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Abstract

Causal links between inflammation and cancer are well-established, and research into the
means of controlling the former is paramount. Netrin-1 is targeted in clinical trials as it displays
pro-tumoral properties in inflammatory contexts in some organs, which led us to investigate its
status with respect to inflammation in the liver. Here, based on a positive clinical correlation
between netrin-1 levels and inflammation, experimentally confirmed in mice by inducing
inflammation using poly(l:C) as a TLR3 agonist, we identify netrin-1 as a hepatic inflammation-
inducible factor and decipher its underlying mechanism. Surprisingly, netrin-1 upregulation
relied on a hitherto unknown mode of induction, namely its exclusive translational activation
following the transfer of NTN1 to the ER, ruling out any other traditional processes through
exhaustive approaches. Our in vitro approaches unveiled a direct interaction between the
Staufen-1 protein and netrin-1 mRNA, and were further validated in mice. Based on these
findings, we finally explored the impact of a phase 2 clinical trial-validated humanized anti-
netrin-1 antibody (NP137) on mice livers, and observed a clear anti-inflammatory activity.
Hence, our results provide a better understanding of the interplay between inflammation and
chronic liver disease and offer an innovative therapeutic perspective for interfering with their

adverse evolution.
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Introduction

Chronic liver diseases (CLDs) represent the main etiological conditions for the onset of liver
injury, cirrhosis, and hepatocellular carcinoma (HCC) [1]. Though CLDs exhibit a high degree
of diversity in terms of causal effects, ranging from infectious (hepatitis B and C viruses, HBV
and HCV), to metabolic, to toxic and finally genetic, they all converge towards hepatic
inflammation. This response in turn drives hepatocytic turnover, extracellular matrix
accumulation, histological worsening and the long-term induction of carcinogenic mediators
eventually leading to the development of HCC [2]. A clear understanding of the outcome of
this inflammatory response and of its onset in the hepatic tissue is hampered by biologically
opposite functions, as it favors viral and dead cell clearance, as well as histological wound
healing, but exacerbates fibrogenesis, thus inducing cirrhosis and oncogenesis. Hence, the
identification of factors involved in a harmful regulation of inflammation may lead to its clinical
improvement.

We previously documented the pathogenic implication of netrin-1, a developmentally-regulated
and secreted factor of neural origin [3], in liver diseases. Indeed, we showed that the
expression of this factor is reactivated in several ilinesses in adulthood, including several types
of carcinomas [4-7] and also induced by HBV and HCV [8, 9]. Netrin-1 is well-known for
preventing cellular apoptosis through its binding to ‘dependence receptors’ [5, 6, 10-15], and
we demonstrated that it endowed hepatocytes with resistance to apoptosis during the unfolded
protein response (UPR) [16], a hallmark of CLDs and cirrhosis [17-19]. Owing to the causal
link between inflammation, cancer in general, and HCC, we hypothesized that hepatic
inflammation and netrin-1 may be reciprocal influencers in the liver.

Owing to conflicting data on the implication of netrin-1 in inflammation, by either exacerbating
[20-22] or dampening [23-25] the inflammatory response according to the chronic inflammation
setting studied, we conducted extensive mechanistic experiments to document its implication
in this organ, similarly to that described in inflammatory bowel disease and colorectal cancer
[6, 26]. We first confirmed a clinical correlation between inflammation and netrin-1 upregulation
in a cohort of HBV samples, which we then validated in mice using poly(l:C) to induce
inflammation. Through a series of experiments on HepaRG cells and PHH, including polysomal
isolation and fractionation, SILAC metabolic incorporation, and direct interaction assays, we
dissected each step of netrin-1 biogenesis to comprehend its induction. We unveiled the
implication of the Staufen-1 protein in netrin-1 mRNA localization at the ER, fostering its
translation activation and identified distinct yet converging mechanisms in both hepatocytic
environments. Finally, we confirmed these data in mice through netrin-1 capture experiments
using a phase | and Il clinical trial-validated (NCT02977195) humanized antibody [27] that

reversed hepatic inflammation in vivo. Hence, we show that netrin-1 is a newly identified



38 hepatic inflammation-inducible factor endowed with pro-inflammatory properties, and that an
39 antibody enabling netrin-1 capture may dampen hepatic inflammation, a dataset of general
40  interestin CLD.
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Material and methods

Clinical samples

Clinical liver samples were used under the French IRB ‘CPP South-East IV’ approval #A16/207
(2016) related to the Inserm unit 1052 Hepatology biobank, France (#DC2008-235). Written
informed consent was obtained from each patient and conformed to the ethics guidelines of
the 1975 Declaration of Helsinki. Sample characteristics are shown in the Suppl. Table 1. All
activity scores were determined by the pathology department of the Lyon University Hospital

using standardized procedures.

Animal housing, treatment and sample harvest

All trials were performed under IRB agreement #CECCAP_CLB_2014_015 as previously
described (doi 10.15252/emmm.202012878). Eight-week-old C57BL/6J mice (Janvier
Laboratories, Saint Berthevin, France) were injected intraperitoneally with poly(l:C) (Invivogen,
Toulouse, France) at indicated doses or PBS for 16 h and sacrificed prior to liver harvest. Due
to liver zonation considerations [28], all analyses were performed after selection on ice of the
median hepatic lobe of all animals. Hepatic lobe samples were immediately snap frozen in
liquid nitrogen and subsequently thawed on ice prior to homogenization using a Dounce
apparatus previously refrigerated, followed by the addition of RIPA or polysome buffer (see
below, protein or polysome-related studies) or Trizol (see below, total RNA-related studies,

Invitrogen).

Immunohistochemistry

For histological examination, tissue samples were fixed in 10% buffered formalin and
embedded in paraffin, and prepared according to conventional procedures.
Immunohistochemistry was performed on an automated immunostainer (Ventana Discovery
XT, Roche, Meylan, France) using the Discovery HRP Kit according to the manufacturer’'s
instructions. Sections were incubated with an anti-netrin-1 antibody (1/500; see Suppl. Table
2). Staining was visualized with DAB solution with 3,3'-diaminobenzidine as a chromogenic

substrate. Finally, the sections were counterstained with Gill's hematoxylin.

Flow cytometry analysis

Pieces of liver were minced and digested in RPMI-1640 supplemented with mouse tumor
dissociation enzymes (Miltenyi Biotec, Bergisch Gladbach, Germany) for 40 min at 37°C.
Digested samples were filtered through a 70 um nylon mesh to obtain uniform single-cell
suspensions. Cells were washed with complete RPMI medium containing 10%

decomplemented FBS, 1% NEAA, 1% Sodium Pyruvate and 1% Penicillin-Streptomycin
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(Gibco™) and resuspended in 500 pL of Flow Cytometry Staining Buffer (FCSB)
(eBioscience™). 100 uL of cell suspension was used for staining in U-shaped 96-well plates.
After PBS 1X washing, cells were stained with LIVE/DEAD™ Fixable Red Dead Cell Stain Kit
for 30 min protected from light at room temperature. Fc receptors were blocked with anti-
CD16/CD32 (TruStain FcX™:; Biolegend) and cells were stained for cell surface antigens (see
Suppl. Table 2). For intracellular staining, cells were fixed and permeabilized using the Foxp3
/ Transcription Factor Staining Buffer Set (eBioscience™). Events were acquired on a BD-
LSRII flow cytometer (BD Biosciences, Le Pont-De-Claix, France), collected with the BD

FACSDiva 6.3.1 software and analyzed using Flowjo (or Flowlogic) software.

Cell culture and siRNA/plasmids transfection

Cells were grown in a 5% CO. humidified atmosphere at 37°C. All reagents pertaining to
HepaRG cell culture were purchased from ThermoFischer Scientific (Les Ulis, France) unless
otherwise indicated. HepaRG cells were seeded at a density of 4.10%cm? in William’s E
medium containing insulin 5 mg/mL, penicillin 100 IU/mL, streptomycin 100 mg/mL, and 10%
fetal bovine serum (Hyclone, lllkirch, France). The medium was supplemented with
hydrocortisone hemisuccinate at a concentration of 5.10° mol/L (Pharmacia Upjohn,
Guyancourt, France). Medium was renewed twice a week. siRNAs (Flexitube, Qiagen, Les
Ulis, France, Suppl. Table 3) and plasmids were transfected using RNAiMax (Thermo, Les
Ulis, France) or Mirus LT1 reagents (Mirus-Bio, Euromedex, Souffelweyersheim, France),
following the manufacturer's procedures at a final concentration of 10 nM and 1 ug/mL,
respectively. All transfections were performed in suspension before distribution in wells and
poly(l:C) treatment in order to prevent transfection yield variability. Primary human hepatocytes
(PHHs) were isolated from surgical liver resections, after informed consent of patients (IRB
agreements #DC-2008-99 and DC-2008-101) as previously described [29] and cultured in
complete William's medium supplemented with 1.8% DMSO (Sigma, St Quentin, France). All
PHH-related data were obtained from at least three distinct patients. For TLR3-specific or pan-
TLR stimulation, cells were treated with Pam3-CSk4, LPS, FLA, FSL, Riboxol and LMW or
HMW poly(l:C) (InvivoGen, Toulouse, France) three to four days after seeding (i.e. after having

reached confluency) for the indicated time points and/or concentrations.

Cell viability assays

The Neutral Red (NR) assay was conducted as described by Repetto [30]. Briefly, the NR
stock solution (40 mg NR dye in 10 mL PBS) was diluted in culture medium to a final
concentration of 4 mg/mL and then centrifuged at 600g for 10 min to remove any precipitated
dye crystals. Cells were then incubated with 100 pL of NR medium for 1 h. NR medium was

removed and the cells washed with PBS. Plates were incubated for 10 min under shaking with
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150 pL/well of NR destain solution (50% ethanol 96%, 49% deionized water, 1% glacial acetic

acid). OD at 540 nm was measured.

Western blotting

Immunoblotting was performed using 40 ug of RIPA (50 mM Tris HCI (pH 8.0), 150 mM NacCl,
1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 10 mM sodium fluoride, 50 mM
orthovanadate, 1x protease inhibitor cocktail (Roche))-processed cell lysates, then resolved
on 8% or 10% SDS-PAGE, blotted onto nitrocellulose membranes (Amersham Biosciences),
blocked using 5% low fat dried milk in TBS Tween 0.1% for 1 hour at RT and probed overnight
at 4°C with corresponding antibodies listed in the Suppl. Table 2. After three washes in PBS-
Tween 0.1%, membranes were incubated for 1 h at room temperature with secondary
antibodies coupled to HRP (1/5,000, Sigma-Aldrich, St-Quentin, France) prior to
chemiluminescence-based revelation using the Clarity Western ECL substrate (Bio-Rad,
Versailles, France). The Western blot specificity of the netrin-1 antibody was extensively

verified in-house prior to conducting experiments (Suppl. Fig. 1).

Immunofluorescence

Cells were fixed in -20°C methanol/acetone after one wash of ice-cold PBS, blocked in 5%
goat serum (Eurobio, Les Ulis, France) at room temperature for 15 min, incubated overnight
with corresponding antibodies listed in Suppl. Table 2 in PBS/0.1% Triton X-100, washed prior
to incubation with secondary antibodies listed in the Suppl. Table 2, mounted with DAPI. Cells
were finally visualized under a confocal microscpoe (Leica SP5X, magnification 63X, Zoom =
2).

Netrin-1 immunoprecipitation

For netrin-1 immunoprecipitation from tissue culture medium, serum-free medium
complemented or not with heparin (2 ug/mL, Sigma-Aldrich, France), was applied to the cells
overnight, 60 h after poly(l:C) treatment. 5x or 1x lysis buffer (20 mM Tris pH 7.5, 150 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 0.1% Triton X-100, Protease inhibitor cocktail 1x) were used
for supernatant or total lysates immunoprecipitation, respectively. Two pg of anti-netrin-1
NP137 antibody [27] / 5 mL of medium or 2 ug NP137 / mg of protein extracted from total
lysates were incubated overnight on a rotating wheel at 4°C. Twenty pyL of SureBeads™
Protein A Magnetic Beads (Biorad) was added for 2ug of antibody, for 1 h on a rotating wheel
at 4°C. Beads were then washed three times with lysis buffer 1x and eluted in 20 pL of 1x
Laemmli buffer for 5 min at 95°C (Staufen-1, Netrin-1 IP) or extracted with acid phenol
(Invitrogen) reagent followed by proteinase K extraction (Staufen-1 IP) as described earlier
[31].
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Total RNA extraction and RT-qPCR

Total RNA was extracted using Trizol (Invitrogen). One ug of RNA was DNAse |-digested
(Promega, Charbonniéres, France) and then reverse transcribed using MMLV reverse
transcriptase (ThermoFischer) according to the manufacturer’s instructions. Pre-mRNA-
targeting qPCR was tested for absence of DNA-based gPCR signal upon heat inactivation of
MMLV. Quantitative real-time PCR was performed on 1/5" diluted samples on a LightCycler
96 device (Roche, Meylan, France) using the low Rox gPCR mix (Bioline, Paris, France). PCR
primer sequences (5-3') and gPCR conditions are listed in the ad hoc section. Specificity of all
primers (Suppl. Table 4) was assessed by melting curve analyses and agarose gel
electrophoresis. Performance of all primers was quantified using serial 3-fold dilutions of target

templates.

Nascent RNA capture

Cells were treated with 0.2 mM ethynyl uridine (EU) for 24 h in order to obtain nascent RNAs
with an incorporated EU label. Total RNAs were isolated with Tizzol (Invitrogen). The EU-
labeled RNAs were biotinylated and captured using the Click-it Nascent RNA Capture Kit (Life
Technologies), in accordance with the manufacturer's instructions. One ug of total RNA was
used for biotinylation with 0.25 mM biotin azide in the Click-iT reaction buffer. The RNAs were
precipitated with ammonium acetate and ethanol and resuspended in UltraPure water. EU-
labeled biotinylated RNAs were captured using Dynabeads MyOne Streptavidin T1 magnetic
beads. 0.5 ug of biotinylated RNAs was mixed with Click-iT RNA binding buffer and heated at
68°C for 5 min, followed by the addition of the beads (25 pL of suspension per reaction) and
incubation at room temperature for 30 min while gently vortexing. The beads were immobilized
using the DynaMag-2 magnet and were washed with Click-iT washing buffers 1 and 2. The

washed beads were resuspended in Click-iT wash buffer 2 and used for cDNA synthesis.

Sequential extraction

This protocol followed Stephens et al. [32, 33] using the following buffer compsitions.
Permeabilization: 110mM KOAc, 26mM KHEPES pH7.2, 2.5mM Mg(OAc)2, 1 mM EGTA,
0.015% digitonin, 1 mM DTT, 1 mM PMSF, 200uM VRC. Wash: 110 mM KOAc, 25 mM
KHEPES pH 7.2, 2.5 mM Mg(OAc)2, 1 mM EGTA, 0.004% digitonin, 1 mM DTT, 1 mM PMSF,
200uM VRC. Lysis: 400 mM KOAc, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2, 1% (v/v) NP-
40, 0.5% (w/v) DOC, 1 mM DTT, 1 mM PMSF, 200uM VRC. Briefly, aspiration of medium and
washing of cells (100 mm Petri dishes) with 5-10 mL ice-cold PBS to remove any excess
culture medium was first conducted. Flasks were then gently coated with digitonin-containing

1 mL permeabilization buffer and shaken at 4°C on ice for 5 min. At this point, loss of plasma
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membrane and soluble cytosolic contents could be observed using phase contrast microscopy
(Suppl. Fig. 2A). The flasks were then straightened (vertical position) and the buffer allowed
to drain for 1 min. The soluble material (cytosol) was transferred to a 1.5 mL microcentrifuge
tube on ice, before gently washing the flasks with 5 mL of digitonin-free wash buffer, which
was then discarded. The flasks were next coated with 1 mL of NP40-containing lysis buffer
and shaken on ice for 5 min. At this point, only nuclei and insoluble cytoskeletal components
remain attached to the culture flask, which once again could be visualized using routine phase
contrast microscopy (Suppl. Fig. 2B). The flasks were subsequently straightened and the
buffer allowed to drain for 1 min. The resulting soluble (membrane-bound) material was
transferred to a 1.5 mL microcentrifuge tube. Finally, soluble lysates were clarified at 10,000g

for 10 min at 4°C and the supernatants transferred to new tubes.

Polysome isolation and profiling

For polysome fractionation, cycloheximide (Sigma, 100ug/ml; Interchim, Montlugon, France)
was added to the medium for 5 and/or 15 min, prior to harvesting. The medium was then
removed and the cells washed with ice-cold PBS containing 100 pyg/mL cycloheximide. The
cells were then scraped, centrifuged at 800g for 5 min at 4°C and cytoplasmic RNA was
obtained by lysis (20 strokes of a p1000 pipet) of the cell pellet in 1 mL of polysome buffer
containing 10 mM Tris-HCI (pH 8.0), 140 mM NacCl, 1.5 mM MgClI2, 0.5% Nonidet P-40, and
40 mM vanadyl ribonucleoside complexes (VRC), 100 pg/mL cycloheximide (CHX), 20 mM
dithiothreitol (DTT), and 1 mM phenylmethanesulfonyl fluoride (PMSF), all reagents were
supplied by Sigma. Mitochondria and membrane debris were removed by centrifugation
(10,000g, 5 min, 4°C). The post-mitochondrial supernatants were overlaid onto a 15-40%
sucrose gradient and spun at 38,000rpm for 2 h at 4°C in a SW41Ti rotor (Beckman Coulter,
Fullerton, CA, USA). Fractions were collected from the top of each gradient using a 240 nm
UV reader-coupled fraction collector (Brandel, Glasgow, UK). Free mMRNPs, monosomes and
polysomes were located through the interpretation of UV gradient traces. RNA extraction was

done using the acid phenol approach detailed previously [8].

Mass spectrometry-based proteomic analyses

The gel bands containing immunocaptured netrin-1 from the three independent experiments
were cut and digested in-gel using trypsin (modified, sequencing purity, Promega), as
previously described [34]. The resulting peptides were analyzed by online nanoliquid
chromatography coupled to MS/MS (Ultimate 3000 RSLCnano and Q-Exactive HF, Thermo
Fisher Scientific) using a 60 min gradient. For this purpose, the peptides were sampled on a

pre-column (300 yum x 5 mm PepMap C18, Thermo Scientific) and separated in a 75 um x 250
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mm C18 column (Reprosil-Pur 120 C18-AQ, 1.9 ym, Dr. Maisch). The MS and MS/MS data
were acquired by Xcalibur (Thermo Fisher Scientific).

Peptides and proteins were identified and quantified using MaxQuant (version 1.6.17.0) [35]
using the Uniprot database (Homo sapiens taxonomy, May 2020 version) and the frequently
observed contaminant database embedded in MaxQuant. Trypsin was chosen as the enzyme
and two missed cleavages were allowed. Peptide modifications allowed during the search
were: carbamidomethylation (C, fixed), acetylation (Protein N-ter, variable) and oxidation (M,
variable). Minimum peptide length and minimum number of unique peptides were set at seven
amino acids and one, respectively. Maximum false discovery rates - calculated by employing
a reverse database strategy - were set at 0.01 of the peptide-spectrum match, peptide and
protein levels. The netrin-1 ratio in heavy over medium forms (replicates 1 and 3) or medium
over heavy forms (replicate 2) were calculated for each replicate based on the corresponding

peptide ratios.

CLIP assay

Poly(l:C) treated and mock cells were supplemented with 100 pg/mL cycloheximide (5 min.
37°C), then washed with ice-cold PBS, fixed under UV light (0.2 J/cm?), scraped with ice-cold
PBS, spun down at 1,000g for 5 min at 4°C and snap-frozen in liquid nitrogen. Cells were
subsequently lysed in a buffer composed of 20 mM Tris pH 7.5, 150 mM NaCl, 1 mM EDTA,
1 mM EGTA, 0,1% NP40, Protease inhibitor cocktail 1x, RNAse Out 100 U/mL, and 400 pyM
VRC. The 35 strokes of Dounce homogenizer were applied to the sample before clarification
at 5,000g for 5 min at 4°C. After preclearing using naked protein A-coated magnetic beads
(Bio-Rad #161-4013), 2 ug of IgG control or anti-Staufen antibody (Suppl. Table 3) was mixed
to 0.5 mg of lysates overnight under rotating incubation at 4°C. Beads were then added to
complexes and incubated on a rotating wheel at 4°C for 2 h, then washed twice with lysis
buffer. Twenty g of total lysates 1/6™ of the IP fraction, as well as flow-through fractions were
loaded onto SDS-PAGE gels for subsequent immunodetection of the proteins of interest.
Staufen-1-bound RNA extraction was conducted using the acid phenol approach detailed
previously [8]. Bound RNAs were retrotranscribed using the Superscript IV Vilo RT enzyme

(Invitrogen) and corresponding cDNAs were amplified using the Bioline No-Rox gPCR Kkit.

Filter binding assay

The NTN1 5'UTR was in vitro transcribed using the MEGAscript™ T7 Transcription Kit,
(Ambion, #AMB13345) and then biotinylated (Pierce™ RNA 3' End Biotinylation Kit, Thermo
#20160). HBV RNA epsilon loop was chemically synthesized and labeled (Genscript,
Piscataway, USA). Sequences and genetic references are provided in Suppl. Table 5. RNA

renaturation was performed by heating samples at 95°C for 5 min before slowly cooling to
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room temperature. RNA constructs (0.1 nM) were then incubated with increasing
concentrations of the purified recombinant Staufen-1 protein (Origen, #TP760787; 0-100 nM)
in binding buffer (Tris-HCI, pH 7.4, 20 mM; K(AcO), 100 mM; KCI, 200 mM; Mg(AcQO),, 2.5 mM;
DTT, 1 mM) for 30 min at 37 °C. The reactions were then loaded onto a filter sandwich
composed of 0.45 um nitrocellulose filters (GE Healthcare Life Science) located above nylon
filters (GE Healthcare Life Science). Both membranes were pre-soaked in binding buffer and
assembled in a dot-blot apparatus. Samples were directly added to the filters under vacuum
and subsequently washed twice with 400 pL of ice-cold binding buffer while a vacuum was
being applied. Both membranes were then UV crosslinked (0.12 J/cm?). Signal development
was performed using the Chemiluminescent Nucleic Acid Detection Module Kit, thermo
#89880. Quantification of the obtained signals was done using Image Lab. Kd values were
calculated using the Sigma Plot 8.020 software according to the equation
y =y0 + (Bmaxxn)/(Kq" + x"), where y is the percentage of complexed RNA, Bmax is the binding
yield, x is the concentration of the target RNA, Kd is the dissociation constant and n is the Hill

coefficient.

RUSH assay

HepaRG cells transfected with a GFP-tagged A1AT RUSH reporter described previously [36]
were treated or not with poly(l:C). After 72 h, cells were treated with 40 uM biotin and then
fixed with 3% paraformaldehyde at different time points. After immunofluorescence staining,
images were acquired on a Leica SP5 confocal laser scanning microscope using the 63x oil

objective at two-fold magnification.

Netrin-1 Crispr cell lines

A netrin KO Crispr cell line and its ad hoc control cell line were generated.

The Zhang lab protocol [37] was used. Briefly, guide sequences (Suppl. Table 6) were
inserted into lentiCRISPR v2 (Addgene plasmid #52961) and lentiCRISPR v2-Blast (Addgene
plasmid #83480). DNAs (Gag-Pol + Env + lentiCRISPRv2 or lentiCRISPRv2 Blast) were
transfected into 2 x 106 HEK293T cells (ATCC CRL-1573) seeded the day before in 10-cm
plates using calcium phosphate [38]. The medium (8 mL/plate) was replaced 16hrs after
transfection. Virus-containing supernatants were harvested 24 h later, filtered through 0.45-
MM pore-sized membranes, and stored at -80°C until further transduction. For selection of the
resulting polyclonal cell lines, cells were plated at a density of 4.10%/cm? in a 35 mm Petri dish.
The next day later, lentiviral transduction was done using 500 pyL of medium to which were
added 250 pL of each lentivirus supernatant, for two days. Cells were then put under selective
pressure for the expression of both lentiviruses’ cassettes using puromycin and blasticidin

(Invivogen, gradually increasing concentrations from 4 and 8 yg/mL to 10 and 20 pyg/mL within
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two weeks, comprising two weekly trypsinization procedures). Cell lysates were then
generated for netrin-1 KO monitoring by Western blot using the anti-netrin-1 reference

Ab126729 (Abcam) prior to liquid nitrogen storage.

Netrin-1 release assay

For netrin-1 release assays, Crispr control (HepaRG-Ctrl-KO) and netrin-1 KO (HepaRG-Net-
KO#3) cell lines were seeded as depicted above, allowed to reach confluency for 4 days, and
sequentially treated with recombinant soluble netrin-1 (125 ng/mL, R&D systems) followed by
50 pg/mL poly(l:C) for the indicated times, before supernatant harvesting and its clarification
(1,000g, 5 min, 4°C). Supernatants were washed with ice-cold PBS and processed for netrin-

1 immunoprecipitation and Western blotting.
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Results

Clinical and in vivo relevance of netrin-1 induction

In order to evaluate the clinical likelihood of an interplay between netrin-1 and inflammation in
the liver, we first considered a potential association between netrin-1 and clinical activity
scores, performing western blotting (after extensive anti-netrin-1 antibody validation, see
Suppl. Fig.1) on a well characterized HBV-positive series of samples. Samples were selected
based on several criteria in order to minimize confounding factors, namely gender (men only
here due to availability), similar HBV sample-specific viral loads, fibrosis scores, platelet
counts, prothrombin time, ALAT, albumin and bilirubin, leading to a cohort of 14 patients
(Suppl. Table 1), the sample sizes of whom were compatible with multitarget immunoblotting.
Samples were blotted for netrin-1 and a-SMA, an inflammation-related marker in CLDs [39,
40], and association between netrin-1 signals and activity were observed (Fig.1A), being
however uncorrelated with corresponding netrin-1 mRNA signals (Fig.1B and Suppl. Fig.3).
Based on activity scores, such data suggest that netrin-1 protein levels are correlated with liver
inflammation in HBV patients.

In order to probe the robustness of these correlative clinical data, we first investigated the
potential impact of experimentally-induced inflammation, using a panel of TLR ligands, namely
Pam3-CSK4 as a TLR1/2 agonist, lipopolysaccharide (LPS) as a TLR4 agonist, FLA as a TLR5
agonist, FSL as a TLR2/6 agonist, Riboxol (molecularly defined TLR3 agonist), and finally low
or high molecular weight poly(l:C) as TLR3, RIG-I and MDA-5 agonists. Experiments were
carried out on HepaRG cells as a source of essentially growth-arrested and untransformed
cells representative of late-stage CLD [41, 42]. RIG-I was also probed as a control for the
induction of inflammation. Pam3CSK4, LPS, FSL, Riboxol, and HMW poly(l:C) induced netrin-
1, suggesting its broad spectrum of inflammation triggers, and therefore its relevance, in the
hepatic environment (Fig. 1C). Chronic viral infections of the liver represent one of the major
etiologies of CLDs. Both HBV and HCV viruses have been shown to be direct inducers of
dsRNA-based responses [43, 44], which in turn unleash the subsequent inflammation in
hepatocytes. HepaRG cells were previously shown to be broadly responsive to poly(l:C) [45].
We hereafter focused on the dsRNA analog poly(l:C) of HMW, as a viral mimetic.

We then assayed inflammation-related netrin-1 induction in the liver in vivo. To achieve this,
C57BL/6J mice of both sexes were challenged with HMW-poly(l:C), prior to harvesting their
liver, and processing total RNA extracts for RT-qPCR on inflammation-related transcripts.
Although poly(l:C) injection did not increase ALT levels (a well-known marker of liver
inflammation) in mouse serum within the experimental timeframe (Suppl Fig.4A), several
other markers of inflammation (CXCL10, IL1B, IL6, KC) were induced both in male and female

mice. Interestingly, the overall inducibility of canonical inflammation markers was higher in



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

females. (Suppl. Fig. 4B). Intriguingly, though NTN7 mRNA induction was not observed within
total RNA populations, a western blot and IHC approach evidenced netrin-1 induction at the
protein level, albeit to different extents with female mice being also more responsive (Fig. 1D-
E and Suppl. Fig. 5). Such data suggest a causal link between inflammation, inflammation
intensity, and netrin-1 induction, at least in the acute inflammatory context. In order to identify
the cells implicated in netrin-1 induction, we performed intrahepatic IHC to detect netrin-1 in
these murine samples. Netrin-1 staining yielded a homogenous and likely ubiquitous
expression pattern, similar to previous data obtained in human liver [9]. Therefore, it is likely
that netrin-1 staining was associated with the hepatocytic compartment, which makes up 80%

of the liver mass and areas (Fig. 1F).

Translational induction of netrin-1

To gain further insight into the mechanisms of netrin-1 production, we conducted a set of in
vitro experiments using HepaRG cells [41] and PHH that present two distinct phenotypes
(preneoplastic and fully differentiated, respectively), and are deemed relevant for studying
CLD-related mechanisms in untransformed hepatocytic cells. In HepaRG and PHH, poly(l:C)
led to netrin-1 protein induction in a dose- and time-dependent manner. The RIG-I inducible
marker was monitored to verify poly(l:C) activity. (Fig. 2A). As a laminin-related protein [46],
netrin-1 is susceptible to be secreted and may also accumulate at the extracellular side of the
plasma membrane. We thus tested netrin-1 signals by immunoprecipitation after heparin-
based release of plasma membrane-bound netrin-1 in serum-free culture supernatants. Data
indicate that the previously observed netrin-1 upregulation by Western blot affects its
membrane-bound form along with its presence in the culture medium in both cell types (Fig.
2B). We then ascertained that its upregulation was independent of its well-documented activity
as a cell death inducer. We thus monitored cell viability upon poly(l:C) and heparin treatment,
using the neutral red assay in wild-type HepaRG, PHH, and Crispr/Cas9 netrin-1 KO HepaRGs
(Suppl. Fig. 6A-C). Previous data were confirmed, indicating that during inflammation, netrin-
1 induction is not related to cell injury and is likely involved in cell death-unrelated processes.
We next sought to unravel the molecular basis for netrin-1 induction. Similarly to mice, no
significant increase in NTNT mRNA levels could be evidenced, either in HepaRG cells or in
PHH (Suppl. Fig. 7A), upon analysis of total RNA pools. Total RNA levels for a given mature
transcript depend on various processes that are active in real time, such as transcription,
stability, and splicing. We initially focused on pre-mRNA levels, though no significant induction
could be observed under poly(l:C) treatment in HepaRG or in PHH (Suppl. Fig. 7B). In order
to rule out transcriptional induction in such contexts, we then performed a Ntn7 promoter Luc
reporter assay and a run-on assay aiming at quantifying de novo NTN1 transcription under

poly(l:C) treatment. No increase could be obtained following treatment of HepaRG cells with
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poly(I:C), in either approach, indicating that netrin-1 was not regulated at the transcriptional
level (Suppl. Fig. 8A-B).

To evaluate the possible implication of NTNT mRNA splicing in the final phenotype, we
calculated the evolution of NTN1 pre-mRNA over mRNA induction ratios upon poly(l:C)
treatment. Again, no significant alteration of such ratios was observed (Suppl. Fig. 9),
suggesting that regulation of splicing did not participate in netrin-1 protein increase. In order to
safely orient subsequent studies towards post-transcriptional read-outs, we lastly quantified
NTN1 mRNA stability using the selective RNA polymerase Il inhibitor triptolide [47]. In this
assay, NTN1 mRNA decay rate was unaltered (-1.3-fold) by poly(l:C) (Suppl. Fig. 10), arguing
in favor of a post-transcriptional regulation.

Following the next step in the biogenetic processing of netrin-1, we then considered
translational regulation as a potential contributor to netrin-1 protein induction. We first
submitted HepaRGs, PHHs and mouse livers to total polysomal fractionation using sucrose
gradient-based isopycnic ultracentrifugation followed by gradient trace monitoring, RNA
extraction, and RT-qgPCR on the NTN1 transcript. Adequate fractionation could be evidenced
using gradient UV traces. The presence of the peak of free messenger ribonucleoparticles
(mRNPs), followed by the 40S, 60S and 80S ribosomal subunits, themselves finally followed
by the typical oscillating profile of successive polyribosomes was delineated (Fig. 3A, black
and red traces). As expected, translation was more active in early confluent HepaRG cells (as
previously depicted [48]) than in resting, optimally differentiated, PHH, or mouse livers.
Moreover, for HepaRG cells, the percentage of polysome-bound NTN1 mRNA signals versus
total NTN1 signals remained unchanged upon poly(l:C) treatment (87.9% versus 86.0% in
treated cells), whereas in PHH, a major shift of the NTN1 signal could be observed towards
the polysomal compartment of the gradient (46% versus 89%, p < 0.05) (Fig. 3B-C). The
absence of changes in mouse livers is concomitant to higher amounts of NTN71 in heavy
polysomes (fractions 13-17), that are associated with strong translational activity. In order to
confirm this, an EDTA release control experiment was carried out. EDTA induces polysomal
collapse through Mg?* and Ca?* chelation, enabling the evaluation of the genuine polysomal
origin of the RT-gPCR signals, and reinforced these results (Fig. 3A-C).

Altogether, our data advocate for distinct modes of regulation of netrin-1 induction in HepaRG
hepatocyte-like cells and fully differentiated environments such as PHH and mice livers. Mouse
livers and PHH appear to activate total polysome-based translation of the NTN1 transcript for
the final induction of the protein. Yet, netrin-1 biogenesis mechanisms remain uncharted at
this stage of the study in HepaRG cells, which are representative of late stage, preneoplastic,
CLD.

In order to pursue the identification of the molecular basis of netrin-1 increase upon poly(l:C)

treatment in HepaRG cells, the de novo incorporation of labeled amino acids into the netrin-1
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sequence was quantified by MS after netrin-1 immunoprecipitation, using stable isotope
labeling by amino acids in cell culture (SILAC) method. This SILAC approach indicated a 4.5-
fold increase in de novo incorporation of amino acids in inflammatory conditions versus naive
cells (Fig.3D-E). These data suggest that if translation per se is not modulated in HepaRG
cells, as found by polysomal fractionation, processes increasing the susceptibility of the NTN1

transcript to translation are strong candidates.

Staufen-1 mediates netrin-1 induction through direct interactions with the NTN1 transcript in

preneoplastic cells

A majority of the transcriptome encoding secretory and membrane proteins is ER-bound [49].
Netrin-1 is a secreted protein and its translation should naturally take place in association with
the endoplasmic reticulum (ER) membranes so that co-translational translocation of the
nascent peptide across the ER membrane may occur through the transient association of the
peptide’s signal sequence with the translocon [50]. Therefore, netrin-1 translation is
conditioned by two distinct events: association with polyribosomes and accumulation of the
transcript at the ER level for subsequent transfer of the native peptide to the secretory pathway.
We took into consideration this process in order to determine divergences between HepaRG
cells and PHH for netrin-1 induction. Based on the so-called ‘sequential extraction’ method
[32, 33], which allows the investigation of mMRNA partitioning between cytosol and microsomes,
we verified netrin-1 enrichment following poly(l:C) treatment using three protein markers (RIG-
| and caspase-3 as cytosolic proteins and the ER-associated PDI/P4HD protein, Fig. 4A).
Whereas no significant alteration in cytosolic or membrane-bound levels of NTN1 transcripts
was evidenced upon poly(l:C) treatment in PHH, the level of NTN1 transcript enrichment in
membrane-bound versus cytosolic fractions increased by 7-fold in inflammatory HepaRG cells
(p < 0.05; Fig. 4B). These finding indicate that translational induction of netrin-1 occurs via the
transfer of the NTN1 transcript to the ER prior to its active translation in HepaRG cells.

We then focused on NTN7 mRNA relocalization by conducting a bibliographic search for
proteins participating in transport and translational regulation of highly structured, GC-rich,
mMRNAs in their 5’ ends, which the NTN1 transcript belongs to [16]. The double-stranded RNA
binding domain-containing protein Staufen-1 (STAU1) shuttles between the cytosol and the
ER thanks to its association with microtubules through its tubulin binding domain [51, 52].
STAU1 is implicated in translational activation of GC-rich, structured, mRNAs 5’'UTRs [53], and
was shown to bind to the NTN1 transcript in high throughput experiments [54, 55].

In resting cells, STAU1 displayed a granular staining also observed in other studies, where it
associates with RNA granules before or after movement on microtubules [56-59]. Interestingly,
poly(l:C) triggered the reconfiguration of STAU1 signals from a granular to a microtubule-like

filamentous pattern, in accordance with other studies [51, 52, 56]. The number of STAU1-
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positive granular foci per cell decreased 11-fold and the percentage of STAU1 filamentous
staining-positive cells increased 9-fold with poly(l:C) (Fig.5A-B). STAU1 staining also
displayed an increased overlap with PDI+ (ER) areas, quantified using the Li colocalization
coefficient. (Fig. 5C-D)

In order to test direct interactions between Staufen-1 and the full length netrin-1 mRNA in our
biological setting, we set-up a CLIP assay in UV cross-linked HepaRG cells using a variety of
relevant negative and positive control transcripts [54, 55]. Immunoprecipitation conditions for
STAU1 were first defined (Fig. 6A). Data depicted in this panel show significant increase in
NTN1 levels versus several other transcripts, in addition to a specific and positive impact of
poly(l:C) per se on NTN1 binding levels to STAU1. Percentages of transcript inputs are
indicated in poly(l:C)-treated or untreated conditions in Fig. 6B.

To further probe such interactions, we carried out a filter binding assay, which provides
information on the affinity of both partners and their class of interaction dynamics downstream
of collected STAU1-bound, RNA-conjugated, biotin-avidin-HRP signals. Based on obtained
profiles, filter binding data were fit to a sigmoidal equation to determine binding constants and
to estimate the degree of binding cooperativity. Calculation of Kd led to a value of 1.17+/-0.11
nM. Calculation of the Hill constant was done using the previously published formula: Log (81)
/ Log (ECs0/EC10) [60] and led to a value of 1.9+/-0.28, suggesting a moderately cooperative
interaction. As a control, no interaction between an HBV epsilon loop RNA sequence and
STAU1 was observed. In competition experiments, incubation of increasing concentrations of
unlabeled NTN1 5’'UTR led to displacement of the pre-bound labeled RNA as expected, while,
again, no reversion of STAU1-NTN1 5’UTR complex-derived signals could be achieved using
HBV control RNA Fig.6C-D. Altogether, such data suggest that the dsRNA binding protein
STAU1 directly binds to the 5’UTR of the netrin-1 transcript, corroborating the accumulation of
STAU1 at the ER level for enhanced susceptibility of this secreted protein’s mRNA to
translation upon poly(l:C) treatment.

In order to unequivocally test the functional implication of STAU1 in the accumulation of the
NTN1 transcript at ER sites for netrin-1 protein induction, we tested the effect of RNAI-
mediated STAU1 depletion on poly(l:C)-induced NTN1 accumulation at the ER and on netrin-
1 induction. Both approaches showed reversion of poly(l:C)-induced netrin-1 signals (Fig. 6E-
G). Moreover, these mechanistic data indicated that Staufen-1-dependent transcript transfer
to the ER in non-differentiated cells (here represented by proliferative HepaRG cells),
determined netrin-1 induction in vitro. They represent to our knowledge the first functional
description of Staufen-1 in inflammation. A comparison of results obtained in HepaRG cells
and PHH suggests that mRNA relocalization and translational activation seem to be mutually
exclusive mechanisms across both cell environments, yet converging and enabling netrin-1

induction.
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Netrin-1 induction is unrelated to post-translational steps

In order to potentially define RNA relocalization as a unique contributor to netrin-1 upregulation
during inflammation, the susceptibility of netrin-1 to enhanced secretion as well as its stability
were considered downstream of this experiment. The hepatocyte is one of the major secretory
cells of the human body. Since inflammation is also potentially regulated at the secretion level
because of its important cytokinic component, we considered a potential impact of poly(l:C)
treatment on cell secretion, which could itself regulate netrin-1 levels downstream of
translation. Using the so-called RUSH (retention using selective hooks) assay [36] we treated
or not HepaRG cells with poly(l:C) and, using immunofluorescence, we examined the ability of
a fluorescent fusion form of alpha1-antitrypsin (AAT-GFP) to reach the Golgi apparatus
(located using giantin staining) within the assay timeframe. As shown in Suppl. Fig. 11A-B,
no noticeable difference was observed between colocalized signals derived from GFP or
giantin in treated versus untreated cells. AAT being one of the most abundant and specific
cargoes of the hepatocyte, such data suggest that the global secretory activity levels of
HepaRG cells are not altered by poly(l:C), and that netrin-1 levels remain unaffected by this
regulatory step.

To rule out the accumulation of netrin-1 through protein stability enhancement, we stopped
translation by cycloheximide treatment prior to harvesting poly(l:C)-treated HepaRGs and PHH
in a time-course assay and combined immunoprecipitation of cell-bound and secreted netrin-
1. In these conditions, no alteration of netrin-1 protein decay rate could be evidenced (Suppl.
Fig. 12). In association with previous data, these two last datasets provide final evidence that
netrin-1 induction occurs through transcript localization regulation (undifferentiated HepaRGs)

and translational activation (PHHs).

Induction mechanistics are constrained by the pathogenic status of origin of the cells

While HepaRG cells are capable of undergoing partial experimental hepatocytic re-
differentiation under defined culture conditions, their pre-neoplastic status is established by
their peritumoral origin in a cirrhotic liver [41]. In order to control netrin-1 induction mechanisms
between HepaRG and PHH for the former’s pathological origin, we submitted HepaRG cells
to their usual hepatocytic differentiation protocol [42]. In polarized, quiescent and differentiated
HepaRG, of note again, no NTN1 induction occurred at the total RNA level in a context where
netrin-1 protein is induced by poly(l:C). Yet, netrin-1 protein induction correlated with
accumulation of NTN1T mRNA in the membrane-bound compartment (Suppl. Fig. 13), as was
the case with undifferentiated HepaRGs. This dataset indicates that the nature of post-

transcriptional processes converging to netrin-1 induction is more constrained by the
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pathological status of origin of the cells with respect to pre-neoplastic (HepaRG) or

physiological (PHH) hepatic contexts than by their level of differentiation

A phase 2 trial-validated antibody enabling netrin-1 capture dampens inflammation in mice

As published in several studies, tissular inflammation may be altered by netrin-1 [20-22, 61]
suggesting its mobilization in interstitial fluids. To test whether netrin-1 may act as an
auto/paracrine factor with diffusible consequences, we monitored the behavior of exogenously
added in-house validated recombinant netrin-1 [9], on netrin-1 KO Crispr cells upon poly(l:C)
treatment. Using netrin-1 immunoprecipitation and Western blot, we observed that poly(l:C)
mobilized netrin-1 within 2 hours from its cell-associated pool towards supernatants (Suppl.
Fig. 14), hence arguing in favor of its regulatory role in hepatic inflammation at the
microenvironmental level.

Considering that this diffusible status corroborated previously known tissular effects of netrin-
1 [20-22, 61], we treated C57BL/6J mice with the clinically used and well tolerated anti-netrin-
1 antibody NP137 (NCT02977195) [27] or its NP0O1 isotypic control 32h before challenging
them with poly(l:C) for 16h and liver harvest. Treatment with the former did dampen poly(l:C)-
induced netrin-1 induction (Fig.7A), that occurred, again, independently of NTN7 RNA
upregulation in all instances (Fig.7B). RT-qPCR conducted on a panel of inflammation-related
cytokines (CCL2, CXCL10, IL1B, IL6, KC (ortholog of human IL8), IL12B, IL15, and TGFB1
highlighted a causal relationship between netrin-1 inactivation and reversion of the induction
of several of these cytokines (CCL2, CXCL10, IL1B, KC, and TGFB1, Fig. 7B). In order to
further document this phenotype, we performed a flow cytometry analysis to monitor immune
cell population regulation. Gating strategies are shown in Suppl. Fig.15, where the three left
panels depict Ly6C* CD11°% F4/80" gating (from top to bottom: Poly(l:C)+ and NPO0O1,
Poly(l:C)+ and NP137, and finally Ly6C FMO on pooled cells from all mice). Monocyte-derived
macrophages (CD45* CD11b* F4/80"°%) remained stable. Total Kupffer cells (CD45* CD11b'¥
F4/80M) counts were not regulated. However, the NP137 antibody reversed Ly6C* Kupffer cells
counts. (Fig.7C). Hence, such data suggest that netrin-1 is an actionable target that further
amplifies dsRNA-triggered liver inflammation, in accordance with its role in other organs 1 [20-
22].
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Discussion

Netrin-1 has been repeatedly identified as a cancer promoting agent [5, 6, 10-15]. Its
expression is associated with inflammatory diseases that may themselves promote cancer
onset [6, 26]. Given the causal link between inflammation, cirrhosis, and HCC [62-66], probing
the direct impact of inflammation on netrin-1 expression in the liver was of interest.

Although transcriptional regulation has been considered a hallmark regulatory step in general
cell biology and liver differentiation processes [67], increasing evidence suggests that
processes that need swift temporal regulation in highly remodeled tissues, such as
inflammation and, more generally, oncogenic processes and associated resistance, rely on
translational modulation [68, 69].

Our experience in the liver field has been recurrently confronted with this type of regulation.
Indeed, differentiation of HepaRG cells is strongly associated with important downregulation
of a majority of transcripts at the total RNA level, together with a concomitant upregulation in
polysomal fractions of a subset of hepatocytic differentiation-related mRNAs [70].
Experimental activation of the mTOR/S6 kinase pathway, which is present in 45% of HCC
cases [71], impairs hepatocytic differentiation, and impedes the translation of transcripts
moderating lipid homeostasis and cell growth [31]. Upon the UPR, netrin-1 translation is
selectively favored during global translational shut down, together with IRES-bearing
transcripts implicated in cell survival and transformation [72]. Finally, the netrin-1 receptor
UNC5-A is also translationally down-regulated upon HCV infection, including in patient livers
[8]. Moreover, the liver is one, if not the most, active secretory and metabolic cell type in human
physiology, in line with being exposed to real-time needs for metabolic and hence secretory
regulation (acute phase, post-prandial phases). It is thus conceivable that the biogenesis of
secreted factors such as netrin-1 are more often constrained by swift regulatory processes
such as translational control in the liver than in other cell types. The present data, to be
interpreted as a confirmation of the particular susceptibility of netrin-1 to post-transcriptional
regulation, strengthens the need for more frequent molecular analyses of pathogenic
processes using total RNA-unrelated enrichment methods, such as polysomal profiling, at least
at the liver level.

In the present study, we have shown, depending on the cell system of interest, i.e.
undifferentiated HepaRG or PHH, that netrin-1 biogenesis under inflammation was specifically
regulated at the mRNA localization level in the former, while at the translational level per se in
the latter case and that the pathogenic status of the cells conditioned these modes of induction.
The presence of these mechanisms is of interest, since it appears that two distinct modes of
post-transcriptional regulation actually converge towards a single phenotypic outcome, i.e.,

netrin-1 increase. Pathophysiological needs for delivering this final phenotype therefore seems
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to override cell type-specific functional singularities, suggesting that induced netrin-1 conveys
important functions in the liver, either immunomodulatory [20-22, 61], or, on the long-term,
hepatoprotective as an anti-apoptotic factor [5, 6, 10-15].

This phenotype relies on the RNA-binding protein Staufen-1, the implication of which is to date
essentially undocumented in the regulation of inflammatory processes. However, Staufen-1
has recently been shown to foster gastric cancer progression in a cyclin-dependent kinase-
dependent manner [73] and also to take part in an EZH2-related, HCC promoting pathway
[74], suggesting relevance of further studies aiming at characterizing its implication in end-
stage liver disease through a possible netrin-1 involving axis.

From a more pathology- and therapy-oriented point of view, this study suggests a potential link
between hepatic inflammation and liver disease progression through netrin-1. To date, in the
liver, direct cross-talks between inflammation and HCC have been mainly defined through the
IL-6/gp130/STAT3 axis [75]. We previously documented that progression towards HCC is
associated with a sharp drop in UNC5A (netrin-1 receptors) expression levels [8], thereby
functionally augmenting netrin-1 activity, following the dependence receptor theory [76]. Our
study improves the understanding of the potential implication of inflammation in the evolution
of CLDs, besides the well characterized IL-6/gp130/STAT3 cascade and identifies an
actionable target for its modulation. Chronic inflammation of a given tissue is counterbalanced
by a wound healing process leading to scar, acellular, tissue build up, made of ECM. As
mentioned before, netrin-1 is a laminin-related protein that shares several structural features
with ECM-constituting proteins. As a consequence, one may hypothesize that netrin-1 could
participate in ECM build-up. The fact that netrin-1 promotes fibrosis in the inflammatory lung
[77] strengthens the potential relevance of this hypothesis.

The humanized anti-netrin capture antibody NP137 developed by the authors [27] is currently
under investigation in phase 2 clinical trials in general oncology (US Clinical Trials #02977195)
and shows no clinical toxicity in a diversity of solid tumors contexts. The apparent anti-
inflammatory activity of this antibody in the present setting argues in favor of its eventual

transfer to the clinic for subsequent trials in histologically evolutive CLDs.

Acknowledgements

We thank B Bancel (pathologist, Lyon U. Hospital) for determining the activity scores, L Muller
for technical assistance, A Paradisi for the netrin-1 promoter reporter plasmid, the CIQLE
platform for assistance with confocal microscopy, and B. Manship for editing. RB and IC are
recipients of a DevWeCan Labex (Laboratories of Excellence Network, ANR-LABX-061) and
ANRS (ECTZ63958) predoctoral fellowships, respectively. Funding has been obtained through
the same Labex consortium (ANR-LABX-061) and the French NCI (Inca PRT-K 19-033).

Proteomic experiments were partially supported by the French NRA under projects ProFl



638  (Proteomics French Infrastructure, ANR-10-INBS-08) and GRAL, a program from the
639  Chemistry Biology Health (CBH) Graduate School of University Grenoble Alpes (ANR-17-
640 EURE-0003).



641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677

Figure legends

Figure 1

Netrin-1 levels are correlated with activity scores in HBV-positive clinical liver
specimens, induced in HepaRG cells by several TLR ligands and induced by poly(l:C)
in mouse livers.

A. HBV-infected liver tissues (clinico-biological features listed in supplementary table 1) were
homogenized using a Dounce homogenizer in lysis buffer, centrifuged to remove debris,
denatured, and visualized by SDS-PAGE. Netrin-1 and a-SMA were probed using antibodies
listed in Suppl. Table 2. Since actin staining is not correlated with the amount loaded, Ponceau
staining is shown as well. B. Corresponding RNA data are plotted versus activity scores. C.
Netrin-1 expression levels were evaluated by immunoblotting (n = 3 independent experiments).
RIG-I was used as a poly(l:C) activity control. D. The levels of NTN7 mRNA were quantified
by RT-qPCR using GUS [78] as an internal reference. Mann-Whitney test (n.s.). E. Netrin-1
expression levels were evaluated by immunoblotting using anti-RIG-I and anti-netrin-1
antibodies. F. Liver slides were probed with the same anti-netrin-1 antibody prior to secondary
antibody incubation and HRP-based visualization. Mouse samples were derived from the same
hepatic lobe in all instances. Data are representative of a total of 40 mice (10 females, 10

males, +/- poly(l:C); see Suppl. Fig. 4 for comprehensive data).

Figure 2.

Cell-associated and soluble netrin-1 levels are upregulated by poly(l:C) in a time- and
dose-dependent manner in HepaRG cells and in PHH.

A. Netrin-1 expression levels were evaluated by immunoblotting using an anti-netrin-1 antibody
(n =3, HepaRG; and n = 3 distinct PHH batches). RIG-I was used as a poly(l:C) activity control.
B. Netrin-1 expression levels were evaluated by immunoblotting in total cell lysates or after
immunoprecipitation in supernatants, with or without heparin. NP001: isotype control. NP137:

anti-netrin-1 Ig. RIG-I was used as a poly(l:C) activity control.

Figure 3.

Inflammation activates translation of the NTN1 transcript in HepaRG cells, PHH and
mouse livers.

HepaRGs, PHH and mouse livers samples were homogenized in polysome lysis buffer and
loaded onto a linear sucrose gradient prior to isopycnic ultracentrifugation. A. Representative
profile of UV gradient traces. B. NTN7 distribution profile across the gradient. Total
polyribosomes were fractionated, extracted and processed for NTN1 by RT-gPCR (n = 3,
HepaRG; n = 3 distinct PHH donors, n = 6 female mice). Mann—Whitney test, * p < 0.05. A-B.



678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714

An EDTA release control assay was performed by adding EDTA to lysates immediately before
ultracentrifugation (green values). C. Quantification of corresponding polysomal signals. D.
Total lysates and supernatants derived from treated and control HepaRG cells previously
adapted to dialyzed serum conditions for 14 days (and labeled with medium or heavy Lys or
Arg isotopes supplemented in Lys/Arg-free William’s E medium) were lysed with 5x lysis buffer
and quantified for total protein amounts and mixed 1:1 prior to netrin-1 immunoprecipitation.
E. Immunoprecipitated material was then run onto SDS-PAGE, submitted to tryptic digestion
and subsequent isotope-specific mass spectrometry-based quantification (n = 3 independent
experiments). The schematic diagram was drawn using the BioRender software. Mann-
Whitney test, *** p < 0.001.

Figure 4

NTN1 accumulates in membrane/ER-positive fractions upon poly(l:C) treatment in
HepaRG cells.

The Stephens et al. sequential extraction method was used as mentioned in the materials and
methods section. A. Adequate partitioning was verified by Western blotting on PDI (internal
membrane contents) and caspase-3 (cytosolic contents). RIG-I (cytosolic location) was also
probed as a poly(l:C) activity control. Differential Ponceau Red staining profiles are shown. B.
NTNT1 transcripts were monitored for their partitioning by RT-gPCR. Mann-Whitney test, * p <
0.05 (n = 3 (HepaRG), and n = 3 distinct PHH batches).

Figure 5

Poly(l:C) induces Staufen-1 relocalization and accumulation at endoplasmic reticulum,
PDI-positive, sites.

A. Representative immunofluorescence-based localization of PDI (red) and Staufen-1 (green).
Nuclei were counterstained with Hoechst 33342. B. Number of Stau1-positive dots per cell and
percentage of fibrillar Stau1-positive cells versus total cells are shown under resting or
poly(l:C)-treated conditions. Mann-Whitney test after Shapiro-Wilk test (* p < 0.05, n = 3
independent experiments). C. Li diagrams and Li coefficient calculations for PDI and Staufen-
1 colocalization quantification, respectively. Pixels present on the left and right sides of the y-
axis, i.e., associated with negative and positive staining amplitude values, indicate exclusion
and colocalization, respectively. Li coefficients were calculated using the JACop plugin from

the Imaged software (http://rsb.info.nih.gov/ii/plugins/track/jacop.html). Twenty random fields

were acquired per biological sample, totaling 300-400 cells analyzed for each biological
sample in a given single experiment (n = 3 independent experiments). D. Statistical
assessment of the colocalization of PDI and Staufen-1. Red (PDI) and green (Stau1)

fluorescence intensities were measured for each pixel along a 5um line, using the Plot Profile
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function of the ImageJ software. Spearman correlation coefficients for each couple of intensity

values are indicated.

Figure 6

Staufen-1 interacts with NTNT mRNA through its 5’°UTR, and conditions NTN1 transcript
relocalization and netrin-1 induction in proliferative HepaRG

A. CLIP / Staufen-1 immunoprecipitation. HepaRG cell lysates derived from UV crosslinked
monolayers were immunoprecipitated with naked, IgG control or anti-STAU1-coupled beads
prior to elution and 1D SDS-PAGE. B. negative control (mitochondrial) transcripts, positive
control [54] transcripts for STAU1 binding, and NTN1 were quantified on immunoprecipitated
materials relatively to inputs. Mann-Whitney test, *** p < 0.01 (n = 5 independent experiments).
C. Filter binding assay. Biotin-labeled NTN7 5UTR or HBV RNA epsilon loop at constant
amounts were titrated for their ability to undergo trapping by the upper nitrocellulose membrane
(‘Nitro’) or reach the lower nylon membrane (‘N+’) by increasing amounts of recombinant
STAU1 protein. Corresponding quantification of HRP signals and obtained parameters are
shown. D. Competition experiments using the filter assay approach. Pre-bound STAU1-NTN1
5’'UTR biotin(+) complexes were submitted to increased concentrations of unlabeled
competitors (NTN1 5UTR or HBV epsilon RNAs) and processed on both membranes.
Corresponding quantification of HRP signals and obtained parameters derived from one
representative experiment because of variability are shown (n = 5 independent experiments).
E. Impact of Staufen-1 depletion on netrin-1 induction was evaluated by immunoblotting. F.
Adequate partitioning between cytosolic (C) and membrane (M) fractions was addressed by
Western blotting on PDI (internal membrane contents) and caspase-3 (cytosolic contents).
RIG-I (cytosolic location) was probed as a poly(l:C) activity and cytosolic control. G. NTN1 was
then quantified by RT-gPCR in both fractions. Mann-Whitney test, **p < 0.01 (n = 3

independent experiments).

Figure 7

Netrin-1 capture by a clinically used antibody dampens hepatic inflammation in mice.
A. Hepatic netrin-1 levels were measured by western blotting. B. NTN 1 and indicated cytokines
MmRNAs levels were quantified by RT-gPCR using the GUS transcript as a reference. C.
Percentage of positive live (DsRed) cells against CD45, CD11b, F4/80, Ly6C, CD3, CD8 and
CD69 markers are indicated in the presence or absence of poly(l:C) and netrin-1 inactivation

(n = 5-8 mice per group).

Figure 8
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Netrin-1 is a pro-inflammatory factor up-regulated upon inflammation by exclusive
translational activation or Staufen-1 dependent regulation processes in the liver.

Poly(l:C) drives netrin-1 upregulation in hepatocytes through translational activation or
Staufen-1-mediated accumulation to the ER membrane. Poly(l:C) alters netrin-1 binding to the
extracellular side of the membrane and potentiates its activity as a secreted soluble factor.
Blocking netrin-1 signaling with NP137 reverses Kupffer cells activation and pro-inflammatory

cytokine transcripts amounts in total liver extracts.

Supplementary Figure 1.

In-house assessment of anti-netrin-1 antibody staining reliability.

A-B. A panel of hepatocyte-like cell lysates derived from NTN7 mRNA negative or positive
cells was probed by RT-gPCR and netrin-1 Western blotting, respectively, using the Abcam
reference Ab126729. C-D. Crispr/Cas-9 engineered netrin-1 KO HepaRG cells and NTN1
siRNA-treated HEK293T cells, respectively, were subjected to anti-netrin-1 immunoblotting

using the same antibody.

Supplementary Figure 2.

Sequential extraction method.

Phase contrast microscopy of sequential extraction steps are shown for HepaRG cells. A. After
stripping the intact cells of their cytoplasm (left panel) and then of their internal membrane

contents (center), only nuclei remain visible as attached to the plastic dish (right panel, B).

Supplementary Figure 3.
Netrin-1 protein levels and transcripts are not correlated in human liver tissues.
HBV-infected liver tissues (clinico-biological features listed in supplementary table 1) RNA data

are stratified in a sample specific manner.

Supplementary Figure 4.

Poly(l:C) activity assessment in mice.

A. ALT activity was monitored in the serum of the same mice challenged with poly(I:C). n =10
females and 10 males, +/- poly(l:C), corresponding to 40 animals. * p < 0.05, ** p < 0.01, Mann-
Whitney test after Shapiro-Wilk test. ULN, upper limit of normal values. B. C57BL/6J mice were
challenged with poly(l:C), their liver harvested, and total RNA extraction processed for RT-
gPCR on inflammation-related transcripts. Corresponding canonical markers of inflammation
activation (/IL1B, IL6, CXCL10, KC (ortholog of h/L8)) were monitored.

Supplementary Figure 5.
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Dot blot quantification of netrin-1 using in-house validated anti-netrin-1 antibody.
A. Ponceau staining was used as a loading reference. N = 10 females and 10 males, +/-

poly(l:C), corresponding to 40 animals.

Supplementary Figure 6.

Poly(l:C) does not alter cell viability in HepaRG and PHH.

Viability was quantified by the Neutral Red assay. A. n = 3 (HepaRG); n = 3 distinct PHH
batches, B. n = 3 (Netrin-1-KO and control Crispr/Cas-9 HepaRG). Mann-Whitney test (n.s.).

C. Cells were treated with heparin overnight prior to harvesting (HepaRG, n = 3, n.s).

Supplementary Figure 7.

NTN1 total RNA and pmRNA levels are unaffected by poly(l:C) either in a time- or dose-
dependent manner in HepaRG cells and in PHH.

A. The levels of NTN1T mRNA were quantified by RT-qPCR using GUS as an internal reference.
Statistical significance was determined using the Mann-Whitney test. (n.s.). B. The levels of
NTN1 pre-mRNAs (intron 1) were quantified likewise. No amplification occurred when using
heat-inactivated RT (green square). Mann-Whitney test (n.s.). n = 3 independent experiments

(HepaRG); n = 3 distinct PHH donors run in technical triplicates.

Supplementary Figure 8.

NTN1 transcription is not induced by poly(l:C) in HepaRG cells.

A. The levels of Ntn1 promoter-dependent Luciferase expression were evaluated using a Ntn1
promoter (-1740; +1) Luc expressing plasmid. B. Quantification of de novo transcription of

NTN1 using a run-on assay. Mann-Whitney test (* p < 0.05).

Supplementary Figure 9

NTN1 mRNA splicing remains unaffected by poly(l:C).

A. NTN1T mRNA over pmRNA ratios were calculated. Mann-Whitney test (n.s.). n = 3
independent experiments (HepaRG), and n = 3 distinct PHH batches run in technical

triplicates.

Supplementary Figure 10

NTNT1 transcript stability is not regulated by poly(l:C).

HepaRG cells were treated with poly(l:C) for 48hrs before adding the RNA polymerase I
inhibitor triptolide to the medium and harvesting cells at different time points to quantify NTN1
and c-fos (FOS) by RT-gPCR. A. Total mRNA integrity throughout the experimental time-

course was monitored using the Bioanalyzer device. B. c-fos levels collapse was used as a
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control for assessing triptolide activity. C. NTN1 transcript decay rate in control and poly(l:C)-

treated conditions was calculated. n = 3 independent experiments. Mann-Whitney test (n.s.).

Supplementary Figure 11

Poly(l:C) does not alter the functionality of the hepatocytic secretory pathway using
A4AT as a hepatocyte-specific major cargo.

A. HepaRG cells were transfected with A{AT-GFP bearing plasmids in biotin-free medium and
treated or not with poly(l:C). B. GFP and giantin colocalization were then estimated in a time
course assay after the addition of biotin to the medium (means of n = 2 independent

experiments are shown). Mann-Whitney test (n.s.).

Supplementary Figure 12

Netrin-1 protein stability is not modified by poly(l:C)

Cells were treated by poly(l:C) for 48 hours and with cycloheximide at 48 hours to stop
translation. A. Cells and supernatants were then harvested and total netrin-1 pools
immunoprecipitated before immunoblotting with netrin-1 antibody. B. Densitometry was

performed to evaluate protein amounts (n = 6 independent experiments).

Supplementary Figure 13

Netrin-1 induction in differentiated HepaRG cells relies on relocalization of the NTN1
transcript.

A. Netrin-1 expression levels were evaluated by immunoblotting using an anti-netrin-1
antibody. Inflammation induction was verified using anti-RIG-I antibody. B. NTN1 expression
levels were quantified by RT-gPCR. Mann-Whitney test (n.s.). C. Differentiated HepaRG were
treated with cycloheximide, scraped, lysed and loaded atop of a linear sucrose gradient prior
to isopycnic ultracentrifugation. Representative profile of UV gradient traces is shown. D. NTN1
distribution profile across the gradient was identified by RT-qPCR. C-D. An EDTA release
control assay was performed by adding EDTA to lysates immediately before ultracentrifugation
(green values). E. Percentages of polysomal NTN1 transcripts versus total are shown (n = 3).
Mann-Whitney test (n.s.). F. Adequate partitioning was addressed by western blotting on PDI
(internal membrane contents) and caspase-3 (cytosolic contents). RIG-I (cytosolic location)
was probed as a poly(l:C) activity control. G. NTN1 transcripts were monitored for their
partitioning by RT-qPCR. Mann-Whitney test, * p < 0.05. (All data shown derive from n = 3

independent experiments).

Supplementary Figure 14

Inflammation mobilizes netrin-1 from its cell-associated pool.
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Netrin-1 KO Crispr/Cas9 HepaRG cells were pretreated with recombinant netrin-1 (previously
in-house validated for activity [9]) for 4 hours, and subsequently incubated with poly(l:C). for
the indicated times. Cells were then submitted to total lysates- and IP-based immunoblotting
for RIG-I as a poly(l:C) activity control and netrin-1. Tubulin and Ponceau staining were

performed to ascertain purity of extracellular IP material. One experiment out of three is shown.

Supplementary Figure 15

Gating strategy for FACS experiment on mouse livers.

Live cells singlets of interest were gated prior to CD45+ sorting. Monocyte-derived
macrophages are CD45* CD11b* Ly6G™ F4/80%. Kupffer cells are CD45* CD11b"° Ly6G"
F4/80", and Ly6C* when pro-inflammatory.
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Suppl. Table 1. Clinico-biological features of clinical samples

A.
median ( range)
N 14
Sex men
age 68 (41 -83)
etiology HBV
2,281,132
HBV RNA (copy / mL)
(1,958 - 1,215,827,224)
Metavir activity (A0) 3
Metavir activity (A1) 9
Metavir activity (A2) 2
Metavir fibrosis (F4) 14
Platelets counts (x10*3/mL) 124 (15-225)
Albumin (g/L) 37 (26-45)
ALAT (IU/mL) 67 (22-110)
TP (%) 77 (16-100)
Bilirubin (microM) 14 (6-291)
B.
Activity score
AO Al A2
N 3 9 2
Sex men men men
age 58 (42-75) 67 (40-83) 76 (71- 82)
etiology HBV HBV HBV
8,978,257 1,303,239 39,499,659
HBV RNA (copy / mL)
(5,441-267,278,693) (5,283-1,215,827,224) (1,958-78,997,360)
Metavir fibrosis (F4) all F4 all F4 all F4
Platelets counts (x10*3/mL) 206 (187-225) 99 (15-178) 194 (172-216)
Albumin (g/L) NC 36 (26-44) 45
ALAT (IU/mL) 48 (24-71) 72 (35-110) 29 (22-35)
TP (%) 79 (71-87) 75 (16-100) 93 (91-95)
Bilirubin (microM) 11,5 (11-12) 16 (6-291) 10

Suppl. Table 2. Antibodies

Antigen Ig Species

Cat. Number & supplier

Antibody registry (RRID) #

Beta-actin Mouse

monoclonal

sc-8432, Santa Cruz

AB_626630




Beta-tubulin Rabbitt Ab6046, Abcam AB_ 2210370
polyclonal

Alpha-SMA Rabbitt 19248, Cell signalling AB_ 2734735
monoclonal

Netrin-1 Rabbit Ab126729, Abcam AB_ 11131145
monoclonal

Netrin-1 Mouse NP137, AB_2811180
monoclonal Netris Pharma
(humanized)

RIG-I Mouse sc-376845, Santa Cruz | AB_2732794
monoclonal

PDI (P4HB) Mouse sc-74551, Santa Cruz AB_2156462
monoclonal

PD1 (P4HB) Rabbit Ab2792, Abcam AB_303304
monoclonal

Caspase-3 Rabbit 9662, Cell Signaling AB_ 331439
polyclonal

CD11b Rat IgG2b, k BLE101206 AB_215609

CD68 Rat IgG2a BLE137029 N/A

F4/80 Rat IgG2a, k BLE123135 N/A

Ly6C Rat 1gG2c, « BLE128017 N/A

Ly6G Rat 19Ga, k BLE127613 AB_2573503

CD38 Rat 19G2a, k BLE102720 AB_10128557

Staufen-1 Rabbit Ab73478, Abcam AB_10712675
polyclonal
Mouse TA811475, Origene ND
monoclonal

Rabbitt isotype | Rabbit IgG Ab172730, Abcam AB_2687931

control

Human isotype | Mouse IgG1 | NPOO1, N/A

control (humanized) Netris Pharma

Anti-mouse- Goat polyclonal | A4416, Sigma AB_258167

HRP

Anti-Rabbit- Goat polyclonal | A6154, Sigma AB_258284

HRP
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Anti-rabbit- Donkey A21206, Invitrogen AB_2535792
Alexa 488 polyclonal
Anti-mouse 594 | Goat A11032, Invitrogen AB_2534091
monoclonal
Suppl. Table 3
Target Reference Provider Cat. #
N/A (Ctrl siRNA) | SiC001 Sigma SiC001
STAU1 Si00734902 Qiagen 3407629
STAU1 Si04231584 Qiagen 3407629
STAU1 Si04269335 Qiagen 3407629
STAU1 Si04272387 Qiagen 3407629

Suppl. Table 4. Human and mouse qPCR primers

Gene Genbank Primer sequences (5’-3’, F/IR) PCR Amplico
symbol acc. # conditions | n
length,
bp
NTN1 NM_004822.3 | CTTCTGCGGCAGGCGGACAGAT | Denaturatio | 385
(human) ACGCGTTGCAGAGGTGGCACGA | n, 95°C;
annealing,
65°C, 3-
step, 10%
DMSO
NTN1 NM_004822.3 | GGTAAAGTCCCGAACGCGG Denaturatio | 133
(human) | (pre mRNA) AAGTTTCGGGCGCAGGAGAG n, 95°C;
annealing,
55°C
GUS NM_00129310 | CGTGGTTGGAGAGCTCATTTGG | Denaturatio | 72
(human) |5 AA n, 95°C;
TTCCCCAGCACTCTCGTCGGT annealing,
55°C
ND1 Mitochondrial CCCTACTTCTAACCTCCCTGTTC | Denaturatio | 82
(human) DNA TTAT n, 95°C;
CATAGGAGGTGTATGAGTTGGTC | annealing,
GTA 60°C




ATP6 Mitochondrial CATTTACACCAACCACCCAACTA | Denaturatio | 82
(human) DNA TC n, 95°C;
CGAAAGCCTATAATCACTGTGCC | annealing,
60°C
C110RF | NM_014267.6 | GGACTTGGCTTCAGTGAGGT Denaturatio | 86
58 TCAGGTGAATCATCATCGTCA n, 95°C;
(human) annealing,
60°C
MDM2 NM_002392.6 | CATGCCTGCCCACTTTAGA Denaturatio | 62
(human) GGAGGCTCCCAACTGCTT n, 95°C;
annealing,
60°C
NTN1 NM_008744.2 | CCTGTCACCTCTGCAACTCT Denaturatio | 78
(mouse) TGTGCGGGTTATTGAGGTCG n, 95°C;
annealing,
55°C
GUS NM_010368.1 | GTGGTATGAACGGGAAGCAAT Denaturatio | 97
(mouse) AACTGCATAATAATGGGCACTGT | n, 95°C;
annealing,
55°C
IL6 NM_031168 TCTATACCACTTCACAAGTCGG Denaturatio | 88
(mouse) A n, 95°C;
GAATTGCCATTGCACAACTCTTT | @nnealing,
60°C
CXCL10 | NM_021274 CAAAGTGCTGCCGTCATTTT Denaturatio | 177
(mouse) CTCAACACGTGGGCAGGATA | M 95°C;
annealing,
60°C
CCL2 NM_011333 CAGTTAACGCCCCACTCACC Denaturatio | 112
(mouse) ACAGCTTCTTTGGGACACCT n, 95°C;
annealing,
60°C
IL1B NM_008361 TGATGTGCTGCTGCGAGATT Denaturatio | 138
(mouse) TGCCACCTTTTGACAGTGATG | ™ 95°C;
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annealing,
60°C

KC NM_008176.3 CCATGGCTGGGATTCACCTC Denaturatio | 58

(mouse) CAAGGGAGCTTCAGGGTCAA | M 99°C;
annealing,
60°C

MIP2 NM_009140.2 GCAAACTTTTTGACCGCCCT Denaturatio | 86

(mouse) TCCAGAGCTTGAGTGTGACG n, 95°C;
annealing,
60°C

IL12B NM_008352 TGGTTTGCCATCGTTTTGCTG Denaturatio | 60

(mouse) ACAGGTGAGGTTCACTGTTTCT | M 99°Ci
annealing,
60°C

IL15 NM_00125474 | CATCCATCTCGTGCTACTTGTG Denaturatio | 112

(mouse) | 7.1 GCCTCTGTTTTAGGGAGACCT | N 99°C;
annealing,
60°C

IL4 NM_021283 GGTCTCAACCCCCAGCTAGT Denaturatio | 102

(mouse) GCCGATGATCTCTCTCAAGTGA | M 95°C;

T annealing,

60°C

IL10 NM_010548 GCTGGACAACATACTGCTAACC | Denaturatio | 78

(mouse) ATTTCCGATAAGGCTTGGCAA | M 99°C;
annealing,
60°C

TGFB NM_011577 GAGCCCGAAGCGGACTACTA Denaturatio | 82

(mouse) TGGTTTTCTCATAGATGGCGTT | M 99°C

G annealing,

60°C

Suppl. Table 5

NTN1 5UTR sequence (NM_004822, GenBank acc. # NM_004822, 5'-3’)
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ACUCCCAGCGCGAGUGGCGGCGGCGGCGGAGCCUUCGGGGGCGAGCGLCGCGUGU
GUGUGAGUGCGCGCCGGCCAGCGCGCCUUCUGCGGCAGGCGGACAGAUCCUCGG
CGCGGCAGGGCCGGGGCAAGCUGGACGCAGCAUGAUGCGCGCAGUGUGGGAGGC
GCUGGCGGCGCUGGCGGCGGUGGCGUGCCUGGUGGGCGLCGGUGCGCGGLGGGL
CCGGGCUCAGCAUGUUCGCGGGCCAGGCGGCGCAGCCCGAUCCCUGCUCGGACG
AGAACGGCCACCCGCGCCGCUGCAUCCCGGACUUUGUCAAUGCGGCCUUCGGCAA
GGUU

HBV epsilon loop (Genotype ayw, GenBank acc. # NC_003977.2, 5'-3)
CUUGUUCAUGUCCUACUGUUCAAGCCUCCAAGCUGUGCCUUGGGUGGCUUUGGG
GCAUGGACAUCC

Suppl. Table 6

CRISPR_CTRL_NEG_guide1 | GTATTACTGATATTGGTGGG

CRISPR_CTRL NEG guide! | CCCACCAATATCAGTAATAC | cMtCRISPRv2 Puro

CRISPR_CTRL_NEG_guide2 | CCATCACCGATCGTGAGCCT

lentiCRISVPv2 Blast

CRISPR_CTRL_NEG guide2 | AGGCTCACGATCGGTGATGG

CRISPR_NTN1_target_guide1 | CGAACGCGGACTTTCCGGCG

CRISPR_NTN1_target_quide1 | CGCCGGAAAGTCCGCGTTCG| oCRISPRV2 Puro

CRISPR_NTN1_target_guide2 | GCGCGACTCGTACTTCTACG

CRISPR_NTNA target guide2 | CGTAGAAGTACGAGTCGCGC | CMHCRISVPV2 Blast
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Supplementary figure 2
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Supplementary figure 6
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Supplementary figure 7
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Supplementary figure 8
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Supplementary figure 9
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Supplementary figure 10
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Supplementary figure 11
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Supplementary figure 12
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Supplementary figure 13
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Supplementary figure 14
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Supplementary figure 15
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