N
N

N

HAL

open science

Nucleotide-binding oligomerization domain 1 (NOD1)
modulates liver ischemia reperfusion through the

expression adhesion molecules.

Guillaume Lassailly, Mohamed Bou Saleh, Natascha Leleu, Massih

Ningarhari, Emilie Gantier, Rodolphe Carpentier, Florent Artru, Viviane

Gnemmi, Benjamin Bertin, Patrice Maboudou, et al.

» To cite this version:

Guillaume Lassailly, Mohamed Bou Saleh, Natascha Leleu, Massih Ningarhari, Emilie Gantier, et
al..  Nucleotide-binding oligomerization domain 1 (NOD1) modulates liver ischemia reperfusion

through the expression adhesion molecules.. Journal of Hepatology, 2019, Journal of hepatology,

10.1016/j.jhep.2019.01.019 . hal-02359086

HAL Id: hal-02359086
https://hal.univ-lille.fr /hal-02359086
Submitted on 22 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.univ-lille.fr/hal-02359086
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0168827819300339
Manuscript_e30ffdc81aac69d1f4e1674a59d204f1

Nucleotide-binding oligomerization domain 1 (NOD1) modulatesliver

ischemia reper fusion through the expression adhesion molecules,

Guillaume Lassaily2, Mohamed Bou Saléh Natascha Leleu-Chavdih Massih
Ningarhari® Emilie Gantiet, Rodolphe Carpentiér Florent Artrd? Viviane Gnemm,

Benjamin Bertin, Patrice Mabouddy Didier Betbeder’, Céline Gheeraért Francois

Maggiottd, Sébastien Dharant§ Philippe Mathurift?, Alexandre Louvét’, Laurent

Dubuquoy

! LIRIC — Lille Inflammation Research International Center — U995, Univ. Lille, Inserm,
CHU Lille, F-59000 Lille, France. emilie.gantier@inserm.fr, mohamed.bou-saleh@inserm.fr,
rodolphe.carpentier@univ-lille2.fr, benjamin.bertin-2@univ-lille2.fr, franzmagg@gmail.com,
laurent.dubuquoy@inserm.fr

% Service des Maladies de I'Appareil Digestif et de la Nutrition, CHU Lille, F-59000 Lille,
France. guillaume.lassailly@chru-lille.fr, m.ningarhari@gmail.com, florent.artru@chru-
lille.fr, sebastien.dharancy@chru-lille.fr, philippe.mathurin@chru-lille.fr,
alexandre.louvet@chru-lille.fr

% Institut de Chimie Pharmaceutique de Lille, Faculté de Pharmacie, Univ Lille, F-59000
Lille, France. natascha.leleu-2@univ-lille2.fr

* Université d'artois, F-62300 Lens, France. betbederdidier985@gmail.com

> Service d’anatomopathologie, CHU Lille, F-59000 Lille, France. viviane.gnemmi@chru-
lille.fr

® UF 8832 - Biochimie Automatisée, Pdle de Biologie Pathologie Génétigue, CHRU de Lille,

F-59000 Lille, France. patrice.maboudou@chru-lille.fr

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0168827819300339
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0168827819300339

7 U1011 - EGID, Univ. Lille, Inserm, Institut Pastede Lille, F-59000 Lille, France.

celine.gheeraert@inserm.fr

Key words: Liver ischemia reperfusion; Innate immunity; liveasnplantation; adhesion

molecules; hepatocytes; nanoparticles antagonist,



Contact Information:

Laurent Dubuquoy, Ph. D. LIRIC — UMR995¢ dtage Est, Faculté de Médecine - Pole
Recherche, 1 Place Verdun, 59045 Lille Cedex, FraBmail: laurent.dubuquoy@inserm.fr;
phone : +33 3 20974208, fax: +33 3 20623525 or |@uihe Lassailly, MD. Service des
Maladies de I'Appareil Digestif et de la Nutritiokldpital Huriez, CHU Lille, rue Michel
Polonovski, 59045 Lille Cedex, France. Email: guiline.lassailly@chru-lille.fr; phone: +33
3 20445321, fax: +33 3 20444713

Electronic word count: 7745 (manuscript, figures legend, reference)

List of abbreviations. danger-associated molecular patterns (DAMPS) treleanicroscopy
(EM), extracellular signal-regulated kinase (ERi}ercellular adhesion molecule-1 (ICAM-
1), ischemia/reperfusion (IR), lactate dehydrogen&®H), liver sinusoidal endothelial cells
(LSEC), mitogen-activated protein (MAP), nucleactéa kappa B (NFReB), nucleotide-
binding oligomerization domain 1 (NOD1), nanopdaetinp), pathogen-associated molecular
patterns (PAMPSs), phosphate buffer saline (PBSjfpanaldehyde (PFA), Phenyl Methyl
Sulfonyl Fluoride (PMSF), polymorphonuclear neutrbp(PMN), pattern recognition
receptors (PRR), Real-time polymerase chain rea¢RI-PCR), relative units (RU), sodium
dodecyl sulphate (SDS), Secreted embryonic alkghinesphatase (SEAP), poly-lactic-co-
glycolic acid (PLGA), vascular cell adhesion moleeti (VCAM-1), wild-type (WT).
Disclosure: The authors declare no conflict of interest imtieh to this manuscript.

Financial support: The author acknowledges funding support from taéadwal Institute on
Alcohol Abuse and Alcoholism grant 1U0O1AA021908, A, program StartAIRR ANOD1
Region Haut de France.

Ethics committee number for animal experiments: n° 01757.01

Author contributions



E.G., MB.S., LD, G.L, FA, F.M, C.G., P.M.&aM.N. generated data, L.D., G.L., S.D. and
Ph.M. designed experiments; V.G. performed hisicklganalysis; N.L.C., R.C., B.B., D.B.

designed and provided essential tools; L.D., GALL, analyzed the data; L.D., G.L., N.L.C.,
R.C. prepared the manuscript; A.L., S.D., F.A. &dM. edited the manuscript; L.D., G.L.

and Ph.M. provided experimental funding.

Lay summary

Nucleotide-binding oligomerization domain 1 (NODik) as an important modulator of
polymorphonuclear (PMN)-induced liver injury suck ia ischemia reperfusion (IR). Here,
we show that NOD1 pathway targets liver adhesiofeoube expression (ICAM-1 & VCAM-
1) on endothelium and on hepatocyte through p38ERHK signaling pathways. The early
increase of adhesion molecule expression afterrfiepen, emphasizes the importance of
adherence molecules in liver injury severity. Instistudy we have generated PGLA-
nanoparticles loaded with NOD1 antagonist. Nanagast have shown to reduce liver

necrosis, by reducing PMN liver infiltration andh&gion molecules expression.



Abstract (262 wor ds)

Objective: In liver transplantation, organ shortage leadage marginal grafts that are more
susceptible to ischemia reperfusion (IR). We ideti nucleotide-binding oligomerization
domain 1 (NOD1) as an important modulator of polyph@nuclear (PMN)-induced liver
injury such as in IR. Here we aimed at elucidaiisgrole in the liver IR, especially on the
endothelium and hepatocyte.

Design: NOD1 WT and KO mice were treated with NOD1 agan&std submitted to liver IR.
Expression of adhesion molecules were analyzedtal fiver, isolated hepatocytes and
endothelial cells. Interaction between PMN and tmpde was studied iax vivo co-culture
model using electron microscopy (EM) and LDH levalée generated NOD1 antagonist-
loaded nanopatrticles (np ALINO).

Resultss NOD1 agonist treatment increased liver injury, PMbkue infiltration and up-

requlated ICAM-1 and VCAM-1 expression 20 hoursemafteperfusion. NOD1 agonist
treatment_without IR increased expression of adimesnolecules (ICAM-1, VCAM-1) in
total liver and more particularly in WT hepatocytbst not in NOD1 KO hepatocytes. This
induction is dependent of p38 and ERK signalinghwalys. As compared to untreated
hepatocytes, NOD1 agonist markedly increased hep@&t® lysis in co-culture with PMN as
shown by the increase of LDH in supernatants. &atgon between hepatocytes and PMN
was confirmed by EM. In a mouse model of liver iRatment with np ALINO significantly
reduced the area of necrosis, transaminase leddiGiM-1 expression.

Conclusion: NOD1 regulates liver IR injury through inductiai adhesion molecules and
modulation of hepatocytes-PMN interaction. NOD lagohist-loaded nanopatrticles reduced
liver IR injury and open up new perspectives tovprg IR especially in the context of liver

transplantation.



I ntroduction

In the field of liver transplantation, organ shgeais a major issue; especially in
western countries where the living donor transpitaon is still scare. This situation leaded
transplant units to use of liver allografts follogi donation after cardiac death along with
marginal and extended criteria dondrs These marginal grafts are known to be more
susceptible to early graft dysfunction and retréargation, increasing morbidity and
mortality”> mostly due to liver ischemia reperfusion (IR) s ® ”. Liver IR is a biphasic
phenomenon in which hypoxia-induced lesions arecerkmted after oxygen delivery is
restored, shear stress and polymorphonuclear mitso(PMN) tissue infiltratior?. This
process of liver injury occurs also during hemodyitainstability and hepatic resection. It is
a frequent cause of acute liver dysfunction® '° Thus, preventing IR and its consequences
remains a clinical challenge.

The pathophysiology of liver IR involves numerowdl< (i.e. PMN, liver sinusoidal
endothelial cells (LSEC) and hepatocytes) and isiciered to be an experimental model of
PMN-mediated hepatitid& The process of injury occurs during the repedusphase with
PMN infiltration. The first step of this event ive& interaction between PMN and the
endothelium, allowing PMN to enter into the livearenchyma. The upregulation of adhesion
molecules (i.e. ICAM-1, VCAM-1, E-Selectin) on LSHGllows reperfusion, allowing PMN
recruitment with the rolling proces$ through the binding of neutrophil adhesion molesul
L-Selectin and Mac-1, an heterodimeric integrin (@B/CD18) . The dual role and
interaction between endothelium and PMN is accepigdbe a cornerstone of the
pathophysiology of liver IR. Thus, inhibiting adies molecule expression (as ICAM,
VCAM, E-Selectin, CD44 and PECAM) or using blockimagtibodies have been largely

studied to reduce liver injury/.



Contrary to the endothelium, the mechanisms drithrg interaction between PMN
and hepatocytes during liver IR remain to be dkedlif The expression of adhesion molecules
by the hepatocyte has been suggested to be impdéotaits interaction with PMN during IR
15 Intercellular adhesion molecule-1 (ICAM-1) hagbehown to be expressed on hepatocyte
plasma membrane under IR conditidhsHowever, it remains unclear whether the regutatio
of ICAM expression on the hepatocyte impacts tivesty of IR lesions.

There is evidences that damage-associated molgratiarns (DAMPSs) and pathogen-
associated molecular patterns (PAMPs) activate PRIN' leading to IR-mediated liver
injury. We previously showed that activation of thecleotide-binding oligomerization
domain 1 (NOD1), a cytosolic pattern recognitiortegtor (PRR), was responsible for
activation of PMN function and migratidfi. Indeed, by activating mitogen-activated protein
(MAP) kinases such as p38, NOD1 leads to PMN natilbn in the liver, facilitating injury in
a model of liver IR. At the opposite, NOD1 knockd@ktO) mice were protected against liver
IR injury®®. In addition, NOD1 is significantly expressed hretliver and in hepatocytés,
thus NOD1 pathway appears as promising for livemjRry regulation.

The aim of our study was to dissect the role ofNi@D1 pathway on the expression
of adhesion molecules in the liver, and more spadiy in endothelial cells and in
hepatocytes. As IR lesions are induced by PMN ligarenchyma infiltration, we also
explored the modulation of hepatocytes and PMNraatéon by NOD1. Then, as a proof of
concept, we have tested NOD1 as a potential thetiaptarget with the use of a NOD1

inhibitor for the prevention of IR lesions in a nseunodel.



Methods
Reagents

Three different NOD1 agonists were used in thigl\gtThe natural ligand iE-DAP (1
pg/mlinvitro and 5 mg/kgn vivo) and its derivative C12-iE-DAP (100 ng/mlvitro and 3.3
mg/kgin vivo) were obtained from InvivoGen (Toulouse, Franéd565 (synthetic ligand,
10°M in vitro and 1 mg/kgn vivo) was obtained from Dr. M. Chamaillard. TNE50 ng/ml)
and IFNy (100ng/ml) were obtained from R&D (Lille, Franc&ye used ML-130 (Notilinib)
and ALINO73 (analog of SB71%) synthetized by Natascha Leleu-Chavain as destwise
NOD1 antagonist§” ** The ERK inhibitor (U0126, Sigma, Saint-Quentirl&aer, France)
and p38 inhibitors (SB203580, InvivoGen, ToulousaniEe) were used at 10uM. Resomer
RG503H was used as a PLGA (polylactic-co-glycolioda matrix (Evonik Industries AG,

Deutschland). (Supplementary CTAT Table)

Animals

C57BL/6J wild-type mice (Janvier Labs, Le GenestSlle, France), Nodl KO
(C57BL/6J backgroundy and their wild-type littermates (Nod1 WT) were di$e this study.
Animals were kept in a controlled environment (18dht/dark cycles) and fed a standard
rodent pellet diet (RM1, Special Diet Service, e&nad libitum. Experiments performed on
animals were approved by the local ethics commiftéed1757.01) in accredited facilities

(n°B59-35010) according to government guideliné2Qa0/63/UE).

IR injury
We used a murine model of 70% partial hepatic issador 60 min. Mice were or
were not treated with a NOD1 agonist 24h and 4horeefsurgery. Then mice were

anesthetized with 10 mg/kg xylazine and 100 mgkginine, and a midline laparotomy was



performed. The left lateral and median lobes of liker were ligatured using Ethicon
mersutures F2541 (Ethicon, Issy Les Moulineauxn&ea After 60 min of ischemia, the
ligature was removed to initiate hepatic reperfmsidMice were sacrificed 3hours (for
hepatocyte isolation of thex vivo experiment) or at 4, 8 and 20 hours after repenfuddlood

and liver samples were collected for analysis ahdane point. Liver samples were fixed in

paraformaldehyde 4% (w/v in PBS) and paraffin endeedor snap frozen.

Cell isolation and culture

PMN were isolated following sterile peritonitis pseviously described . Briefly,
mice received an i.p. injection of 1 mL of a sabatiof oyster glycogen at 150ug/uL in
phosphate buffer saline (PBS). Sixteen hours laiee were sacrificed and peritoneal cells
were harvested using 5 mL of sterile PBS without'4g?*. Exudate cells were determined

to be >95% neutrophils by flow cytometry.

Hepatocytes were isolated by the collagenase perfusethod®. Briefly, mice were
anesthetized with 2% isofluran. After laparotomlge tportal vein was cannulated (24G
catheter, Terumo, Guyancourt, France). The lives than perfused for 10 to 20 minutes at 5
mL/min with washing buffer (HBSS W/O &aMg?*, EDTA 0.5 mM, HEPES 50 mM), then
perfused with collagenase buffer (HBSS W/O*Cllg?*, HEPES 50 mM, CaGl50 mM,
Collagenase type 1V 0.0025% 850 CDU/mg (C5138, Gidxdrich, Saint-Quentin Fallavier,
France) for 6 minutes at 5ml/min.

Following perfusion, the liver was collected in Wagy buffer and the Glisson’s
capsule was cut. Cell suspension was filtered #0qM cell strainer. Cells were washed
twice with washing buffer and centrifuged at 50g 2aminutes at room temperature to pellet
murine hepatocytes. Hepatocytes were then washédhepatocyte culture medium (DMEM

Glutamax, glucose 4.5 g/L, Gentamycin 1%, FCS 1%’ M dexamethasone) and
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centrifuged at 500g for 5 minutes. One million hepgtes were plated in 6-well plate
(Sarstedt, Marnay, France).

The main challenge to investigate the hepatocyf@emsion of adhesion molecules
was to avoid any contamination of LSEC during tiseldation of the mouse primary
hepatocytes. To deal with this contingency, we hgwémized our experimental method and
check the purity of isolated hepatocyte by FACSig<LD31 as a marker for endothelial cell
contamination. Considered acceptable a purity > 9893pplementary figurel). In addition a
cytospin followed by cell staining were performeefdre in vitro and ex vivo analysis to
confirm purity.

Primary Human umbilical vein endothelial cells (HB®) were obtained from Prof.
Eric Boulanger (Lille, France) and were maintain@d endothelial cell basal medium
supplemented with Bullet Kit (EBM-2) on a culturladk coated with 0.1% gelatin and
maintained at 37°C with humidified of 5% carbonxdée. HUVEC cultured from passages 4

to 8 were used for the experiments.

Hepatocyte and PMN co-culture

Freshly isolated hepatocytes were plated on a 4Bplate (1.25x108 cell per well)
and incubated at 37°C with 5% &@r 36 hours. Purified peritoneal PMN (6.25%1@ll per
well) were or were not added to the hepatocyteuoelfor 4 hours in HBSS medium (w/o
phenol red). Supernatants were then harvested emtdfuaged at 5009 for 5 min to discard
cells and debris. These supernatants were usediantify lactate dehydrogenase (LDH)

activity using the manufacturer’s protocol (RocBeulogne-Billancourt, France).

Real-time RT-PCR for mRNA quantification
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Real-time PCR analyses were performed for quaatibo of mRNA expression.
Mouse glyceraldehyde-3-phosphate-dehydrogenase BARvas used as a housekeeping
gene. Sequence-specific PCR primers were designatied) Primer3 Softwaré* * see

Table S1_and Supplementary CTAT Table for detail®tal RNA was extracted from

isolated hepatocytes or liver samples using Nupie@®RNAII (Macherey-Nagel EURL,
Hoerdt, France). First strand cDNA was synthesizech 1 pg total RNA using a High
Capacity cDNA Reverse Transcription Kit (AppliedoBystems, Courtaboeuf, France). Real-
time polymerase chain reaction (RT-PCR) was peréarrasing Power SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, A)Sin StepOne plus (Applied

Biosystems, Foster City, CA, USA).

Western blot

For western blot studies, proteins were extractemnfliver samples or isolated
hepatocytes in a lysis buffer including PBS with Mznidet P40, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulphate (SDS), 100mM PhenyhMeulfonyl Fluoride (PMSF) and
a classical protease inhibitor cocktail (Roche Dwsiics, Penzberg, Germany) as well as
phosphatase inhibitors (Sigma-Aldrich, Lyon, Frgndefty micrograms of total proteins
were then separated by SDS-PAGE and electroblottednitrocellulose membranes.
Membranes were incubated overnight with primaryibaxties (see Table S2 and

Supplementary CTAT Table for details). Inmunodetecivas completed with a secondary

peroxidase-conjugated antibody (1:1000, Dako Ldboes, Trappes, France) and
chemiluminescence was performed according to thenufaaturer's protocol (ECL,
Amersham Pharmacia Biotech, Orsay, FranBegctin was used as a loading control. Band

intensity was analyzed using the MM4000 Pro (CaesfBn, Noisy-le-Grand, France),
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guantified using Image J (NIH) and comparedtactin. Results were expressed as relative

units.

I mmunohistochemistry, necrosis area quantification & liver PMN guantification

Liver samples were fixed in paraformaldehyde (PB29 and embedded in paraffin.
Four-micrometer-thick sections were exposed to @anmantibodies after a specific step of
heat-performed antigen retrieval (see Table S2 details) and then to a biotinylated
secondary antibody for 1 h. After washing in TBS0#605% Tween 20, sections were
incubated with strepavidin-horseradish peroxidaSek¢ Laboratories, Trappes, France).
Staining was revealed using 3¢d8aminobenzidine substrate (Dako Laboratories)1fdo 5
minutes before the reaction was stopped in didtilgater, and counterstained with
hematoxylin. Negative controls were incubated witlelevant serum or isotype-matched
immunoglobulin instead of the specific antibodyaiBéd slides were observed and analyzed
under a microscope (Leica, Bensheim, Germany)uRistwere obtained using Axio Scan.Z1
(Zeiss, Gottingen, Germany).

Quantification of necrosis was obtained on digitahges of IR livers (3 per mice)
obtained from Axio Scan Z1 (Zeiss, Goéttingen, Gary)aThe area of necrosis was defined
as the ratio of (area of necrosis/ total liver ase&00.

OQuantification of PMN infiltration was performed logunting PMN on 8-10 fields of

necrosis and/or centrolobular area (magnificatd®f)) for each mouse.

Human ICAM-1 promoter analysis
The proximal human ICAM-1 promoter was amplifiedrfr human liver genomic

DNA using the following primers: forward primer (5’
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AGGGAGCTCTCGTCAAGATCCAAGCTAGCTG-3) and (5-
GGAAGATCTGTGATCCTTTATAGCGCTAGCC-3’) corresponding tfragments between
-895 and -57 upstream from ATG. The purified fragin@as cloned in the multiple cloning
site of the reporter plasmid pGL4.10 [luc2] (Promegrance) using Sall and Bglll (NEB,
USA). This construct (Prom ICAM, figure 5B) was difipd and purified before sequencing
to confirm correct integration of the promoter. @Q\6ells (ATCE CCL-70") were plated in
48-well plates (40000 cells/well) and transfectathvempty pGL4.10 [luc2] or Prom ICAM
(200 ng/well) and a human NOD1 expression vectorn@well, pHA-NOD1 kind gift from
Dana J. Philpott). After 20 hours, cells were wakshend lysed for luminescence
guantification.

Nanoparticle synthesis, formulation and characterization.

Poly-Lactic co-glycolic acid (PLGA) nanoparticlaesp] were prepared as previously
described®®. The Resomer RG503H (10mg) was dissolved in 1mhmforganic phase
consisting of acetone and ethanol (85:15). Aftanglete dissolution of the Resomer, it was
injected into 10ml water by stirring for 30 minutas room temperature (21 to 24 °C).
Organic solvents were then evaporated with a rotacppum evaporator at 120rpm, 28°c for 4
minutes. The resulting nanoparticles are used @mn#aol (np). Association with the NOD1
antagonist was performed by post-loading and adthegantagonists into the nanoparticle
suspension. ML130 was dissolved in DMSO at 100mg#mal loaded with np from 0.075% to
3% (w/w) for in vitro cell delivery corresponding to treatment from &.1® 5uM (NP-
ML130). ALINO73 was dissolved in DMSO at 20mg/midaloaded with np from 0.2% to
4% (w/w) forin vitro cell delivery corresponding to treatment from Ot@%uM (NpALINO).
Forin vivo delivery, ALINO73 was loaded at 7.5% (w/w NP) &b (w/v) of glucose was

added to the final suspension to compensate foolasity.
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Thein vivo formulation of np ALINO was characterized for siZzeAverage = 92.8 nm) and
zeta potential (-11.8 mV) respectively by dynamight scattering and electrophoretic
mobility analysis on a ZetaSizer NanoZS (Malverstiament, France). The poly dispersity

index (PDI) was 0.259.

Statistics

Data were expressed as medians, means + SEM osntead. All comparisons were
analyzed using the Mann & Whitney test. Statistiese calculated using GraphPad Prism
version 5.0, (GraphPad Software, San Diego, CA, JJ®4ferences were considered to be

statistically significant if p was <0.05.
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Results

Induction of adhesion molecule expression in liver of mice treated with NOD1
agonists, in normal condition (without liver 1R)

Twenty hours after treatment with NOD1 agonist détin in normal condition

(without liver IR), mouse livers displayed signditt induction of proteins ICAM-1 and

VCAM-1, two important adhesion molecules (1.4 RU 88 RU, p=0.032 and 0.25RU vs.

0.00 RU, p=0.008 respectively), compared to veHiglated mice. There was no effect of

NOD1 agonist on E-selectin and P-selectin protexpression (figure 1A). The

immunostaining of ICAM-1 showed that NOD1 agonistatment increased ICAM-1

expression not only on endothelium but also on togyée membranes compared to untreated

livers which mainly displayed endothelial stainiffigure 1B).

NOD1 agonist increases liver IR injury and up-requlates | CAM-1 and VCAM-1.

Twenty hours after IR, liver of mouse treated WNDD1 aqgonist displayed more

necrosis area than those treated with vehicle igig®@A). The kinetic analysis of PMN

infiltration in liver parenchyma revealed that retiass NOD1 treatment; there was no PMN

infiltration 4 hours after reperfusion. It becangngicant 8 hours after reperfusion. At 8 and

20 hours after reperfusion, the NOD1 agonist treatnsignificantly induced PMN liver

infiltration as compared to vehicle treatment. Ugd@D1 agonist treatment KC was up

requlated 20 hours after reperfusion. (figure 2B)

Four hours after reperfusion, transaminases inetcafAST 2078+350 IU/L

vs.1921+346.5 IU/L and ALT 2885+547.7 IU/L vs. 26B85 IU/L) without differences

between the two treatment conditions (NOD1 agovebicle). ALT increased at 8 hours of

reperfusion, and were significantly higher in th©Dil agonist group (3910 + 25 IU/L vs.
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3139.6 + 292.5 IU/L; p=0.05) whereas AST were nffetent in each group (1802.0 + 137.3

IU/L vs. 1905 + 159.6 IU/L). At 20 hours of repesfan, the NOD1 agonist conditions

presented significantly higher values of transaisgngnan vehicle conditions (AST 317396

IU/L vs. 2402+109 IU/L; p<0.01 and ALT 4627+78 IUNs.3062 + 52 IU/L; p<0.01) (figure

2C).

NODJ1 agonist treatment up-regulated Icam-1 and VV&amRNA expression at early

time point after reperfusion (4 hours) (figure 2Dhis MRNA overexpression began before

PMN infiltration and the establishment of histoloai necrosis (Supplementary figure 2). At a

protein level, ICAM-1 and VCAM-1 were significantigduced 20 hours after reperfusion in

mice treated with NOD1 agonist (ICAM-1: 1.8 to R&J; p=0.049 and VCAM-1: 0.37 to

0.94 RU; p=0.049) (figure 2E).

Considering other adhesion molecules, there waslifierence of expression after

NOD1 agonist treatment in liver IR condition forseElectin and P-selectin (p<0.05) (figure

2E).

NOD1 pathway targets ICAM-1 and VCAM-1 expression in vitro in primary
endothelial cell and hepatocyte

HUVEC were cultured and exposed to NOD1 agonisiifégrent dosage (0, 0.1 and 1
Mg). The mRNA expression of Icam-1, Vcam-1 and Edal were induced by NOD1
agonist treatment in a dose dependent manner. HowBecam mRNA expression was not
significantly modified by NOD1 activation (figureA3.

Mouse primary hepatocytes were cultureditro. Before analysis, the purification of
isolated cells was confirmed (hepatocyte purity 9969 supplementary figure 1). Primary

hepatocytes were then exposed to NOD1 agonistsr adal or inflammatory (TNF/IFN)
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conditions. As shown in_figure 3B, Icam-1 mRNA wiasluced twice in Nodl wild-type

(WT) hepatocytes treated with the NOD1 agonistwal as under inflammatory conditions
induced by TNF/IFN. Vcam-1 mRNA was significanthiduced by NOD1 activation (1.2 RU

vs 3.3 RU, p=0.005, figure 3A). Induction of lcamahd Vcam-1 mRNA expression was
synergistic with the NOD1 agonist and TNF/IFN treants (figure 3B). These data were
confirmed at the protein level in mouse primarylased hepatocytes which showed that
ICAM-1 and VCAM-1 were significantly increased blyet NOD1 agonist both under basal
and inflammatory conditions _(figure 3D). To confiime specificity of the NOD1 agonist,

hepatocytes were isolated from Nod1l KO mice andbseg to NOD1 agonist treatment under
basal and inflammatory conditions. Real-time PCR Wrestern-blot showed that the NOD1
agonist did not induce ICAM-1 and VCAM-1 in NOD1 Kkepatocytes but responded to

TNF/IFN treatment (figure 3C,E).

NOD1 pathway targets ICAM-1 and VCAM-1 expression ex vivo in hepatocyte

In ex-vivo conditions, NOD1 agonist treatment of sham opdratgce induced
significant hepatocyte expression of Icam-1 andriv:damRNA (6-fold and 10-fold increase,
respectively) compared to vehicle-treated anim@dgife 4A). IR alone also induced Icam-1
and Vcam-1 mRNA (4 fold and 5-fold increase, resipety). NOD1 activation during IR
markedly increased hepatocyte Icam-1 and Vcam-1 ARkpression (25-fold and 20-fold
increase, respectively) compared to vehicle-treatedn animals_(figure 4A). At the protein
level, NOD1 agonist treatment in sham-operated mslicgly induced hepatocyte expression
of ICAM-1 and VCAM-1 (7.1-fold and 4.0-fold, respeely, figure 4C) compared to
untreated mice. After 3 hours of reperfusion, irtchrcof the ICAM-1 and VCAM-1 proteins

also increased significantly (2.1-fold and 2.0-folkpectively,_figure 4C). NOD1 agonist
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treated Nodl WT mice that underwent liver IR showedssive induction of hepatocyte
expression of ICAM-1 and VCAM-1 protein (37-foldcathi09-fold, respectively) compared to

vehicle-treated sham animals. More importaffi@D1 agonist treatment increased ICAM-1

and VCAM-1 protein expression by 17.7 and 54.5 f@spectively upon liver IR conditions

(figure 4C).

In Nodl KO mice, the NOD1l-mediated induction of KA and VCAM-1

expression was blunted both following IR or a shaperation (figure 4B,D).

NOD1 activation in hepatocytes amplifies the interaction with PMN and
subsequent lysis

Examination of the co-culture by electron microscogvealed important adhesion of
PMNs on hepatocytes which showed signs of disteesh as swelling of mitochondria,
cytoplasm clarification and lysosome (figure 5A).

Hepatocytes isolated from Nod1 WT mice that weravere not treated with a NOD1
agonist showed low levels of spontaneous lysis whdtured alone_(figure 5B). A significant
increase in LDH activity was observed when hepdtscyrom untreated mice were co-
cultured with PMN isolated from untreated WT mig¢hen hepatocytes from NOD1 agonist-
treated mice were co-cultured with PMN isolatednfraintreated WT mice, there was a
significant increase in LDH activity compared tophtocytes from vehicle-treated animals
(figure 5B).

To confirm the specificity of NOD1 in relation this event, we reproduced these
experiments with hepatocytes isolated from Nodl K{@e treated or not with a NOD1
specific agonist. As observed in figure 5C, tamgetf Nod1l KO hepatocytes by PMN was

reduced and NOD1 agonist-induced lysis was conigletanted.
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NOD1 signaling pathways driving ICAM-1 and VCAM-1 expression in
hepatocytes

A liver active form of ERK (phospho ERK) was inddcéom 10 to 30 min after
treatment with a NOD1 agonist (figure 6A). A similpattern was observed for p38 since
active phospho p38 was induced at 10 and 30 miriteerdreturned to the steady state 60 min
after stimulation with a NOD1 agonist (figure 6Byeatment with the ERK inhibitor (U0126)
significantly limited the increase in Icam-1 andjrsficantly blocked the Vcam-1 mRNA
overexpression induced by the NOD1 agonist (figs®eD). The p38 inhibitor (SB203580)
further blocked NOD1-induced hepatocyte Icam-1 af@hm-1 mRNA expression. Co-
treatment with both ERK and p38 inhibitors did matrease blockade of the NOD1 effect.

In vitro, we first cloned the human ICAM-1 promoter (figBE) and showed that
NODL1 activation by an agonist resulted in a 50%ease in luciferase activity driven by this

promoter compared to untreated cells (figure 6F).

NOD1 antagonist development to prevent | R-induced liver injury

ML130 and ALINO73 are two specific NOD1 inhibitotisat have been identified by
screening different libraries of chemical compourids activation or inhibition of NOD
receptors”™ 2% In anin vitro model that allows evaluation of NOD1 activatioe]ls were
treated with a NOD1 agonist and increasing doseseitdfer ML130 or ALINO73
(supplementary figure 3A-B). Treatment with a NO&onist induced significant expression
of the reporter gene (SEAP, @b 0.165+0.014). Addition of ML130 resulted in a dose
dependent decrease in NOD1 activity from 0.16uM {$D.106+0.014) to maximum
inhibition at 5uM (ORss 0.013+0.014). Treatment with ALINO73 led to dosependent
inhibition of NOD1 activity from 0.16uM (O35 0.197+0.020 vs 0.140+0.021) to maximum

inhibition at 2.5uM (Olgs5 0.030+0.014).
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Because both NOD1 antagonists are not solublejécteible vehicles used fam vivo
applications, ML130 and ALINO73 were associatechvifLGA nanoparticles to facilitaie
vivo delivery to the liver.

The effect of antagonist-loaded nanoparticles orbil@ctivity was tested in the same
in vitro system as above (supplementary figure 3C-D). Asvahn supplementary figure 3C
when ML130 was associated with PLGA nanoparticledost its inhibitory potential on
NOD1 activity, ALINO73-loaded nanoparticles (np AD) appeared to be at least as
effective as free ALINO73 for the dose-dependertibition of NOD1 activityin vitro

(supplementary figure 3D).

Modulating IR-induced liver injury with NOD1 antagonist nanoparticles

np ALINO was then used to test tie vivo potential of NOD1 antagonists. Mice
received an intravenous injection of nanopartithed was either empty (np Empty) or loaded
with the NODL1 inhibitor (np ALINO) before underggione hour of ischemia. As shown in
figure 7A, mice treated with np Empty displayedgmrareas of IR-induced necrosis.
However, when treated with the np ALINO the areanetrosis was lower in mouse livers
(26.0+£3.2% vs 15.6%£2.9%, p=0.038) (figure 7B-C).e3é results were confirmed by
determining serum transaminase. After treatment wg ALINO, serum ALT significantly
decreased compared to treatment with empty nandeart(3935+493 IU/L vs 58144615

IU/L, p=0.040) (figure 7D)This improvement was associated with a lower laxgsression of

KC mRNA and lower infiltration of PMN in liver panehyma, whereas the PMN in

centrolobular vessels were unchanged (figure 7E-TIR® expression of ICAM-1 in the liver

was reduced after treatment with np ALINO, as olsgiusing immunohistochemistry (fiqure

7G).
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DISCUSSION

We have demonstrated in this study tN&D1 pathway modulates liver IR injury
through the induced expression of adhesion molscileese adhesion molecules are mainly
ICAM-1 and VCAM-1 and are expressed on LSEC as wsllon hepatocytes. With an
exploratory experiment using NOD1 antagonist-loadedoparticles, we strongly suggest
that targeting NOD1n vivo is able to reduce liver IR injury in part by rethgcthe expression
of ICAM-1 in the liver.

NOD1 has been previously shown to impact liver tiRough increased CD11b
expression in PMN®. However, the role of NOD1 pathway in the livandamore specifically
the expression of adhesion molecules on hepatoapt endothelium was unknown.
Numerous studies have demonstrated the clear ingbaaihesion molecules, especially on
endothelium for the regulation of histological Es$ and PMN tissue infiltratiotf 2" 2 Our

study emphasizes the role of NOD1 on adhesion midezxpression in the pathophysiology

of liver IR. Indeed, ICAM-1 and VCAM-1 expressiorere increased upon NOD1 agonist

treatment during liver IR. This up-requlation ofhadion molecules in the whole liver and

hepatocyte occurred within the first hours of réus&ion, before necrosis establishment and

PMN infiltration. This early expression of adhesimolecules is then probably a part of the

first steps of pathophysiological mechanisms abiligin of reperfusion lesions.

At a cellular level, and more precisely in the etofin vitro culture of endothelial cells, E-
selectin in addition to ICAM-1 and VCAM-1 is large¢xpressed and modulated after NOD1
pathway activation. However, the absence of sigaifi induction of E-selectin expression
after NOD1 activation at the whole organ level sglg that the endothelium is not the
exclusive actor of expression of adhesion moledul¢he liver. Theex-vivo andin vitro

experiments demonstrate that hepatocytes are abéxgress ICAM-1 and VCAM-1 and
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these last are inducible upon NOD1 agonist treatn@tner adhesion molecules (CD44, P-
selectin, PECAM) have been screened on hepatodytesyith no significant modulation of
their expression by NOD1 agonist (data not shown).

Although it is central, the PMN/hepatocyte interactduring IR has not been as
extensively investigated as the PMN/endotheliaérattion. During warm/cold ischemia,
endothelial tissue is injuréd, sinusoidal endothelial cells are detached andgsied into the
sinusoid lumert®, allowing PMN direct access to the hepatocité? as confirmed by our
analysis by electron microscopy (EM) (supplementigyre 4). We then designed a co-
culture experiment to model the PMN/hepatocyterfate and clarify the hepatocellular role
of NOD1 activation in this interaction. EM analysi$ our model confirmed the direct
interaction between both cell types leading to tepde death. Quantification of LDH shows
that activation of NOD1 in the hepatocyte incredsgsatocellular death upon PMN binding.
The results of the interaction between Nod1l KO hmpde and PMN suggest that blocking

hepatocyte NOD1 could prevent PMN-induced hepa&dgiathin vitro.

In relation to the intracellular pathway, the etfeENOD1 appeared mediated through
ERK and p38 phosphorylation in hepatocytes. Theuladgry effect of ERK and p38
inhibitors confirms the role of the MAPK pathwayN©OD1-mediated ICAM-1 and VCAM-1

expression. These findings support data obtainethier cellular types such as PM&*

NODL1 is expressed widely in many organs and celés$y”. The clinical potential of
NOD1 antagonists could be extended to other orgaih as renal IR pathogenedfsor
myocardium infarct®. In the kidney, Nod1 deficient mice are partigtisotected from IR-
induced kidney injury. NOD1 activation by diaminoyglic acid worsens cardiac IR injury in
particular through p38 MAPK. Nodl knockdown usingNA in cardiomyocytes attenuates

cell death. The role of NOD1 in innate immune csliggests that NOD1 antagonists should
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be evaluated for sepsiSor PMN-related hepatitis (i.e. alcoholic hepa}ifi§®® The present
results can serve as a basis for future studiesstigating the therapeutic potential of NOD1

antagonists.

Our results and previous studies performed in tker I*® *° strongly support
evaluating the proof of concept for the use of NQddtagonists to prevent liver IR injury.
Previous screening of chemical libraries on NODeptars®™ led us to choose two prototypic
NOD1 inhibitors from 2 different chemical entitibased on their optimal IC50: ML130 and
ALINO73 with the greatest inhibitory effect (suppientary figure 3). ML130 and ALINO73
are insoluble in aqueous solutions and insuffityersioluble in non-toxic hydrophobic
solvents. Because these low hydrophilic propergiesvented their usén vivo, we used
nanoparticles to transport insoluble NOD1 antagsnis the liver®’. We choose PLGA
nanoparticles because of their high biocompatilihd FDA approved safety. PLGA is
currently used in several drugs such as: Sandodt&R© (USAN (United States Adopted
Name): Octreotidef' for neuroendocrine tumors, Bydureon© (USAN: Exatet*’ in

diabetes and Risperdal Consta© (USAN: Risperidonsthizophrenid®,

Thein vitro testing of PLGA nanoparticles loaded with ML130AkINO73 showed
that np ML130 was not effective while np ALINO ihited NOD1 activity at least as
efficiently as free ALINO73 suggesting a high biadability despite the PLGA integration.
In mice, this NOD1 antagonist-loaded nanoparticfe ALINO, decreased the area of necrosis
induced by liver IR by about 40%. This decreashigtological lesions was associated with a
33% decrease in serum transaminase supporting MN@LAas an interesting therapeutic

approach to prevent liver IR. The npALINO treatmearats also associated with lower KC

MRNA expression in the liver, lower PMN infiltraticand reduced ICAM expression. The
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reduction of KC expression could have reduced tamabunt of PMN recruited to the liver.

Indeed, npALINO did not impact the number of PMNcentrolobular vessels, but reduced

significantly the severity of PMN infiltration in atrosis areas. These results raise the

therapeutic potential of NOD1 antagonists in préwgnhepatic IR in humans. The use of
NOD1 antagonists should be tested during diffeteps of liver transplantation. These
NOD1 antagonists could be use either in the doeésrb the organs are harvested, or added

to the preservation protocol, as well as a treatrdaring reperfusion in the recipient.

In conclusion, this study states that NOD1 regslaidhesion molecules expression in the

liver. NOD1 activation and blockage experimentsfitconthat NOD1 pathway modulates the

severity of liver IR injury. These data complemt#rd impact of NOD1 on PMN function and

migration. Thus NOD1 has a dual role and targete tlifferent actors implicated in

reperfusion injury. However, the relative contribat of each actor (PMN or adhesion

molecule) on liver IR injury is unclear. New expreants are needed to puzzle out the full

mechanism of NOD1 pathway. This work supports #netbpment of NOD1 inhibitors.
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FIGURE LEGENDS

Figure 1: NOD1 activation induced liver expression of adhesion molecules under

physiological condition

A: Representative Western-blot of livers extradtedn C57BL/6 mice treated with vehicle or

NOD1 agonist (FK565). ICAM-1, VCAM-1, P-selectin chrE-selectin (from right to left

panel) protein expression were compare@-fctin. Lower panel histograms represent ratio

of band intensity of the adhesion molecules conbaoe3-actin. Results are expressed as

relative units (RU). Statistical test: Mann Whitnesignificance is defined by p<0.05.

Statistical significance is indicated.

B: Representative ICAM-1 immunostainings of livesgracted from mice only treated with

vehicle (left panel) or NOD1 agonist (iE-DAP) (righanel). Neqgative controls are included

(upper right corner). Livers from vehicle-treatedcen displayed significant staining on

sinusoids. After NOD1 agonist treatment, sinusogtaining was reinforced and a marked

staining was observed on hepatocytes.

Fiqure 2: NOD1 activation induced liver expression of adhesion molecules after liver IR

A: Representative H&E histological picture of ligeextracted from C57BL/6 mice that

underwent ischemia/reperfusion (IR) and were tceatgh vehicle (IR+Vehicle, Left panel)

or NOD1 agonist (iE-DAP) (IR+NOD1 agonist, rightned). Dashed lines circle areas of liver

injury.

B: Histograms representing liver PMN count and reéagxpression of liver KC mRNA 4, 8

and 20 hours (hrs) after reperfusion in C57BL/6atreated with vehicle (IR+Vehicle, white

bars) or NOD1 agonist (IR+NOD1 aqgonist, black haR&®sults are expressed as mean +SEM.
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Statistical test: Mann Whitney, significance isidefl by p<0.05. Statistical significances are

indicated.

C: Kinetic determination of transaminase AST (lefb@d and ALT (right panel) in C57BL/6

mice serum 4, 8 and 20 hours after reperfusion teeatment with vehicle (grey line) or

NOD1 agonist (black line). Results are expressednasn+SEM. Statistical test: Mann

Whitney, significance is defined by p<0.05. Stat@tsignificances are indicated.

D: histograms representing early (4 hours after fapemn) liver expression of Icam-1 and

Vcam-1 mRNA in C57BL/6 mice treated with vehicl&RflVehicle, white bars) or NOD1

agonist (IR+NOD1 agonist, black bars). Results expressed as mean *SEM. Statistical

significances are indicated. Statistical test: M#imtney, significance is defined by p<0.05

E: Representative Western-blot of liver extracted0& after reperfusion from C57BL/6

mice treated with vehicle (IR+Vehicle) or NOD1 a@in(lIR+NOD1 agonist). ICAM-1,

VCAM-1, P-selectin and E-selectin (from right toftlgpanel) protein expressions were

compared toB-actin. Lower panel histograms represent the rafidband intensity of the

adhesion molecules compared ffeactin. Results are expressed as relative units).(RU

Statistical test: Mann Whitney, significance isidefl by p<0.05. Statistical significance is

indicated.

Figure 3: NOD1 activation induces hepatocyte expression of ICAM-1 and VCAM-1.
A: mRNA expression of Icam-1, Vcam-1, E-selectin &#€lCAM (from upper to lower

panel) in HUVEC , Statistical test: Mann Whitneigrsficance is defined by p<0.05.

B-C: mRNA expression of Icam-1 (upper panel) and Vcarflelver panel) in primary
hepatocytes isolated from Nod1l KO mice (C) or théld-type littermates (Nod1 WT mice,

B). Cells were treated with vehicle or NOD1 agofiig€565) and/or TNF 50 ng/ml and I[N
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100 ng/ml (TNF/IFN). Results are expressed as relative units (RWtis8tal significance

was indicated. Statistical test : Mann Whitneyngigance is defined by p<0.05

D-E: Representative western-blots for quantification@AM-1 (upper blot) and VCAM-1
(lower blot) protein expression that were comparefl-actin. Primary hepatocytes isolated
from Nod1l KO mice (D) or their wild-type littermatéNod1l WT mice, C), were treated with
vehicle or a NOD1 agonist (FK565) and/or TNF 50nmigand IFNy 100 ng/ml (TNF/IFN).

Results are expressed as relative units (RU).s8tai test : Mann Whitney, significance is

defined by p<0.05. Statistical significance is oaded.

Figure 4: During ischemia reperfusion, NOD1 pathway induced hepatocyte expression

of adhesion molecules.

A-B: Ex-vivo mRNA expression of lcam-1 (upper panel) and Vcarfielver panel) in
primary hepatocytes isolated from Nodl KO mice @)their wild-type littermates (Nod1
WT mice, A). Mice were treated or not with NOD1 agt (FK565) after sham surgery or
ischemia/reperfusion (isch/reperf). Results areresged as relative units (RU). Statistical

test: Mann Whitney, significance is defined by ®%).Statistical significance is indicated.

C-D: Representative western-blots for quantificatidn@AM-1 (upper blot) and VCAM-1
(lower blot) protein expression that were compaoe@-actin inex vivo primary hepatocytes.
Nodl KO mice (D) or their wild-type littermates (Btb WT mice, C), were treated or not
with a NOD1 agonist (FK565) after sham surgery schemia/reperfusion (isch/reperf).

Ratios of band intensity are indicated as relativiés (RU).

Figure5: NOD1 pathway activation leads to hepatocyte lysis by neutrophils.
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Co-culture experiments to assess hepatocyte (Hepatbneutrophil (PMN) interaction and
cell lysis. A: Representative cytology formed by electronic mscopy of the interaction
between neutrophils (PMN) and hepatocytes (H8p)Primary hepatocytes were isolated
from wild-type mice (Hepato WT) treated or/not with NOD1 agonist (FK565). Then
hepatocytes were co-cultured (or not) with PMN kated from wild type mice. Dosage of
LDH in co-culture supernatants (relative unit, R@). Primary hepatocytes were isolated
from Nodl KO mice (Hepato KO) treated or/not withN®OD1 agonist (FK565). Then
hepatocytes were co-cultured (or not) with PMN kated from wild type mice. Dosage of

LDH in co-culture supernatants (relative unit, RUBtatistical test: Mann Whitney,

significance is defined by p<0.05

Figure 6: NOD1 signaling and ICAM-1 promoter

A-B: Ratio of band intensity of phospho MAPkinases carad to total MAPkinases from
western-blots performed on liver extracts from CB/BBmice 0, 10, 30, 60 minutes after
treatment with a NOD1 agonist (iE-DAP). MeantSD aseresented (n=6) and statistical
significance is indicated as * for p<0.05 as compato baseline (time point 0 min). Lower
panel corresponds to representative Western-BlotLiver ERK (p42/p44) activationB:

Liver p38 activation. Statistical test: Mann Whignsignificance is defined by p<0.05.

C-D: Histograms for mRNA expression of lcam-1 (C) armhmi-1 (D) in hepatocytes treated
or not with a NOD1 agonist (iIE-DAP) and with an ERtibitor (U0126, 10uM) and/or a
p38 inhibitor (SB203580, 10uM). Results are expdsas relative units (RU, MeantSEM,
n=5-10). Statistical significance is indicated agof p<0.05 or ** for p<0.01. Untreated
control (white bar) was compared to positive cdnfMOD1 agonist treatment, black bar).
Inhibitor treated cells (grey bars) were compamgadsitive control (black bar). Statistical

test: Mann Whitney, significance is defined by B&.
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E: Schematic diagram representing 838bp of human I€lApfomoter been cloned in the

reporter vector, pGL4. NKB response element (red boxes) and AP-1 (blue hageponse

elements are indicated. Transcription starts gyeesented asl'(’ ) and ATG is indicated as a
purple box.F: CV-1 cells are transfected or not with human a NO&xpression vector
(phNOD1) and transfected or not with a reportetaecontaining human ICAM-1 promoter
(nICAM prom). Cells with different transfection aditions are treated or not with a NOD1
agonist (C12-iE-DAP). The human ICAM-1 promoter ity is evaluated using
luminescence and quantified as relative light u¢iRsU). Statistical significance is indicated

as *. Statistical test: Mann Whitney, significanse&lefined by p<0.05.

Figure 7: Use of antagoniststotarget NOD1in liver.

C57BL/6 mice received an iv injection of empty (rgpmpty) or ALINO73-loaded
nanoparticles (np ALINO) with a dose correspondim@ mg/kg of ALINO73. n=13 in each
group. Six hours later mice underwent 60 min ofiésnia and 20 hours of reperfusion.

A-B: Image of mouse liver histology (H&E staining) fmNing IR injury. C: Liver from
mouse that underwent IR and treated with empty PL@#oparticles (IR + np Empty)
display large injury areas (surrounded by dottedd).D: Liver from mouse that underwent
IR and treated with ALINO73-loaded nanoparticleR + np ALINO). Injury areas are
obviously more limited.

C: Quantification of liver necrotic areas from motisat underwent IR (Liver IR) and treated
with empty PLGA nanopatrticles (np Empty) and frorouse that underwent IR and treated
with ALINO73-loaded nanoparticles (np ALINO). Retsulare expressed in percentage of

necrotic surface among total liver surface as M&&id. Statistical test: Mann Whitney,

significance is defined by p<0.05.
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D: Serum ALT expressed as international units/liteV/l{) from mouse that underwent IR
(Liver IR) and treated with empty PLGA nanopartclenp Empty) and from mouse that
underwent IR and treated with ALINO73-loaded nambplas (np ALINO). Statistical

significances are indicated. Statistical test: M#/mtney, significance is defined by p<0.05.

E: Histogram representing liver PMN count 20 houfterareperfusion (Liver IR) in mice

treated with empty PLGA nanoparticles (np Empty) amce treated with ALINO73-loaded

nanoparticles (np ALINO). PMN infiltrating liver penchyma (Extravasated PMN, white

bars) or in centrolobular veins (PMN in vesselgygbars) were distinguished. Results are

expressed in number of PMN per field of necrosisdnification x400) as mean +SEM.

Statistical test: Mann Whitney, significance isidefl by p<0.05. Statistical significances are

indicated.

F: Histogram representing liver expression of KC ndRRD hours after reperfusion in mice

treated with empty PLGA nanoparticles (np Emptyl amce treated with ALINO73-loaded

nanoparticles (np ALINO). Results are expressedeiative units (RU) as mean +*SEM.

Statistical test: Mann Whitney, significance isidefl by p<0.05. Statistical significances are

indicated.

G: Representative ICAM-1 immunostainings of liversvested from mice that underwent

liver IR and were treated with empty nanopartidlgs Empty, left panel) or with np ALINO

(right panel)
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