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Abstract

Acyl-CoA binding protein (ACBP), also known as diazepam-binding inhibitor (DBI), is an
extracellular feedback regulator of autophagy. Here, we report that injection of a monoclonal
antibody neutralizing ACBP/DBI (a-DBI) protects the murine liver against ischemia/reperfusion
damage, intoxication by acetaminophen and concanavalin A, non-alcoholic steatohepatitis caused
by methionine/choline deficient diet, as well as against liver fibrosis induced by bile duct ligation or
carbon tetrachloride. a-DBI downregulated pro-inflammatory and profibrotic genes and upregulated
antioxidant defenses and fatty acid oxidation in the liver. The hepatoprotective effects of a-DBI
were mimicked by the induction of ACBP/DBI-specific autoantibodies, an inducible Acbp/Dbi
knockout or a constitutive Gabrg2F’"" mutation that abolishes ACBP/DBI binding to the GABAa
receptor. Liver protective a-DBI effects were lost when autophagy was pharmacologically blocked
or genetically inhibited by knockout of Atg4db. Of note, a-DBI also reduced myocardium infarction
and lung fibrosis, supporting the contention that it mediates broad organ-protective effects against
multiple insults.

Significance Statement

Pharmacological induction of autophagy usually involves small molecules targeting intracellular
signaling cascades. Here, Motifio et al. demonstrate that monoclonal antibody-mediated
neutralization of an extracellular inhibitor of autophagy, ACBP/DBI, stimulates cytoprotective
autophagy, hence inhibiting cell loss, inflammation and fibrosis in various disease models affecting
liver, lung and myocardium. Extracellular ACBP/DBI acts as an autophagy checkpoint on GABAAa

receptors, hence offering a target for a new class of "autophagy checkpoint inhibitors.



Main Text

Introduction

Macroautophagy (hereafter referred to as ‘autophagy’) is a process through which portions of the
cytoplasm are sequestered in autophagosomes, which subsequently fuse with lysosomes for the
enzymatic hydrolysis of the autophagic cargo (1). Although autophagy is often observed in the
context of cell death, it preponderantly subserves cytoprotective functions. Thus, excessive
autophagy leading to cellular demise (‘autophagic cell death’ or ‘autosis’) is a rare phenomenon.
Rather, in most instances, cell stress-induced autophagy delays or avoids cell death by facilitating
cellular adaptation (2—4). This stress-adaptive function of autophagy results from a combination of
factors, including but not limited to (i) the mobilization of macromolecules including proteins, mMRNA,
lipids and glycogen to generate energy-rich metabolites and building blocks for anabolic reactions,
and (ii) the selective removal of damaged cellular structures including aggregates of misfolded
proteins, uncoupled or permeabilized mitochondria, as well as other dysfunctional organelles (4—
6). As a result, cellular fitness is improved in a cell-autonomous fashion. Moreover, the activation
of pro-inflammatory pathways is blunted by autophagy due to the removal of molecules (such as
cytosolic DNA or reactive oxygen species) that may activate endogenous pattern recognition
receptors, as well as due to the downregulation of the downstream signals emanating from such

receptors (2, 7, 8).

Given its preponderant role in the turnover of cytoplasmic structures, experimental inhibition of
autophagy accelerates the time-dependent degeneration of organelles, cells, organs and the entire
organism. Genetic defects that attenuate autophagy can specifically affect distinct organs or cause
multi-organ syndromes (9, 10). Moreover, normal aging and obesity, the most prevalent
pathological condition in humans, are associated with reduced autophagic flux (11). Conversely,
genetic manipulations aiming at inducing autophagy have a broad antiaging effect, as this has been
demonstrated in mice by transgenic overexpression of the essential autophagy gene Atg5 (12) or
by gain-of-function mutation of Beclin 1 (13). Of note, it appears that many lifespan- and
healthspan-extending manipulations, be they nutritional (such as caloric restriction or oral
supplementation with spermidine), pharmacological (such as administration of rapamycin) or
genetic (such as interruption of the insulin/insulin growth factor receptor or removal of tumor
suppressor protein p53, TP53) require autophagy for being efficient (14-19). In view of these rather
broad health-improving effects of autophagy, its induction has been proposed as a general strategy
to combat diseases affecting specific organs including liver (11, 20, 21), heart (22), lung (23) or
kidney (24, 25). As an example, autophagy induction can prevent the development of multiple

hepatic pathologies including but not limited to acetaminophen-induced liver failure (26), non-



alcoholic hepatosteatosis (NASH) (27), liver fibrosis and cirrhosis induced by alcohol or toxins (28),
as well as cholestasis-induced hepatitis (21).

The pharmacological induction of autophagy is typically achieved by drugs acting on intracellular
energy sensors including mechanistic target of rapamycin complex 1 (MTORC1) and E1A-
associated protein (EP300), which must be inhibited to induce autophagy, and sirtuin-1 (SIRT1) or
AMP-activated kinase (AMPK), which must be activated to induce autophagy (19, 29, 30). Other
classes of autophagy inducers disrupt the inhibitory interaction of B-cell lymphoma 2 (BCL2) with
the pro-autophagic lipid kinase complex composed by Beclin-1 and phosphatidylinositol 3-kinase
catalytic subunit type 3 (PIK3C3) (31) or activate the lysosomal calcium channel TRPML1 (32).

Recently, we described an extracellular feedback loop of autophagy that involves the protein acyl
coenzyme A binding protein (ACBP), which is called by diazepam-binding inhibitor (DBI) (10).
Indeed, autophagy is tied to the atypical secretion of this leaderless protein that is predominantly
present in the cytosol of nucleated cells (10, 33). Once released into the extracellular space,
ACBP/DBI then acts on gamma-aminobutyric acid (GABA) receptors to inhibit autophagy via
autocrine, paracrine and neuroendocrine pathways (10, 34). When injected intraperitoneally or
intravenously, a monoclonal antibody (mAb) against ACBP/DBI (dubbed as a-DBI) remarkably
reduced high-fat diet induced adiposity, diabetes and hepatosteatosis, while enhancing autophagy,
lipolysis and (-oxidation and simultaneously reducing appetite (10, 34, 35). These effects were
considered to be on target because they could be mimicked by inducible whole-body knockout of
ACBP/DBI (10). Intrigued by these observations, we decided to investigate the potential of a-DBI
on different organs (liver, heart, lung) damaged by a series of drugs, toxins or ischemic insults.

Here, we report the broad organ-protective, autophagy-dependent effects of a-DBI.



Material and Methods

We used mouse models of cardiac ischemia (induced by ligation of the left anterior descending
coronary artery (LAD) (36), liver ischemia reperfusion (37), NASH induced by a methionine choline-
deficient diet (MCD, as opposed to regular chow diet, RCD), liver fibrosis (induced by bile duct
ligation or CCL4 injections) (38, 39) and lung fibrosis (induced by bleomycin) (40). Data are
expressed as means + SEM. For experimental and statistical details see Supplemental Information.



Results

Hepato- and cardio-protective effects of ACBP/DBI neutralization against acute insults.
Injection of a monoclonal antibody (mAb) neutralizing ACBP/DBI (a-DBI) (2.5 pg/g intraperitoneally,
i.p., 6 and 2 hours before sacrifice) enhances the hepatic lipidation of microtubule-associated
proteins 1A/1B light chain 3B (hereafter referred to as LC3B), a marker of autophagy, giving rise to
the electrophoretically more mobile LC3-Il form (Fig. 1A,B) (41). This effect was further enhanced
by injection of the lysosomal protease inhibitor leupeptin (30 mg/kg i.p. 2 hours before sacrifice),
corroborating the elevated autophagic flux (42) (Fig. 1A,B). Accordingly, a single injection of a-DBI
(2.5 pg/g i.p. 4 hours before sacrifice) induced the formation of autophagic puncta in hepatocytes
from mice expressing a transgene encoding a green fluorescent protein (GFP)-LC3 fusion protein
(41) (Fig. 1C,D). Two injections of a-DBI (Fig. 1E) also reduced the histological signs of
ischemia/reperfusion (congestion, ballooning, necrosis summed up in the Suzuki score) (43) of the
liver (Fig. 1F,G), as well as an increase in the plasma concentrations of the two transaminases
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) (Fig. 1H,l). When a-DBI
injection was combined with hydroxychloroquine (50 mg/kg), a lysomotropic agent that inhibits
autophagy in vivo (44), the hepatoprotective effects of ACBP/DBI neutralization against
ischemia/reperfusion were lost (Fig. 1F-1). Similar hydroxychloroquine-inhibitable, hepatoprotective
effects of a-DBI were obtained in two models of pharmacological hepatotoxicity caused by
acetaminophen (APAP, trade name: paracetamol) and the lectin concanavalin A (ConA) (Fig. S1A).
In both models, a-DBI reduced histological signs of hepatic injury (Fig. S1B,C,F,G), as well as
circulating transaminase levels (Fig. S1D,E,H,l). Importantly, a-DBI also induced signs of
autophagic flux in the myocardium (Fig. 2A,B) including signs of mitophagy, as measured by means
of the fluorescent biosensor Mito-Keima (45) (Fig. 2C,D). Moreover, a-DBI injection (Fig. 2E)
reduced myocardial infarction provoked by ligation of the left coronary artery, and this
cardioprotective effect was lost when the essential autophagy gene Atg7 was floxed and selectively
knocked out in heart by a CRE recombinase specifically expressed in cardiomyocytes (genotype:
aMHC-Cre::Atg7™ (Fig. 2F,G).

In conclusion, mAb-mediated neutralization of ACBP/DBI induces autophagy in the liver and in the
heart and protects hepatocytes and cardiomyocytes against acute damage in an autophagy-

dependent fashion.

NASH-preventive effects of immunological or genetic ACBP/DBI inhibition. ACBP/DBI
neutralization attenuates high-fat diet (HFD)-induced nonalcoholic fatty liver disease (NAFLD) (10).
However, since ACBP/DBI neutralization also reduces HFD-induced obesity (10), it is not clear

whether this liver protective effect is direct or secondary to weight reduction. Here, we investigated
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the effects of ACBP/DBI neutralization on a model of NASH that occurs in the context of weight
loss, as the result of a methionine/choline-deficient diet (MCD; control: regular chow diet, RCD)
(38). NASH features were evaluated after a 4-week course of MCD in mice receiving weekly
injections of a-DBI (control: isotype IgG mAb) or in the context of a tamoxifen-inducible whole-body
knockout of floxed Acbp/Dbi” (genotype: UBC-cre/ERT2::Acbp/Dbi, control: Acbp/Dbi” without
CRE) (Fig. 3A). MCD results in the accumulation of the autophagic substrate sequestosome 1
(SQSTML1, best known as p62), suggesting reduced autophagic flux, and this effect was reversed
by a-DBI (Fig. 3B,C). Accordingly, a-DBI increased LC3B lipidation as a sign of autophagy induction
(Fig. 3B,D). ao-DBI largely prevented the histological (steatosis, ballooning, and inflammation) and
enzymological signs (ALT and AST) of NASH induced by MCD (Fig. 3E-H). Genetic ablation of
Acbp/Dbi similarly protected against MCD-associated NASH as it increased autophagic flux (Fig.
4]-K) and obviated the MCD-induced histopathological alterations (Fig. 3L,M) as well as the
transaminase elevation (Fig. 3N,O). Of note, in these experiments, both a-DBI and the Acbp/Dbi
knockout reduced the spontaneous weight gain of mice kept on RCD, but counteracted the weight
loss caused by MCD (Fig.S2A,C). Moreover, a-DBI caused a reduction in the liver Acbp/Dbi mRNA
levels, though less than the Acbp/Dbi knockout (Fig. S2B,D). Alternately, we neutralized ACBP/DBI
by a third protocol consisting in the autoimmunization of mice with recombinant ACBP/DBI fused
to the potent immunoadjuvant keyhole limpet hemocyanin (KLH) (Fig. S2E) (10, 46). Prophylactic
induction of ACBP/DBI-specific autoantibodies also ameliorated the induced weight loss and
Acbp/Dbi mRNA expression (Fig. S2F,G), and reversed the MCD-induced autophagic blockade
(Fig. S2H-J), as well as the signs of NASH (Fig.S2K-M). Finally, we took advantage of mice in
which the y2 subunit of GABAa receptor is mutated (F771) to abolish ACBP/DBI binding (47). Such
mice were relatively resistant against MCD-induced NASH (Fig. S2N-P).

Altogether these results indicate that four different methods of ACBP/DBI inhibition (passive
neutralization with a-DBI, active autoimmunization, genetic knockout, mutation of the ACBP/DBI

receptor) similarly protect against NASH.

Transcriptional correlates of the NASH-preventive effects of ACBP/DBI inhibition. Bulk
RNAsequencing (RNAseq) of the livers from mice receiving RCD or MCD together with IgG control
or a-DBI revealed that most of the MCD-induced alterations in mMRNA expression were reversed by
a-DBI (Fig. S3A). Volcano plots followed by gene ontology (GO) analyses revealed that, in the
context of MCD, a-DBI downregulated multiple gene set associated with inflammation and
carcinogenesis, but upregulated genes involved in fatty acid and drug metabolism as well as in
peroxisomes and autophagy (Fig. S3B,C, Fig. S4A). The effects of a-DBI on the liver transcriptome
of RCD-fed mice were relatively scarce compared to its effects on MCD-fed rodents (Fig. S3A, Fig.

S4B,C). To validate these findings, we performed immunohistochemical detection of the
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macrophage marker F4/80. a-DBI prevented the increase in hepatic macrophage infiltration that is
usually observed after MCD (Fig. S3D,E). Moreover, RT-gPCR analyses confirmed that a-DBI had
relatively small effects on normal (RCD) livers, that MCD (compared to RCD) associates with an
upregulation of multiple pro-inflammatory genes (Cd68, F480, Il1b, 116, Mcpl, Nlrp3, Tnfa), but a
downregulation of antioxidant genes (Cat, Gpx, Gsr, Hmox1, Nfr2 Sodl, Sod2) and that most (if
not all) of these effects are reversed by a-DBI (Fig. S3F). The anti-inflammatory effects of a-DBI
were validated by measuring plasma concentrations of CCL4, CCL2 (MCP-1), CCXL10 and TNFA
(Fig. S5A). Moreover, the protein levels of CAT and HMOX1 were elevated in a-DBI-treated mice
under MCD as compared to isotype control mice receiving the same diet, commensurate with an
increased abundance of nuclear (but reduced abundance of cytosolic) NRF2 (Fig. S5B-D), which
is the master transcription factor of antioxidant defense (48).

The RT-gPCR-detectable reversal of MCD-associated effects in liver mRNA expression was further
corroborated when ACBP/DBI was inhibited by autoantibodies following the autoimmunization with
ACBP/DBI-KLH conjugates (Fig. S4D) or by tamoxifen-inducible knockout of Acbp/Dbi (Fig. S4E).
Mass spectrometric metabolomics revealed that MCD was coupled to an decrease in several lipid
species in the liver and that this decrease was counteracted by a-DBI, as particularly evident for
carnitine-conjugate fatty acids (Fig. 4A, Fig. S6A,B). Accordingly, MCD was coupled to a
downregulation of carnitine palmitoyl transferase 1 (CPT1), the mitochondrial outer membrane
transporter that is rate limiting for B-oxidation and the inhibition of which causes the depletion of
acylcarnitines (49, 50). This MCD-induced downregulation of CPT1 was observed at the protein
and mRNA levels and was reversed by a-DBI (Fig. 4B,C). MCD also caused the a-DBI -repressible
downregulation of Ppara (a transcription factor essential for f-oxidation) (51, 52) at the mRNA (Fig.
4D) and protein levels (Fig. S5E).

In sum, ACBP/DBI inhibition close-to-fully reverses the transcriptional alterations associated with
MCD-induced NASH. Of note, the genes that were significantly downregulated by ACBP/DBI
neutralization in the context of MCD-triggered murine NASH significantly overlapped with genes
that are upregulated in human NAFLD or NASH compared to normal livers across 10 different

datasets (Table S1), pointing to the translational relevance of these results.

Mechanisms of the anti-NASH effects of ACBP/DBI neutralization. To understand the
contribution of autophagy to the anti-NASH effects of a-DBI, we took advantage of mice bearing a
partial autophagy defect due to the constitutive knockout of Atg4b (genotype: Atg4b™) (53) (Fig.
S6C). These mice were not more susceptible to NASH induction by MCD than wild type (Wt) mice
(Fig. 4E-K). However, Atg4b” mice were relatively resistant to autophagy induction by a-DBI, as
well as to the anti-NASH, and body weight-restoring effects of a-DBI (Fig. 4E-K, Fig. S6D). RT-

gPCR analyses confirmed that, in MCD-fed WT mice, a-DBI induced antioxidant genes and
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downregulated pro-inflammatory factors as well as Acbp/Dbi mRNA (Fig. 4L, Fig. S6E). These
effects were much attenuated in Atg4b” mice (Fig. 4L), supporting the contention that autophagy
is required for the transcriptional effects of ACBP/DBI neutralization.

Next, we evaluated the capacity of a-DBI to reverse (rather than to prevent) NASH by treating mice
with established NASH (4 weeks of MCD) by means of 2 injections of the mAb together with a
dietary normalization to RCD (Fig. S7). In this model, the MCD->RCD switch caused partial
reversion (R) of NASH, and this effect was significantly enhanced by a-DBI at the histological (Fig.
5A,B), enzymological (Fig. 5C,D), transcriptomic levels (Fig. 5E-G), as well as the level of body
weight recovery (Fig. S7C). Moreover, a-DBI improved the recovery of carnitine species (Fig. 5H,1),
commensurate with an upregulation of CPT1A and the stimulation of autophagic flux (Fig. S7F,G).
In the next step, we determined whether inhibition of CPT1A (pharmacologically with etomoxir) and
autophagy (genetically by Atg4b™) interferes with the beneficial effects of a-DBI on recovery from
NASH (Fig. S7A,B). At the histological level, etomoxir or Atg4b knockout all attenuated the curative
effects of a-DBI (Fig. 5J-N). Of note, etomoxir failed to interfere with induction of autophagic flux by
a-DBI (Fig. S7H-I, K-L). Conversely, etomoxir treated and Atg4b” mice exhibited an attenuated
upregulation of Cptla mRNA (among other genes relevant to $-oxidation) and protein levels (Fig.
S7H-M).

Altogether, these results suggest that both CPT1A and autophagy are required for the anti-NASH
effects of a-DBI. Apparently, autophagy operates upstream of CPT1A because autophagy inhibition
curtails a-DBI-induced CPT1A upregulation, while direct CPT1A inhibition fails to suppress a-DBI-
induced autophagy.

ACBP/DBI neutralization suppresses fibrosis of liver and lung. HFD and MCD largely fail to
induce liver fibrosis and cirrhosis, which is observed when human NASH progresses (54). For this
reason, we turned to a model in which liver fibrosis is induced by bile duct ligation (BLD) (55). Two
weeks post-BLD, hepatic damage and fibrosis was prominent in isotype control antibody-treated
mice, but much attenuated after biweekly injection of a-DBI (Fig. 6A-D). Similar results were
obtained with the well-established model of carbon tetrachloride (CCls)-induced liver fibrosis, which
was modulated by weekly administration of a-DBI (or isotype IgG control for 9 weeks) and/or daily
injections of hydroxychloroquine (or vehicle control during the last 4 weeks of the experiment) (Fig.
6E). In this model, a-DBI attenuated weight loss (Fig. S8A), signs of fibrosis detectable by Sirius
red staining (Fig. 6F,G) or quantification of the collagen-enriched amino acid hydroxyproline (Fig.
S8B), as well as hepatic damage reflected by transaminase ALT activity (Fig. 6H and S8C), and by
immunoblot detection of the pro-fibrotic markers collagen 1A1 and a-smooth muscle actin (a-SMA)
(Fig. S8D-F). The beneficial effects of a-DBI on liver damage and fibrosis were lost when autophagy
was inhibited by hydroxychloroquine (Fig. 6F-G, Fig. S8D-F). The CCls-induced alterations in p62
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and LC3-Il were reversed by a-DBI, but only in the absence of hydroxychloroquine, not in its
presence (Fig. S8G-l). a-DBI also reversed the CCls-induced elevation of circulating
transaminases, again only in the absence of hydroxychloroquine (Fig. 6H and S8C). Moreover, a-
DBI reversed most if not all of the transcriptional effects of chronic CCls intoxication, thus reducing
the expression of pro-fibrotic, pro-inflammatory, macrophage associated or transforming growth
factor-B (TGF-B)-relevant genes, but enhancing that of anti-oxidant enzymes. These transcriptional
effects of a-DBI were abolished when hydroxychloroquine was co-administered (Fig. 61). In afurther
set of experiments, we determined whether CCls-induced liver fibrosis can be reversed more
efficiently when CCls withdrawal is combined with weekly injections of a-DBI for 4 weeks (Fig. 7A).
Again, in this curative setting, a-DBI reduced damage signs of hepatic fibrosis (Fig. 7B-E).

Altogether, these data indicate that ACBP/DBI neutralization has beneficial effects on liver fibrosis
that largely depend on autophagy. Of note, in a model of bleomycin-induced lung fibrosis, a-DBI
alleviated the histological signs of tissue damage, while reducing upregulation of collagen-encoding
genes and macrophage-associated genes (Fig. 8A-E), supporting the contention that, beyond its

hepatoprotective action, a-DBI has systemic antifibrotic effects.
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Discussion

ACBP/DBI is secreted by eukaryotic cells upon induction of autophagy and then restrains
autophagy by local (autocrine/paracrine) and neuroendocrine circuitries (10, 56, 57). As a result,
systemic injection of a neutralizing ACBP/DBI-specific mAb (a-DBI) induces autophagy in mouse
tissues including heart, liver, and lung. These effects are observed within hours and hence cannot
be attributed to a reduction of food intake secondary to the blockade of orexigenic ACBP/DBI
effects. We have found in the past that a-DBI reduces appetite in specific circumstances (such as
after a 24-hour starvation period or in high-fat diet-induced obesity). However, a-DBI administration
actually reduced the weight loss associated with MCD or chronic CCls intoxication, yet induced
autophagy in these conditions. Hence, the autophagy-stimulatory effects of a-DBI do not rely on its

appetite-suppressive effects.

As mentioned in the Introduction, autophagy induction has broad health-improving effects resulting
from its capacity to improve cellular fitness and metabolism (2, 4-6, 8). As shown in this paper, a-
DBI ameliorates ischemic tissue damage in the heart and the liver, attenuates acute hepatotoxicity
of acetaminophen and concanavalin A, prevents and reverses MCD-induced NASH, and also
displays antifibrotic activity in models of BDL or CCls-induced liver fibrosis and bleomycin-induced
lung fibrosis. These beneficial effects are suppressed by high-dose hydroxychloroquine or by
knockout of Atg4b (or that of Atg7 in the heart), supporting the contention that they truly depend on
the induction of autophagy (Fig.9). Mass spectrometric metabolomics indicated that the anti-NASH
activity of a-DBI was accompanied by an increase in hepatic acylcarnitines, suggestive of enhanced
CPT1A activity and fatty acid oxidation. Indeed, inhibition of CPT1A abolished the beneficial effect
of a-DBI on NASH, yet failed to interfere with autophagy induction by a-DBI. Conversely, inhibition
of autophagy blocked the MCD-induced upregulation of CPT1A, suggesting that this enzyme

operates downstream of autophagy to antagonize NASH.

Remarkably, a-DBI reversed most of the alterations in gene transcription associated with MCD-
induced NASH in mice. A significant fraction of the a-DBI-repressed genes are associated with
human NASH or NAFLD, supporting the possible clinical relevance of these results. In general, it
appears that a-DBI antagonizes the NASH or liver fibrosis-associated upregulation of pro-
inflammatory and pro-fibrotic genes, as it prevents the downregulation of genes involved in fatty
acid and drug metabolism as well as in peroxisomes and autophagy. Such gene-regulatory effects
of a-DBI are largely blocked by hydroxychloroquine or Atg4b knockout, supporting the idea that
they result from autophagy induction. Since a-DBI dramatically improved the histological signs of

tissue damage including local inflammation, it appears plausible that the transcriptional shifts

12



induced by a-DBI reflect maintenance of general tissue homeostasis rather than cell-autonomous
epigenetic effects of autophagy. That said, a-DBI also influenced the expression of some genes in
mice under RCD, hence upregulating Ppara and downregulating Dbi. This latter phenomenon might
be explained by the interruption of a feedforward loop in which ACBP/DBI induces the expression
of further ACBP/DBI in the liver (58).

Close-to-total and irreversible removal of ACBP/DBI by genetic means has no detectable effects
on adult mice housed under standard conditions (10). Thus, in contrast to the constitutive knockout
of ACBP/DBI (59), knockout of ACBP does not compromise the skin barrier function in adult mice
(35), suggesting that mAB-mediated blockade of ACBP/DBI should be well tolerated without major
side effects. Accordingly, we did not detect any macroscopic or histological signs of toxicity
associated with repeated a-DBI administrations. Moreover, induction of polyclonal autoantibodies
capable of neutralizing ACBP/DBI failed to induce visible side effects over several months. It is
remarkable, however, that the liver disease-attenuating effects of a-DBI are mimicked by those of
the inducible Dbi knockout, constitutive mutation of the ACBP/DBI receptor, as well as by the
induction of autoantibodies, strongly arguing in favor of the hypothesis that a-DBI acts on-target
rather than by recognizing additional host genome-encoded or microbial proteins that structurally
resemble ACBP/DBI (60, 61).

ACBP/DBI plasma concentrations increased with age in humans (34), and knockout of its
orthologues increases lifespan in yeast and nematodes (62, 63) and delays leaf senescence in
plants while inducing autophagy (64). Aging is coupled to a progressive decline in autophagic flux,
and genetic or pharmacological induction of autophagy extends lifespan and healthspan in model
organisms including mice (13, 15). Hence, at a speculative level, it might be attempted to neutralize
ACBP/DBI to minimize the age-associated reduction in autophagy and to postpone the

manifestation of age-associated diseases. This possibility should be explored in future studies.

As a general rule in pharmacology, antagonists of inhibitory pathways have fewer side effects than
agonists of activating pathways. Thus, so-called immune checkpoint inhibitors (ICIs) have been
developed for numerous oncological indications to induce anticancer immune responses by
targeting immunosuppressive surface molecules including CTLA-4, PD-1 and PD-L1. In sharp
contrast, direct immunostimulators acting on pattern recognition receptors have largely failed in the
field of immuno-oncology (65, 66). By analogy to ICls, a-DBI, an antibody that blocks an inhibitory
circuitry normally restraining autophagy, might be considered as an autophagy checkpoint inhibitor
(ACI). It remains to be seen, however, whether such ACIs targeting ACBP/DBI will be developed

for clinical applications.
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Figures Legends

Figure 1. Neutralization of ACBP/DBI activates autophagy flux and attenuates
ischemia/reperfusion injury in vivo.

A-B C57BL/6 mice were injected intraperitoneally (i.p.) with a monoclonal antibody (mAb)
neutralizing ACBP/DBI (a-DBI) or control isotype (1gG) (2.5 pg/g i.p. 6 and 2 hours before sacrifice)
and the autophagy flux inhibitor leupeptin (Leu, 30 mg/kg, 2 hours before sacrifice). Representative
Western blot (A) and densitometric quantification (B) from the liver tissues, upon normalization
(relative expression, RE) to the LC3B Il / | ratio (n=6 mice per group).

C-D Representative confocal images (C) and LC3 dots quantification (counts / 100 mm?) (D) from
livers recovered from LC3-GFP transgenic mice after i.p. injection of a-DBI or IgG (2.5 pg/g, 4 hours
before sacrifice) (n=5 mice per group).

E-1 Liver injury produced by ischemia/reperfusion (IR) for 90 min /4 hours. Schematic
representation (E) of the damage induced by hepatic IR in mice pre-treated with i.p. injection of a-
DBI or IgG (2.5 pg/g) and HCQ (50 mg/kg) for 4 hours and just before IR. Representative images
of hematoxylin/eosin/safranin-stained (HES) liver section (F) from mice pre-treated with a-DBI or
IgG and HCQ after sham operation or IR. Asterisk, arrows, and arrowheads indicate necrotic areas,
vacuolization, and vascular congestion, respectively. The liver injury (G) was assessed by
histological examination. ALT (H) and AST transaminase activity (I) in plasma was analyzed by
means of a colorimetric assay (n=4-11 mice per group).

Results are displayed as means + SEM. For statistical analyses, p values were calculated by
ANOVA test (B, G-I) or two-tailed unpaired Student’s t test (D).

Figure 2. ACBP/DBI Neutralization activates autophagy/mitophagy flux and reduces cardiac
damage in mice.

A-B a-DBI or IgG (2.5 ug/g 6 and 2 hours before sacrifice) and leupeptin (30 mg/kg, 2 hours before
sacrifice) were injected i.p. in C57BL/6 mice. Immunoblot of LC3B (A) and densitometric
guantification (B) from heart extracts (n=6 mice per group).

C-D Mito-Keima transgenic mice were injected twice with IgG or a-DBI i.p. 6 and 2 hours before
sacrifice (2.5 pg/g). Representative confocal microscopy images (C) and quantification of signals
(D) (n=3 mice per group).

E-G Wt (Atg7"", aMHC Cre’) and homozygous Atg7-- (Atg7"" aMHC Cre*) mice were subjected to
3 hours of ischemia (E). Mice were injected with IgG or a-DBI i.p. 4 hours before ischemia and just
before ischemia. Representative images of left ventricular myocardial sections after Alcian blue
and TTC (2,3,5-Triphenyltetrazolium chloride) staining (F) and quantification of the infarction size

versus area-at-risk of myocardial damage (G) (n=4-6 mice per group).
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Results are displayed as means + SEM. For statistical analyses, p values were calculated by
ANOVA test (B, G) or two-tailed unpaired Student’s t test (D).

Figure 3. ACBP/DBI neutralization and ablation protect against MCD-induced hepatic
steatosis, inflammation, and ballooning in vivo.

A Experimental strategy of the NASH injury induced by MCD for 4 weeks (control with regular chow
diet, RCD). C57BL/6 mice were injected i.p. with a-DBI or IgG (2.5 ug/g) one day before the
beginning of the diet and every week during the diet (left panel). Inducible whole-body knockout of
Acbp/Dbi (Dbi"’") or control (Wt) mice were injected i.p. with tamoxifen daily for 5 days (right panel).
B-H a-DBI reduces the hepatic damage produced by MCD diet through autophagy activation.
Representatives immunoblot (B) and densitometric analysis of the ratio LC3B Il / | (C) and p62 (D)
normalized against GAPDH (both expressed as relative expression, RE) from liver extracts. Hepatic
HES images (E) and NAFLD activity score (measured as sum of steatosis, inflammation, and
ballooning score) (F), and ALT (G) and AST activity (H) in plasma from mice treated with a-DBI or
IgG. (n=3-10 mice per group).

I-O Genetic ablation of ACBP/DBI reverts derived- NASH diet nocuous effect by autophagy
activation. Western blots (I) and densitometric analysis of p62 (J), LC3B (K) and DBI from liver
extracts. Histological pictures from liver HES staining (L), NAFLD activity score (M) and hepatic
damaged measured by plasmatic levels of ALT (N) and AST activity (O) from Dbi”- and Wt mice
(n=5-16 mice per group).

Asterisk, arrows, and arrowheads indicate inflammation foci, macro-steatosis, and micro-steatosis
vesicular, respectively.

Data are displayed as means + SEM. Statistical analyses (p value) were calculated by ANOVA

test.

Figure 4. Metabolic and pro-autophagic effects of a-DBI in the context of MCD.

A Heatmap clustered by Euclidean distance of changes in liver metabolite concentrations depicted
as log? (fold change) (FC) in C57BL/6 mice injected with 1gG or a-DBI after MCD (left panel) (n=3
to 9 mice per group). All carnitines are depicted in the right panel.

B-D Expression of b-oxidation-relevant enzymes. Representative Western Blot (top) and
densitometric quantification (bottom) of CPT1A after (B) (n=5-8 mice in each group). mRNA levels
of Cptla (C) and Ppara (D) analyzed by RT-gPCR (n=4-8 mice per group).

E-L Comparison of anti-NASH effects of a-DBI in Wt and autophagy-deficiency (Atg4b™) mice
under MCD. Representative immunoblots of autophagy markers such as ATG4B, p62 and LC3B
(E), and densitometric analysis of p62 (F) and LC3B (G). Representative histological images (H)
and NAFLD activity scores (I). ALT (J) and AST (K) were measured in plasma (n=5-8 mice per
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group). Expression of genes involved in inflammation (Cd68, F480, Il1b, 116, Mcpl, Nrlp3, Tnfa),
antioxidant response (Cat, Hmox1, Nrf2, Gpx, Gsr, Sodl, Sod2), and B-oxidation (Cptla, Pgcla,
Ppara) were measured by RT-gPCR and represented in volcano plots (L) (n=3-8 mice per group).
Asterisks, arrows, and arrowheads show inflammation foci, macro-steatosis and micro-steatosis
vesicular, respectively.

Results are displayed as means + SEM. For statistical analyses, p values were calculated by
ANOVA test (B, D, F-G, J-K), Kruskal-Wallis test (C, 1) or two-tailed unpaired Student’s t test (L).

Figure 5. ACBP/DBI neutralization accelerates the recovery from NASH.

A-G o-DBI reduces hepatic damage (steatosis, inflammation, and ballooning), ameliorating
recovery. Mice were fed MCD for 4 weeks to induce NASH and then were fed RCD (reversion, R)
for 4 days. a-DBI or IgG was injected i.p. twice, one day before switch MCD to RCD and one day
before sacrifice. Representative pictures of HES staining (A), NAFLD activity score (B), ALT and
AST transaminases activity (C and D respectively) were analyzed in plasma (n=3-10 mice per
group). Volcano plots of genes implicated in inflammation (Cd68, F480, Il1b, 116, Tnfa), antioxidant
response (Cat, Hmox1, Nrf2, Gpx, Gsr, Sod1, Sod2), and b-oxidation (Cptla, Pgcla, Ppara) were
measured by RT-gPCR. The comparation between MCD IgG (n=6) and RCD IgG (n=5-6), R IgG
(n=7-8) and MCD IgG, and R a-DBI (h=7-8) and R IgG are shown in E, F and G, respectively.

H-1 Heatmap clustered by Euclidean distance (H) of changes in liver metabolite concentrations
depicted as log2 fold change (FC) in C57BL/6 mice injected with IgG or a-DBI (top panel) All
carnitines are shown in the bottom panel (H) and quantified (1) (n=12 to 25 mice per group).

J-N The inhibition of autophagy or -oxidation attenuates the beneficial effects of a-DBI in mice.
Representative images of HES staining (J-K, M) and NAFLD activity score (L, N) from several
groups (n=5-10 mice per condition).

Asterisks show inflammation foci.

Results are displayed as means + SEM. Statistical analyses (p values) were performed by ANOVA
test (B-C, I, N), two-tailed unpaired Student’s t test (E-G) or Kruskal-Wallis test (L).

Figure 6. Neutralization of ACBP/DBI attenuates fibrosis induced by chronic liver damage.
A-D C57BL/6 mice were subjected to bile duct ligation (BDL) for 2 weeks. Mice were injected with
2.5 pg/g 1gG or a-DBI i.p. 4 hours and 1 h before BDL, and twice per week during BDL
Representative images from hepatic Picro-Sirius Red staining (A). Fibrosis scores (B), ALT activity
(C) and bilirubin levels (D) were measured (n=5-10 mice per group).

E-1 C57BL/6 mice were injected i.p. with 2.5 ug/g a-DBI or IgG weekly and 1.6 ml/kg CCla twice per
week for 9 weeks. Additional group was treated with 50 mg/kg/day of HCQ for 4 last weeks of CCla

(E). Representative Picro-Sirius Red stained paraffin-embedded sections (F), the quantification of
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fibrosis stage (G) and plasma ALT (H) are shown (n=5-14 mice per group). Analysis of genes
involved in fibrosis, inflammation (including macrophages markers), and oxidative stress. Heatmap
clustered by Euclidean distance of changes in mRNA levels depicted as log? (fold change) in
C57BL/6 mice injected with IgG or a-DBI plus HCQ after CCls4 (1) (n=3-10 mice per group).
Results are displayed as means + SEM. For statistical analyses, p values were calculated by
ANOVA test (B-D) or Kruskal-Wallis test (G-1).

Figure 7. a-DBI enhanced the recovery of liver fibrosis in an autophagy-dependent fashion.
A-E Experimental strategy for fibrosis reversion. Mice received CCls for 9 weeks and then were
treated with vehicle (oil) for 4 weeks of reversion (R). 2.5 pg/g IgG or a-DBI was injected i.p. one
day before reversion and weekly for R (A). Representative images of Picro-Sirius Red stained
paraffin-embedded sections (B), quantification of fibrosis stage (C), plasmatic ALT activity (D) and
hydroxyproline levels (E) (n=4-12 mice per group).

Results are displayed as means + SEM. For statistical analyses, p values were calculated by
ANOVA test (C-E).

Figure 8. ACBP/DBI neutralization attenuates lung fibrosis induced by bleomycin.

A-E Lung fibrosis was induced by intratracheal injection of one dose of 2 mg/kg bleomycin (Bleo)
for 18 days in C57BL/6 mice. 2.5 ug/g a-DBI or IgG was injected each weak (A). Histological section
of Picro-Sirius Red/Fast Green staining (B) and damage/fibrosis Ashcroft score (C) were shown.
Volcano plots of genes related with fibrosis (Acta2, Desmin, Collal, Colla2, Col6al, Col6a2,
Col6a3, Pdfga, Pdgfb, Pdgfra, Pdgfrb, Vimentin), inflammation (Cd68, F480, Il1b, 116, Mcp1, Nrlp3,
Tnfa), and antioxidant response (Cat, Hmox1, Nrf2, Gpx, Gsr, Sod1, Sod2) were measured by RT-
gPCR. The comparisons between Bleo IgG (n=6-7) versus Ctrl IgG (n=3) (D) and Bleo a-DBI (n=7-
9) versus Bleo IgG (E) are represented.

Results are displayed as means + SEM. For statistical analyses, p values were calculated by
Kruskal-Wallis test (C) and two-tailed unpaired Student’s t test (D-E).

Figure 9. Summary scheme of ACBP/DBI neutralization in several organs. ACBP/DBI
neutralization protects against hepatic (Acute, NASH, and Fibrosis), heart (Ischemia) and
pulmonary (Fibrosis) damage through autophagy activation. This protection is due to the
suppression of the cell loss, inflammation, and fibrosis. The inhibition of autophagy by
hydroxychloroquine treatment, or Atg4b/Atg7 genetic deficiency reverts the beneficial effect of

ACBP/DBI neutralization. The proposed model was created with BioRender.com.
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Supplemental information

Material and Methods

Chemicals and reagents

Reagents were obtained from Axon Medchem BV (Groningen, Netherlands), Qiagen (Hilden,
Germany), Millipore (MA, USA), Randox (Antrim, UK), Roche Applied Science (Upper Bavaria,
Germany) and Sigma Aldrich (MO, USA). Reagents for electrophoresis were obtained from Thermo
Fisher Scientific (MA, USA) and BioRad (CA, USA). Antibodies were from Abcam (TX, USA),
Abnova (Taipei, Taiwan), Cell Signaling (MA, USA) and Sigma Aldrich.

Biochemical assays

Plasma ALT and AST activity was determined by colorimetric kits (Randox) accordingly with the
manufacturer's instructions. The levels of cytokine were measured by Luminex analysis (Luminex
FlexMap 3D). To quantify collagen, hepatic hydroxyproline content was assayed by means of a

commercial kit (Sigma Aldrich).

Animal experimentation

Wild-type (Wt) C57BL/6 mice (Envigo, Gannat, France), homozygous Atg4b” mice (gift of Dr.
Carlos Lopez-Otin, University of Oviedo, Spain), tamoxifen-inducible whole-body knockout of
floxed Acbp/Dbi”~ mice (UBC-cre/ERT2::Acbp/Dbi™, control: Acbp/Dbi” without CRE) (1),
homozygous Gabrg2 ™™ mice (bearing a point mutation F771 in the binding site of ACBP/DBI in
the gamma-aminobutyric acid A Receptor y2 subunit) (2), and transgenic mice expressing LC3
conjugated to green fluorescent protein (GFP-LC3-Tg) (3) were bred and maintained according to
the FELASA guidelines and local guidelines from the Animal Experimental Ethics Committee
(Permissions #25000, #31411, #34537, #34538, and #34539). Homozygous Atg7” (Atg7"", aMHC
Cre+, control: Atg7", aMHC Cre-) and Mito-Keima transgenic mice (4) were used according to the
National Institutes of Health guide for the care and use of laboratory animals (NIH Publications No.
8023, revised 1978). Mice were housed in a temperature-controlled environment with 12 h
light/dark cycles and were fed with diet and water ad libitum. All animals were sacrificed, and the
heart, liver and lung were snap-frozen in liquid nitrogen and stored at -80°C, or fixed in 4% buffered
paraformaldehyde overnight at 4°C and embedded in paraffin. Plasma was obtained by cardiac

punction.

Neutralization of DBI by passive or active immunization
The monoclonal antibody against DBI (passive immunization) or isotype IgG (Bioxcell, NH, USA)

was used in vivo (2.5 ug/g body weight, B.W., intraperitoneally, i.p., in 200 yL) in a single or several



doses. In some experiment, leupeptin (Leu, 30 mg/kg B.W.) was injected i.p. injection 2 h before
the end of the experiment.

The production of autoantibodies (active immunization) was induced by conjugation of Keyhole
limpet hemocyanin (KLH; from Thermo) and mouse recACBP (KLH-DBI) as Montégut et al.
described (5). Briefly, KLH and DBI were mixed at a 1:20 molar ratio and adjusted gradually to
0.25% (v/v) glutaraldehyde. After, the glycine solution was added to finish the reaction, and was
ultra-filtrated using a 100 KDa membrane (Millipore). A solution of formaldehyde was added to
0.2% (v/v) final concentration, and the reaction was quenched by addition of a glycine solution
followed by an ultrafiltration with 70 mM pH 7.8 phosphate buffer. Male 8-week-old C57BL/6 mice
were immunized with i.p. injection of 30, 30, 30, 10 ug of KLH-DBI or KLH alone as an adjuvant
emulsion (1:1) with Montanide ISA-51vg (Seppic, Paris, France) on days 0, 7, 14 and 21,

respectively.

Cardiac injury in vivo

Male three-month-old Wt and Atg7” mice were anesthetized by i.p. injection of 60 ug/g
pentobarbital sodium and subjected to 3 hours of ischemia by permanent left anterior descending
coronary artery (LAD) ligation (6) After sacrifice, hearts were harvested and subjected to 1% Alcian
Blue and 1% TTC (2,3,5-triphenyltetrazolium chloride) staining by perfusion (7).

Acute liver damage in mice

To induce hepatic ischemia reperfusion injury, male 12-week-old C57BL/6 mice were anesthetized
with 2% isoflurane, and a model of segmental (70%) warm hepatic I/R protocol was assessed (8).
Briefly, liver ischemia was induced for 90 min, and reperfusion was initiated by removal of the clamp
for 4 hours. To induce hepatotoxicity, male 12-week-old C57BL/6 mice were treated with 12 mg/kg
Concanavalin A (ConA, Sigma Aldrich) or 300 mg/kg acetaminophen (APAP, Sigma Aldrich) for 4
or 16 hours, respectively. For inhibition of the autophagy flux, the animals were injected i.p. with
two doses of 50 mg/kg hydroxychloroquine (HCQ, in PBS; Axon Medchem BV) 4 hours and just

before the hepatic damage.

NASH and hepatic fibrosis model in vivo

Male 2-3 months old mice were fed with regular chow diet (RCD) or methionine choline-deficient
diet (MCD; AIN-76 Safe diet, Essingen, Germany) for 4 weeks as preventive model (prophylaxis).
Some mice were fed with MCD diet for 4 weeks and then with RCD diet for another 4 days as a
diet recovery model (reversion, R). For inhibition of B-oxidation, etomoxir (ETO, Sigma Aldrich) was
injected i.p. 2 hours after R and then daily into C57BL/6 mice. To induce fibrosis in the liver, CCla
(Sigma Aldrich) was i.p. administered to male 2-months-old C57BL/6 mice at a dose of 1.6 ml/kg

3



twice weekly for 9 weeks (9). Control animals were i.p. injected with the vehicle olive oil (Sigma
Aldrich). Additional groups were administrated i.p. with 50 mg/kg HCQ daily for the four last weeks
of CCls. Another approach to induce hepatic fibrosis involved by bile duct ligation (BDL) for 2 weeks
(10).

Pulmonary fibrosis in mice
To induce lung fibrosis, male 2-3 months old was administrated intratracheally with one single dose
of 2 mg/kg bleomycin and the animals were sacrificed after 18 days (11).

Histopathology

Paraffin-embedded sections (5 um) were stained with hematoxylin-eosin-safranin (HES) or Sirius
Red and were evaluated by experienced pathologist blinded to the features of the animal groups.
All slides were scanned with an AxioScan Z1 (Carl Zeiss, Jena, Germany). The NAFLD activity
score was assessed using the NAFLD scoring system for mice models validated by Liang et al.
(12). Briefly, steatosis grade was grouped as follows: grade 0, <56% of steatotic hepatocytes; grade
1, 5-33%; grade 2, 33-66%; and grade 3, >66%. Lobular inflammation was scored as follows: 0,
no foci; 1, <2 foci; 2, 2—4 foci; and 3, >4 foci. Ballooning was classified as 0, none; 1, few balloon
cells; and 2, many balloon cells. NAFLD activity score was calculated for each liver biopsy based
on the sum of scores for steatosis, inflammation, and ballooning. In addition, liver fibrosis staging
(Metavir score) was defined as 0, none; 1, perisinusoidal and/or pericentral; 2, incomplete
central/central bridging fibrosis; 3, complete central/central bridging fibrosis; and 4, definite
cirrhosis (13). The severity of hepatic IR was graded according to Suzuki’s criteria on a scale from
0to 4. None (0%), minimal (10%), mild (11-30%), moderate (30-60 %) and severe (>60%) necrosis,
congestion, or centro-lobular ballooning was assigned as grade 0, 1, 2, 3 and 4, respectively (14).
To measure APAP hepatotoxicity, liver samples were classified as none (0; 0%), mild (1; less than
20%), moderate (2; 20 ~ 70%,), severe (3; more than 70% of hepatic lobules), taking account of
the cell death area, ballooning, and inflammation around the central veins (15). The hepatic injury
induced by ConA was scored using grades as follows: 0, no necrotic infiltrates; 1, small foci of
necrotic cells between hepatocytes or necrotic cells surrounding individual hepatocytes; 2, larger
foci of 100 necrotic cells or involving 30 hepatocytes; 3, 10% of a hepatic cross-section involved;
and 4, 30% of a hepatic cross-section involved (Zhao et al., 2020). The pulmonary damage/fibrosis
was assessed by the Ashcroft score: 0, normal lung; 1, minimal fibrosis thickening of wall without
obvious damage to lung architecture; 3, moderate fibrosis thickening of wall without obvious
damage to lung architecture; 5, increased fibrosis with definite damage to lung structure and
formation of fibrous bands or fibrous small masses; 7, severe distortion of structure and large
fibrosis areas (“Honeycumb lung” is placed in this category); and 8, total fibrous obliteration of the
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field (17). Also, to determinate the abundance of hepatic macrophages and Kupffer cells, liver
sections from fixed paraffin blocks were immunohistochemically stained according to standard

procedures using anti-mouse F4/80.

Liver extracts

For protein or RNA extraction, tissues were homogenized in 2 cycles for 20 s at 5,500 rpm using a
Precellys 24 tissue homogenator (Bertin Technologies, Montigny-le-Bretonneux, France) in 20 mM
Tris buffer (pH 7.4) containing 150 mM NaCl, 1% Triton X-100, 10 mM EDTA and Complete®
protease inhibitor cocktail (Roche Applied Science) or QlAzol (Qiagen), respectively. After, protein
extracts were centrifuged at 12,000 g (4 °C) for 15 min and supernatants were collected. Protein
concentration in supernatants was evaluated by the bicinchoninic acid technique (BCA protein
assay kit, Thermo Fisher Scientific). Homogenate RNA was purified with RNeasy Mini Kit (Qiagen)
following the manufacturer’s instructions. The purify and concentration of RNA was measured by

NanoDrop™ (Thermo Fisher Scientific).

Whole transcriptome analysis

For RNA-sequencing library preparation, RNA was extracted from mouse livers using RNA Plus
Mini Kit (Qiagen) according to manufacturer’s instructions. The concentration and integrity of total
RNA was analyzed using electrophoretic separation on microfabricated chips in Agilent 2100
Bioanalyzer System (Agilent, CA, USA). After, mRNA-sequencing library preparation (1.5 ug total
RNA per sample) was carried out on NovaSeq 6000 PE150 instrument (2 x 150 bp, 40 million reads
per sample). For RNA-sequencing data analysis, pseudo-alignment and quantification were
carried-out with HISAT2 algorithm (reference genome GRCm39) (18). Then, the correlation
analysis of the principal component study and differential expression analysis were performed with
DESeq2 package (19). To study the differential gene expression, the analyses were ran using the
parametric Wald test with Benjamini-Hochberg adjustment (p-adj). Genes were expressed using Z-
Score normalization and were considered significantly differentially expressed when p-adj <0.05
and log? (fold change) (cut-off) was =2+1.5. GSEA (Gene Set Enrichment Analysis), based gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed
on RNA-seq data from liver samples (20). A web-based bioinformatics tool

(http://www.bioinformatics.com.cn) was used to draw the graph.

Analysis of GEO datasets

The genes over-expressed in human liver samples from NAFLD/NASH compared with normal livers
in ten Gene Expression Omnibus (GEO) datasets (GSE159676, GSE151158, GSE63067,
GSE48452, GSE17470, GSE66676, GSE24807, GSE33814, GSE126848, and GSE135251) were
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identified by the GEOZ2R tool or the stats package in R software (version 4.1.0). The genes reduced
by a-DBI in MCD experiments were detected by the stats package in R software. The overlap of
genes between datasets, a-DBI down-regulates genes that are upregulated in human
NAFLD/NASH, were selected by means of a Venn diagram. The overlap representation factor
(ORF) is the ratio between actual overlap on theoretical overlap, which is calculated by the formula
ORF=x * N/ (n1 * n2), with x=number of genes in common between two groups, N=total unique
genes of two groups, n1=number of genes in group 1, n2=number of genes in group 2. The p value
was calculated by means Fisher’s exact test.

Gene expression analyses

Total RNA (1 pg) was reverse transcribed using the SuperScript™ VILO™ cDNA Synthesis Kit
(Invitrogen). Quantitative real-time PCR was performed with a StepOnePlus Real-Time PCR
System (Applied Biosystems, Thermo Fisher Scientific) sequence detector using the Master Mix
PCR Power SYBR™ Green (Applied Biosystems, Thermo Fisher Scientific) and d(N)6 random
hexamer with the primers described in the Table S2. Specific primers were purchased from Sigma.
PCR thermocycling parameters were 95 °C for 1min, 40 cycles of 95 °C for 15 s, and 60 °C for 1
min. Each sample was run in duplicate and was normalized to 36b4 mRNA expression levels. Then,
the replicates were averaged, and fold induction was determined as AACt based fold-change.

Western Blots

For immunoblotting, whole-cell extracts were boiled for 5 min in Laemmli sample buffer, and equal
amounts of protein (20-30 pg) were separated on 4-12% Bis-Tris acrylamide precast gels (Thermo
Fisher Scientific) and electro-transferred to PDVF membranes (BioRad). Membranes were
horizontally sliced according to the molecular weight of the protein of interest to allow simultaneous
detection within the same experiment. Unspecific binding sites were saturated by incubating
membranes for 1 h in 0.05% Tween 20 (v:v in TBS) supplemented with 5% non-fat powdered milk
(w:v in TBS). The relative amount of each protein was determined by overnight incubation with
primary antibodies specific for ACBP/DBI, a-SMA, ATG4B, CATALASE, CPT1A, COLLAGEN 1A1,
HMOX1, MAP1LC3B/LC3B, PPAR-a, SOD2, and SQSTM1/p62 (Table S2). Glyceraldehyde-3-
phosphate dehydrogenase antibody (Table S2) was used to control equal loading of lanes. The
blots were revealed with appropriate horseradish peroxidase (HRP)-labeled secondary antibodies
(Southern Biotech, AL, USA) plus SuperSignal West Pico chemoluminescent substrate (Thermo
Fisher Scientific) and different exposition times were performed for each blot with a charged
coupling device camera in a luminescent image analyzer LAS 4000 (GE Healthcare, IL, USA) to
ensure the linearity of the band intensities. Densitometric analysis of the bands was carried out

using Imaged software (http://imagej.nih.gov) and expressed in relative expression.



Quantitative analysis of autophagy biosensors in tissues

Hearts from Mito-Kemia transgenic mice and liver from LC3-GFP transgenic mice were collected
and fixed with 4% paraformaldehyde (in PBS, pH 7.4) for at least 16 h, followed by treatment with
30% sucrose (in PBS) overnight at 4°C. Samples were embedded in Tissue-Tek OCT compound
(Sakura Finetechnical, Tokyo, Japan) and stored at -80 °C. Five uym-thick tissue sections were
prepared with a Cryostat CM3050S S cryostat (Leica Microsystems), air-dried for at least 1 hour,
washed in PBS for 5 min, dried at RT for 30 min, and mounted with DAPI Fluoromount-G® anti-
fading medium (SouthernBiotech, AL, USA) . Then, the slides were scanned using a LSM 710
confocal fluorescence microscope (Carl Zeiss, Jena, Germany). Livers or hearts from mice
expressing GFP-LC3 were subjected to a similar histological analysis. GFP-LC3 dots were
quantified in three independent visual fields from at least three mice per group, using Image J

software.

Metabolomics liver sample preparation

First, 30 mg of livers were weighted and transferred to 2 mL-homogenizer tube with ceramic beads
(Hard Tissue Homogenizing CK28, 2.8 mm zirconium oxide beads; Precellys, Bertin Technologies),
containing 1 mL of ice-cold extraction mixture (metOH/water, 9/1, -20°C, with a cocktail of internal
standards). To facilitate solvent access and endogenous metabolites extraction, samples were
completely homogenized in Precellys 24 tissue homogenize (3 cycles of 20 s/ 5000 rpm). After
centrifugation (10 min at 15000 g, 4°C), supernatants were collected. For plasma, samples (25 uL)
were mixed with 250 L of the of ice-cold extraction mixture, allowing protein precipitation and
metabolites extraction, then vortexed and centrifuged (10 min at 15000 g, 4°C). Next, tissues or
plasma centrifugation, supernatants were collected, split in 3 fractions, and treated following
published protocols (21). Briefly, they extract were split in 3 fractions: first fraction for short chain
fatty acids analysis (40 pL for both tissues and plasma samples) were derivatized before injection,
2nd fraction for LC/MS and 3d fraction for GC/MS analyses (300 pL/each for tissue and 100
pL/each for plasma samples) were transferred to an injection amber glass vial (with fused-in insert)
and evaporated to dryness (Techne DB3, Staffordshire, UK) at 40°C. The second dried fraction
was recovered with 200 pL or 150 L (tissue or plasma samples, respectively) of ultra-pure water
and kept at -80°C until injection and analysis by LC/MS. The third dried fraction was derivatized
before GC/MS injection and analysis. Finally, the 4th fraction together with the sample pellet were
re-extracted with an equal volume of 2% SSA (in methanol), vortexed and centrifuged (10 min at
15000 g, 4°C). The supernatant (350 and 60 pL, from tissue and plasma extracts, respectively)
was transferred to an injection polypropylene vial (with fused-in insert) and evaporated to dryness

(Techne DB3, Staffordshire, UK) at 40°C. Dried samples were dissolved with ultra-pure water (200
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and 100 pL, for tissue and plasma dried extracts, respectively) and kept at -80°C until injection and

analysis by UHPLC/MS for polyamines detection.

Metabolomic analysis

Targeted analysis of nucleoside phosphates and cofactors by ion pairing Ultra-High
Performance Liquid Chromatography (UHPLC) coupled to a Triple Quadrupole (QQQ) mass
spectrometer: Targeted UHPLC/MS analyses were performed on a UHPLC 1290 system
(Agilent), with an autosampler kept at 4°C, and a pellet oven for rigorous control of the column
temperature. The UHPLC was coupled to a QQQ/MS 6470 (Agilent) equipped with an electrospray
source, using nitrogen as collision gas. Short chain fatty acids and ketones bodies were detected
in the 1st fraction after injection of 10 uL of sample were into a Zorbax Eclipse XDB-C18 (100 mm
x 2.1 mm, particle size 1.8 ym; Agilent) column protected by a guard column C18 (5 mm x 2.1 mm,
particle size 1.8 um). Column oven maintained at 50°C during analysis. The gradient mobile phase
consisted of 0.01 % formic acid (Sigma Aldrich) (A) and ACN (0.01 % formic acid) (B). The flow
rate was set to 0.7 ml/min, and gradient as follow: 20% B (initial conditions) maintained for 3 min,
to 45% B in 4 min; then 95% B maintained 2 min, and finally equilibration to initial conditions, 20%
B, for 1 min. The QQQ/MS was operated in negative mode. The gas temperature was set to 300°C
with a gas flow of 12 L/min. The capillary voltage was set to 5 kV.

For bile acid detection, 5 uL from samples recovered in water (2nd fraction), were injected into a
Poroshell 120 EC-C8 (100 mm x 2.1 mm particle size 2.7 um; Agilent technologies) column
protected by a guard column (XDB-C18, 5 mm x 2.1 mm particle size 1.8 ym). Mobile phase
consisted of 0.2% formic acid (A) and ACN/IPA (1/1; v/v) (B) freshly made. Flow rate was set to 0.5
mL/min, and gradient as follow: 30% B increased to 38% B over 2 min; maintained for 2 min then
increased 60% for 1.5 minutes, and finally to 98% B for 2 minutes (column washing), followed by 2
min of column equilibration at 30% B (initial conditions). The QQQ/MS was operated in negative
mode. Gas temperature and flow were set to 310°C and 12 L/min, respectively. Capillary voltage
was set to 5 kV. Polyamines were detected in the 4th fraction after injection of 10 pL of sample
were into a Kinetex C18 (150 mm x 2.1 mm particle size 2.6 ym; Phenomenex) column protected
by a guard column C18 (5 mm x 2.1 mm, particle size 1.8 ym). Column oven maintained at 40°C
during analysis. The gradient mobile phase consisted of 0.1 % HFBA (Sigma) (A) and ACN (0.1 %
HFBA) (B) freshly made. The flow rate was set to 0.4 ml/min, and gradient as follow: from 5% (initial
conditions) to 30% B in 7 min; then 90% B maintained 2 min, and finally equilibration to initial
conditions, 5% B, for 2 min. The QQQ/MS was operated in positive mode. The gas temperature
was set to 350°C with a gas flow of 12 L/min. The capillary voltage was set to 2.5 kV. In addition,
tissue samples were injected for the analysis of nucleotides and co-factors into a Zorbax Eclipse

plus C18 (100 mm x 2.1 mm, particle size 1.8 ym, Agilent) column protected by a guard column
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C18 (5 mm x 2.1 mm, particle size 1.8 ym). Column oven maintained at 40°C during analysis. The
gradient mobile phase consisted of 0.5 mM DBAA (Sigma) (A) and ACN (B). The flow rate was set
to 0.4 mL/min, and gradient as follow: 10% B (initial conditions) maintained for 3 min, then increased
to 95% B in 1 min and maintained 2 min, to finally equilibrate to initial conditions, 10% B, for 1 min.
The QQQ/MS was operated in both positive and negative mode. The gas temperature was set to
350°C with a gas flow of 12 L/min. The capillary voltage was set to 4.5 kV in positive mode and 5
kV in negative mode. MRM scan mode was used for targeted analysis in both GC and UHPLC/MS.
Peak detection and integration were performed using the Agilent Mass Hunter quantitative software
(B.10.1).

Widely targeted analysis of intracellular metabolites. GC/MS: Derivatized samples for GC/MS
analysis (3d fraction) were injected (1 yL) into a gas chromatograph (Agilent 7890B; Agilent
Technologies, Waldbronn, Germany) coupled to a triple quadrupole mass spectrometer (QQQ/MS;
7000C Agilent Technologies, Waldbronn, Germany), equipped with a high sensitivity electronic
impact source (El) operating in positive mode. Injection was performed in splitless mode. Front inlet
temperature was kept at 250°C, transfer line and ion-source temperature were 250°C and 230°C,
respectively. Septum purge flow was fixed at 3 mL/min, purge flow to split vent operated at 80
mL/min during 1 min and gas saver mode was set to 15 mL/min after 5 min. Helium gas flowed
through column (HP-5MS, 30m x 0.25 mm, i.d. 0.25 mm, d.f. J&WScientific, Agilent Technologies
Inc.) at 1 mL/min. Column temperature was held at 60°C for 1 min, raised to 210°C (10°C/min),
then to 230°C (5°C/ min), to finally reach 325°C (15°C/min). The collision gas was nitrogen.
Pseudo-targeted analysis of intracellular metabolites. UHPLC/MS: The profiling analysis was
performed with a Dionex Ultimate 3000 UHPLC system (Thermo Fisher Scientific) coupled to an
Orbitrap mass spectrometer (g-Exactive, Thermo Fisher Scientific) equipped with an electrospray
source operating in both positive and negative mode, and acquired samples in full scan analysis
mode, from 100 to 1200 m/z. LC separation was performed on reversed phase (Zorbax Sb-Aq 100
x 2.1 mm x 1.8 ym particle size), with mobile phases: 0.2% acetic acid (A), and ACN (B). Column
oven was kept at 40°C. Ten microliters of aqueous sample (2" fraction) were injected for metabolite
separation with a gradient starting from 2% B, increased to 95% B in 22 min, and maintained during
2 min for column rinsing, followed by column equilibration at 2% B for 4 min. Flow rate was set to
0.3 mL/min. The g-Exactive parameters were: sheath gas flow rate 55 au, auxiliary gas flow rate
15 au, spray voltage 3.3 kV, capillary temperature 300°C, S-Lens RF level 55 V. The mass
spectrometer was calibrated with sodium acetate solution dedicated to low mass calibration. Data
were analyzed with the quantitative node of Thermo Xcalibur (version 2.2) in a pseudo-targeted

approach with a home-based metabolites list.



Proposal model
The proposal model was created with BioRender.com with number of agreement BK246PS4V0.

Data analysis

Data are expressed as means = SEM. For statistical analysis, firstly, the normal distribution of the
results was evaluated by D'Agostino & Pearson normality test, Shapiro-Wilk normality, and
Kolmogorov-Smirnov test. For Gaussian distributions, unpaired two-tailed Student’s t-test or one-
way analysis of variance (ANOVA) followed by Sidak post hoc multiple comparison test was used
for two or multiple comparisons, respectively. For non-Gaussian distributions, the following tests
were performed: Mann—Whitney U test was used for two groups and Kruskal-Wallis followed by
Dunn post hoc test for multiple groups. Analysis was performed by using the statistical software
GraphPad Prism 7. Whole transcriptome sequencing and GEO datasets statistical analysis was
tested by Fisher’s exact test. For statistical analysis of metabolomic, the p value was calculated by
Mann-Whitney test. All targeted treated data were merged and cleaned with a dedicated R (version

3.4) package (@Github/Kroemerlab/GRMeta). A p<0.05 was considered as statistically significant.
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Figure S5
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Figure S6
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Figure S7
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Figure S8
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Supplemental Figure Legends

Figure S1. a-DBI alleviates the hepatotoxicity induced by acetaminophen and concanavalin
A in vivo.

A Experimental procedure of the damage induced by acetaminophen (APAP, i.p. 300 mg/kg for 16
hours) or concanavalin A (ConA, i.v.12 mg/kg for 4 hours) in mice pre-treated with i.p. injection of
a-DBI or IgG (2.5 yg/g) and HCQ (50 mg/kg) for 4 hours and just before hepatic injury.

B-E Hepatoprotective effect of DBI neutralization after APAP intoxication. Representative images
of HES staining (B) from mice pre-treated with a-DBI or IgG and HCQ and after APAP. The hepatic
injury (C) was measured by histological examination taking account the area of cell death,
degeneration (ballooning), and inflammation around the central veins. ALT and AST transaminases
activity (D and E) from plasma mice (n=4-9 mice per group).

F-l Liver protection against ConA-damage by DBI neutralization. Histological pictures of HES
staining (F) from mice pre-treated with a-DBI or IgG and HCQ and after ConA. Liver injury (G) was
scored using grades of infiltration and hepatocyte necrosis. Activity of ALT and AST transaminases
(H and I) in plasma (n=3-11 mice per group).

Necrotic areas are marked with asterisks, ballooning with arrowheads, and vascular congestion
with arrows.

Data are expressed as means = SEM. Statistical analyses (p values) were performed ANOVA (C,
G, 1) or Kruskal-Wallis test (D-E, H).

Figure S2. ACBP/DBI inhibition reduces the loss weight caused by MCD and knockout of
ACBP/DBI protects against NASH.

A-D Body weight (A) and hepatic mRNA levels of DBI (B) from mice treated with a-DBI or IgG as
indicated in Fig. 2A (n=4-10 mice per group). Representation of the body weight (C) and mRNA
levels of Dbi in the liver (D) from Dbi”- and Wt mice (n=6-16 mice per group).

E-N DBI neutralization with antibodies improve NASH damaged derived by MCD. To induce the
production of autoantibodies against DBI, the conjugation of recDBlI and keyhole limpet
hemocyanin (KLH-DBI) or KHL (control) was i.p. administrated weekly to C57BL/6 mice for 4
weeks. After autoimmunization, mice were fed with MCD for 4 weeks (E). The body weight (F),
levels of hepatic Dbi mRNA (G), representative western blots (H) and protein levels of p62 (I) and
LC3 I/l (J) was measured in mice after KLH or KLH-DBI. Histological liver sections stained with
HES (K), NAFLD activity score (L) and plasma ALT (M) were analyzed (n=4-10 mice per group).
Wt and Gabrg2F7""F77! (Gabrg2MutMut) mice were fed with MCD for 4 weeks. HES histology images
(N), NAFLD score (O) and ALT activity (P) are shown after MCD (n=5-10 mice per group).
Asterisks, arrows, and arrowheads show inflammation foci, macro-steatosis, and micro-steatosis

vesicular, respectively.
13



Results are displayed as means + SEM. Statistical analyses (p value) were calculated by ANOVA

test.

Figure S3. Whole transcriptome sequencing reflects a differential gene expression profile
in mice treated with a-DBI after MCD.

A-B Heat map (A) of the two-way hierarchical clustering (1159 genes satisfying with fold change =
1 1.5 and with p < 0.05) using Z scores for normalized values from mice fed with RCD or MCD and
injected with 1gG or a-DBI. Volcano plots comparing mRNA expression levels (B) between two
groups in mice administrated with a-DBI versus IgG and fed with MCD (n=5 mice in each group).
C GSEA-based KEGG pathway enrichment analysis for RNA-seq data. RNA-seq was performed
to analyze the differential expression of 54325 genes in liver samples obtained from Ig and a-DBI
groups with MCD. The most significant pathways are shown.

D-E Representative hepatic images (D) and intensity quantification of F4/80 immunohistochemistry
(E) from all mice on RCD or MCD treated with a-DBI (n=5-10 mice per group).

F Analysis of genes involved in inflammation (Cd68, F480, II1b, 16, Mcpl1, Nrlp3, Tnfa), antioxidant
responses (Cat, Hmox1, Nrf2, Gpx, Gsr, Sod1, Sod2) and fibrosis (Collal, Acta2) by RT-qPCR.
Volcano plots are depicted with the fold change of each gene and the p value was calculated by
performing a two-tailed unpaired Student's t test. The setting of threshold for log? (fold change) is
+0.58 (cut-off value 1.5) and for —log10 (p value) was 1.3 (p value <0.05). The means of the
mRNA expression data were compared between the indicated groups (n=3-6 mice per group).
Results are represented as means + SEM. Statistical analyses (p value) were calculated by Fisher’s
exact test (B-C), ANOVA test (E) or two-tailed unpaired Student’s t test (F).

Figure S4. Analysis of gene expression profile in mice treated with a-DBI after MCD.

A-C GSEA-based KEGG/GO enrichment analysis for RNA-seq data. The differential expression of
54325 genes in liver samples, obtained from MCD plus IgG /a-DBI or RCD plus IgG/a-DBI groups,
were determined by RNA-seq analysis. Then GSEA-based GO enrichment analysis on biological
process (A: MCD a-DBI vs. MCD IgG; C: RCD a-DBI vs. RCD IgG) or KEGG pathway analysis (B:
RCD a-DBI vs. RCD IgG) were performed to select the significant categories (p value < 0.05,
Fisher’'s exact test).

D-E Volcano plots of genes related with inflammation (Cd68, F480, Il1b, 116, Mcpl, Nrlp3, Tnfa),
antioxidant response (Cat, Hmox1, Nrf2, Gpx, Gsr, Sod1, Sod2), fibrosis (Collal and Acta2), and
-oxidation (Cptla, Pgcla, Ppara) were measured by RT-gPCR. The means of the mRNA
expression data were compared between the indicated groups (n=4-8 mice per group). p values

were calculated by two-tailed unpaired Student’s t test.
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Figure S5. Analysis of pro-inflammatory cytokines and antioxidant enzymes in mice treated
with a-DBI under MCD diet.

A Heatmap clustered by Euclidean distance of the plasmatic levels of CCL4, CCL2, CXCL10 and
TNFA assessed by Luminex analysis (n=3-8 mice per group).

B-C Representative immunoblots (B) and densitometric analysis of CATALASE, HMOX1 and
SOD2 (C) (n=7-8 mice per condition).

D Analysis of hepatic NRF2 translocation by Western blot from nuclear and cytosolic extracts (n=4-
8 mice per condition).

E Representative Western Blot of PPARa from total liver extracts (n=8 mice per condition).

Data are expressed as means + SEM. Statistical analyses (p values) were performed ANOVA.

Figure S6. Effects of a-DBI on liver metabolites.

A-B o-DBI increases the hepatic levels of carnitines. Volcano plot of metabolites (A) grouped by
categories, comparing MCD-fed mice group treated with a-DBI (n=9) or IgG (n=5). The setting of
thresholds for log? (Fold change) is +0.58 (cut-off value 1.5) and for -Log10 (p value) was 1.3 (p
value <0.05). Total carnitines and family carnitines are shown (B) (n=3-9 per condition).

C-E Schematic figure from Atg4b” and Wt mice treated every week with a-DBI and IgG plus MCD
diet for 4 weeks (C). Body weight (D) and hepatic mRNA levels of Dbi (E) from mice treated a-DBI
and IgG with MCD diet (n=6-8 per group).

Data are displayed as means + SEM. Statistical analyses (p values) were calculated by means of
the two-tailed unpaired Mann Whitney test (A) or ANOVA test (B, D-E).

Figure S7. a-DBI enhanced the recovery of NASH in an autophagy-dependent fashion.

A-B Experimental strategy of the NASH reversion (R) induced by MCD for 4 weeks plus 4 days
with RCD. C57BL/6 (A) and Atg4b™ (B) mice were injected i.p. with a-DBI or IgG (2.5 pg/g) one
day before RCD and one day before sacrifice. Additionally, etomoxir (ETO) was administrated i.p
every day for 4 days in mice fed with RCD.

C-E Final body weight represented as % of basal body weight from C57BL/6 (C) plus ETO (D) and
Atg4b™- (E) mice (n=4-10 mice per group).

F-G Representative immunoblots (F) and densitometric quantification (G) of CPT1A, p62 and LC3B
from liver extracts in mice treated with a-DBI and IgG (n=5-8 mice per condition).

H-l Hepatic CPT1A, p62 and LC3B proteins levels analyzed by Western Blot from C57BL/6 mice
treated with a-DBI and IgG plus ETO (n=5-8 mice per treatment).

J mRNA levels of genes involved in B-oxidation such as Cptla, Ppara and Pgcla in the liver (n=5-

9 mice per group).
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K-M CPT1A, p62 and LC3B proteins levels (K and L) and Cptla, Ppara and Pgcla mRNA
expression (M) analyzed by Western Blot and RT-gPCR respectively from liver of Atg4b” mice
treated with a-DBI and IgG (n=4-5 mice per group).

Data are displayed as means + SEM. For statistical results, p values were calculated by ANOVA
test (C-D, G, I-J, L-M) or Kruskal-Wallis test (J).

Figure S8. ACBP/DBI neutralization prevents hepatic fibrosis in an autophagy-dependent
fashion.

A-C Body weight (A), levels of hydroxyproline (B), and AST activity (C) after CCls treatment in
prophylaxis model (n=4-14 mice per condition).

D-F Representative Western blot (D) and densitometric analysis of COLLAGEN 1A1 (E) and a-
SMA (F) from livers in prophylaxis condition (n=4-10 mice per group).

G-l Liver immunoblots (G) and densitometric analysis of p62 (H) and LC3B (l) from mice treated
with a-DBI or IgG plus HCQ in prophylaxis (n=4-10 mice per group).

For statistical analyses, p values were calculated by ANOVA test (A, E-F, H) or Kruskal-Wallis test
(B-C, I).

16



Table S1. ACBP/DBI neutralization downregulates genes that are upregulated in human NAFLD or NASH.

No. of
No. of No. of
genes No. of No. of
No. of No. of | No. of | genes over- reduced b Overlap enes genes | e Overlap
GEO normal | NASH | NAFLD | expressed . %Y | petween |9 in d overrepre- %
. : . . . anti-DBI in analyzed genes ; P value
accession livers livers | livers in NASH/ data- . mouse | : sentation
mouse in GEO - | in both
(NL) NAFLD sets experi- factor*
(P<0.05) MCD datasets ment groups
) (p<0.05)

1 GSE159676 | 6 7 — 1484 230 17046 54710 2.13105 6.28E-28
2 GSE151158 | 21 — 40 239 106 618 54444 6.05636 7.02E-56
3 GSE63067 | 7 9 — 1587 345 54675 61524 3.35460 4.74E-91
4 GSE48452 | 14 18 — 1487 360 33297 59696 3.62485 7.04E-106
5 GSE17470 | 4 7 — 2618 484 44530 59677 2.76717 8.12E-97
6 GSE66676 | 34 7 26 899 3987 113 28869 54325 | 59000 1.86005 1.78E-10
7 GSE24807 |5 12 — 3333 667 40346 59286 2.97575 6.89E-153
8 GSE33814 | 13 12 — 4380 1031 48803 58555 3.45702 2.85E-306
9 GSE126848 | 14 16 15 2581 598 19697 57744 3.35563 1.53E-162
10 GSE135251 | 10 — 206 4685 931 59913 76362 3.80602 9.39E-300
Sum 13350 2393 46943 84510 3.79947 0

* Overlap overrepresentation factor is ratio between actual overlap over theoretical overlap.

# The p values were calculated with Fisher's exact test.




Table S2. List of reagents or resources used in the article.

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

Anti-ACBP/DBI antibody Abcam ab231910
Anti-aSMA antibody Sigma Aldrich A2547
Anti-ATG4B antibody Cell Signaling Technology 13507
Anti-CATALASE Cell Signaling Technology 14097
Anti-COLLAGEN 1A1 antibody Sigma Aldrich 234167
Anti-CPT1A antibody Abcam ab128568
Anti-F4/80 antibody BioRad MCA497G
Anti-GAPDH antibody Cell Signaling Technology 2118
Anti-MAP1LC3B antibody Cell Signaling Technology 2775
Anti-p62/SQSTM1 antibody Abnova H00008878-M01
Anti-PPARa Abcam ab61182
Anti-SOD2 Cell Signaling Technology 13141
Goat Anti-Mouse 1gG (H+L) secondary antibody Southern Biotech 1031-05
Goat Anti-Rat IgG (H+L) secondary antibody Southern Biotech 3050-05
Goat Anti-Rabbit IgG (H+L) secondary antibody Southern Biotech 4050-05
IgG2a antibody (in vivo isotype control) Bioxcell BE00S5
Monoclonal anti-ACBP/DBI (in vivo neutralization) Fred Hutch Antibody Technology N/A
Chemicals, Peptides, and Recombinant Proteins

Acetaminophen (APAP, Paracetamol) Sigma Aldrich A7085
Bleomycin (Bleo) Sigma Aldrich B5507
Concanavalin (ConA) Sigma Aldrich C5275
Etomoxir sodium Sigma Aldrich E1905
Hydroxychloroquine sulfate Axon Medchem BV 2432

Imject mcKLH Subunits Thermo Scientific 77649



Montanide ISA 51 VG SEPPIC 36362/FL2R3
Recombinant mouse ACBP/DBI Custom-made N/A
SuperSignal West Pico chemiluminescent substrate Thermo Scientific 34579
SYBR Green Master Mix Applied Biosystems 4367659
Tamoxifen Free Base Sigma Aldrich T5648
Critical Commercial Assays
Alanine transaminase (ALT) kit Randox AL1200
Aspartate transaminase (AST) kit Randox AS1202
Bilirubin kit Sigma Aldrich MAK126
Hydroxyproline kit Sigma Aldrich MAKO008
Milliplex Mouse Cytokine/Chemokine Merck Millipore MCYTMAG-70K-PX32
RNeasy Plus Mini kit Qiagen 74134
SuperScript™ VILO™ cDNA Synthesis Kit Invitrogen 11754050
Deposited data
GEO number RNAseq GSE194346
Experimental models: Organisms/ Strains
Acbp/Dbi ¥ mice in which loxP sites flank Acbp exon 2 Ozgene N/A

Gift of Dr. Carlos Lopez-Otin, University of
Atg4b-/- ©57BL/6 mice Oviedo, Spain N/A
Atg7c ¥ mice Tong et al., 2019 N/A
B6.Cg-Tg(UBC-cre/ERT2)1Ejb/1J mice Jackson Laboratory, Bar Harbor, ME, USA N/A
C57BL/6JOlaHsd mice Envigo 5704F
Gabrg2tm1Wul/J GABAA g2+ mice Charles River Laboratory, Lentilly, France N/A
Gabrg2tm1Wul/J GABAA g2F771F"" mice Charles River Laboratory, Lentilly, France N/A
Mito-Keima Tg mice Tong et al., 2019 N/A
GFP-LC3 Tg mice Mizushima et al., 2004 N/A

Oligonucleotides

gPCR oligonucleotides




Acbp/Dbi: FOR 5' GAATTTGACAAAGCCGCTGAG 3'
Acbp/Dbi: REV 5' CCCACAGTAGCTTGTTTGAAGTG 3'
Acta2: FOR 5' CCCAGACATCAGGGAGTAATGG 3
Acta2: REV 5' TCTATCGGATACTTCAGCGTCA 3
Cat: FOR 5' GAACGAGGAGGAGAGGAAAC 3

Cat: REV 5' TGAAATTCTTGACCGCTTTC 3'

Cd68: FOR 5 TGTCTGATCTTGCTAGGACCG 3
Cd68: REV 5' GAGAGTAACGGCCTTTTTGTGA 3
Collal: FOR 5' AATGGCACGGCTGTGTGCGA 3'
Collal: REV 5' AGCACTCGCCCTCCCGTCTT 3'
Colla2: FOR 5' AGCAGGTCCTTGGAAACCTT 3'
Colla2: REV 5' AAGGAGTTTCATCTGGCCCT 3
Col6al: FOR 5' TCGGTCACCACGATCAAGTA 3
Col6al: REV 5 TACTTCGGGAAAGGCACCTA 3
Col6a2: FOR 5' GCTCCTGATTGGGGGACTCT 3
Col6a2: REV 5' CCAACACGAAATACACGTTGAC 3
Col6a3: FOR 5' GCTGCGGAATCACTTTGTGC 3'
Col6a3: REV 5' CACCTTGACACCTTTCTGGGT 3'
Cptla: FOR 5' TCAATCGGACCCTAGACACC 3'
Cptla: REV 5' CTTTCGACCCGAGAAGACCT 3
Desmin: FOR 5' GTTTCAGACTTGACTCAGGCAG 3'
Desmin: REV 5 TCTCGCAGGTGTAGGACTGG 3'
F4/80: FOR 5' CTTTGGCTATGGGCTTCCAGTC 3'
F4/80: REV 5' GCAAGGACAGAGTTTATCGTG 3
Gpx: FOR 5' ATCGACATCGAACCTGACAT 3'

Gpx: REV 5' GAGTGCAGCCAGTAATCACC 3

Gsr: FOR 5' ATTGGCTGTGATGAGATGCT 3

Gsr: REV 5' GGTAGGATGAATGGCAACTG 3'

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A



Hmox1: FOR 5' AGGCTAAGACCGCCTTCCT 3'
Hmox1: REV 5' TGTGTTCCTCTGTCAGCATCA 3'
[11: FOR 5' AGAAGCTGTGGCAGCTACCTG 3

[11: REV 5 GGAAAAGAAGGTGCTCATGTCC 3

[16: FOR 5' GAGGATACCACTCCCAACAGACC 3
[16: REV 5' AAGTGCATCATCGTTGTTCATACA 3'
Mcpl: FOR 5' TTAAAAACCTGGATCGGAACCAA 3
Mcpl: REV 5' GCATTAGCTTCAGATTTACGGGT 3'
NIrp3: FOR 5' ATTACCCGCCCGAGAAAGG 3
Nirp3: REV 5 TCGCAGCAAAGATCCACACAG 3
Nrf2: FOR 5' TAGATGACCATGAGTCGCTTGC 3
Nrf2: REV 5 GCCAAACTTGCTCCATGTCC 3'
Pdgfa: FOR 5 TGGCTCGAAGTCAGATCCACA 3'
Pdgfa: REV 5' TTCTCGGGCACATGGTTAATG 3'
Pdgfb: FOR 5 TTCCAGGAGTGATACCAGCTT 3'
Pdgfb: REV 5' AGGGGGCGTGATGACTAGG 3
Pdgfra: FOR 5' TCCATGCTAGACTCAGAAGTCA 3'
Pdgfra: REV 5' TCCCGGTGGACACAATTTTTC 3
Pdgfrb: FOR 5 TTCCAGGAGTGATACCAGCTT 3
Pdgfrb: REV 5 AGGGGGCGTGATGACTAGG 3
Pgcla: FOR 5' AAGTGTGGAACTCTCTGGAACTG 3
Pgcla: REV 5' GGGTTATCTTGGTTGGCTTTATG 3'
Ppara: FOR 5' AGAGCCCCATCTGTCCTCTC 3'
Ppara: REV 5 ACTGGTAGTCTGCAAAACCAAA 3'
Sodl: FOR 5 TGTGTCCATTGAAGATCGTG 3'
Sodl: REV 5' CTTTGCCCAAGTCATCTTGT 3
Sod2: FOR 5' TCAGTGCTCACTCGTGTCAT 3
Sod2: REV 5' ACACGATAGGTTTGGGCATA 3

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A



Tnfa: FOR 5' CATCTTCTCAAAATTCGAGTGACAA 3' This study N/A

Tnfa: REV 5' TGGGAGTAGACAAGGTACAACCC 3' This study N/A

Vimentin: FOR 5' CGTCCACACGCACCTACAG 3' This study N/A

Vimentin: REV 5' GGGGGATGAGGAATAGAGGCT 3 This study N/A

Rplo/36b4: FOR 5' ACTGGTCTAGGACCCGAGAAG 3' This study N/A

Rplo/36b4: REV 5' TCCCACCTTGTCTCCAGTCT 3' This study N/A

Genotyping

Cre: FOR 5' AGGTTCGTTCACTCATGGA 3' This study N/A

Cre: REV 5' TCGACCAGTTTAGTTACCC 3' This study N/A

GABRG2 knock-in: FOR 5° AAGCGCCCACCTCTACTTCT

3 This study N/A

GABRG2 knock-in: REV 5 TCATGGGATAGTGCATCAGC

3 This study N/A

Software and algorithms

DESeq?2 package Love et al., 2014 N/A

Gene Ontology analysis (http://www.bioinformatics.com.cn) Wang et al., 2017 N/A

HISAT?2 algorithm (reference genome GRCm39) Kim et al., 2019 N/A

Image J National Institutes of Health N/A

Metabolomic dataset analysis R (v3.4) package

(@Github/Kroemerlab/GRMeta

GraphPad Prism 7 software Graph Pad Software Inc N/A
Centre for Cancer Research & Cell

QuPath 0.2.3 software Biology at Queen’s University Belfast N/A

StepOne Software v2.3 Applied Biosystems N/A

Zen 3.2 software ZEISS N/A

Others

Precellys tissue homogenizing ceramic beads Bertin Technologies CKMix

Lithium heparin blood collection tubes Sarstedt 6443

Luminex™ FLEXMAP 3D™ Instrument System Merck Millipore APX1342

Methione and choline deficiente diet (MCD) Safe AIN-76



Regular-chow Diet (RCD) Safe A04
StepOnePlus Real-Time PCR System Applied Biosystems N/A
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