Antisense oligonucleotide-based strategy to target hepatitis delta virus infections
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Chronic HBV and HDV infections lead to the most severe form of viral hepatitis

VS

chronic HBV/HDV chronic HBV
carrier carrier

v" higher risk of severe hepatitis
» frequent evolution towards an
acute liver failure requiring liver
transplantation

v’ faster progression to cirrhosis

v" higher risk of HCC

Smedile et al., Lancet, 1982 / Govindarajan et al., 1984 / Yurdaydin et al., 2010 / Fattovich et al., 2000/ Ji et al., 2012 / Kushner et al., 2015 / Beguelin et al ., 2017 / .....



Need to develop replication inhibitors to improve the therapeutic arsenal against HDV

HBs mAb

Lonafarnib l

Treatments for CHD:

Bulevirtide * PEG-IFN-a

e Bulevirtide

Treatments in clinical trials:
* Lonafarnib
* NAPs

* Anti-HBsAg mADb (+ siRNA against HBV)

Treatments for CHD ‘
approved or in development /
(other than PEG-IFN-a)

Abbas and Abbas, World J Hepatol 2025



RNAi strategies to target HBV (and HDV)
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HDV mRNAs are sensitive to siRNA but not not HDV-AG and HDV-G

T/O A. antigenomic RNA
iy Conjugated siRNA
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> RNA structure
> RNA conformation
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@ (onjugated carrier for siRNA
1T Guide strand (sense) of siRNA
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Target mRNA » Hypothesis: resistance due to nuclear localization

Hui et al., CMGH, 2022



HDV RNAs replication occurs in the nucleus of hepatocytes




Mechanism of small-interfering RNA and antisense oligonucleotides (ASO)

Hui et al., CMGH, 2022

Conjugated siRNA

Hepatocyte entry

Forming RLC with
Dicer, Argonaute, TRBP
and siRNA in cytoplasm

Guide strand selection
to form RISC

RISC binds to target
mRNA in the cytoplasm
to induce cleavage by
Argonaute

Hepatocyte

Conjugated carrier for siRNA

Guide strand (sense) of siRNA
Passenger strand (antisense) of siRNA
Target mRNA
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Binding of ASO to target = Binding of ASO to target
mRNA in cytoplasm mRNA in nucleus

1 l

Nucleus

Recruitment of RNAse-H to cleave target
mRNA in both cytoplasm and nucleus

Hepatocyte
e Active segment of ASO
it Gapmer

it Target mRNA

HBV

ASO against HBV in
clinical trial
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HDV RNAs replication occurs in the nucleus of hepatocytes
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Design of ASOs (gapmer 5-10-5) directed against HDV sequences and screen in HDV mono-infected cells
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Use of Bepirovirsen as an HDV non-targeting ASO control
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» 19 anti-HDV ASO candidates allowed a > 75 % reduction of the levels of HDAg+ cells
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Dose dependent antiviral effect of anti-HDV ASO
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Complementary anti-HDV ASO are antagonists
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Anti-HDV ASOs reduced levels of intracellular HDV RNAs and proteins

intracellular HDV RNAs

(ratios to Bepirovirsen)
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Establishment of the HUH7-NTCP-HBs cell line allowing production of HDV infectious particles
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Anti-HDV ASOs impair HDV replication and secretion of infectious HDV particles
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Anti-HDV ASOs and siRNA reduced the levels of HDAg+ cells when transfected early after HDV infection
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ASOs might be recognized by Toll Like Receptors (TLR) such as TLR7/8
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Bepirovirsen induced TLR8 activation
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Slight activation of TLR8 by some anti-HDV ASOs
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Conclusions / Perspectives

Lonafarnib

To be addressed for further development of anti-HDV ASOs:

v’ Test of anti-HDV ASOs against all HDV genotypes

v Anti-HDV ASOs mode of action
» Degradation of HDV RNAs?
» Steric blocking?
» Role of their immunostimulatory properties

v' Combination of anti-HDV ASOs with bepirovirsen

v" Anti-HDV ASOs antiviral effect in vivo

Treatments for CHD ‘
approved or in development / |
(other than PEG-IFN-a)
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