuated effector

cell differentiation ... “ready-to-go”, but blocked by TGFf signaling

cytotoxic
capacity

L]
*eto IFNy

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

Not all of us are exhausted.
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Therapeutic potential of co-signaling receptor

modulation in hepatitis B

Graphical abstract
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Immune restoration is possible

> Restoration of dysfunctional immunity (checkpoint inhibitor)

> Induction of new immunotherapeutic approaches (T cell vaccine)

Case Study: Clinical observations
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Combination of antiviral strategy with vaccination

» Restoration of dysfunctional immunity (checkpoint inhibitor)
> Induction of new immunotherapeutic approaches (T cell vaccine)

» Combine these methods with novel antiviral strategies

HBsAg high 2, HBV persistence
Knockdown of Virus Antigen Expressi Th ti ) TherVacB: i
Vaccine Efficacy in High-Titer Hepatltls B Virus Carner Mice anti-HBV | mmr therapeutic HBV-specific
Thomas Michler,>* Anna D. Kosinska, " Julia Festag,” Till Bunse, " Jinpeng Su,’ siRNA TIE hepatitis B E::::I‘II:

Marc Ringelhan,* Hortenzia Imhof,’ Dirk Gnrnrn,z"' Katja Stelger.° Garohn Mogler,” .
r,” Mari ichel,” an,”® Stuart Milstein,” vaccine

Gastroenterology
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Maintenance of a chronic molecular scar

ARTICLE

Received 3 Sep 2016 | Accepted 23 Feb 2017 | Published 3 May 2017 DOI: 10.1038/ncomms15050 OPEN

TCF1™T hepatitis C virus-specific CD8 T T cells are
maintained after cessation of chronic antigen

stimulation

Dominik Wieland"23, Janine Kemming"3, Anita Schuch'3, Florian Emmerich?, Percy Knolle®,
Christoph Neumann-Haefelin', Werner Held®, Dietmar Zehn’, Maike Hofmann'* & Robert Thimme'*
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Memory-like HCV-specific CD8* T cells retain a
molecular scar after cure of chronic HCV infection

Nina Hensel'?**, Zuguang Gu**, Sagar'*'*, Dominik Wieland'?, Katharina Jechow¢,

Janine Kemming'#?, Sian Llewellyn-Lacey’, Emma Gostick’, Oezlem Sogukpinar'?, Florian Emmerich?®,
David A. Price ©”*, Bertram Bengsch'>™, Tobias Boettler®'?, Christoph Neumann-Haefelin®'2,
Roland Eils ©°", Christian Conrad ¢, Ralf Barf @284, inic Griin

Naveed Ishaque®™, Robert Thimme ©'2'= and Maike Hofmann©'21=

consenus clustering

memory memory-like

escaped conserved

Before and after DAA therapy
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Summary molecular scar

IMMUNE EXHAUSTION

T cell exhaustion—a memory locked behind scars

Following clearance of chronic infections, virus-specific CD8+ T cells recover a subset of memory-related
transcriptome features. Yet their unique open chromatin landscape largely reflects an exhausted or dysfunctional
state, limiting their protective memory potential.

Acute infection L7R, IFNG, TCF7

Amir Yousif and Hazem E. Ghoneim

Henselt et al

Yates et al
Tonnerre et al
Abdel-Hakem et al

Nature Immunology 2021
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Maintenance of a chronic molecular scar

Tetramer ———

Original research
TOX defines the degree of CD8+ T cell dysfunction in
distinct phases of chronic HBV infection

Kathrin Heim, "2 Benedikt Binder,' Sagar ,' Dominik Wieland," Nina Hensel,"?

Sian Llewellyn-Lacey,® Emma Gostick,” David A. Price @ ,** Florian Emmerich,”
Hildegard Vingerhoet,® Anke R M Kraft,”® Markus Comberg @ ,%° Tobias Boettler,'
Christoph Neumann-Haefelin,' Dietmar Zehn,'® Bertram Bengsch @ "'

Maike Hofmann @ ,' Robert Thimme
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Transcriptional scar of HBV specific CD8+ T cell exhaustion after antigen elimination
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The Journal of Clinical Investigation

Entering the spotlight:
hepatitis B surface antigen-specific B cells

Christoph Neumann-Haefelin and Robert Thimme

Department of Medicine II, University Medical Center Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany.
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Acute/chronic Resolved
HBV infection HBV infection
BTLA
Chronic
HBV infection PD-1
CD22
FeyRIIB
T-bet  and FeRL5
XND differentiation Differentiation
* Plasma cells

Kt
KRR

enriched in liver, affect

Salimzadeh et al, JCI 2018 global B cell compariment
Burton et al, JCI 2018

anti- HBs Abs }
Phenotype alterations >
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Conclusion: mechanisms of exhaustion and path for
functional recovery

« 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?
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Thank you!
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