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Anti-HDV therapies
The need for innovative treatments
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Chronic hepatitis B virus infection is the leading cause of liver cancer worldwide
Chronic hepatitis D is the most severe form of chronic viral hepatitis
To date, no easy-to-use treatment allows viral clearance

Host targeting agents (HTA) is a rising concept for the development of new antivirals



Anti-HDV therapies
The need for innovative treatments
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No FDA-approved treatment
Urgent need to optimize treatments



Anti-HDV therapies
The need for innovative treatments
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The HDV life cycle
The importance of cellular factors
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Lucifora and Delphin, Antiviral Res 2020
Until recently, viral entry was poorly understood

RNP transport to the nucleus is poorly described

The cellular regulators of HDV replication are not known

Viral assembly is poorly described

Lack of knowledge on the molecular interactions between HDV and the hepatocyte host factors
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Objectives

Identification of HDV-related host factors through high-througpout RNAi screening



Loss-of-function screen
SiIRNA druggable genome library

Loss-of-function genetic screen B. Infection

Nuclei

« Druggable genome » siRNA library- 7567 genes

uh-106 siCtrl siNTCP
“' siRNA transfection‘l C. Candidate selection
| (7567 genes)

v
48h =

Druggable libra
7567 genes
_ % HDV-pos. cells < 8.3
1200 @ pvalue & FDR < 0.05

1000 - [ 3t1genes |

800 - @ Expression in the liver

600 - [ 214 genes ]

400 - @ Viability
~5%
| ‘I
0 --IIIII‘ . IIIII‘
10 20 25

[ 194 genes ]
% 0 5 15 30 [ 191 candidates ]
% HDV-positive cells

HDV infection

5y
"k

Number of occurences

@ Pseudogenes
Identification of 191 candidate host factors for
HDV infection

Quantification of HDV-infected cells

DAPI & anti-HDAg staining Verrier et al., Gut 2020



Loss-of-function screen
SiIRNA druggable genome library

Loss-of-function genetic screen

« Druggable genome » siRNA library- 7567 genes
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Loss-of-function screen
Pathways involved in HDV infection
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Loss-of-function screen
SiIRNA druggable genome library
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Loss-of-function screen
SiIRNA druggable genome library
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Loss-of-function screen
SiIRNA druggable genome library
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Pyrimidine synthesis and HDV infection
ESR1 and CAD are HDV host factors
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Pyrimidine synthesis and HDV infection
Targeting CAD to inhibit HDV infection
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Pyrimidine synthesis and HDV infection
Targeting CAD to inhibit HDV infection
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Pyrimidine synthesis and HDV infection
Targeting CAD to inhibit HDV infection
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Pyrimidine synthesis and HDV infection
Targeting CAD to inhibit HDV infection
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Pyrimidine synthesis and HDV infection
Targeting CAD to inhibit HDV infection
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Pyrimidine synthesis and HDV infection

PALA is a candidate molecule for preclinical studies
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v" A preliminary study in an HDV-susceptible animal model
suggests the anti-HDV activity of PALA in vivo

v PALA is a candidate for preclinical studies

In collaboration with Patrick Pale (University of Strasbourg)



Loss-of-function screen
Validation of additional candidates
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JAK1 is a candidate host factor for HDV infection
Validation of the primary screen result
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Heuschkel et al., J Hepatol 2024



JAK1 is a candidate host factor for HDV infection
Validation of the primary screen result
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JAK1 is a candidate host factor for HDV infection
Validation of the primary screen result
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JAK1 inhibitors and HDV infection
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JAK1 inhibitors and HDV infection
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Validation in primary hepatocytes

PHH PHH
150 - 150 <
g é %% p < 0,001
z _ 5
S 100--gg - - - - - S = % 100-
g L=
> k=
B >
8 =)
o 50 2
% :
3 =
& 3
0- T T T T T T 4 0- B
Ml el el Ml el el
IFN-a  Ocla Upada IFN-a  Ocla Upada

< Dose-dependent inhibition of HDV infection after treatment with Oclacitinib or Upadacitinib

Heuschkel et al., J Hepatol 2024



JAK1 is a candidate host factor for HDV infection
MDAYS is a cytosolic sensor of HDV infection
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v' HDV replication is weakly sensitive to this innate immune response
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Validation in dHepaRG cells

ISG expression in HDV-infected dHepaRG cells
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Validation in dHepaRG cells
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HDAg phosphorylation and HDV infection
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HDAg phosphorylation and JAK1 activity
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ERK1/2 phosphorylation in JAK1-KO cells
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Summary

v'A high-throughput screening approach identified
key cellular factors involved in HDV infection,
including CAD and JAK1

v'JAK1 exhibits a proviral effect on HDV replication
and is a target for antiviral therapy
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Anti-HDV therapies
The moderate antiviral effect of peglFN-a-2a
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Importance to understand interactions beetween HDV and the IFN response in patients
(Wranke et al., 2020)



Objectives

Understanding the moderate response to IFNa in HDV-infected cells



Understanding the moderate response to IFNa in HDV-infected cells
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Understanding the moderate response to IFNa in HDV-infected cells

IFNa
IL-29 (IFNA1)

»

HDV RNAs
(22-Ct normalized to Gus-B)

-

[

o
1

100+

(2
o
1

o

|
Mock + peg

HDV

HDV +IFNa HDV +IL-29

Eber,Fouillé et al., unpublished data



Understanding the moderate response to IFNa in HDV-infected cells
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Understanding the modest response to IFNa in HDV-infected cells
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Inhibition of transcriptomic response to IFNa treatment in HDV-infected cells
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Understanding the moderate response to IFNa in HDV-infected cells
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Inhibition of transcriptomic response to IFNa treatment in HDV-infected cells
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IFNa-induced STAT1 phosphorylation and HDV infection
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IFNa-induced STAT1 phosphorylation and HDV infection
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IFNa-induced STAT1 phosphorylation and HDV infection
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Summary
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v'This refractoriness does not affect the response to IL-29



Loss-of-function screen
Validation of additional candidates
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siRNA screen

Huh-106

-

siRNA transfection
(7567 genes)

h
et
é \::‘;

48 I

e -

Quantification of HDV-infected cells
DAPI & anti-HDAg staining

(CAD, ESR1, SLC10A1...)

L 191 candidates J

HIF-1 signaling
pathway

Pyrimidine
metabolism
RNA

polymerase

Thyroid hormone
signaling pathway

Glycosaminoglycan
biosynthesis - HS

Verrier et al., Gut 2020



Acknowledgments

Instituts I I I * o, 0 S\SSEy,
thematiques | || nse rm Universite C & %\ v~ ol
v Y S 1 Les Hopitaux
Institut national ivereitaives
d"a la n::é ::;e la recherche médicale d e St ra S b 0 U rg O'AVE“\$ siI;ITZ[’{L/-’\;;;[(l)?L[]I[;(?,

HBV/HDV group - U1110  CHU Strasbourg

Margaux Heuschkel Frangois Habersetzer AGENTSCHAP

) ©
Claudie Eber gﬁ:(l)%kal?reris;:nux anr agence nationale a n rS INNOVEREN &
Charlotte Bach delarecherche PR WEETEVES Inserm ONDERNEMEN
Laura Heydmann CIRI - Lyon \
Emma Gerges Julie Lucifora ‘

Roxanne Fouillé n\ E/GEH Janssen

U1110 Anna Salvetti BIOPHARMACEUTICALS i s
Emilie Crouchet David Durantel

Sarah Durand
Joachim Lupberger
Catherine Schuster
Thomas Baumert

ociété dFrangaise
e
IROLOGIE




