Farnesoid X receptor alpha ligands inhibit in vitro HDV replication and virion secretion and infectivity
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Background & Aims

Hepatitis delta virus (HDV) is a satellite of hepatitis B virus (HBV), both using the Sodium Taurocholate Co-Transporting Polypeptide (NTCP), the main transporter of bile acids (BA) in the liver, to
enter hepatocytes. Links between BA and HBV infection are not limited to the entry step as we previously showed that some ligands of the farnesoid X receptor alpha (FXR), the nuclear receptor of
BA, acted as inhibitors of HBV replication (Radreau et al., FASEB, 2016; Mouzannar et al., FASEB, 2019). Regarding HDV, excepting the role of NTCP in viral entry, putative links between BA
metabolism and HDV replication have not been yet explored. We thus wanted to determine whether FXR also played a role in HDV life cycle.

Materials & Methods

In vitro HDV mono-infection or HDV/HBV co-infection and super-infection were performed in differentiated HepaRG cells and primary human hepatocytes (PHH). Cells were treated with several FXR
ligands: 6-ECDCA, a BA analog and two synthetic ligands, GW4064 and tropifexor. The impact on distinct forms of HDV RNAs was analysed by quantitative PCR and Northern Blot. Analysis of HDV
proteins was performed by immunofluorescence (IF) and Western Blot (WB). Viral secretion was studied by HDV RNA quantification in supernatants and infection of naive Huh7.5-NP cells.

SQu
1=
e
—
SQ
|
S
—\
S8
(=)
=

N

N

/
<

\_ /
4 )
a Results @ e Results @ h Results 3
FXR ligands inhibit HDV replication in HBV/HDV FXR ligands inhibit HDV replication in monoinfected | gxRr ligands decrease both secretion and specific infectivity of HDV virions
superinfected dHepaRG cells and PHH. dHepaRG cells. from HBV/HDV coinfected dHepaRG cells.
A 10-day treatment with 10uM of FXR ligand GWA4064 decreased Treatment with different FXR ligands decreased the amount of both genomic n HBV/HDV coinfected dHepaRG cells, treatment with FXR ligand GW4064 decreased intracellular
intracellular HDV RNAs by 60% and 40% in HepaRG cells (upper panel) and and antigenomic HDV RNAs in dHepaRG cells in Northern Blot analysis (left || HDAg amounts and secretion of HDV RNA in supernatants by 60% (upper panel).
PHH (lower panel). IF staining and WB showed that FXR ligands also panel). Following infection of naive Huh7.5-N¢? cells, the amount of HDV RNAs was reduced by > 95% using
decreased intracellular amounts of delta antigens FXR silencing using a dHepaRG cell line expressing an inducible TR-Cas9 || vijruses produced in GW4064-treated dHepaRG cells; the number of HDAg-positive cells was reduced
. abolished the antiviral effect of FXR IIgand GWA4064 (rlght panel). in a similar mannerin IF ana|ysi5 (lOWEF pane|)_
dHepaRa dHepaRG dHepaRG Density gradient analysis did not reveal any obvious modification of HDV virions characteristics
Y 2 GWA4064 cells TR-Cas9 (mld dle pan eI)
HBV @ —> i § f DMSO 1M 5 uM 10 uM IFN-a cells RT'q PCR
e ) . . ... wove @D W ‘ HeoaRe W RT-qPCR
© — o) % o :otal m:iceuular HDV RNAis cells i % . :2
3 day 4 days 5 — — — r = = z <§t 28 1,
v o v %1.00- {- } HBV © —» . ) o (C) — = §§ rod
] y $ 5 0.75- = DMSO HDV® — = = - HDAg-L 32 o]
} o g . . . . k ggo.so- {A I -?I:- - 7 - gg -
g e —— PR | 7days i £ v oo
v T P p— ligands N 200 g 0‘00— W SIS s s | BTubulin
HARVEST v 3 days | e"l Qe‘l v%“l o \
M A TIT 10 days
HARVEST & +q.<$’ d_@"
el } 9 days ’ Q v 2
OTOIN 21 GW4064 S %_ = g ligands HARVEST g
HEV @ 3?3 DMSO 1 pM 5 uM 10 uM IFN- "'1 3, < ‘g é v precipl:i.f;'ion of © HDV-2P
b oo £ I3 S5 62 HARVEST WB supernatants l* |
HDV & —» ) _ 23S 8 = T a .
% _ Sz 88 = = = CTRLguide  FXRguide  FXR guide
3 day . . . . . - — — - — — — HUh7.5-NTCP CE"S
v .- ) ) # | HDV G RNA GW4064 (10uM) - + - + - + - +
Ny A £ . . . . B - “«| HDV AG RNA FXR ——> | M s
EXR 10 days g = = L P l 6 days
ligands 1B: anti-HDAG | s WS i — e HDAS - e “*1 18S RNA
v B:ant-BTubulin | e — — - "'y # | 595 RNA GAPDH ——> | S S S e e o st HARVEST N
HARVEST | * Huh7.5NTCP cells were infected with same viral &
genome equivalents / cell for all conditions
\ - A\ I\ y
4 : A
Conclusion

FXR ligands inhibit in vitro HDV replication, independently of their previously identified antiviral properties against HBV. The major impact of treatment was observed on virion secretion and specific
infectivity, suggesting that FXR ligands may be able to inhibit HDV spreading. Mechanisms underlying this inhibitory effect are under investigation.

Several FXR ligands are either approved or in clinical trials for several liver diseases. As current therapeutic strategies are limited for HDV-infected patients, FXR may thus represent a new and
| attractive target for HDV antiviral therapy. y




