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Abstract

Non-alcoholic steatohepatitis (NASH), a chronic liver disease that emerged in industrialized countries, can further
progress into liver fibrosis, cirrhosis and hepatocellular carcinoma. In the next decade, NASH is predicted to become the
leading cause of liver transplantation, the only current interventional therapeutic option. Hepatocyte death, triggered by
different death ligands, plays key role in its progression. Previously, we showed that the receptor interacting protein
kinase-1 (RIPK1) in hepatocytes exhibits a protective role in ligand-induced death. Now, to decipher the role of RIPK1
in NASH, RipkI**“KO mice, deficient for RIPK1 only in liver parenchymal cells, and their wild-type littermates (RipkI™™)
were fed for 3, 5 or 12 weeks with high-fat high-cholesterol diet (HFHCD). The main clinical signs of NASH were
analysed to compare the pathophysiological state established in mice. Most of the symptoms evolved similarly whatever
the genotype, whether it was the increase in liver to body weight ratio, the steatosis grade or the worsening of liver damage
revealed by serum transaminase levels. In parallel, inflammation markers followed the same kinetics with significant
equivalent inductions of cytokines and a main peak of hepatic infiltration of immune cells at 3 weeks of HFHCD. Despite
this identical inflammatory response, more hepatic fibrosis was significantly evidenced at week 12 in RipkI*"“¥0 mice.
This coincided with over-induced rates of transcripts of genes implied in fibrosis development (7gfb1, Tgfbi, Timpl and
Timp2) in RipkI“*“XO animals. In conclusion, our results show that RIPK1 in hepatocyte limits the progression of liver

fibrosis during NASH.
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Introduction

The evolution to a sedentary lifestyle, also accompanied by more caloric diet intakes, is responsible for the emergence of
a new silent epidemic in human. Indeed, non-alcoholic fatty liver diseases (NAFLD) would nearly affect a quarter of the
world's population, with some geographical disparity [1, 2]. These diseases cover a spectrum of hepatic disorders ranging
from benign steatosis to inflammatory status, defined as non-alcoholic steatohepatitis (NASH), responsible for the
development of fibrosis that will eventually worsen, leading to cirrhosis and even hepatocellular carcinoma (HCC) with
high rates of morbidity and mortality[3]. NASH is currently the second leading cause of liver transplantation in USA after
hepatitis C and is expected to predominate in the future among the US and European population [4].

Although influenced by genetic and epigenetic factors, the pathogenesis of NAFLD would result from multiple
concomitant insults originating from gut and adipose tissue. Thus, a “multiple parallel hits” theory has recently been
proposed to explain the NAFLD pathogenesis leading to NASH [5, 6]. At this pathological stage, an inflammatory state
is established due to the stress experienced by hepatocytes. In parallel, hepatocyte death is compensated by the activation
of a regeneration process. Repetition of these events over time eventually leads to liver tissue remodeling, characterized
by the development of fibrosis. Activated Kupffer cells (KCs), infiltrating macrophages and damaged hepatocytes release
various cytokines that activate quiescent hepatic stellate cells (HSCs) in collagen-secreting myofibroblasts [7]. The
hepatic fibrosis results from an imbalance characterized by an overproduction of extracellular matrix (ECM) [8] and an
exacerbated inhibition of the HSCs and KCs secreted matrix metalloproteinases (MMPs) by different specific endogenous
tissue inhibitors of metalloproteinases (TIMPs) [9, 10].

Hepatocyte death fuels the inflammation that causes liver fibrosis and eventually promotes HCC development when
chronic [11, 12]. The death factors, tumor necrosis factor (TNF), Fas Ligand (FAS-L) and TNF-related apoptosis-inducing
ligand (TRAIL), are found overexpressed in liver tissue during NASH [7]. Cellular responses induced by these members
of the TNF superfamily involve the receptor interacting protein kinase-1 (RIPK1) [13-15]. Within the intracellular
transduction pathway specifically triggered by TNF, RIPK1 directs signaling to a pathway of cell survival or death, either
by caspase-dependent apoptosis or by necroptosis regulated by RIPK3 and the mixed lineage kinase domain-like protein
(MLKL). The role of this molecular switch between cell survival and death has been widely investigated during acute
hepatitis. Thus, in murine models of viral [16] or immune-mediated hepatitis [17], RIPK1 expressed in hepatocytes
promotes their survival in a microenvironment rich in death ligands. During NASH, the associated dysfunction of the
intestinal barrier leads to significant leaks of pro-inflammatory bacterial pathogen associated molecular patterns (PAMPs)
to which the liver is exposed [18-21]. Thus, it has been demonstrated that RIPK1 expressed in hepatocytes protects them
from TNF-dependent death in an inflammatory context induced by PAMPs [22-24]. Recently, the role of RIPKI in

NAFLD started to generate interest. Indeed, patients suffering from NAFLD exhibit increased hepatic Ripkl transcripts



and plasma RIPK1 levels [25, 26]. Besides, mice with diet-induced NASH developed less liver injury, inflammation and
fibrosis when treated with a pharmacological RIPK1 inhibitor [25] or when mice display a constitutive knock-in mutation
responsible for RIPK1 kinase activity deficiency [26]. While RIPK1 kinase activity in macrophages seemed to appear
central in the development of NASH syndromes [26], within hepatocytes, it would control the hepatocyte steatosis grade
[25]. This highlights the possible key role of RIPK1 present specifically in hepatocytes in high fatty acid induced liver
injury. In this context, we investigated the functions of RIPK1 in liver parenchymal cells during high-fat high-cholesterol

diet (HFHCD) induced NASH, mimicking human disease [27].

Methods

Animals

Male C57BL/6J mice, with RipkI"*¢¥0 (deficient for RIPK1 specifically in liver parenchymal cells) or Ripk1™ (control
littermates with homozygous floxed Ripkl gene) genotypes [17] were fed either a standard diet (SD; # 2016, Teklad
Global 16% Protein Rodent Diet, Envigo, Madison, WI) or a high-fat high-cholesterol diet enriched in cholate (HFHCD,
#9G21, LabDiet, St. Louis, MO) ad libitum for 3, 5 or 12 weeks. Mice were euthanized in the morning without prior
fasting. Genotyping was performed by conventional PCR for Alfp-Cre gene from tail-extracted DNA. The specific
deficiency of Ripklin the hepatocytes of RipkI'P“KO mice has already been checked [22]. Experiments included
homogeneous groups of age-matched male mice.

Histological and biochemical analysis

The histopathological study of livers was performed on hematoxylin and eosin (H&E)-stained tissue sections to
characterize steatosis, lobular infiltrates and hepatocyte ballooning. Oil-Red O (ORO) staining with a hematoxylin
counterstaining was applied on frozen sections of liver specimens to specifically visualize intracellular lipid droplets. The
proportion of ORO-labeled surface was determined using the HALO software (Indica Labs, Albuquerque, NM). Fibrosis
was assessed after Sirius red coloration by evaluating the proportion of the stained area, using the NIS-Elements software
(Nikon). Plasma alanine transaminases (ALT) were measured according to the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) primary reference procedures using Olympus AU2700 Auto-analyser®
(Olympus Optical, Tokyo, Japan). High-resolution images were used to study H&E-stained sections. The same senior
veterinary pathologist blindly scored all livers for NAFLD activity lesions (NAS). A previously described histological
scoring system was used to describe main features of NASH [28, 29]. Briefly, 3 histological variables commonly
described in NASH were individually assessed: (i) macrovesicular steatosis was graded (0-3) based on percent of
hepatocytes involved (0 is none; 1 is up to 33%; 2 is 33 to 66%; 3 is more than 66%); (ii) Hepatocellular ballooning and

disarray and (iii) lobullar inflammation were graded as none, mild, moderate, and severe (0-3).



RNA Isolation and RT-qPCR

Total RNA was extracted from mice liver tissues using the NucleoSpin® RNA kit (Macherey-Nagel, #740955). First-
strand cDNA was synthesized using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, #4368813,
Foster City, CA, USA). Real-time quantitative PCR was performed using the double-strand specific SYBR® Green system
(Applied Biosystems, #4367659) on CFX384 Touch™ Real-Time PCR Detection System (Biorad). Each measurement
was performed in triplicate. The relative gene expression was normalized against the /8S gene expression. Samples from
SD-fed mice were used as reference for mRNA expression (control mRNA level was arbitrarily set at 1). The primer
sequences are all depicted in Table S1 in supporting information.

Serum cytokine immunoassay by flow cytometry

Murine cytokines (IL1a, IL1J, IL6, IL10, IL12p70, IL17A, IL23, IL27, CCL2, IFNB, IFNy, TNF, and GM-CSF) were
quantified by bead-based immunoassays according to manufacturer protocol, using a filter plate and a vacuum filtration
system for washing steps (BioLegend’s LEGENDplex™ Mouse Inflammation Panel, multi-analyte flow assay kit).
Samples were analyzed on a LSR X-20 Fortessa™ flow cytometer (BD Biosciences). Data not shown in the main figures
are depicted in Fig. 1S. For the dosage of some cytokines, values corresponding to sensitivity threshold were used for
statistical analysis of potential regulations for samples with cytokine concentrations below the specific sensitivity
threshold.

Isolation of liver immune cells and flow cytometry

Immune cells were isolated from livers as previously described [30]-[31]. Before liver excision, the organ was flushed by
perfusion of PBS through inferior vena cava, to remove non-infiltrated blood cells. Isolated livers were then ground on a
70-um cell strainer. Parenchymal cells were removed by decantation for 1h. Cells in suspension were recovered by
centrifugation and then resuspended in 35% isotonic Percoll (GE Healthcare Life Science) for a new centrifugation, before
red blood cell lysis. Cells were resuspended in staining buffer (10% fetal calf serum in PBS) and incubated with
LIVE/DEAD fixable green stain (Thermo Fisher Scientific, #1.34959) to exclude dead cells. Cells were also labeled with
an anti-CD16/32 antibody (clone 2.4G, BD Pharmingen) to block non-specific binding. Cells were then labeled with the
appropriate fluorochrome-conjugated antibodies/reagents (Table S2) according to the manufacturer’s instructions.
Stained cells were analyzed on a LSR X-20 Fortessa™ flow cytometer (BD Bioscience) and the data analyzed using
Flowlogic™ (MACS Miltenyi Biotec). Doublets and dead cells were excluded on the basis of forward/side scatter and
LIVE/DEAD labeling, respectively. The immuno-phenotyping used was made on the appropriate size-FSC (forward side
scatter)/structure-SSC (side scatter) gates and was as follows: B-lymphocytes: CD19+/CD3- cells; T-lymphocytes:

CD3+/TCRVB+/NK1.1-/CD19- on which CD4+ and CD8+ were distinguished and Tregs as FoxP3+ within the TCD4+
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population; NKT cells: CD3+/NK1.1+/CD19-; NK cells: CD3-/NK1.14+/CD19-; within the myeloid CD19-/CD3-/NK1.1-
/CD11b+ cell population, neutrophils were selected as GR1high and macrophages as GR1int (Fig. 2S). We calculated the
percentage of each immune cell population, by considering the sum of events of all immune cell populations analyzed
(sum of T, NK, NKT, B cells and myeloid cells) as 100% of the total immune cells. The absolute number in each immune

cell population was calculated by multiplying the percentage of each population by the total number of immune cells.

Statistical analysis
The results are expressed as the means = SEM for each group of mice. Mean differences between experimental groups
were assessed using the nonparametric Mann-Whitney U-test, as implemented in GraphPad Prism5 software. Significance

is shown as follows: * p < 0.05, **p < 0.01 and ***p < 0.001.

Results

HFHCD promoted overexpression of hepatic transcripts of death ligands, their cognate receptors and of RIPK1.
Hepatocyte death occurring during NASH fuels the inflammatory status of the liver. These events are thought to be partly
affected by an imbalance within cell death signalling pathways. Thus, to evaluate these types of disruption in HFHCD-
fed mice, transcript rates of death ligands and their receptors were compared to those issued from livers of age and sex
matched mice fed with SD. Twelve weeks of HFHCD resulted in upregulation of all tested transcripts of death ligands
(TNF, FAS-L and TRAIL) as well as of their cognate receptors (TNFR1, TNFR2, FAS and DRY) (Fig. 1). Downstream
of these cues, the RIPKI1 protein redirect the intracellular signal towards inflammatory or cell death processes. By
analysing the RIPK1 transcript, it turned out that higher concentrations were also detected in the liver of mice fed during
12 weeks of HFHCD (Fig. 1).

Severity of HFHCD-induced hepatomegaly and liver damage was not affected by RipkI-depletion in liver
parenchymal cells.

HFHCD disturbed the transcript level of RIPK1 in the liver, a key death signal switch, but to know whether this kinase
influences the NASH physiopathology, mice deficient for Ripk! specifically in liver parenchymal cells (RipkI"P¢X0) and
their wild type littermates (RipkI™%) were subjected to this diet during 3, 5 or 12 weeks. First, body weight monitoring
revealed no statistically significant change between both genotypes (Fig. 2A, left panel). The average daily food
consumption per animal was limited to 1.6 g, while it reached 3.5 g with the SD. However, the daily calorie intake
remained similar, around 10.5 kcal. In contrast, a progressive hepatomegaly systematically settled in all animals whatever

the genotype (Fig 2A, right panel). Along with this symptom, hepatic tissue degradation progressively worsened over



time as evidenced by plasma levels of transaminases (Fig. 2B). Concomitantly, a similar steatosis settled in all animals,
irrespective of the genotype (Fig. 2C and 2D).

Ripkl defect in parenchymal liver cells did not reshape hepatic inflammatory response during NASH.

Systematic histological analysis of H&E-stained liver sections showed the appearance of hepatocyte ballooning and of
local accumulation of immune cells as early as 3 weeks post-HFHCD feeding (Fig. 2D). Thus, the evaluation of the NAS
score showed a progressive worsening of the hepatic histology over time, without detecting any difference between the
two genotypes (Fig. 2E). To quantitatively compare the hepatic inflammatory status induced by the HFHCD feeding in
RipkI™™ and RipkI""“¥0 mice, the expression alteration of major pro-inflammatory cytokines was assessed. Whether at
hepatic transcript levels or at plasma protein levels, significant progressive increases occurred for TNF, IL6 and CCL?2 as
the HFHCD intake continued for 12 weeks. Although some significant differences appeared between the two genotypes
at the mRNA level, the serum protein levels of these cytokines never differed between genotypes regardless of diet time
(Fig. 3). Otherwise, for IFN and IL27, only a transient protein overexpression arose in blood samples taken at 3 weeks
of HFHCD regardless of genotype, a timing that coincided with immune cell infiltration wave in the liver (see below).
Investigations on other death factors such as FASL, TRAIL and their cognate receptors have been conducted at mRNA
levels. All gradually increased as the diet continued for up to 12 weeks, without any detectable differences between both
genotypes (Fig. 3S). The hepatic inflammation was further characterized by isolating the immune cells from Ripk!™" and
RipkI™%0 mouse livers that have been on SD or HFHCD for 3, 5 or 12 weeks. A flow cytometry approach was applied
to identify and enumerate cell types. Irrespective of the genotype, huge recruitment of inflammatory cells appeared in
liver at 3 weeks post-HFHCD feeding, which then decreased at 5 and 12 weeks post-HFHCD feeding (Fig. 4, upper
panel). We then distinguished the significant changes in liver immune cell populations among lymphoid (LT4, LTS,
LTregs, NK, NKT and LB) and myeloid (macrophages and neutrophils) cells during the course of NASH development.
All intrahepatic immune cells were significantly more numerous at 3 weeks of HFHCD, with different induction rates for
each cell type. Thus, macrophages and lymphocytes were more than 10 times more abundant, while the number of NKT
cells only doubled. Over longer periods of HFHCD, this excess of infiltrating immune cells progressively diminished,
with maintenance of a still large number of macrophages and LT8 at the 5" week. Compared to a healthy liver, most
immune cells remained slightly more abundant in livers after 12 weeks of HFHCD, except neutrophils, NK and NKT
cells. Thus, as previously reported [32], the NKT cells were almost depleted at 12 weeks post-HFHCD feeding.

All these tested biological parameters evaluated during the course of the disease never differed according to the genotype
of the mice.

RIPK1 partially protected from HFHCD-induced fibrosis.



NASH induced by HFHCD led to the progressive development of liver fibrosis. A Sirius red staining was performed on
liver sections of mice subjected to SD or HFHCD. Collagen accumulated in the liver tissue of all animals fed with the
HFHCD. This deposit increased over time but reached significantly higher levels at 12 weeks post-HFHCD feeding in
RipkI™*“¥0 mice as compared to their RipkI"? littermates (Fig. 5A).

The mRNA levels of several genes involved, directly or indirectly in the remodelling of the ECM were evaluated in the
liver of RipkI™™ and RipkI""“X° mice during the kinetics of HFHCD (Fig. 5B). A progressive increase over time was
found for all studied mRNAs, in both animal groups. Thus, the upregulation of the transforming growth factor beta 1
(Tgfbl) transcript followed the gradual worsening of fibrosis. The mRNA of this cytokine, which is a key inducer of the
trans-differentiation of HSCs into myofibroblasts that produce the excess of ECM, was overinduced in RipkI""“KO mice
at weeks 3 and 12. In parallel, a time-dependant enrichment of collagen type I alpha 1 chain (Collal) mRNA occurred
without quantitative difference between the two tested genotypes. Similarly, mRNA amounts of the transforming growth
factor beta-induced (Tgfbi) steadily increased, but reached a significant higher level in RipkI""“X° mice after 12 weeks
of HFHCD. While a significant over-induction of liver transcripts was observed for two tissue inhibitors of

metalloproteinases (Timpl and Timp2) in the hepatic tissue of Ripkl-PC-KO

mice, no significant over-induction was
measured for the matrix metalloproteinase-2 (Mmp-2) and for the NADPH oxidase 2 (Nox2). This last enzyme has been
described to participate to the production of reactive oxygen species (ROS) implied in the activation of HSCs [33].

In conclusion, depletion of Ripk! in liver parenchymal cells increased liver fibrosis in mice with HFHCD-induced NASH.

Discussion

Cell death plays pivotal role in the progression of NASH [11]. The interaction of various death ligands such as TNF, FAS
ligand and TRAIL with their respective cognate receptors TNFR1, FAS and DRS triggers intracellular signalling resulting
in cell death. Transcripts of all these proteins were upregulated in the liver of mice fed with a high fat diet enriched in
cholesterol and cholate (HFHCD). These results were consistent with previous studies that showed the involvement of
these death ligand-receptor pairs in the pathogenesis of NASH [7, 34, 35]. Thus, while the role of TNF neutralization in
the amelioration of liver injury remains controversial, knockout of TRAILR or TNFR1 protects mice from diet-induced
NASH [35, 36]. Recently, our team demonstrated the protective role of RIPK1 in TNF, anti-Fas antibody (JO,) or TRAIL
mediated acute liver injury [17, 22, 37]. The scaffolding properties and the kinase activity of RIPK1 respectively control
cell survival and cell death [38]. Inhibition of its kinase activity by the Necrostatin-1 (Nec-1) [39] limits both the toxicity
of fatty acids on primary mouse hepatocytes [40] and the pathophysiology of NASH induced by methionine choline
deficient diet (MCD) [41]. However, this chemical inhibitor shows some drawbacks, its limited specificity and its short

half-life [42]. Recently, another RIPK1 inhibitor (RIPA-56) has been shown to limit the main symptoms in mice fed with



a high-fat diet [25]. Further investigations were required to explore the role of RIPK1 in NASH. HFHCD has been shown
to reproduce hepatic histological lesions of NASH observed in human liver, including hepatocyte ballooning and injury,
inflammation, hepatic insulin resistance and extensive liver fibrosis [27, 32]. Here, we demonstrated that deletion of Ripk!
specifically in liver parenchymal cells increased liver fibrosis in HFHCD-induced NASH.

The recruitment of inflammatory cells in the liver is a key characteristic in patients with NASH [43]. In an early phase of
HFHCD-induced NASH, a massive infiltration of immune cells transiently occurred in mouse livers. These infiltrates
contained macrophages, neutrophils, lymphocytes, regulatory T cells, NK and NKT cells. Subsequently, their number
tended to decrease while maintaining relative high levels for macrophages and CD8+ T cells, which corresponded to a
low-grade inflammatory state in the late phase of NASH. Conversely, NKT cells gradually disappeared as previously
described [32, 44-46]. This depletion may be due to their death following their over-activation by macrophages presenting
them lipid antigens [46]. Ripkl deficiency in liver parenchymal cells never affected the profile of the immune cell
population during the course of NASH.

Chemokines and cytokines play also key roles in the development of NASH. In accordance with previous studies,

transcripts of Tnf, 116 and Ccl2 increased in the liver of RipkI™™

control mice fed with HFHCD, as well as plasma levels
of the corresponding proteins [43, 45, 47]. While inflammatory cytokine production has been shown to be impaired in
Ripkl deficient primary or immortalized monocytes [48], its depletion in liver parenchymal cells never affected the
HFHCD-induced upregulation of liver transcripts of TNF, IL6 and CCL2 inflammatory cytokines, nor their plasma levels.

Similarly, the pattern of inflammatory cells recruited in the liver of RipkI'Pc-XO

mice during the progression of HFHCD-
induced NASH was not altered.

In response to chronic and persistent liver injury occurring during NASH, the cytokine microenvironment activates HSCs
that differentiate into myofibroblasts. This myofibroblastic phenotypic evolution leads to an excessive synthesis of matrix
proteins such as collagens, elastin and fibronectins [49, 50]. In parallel, these activated myofibroblast-like HSCs increase
their production of proteins involved in the regulation of matrix degradation, including MMPs and their TIMPs. However,
a disproportionate activity of TIMPs hampers ECM degradation. Together, these disorders are responsible for the
establishment of liver fibrosis [9]. All these pathological imbalances were found in the liver of mice fed with the HFHCD,
but Ripkl deficiency in liver parenchymal cells significantly increased liver fibrosis. This worsening correlated with a
higher significant overexpression of Tgfb1, Tgfbi, Timpl and Timp2 transcripts in RipkI"P“X° mice. Although the Collal
and Mmp?2 transcripts increased comparably within both genotypes, fibrosis worsening in the liver of RipkI™*“X° mice
under HFHCD could result from the differences observed at Timpl and Timp2 transcript levels, since ECM degradation

function of MMPs are regulates at the protein levels by TIMPs [51]. Future studies elucidating the role of Ripk! in the

control of the fibrosis during NASH, will pave the way to unveil the involved mechanism.
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Figure legends

Fig. 1 Diet-induced NASH led to increased transcript rates of death factor/receptor pairs and RIPK1 in mouse
liver

C57B16/J male mice received either a SD (0) (empty black circles) or a HFHCD during 12 weeks (solid black circles).
Relative levels of Tnf, Tnfrl, Tnfr2, Fas-1, Fas, Trail, Dr5 and Ripkl transcripts quantified in liver tissue from all animals

and individually represented by a symbol.

Fig. 2 Development of diet-induced NASH clinical signs in RipkI™" and Ripk1*¢¥° mice

RipkIV® and Ripk1-P¢XO C57B16/J male mice received either a SD (0) or a HFHCD during 3, 5 or 12 weeks. (A) Evolution
of the body weight (left panel) and of the liver to body weight ratio (right panel) followed over time. (B) Levels of serum
alanine aminotransferase. (C) Representative pictures of liver tissue sections analysed by Oil-Red O staining (left panel;
black bars represent 100 um) with specific-signal quantification (right panel). (D) Representative pictures of liver tissue
sections stained by H&E (black arrows show immune cell infiltrates; black bars represent 100 pum). (E) NAS score (dark
grey, light grey and white bars respectively represent the evaluation of hepatocyte ballooning, inflammation and steatosis).
For all graphs, each empty and solid black circles respectively represent RipkI™™ individuals under SD or HFHCD, while

empty and solid grey squares respectively represent RipkI""¢¥0 individuals under SD or HFHCD.

Fig. 3 Modulation of cytokine expression during diet-induced NASH in Ripk1"" and Ripk1'*¢-X0 mice

RipkI™™ and RipkI""©¥0 C57B16/J male mice received either a SD (0) or a HFHCD during 3, 5 or 12 weeks. (A) Relative
levels of Tnf, 1l6 and Ccl2 transcripts quantified in liver tissue. (B) Levels of plasma TNF, IL6, CCL2, IL27 and IFN.
See the Material and Methods section for consideration of detection limits. For all graphs, each empty and solid black
circles respectively represent RipkI™™ individuals under SD or HFHCD, while empty and solid grey squares respectively

represent RipkI*"“KO individuals under SD or HFHCD.

Fig. 4 Analysis of hepatic immune infiltrates in Ripk1"™ and Ripk1'*¢-¥0 mice with diet induced NASH

RipkIV® and RipkI™F¢X° C57B16/J male mice received either a SD (0) or a HFHCD during 3, 5 or 12 weeks. Numbers of
total immune cells, CD4+ T cells (LT4), CD8+ T cells (LTS), regulatory T cells (LTreg), Natural Killer (NK) cells,
Natural Killer T (NKT) cells, B lymphocytes (LB), macrophages and neutrophils in the different experimental conditions.
For all graphs, each empty and solid black circles respectively represent Ripk ™ individuals under SD or HFHCD, while

empty and solid grey squares respectively represent RipkI'*¢-X0 individuals under SD or HFHCD.
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Fig. 5 Fibrosis-related parameters in RipkI™" and Ripk1'*¢-X0 mice with diet-induced NASH

RipkI™™ and RipkI“*“XO C57B16/] male mice received either a SD (0) or a HFHCD during 3, 5 or 12 weeks. (A)
Representative pictures of liver tissue sections with Sirius Red staining (left panel; black bars represent 250 um) and
quantification of fibrosis as determined by the percentage of Sirius Red positive area (right panel). (B) hepatic mRNA
expression levels of Tgfbl, Collal, Tgfbi, Mmp2, Timpl, Timp2 and Nox2 genes. For all graphs, each empty and solid

] fl/fl

black circles respectively represent Ripk individuals under SD or HFHCD, while empty and solid grey squares

respectively represent RipkI'P“XO individuals under SD or HFHCD.
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Table S1 Sequences of primers used for qPCR

[ Gene | Forward primer (5’-3’
BT TTGGCAAATGCTTTCGCTC

Tnf TAGCTCCCAGAAAAGCAAGC
CCGGAGAGGAGACTTCACAG
TTCCAGTAAGGCCTGTAGC
CTGGGACACGCTTAGCATCA
TCCCAATGAGTAGGCTGGAG
AGTGCGTGTTGCTCGACAA
GCTCCTGCTCCTCTTAGGG
ATGGTAAACAAGGCTTCATG
T TACAGGGAACCCAGCACCTA
T CATTCGCGTGGATAAGGAGT
I ZYEE  ACACTGGCAAAAGCCATTTC
GCCCTCTGTCCCAGATAAGC
GTGTGGACTGTAACAGATTCAGG
CACCATCCATGACATGAACC

Reverse primer (5’-3’
CGCCGCTAGAGGTGAAATTC
TTTTCTGGAGGGAGATGTGG
CAGAATTGCCATTGCACAAC
TTATGACCAGGTCCGAGTT
GACAGCGAGTGATCTTGCAC
TCTGGACCCATTCCTTCTTG
GCGGTGTGCAGTGCTATCAT
GCAGAAAGCACAGCACTCG
TTGAGAAGGATGGCAAGTAT
GGGGTTGTCTGAAGGTCCATAG
TCACACGCCAGAAGAATTTG
TTTTGGGATGCTTAGGGTTG
ACCATCGCTCCTTGAAGACA
CCTTGAAGAAATGAGTCCGTCGT
CAGAAGTTGGCATGGTAGCC



Table S2 List of fluorochrome-conjugated antibodies

APC 145.2.C11 eBio 17-0031-81
BV510 RM4-5 BD 561099
APC- Cy7 53-6-7 BD 557654
BV786 ID3 BD 563333
BV605 H57-597 BD 562840

[ Foxp3 G 150D/E4 eBio 12-4774-42
TS Pecefluor PK136 eBio 61-5941-80
PE-Cy7 M1/70 BD 552850

Efluor 450 RB6-8C5 eBio 48-5931-82

All antibodies were purchased from either BD Pharmingen™ or eBioscience Thermo Fisher Scientific.
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Fig. 1S Plasma concentrations of cytokines
Levels of plasma GM-CSF, IL1a, IL1p, IFNy, IL10 and IL17a. Plasma concentrations of IL23 and IL12p70 are not shown
because mostly below the detection threshold. See the Material and Methods section for consideration of detection limits.
For all graphs, each empty and solid black circles respectively represent Ripk!fl individuals under SD or HFHCD, while
empty and solid grey squares respectively represent RipkI-P¢KO individuals under SD or HFHCD.
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Fig. 2S Gating strategy used to identify the different populations of hepatic immune cells
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define x and y axes; thick grey arrows show the identification process of the immune cell populations).



Figure 3S
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Fig. 3S Relative quantification of hepatic mRNA transcripts

RipkI™ and RipkI"P¢-KO C57B16/J male mice received either a SD (0) or a HFHCD during 3, 5 or 12 weeks. Relative
levels of Tnfrl, Tnfr2, Fas, Fasl, Trail and Dr5 transcripts quantified in liver tissue. For all graphs, each empty and solid
black circles respectively represent RipkI individuals under SD or HFHCD, while empty and solid grey squares
respectively represent RipkI™PC-KO individuals under SD or HFHCD.



