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Abstract

Background & Aims: The innate immune system responds not only to bacterial signals, but also to
non-infectious danger-associated molecular patterns that activate the NLRP3 inflammasome complex
after tissue injury. Immune functions vary over the course of the day, but it is not clear whether these
changes affect the activity of the NLRP3 inflammasome. We investigated whether the core clock
component nuclear receptor subfamily 1 group D member 1 (NR1D1, also called Rev-erba) regulates
expression, activity of the NLRP3 inflammasome, and its signaling pathway.

Methods: We collected naive peritoneal macrophages and plasma, at multiple times of day, from Nr1d1-
- mice and their Nr1d1** littermates (controls) and analyzed expression of NLR family pyrin domain
containing 3 (NLRP3), interleukin 1 beta (IL1B, in plasma), and IL18 (in plasma). We also collected bone
marrow-derived primary macrophages from these mice. Levels of NR1D1 were knocked down with small
hairpin RNAs in human primary macrophages. Bone marrow-derived primary macrophages from mice
and human primary macrophages were incubated with lipopolysaccharide (LPS) to induce expression
of NLRP3, IL1B and IL18; cells were incubated with LPS and ATP to activate the NLRP3 complex. We
analyzed caspase 1 activity and cytokine secretion. NR1D1 was activated in primary mouse and human
macrophages by incubation with SR9009; some of the cells were also incubated with an NLRP3 inhibitor
or inhibitors of caspase 1. Nr1d1~- mice and control mice were given intraperitoneal injections of LPS

to induce peritoneal inflammation; plasma samples were isolated and levels of cytokines were
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measured. Nrld1--mice, control mice, and control mice given injections of SR9009 were given LPS
and galactosamine to induce fulminant hepatitis and MCC950 to specifically inhibit NLRP3; plasma was
collected to measure cytokines and a marker of liver failure (ALAT); liver tissues were collected and
analyzed by quantitative PCR, immunohistochemistry, and flow cytometry.

Results: In peritoneal macrophages, expression of NLRP3 and activation of its complex varied with
time of day (circadian rhythm)—this regulation required NR1D1. Primary macrophages from Nrild1--
mice and human macrophages with knockdown of NR1D1 had altered expression patterns of NLRP3,
compared to macrophages that expressed NR1D1, and altered patterns of IL1B and 1L18 production.
Mice with disruption of Nrld1l developed more-severe acute peritoneal inflammation and fulminant
hepatitis than control mice. Incubation of macrophage with the NR1D1 activator SR9009 reduced
expression of NLRP3 and secretion of cytokines. Mice given SR9009 developed less-severe liver failure
and had longer survival times than mice given saline (control).

Conclusions: In studies of Nrld1- mice and human macrophages with pharmacologic activation of
NR1D1, we found NR1D1 to regulate the timing of NLRP3 expression and production of inflammatory
cytokines by macrophages. Activation of NR1D1 reduced the severity of peritoneal inflammation and

fulminant hepatitis in mice.

KEY WORDS: immune regulation; biological clock; acute liver failure; rev-erb-alpha; DAMPs

Introduction

Fulminant hepatitis (FH) is a life-threatening pathological condition characterized by a fast evolving
hepatic dysfunction associated with encephalopathy and coagulopathy®. FH is triggered by numerous
etiological factors such as viral infection, absorption of toxic compounds, metabolic and genetic
diseases!. However, the overdose of drugs such as acetaminophen is still the main cause of FH.
Acetaminophen accumulation leads to P450-mediated overproduction of toxic metabolites provoking
oxidative stress, mitochondrial membrane potential loss and hepatocellular death. This entrains the
secretion of Danger-Associated Molecular Pattern (DAMPSs) and activation of the innate immune system,
leading to secretion of a large number of pro-inflammatory mediators?. So far, no specific treatment is
available apart from liver transplantation, pleading for an urgent need to identify pharmacological targets

and to uncover the underlying mechanisms.



Organisms rely on a well-conserved molecular clockwork in order to anticipate changes imposed by the
rotation of the Earth and gate physiological processes to the most appropriate time window?. Immune
functions vary according to the time-of-day, and clock disruption leads to inflammatory diseases®®.
Indeed, mounting evidences argue for the existence of a circadian rhythmicity in several immune
functions including trafficking and abundance of blood leukocytes, and their recruitment to tissues® 69,
although the underlying mechanisms are not elucidated yet. The importance of appropriate timing of the
immune response is supported by the more severe response to endotoxin, i.e. increased macrophage
cytokine production and increased mortality, upon clock dysfunction during chronic jetlag?®.

The biological clock is a complex network of transcription factors and interlocked transcriptional
feedback loops that orchestrate circadian rhythms of various physiological processes? 3. Clock
dysfunction is associated with the development of metabolic and cardio-vascular disorders as well as
cancers, and, as described above, immune defects, underscoring its central role in behaviour and
physiology. Among the core clock components, the ligand-activated nuclear receptor and transcriptional
repressor NR1D1 participates in the circadian control of hepatic glucose, lipid and bile acid
metabolism1-16, muscle mitochondrial activity!” and body temperature!®. Lymphoid organs and immune
cells such as macrophages harbour an intrinsic clockwork that drives circadian transcription of genes
involved, for instance, in interleukin (IL) secretion and the Toll-like Receptor (TLR)-4 inflammatory
pathway, leading to marked circadian variations in the response to endotoxin or bacterial challenge!®-21,
Interestingly, NR1D1 has previously been linked to the immune system as it represses TLR4 and Cx3crl
expression in macrophages?? 23, In addition, LPS-treated peritoneal macrophages from Nrld1’ mice
display increased Ccl2 (Mcpl) expression, whereas pharmacological activation of NR1D1 represses the
expression and release of IL-620,

The innate immune system recognizes and responds not only to bacterial components but also to non-
infectious, structurally diverse DAMPSs, such as crystals or extracellular ATP2426, mounting an immune
response to clear these factors?’. The NLRP3 inflammasome complex is central to this response and is
activated by a two-step mechanism. NIrp3 gene expression is first primed by pro-inflammatory stimuli
such as LPS or Neutrophil Extracellular Traps (NET)?* 26, DAMPs then act as secondary signals to
trigger several pathways activating the NLRP3 inflammasome including ATP-activated potassium efflux,
translocation to mitochondria, reactive oxygen species production and release of mitochondrial DNA,

cardiolipin and crystal-activated lysosomal cathepsins?#+ 25 28-31, Upon activation by infection or cellular



stresses, the NLRP3 inflammasome complex elicits the maturation of the pro-inflammatory cytokines
IL1B and IL1832. Importantly, deregulation of NLRP3 participates in the development of IL18 and IL1B-
driven auto-inflammatory diseases including atherosclerosis, gout and rheumatoid arthritis where
accumulation of crystals of cholesterol, uric acid or hydroxyapatite is perceived as an endogenous sterile
stress?4 3336 calling for therapeutic strategies to modulate inflammasome signaling. In addition, NLRP3
expression is increased in viral and drug-induced fulminant hepatitis, although its actual role in these
pathological conditions is still underinvestigated3”- 38, Although the precise regulation of the NLRP3
inflammasome complex is of utmost importance in innate inflammation, whether it is controlled by the
biological clock has not yet been demonstrated.

Here, we show that susceptibility to LPS/Galactosamine-induced fulminant hepatitis depends on the
time of challenge in mice. Interestingly, we demonstrate that expression and activation of the NLRP3
inflammasome pathway oscillate in a daily manner under the direct control of NR1D1 in primary mouse
and human macrophages. Macrophages from Nrld1-- mice or human macrophages in which Nr1d1 has
been silenced mature and secrete higher amount of IL1B and IL18 in a NLRP3-dependent manner in
response to DAMPs. The patho-physiological relevance of these observations has been tested in vivo.
We demonstrate that the inflammasome is activated during peritonitis and acute hepatic liver failure.
Furthermore, NR1D1 deletion results in a higher NLRP3 inflammasome pathway activation, leading to
exacerbated peritonitis and fulminant hepatitis, whereas pharmacological NR1D1 activation attenuates
leucocyte infiltration, inflammasome activation, and liver injury thereby delaying death and improving
the rate of survival from fulminant hepatitis. Collectively, these data identify NR1D1 as a
pharmacological target for NLRP3-dependent inflammatory disorders and in particular in the context of

acute fulminant hepatitis.

EXPERIMENTAL PROCEDURES

See the supplementary Materials and Methods section

Results
Diurnal variations in the rate and duration of survival after fulminant hepatitis induction
Fulminant hepatitis is an acute liver injury resulting from massive hepatocyte apoptosis, hemorrhagic

necrosis and inflammation. Low doses of LPS in combination with the specific hepatotoxic agent D-



galactosamine (GalN) promote specific liver injury in mice and induce the production of inflammatory
cytokines (TNF-q, IL1B and IL-6)%° thus recapitulating the clinical picture of acute liver injury in humans®°,
For these reasons, the LPS/GalN-induced hepatic injury is a widely used mouse model to understand
fulminant hepatitis and its pharmacological treatment3®-4l. Because the clock machinery controls the
circadian behavior of the immune system, we hypothesized that the outcome of fulminant hepatitis may
depend on the time of hepatitis induction. Mice were thus challenged with LPS/Galactosamine every 4
hours and their survival duration and rate was monitored for 48 hours. Strikingly, we demonstrate that
death occurs after only 5 hours for all mice challenged with LPS/GalN at ZT16 while the survival duration
of mice injected at ZT20 or ZTO increases up to 8.5 hours with a survival rate reaching 40% (Figure 1A-
B). Thus, mice display dramatic daily differences in their susceptibility to LPS/GalN-induced fulminant
hepatitis, indicating a role of the circadian clock therein. We then searched for the oscillating pathways

involved in these inflammatory processes®%-42,

The NLRP3 inflammasome pathway displays circadian rhythmicity

Because the NLRP3 inflammasome pathway is the central sensor of DAMPs released from necrotic
tissues and may therefore play an essential role in fulminant hepatitis pathophysiology, we next
determined whether NIrp3, 118 and 1118 gene expression as well as cytokine levels vary during the
course of the day in macrophages isolated every 4 hours from the peritoneum of non-stimulated mice.
Analysis of MRNA levels from CD11b* peritoneal exudate cells (PECs) reveals that Nirp3, 1118, 118 gene
expression display strong daily variations with a minimum expression peak (nadir) at ZT4-8 and a
maximum expression level (zenith) at ZT16-20 (Figure 1C-E and supplementary Figure 1). Accordingly,
IL1B and IL18 secretion also shows cyclic variations in vivo (Figure 1F-G and Supplementary Figure 1).
Accordingly, similar oscillations were observed in synchronized mouse bone marrow-derived
macrophages (BMDM) (Supplementary Figure 2A-E and Supplementary Figure 1) and human

monocyte-derived macrophages (hMDM) (Supplementary Figure 2F-J and Supplementary Figure 1).

NR1D1 governs circadian rhythmicity of the NLRP3 inflammasome pathway
Interestingly, NIrp3 gene expression is maximal at the time Nrldl1 reaches a nadir (ZT20) (Figure 1C vs
H, Supplementary Figure 1A vs D and Supplementary Figure 2F vs I). Thus, we wondered whether the

rhythmicity observed in NLRP3 inflammasome expression and IL1B and IL18 expression and secretion



is under the direct control of NR1D1. Analysis of Nrid1’- PECs and synchronized BMDM revealed an
altered rhythmicity of NIrp3 expression compared to the one in Nr1d1** PECs and synchronized BMDM
(Figure 1C and Supplementary Figure 2D), demonstrating that NR1D1 is essential to drive circadian
NIrp3 gene expression. Accordingly, oscillations in 1118 and 1118 mRNA levels were blunted or phase-
shifted in Nrldl’” PECs and synchronized BMDM compared to Nrld1** cells (Figure 1D-E and
Supplementary Figure 2E). Bmall (Arntl) was measured as a control for NR1D1 activity (Supplementary
Figure 2C, H). The secretion of IL1B and IL18, which is rhythmic in Nr1d1** mice (Figure 1F-G), was
found phase-delayed in Nr1d1” mice. Collectively, our data demonstrate that NR1D1 drives circadian

NIrp3 expression and ensuing rhythmic IL1B and IL18 secretion.

NR1D1 directly regulates NIrp3 gene expression and activation in macrophages

NLRP3 expression is enhanced by exposure to pathogens and is activated by specific, structurally
diverse molecular patterns associated to danger such as, for instance, extracellular ATP released by
injured cells, the presence of microbial toxins including nigericin or accumulated crystals (eg cholesterol,
alum)24. 25, We thus investigated whether NR1D1 directly controls NLRP3 expression and activation in
human MDMs and mouse primary bone marrow-derived macrophages (BMDMs) after LPS priming.
NIrp3 mRNA levels were significantly higher in LPS-primed mouse and human macrophages in absence
of Nr1d1 (Figure 2A-B). Interestingly, analysis of ChlPseq and 5’GROseq data from RAW?264.7 cells??
indicated that NR1D1 occupies two sites located at -0.2 and -1.2 kb from the transcription start site
(TSS), and inhibits de novo transcription from the -1.2 kb site (Supplementary Figure 3A). ChIP
experiments showed that NR1D1 occupies these two sites also in wild-type BMDMs as well as two
additional response elements at -4.4 and -4.2kb identified by in silico analysis (Figure 2C). Consistent
with an active repression of these sites by NR1D1, we observed an increase of H3K27me3, a histone
mark associated with a transcriptional repression*3, in wild-type compared to Nrld1-deficient BMDMs
(Figure 2D). Interestingly, the lack of a functional DNA binding domain in NR1D1 mimics the effect of
Nrldl deficiency on NIrp3 mRNA levels in LPS-treated BMDM (Figure 2E), thus emphasizing the
importance of the direct binding of NR1D1 to DNA in this regulatory mechanism. Interestingly, 1 hour-
LPS treatment strongly decreased NR1D1 binding to these sites, likely allowing a de-repression of the
NLRP3 pathway in response to inflammatory stimuli, when a full response is needed to restore

homeostasis (Figure 2C). Accordingly, short exposure to LPS increased Nirp3, 1118 and 1118 mRNA



expression but did not alter neither Nr1d1 nor Nr1d2 mRNA levels (Supplementary Figure 3B-F), thus
suggesting that LPS priming triggers NR1D1 removal from its response elements without affecting its
expression. However, prolonged exposure to LPS decreases Nrldl and Nrld2 gene expression
(Supplementary Figure 4A-B and Supplementary Figure 4E-F) but does not change their phase in
synchronised BMDMs (data not shown). It is thus likely that both phenomena concur in vivo. In addition,
NIrp3 protein levels were higher in BMDMs from Nrld1l” mice (Figure 2F and Supplementary Figure
3G-H). Upon activation by DAMPs, the NLRP3 protein associates with the Apoptosis-associated Speck-
like protein containing a Caspase recruitment domain protein (ASC) to form ASC specks*4, a hallmark
of cellular activation of the NLRP3 inflammasome. Nrld1-deficiency led to a marked elevation of the
number of cells displaying ASC specks upon ATP or nigericin activation (Figure 2G-H), indicating that
NR1D1 regulates NLRP3 inflammasome complex formation. These findings implicate NR1D1 as a
negative regulator of NLRP3 expression and activation in vitro. Furthermore, NR1D2 knock-down did
not affect NlIrp3 mRNA levels in BMDM (Figure 21 and Supplementary Figure 4A-B), but enhanced
NLRP3 as well as IL18 and IL18 expression in LPS-primed human MDMs (Supplementary Figure 4C-
F) suggesting that the Nr1d2 isotype is not involved in this process in mouse macrophages, but displays
redundant, and not synergistic, activity with NR1D1 in human macrophages. Finally, NR1D1 deletion
did not affect other inflammasomes such as AIM2 (Supplementary Figure 5A), or AIM2-mediated IL1B
and IL18 maturation and secretion in LPS-primed BMDM challenged with the AIM2 activator poly(dA:dT)

(Supplementary Figure 5B-C).

NR1D1 controls NLRP3-dependent maturation and secretion of IL1B and IL18 in a Caspase-1-
dependent manner

The NLRP3 inflammasome complex regulates IL18 and IL1B processing and secretion at the post-
transcriptional level through the oligomerization and auto-cleavage of an inactive p45 pro-Caspase-1
precursor into active p20 and p10 Caspase-1 subunits responsible for the subsequent maturation of
IL1B and IL18%4 2544, Nr1d1 deficiency did not affect caspl gene expression (Supplementary figure 6A)
nor p45 protein amount (Figure 3A-B, Supplementary Figure 6B-C), but enhanced Caspase-1
maturation in LPS-primed BMDMs that were either unstimulated or ATP-stimulated to activate the
NLRP3 inflammasome (Figure 3A and Supplementary Figure 6D). Consistently, NR1D1 knockdown in

human MDMs (Supplementary Figure 7A) and NR1D1 deletion in BMDMs (Figure 3C and



supplementary Figure 7B) increased IL1B secretion after LPS priming and activation with ATP. Similarly,
IL18 secretion in culture medium from activated macrophages was increased (Figure 3D and
supplementary Figure 7C). In addition, NR1D1 activation by its natural ligand heminlé decreased LPS-
primed ATP-stimulated IL1B and IL18 secretion (Figure 3E-F and Supplementary Figure 8A) in BMDMs
and human MDMs. Although IL1B and IL18 may be processed by other caspases such as Caspase-8
or Caspase-114+ 45, the increase in IL1B and IL18 secretion in Nrld1l’” BMDMs is Caspase-1 and
NLRP3-dependent, since it was abolished by Caspase-1 inhibition (Figure 3C-D and supplementary
Figure 9A-B) and NIrp3 silencing (Figure 3G-H). Accordingly, addition of MCC950, a specific NLRP3
inhibitor*é, blunted the effect of NR1D1 activation by hemin on IL1B and IL18 secretion (Figure 3E-F).
Altogether, these results demonstrate that NR1D1 regulates macrophage IL1B and IL18 maturation and

secretion in a NLRP3-dependent manner in vitro.

NR1D1 also regulates 1116 and 1118 at the gene expression level

In addition to its role on NLRP3-dependent IL18 and IL1B maturation, we also assessed whether NR1D1
regulates 1118 and I118 expression at the transcriptional level in primary macrophages. Nrld1-deficiency
in BMDMs or siRNA-mediated NR1D1 knockdown in human MDMs led to higher IL1B and IL18 mRNA
and protein levels after LPS priming (Figure 4A-D and Supplementary Figure 9C). ChIPseq and 5’GRO-
seq data analysis from NR1D1-overexpressing RAW?264.7 macrophages?? indicate that NR1D1 binds
to the 1118 promoter and inhibits its de novo transcription (Supplementary Figure 10). ChlP-gPCR
analysis demonstrated that endogenous NR1D1 binds to the 118 promoter also in BMDMs, thus showing
that NR1D1 directly regulates 1l18 expression (Figure 4E). In addition, impairment of NR1D1 direct DNA
binding enhances 1I18 gene expression (Figure 4F), which, together with the ChIP experiment results,
suggests that NR1D1 directly inhibits 1118 gene transcription. Finally, NR1D2 knockdown did not affect
[118 gene expression in mouse macrophages (Figure 4G), but enhanced 1118 gene expression in human
MDM (Supplementary Figure 4D) as well as IL1B and IL18 secretion (Supplementary Figure 4G-H).
However, no synergistic effect with Nrld1-deficiency was observed, highlighting the redundant role of

NR1D2 in the regulation of this pathway.

Pharmacological activation of NR1D1 inhibits the NLRP3 inflammasome pathway



Since Nrldl-deficiency enhances the NLRP3 inflammasome pathway, we hypothesized that ligand-
mediated activation of NR1D1 inhibits NLRP3 expression and subsequent maturation of IL1B. Indeed,
pharmacological activation of NR1D1 with SR9009%> down-regulated NIrp3 gene expression in LPS-
primed BMDMs (Figure 5A) and lowered NLRP3 protein amount (Figure 5B, Supplementary Figure 8B).
Similar effects were observed in SR9009- and hemin-stimulated human MDMs (Figure 5C and
Supplementary Figure 8C). In addition, SR9009- and hemin-activation of NR1D1 decreased II18 and
118 mRNA levels (Figure 5D-F, Supplementary Figure 8D-E), as well as IL1B and IL18 protein amount,
maturation and secretion (Figures 3E-F, 5G-J) in BMDMs and human MDMs. Altogether, these results
emphasize the pharmacological potential of NR1D1 to control the inflammasome and pro-inflammatory

pathways in innate immune cells.

NR1D1 attenuates NLRP3-mediated inflammation in acute peritonitis

We next determined whether NR1D1 regulates the NLRP3 inflammasome in vivo in an acute model of
sterile peritoneal inflammation. Mice were pre-treated or not with the NLRP3 inhibitor MCC950, and
challenged by intraperitoneal administration of LPS and alum to specifically activate the NLRP3
signaling pathway#’. IL1B in the peritoneum and IL1B and IL18 plasma levels were higher in Nr1d1*
compared to Nrld1** mice, especially upon LPS-priming and alum activation of NLRP3 (Figure 6A-C).
Remarkably, this effect was totally abolished in presence of MCC950 (Figure 6A-C).

In response to infection or injection of LPS, macrophage cytokine secretion displays a circadian pattern
with a higher response toward the end of the light phase compared to ZT08 20. Accordingly, IL1B and
IL18 secretion displayed daily variations in peritoneal exudates isolated from mice intraperitoneally
challenged with LPS every 6 hours (Figure 6D-E). Pharmacological activation of NR1D1 with SR10067
decreased IL1B and IL18 secretion in LPS-injected mice around the clock and reduced the time-of-day
variations in LPS-stimulated cytokine secretion (Figure 6D-E) indicating that NR1D1 activation
normalizes the daily fluctuations of the NLRP3 inflammasome pathway in conditions of an
overstimulated inflammatory response. In addition, the higher IL1B secretion observed in LPS/Alum
challenged Nrld1’ mice sacrificed at ZT8 was completely blunted when the peritonitis was induced 12-
hour apart in mice that were sacrificed at ZT20 (Figure 6F), ie. when NR1D1 is nearly absent (Figure

6G), consistent with the concept that NR1D1 regulates the NLRP3 inflammasome pathway in a circadian
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manner. Altogether these data indicate that NR1D1 inhibits peritonitis through its action on the NLRP3

inflammasome in vivo.

NR1D1 prevents NLRP3-mediated fulminant hepatitis

Interestingly, the NLRP3 inflammasome is enhanced in MHV-3-induced viral fulminant hepatitis®’, and
in LPS/GalN-induced acute liver failure®. In addition, low doses of LPS in combination with GalN
increase NLRP3 protein and Caspasel activity3® 42, Therefore, we tested whether NR1D1 may
ameliorate acute liver failure using this experimental setting®®.

Strikingly, liver damage was strongly increased in LPS/GalN-injected Nrldl” mice compared to
littermate controls, while NLRP3 inhibition by MCC950 treatment protected Nrid1l” mice from liver
failure (Figure 7A-B). NR1D1 deletion induced hepatic F4/80 and Ccl2 gene expression suggesting
enhanced macrophage infiltration (Figure 7C and Supplementary Figure 11A). Finally, the induction of
caspase 1 activity (Figure 7D), liver NIrp3 and 1I18 gene expression and IL1B secretion (Figure 7E-F,
Supplementary Figure 11B) by LPS/GalN treatment, was further enhanced upon Nrldl-deficiency.
TNFa is enhanced in fulminant hepatitis and plays an important role in the regulation of innate
inflammatory responses. We thus verified whether the TNFa pathway alters the Nrldl-mediated
regulation of the NLRP3 inflammasome pathway. As expected, hepatic TNFa gene expression was
increased in LPS/GalN-challenged mice. However, it was not affected by NR1D1 deletion
(Supplementary Figure 11C). In addition, although TNFa treatment enhances 1118 and NIrp3 gene
expression in BMDM, Nrld1-deficiency did not affect the effect of TNFa on this pathway (Supplementary
Figure 11D-E). We next assessed whether NR1D1 activation can inhibit fulminant hepatitis. As
expected, control mice died 6.5 hours after LPS/GalN injection at ZT2 and ~90% were dead by 9 hours.
Strikingly, SR9009-treated mice lived longer compared to vehicle-treated mice and the majority of mice
survived from fulminant hepatitis (~70% survival rate of SR9009 pre-treated mice) (Figure 7G). The
increased survival rate upon SR9009 treatment was associated with decreased LPS/GalN-induced
hepatic hemorrhage (Supplementary Figure 11F). SR9009 pre-treatment strongly decreased the
induction of ALAT, a marker of hepatic dysfunction, by LPS/GalN (Figure 7H) and improved liver
appearance (Supplementary Figure 11G). In addition, SR9009 prevented the increase of hepatic F4/80
(Figure 71) and Ccl2 (Supplementary Figure 111) gene expression, Caspase 1 activity (Figure 7J),

hepatic NIrp3 and II18 gene expression (Figure 7K-L) and IL1B blood levels (Supplementary figure 11H)
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after LPS/GalN injection. It is noteworthy that co-treatment with MCC950 and SR9009 resulted in similar,
but not additive, effects on ALAT activity and inflammasome pathway gene expression compared to
treatment with MCC950 or SR9009 alone, indicating that NLRP3 mediates the effect of NR1D1 on these
parameters (Figure 7 and supplementary Figure 11). In addition, SR9009 treatment did not alter
LPS/GalN-induced Tnfa gene expression in liver (Supplementary Figure 11J). Finally, SR9009, but not
MCC950, decreased the total number of hepatic leucocytes recruited upon LPS/GalN injection
(Supplementary Figure 12A). More precisely, we performed FACS analysis, which demonstrates that
SR9009 impaired the recruitment of infiltrating monocytes and macrophages (Supplementary Figure
12B-E) as well as the hepatic recruitment of neutrophils (Supplementary Figure 12F-G). As expected,
SR9009, but not MCC950, inhibited Nlpr3, 1118 and 1118 gene expression in hepatic F4/80* cells isolated
from LPS-GalN challenged mice (Supplementary Figure 12H-J). Our results indicate that NR1D1
activation improves mice survival during LPS/GalN-induced fulminant hepatitis by decreasing CCL2-
mediated hepatic infiltration of innate immune cells and by inhibiting the activation of the NLRP3

inflammasome pathway.

Discussion

The nuclear receptors NR1D1 and NR1D2 are now considered as core components of the clock
machinery. Indeed, Nrld1-deficiency leads to a circadian period shortening by half-an-hour. Although
this triggers a subtle activity phase shift compared to wild-type mice after one subjective day, this results
in for a dramatic shift after a prolonged period!? 48, Interestingly, whereas NR1D2 deletion alone does
not trigger any effect on the circadian activity in mice, the circadian activity of Nrid1/Nr1d2 mice is
abolished, emphasizing the redundant activity of both nuclear receptors in this context'2. Because their
expression itself displays daily variations, NR1D1 and NR1D2 drive oscillatory expression of their target
genes involved, for instance, in hepatic lipid synthesis and storage!® 12, bile acid synthesis'® and
thermogenesis!®. In addition to its role in the control of metabolism, Nrld1l's circadian pattern has also
an important impact on the daily behavior of the immune system by controlling the circadian variations
in cytokine expression such as MCP-1/CCL2 and IL-6 in mouse macrophages?°. We provide here new
insights on the regulatory role of NR1D1 in circadian immunity in human and mouse primary

macrophages.
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Our results identify NR1D1 as a novel regulator of the NLRP3 inflammasome, driving circadian
rhythmicity in its expression, activation, and ensuing IL1B and IL18 maturation and secretion
(Supplementary Figure 13). We demonstrate that NR1D1 deletion or silencing in primary mouse and
human MDMs results in exacerbated NLRP3-dependent IL1B and IL18 production. Our results further
show that NR1D1 attenuates NLRP3-driven inflammation in vivo in models of acute peritonitis and
fulminant hepatitis and demonstrate that pharmacological NR1D1 activation reduces NLRP3 expression
and IL1B and IL18 production by macrophages, presenting a promising strategy to treat NLRP3-
dependent inflammatory diseases.

Compared to other inflammasomes, NLRP3 is activated by a plethora of signals of different biological
origin such as bacterial, fungal and viral pathogens, pore-forming toxins, crystals, aggregates (B-
amyloid) and DAMPs (ATP)?4. As such, NLRP3 is a key platform centralizing the detection of different
signals to activate pro-inflammatory cytokine maturation and secretion. Because of this central role, a
better understanding of the mechanisms that govern NLRP3 inflammasome activation is an important
step toward the development of novel therapeutic strategies to combat over-activation of the immune
system. Circadian regulation of immunity has been proposed as a mechanism to prepare the organism
for a higher risk of tissue damage and infection during the active phase and as a process to anticipate
the regeneration of the immune system during the resting phase®. Our data demonstrate for the first
time that the molecular clock controls the NLRP3 inflammasome and subsequent cytokine responses in
activated macrophages, hence supporting the idea that the circadian clock not only regulates oscillations
in blood leucocyte trafficking?, but is also involved in the very first step of the immune response such as
pro-inflammatory signal sensing.

The response to pro-inflammatory stimuli such as LPS depends on the time of pro-inflammatory
challenge® 29, In line, our data demonstrate that FH severity depends on the induction time (Figure 1).
Accordingly, treatment of mice at ZT8 leads to a more pronounced secretion of IL1B and IL18 than at
ZT20 (Figure 6), which furthermore is inversely correlated with NR1D1 expression (Figure 1). Since the
enhanced immune response at ZT10-ZT12 is also responsible for a higher risk of septic shock and
death, a well-balanced circadian immunity appears to be essential to preserve immune homeostasis?®.
In this context, it is important that Nr1d1 activity can be modulated by small synthetic molecules*®. Here,
we show that pharmacological activation of NR1D1 has the potential to restrain immune responses at

specific times of the day (Figure 6).
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IL1B secretion has been shown to oscillate diurnally with a peak during the onset of the active
phase®0., Our data obtained on mouse peritoneum corroborate this finding (Figure 1G), and we
additionally show that secretion of IL18, the other IL-1 family member matured by the NLRP3
inflammasome pathway, also displays daily fluctuations in macrophages isolated from the peritoneum
(Figure 1F). According to our data obtained from synchronized isolated human and mouse
macrophages, we suggest that these oscillations are mainly due to the internal clock machinery of
macrophages themselves (Figure 1 and Supplementary Figures 1 and 2). It is noteworthy that despite
the fact that 1118 and 1118 gene expression was not in phase at the transcriptional level (Figure 1D-E),
IL1B and IL18 secretion oscillates with the same peaks and nadirs (Figure 1F-G), suggesting that the
mere regulation of cytokine gene transcription is not sufficient to account for the daily fluctuations of
cytokine levels and that an additional step, namely post-translational modifications and maturation, is
required to modulate this circadian pattern. In our study, NIrp3 expression oscillates around the clock
under the control of NR1D1, supporting the idea that NLRP3 circadian rhythmicity may account for the
daily pattern of IL1B and IL18 secretion.

Although the priming of NIrp3 expression is known as a key step of the inflammatory response®?®: 52,
the transcriptional control of NIrp3 is poorly understood. Here, we demonstrate that Nrld1-deficiency
strongly alters Nirp3, 1118 and 1118 expression in unstimulated, but also in LPS-challenged peritoneal
macrophages and in injured livers from LPS/GalN-treated mice (Figure 1, Figure 7). In addition, NR1D1
controls NLRP3 complex assembly, Caspase-1 maturation of pro-IL1B and pro-IL18 and their secretion
in response to NLRP3 priming and activation in both human and murine primary macrophages. Thus,
NR1D1 acts through a two-pronged mechanism, acting at the transcriptional level to repress Nirp3, 1113
and 1118 gene expression, and by modulating IL1B and IL18 protein maturation and secretion through
the activation of the inflammasome complex and Caspase 1.

Aberrant activation of the NLRP3 inflammasome is implicated in the pathogenesis of numerous
diseases including type 2 diabetes, atherosclerosis, gout, rheumatoid arthritis and kidney diseases?* 3+
36,45 some of which have also been linked to disruption of the clock?. Our study points to NR1D1 as a
plausible link between a dysregulated clock and NLRP3-driven pathologies. Indeed, NR1D1 deletion led
to an exacerbated response to acute inflammation such as sterile peritonitis (Figure 6A-C) and drug-
induced FH (Figure 7) for which no therapy other than liver transplantation is effective at improving

patient survival. Current treatments for NLRP3-dependent diseases include IL-1-targeting strategies®3
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and glyburide®*. We now show that Rev-erb activation protects against acute liver failure and improves
the survival rate in a mouse model of FH (Figure 7, Supplementary Figure 11), identifying NR1D1 as a
novel therapeutic target for the treatment of FH. It is noteworthy that, compared to MCC950 which
inhibits NLRP3, NR1D1 targets not only the NLRP3 inflammasome, but also Ccl2 expression
(Supplementary Figure 12), macrophage infiltration (Figure 7, Supplementary Figure 12) and likely LPS
signalling through TLR4 regulation??, and therefore may lead to a stronger efficiency compared to the
mere inhibition of the NLRP3 pathway and IL-1 maturation by MCC950. In conclusion, NR1D1
represents an interesting target to control the DAMP-mediated NLRP3-dependent inflammatory process

in a circadian manner.
SUPPLEMENTAL INFORMATION

Supplemental information includes Supplemental Experimental Procedures, one table and thirteen

figures.
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FIGURE LEGENDS

Figure 1: NR1D1 controls daily variations in NIrp3 expression and activation, and IL1B and IL18
secretion.

(A) Survival time and (B) Survival rate after FH induction every for 4 hours. Data are means + SEM
(n=4). ***p<0.001 as determined by Log-rank Mantel Cox (A) and Log-rank (B) test. (C) Nirp3, (D) 1118,
(E) 1118 and (H) Nrldl mRNA levels in CD11b* PECs from unstimulated Nri1d1** or Nrld1l’ mice

obtained by peritoneal lavage around the clock (ZT4—ZT4). (F) Secreted IL18 and (G) IL1B in peritoneal
lavages from unstimulated Nr1d1** or Nrld1’ mice around the clock (ZT4—ZT4). Data are means *

SEM (n=4-7). *p<0.05, *p<0.01, **p<0.001 as determined by two-way ANOVA and Bonferroni post-
hoc test to compare Nrld1** and Nrld1”. $<0.05, p<0.01, *p<0.001 as determined by on e-way
ANOVA test to compare Nrid1**. $p<0.05, $$p<0.01, $$$p<0.001 as determined by one-way ANOVA
test to compare Nrldl”. Cosinor analysis is given in Supplementary Figure 1. ZTO: lights on, ZT12:

lights off.
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Figure 2: NR1D1 directly regulates the NLRP3 inflam  masome in macrophages.

NIrp3 mRNA levels in control (CTRL) and LPS-primed (LPS) (A) BMDMs from Nrid1** and Nrld1-’
mice and in (B) MDMs transfected with siRNA against Nr1d1 (siNrld1) or a scrambled siRNA (siCTRL)
(n=3). Data are represented as means + SD. ***p<0.001 as determined by two-way ANOVA followed by
a Bonferroni post-hoc test. (C) ChIP analysis of NR1D1 occupancy to the NIrp3 promoter in control
(Venhicle) or LPS-primed (for 1 hour) BMDMs. The top diagram represents putative Rev-erb Response
Elements (RevRESs) unveiled by Matlinspector promoter analysis. Down, ChIP analysis from one
representative experiment. (D) ChIP analysis of H3K27me3 at the NIrp3 promoter in Nr1d1** and Nr1d1-
- BMDMs. (E) NIrp3 mRNA levels in BMDMs from NrldlFloxed/Floxed:| ygM*+/+ (NrldlFloxed/Floxed) qp
Nr1d1Floxed/Floxed; | ygMCre/+ (Nr1d1PBPmuty mice mice. (F) NLRP3 protein expression in control (CTRL) and
LPS-primed ATP-activated (LPS ATP) BMDMs from Nr1d1** or Nr1d1’ mice (n=3). Top, the western
blot and down, its quantification. ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni
post-hoc test. (G) ASC specks formation and (H) its quantification in LPS-primed BMDMs from Nr1d1**
and Nrldl” mice treated with ATP, Nigericin or vehicle (CTRL). Results are presented as mean
percentage of cells displaying ASC specks + SD. *p<0.05, ***p<0.001 as determined by two-way
ANOVA followed by a Bonferroni post-hoc test. (I) NIrp3 mRNA levels in BMDMs from Nrld1** and
Nr1d1’ mice transfected with SiRNA against Nr1d2 (siNrl1d2) or a scrambled siRNA (siCtrl) (n=3). Data
are represented as means + SD. ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni

post-hoc test.

Figure 3: NR1D1 regulates IL18 and IL1B maturation  and secretion in a NLRP3 inflammasome-
dependent manner.

Caspase-1 protein (sub-unit p10, p20, p35, p45) expression in supernatant (A) or lysate (B) from LPS-
primed (LPS) and ATP-activated (LPS/ATP) or not (/) BMDMs from Nr1d1** (Ra**) and Nr1d1’ (Ra”)
mice (representative of 3 independent experiments). (C) IL1B and (D) IL18 secreted by LPS-primed and
ATP-activated BMDMs isolated from Nrld1** or Nrld1l’ mice that were treated with low dose of
caspase inhibitor z-VAD-fmk (z-VAD-fmk) or not (Vehicle) (n=3). (E) IL1B secreted by LPS-primed and
ATP activated (ATP) or not (CTRL) BMDMs treated with (hemin) or its vehicle (vehicle) and with NLRP3
inhibitor MCC950 or not (Saline) (n=3). (F) IL18 secreted by LPS-primed and ATP-activated (ATP) or

not (CTRL) MDMs treated with (hemin) or its vehicle (vehicle) and with NLRP3 inhibitor MCC950 or not
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(Saline) (n=3). (G) IL1B and (H) IL18 secreted by LPS-primed and ATP-activated BMDMs isolated from
Nr1d1** or Nrld1” mice in which NLRP3 was silenced (siRNA NLRP3) or not (sSiRNA CTRL) (n=3). The
top western blot (G) shows NLRP3 protein silencing. Data are represented as means * SD. ***p<0.001

as determined by two-way ANOVA followed by a Bonferroni post-hoc test.

Figure 4: NR1D1 regulates IL18 and IL1B expression.

(A-D) 1118 (A,B) and 1118 (C,D) mRNA levels in LPS-primed BMDMs isolated from Nrld1** or Nrld1”
mice (A,C) and in LPS-primed human MDMs transfected with siRNA against Nrld1 (siNrldl) or a
scrambled siRNA (siCTRL) (B,D) (n=3). Data are represented as means * SD. **p<0.01, **p<0.001 as
determined by two-way ANOVA followed by a Bonferroni post-hoc test. (E) ChIP analysis of NR1D1
occupancy at the 118 and Arntl promoter (as control) in control (Vehicle) or LPS-primed (for 1 hour)
BMDMs (n=3). The top diagram represents putative Rev-erb Response Elements (RevRES) unveiled by
Matinspector promoter analysis. Data are represented as means * SD. **p<0.01, ***p<0.001 as
determined by an unpaired t-test. 118 mRNA levels in LPS-primed (F) BMDMs isolated from
Nr1d1Floxed/Floxed: | ys\M*++ (Nr1d1Floxed/Floxed) or Ny1d1Floxed/Floxed; |ysMCrel+ (Nr1d1PBPmut) mice mice and (G)
BMDMs from Nrld1** and Nr1d1 mice transfected with SiRNA against Nr1d2 (siNrl1d2) or a scrambled
SiRNA (siCtrl) (n=3). Data are represented as means * SD. **p<0.001 as determined by two-way

ANOVA followed by a Bonferroni post-hoc test.

Figure 5: NR1D1 pharmacological activation inhibits the NLRP3 inflammasome pathway in
primary macrophages.

(A) NIrp3 mRNA levels in LPS-primed (LPS) or not (NT) BMDMs treated with SR9009 (n=3). (B) NLRP3
protein levels in LPS-primed (LPS) or not (/) BMDMs treated with SR9009 or DMSO (representative of
3 independent experiments). (C) NLRP3 and (E) IL18 mRNA levels in LPS-primed human MDMs pre-
treated with SR9009 or not (Vehicle) (n=3). (D) 1118 and (F) 1118 mRNA levels in LPS-primed BMDMs
pre-treated or not with SR9009 (n=3). (G) pro- and matured IL1B protein expression in LPS-primed
BMDM or not (NT) and treated with SR9009 or not (Vhc). (H) IL1B secretion in LPS-primed and ATP-
activated BMDMs pre-treated with SR9009 or not (Vehicle) (n=3) (1) IL1B and (J) IL18 secretion in LPS-
primed and ATP-activated human MDMs pre-treated with SR9009 or not (Vehicle) (n=3). Data are

represented as means + SD. *p<0.001 in LPS vs unstimulated vehicle condition (A); *p<0.05, **p<0.01,
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***n<0.001 as determined by one-way ANOVA (A) or two-way ANOVA (C-F, H-J) followed by a

Bonferroni post-hoc test.

Figure 6: NR1D1 modulates the development of acute  innate inflammation through regulation of
the NLRP3 inflammasome in a peritonitis model.

(A) Secreted IL1B from peritoneal lavage of Nrld1** or Nrld1” mice treated with LPS, LPS + Alum,
LPS + Alum + MCC950 or not (Ctrl) at ZT8 (n=6-12). (B) Plasma IL1B and (C) IL18 from Nr1d1** or
Nrld1’ mice treated as in (A) (n=6-12). (D) Secreted IL1B and (E) IL18 from peritoneal macrophages
isolated around the clock from LPS-stimulated mice treated with SR10067 (Ligand) or vehicle (n=10).
(F) Secreted IL1B from peritoneal lavage at ZT8 and ZT20 of Nr1d1** or Nrld1” mice treated with LPS
+ Alum (n=6-12). Data are represented as means =+ SEM. *p<0.05, **p<0.01, ***p<0.001 as determined
by two-way ANOVA and Bonferroni post-hoc test. (G) NR1D1 protein expression in CD11b* PECs at

ZT8 and ZT20 of Nr1d1** (Ra**) or Nrld1’ (Ra”) mice treated with LPS + Alum (n=6-12).

Figure 7: NR1D1 prevents the development of fulmina  nt hepatitis through regulation of the
NLRP3 inflammasome.

(A-F) Nrild1** or Nrldl” mice were pre-treated with MCC950 or Saline and then intraperitoneally
injected with LPS plus GalN or PBS as control (Ctrl). (A) Representative liver appearance, (B) serum
ALAT activity, (C) liver F4/80 mRNA levels, (D) Caspase-1 activity in tissue sections (FMI: Fluorescence
Mean Intensity) and (E) Nlrp3 and (F) 1118 mRNA levels in liver from each group as described. Data are
represented as means + SEM (n=5-11). *p<0.05, **p<0.01, ***p<0.001 as determined by two-way
ANOVA and Bonferroni post-hoc test. (G-L) C57/BI6 mice were pre-treated with SR9009 or vehicle
and/or MCC950 and then challenged with LPS/GalN or PBS as control (Ctrl) as indicated. (G) Kaplan-
Meier survival curve of mice challenged with LPS/GalN at ZT2 (n=15 per group). ***p<0.0001 as
determined by log rank test. (H) serum ALAT activity, (1) liver F4/80 mRNA levels, (J) Caspase 1 activity
in tissue sections (FMI: Fluorescence Mean Intensity), and (K) Nlrp3 and (L) 1118 mRNA levels in liver
from each group as described. Data are represented as means + SEM (n=5-6) **p<0.01, ***p<0.001 as

determined by two-way ANOVA and Bonferroni post-hoc test.
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SUPPLEMENTARY MATERIAL

SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Mice

The wild-type C57/BI6 8-week old female mice used for pharmacological investigations were
purchased from Charles River (Orléans, France). Nrld1” mice were obtained from B. Vennstrom and
backcrossed for 8 generations with sv129 mice. Nr1d1P8Pmut floxed mice were obtained from the
Institut Cliniqgue de la Souris (lllkirch, France) and characterized elsewhere!. Myeloid-specific

Nr1d1PBPmut mice were generated by breeding C57/BI6 Nr1d1PBPmut ¥l mice with LysMC®e* mice from

the Jackson laboratory (https://www.jax.org/). Mice were housed in a 12:12- light/dark cycle and fed a

chow diet ad libitum. All animal procedures conducted at Lille were approved by the local ethics
committee (CEEA75). Mouse experimentation performed in wild-type mice at Saint Louis University

were approved by the SLU IACUC.



Circadian rhythm

Nrld1’ and Nrld1** mice were sacrificed around the clock every 4 hours (ZTO light on, ZT4, ZT8,
ZT12 light off, ZT16, ZT20 and ZT24). Peritoneal lavage was performed with 1X PBS (DPBS 10X,
14200-067, Gibco, Life Technology) (4 mL) and then cells were recovered by centrifugation at 600xg,
10 min. ELISA for IL1B and IL18 was performed using the supernatant. Exudates were concentrated
using Amicon 3K (Merck Millipore) and CD11b+ peritoneum exudate cells (PECs) were purified using
CD11b magnetic beads according to the manufacturer protocol (130-041-801, Miltenyi biotec). RNA

from CD11b* cells were extracted and analysed as described above.

Bone marrow-derived macrophages (BMDMSs)

Bone marrow hematopoietic stem cells were isolated from tibia and femur of mice. They were cultured
during 1 week in Dulbecco’'s modified eagle medium (DMEM) without phenol red (ref. 31053-028,
Gibco, Life Technology) supplemented with gentamycin (0.4%), L-glutamine (1%) (Sigma-Aldrich,
France), 20% L929-conditioned medium (LCM) containing MCSF and 20% fetal bovine serum (FBS).
If applicable, cells were pretreated overnight either with hemin (H9039, Sigma-Aldrich) (6 umol/L) or
SR9009 (cat 554726, Merck Millipore) (10 pmol/L) and then co-treated with LPS.

For RNA analysis, macrophages were cultured 3 hours with lipopolysaccharide (LPS) (isotype
0111:B4, Sigma-Aldrich) (100 ng/mL) or 3, 6 or 24 hours with recombinant murine TNFa (315-01A,
Peprotech) (50 ng/mL) in DMEM containing 10% FBS. For ELISA, macrophages were first primed with
LPS (500 ng/mL) in DMEM containing 10% FBS during 3 hours and then activated for 2 hours with
ATP pH7 (A2383, Sigma-Aldrich) (5 mmol/L) in optiMEM + Glutamax (reduced serum medium, 51985-
034, Gibco, Life Technology). When applicable, macrophages were treated with MCC950 (CRID3, CP-
456773 sodium salt, P20280, Sigma Aldrich) (100 nmol/L), Z-VAD-fmk (20 pumol/L) or z-YVAD-fmk (20
pumol/L) 30 minutes before ATP treatment. For AIM2 inflammasome, cells were treated with
poly(dA:dT)/LyoVec™ (tIrl-patc, Invivogen) (2 ug/mL) during 24 hours. The supernatants were
collected, cleared by centrifugation, and analysed by ELISA using mouse IL1B (BMS6002TWO,
Platinum ELISA affymetrix, eBioscience) and mouse IL18 (BMS618/3, Platinum ELISA affymetrix,

eBioscience) kits according to the manufacturer’s instructions.

Knockdown of NLRP3 in BMDMs



Experiment were performed as previously described?. Briefly, 2x106 differentiated BMDMs were
electroporated with nlrp3 siRNA or control (CTRL) siRNA (Dharmacon, smartpool) using Nucleofector

V (Lonza).

Knockdown of NR1D2 in BMDMs
Experiment were performed as previously described?. Briefly, 2x106 differentiated BMDMs were
electroporated with rev-erb siRNA or control (CTRL) siRNA (4390817, Ambion by life technologies)

using Nucleofector V (Lonza).

Human monocyte-derived macrophages (MDMs)

Human peripheral blood mononuclear cells were isolated from blood of healthy donors by Ficoll
density gradient centrifugation. After 7 days of culture in RPMI 1646 (31870-025, Gibco, Life
Technology) with gentamycin (40 pg/mL), L-glutamine (2 mmol/L) (Sigma-Aldrich, France), 10% of
human serum and macrophage colony-stimulating factor (MCSF, 30 ng/mL) (216-mc/cf, R&D
Systems), monocytes were differentiated into macrophages. If applicable, cells were pretreated
overnight either with hemin (H9039, Sigma-Aldrich) (6 pmol/L) or SR9009 (cat 554726, Merck
Millipore) (10 pmol/L) and then co-treated with LPS.

For RNA analysis, macrophages were cultured with LPS only (100 ng/mL) (L2654, E. coli 026:B6,
Sigma-Aldrich) in DMEM during 3 hours.

For ELISA, macrophages were first primed 2 hours with LPS (500 ng/mL) in DMEM and then activated
for 1 hour with ATP (A2383, Sigma-Aldrich) (5 mmol/L) in optiMEM + Glutamax (reduced serum
medium, 51985-034, Gibco, Life Technology). Macrophages were treated with MCC950 (CRID3, CP-
456773 sodium salt, P20280, Sigma Aldrich) (100 nmol/L) 30 minutes before ATP treatment. The
supernatants were collected, cleared by centrifugation, and analysed using human IL1B (BMS224/2,
Platinum ELISA affymetrix, eBioscience) and human IL18 (BMS267/2, Platinum ELISA affymetrix,

eBioscience and ultrasensitive kit 7625 from MBL) kits according to the manufacturer’s instructions.

Knockdown of NR1D1 in MDMs



NR1D1 was silenced using a small interferon RNA (SiRNA) against NR1D1 gene NR1D1 (ref:
1027310, Life Technology) (100 nM) in RPMI containing the transfecting Dharmafect 4 (T-2004-03,

Dharmacon) (100 ug/mL).

Knockdown of NR1D2 in MDMs
NR1D2 was silenced using a small interferon RNA (siRNA) against NR1D2 gene NR1D2 (43 90 380,
Ambion by life technologies) (20 nM) in RPMI containing the transfecting Dharmafect 4 (T-2004-03,

Dharmacon) (100 pg/mL).

Synchronized cells

BMDMs or MDMs were synchronized during 2 hours in 50% horse serum. Cells were washed with
their respective pre-warmed medium, and incubated for 24 hours in their respective medium (RPMI
10% human serum for MDMs and DMEM 10% SVF for BMDMs) and stopped every 4 hours from 24h
to 48h after synchronization. Cells were primed with LPS (L2654, E. coli 026:B6, Sigma-Aldrich) (200

ng/mL) for 3 hours before washing and adding TRIzol.

MRNA analysis

RNAs were isolated from cells using Trizol Reagent (Ambion, Life Technology), were reverse
transcribed (4368814, Applied Biosystem) and cDNAs were quantified by quantitative polymerase
chain reaction (#600882, Stratagene) on a MX3005 apparatus (Stratagene) using specific primers
(see table below). Gene expression was normalized to Cyclophilin gene expression and expressed as

described in the figure legends.

Chromatin immunoprecipitation assay (ChlP)
ChIP experiments were performed as previously described? using the anti-NR1D1 (1/50, #13418, Cell
Signaling), the anti-H3K27me3 (1/100, ab6002, Abcam) and normal rabbit IgG (1/250, #2729, Cell

Signaling) antibodies following manufacturer’s instructions.

Protein precipitation



Proteins from conditioned medium were precipitated overnight at 4C using sodium deoxycholate
(0.02%) and trichloroacetate (20%). After centrifugation, protein-containing pellets were washed twice

in acetone and resuspended with 60 pL of Laemmli buffer.

Western Blot

50 pg proteins in Laemmli buffer were separated using 10% PAGE and transferred to PVDF
membranes. After saturation in 5% bovine serum albumin (BSA), membranes were incubated with the
primary antibody directed against NR1D1 (1/1000, Clone 4F6, Abgent), CASP1 (1/1000, Casperl,
Adipogen), NLRP3 (1/1000, Cryo-2, Adipogen), IL1B (1/1000, GTX74034, Genetex), Hsp90 (1/1000,
sc-1616, Santa Cruz) or actin (1/1000, sc-1616, Santa Cruz) in TBS-BSA solution (2.5%). Then,
appropriate HRP-coupled secondary antibody diluted (d1/10000) in 10% skimmed milk (1.15363.0500,

Merck Millipore) were used.

Confocal microscopy

BMDMs were permeabilised with 0.1% Triton-X100 and blocked using UV Block buffer (Microm
Microtech, cat#TA-125-UB). Primary antibodies against IL18 (1/200, cat5180R-100, BioVision),
CASP1 (1/200, 14-9382, ebioscience), or NLRP3 (1/200, ab4207, Abcam) were incubated overnight.
Next, the fluorophore-conjugated secondary antibody (1/500, Alexa antibodies, Thermofischer
Scientific) was added. Nuclei were stained with NucBlue fixed cell stain ready probes reagent (DAPI)
(Thermofischer Scientific, cat#R37606) according to the manufacturer's instructions. Samples were
examined with a LSM880 confocal laser-scanning microscope (Carl Zeiss) and fluorescence intensity

was quantified using Fiji software.

ASC speck analysis

Macrophages were plated in 24-well plates and stimulated with LPS (200 ng/mL) for 4 hours. For the
last 30 min, BMDM were activated with either ATP (5 mM) or nigericin (20 umol/L). BMDM were then
fixed with 4% paraformaldehyde (PFA) (Thermofisher, cat#28908), permeabilised with PBS-Triton-
X100 0.1% and blocked using UV Block buffer. Primary antibodies against ASC (1/500, ADI-905-173,
Adipogen) were incubated overnight, before the fluorophore-conjugated secondary antibody (1/500,

Alexa antibodies, Thermofischer Scientific) was added. Nuclei were stained with NucBlue fixed cell



stain ready probes reagent (DAPI) (Thermofischer Scientific, cat#R37606) according to the
manufacturer's instructions. Samples were examined with a Nikon Ti epifluorescence microscope

(Carl Zeiss) using 40x magnification. ASC specks were then quantified in at least 200 cells.

Peritonitis

Nr1d1’ and Nrld1** male mice were intraperitoneally injected first with the NLRP3 inhibitor MCC950
(CRID3, CP-456773 sodium salt, PZ0280, Sigma Aldrich) (50 mg/kg) or saline. After 30 minutes, mice
received an intraperitoneal injection of LPS (isotype 0111:B4, Sigma-Aldrich) (100 ug or 3.5 mg/Kg). 2
hours later, mice were then injected with alum (prod#77161, Thermo Scientific) (700 ug). Blood was
collected from retro-orbital route and plasma was separated from cellular fraction by centrifugation.
Peritoneal lavages were performed after 4 hours with sterile ice-cold PBS1x (DPBS 10X, 14200-067,
Gibco, Life Technology) (4mL). Samples were concentrated with Amicon 3K (Merck Millipore); plasma

and exudate IL1B and IL18 protein amounts were then quantified by ELISA.

Fulminant hepatitis

To analyse the circadian behaviour of survival rate and time upon LPS/D-Galactosamine injection, 8
week-old C57/BI6 female mice were challenged with intraperitoneal injection of LPS (isotype 0111:B4,
Sigma-Aldrich) (15 ug/kg) and D-Galactosamine hydrochloride (Sigma-Aldrich) (575 mg/kg) every 4
hours (ZTO, ZT4, ZT8, ZT12, ZT16, ZT20 and ZT4) and monitored for their survival duration and rate
every 30 minutes for 48 hours.

To investigate the effect of NR1D1 on fulminant hepatitis parameters, Nrld1/ and Nrld1** male mice
were intraperitoneally injected at ZT1.5 first with the NLRP3 inhibitor MCC950 (CRID3, CP-456773
sodium salt, PZ0280, Sigma Aldrich) (50 mg/kg) or saline. After 30 minutes at ZT2, mice received an
intraperitoneal injection of LPS (isotype 0111:B4, Sigma-Aldrich) (15 pg/kg) and D-Galactosamine
hydrochloride (Sigma-Aldrich) (575 mg/kg). For Rev-erb pharmacological activation experiment with
SR9009, 8-week old C57/BI6 female mice were pretreated with an intraperitoneal injection of the
SR9009 Rev-erb agonist (100 mg/kg) (Merck-Millipore) or 15% cremaphor (Sigma-Aldrich) as vehicle
at ZT11 on the day (day0) preceding the induction of the acute hepatic injury. Then, at dayl, mice
were intraperitoneally co-injected at ZT1.5 with either SR9009 (100 mg/kg) or 15% cremaphor and

with the NLRP3 inhibitor MCC950 (CRID3, CP-456773 sodium salt, PZ0280, Sigma Aldrich) (50



mg/kg) or saline. After 30 minutes at ZT2, mice received an intraperitoneal injection of PBS as control,
or LPS (isotype 0111:B4, Sigma-Aldrich) (15 pg/kg) and D-Galactosamine hydrochloride (Sigma-
Aldrich) (575 mg/kg). To determine the survival rate, mice were monitored every 30 minutes after
LPS/D-GalN injection for 48 hours. In other experiments, mice were sacrificed 5 hours after LPS/D-
GalN administration, blood was collected from retro-orbital route and plasma were separated from
cellular fraction by centrifugation to determine plasma ALAT activity (Thermo-fisher). Livers were
pictured and harvested for further analysis. The median lobe was embedded in cryogenic OCT
medium (NEG50, 6502G, Richard-Allan Scientific) and stored at -80C for further analysis. 10-um
sections were stained with FAM-FLICA according to the manufacturer indications (Immunochemistry
Technologies) and caspase-1 activity was quantified in three different tissue sections of each mouse
with a LSM 880 confocal laser-scanning microscope at a 40x magnification (Carl Zeiss). mMRNAs from
the right posterior lobe were extracted using the Chomczynski and Sacchi methods®. The left lobe was
fixed in formaldehyde 4% and embedded in paraffin. 3-um sections were stained with eosin and

hematoxylin and were visualised using Nikon Eclipse Ti at 20x magnification to evaluate hemorrhage.

Pharmacological treatment experiments

Bone marrow hematopoietic cells were isolated from mice as indicated above. For RNA analysis,
BMDMs were either pre-treated with the SR9009 Rev-erb agonist (10 umol/L) for 12 hours and treated
with LPS (100 ng/mL) for 3 hours or were cultured with LPS (100 ng/mL) in DMEM containing 10%
FBS for 3 hours and treated with SR9009 (10 uM) or vehicle (DMSO) for 12 hours. For protein
analysis and western blotting, BMDM were primed with IFNy (100 ng/mL) and LPS (10 ng/mL) for 12
hours and treated with SR9009 (10 ymol/L) or vehicle (DMSO) for 12 hours. For ELISA, BMDMs were
primed with LPS (100 ng/mL) for 3 hours in DMEM containing 10% FBS, followed by treatment with
Rev-erb agonist SR9009 (10 umol/L) or vehicle (DMSO) for 12 hours. Macrophages were then treated
with MCC950 (100 nM) in optiMEM (reduced serum medium, 31985088, Life Technologies) for 1 hour
and activated with ATP (5 mmol/L) for 2 hours. The supernatants were collected and cleared by
centrifugation. ELISA for mouse IL1B (BMS6002TWO, Platinum ELISA affymetrix, eBioscience) and
mouse IL18 (BMS618/3, Platinum ELISA affymetrix, eBioscience) were performed according to the

manufacturer’s instructions.



For peritonitis experiments, 12 week-old male C57BI/6 mice (n=10 per group) were intraperitoneally
injected with the SR10067 Rev-erb agonist (25 mg/kg) or vehicle at 5 am (ZT23). Mice were then
intraperitoneally injected with LPS one hour after SR10067 injection at ZTO and every six hours after
that at ZT6, ZT12, ZT18. Mice were sacrificed 4 hours after LPS injection (ZT4, ZT10, ZT16, ZT22)
and peritoneal lavage was performed with sterile PBS 1x (10mL). Exudate cells were cultured in
DMEM containing 10% FBS and supernatant were collected after 2 hours (time indicated on the figure
axis). Supernatant were cleared by centrifugation and ELISA was performed according to the
manufacturer’s instructions (SMLBOOC, R&D Systems;7625, R&D Systems). SR9009 and SR10067

were synthesized as previously described* °.

Fluorescence-Activated Cell Sorting (FACS) analysis

8-week old C57/BI6 female mice were pretreated with an intraperitoneal injection of the SR9009 Rev-
erb agonist as described above. The next morning, mice were intraperitoneally co-injected at ZT2 with
either SR9009 (100 mg/kg) or 15% cremaphor and with the NLRP3 inhibitor MCC950 (CRID3, CP-
456773 sodium salt, PZ0280, Sigma Aldrich) (50 mg/kg) or saline. After 30 minutes, mice received an
intraperitoneal injection of PBS as control, or LPS (isotype 0111:B4, Sigma-Aldrich) (15 pg/kg) and D-
Galactosamine hydrochloride (Sigma-Aldrich) (575 mg/kg). 5 hours later, livers were collected,
weighted, minced and digested in RPMI containing collagenase type D (11 088 882, 0.233U/mg,
Roche) (1 mg/mL) during 20 minutes at 37<C while th oroughly agitated. After adding EDTA (2 mM),
livers were mechanically homogenised using a 21G needle and a 70 um cell strainer. Cellular fraction
was then washed using PBS + BSA 0.5%. Liver homogenates were resuspended in an 40% Percoll™
(17-0891-01, density 1.129 g/mL, GE Healthcare) and loaded on a 80% Percoll™ phase. After
centrifugation, the cell ring was harvested and washed. The red blood cells were eliminated by an
incubation in RBC lysis buffer. Cells were filtered through a 40 um cell trainer and counted. Cells were
labelled by the following antibodies (BD and Biolegend), used to identify and quantify immune cells by
FACS (BD LSRFortessa™ X20, BD Bioscience): CD45.2, CCR2, CD115, Ly6C and F4/80. Alived cells

were stained using Zombie UV™ Fixable Viability Kit (423107, BioLegend).

In silico analysis



Retrieval of putative RevRE in sequences of 1118 and NIrp3 promoters has been performed using
Matinspector (Genomatix). Sequencing data (ChlPseq and 5’GROseq) were obtained from Gene

Expression Omnibus (GSE45914) and analyzed with Integrated Genome Browser (IGB)S.

Statistical analysis

Statistical analysis was performed on GraphPad Prism software using Student’s t-test for comparisons
between two groups, and one-way or two-way ANOVA with Bonferroni post-hoc multiple comparisons
for assessment of more than two groups and cosinor analysis for circadian experiment. Survival rate
and time were compared by Kaplan-Meier analysis, a log-rank Mantel-Cox and a log-rank test were

performed to analyse the survival time and rate, respectively, as indicated in figure legends.
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SUPPLEMENTARY TABLE 1
gPCR primers and ChIP primers used in this study

h, human; m, mouse

Sense /
Gene name - Sequence
antisense
Forward TCTGACATGGCAGCCATTGT
mil18
Reverse CAGGCCTGACATCTTCTGCAA
Forward GCCACCTTTTGACAGTGATGAG
mil1g
Reverse CCTGAAGCTCTTGTTGATGTGC
Forward ACCCTCAAGTTTTGCCCTTT
mCaspase-1
Reverse GATCCTCCAGCAGCAACTTC
Forward CCCTTGGAGACACAGGACTC
mNLRP3
Reverse GAGGCTGCAGTTGTCTAATTCC
Forward TGGCCTCAGGCTTCCACTATG
mNrldl
Reverse CCGTTGCTTCTCTCTCTTGGG
Forward AGTAGGTGGATGTTCTCAGACTGAGA
mNrld2
Reverse ATGGAGACTTGCTCATAGGACACAC
Forward CCAACCGTGGCTCCAACTTT
mMARNTL
Reverse CTAGGTGCTTGTGCTTGTGT
Forward AGGCAGTGGGAACAAGACAG
mAIM2
Reverse GAAAACTTCCTGACGCCACC
Forward GTCTACTGAACTTCGGGGTGA
mTNFa
Reverse CTCCTCCACTTGGTGGTTTG
Forward GCCAACTCTCACTGAAGCC
mCcl2
Reverse GCTGGTGAATGAGTAGCAGC
Forward CTTTGGCTATGGGCTTCCAGTC
mF4/80
Reverse GCAAGGAGGACAGAGTTTATCGTG
Forward CATGAGTGCTGCTTCGACAT
hNLRP3
Reverse CGACTCCTGAGTCTCCCAAG
Forward GACCTGAGCACCTTCTTTCCCTTC
hiL1B
Reverse GCAGTTCAGTGATCGTACAGGTGC
Forward GCTGAAGATGATGAAAACCTGGA
hiL18
Reverse GAGGCCGATTTCCTTGGTCA
Forward CTGCAAGGGCTTTTTCCGT
hNR1D1
Reverse ATGCGGACGATGGAGCAAT
Forward ACAAGCAAATCGAGTGCACCTG
hNR1D2
Reverse CTCCATAGTGGAATCCTGACGC
Forward TGCCACCAATCCATACACAGAA
hARNTL
Reverse TCCATCTGCTGCCCTGAGA
Cyclophilin Forward GCATACGGGTCCTGGCATCTTGTCC
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Reverse ATGGTGATCTTCTTGCTGGTCTTGC
Forward GGAAAGTAGGTTAGTGGTGCGAC
ChIP arntl
Reverse CAAGTCCGGCGCGGGTAAACAGG
ChIP NLRP3 - Forward TAGGAAGCATGGGGATTGTC
4.4kb Reverse GAACAAAGTGGTGTTATACTGTTCTGA
ChiP NLRP3 - Forward GAGCACTGCCTGTTCTCCA
4.2kb Reverse TGTTCTGAGGAGGAATTGTGC
ChIP NLRP3 - Forward GTTCACGTCTTGAAGCCACA
1.2kb Reverse CCAGATAGCAGCCTTGGGTA
ChiP NLRP3 - Forward ATGCACACAATTCCACCTGA
0.2kb Reverse CAGAGCACCAAGGTGAGGAC
Forward CACGAGTCCTGGTGACTTTG
ChIP NLRP3 TSS
Reverse GAGCCATGGAAGAAAAGTTCC
Forward ATGTCCCTGCCCTGATTGT
ChIP 1118 -4.0kb
Reverse CCAAAGAAATTTGGGGAAGA
Forward GGGGTGTGGCATAGTGATGA
ChIP 118 -2.4kb
Reverse AGTGCCCGTCACCATCCT
Forward GGAAGAGGCTATTGCTACCC
ChIP 1118 -0.15kb
Reverse CCATTTCCACCACGATGAC
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SUPPLEMENTARY FIGURE LEGEND

Supplementary Figure 1: Cosinor analysis of mMRNA an  d cytokine oscillation (A) CD11b* PEC

MRNA (B) CD11b* PEC ELISA (C) synchronised BMDM and (D) synchronised human MDM.

Supplementary Figure 2: Gene expression of the NLRP 3 inflammasome pathway displays

circadian oscillations in synchronized mouse BMDMs and human MDMs. (A) Nrldl, (B) Nrld2,
(C) Arntl, (D) NIrp3 and (E) 1118 mRNA levels in BMDMs from Nrld1** or Nrld1l” mice that were
synchronized in vitro by serum shock. Data are means + SD (n=3). *p<0.05, **p<0.01, **p<0.001 as
determined by two-way ANOVA and Bonferroni post-hoc test to compare Nrld1** or Nrld1” mice.
“<0.01, “p<0.001 as determined by one-way ANOVA to assess variation over time in Nrld1**
cells, and $$$p<0.001 as determined by one-way ANOVA to assess variation over time in Nrldl”
cells, (F) NR1D1, (G) NR1D2, (H) ARNTL, (I) NLRP3 and (J) IL18 mRNA levels in human MDMs that
were synchronized by serum shock . Data are means = SD (n=3). 9<0.05, 9<0.01, “p<0.001 as

determined by one-way ANOVA to assess variation over time in human MDMs

Supplementary Figure 3: NR1D1 regulates NIrp3 expre  ssion. (A) Analysis of ChlPseq and 5'Gro-
seq data from?® showing that NR1D1 binds to and represses transcription from the Nirp3 promoter in
rev-erba overexpressing RAW264.7 macrophages. (B) Nrld1, (C) Nrld2, (D) NIrp3, (E) 1118 and (F)
118 mRNA levels in BMDMs treated with LPS during 1 hour (LPS 1h) or not (Ctrl) (n=3). **p<0.001 as
determined by unpaired t-test. (G) Quantification of NLRP3 protein expression from NLRP3
immunofluorescence in LPS-primed BMDMs from Nrld1** or Nrldl” mice (n=3). Data are mean

values * SD (at least 150 cells per slide). ***p<0.001 as determined by unpaired two-tailed t-test.

Supplementary Figure 4: Both NR1D1 and NR1D2 regula te the NLRP3 inflammasome pathway

in human MDMs. (A) Nrld1 and (B) Nr1d2 mRNA levels in LPS-primed (LPS) or not (CTRL) BMDMs
from Nrld1** or Nrld1’ mice transfected with siRNA against Nrld2 (siNrld2) or a scrambled siRNA
(siCtrl). (C) NLRP3, (D) IL18, (E) NR1D1, (F) NR1D2 mRNA levels in LPS-primed (LPS) or not (CTRL)
human MDMs and (G) IL1B and (H) IL18 secretion in LPS-primed and ATP-activated (ATP) or not

(CTRL) human MDMs transfected with a SiRNA against Nrldl (siRa) and/or Nrld2 (siRB) or a

12



scrambled siRNA (siCtrl). Data are mean values + SD (n=3). Vs siCtrl **p<0.01, **p<0.001 as
determined by two-way ANOVA followed by a Bonferroni post-hoc test. Vs siRNA Nrld1 siRNA Nrld2

<0.01, “p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test.

Supplementary Figure 5: NR1D1 does not regulate the AIM2 inflammasome. (A) Aim2 mRNA
levels in LPS-primed (LPS) or not (CTRL) BMDMs from Nrld1** or Nrld1l” mice. (B) IL1B and (C)
IL18 secretion in LPS-primed (LPS) or not (/) and activated with ATP (ATP) or Poly(dA:dT) BMDMs
from Nrld1** or Nrld1” mice. Data are mean values = SD (n=3). ***p<0.001 as determined by two-

way ANOVA and Bonferroni post-hoc test.

Supplementary Figure 6: NR1D1 deficiency leads to i  ncreased Caspase-1 maturation, but not

expression, in primary macrophages. (A-B) Caspase-1 (CASP1) mRNA (A) and protein (B) levels
in control (CTRL) or LPS-primed (LPS) BMDMs from Nrld1** or Nrldl” mice (n=3).
Immunofluorescence quantification on at least 150 cells per slide. (C) Total proteins were visualized in
the acrylamide gel after a coomassie blue staining as a loading control for Figure 3Ain BMDM isolated
from Nrld1** (Ra**) and Nrld1l” (Ra’) mice. (D) Western blot guantification of secreted mature
Caspase-1 p20 and p10 protein fragments from Nrld1** or Nrld1l’ mice BMDMs treated with LPS
(CTRL) or with LPS and ATP (ATP). Data are means + SD (n=3). *p<0.05, as determined by two-way

ANOVA and Bonferroni post-hoc test.

Supplementary Figure 7: NR1D1 deficiency increases IL1IB and IL18 secretion in primary

macrophages. (A) IL1B secretion in LPS-primed (LPS) and ATP-activated (LPS ATP) human MDMs
in which Nr1d1 has been silenced (siNrl1d1). (B) IL1B and (C) IL18 secretion in LPS-primed (LPS) and
ATP-activated (LPS ATP) BMDMs from Nrld1** or Nrldl”’ mice. Data are means + SD (n=3).

**p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.

Supplementary Figure 8: NR1D1 pharmacological activ  ation downregulates the NLRP3
inflammasome pathway. (A) IL1B secretion in LPS-primed (LPS) and ATP-activated (LPS ATP)
human MDMs treated with Hemin or not (Vehicle). (B) NLRP3 protein quantification of Fig. 5.B in LPS-

primed (LPS) or not (CTRL) BMDMs treated with SR9009 or DMSO as control. (C) NLRP3 (D) IL18
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and (E) IL18 mRNA levels in LPS-primed (LPS) or not (CTRL) human MDMs treated with Hemin or not
(Vehicle). Data are means + SD (n=3). ***p<0.001 as determined by two-way ANOVA and Bonferroni

post-hoc test.

Supplementary Figure 9: NR1D1 controls IL1B and IL1 8 secretion in a Caspase 1-dependent

manner. (A) IL18 secretion in LPS-primed (CTRL) and ATP-activated (ATP) BMDMSs from Nrild1** or
Nrld1’ mice. (B) IL1B secretion in LPS-primed (CTRL) and ATP-activated (ATP) in human MDMs in
which Nrldl has been silenced (siNrld1l). These samples were treated with a caspase 1 inhibitor Z-
YVAD-fmk or not (Vehicle). Data are means + SD (n=3). **p<0.01, ***p<0.001 as determined by two-
way ANOVA and Bonferroni post-hoc test. (C) Intracellular IL18 protein in LPS-primed BMDMs from
Nrid1** or Nrldl” mice (n=3). Quantification of intracellular 1L18 from 150 cells/slide. Data are

means + SD. ***p<0.001 as determined by unpaired two-tailed student t-test.

Supplementary Figure 10: NR1D1 binds to the il1 B8 promoter and inhibits de novo transcription.
Analysis of ChlPseq and 5'Gro-seq data from Lam et al.2® showing that NR1D1 binds to and represses

transcription from the 1118 promoter in rev-erba-overexpressing RAW264.7 macrophages.

Supplementary Figure 11: NR1D1 prevents the develop  ment of fulminant hepatitis in a NLRP3-

dependent manner. (A) Liver Ccl2 and (C) Tnfa mRNA levels, and (B) secreted IL1B in blood
sampled from Nrld1** and Nrld1l’ mice pre-treated with MCC950 or saline and then injected with
LPS/GalN. Data are means * SEM (n=5-6). *p<0.05, **p<0.01 as determined by two-way ANOVA and
Bonferroni post-hoc test. (D-E) NIrp3 (D) and 1118 mRNA (E) levels in BMDMs from Nrld1** and
Nr1d1’ mice primed with TNFa during 3, 6 or 24 hours. Data are means = SD (n=3). (F) Hemorrhage
area in liver, (G) Representative liver appearance, (H) Secreted IL1B in blood samples, and (1) Liver
Ccl2 and (J) Tnfa and mRNA levels from mice pre-treated with SR9009 or Vehicle and MCC950 or
Saline, and then intraperitoneally challenged with LPS plus D-Galactosamine (GalN). Data are means
+ SEM (n=5-6). Data are means + SEM. *p<0.05, **p<0.01, **p<0.001 as determined by two-way

ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 12: NR1D1 pharmacological acti  vation reduces leukocytes recruitment

to the liver in fulminant hepatitis. C57/Bl6 mice were pre-treated with SR9009/DMSO and/or
MCC950/Vehicle and then challenged with LPS/GalN or PBS as control (Ctrl). Immune cells were
isolated on a percoll gradient, counted and analyzed by FACS analysis. (A) Leukocytes, (B)
monocytes (CCR2*CD115%), (C) infiltrating monocytes (CCR2*Ly6C"ig"), (D) macrophages (F4/80%)
and (E) recruited macrophages (F4/80*CCR2*Ly6Chsh) number per g of liver. (F) Quantification and
(G) Representative neutrophil staining (Ly6G*) on liver sections. Data are means + SEM (n=6).
**p<0.01, **p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test. (H) Nirp3 (I)
118 and (J) 1118 mMRNA levels in F4/80* cells. Data are means + SEM (n=6). *p<0.05, **p<0.01 as

determined by two-way ANOVA and Bonferroni post-hoc test.

Supplementary Figure 13: Scheme depicting how NR1D1 regulates the NLRP3 inflammasome

pathway.
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Figure 1: NR1D1 controls daily variations in Nirp3 expression and activation, and IL1B and IL18

secretion.

(A) Survival time and (B) Survival rate after FH induction every for 4 hours. Data are means + SEM (n=4).

*kk,

p<0.001 as determined by

Log-rank Mantel Cox (A) and Log-rank (B) test. (C) Nirp3, (D) 1l18, (E) ll18 and (H) Nrid1 mRNA levels in CD11b* PECs from
unstimulated Nr1d1++* or Nr1d1- mice obtained by peritoneal lavage around the clock (ZT4—ZT4). (F) Secreted IL18 and (G) IL1B in
peritoneal lavages from unstimulated Nr1d71+* or Nrid1/ mice around the clock (ZT4—ZT4). Data are means + SEM (n=4-7). *p<0.05,
**p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test to compare Nr1d71++and Nr1d1 °p<0.05, °°p<0.01,
°°°p<0.001 as determined by one-way ANOVA test to compare Nrid1++ $p<0.05, $$p<0.01, $$$p<0.001 as determined by one-way
ANOVA test to compare Nr1d1+. Cosinor analysis is given in Supplementary Figure 1. ZTO: lights on, ZT12: lights off.
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Figure 2: NR1D1 directly regulates the NLRP3 inflammasome in macrophages.

Nirp3 mRNA levels in control (CTRL) and LPS-primed (LPS) (A) BMDMs from Nr1d1++ and Nrid17 mice and in (B) MDMs transfected
with siRNA against Nr1d7 (siNrid1) or a scrambled siRNA (siCTRL) (n=3). Data are represented as means + SD. ***p<0.001 as
determined by two-way ANOVA followed by a Bonferroni post-hoc test. (C) ChIP analysis of NR1D1 occupancy to the Nirp3 promoter in
control (Vehicle) or LPS-primed (for 1 hour) BMDMSs. The top diagram represents putative Rev-erb Response Elements (RevREs) unveiled
by Matlnspector promoter analysis. Down, ChIP analysis from one representative experiment. (D) ChIP analysis of H3K27me3 at the
Nirp3 promoter in Nrid1*+ and Nr1d1”- BMDMs. (E) Nirp3 mRNA levels in BMDMs from Nr1d1Floxed/Floxed:| yspf++ (Nr1d1Floxed/Floxed) or
Nir1d1FloxedfFloxed, | yygpfCre/+ (Nr1d10BDmuty mice mice. (F) NLRP3 protein expression in control (CTRL) and LPS-primed ATP-activated (LPS
ATP) BMDMs from Nr1d1++ or Nr1d1# mice (n=3). Top, the western blot and down, its quantification. ***p<0.001 as determined by two-
way ANOVA followed by a Bonferroni post-hoc test. (G) ASC specks formation and (H) its quantification in LPS-primed BMDMs from
Nr1d1++ and Nr1d17 mice treated with ATP, Nigericin or vehicle (CTRL). Results are presented as mean percentage of cells displaying
ASC specks + SD. *p<0.05, ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test. (I) Nirp3 mRNA levels in
BMDMs from Nr1d1+* and Nr1d1” mice transfected with siRNA against Nr1d2 (siNr1d2) or a scrambled siRNA (siCtrl) (n=3). Data are
represented as means + SD. ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test.
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Figure 3: NR1D1 regulates IL18 and IL1B maturation and secretion in a NLRP3 inflammasome-

dependent manner.

Caspase-1 protein (sub-unit p10, p20, p35, p45) expression in supernatant (A) or lysate (B) from LPS-primed (LPS) and ATP-activated
(LPS/ATP) or not (/) BMDMs from Nr1d1++ (Ra**) and Nr1d17 (Ra’) mice (representative of 3 independent experiments). (C) IL1B and
(D) IL18 secreted by LPS-primed and ATP-activated BMDMSs isolated from Nri1d7++ and Nrid17 mice that were treated with low dose of
caspase inhibitor z-VAD-fmk (z-VAD-fmk) or not (Vehicle) (n=3). (E) IL1B secreted by LPS-primed and ATP activated (ATP) or not (CTRL)
BMDMs treated with (hemin) or its vehicle (vehicle) and with NLRP3 inhibitor MCC950 or not (Saline) (n=3). (F) IL18 secreted by LPS-
primed and ATP-activated (ATP) or not (CTRL) MDMs treated with (hemin) or its vehicle (vehicle) and with NLRP3 inhibitor MCC950 or not
(Saline) (n=3). (G) IL1B and (H) IL18 secreted by LPS-primed and ATP-activated BMDMs isolated from Nr1d7++ and Nr1d17 mice in
which NLRP3 was silenced (siRNA NLRP3) or not (siRNA CTRL) (n=3). The top western blot (G) shows NLRP3 protein silencing. Data are
represented as means + SD. ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test.



FIGURE 4
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Figure 4: NR1D1 regulates IL18 and IL1B expression.

(A-D) 1118 (A,B) and /1B (C,D) mRNA levels in LPS-primed BMDMs isolated from Nr1d1*+ or Nr1d17 mice (A,C) and in LPS-primed
human MDMs transfected with siRNA against Nr1d7 (siNr1d1) or a scrambled siRNA (siCTRL) (B,D) (n=3). Data are represented as
means * SD. **p<0.01, ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test. (E) ChlP analysis of NR1D1
occupancy at the //18 and Arntl promoter (as control) in control (Vehicle) or LPS-primed (for 1 hour) BMDMs (n=3). The top diagram
represents putative Rev-erb Response Elements (RevREs) unveiled by Matinspector promoter analysis. Data are represented as means +
SD. **p<0.01, ***p<0.001 as determined by an unpaired t-test. //78 mRNA levels in LPS-primed (F) BMDMs isolated from Nr1d1Floxed/
Floxed: | ysM#+ (Nr1d1Floxed/Floxed) or Nrid1Floxed/Floxed; | ysphCre/+ (Nr1d1PBPmut) mice and (G) BMDMs from Nri1d1** and Nr1di1”- mice
transfected with siRNA against Nr1d2 (siNr1d2) or a scrambled siRNA (siCtrl) (n=3). Data are represented as means + SD. ***p<0.001 as
determined by two-way ANOVA followed by a Bonferroni post-hoc test.



FIGURE 5
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Figure 5: NR1D1 pharmacological activation inhibits the NLRP3 inflammasome pathway in primary

macrophages.

(A) Nirp3 mRNA levels in LPS-primed (LPS) or not (NT) BMDMs treated with SR9009 (n=3). (B) NLRP3 protein levels in LPS-primed
(LPS) or not (/) BMDMs treated with SR9009 or DMSO (representative of 3 independent experiments). (C) NLRP3 and (E) IL138 mRNA
levels in LPS-primed human MDMs pre-treated with SR9009 or not (Vehicle) (n=3). (D) /18 and (F) //18 mRNA levels in LPS-primed
BMDMs pre-treated or not with SR9009 (n=3). (G) pro- and matured IL1B protein expression in LPS-primed BMDM or not (NT) and
treated with SR9009 or not (Vhc). (H) IL1B secretion in LPS-primed and ATP-activated BMDMs pre-treated with SR9009 or not (Vehicle)
(n=8) (I) IL1B and (J) IL18 secretion in LPS-primed and ATP-activated human MDMs pre-treated with SR9009 or not (Vehicle) (n=3). Data
are represented as means + SD. °°°p<0.001 in LPS vs unstimulated vehicle condition (A); *p<0.05, **p<0.01, ***p<0.001 as determined by

one-way ANOVA (A) or two-way ANOVA (C-F, H-J) followed by a Bonferroni post-hoc test.
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FIGURE 6
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Figure 6: NR1D1 modulates the development of acute innate inflammation through regulation of the

NLRP3 inflammasome in a peritonitis model.

(A) Secreted IL1B from peritoneal lavage of Nr1d1+* or Nr1d1- mice treated with LPS, LPS + Alum, LPS + Alum + MCC950 or not (Ctrl) at
ZT8 (n=6-12). (B) Plasma IL1B and (C) IL18 from Nr1d1*+ or Nr1d1/ mice treated as in (A) (n=6-12). (D) Secreted IL1B and (E) IL18 from
peritoneal macrophages isolated around the clock from LPS-stimulated mice treated with SR10067 (Ligand) or vehicle (n=10). (F)
Secreted IL1B from peritoneal lavage at ZT8 and ZT20 of Nr1di1+* or Nr1d17 mice treated with LPS + Alum (n=6-12). Data are
represented as means + SEM. *p<0.05, **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test. (G) NR1D1
protein expression in CD11b* PECs at ZT8 and ZT20 of Nr1d1++* (Ra**) or Nr1d1 (Ra’-) mice treated with LPS + Alum (n=6-12).
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Figure 7: NR1D1 prevents the development of fulminant hepatitis through regulation of the NLRP3

inflammasome.

(A-F) Nr1d1+* or Nr1d17 mice were pre-treated with MCC950 or Saline and then intraperitoneally injected with LPS plus GalN or PBS as
control (Ctrl). (A) Representative liver appearance, (B) serum ALAT activity, (C) liver F4/80 mRNA levels, (D) Caspase 1 activity in tissue
sections (FMI: Fluorescence Mean Intensity) and (E) Nirp3 and (F) //13 mRNA levels in liver from each group as described. Data are
represented as means + SEM (n=5-11). *p<0.05, **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.
(G-L) C57/BI6 mice were pre-treated with SR9009 or vehicle and/or MCC950 and then challenged with LPS/GalN or PBS as control (Ctrl)
as indicated. (G) Kaplan-Meier survival curve of mice challenged with LPS/GalN at ZT2 (n=15 per group). ***p<0.0001 as determined by
log rank test. (H) serum ALAT activity, (I) liver F4/80 mRNA levels, (J) Caspase 1 activity in tissue sections (FMI: Fluorescence Mean
Intensity), and (K) Nirp3 and (L) //718 mRNA levels in liver from each group as described. Data are represented as means + SEM (n=5-6)
**p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.



SUPPLEMENTARY FIGURE 1

A

Supplementary Figure 1: Cosinor analysis of mRNA and cytokine oscillation.

PEC mRNA

PEC ELISA

Synchronised BMDM

Synchronised human MDM

Nrid1+* Nrid1”
MESOR 1.99 (1.21, 2.77) NSR
Nr1d1 Amplitude 2.77 (1.6, 3.94) NSR
Accrophase 9:12 (7:48, 10:42) NSR
MESOR 1.54 (1.34,1.73) NSR
Nirp3 Amplitude 0.946 (0.653, 1.24) NSR
Accrophase 20:26 (19:22, 21:30) NSR
MESOR 1.08 (0.64, 1.52) 0.88 (0.41, 1.35)
g Amplitude 0.31 (0, 0.33) 0.52 (0.15, 1.18)
Accrophase 3:54 (20:31, 11:17) 21:06 (17:10, 2:02)
MESOR 1.86 (1.77, 1.94) NSR
s Amplitude 0.71 (0.6, 0.82) NSR
Accrophase 23:41 (23:02, 0:20) NSR
Nr1d1** Nr1d1”
MESOR 80.8 (65.3, 96.8) 86.6 (69.7, 103)
IL-1b Amplitude 34.9 (15.0, 56.6) 47.4 (20.9, 74.1)
Accrophase 15.1 (13.7, 16.4) 6.85 (5.59, 8.00)
Period (hrs) 13.93 (11.6, 16.3) 11.92 (10.92, 12.91)
MESOR 1104 (1027, 1180) 1099 (1019, 1180)
IL18 Amplitude 138.8 (41.1, 247.6) 257.3 (129.9, 384.8)
Accrophase 14.45 (12.95,16.5) 18.94 (18.1, 19.8)
Period (hrs) 12.76 (10.87, 16.5) 11.98 (11.1, 12.8)
Nr1d1** Nr1d1”
MESOR 0.81 (0.7, 0.92) NSR
Nr1d1 Amplitude 0.48 (0.32, 0.64)
Accrophase 19:58 (18:46, 21:10)
MESOR 0.78 (0.71, 0.85) 0.9 (0.82, 0.98)
Nr1d2 Amplitude 0.27 (0.16, 0.37) 0.27 (0.15, 0.39)
Accrophase 20:47 (19:17, 22:16) 21:11 (19:32, 22:51)
MESOR 1.49 (1.26, 1.70) 2.18 (2.05, 2.32)
Nirp3 Amplitude 0.21 (-0.02, 0.40) 0.3 (0.1,0.51)
Accrophase 8:30 (4:44, 13:12) 5:58 (3:44, 8:13)
MESOR 1.1 (1.07, 1.21) 1.4 (1.32, 1.48)
Armntl Amplitude 0.45 (0.34, 0.54) 0.1916 (0.09, 0.30)
Accrophase 6:58 (6:07, 7:52) 12:08 (9:51, 14:35)
MESOR 0.88 (0.77, 0.99) NSR
118 Amplitude 0.26 (0.09, 0.43)
Accrophase 6:55 (4:38, 9:21)
R? for model
MESOR 1.07 (0.86, 1.28) 0,6393
NR1D1 Amplitude 0.36 (0.08, 0.63)
Accrophase 1:29 (23:15, 4:43)
MESOR 2.11 (1.68, 2.53) 0,883
NR1D2 Amplitude 1.97 (1.35, 2.59)
Accrophase 16:42 (15:36, 17:47)
MESOR 1.02 (0.79, 1.25) 0,5176
NLRP3 Amplitude 0.53 (-0.09, 1.15)
Accrophase 22:22 (17:32, 3:13)
MESOR 0.95 (0.86, 1.04) 0,298
ARNTL Amplitude 0.14 (0, 0.27)
Accrophase 8:41 (4:57, 13:58)
MESOR 2.61 (2.24, 2.99) 0,3459
IL18 Amplitude 0.65 (0.19, 1.13)
Accrophase 10:55 (7:43, 14:42)

(A) CD11b* PEC mRNA (B) CD11b* PEC ELISA (C) synchronised BMDM and (D) synchronised human MDM.
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Supplementary Figure 2: Gene expression of the NLRP3 inflammasome pathway displays circadian
oscillations in synchronized mouse BMDMs and human MDMs.

(A) Nr1d1, (B) Nr1d2, (C) Amtl, (D) Nirp3 and (E) //18 mRNA levels in BMDMs from Nr1d1+* or Nr1d1” mice that were synchronized in
vitro by serum shock. Data are means + SD (n=3). *p<0.05, **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-
hoc test to compare Nr1d1++ or Nr1d1” mice. °°p<0.01, °°°p<0.001 as determined by one-way ANOVA to assess variation over time in
Nr1d1++ cells, and $$$ p<0.001 as determined by one-way ANOVA to assess variation over time in Nr1d1+ cells, (F) NR1D1, (G) NR1D2,
(H) ARNTL, (I) NLRP3 and (J) IL18 mRNA levels in human MDMs that were synchronized by serum shock. Data are means + SD (n=3).
°p<0.05, °°p<0.01, °°°p<0.001 as determined by one-way ANOVA to assess variation over time in human MDMs.
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Supplementary Figure 3: NR1D1 regulates Nirp3 expression.
(A) Analysis of ChlPseq and 5’Gro-seq data from2® showing that NR1D1 binds to and represses transcription from the Nirp3 promoter in
Nr1d1 overexpressing RAW264.7 macrophages. (B) Nr1d1, (C) Nr1d2, (D) Nirp3, (E) II1B8 and (F) /18 mRNA levels in BMDMs treated
with LPS during 1 hour (LPS 1h) or not (Ctrl) (n=3). **p<0.001 as determined by unpaired t-test. (G, H) Quantification of NLRP3 protein
expression from NLRP3 immunofluorescence in LPS-primed BMDMs from Nr1d1++ or Nr1d1- mice (n=3). Data are mean values + SD (at
least 150 cells per slide). ***p<0.001 as determined by unpaired two-tailed t-test.
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Supplementary Figure 4: Both NR1D1 and NR1D2 regulate the NLRP3 inflammasome pathway in

human MDMs.

(A) Nr1d1 and (B) Nr1d2 mRNA levels in LPS-primed (LPS) or not (CTRL) BMDMSs from Nr1d1++ or Nr1d1” mice transfected with siRNA
against Nr1d2 (siNr1d2) or a scrambled siRNA (siCitrl). (C) NLRP3, (D) IL1B, (E) REV-ERBa, (F) NR1D2 mRNA levels in LPS-primed
(LPS) or not (CTRL) human MDMs and (G) IL1B and (H) IL18 secretion in LPS-primed and ATP-activated (ATP) or not (CTRL) human
MDMs transfected with a siRNA against Nr1d1 (siRa) and/or Nr1d2 (siRB) or a scrambled siRNA (siCtrl). Data are mean values + SD
(n=3). Vs siCtrl **p<0.01, ***p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test. Vs siRNA Nr1d1 siRNA
Nr1d2 °°p<0.01, °°°p<0.001 as determined by two-way ANOVA followed by a Bonferroni post-hoc test.
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Supplementary Figure 5: NR1D1 does not regulate the AIM2 inflammasome.

(A) Aim2 mRNA levels in LPS-primed (LPS) or not (CTRL) BMDMs from Nr1d1++ or Nr1d1- mice. (B) IL1B and (C) IL18 secretion in LPS-
primed (LPS) or not (/) and activated with ATP (ATP) or Poly(dA:dT) BMDMs from Nr1d1+* or Nr1d1” mice. Data are mean values + SD
(n=8). ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 6: Nrid1 deficiency leads to increased Caspase-1 maturation, but not
expression, in primary macrophages.

(A-B) Caspase-1 (CASP1) mRNA (A) and protein (B) levels in control (CTRL) or LPS-primed (LPS) BMDMs from Nr1d1++ or Nr1d1”
mice (n=3). Immunofluorescence quantification on at least 150 cells per slide. (C) Total proteins were visualized in the acrylamide gel after
a Coomassie blue staining as a loading control for Figure 3A in BMDM isolated from Nr1d1++ (Ra**) and Nr1d1” (Ra”) mice. (D) Western
blot quantification of secreted mature Caspase-1 p20 and p10 protein fragments from Nri1d1++ or Nr1d1”- mice BMDMs treated with LPS
(CTRL) or with LPS and ATP (ATP). Data are means + SD (n=3). *p<0.05, as determined by two-way ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 7: Nr1d1 deficiency increases IL1B and IL18 secretion in primary macrophages.
(A) IL1B secretion in LPS-primed (LPS) and ATP-activated (LPS ATP) human MDMs in which Nr1d1 has been silenced (siNr1d1). (B) IL1B
and (C) IL18 secretion in LPS-primed (LPS) and ATP-activated (LPS ATP) BMDMs from Nr1d1++ or Nrid17 mice. Data are means + SD
(n=8). **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 8: NR1D1 pharmacological activation downregulates the NLRP3 inflammasome
pathway.

(A) IL1B secretion in LPS-primed (LPS) and ATP-activated (LPS+ATP) human MDMs treated with Hemin or not (Vehicle). (B) NLRP3
protein quantification of Fig. 5B in LPS-primed (LPS) or not (CTRL) BMDMs treated with SR9009 or DMSO as control. (C) NLRP3 (D) IL1B

and (E) IL18 mRNA levels in LPS-primed (LPS) or not (CTRL) human MDMs treated with Hemin or not (Vehicle). Data are means + SD
(n=3). ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 9: NR1D1 controls IL1B and IL18 secretion in a Caspase-1-dependent manner.
(A) IL18 secretion in LPS-primed (CTRL) and ATP-activated (ATP) BMDMSs from Nr1d1++ or Nrid1 mice. (B) IL1B secretion in LPS-
primed (CTRL) and ATP-activated (ATP) in human MDMs in which Nr1d1 has been silenced (siNr1d1). These samples were treated with a
caspase 1 inhibitor Z-YVAD-fmk or not (Vehicle). Data are means + SD (n=3). **p<0.01, ***p<0.001 as determined by two-way ANOVA and
Bonferroni post-hoc test. (C) Intracellular IL18 protein in LPS-primed BMDMs from Nr1d1+* or Nr1d1-- mice (n=3). Quantification of
intracellular IL18 from 150 cells/slide. Data are means + SD. ***p<0.001 as determined by unpaired two-tailed student t-test.
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Supplementary Figure 10: NR1D1 binds to the //18 promoter and inhibits de novo transcription.
Analysis of ChlPseq and 5'Gro-seq data from Lam et al.2® showing that NR1D1 binds to and represses transcription from the 1118 promoter
in Nrid1-overexpressing RAW264.7 macrophages.
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Supplementary Figure 11: NR1D1 prevents the development of fulminant hepatitis in a NLRP3-

dependent manner.

(A) Liver Ccl2 and (C) Tnfa mRNA levels, and (B) secreted IL1B in blood sampled from Nr1d71+*and Nr1d1- mice pre-treated with
MCC950 or saline and then injected with LPS/GalN. Data are means + SEM (n=5-6). *p<0.05, **p<0.01 as determined by two-way ANOVA
and Bonferroni post-hoc test. (D-E) Nirp3 (D) and //78 mRNA (E) levels in BMDMs from Nr1d1*+ and Nr1d1- mice primed with TNFa
during 3, 6 or 24 hours. Data are means + SD (n=3). (F) Hemorrhage area in liver, (G) Representative liver appearance, (H) Secreted IL1B
in blood samples, and (l) Liver Ccl2 and (J) Tnfa and mRNA levels from mice pre-treated with SR9009 or Vehicle and MCC950 or Saline,
and then intraperitoneally challenged with LPS plus D-Galactosamine (GalN). Data are means + SEM (n=5-6). Data are means + SEM.
*p<0.05, **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test.
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Supplementary Figure 12: NR1D1 pharmacological activation reduces leukocytes recruitment to the
liver in fulminant hepatitis.

C57/BI6 mice were pre-treated with SR9009/DMSO and/or MCC950/Vehicle and then challenged with LPS/GalN or PBS as control (Ctrl).
Immune cells were isolated on a Percoll gradient, counted and analyzed by Flow cytometry. (A) Leukocytes, (B) monocytes

(CCR2+*CD115%), (C) infiltrating monocytes (CCR2+*Ly6CMigh),

(D) macrophages (F4/80*) and (E) recruited macrophages

(F4/80+*CCR2+Ly6Chie") number per g of liver. (F) Quantification and (G) Representative neutrophil staining (Ly6G*) on liver sections. Data
are means + SEM (n=6). **p<0.01, ***p<0.001 as determined by two-way ANOVA and Bonferroni post-hoc test. (H) Nirp3 (1) /113 and (J)
1118 mRNA levels in F4/80* cells. Data are means + SEM (n=6). *p<0.05, **p<0.01 as determined by two-way ANOVA and Bonferroni post-

hoc test.
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Supplementary Figure 13: Scheme depicting how NR1D1 regulates the NLRP3 inflammasome pathway.



