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ABSTRACT:

Background & Aims: Alcoholic hepatitis (AH) is a life-threatening disease with limited
therapeutic options, because understanding of the molecular drivers leading to death are not
well understood. This study evaluates the Hippo/Yes-associated protein (Y AP) pathway which
has been shown to play a role in liver regeneration. Method: The Hippo/YAP pathway was
dissected in explants of patients transplanted for AH or alcoholic cirrhosis and in control livers,
using RNA-Seq, real-time PCR, Western blot, immunohistochemistry (IHC) and transcriptome
analysis after laser microdissection. We transfected primary human hepatocytes with
constitutively active YAP (YAPS127A) and treated HepaRG cells and primary hepatocytes
isolated from AH livers with a YAP inhibitor. We also used mouse models of ethanol exposure
(Lieber de Carli) and liver regeneration (CCls) after hepatocyte transduction of YAPS127A.
Results: In AH samples RNA-Seq analysis and IHC of total liver and microdissected
hepatocytes revealed marked down-regulation of Hippo shown by lower MST1 kinase and
abnormal activation of YAP in hepatocytes. Overactivation of YAP in hepatocytes in vitro and
in vivo led to biliary differentiation and loss of key biological functions such as regeneration
capacity. Conversely, treatment of abnormal hepatocytes from AH patients with a YAP
inhibitor restored the mature hepatocyte phenotype. In ethanol-fed mice, YAP activation using
YAPSI27A resulted in a loss of hepatocyte differentiation. Hepatocyte proliferation was
hampered using YAPS127A after CCls intoxication. Conclusion: Aberrant activation of YAP
plays an important role in hepatocyte transdifferentiation in AH, through a loss of hepatocyte
identity and impaired regeneration. Thus, targeting YAP is a promising strategy for the

treatment of patients with AH.



Lay summary: Alcoholic hepatitis (AH) is characterized by inflammation and a life-
threatening alteration of liver regeneration by mechanisms that have not been identified. We
show that AH livers are characterized by profound deregulation of the Hippo/YAP pathway
with uncontrolled activation of the transcription co-factor YAP in hepatocytes. YAP activation
in hepatocytes leads to their transdifferentiation towards a biliary phenotype associated with
inflammation as well as a regeneration defect. YAP inhibition reverts this hepatocyte defect

and appears to be an original therapeutic strategy of regenerative treatment for AH.



INTRODUCTION

Alcohol-associated liver disease (ALD) is a major public health problem worldwide. Alcoholic
hepatitis (AH) is the most life-threatening phenotype, and effective targeted therapies are
urgently needed. Severe forms of AH have a high short-term mortality rate — and the only
effective therapy (i.e. corticosteroids) was proposed several decades ago [1] [2]. Although
corticosteroids increase short-term survival [3], around 40% of patients fail to respond to
treatment [4]. In a carefully selected group of patients, early liver transplantation is associated
with a good outcome, but can only be proposed in a limited number of patients [5]. Since the
only existing effective treatment is corticosteroids, new molecular pathways and targets must
be identified.

Cell injury, inflammation, bacterial compounds, oxidative stress and regeneration are key
factors of alcohol-induced liver injury [6] [7] [8]. Preclinical animal models do not mimic the
full spectrum of severe AH. Indeed, liver injury is mild in animals while profound impairment
of liver function is a major feature of AH in humans. Thus, studies combining animal models,
experimental cells and human tissue samples are needed to overcome the limitations of each
individual approach [9].

In-depth studies are hampered in humans by the limited access to liver biopsies and thus, to
RNA and histological analyses. However, indications for early liver transplantation in patients
with severe AH have opened up a new era and facilitated molecular investigations, by making
large amounts of explanted liver tissue available [5]. Recent studies of explants have revealed
that ineffective hepatocyte regeneration and compensatory ductular reaction are key features of
AH [10] [11] [12]. The molecular mechanisms underlying hepatocyte-transformation into
biliary cells or so-called transdifferentiation, have been studied in mice but have not been

explored in human diseases including AH. Identification of key drivers could help the



development of novel therapeutic strategies to promote effective hepatocyte regeneration by
shifting transdifferentiated cells towards a mature hepatocyte phenotype.

The Hippo/Yes-associated protein (Y AP) pathway is a promising therapeutic target involved in
liver regeneration [13]. This pathway has mainly been studied in animal models. Inactivation
of the Hippo pathway leads to translocation of the transcription cofactor YAP into the nucleus,
inducing transcription of a broad range of genes [14]. Although YAP is mainly expressed in
biliary cells in the healthy liver, published preclinical data suggest that modulation of the
Hippo/Y AP pathway could influence embryonic liver development [15], cell fate [16], and liver
regeneration [14]. Indeed, in mice, ectopic YAP activation in hepatocytes promotes
transdifferentiation to an intermediate phenotype expressing both hepatocyte and biliary cell
markers [16] and a ductular reaction [17], a histological feature frequently observed in AH [12]
[10]. YAP activation is also associated with an increase in liver size [18] [19]. The relevance
of all these results in animals must be determined in human pathophysiology.

In the present human-explant-based translational study, we investigated the role of the
Hippo/Y AP pathway in severe AH, a disease characterized by hepatocyte transdifferentiation
into cholangiocytes as well as a lack of proliferating hepatocytes. In addition to our ex vivo data
we also obtained functional in vivo data on the dynamics of YAP activation. Our results show
that (i) deregulation of the Hippo/YAP pathway is closely associated with hepatocellular and
regeneration defects observed in AH, and (i1) aberrant YAP activation in AH hepatocytes leads
to the development of a cholangiocyte signature in hepatocytes that is involved in defective
liver regeneration. These original data on the Hippo/Y AP pathway in AH could provide targets

for novel therapies to promote hepatocyte maturation and effective regeneration in AH.



METHODS:

Patients

Alcoholic hepatitis was biopsy-proven and severe forms of disease were defined by a Maddrey
discriminant function >32. Non-response to medical therapy was defined by a Lille model score
>0.45.

Liver samples were obtained from 23 patients who underwent early liver transplantation at
Huriez Hospital’s Liver Unit (Lille, France) for severe AH that did not respond to medical
therapy. [5]

Since severe AH often occurs on preexisting cirrhosis, 20 patients with alcoholic cirrhosis
without superimposed AH were used as diseased controls (Cirrh). Patients underwent liver
transplantation for decompensated alcoholic cirrhosis and severe liver failure after a prolonged
period of abstinence. Fragments of healthy liver samples were obtained from 20 patients who
underwent liver resection for hepatic tumours (controls). The liver samples were immediately
fixed or frozen for all experiments except RNA Seq. Patient characteristics are summarized in
Supplementary Table 1. Study is authorized by the Lille ethical committee and informed
consent was obtained from all subjects.

Chronic exposure to alcohol

Eight-week-old female mice were intravenously injected with adeno-associated viruses
(AAVs): AAV2/8-YAPS127A or with an irrelevant AAV. Two weeks later, a liquid diet based
on the Lieber de Carli (LDC) diet was initiated and given for 17 days [20]. The final ethanol
concentration was 6.3% vol/vol, and ethanol accounted for 28% of the total calorie content. The
control diet was obtained by replacing the ethanol by an equivalent quantity of maltodextrin.
Body weight and food intake were measured daily throughout the experiment. The mice were
randomized into three groups: 10 mice received the control diet (CD) and the irrelevant AAV,

5 received the LDC diet and the irrelevant AAV, 15 received the CD and the AAV2/8-



YAPSI127A and 20 received the LDC diet and the AAV2/8-YAPSI127A. The liver was
removed, weighed, and either fixed in paraformaldehyde or snap-frozen in liquid nitrogen. All

samples were stored at -80°C until use.

AAV2/8-YAPS127A preparation and purification

The AAVs were manufactured and purified at CPV-UMRI1089 (Nantes, France). Briefly,
cDNA for the constitutively active human YAP was cloned from the plasmid YAPSI27A
(Addgene #27370) to the pAAV2 vector plasmid (containing ITR-2 from pSub201 plasmid)
using specific restriction enzymes Kpnl/EcoRS5 for pAAV.CMV.YAPS127A construct and
then subcloned using Notl to obtain pAAV.LP1.YAPS127A construct. The YAPS127A
transgene was under the control of the hepatocyte specific promoter LP1 [21].

Adherent HEK293 cells seeded in CellStack 5 chambers were co-transfected with the vector
plasmid and helper plasmid (containing helper genes from adenovirus and the rep cap genes,
depending on the capsid serotype) and harvested 3 days post-transfection. Recombinant AAV
vectors were purified from supernatant PEG-precipitation by double CsCl gradient
ultracentrifugation. The viral suspension was formulated in Dulbecco's Phosphate-Buffered
Saline 1X buffer and stored below -70°C in polypropylene low-binding cryovials. The
recombinant AAV vector genome was titrated using a quantitative polymerase chain reaction.
The target amplicons corresponded to inverted terminal repeats (ITR)-2, as described by

D’Costa et al [22].

Statistics
Data were expressed as the mean + SD or the median. A Mann—Whitney test was used for all
comparisons. Statistical analyses were performed using GraphPad Prism software (version 5.0,

San Diego, CA, USA). The threshold for statistical significance was set to p<0.05.

For further details regarding the materials and methods used, please refer to the CTAT table

and supplementary materials.



RESULTS

The Hippo/YAP pathway is deregulated in the AH liver

Liver RNA sequencing revealed that the Hippo/Y AP pathway was significantly altered in AH
with increased levels of YAP!I and its cofactors TEADs. The extent of alteration was associated
with disease severity (Fig. 1A). PCR analysis confirmed that liver expression of YAP/ mRNA
was two times higher in Cirrh and AH patients than in controls. The YAP target genes and
TEAD4 were specifically induced in AH livers (Fig. 1B, Fig.S1A).

Conversely, the protein kinase MST1, a key component of the Hippo signal, was significantly
lower in the AH group than in the controls and Cirrh groups and the active form of MST1 was
low in AH livers, compared to Cirrh livers and control livers (Fig. 1C). These findings indicate
that the Hippo signal was muted in AH livers.

Immunostaining experiments showed intense Y AP staining in AH liver samples mainly located
in hepatocytes throughout the parenchyma confirmed by quantification of the YAP staining in
liver lobules (Fig. 1D, Fig.S1B). On the other hand, YAP expression was weak and diffuse in
control livers. YAP staining was limited to the ductular reaction present in fibrotic bands

surrounding the regeneration nodules in Cirrh livers while the hepatocytes were weakly stained

(Fig. 1D).

YAP activation in AH hepatocyte is associated with the expression of biliary markers

Co-staining experiments showed intense Y AP staining mainly in the nucleus of AH hepatocytes
(albumin-positive cells) (Fig. 2A). Even if some heterogeneity in the Alb and YAP co-staining
was observed in AH liver parenchyma, all patients had a majority of YAP+ cells and about one
third of parenchymal cells lost their albumin expression (Fig.S2). Control and Cirrh samples
only displayed weak, diffuse YAP staining in the cytoplasm of albumin-positive cells (Fig. 2A,

Fig.S4).
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Biliary markers (i.e. SOX9 and HNF1p) were strongly expressed in almost all hepatocytes in
AH. Conversely, they were only expressed in the bile ducts of control livers and in the areas of
perinodular ductular reactions (but not in hepatocytes) in Cirrh livers (Fig. 2B, Fig. S5). In AH
livers, YAP and SOX9 colocalized in the hepatocyte nuclei throughout the parenchyma
(Fig.S6).

In AH hepatocytes, abnormal expression of biliary markers was associated with low levels of
hepatocyte-specific genes. Indeed, mRNA expression of the genes coding for CYP3A4,
tyrosine aminotransferase (TAT), albumin and aldolase B was significantly lower in AH livers
than in Cirrh and control livers (Fig. 2C).

Other Yap targets involved in the biliary commitment of liver epithelial cells [16] such as JAG1

and NOTCH2 were highly expressed in AH compared to controls and Cirrh (Fig.S7).
Transcriptome analysis in microdissected tissue in AH reveals a loss of hepatocyte identity

Specific dysregulation was identified in the transcriptome of microdissected hepatocytes (Y AP-
positive cells) from AH patients compared to hepatocytes (Y AP-negative cells) from Cirrh and
control patients (Fig. 3A). In unbiased hierarchical clustering and partial component analyses,
AH hepatocytes clustered separately while Cirrh hepatocytes were distributed closer to the
control samples than to AH (Fig. 3A and B). The number of differentially expressed genes was
higher in AH-derived hepatocytes than in hepatocytes from controls and Cirrh (Fig. 3A). Gene
set enrichment analyses (GSEAs) indicated that expression of genes related to the Hippo/YAP
pathway and the downstream Notch pathway [16] was significantly enriched in microdissected
cells from AH livers compared to Cirrh (Fig. 3C). AH was associated with a significant loss of
hepatic identity [23] [24] gene expression and a concomitant enrichment in cholangiocyte
identity genes (Fig. 3D). AH significantly exacerbated transcriptomic changes that were already
present in Cirrh samples and compared to control samples (Fig.S8A). Differentially expressed

genes in AH or Cirrh were compared with murine single-cell transcriptomic data by in silico
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mapping to study the differentiation of hepatoblasts to hepatocytes or cholangiocytes [25]
(Fig.S8B). Genes that were highly expressed in AH hepatocytes corresponded to genes that are
strongly expressed in hepatoblasts that differentiate into mature cholangiocytes, while genes
that were highly expressed in Cirrh corresponded to genes that are highly expressed by

hepatoblasts that differentiate into mature hepatocytes (Fig. 3E).

Modulation of YAP drives human hepatocyte transdifferentiation

Transfection of human primary hepatocytes with the constitutively active human YAP
YAPS127A (Fig. 4A) was associated with higher mRNA expression of YAP/ and its target
genes, (Fig. 4B; Fig. S9A) as well as lower expression of the genes coding for hepatocyte
markers CYP3A4, aldolase B, TAT and albumin (Fig. 4C), and higher levels of the biliary
markers CK19 and CK7 (Fig. 4D, Fig.S9B).

Immunostaining of undifferentiated HepaRG cells just after seeding and after 15 days after
confluency revealed intense nuclear YAP staining (Fig. SA). After 30 days of culture, HepaRG
cells that differentiated into biliary-type cells displayed strong YAP nuclear staining, while
HepaRG cells with hepatocyte-like cell differentiation displayed weak, diffuse YAP
cytoplasmic staining (Fig. 5A; Fig.S10A).

HepaRG cells treated with the YAP inhibitor, dobutamine, for 30 days led to the commitment
of cells towards the hepatocytic lineage (Fig. 5B; Fig.S10B). Dobutamine treatment was
associated with lower mRNA expression of YAP/ and its target genes (Fig. 5C; Fig.S10C).
Conversely, dobutamine treatment was associated with upregulation of the genes coding for the
hepatocyte markers TAT, CYP3A4, albumin, and aldolase B (Fig. 5D), and downregulation of

the biliary markers CK7 and CK19 (Fig. 5E).

Treatment of AH-isolated hepatocytes with a YAP inhibitor promotes the reversal of their

transdifferentiation to cholangiocytes.

12



In order to investigate the therapeutic potential of YAP inhibition on hepatocyte
dedifferentiation, we have developed a protocol to isolate hepatocytes from an explant of a
patient transplanted for AH and treated them with dobutamine for 24hrs (Fig. 6A).
Dobutamine treatment of AH hepatocytes decreased gene expression of YAP and more
importantly of its target genes confirming at least the inhibition of its activity (Fig. 6B). This
treatment significantly lowered the biliary markers expression without significant changes in
hepatocyte markers expression (Fig. 6C and D).

These results suggest that YAP inhibition could limit hepatocyte defects in AH.

YAP activation induces hepatocyte transdifferentiation in animal models of alcohol exposure
and impaired liver repair

Excessive alcohol intake did not appear to be sufficient to induce YAP activation in liver. We
then evaluated potential in vivo interactions between uncontrolled Y AP activation in hepatocyte

and alcohol intake using a model of Lieber de Carli.

To this aim, YAP activation was investigated in the hepatocytes of mice exposed to alcohol,
after injection of an adeno-associated virus (AAV) with a hepatic tropism overexpressing

mutated human YAP (AAV-YAPS127A).

Mice fed with either ethanol alone (LDC) or exposed to ethanol and AAV-YAPSI27A
(YAPS127A-LDC) displayed a significant increase in the liver steatosis and in the liver weight
to body weight ratio as compared to mice fed with control diet (CD) (Fig.S11A-C).
Transduction efficacy was confirmed by the expression of human mutated YAP in the mouse

livers after AAV-YAPS127 treatment (Fig.S11D).

Immunostaining of YAP revealed that in vivo transduction of YAPS127A leads to induction of

YAP expression and its nuclear localization in hepatocytes (Fig. 7A). Livers of CD and LDC
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mice showed YAP staining in intrahepatic bile cells with weak and diffuse staining in the

hepatic parenchyma (Fig. 7A).

An abnormal SOX9 staining was observed in hepatocytes of YAPS127A-LDC mice as
compared to CD and LDC mice where SOX9 staining was restricted to intrahepatic bile cells
and compared YAPS127A-CD where limited DR is stained (Fig. 7A). This was also associated
with a significant induction of liver mRNA expression of Sox9 and Hnf1p, two biliary genes,

in YAPS127A-LDC mice as compared to other group of mice (Fig. 7B).

Unexpectedly, liver of YAPS127A-LDC mice displayed large areas of necrosis and significant
neutrophil infiltration in the hepatic parenchyma, which was not observed in CD, YAPS127A-
CD and LDC mice (Fig. 7C). This cellular inflammation was associated with a significant
induction of mRNA expression of the inflammatory cytokines IL1 and TNFa in the liver of
YAPS127A-LDC mice as compared to the CD, YASPS127A-CD and LDC livers (Fig. 7D).
These results suggested that YAP activation in hepatocyte together with alcohol exposure
induced a rapid hepatocyte transdifferentiation associated with liver inflammation and necrosis,

common features characterizing AH.

Hepatic regeneration defect is also a key feature in AH pathophysiology, we have evaluated the
consequences of the constitutive uncontrolled hepatocyte activation of YAP (using AAV-
YAPSI127A) on hepatic repair in a validated mouse model of CCl4 injury. We first verified that

Y AP activation did not influence CCls metabolism and induced necrosis (Fig.S12).

Forty-eight hours after CCls4 injection, the livers of mice transduced with YAPS127A (CCls
+YAPS127A) exhibited a 77% decrease in the number of BrdU-positive (proliferating)
hepatocytes compared to control mice (CCls) (Fig. 7E and F). This lack of proliferative response
is not due to differences in CCls-induced injury and metabolism in both groups (Fig.S12). As

observed in the LDC model, this regeneration defect was associated with the induction of the
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liver mRNA expression of biliary markers, HnflB and Sox9 in CCls+YAPS127A mice as
compared to CCls mice (Fig. 7G). These results suggest that the uncontrolled activation of a
YAP in hepatocyte after injury profoundly affects the regenerative capacity of hepatocytes in

favour of their transdifferentiation toward a biliary phenotype.
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DISCUSSION

The development of novel pathophysiological-based drugs is needed to improve the outcome
of the life-threatening disease, alcoholic hepatitis [1]. The present study provides convincing
evidence that in severe AH, activation of the Hippo/YAP pathway in hepatocytes leads to a
progressive shift from a hepatocyte identity to a biliary fate. This shift in differentiation is
confirmed in vivo and is found to be associated with the blockade of hepatocyte regeneration.
Finally, ex vivo experiments using AH hepatocytes provide additional evidence that a YAP
inhibitor could be a targeted therapeutic approach in severe AH.

Most data on the potential pathophysiological role of Hippo/Y AP have been obtained in animal
models, while functional data in humans are scarce. Our comprehensive study demonstrates
that unregulated YAP activation is a key mechanism in the transdifferentiation of hepatocytes
into biliary cells in the adult human liver. This is in line with recent data obtained in acute liver
failure, where injury-related activation of YAP was observed in accumulating foetal-like
hepatocytes [26]. In AH, YAP expression is inversely correlated to the expression of the
epithelial splicing regulatory protein-2 (ESRP2) [27]. ESRP2 suppression has been shown to
be associated with adult to foetal reprogramming and proliferative response in mice. The foetal
isoform of an essential liver-enriched transcription factor (HNF4a) has also been shown to be
strongly expressed in AH livers [28]. It is interesting to note that in mice, Y AP has been shown
to deregulate transcriptional programs known to control hepatocyte quiescence and
differentiation induced by HNF4A [29]. Our study in human samples identifies an additional
phenomenon: the transdifferentiation of hepatocytes resulting in the loss of their cellular
identity and function.

The low MSTT kinase activity is a strong evidence of Hippo silencing in AH leading to YAP

activation. To better understand the aberrant YAP activation in hepatocytes, we evaluated
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GSEAs in microdissected AH hepatocytes, and found that they displayed an enriched biliary
gene signature and marked downregulation of hepatocyte identity genes.

Hepatocyte microdissection clearly demonstrates the presence of a severe defect in proliferation
and metabolic function in hepatocytes in AH. On the other hand, in cirrhosis without AH,
hepatocytes retain most of their physiological function compared to control hepatocytes. These
data show the specific fate of hepatocytes in AH and strongly support the need for targeted
therapies.

Several reports described in the rodent model of hepatectomy, the importance of a transient
activation peak of YAP in early phases of liver regeneration [14]. YAP has then been shown to
promote early hepatocyte cell cycle progression [30]. This is in contrast with the present data
showing that YAP activation blocked hepatocyte repair. It is important to consider that the
influence of transient activation of YAP could differ from that of sustained activation. Indeed,
sustained wunregulated activation of YAP in murine hepatocytes leads to their
transdifferentiation into epithelial cells with an intermediate phenotype [16] [18] rather than to
their proliferation. The fact that YAP activation is sustained and unregulated in AH could play
a role in defective hepatic repair because hepatocytes are already engaged in a process of
transdifferentiation as shown in our CCls experiments. Thus, further studies are needed to
clarify the role of YAP and its partners in liver regeneration in the context of hepatocyte
transdifferentiation.

According to the literature, alcohol consumption is not sufficient to recapitulate AH pattern
(inflammatory infiltrates, necrosis, hepatocyte transdifferentiation...) in animal models. In the
present study, we have coupled YAP activation in hepatocyte and alcohol intake and
demonstrate a rapid trandifferentiation of hepatocytes associated liver necrosis and obvious
inflammatory infiltrates. This combination of features characteristic for AH were virtually

never described in animal models of ALD.
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The Hippo/YAP pathway plays a complex role in cell proliferation, organ regeneration, and
carcinogenesis. Fifteen years ago, the YAP genomic locus was found to be amplified in breast
and liver cancers [31] [32] and experiments in models of chemical injury-induced
hepatocellular carcinoma have suggested that elevated YAP activity may be an early oncogenic
event. Indeed, nuclear YAP was found in preneoplastic hepatic foci, and the number and size
of tumours was markedly lower when YAP was targeted [33]. In AH, the competing risk of
liver-failure-related mortality probably excludes mid- or long-term oncogenic effects of YAP
activation. Indeed, patients with AH either die within 6 months due to liver failure or they show
a marked improvement in liver function, which probably results in the reversion of YAP
activation in hepatocytes.

This study provides an interesting opportunity for drug development in AH. Pharmaceutical
companies are increasingly interested in developing drugs targeting the Hippo/YAP pathway
because of the potential benefits on cell proliferation, cell transdifferentiation, and tissue
regeneration [34]. Further preclinical studies must evaluate whether Y AP-interfering agents

have beneficial effects in ALD.

In conclusion, the present study demonstrates that sustained aberrant activation of the
Hippo/YAP pathway in hepatocytes plays a role in hepatocyte transdifferentiation in AH,
leading to a loss of hepatocyte identity and impaired liver regeneration. Considering the limited
number of therapeutic options in AH, targeting YAP is a promising strategy for the treatment

of patients with this disease.
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FIGURE LEGENDS

Fig. 1: Abnormal YAP activation in liver samples from patients with AH.

(A) A heat map showing mRNA expression levels of Hippo/YAP pathway components and
their partners in AH liver explants (exAH, in purple), liver biopsies from patients with severe
AH (red), liver biopsies from patients with early-stage AH (eASH, in blue) and liver biopsies
from patients with normal livers (N, in green). The fold change is the relative variation of gene
expression to the centre value (mean of all values of that gene in the population) (B) Real-time
PCRs performed on liver samples from control patients (Ctrl), patients with alcoholic hepatitis
(AH) and patients with alcoholic cirrhosis (Cirrh). mRNA expression levels of YAP], its target
genes (NUAK2, ANKRD1, and TGFf2) and its cofactor TEAD4 were compared with the 7TBP
housekeeping gene (coding for TATA-binding protein). (C) A representative Western blot of
active and inactive MST1 in the liver. Beta-actin was used as a loading control. The dot plots
illustrate the band intensity for total MST1 and active MST1. The results are expressed as total
MST1/B-actin and active MST1/B-actin ratios, in relative units. (D) Representative YAP
immunostaining experiments in livers from control (Ctrl), alcoholic hepatitis (AH) and cirrhosis
(Cirrh) groups at a magnification of x100 (upper panel) or x200 (lower panel). In control livers,
the portal bile ducts were stained (arrowheads, left panel). In cirrhotic liver samples (Cirrh), we
observed intense staining in the fibrotic bands around regenerating nodules. The AH liver
displayed very intense staining throughout the entire parenchyma. Statistical significances are

indicated (Mann-Whithney U-test).

Fig. 2: YAP is expressed in the nucleus of hepatocytes of patients with AH and is

associated with the expression of biliary markers by hepatocytes.

(A) Co-immunostaining of YAP (in green) and the hepatocyte marker, albumin (in red), in the
livers of control patients (Ctrl), patients with AH and patients with alcoholic cirrhosis (Cirrh)

(magnification x100). (B) Representative immunostaining experiments for SOX9 and HNF13
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in livers from control (Ctrl), AH and cirrhosis (Cirrh) samples (x200). In control livers the
portal bile ducts were stained. In cirrhotic liver samples, intense staining is observed in the
fibrotic string around regenerating nodules. The AH liver displayed intense staining in
hepatocytes throughout the parenchyma (arrow heads). (C) Real-time PCR, shows that the low
levels of mRNA expression of hepatocyte markers (genes coding for CYP3A4, TAT, albumin
and aldolase B) are specific for AH liver samples, compared to cirrhosis (Cirrh) and control

(Ctrl) liver samples. Statistical significances are indicated (Mann-Whithney U-test).

Fig. 3: Hepatocyte-to-cholangiocyte changes in cell identity, as revealed by transcriptomic
analyses.

(A) Coloured Heat map of sample-to-sample distances displaying hierarchical clustering. The
Simple Error Ratio Estimate (SERE) coefficient that quantifies global RNA-seq sample
differences has been used. The higher SERE is, the more the samples are different. The number
of differentially expressed genes (logz fold change>1; FDR<0.05) in pairwise comparisons was
used to generate a grayscale heat map. (B) A PCA of normalized gene expression data from
microdissected hepatocytes from AH, Cirrh and Ctrl patients. (C) Enrichment plots from
GSEAs of genes related to the Hippo/Y AP or Notch pathways as indicated, and transcriptomic
differences between AH and Cirrh samples. (D) GSEAs similar to those in (C) were used to
define a hepatocyte identity (Hep-ID) or a cholangiocyte identity (Chol-ID), as indicated. (E)
Mean expression levels of genes identified as being significantly more expressed in single cells
from the hepatobiliary lineage in Cirrh or AH samples. Details of the data processing steps are
given in the Methods section and Fig S3. The hepatoblast-to-hepatocyte and hepatoblast-to-

cholangiocyte differentiation pathways are indicated.
Fig. 4: Yap modulation in human primary hepatocytes affects the hepatocyte phenotype.

(A) A schematic illustration of the nucleofection protocol for the YAPS127A expression vector
in human primary hepatocytes. (B) After 7 days of culture, the mRNA expression levels of
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YAPI, its target genes (ANKRD1, NUAK2, TGFf2, NOTCH?2 and JAGI), (C) genes coding for
hepatocyte markers (CYP3A44, aldolase B, TAT and albumin) and (D) biliary markers (CK7 and
CK19) were evaluated in mock-transfected hepatocytes (white bars) or YAPS127A-transfected
hepatocytes (black bars). The results are expressed in relative units (mean+=SEM). Statistical

significances are indicated (Mann-Whithney U-test).

Fig. 5: Inhibition of YAP in HepaRG cells favours their differentiation into hepatocytes.

(A) Green immunofluorescent staining of Y AP in undifferentiated HepaRG cells (HepaRG DO,
HepaRG D15) and differentiated HepaRG cells (HepaRG D30). Red arrowheads indicate the
absence of nuclear YAP staining in hepatocyte-like cells (H). Biliary-type cells (CH) displayed
substantial YAP staining in the nucleus. (B) A representative picture of the HepaRG cells
phenotype after a 30-day differentiation period in cells treated with the vehicle
(HepaRG+vehicle) or the YAP inhibitor dobutamine (HepaRG+dobutamine). Dashed lines
delineate areas of HepaRG differentiated into hepatocytes (H). (C) A histogram showing
mRNA expression levels of YAPI, its target genes (ANKRDI, NUAK2, TGFf2, NOTCH?2 and
JAGI). (D) A histogram showing mRNA expression levels of genes coding for hepatocyte
markers (CYP3A4, aldolase B, TAT and albumin). (E) biliary markers (CK7 and CK19). The
results are expressed in relative units (mean+SD), and the statistical significances are indicated

(Mann-Whithney U-test).

Fig. 6: Dobutamine treatment of primary AH hepatocytes reverts their trans-

differentiation into biliary cells

(A) A schematic illustration of the protocol for the isolation and culture of primary hepatocytes
from AH livers and treated with dobutamine or vehicle (PBS) for 24hrs. (B) A histogram
representing mRNA expression of YAPI, its target genes (ANKRD1, NUAK2, and TGFp2). (C)
A histogram representing mRNA expression of genes coding for hepatocyte markers (CYP344,

aldolase B, TAT, and albumin). (D) A histogram representing mRNA expression of biliary
27



markers (HNF1f, SOXY9, CK7 and CK19). The results are expressed in relative units (mean+SD)
and statistical significances are indicated (Mann-Whithney U-test).

Fig. 7: In vivo activation of YAP in hepatocytes led to transdifferentiation upon alcohol
exposure, and blocked hepatocyte proliferation after CCls-induced injury.

(A) Representative YAP and SOX9 immunostaining experiments (magnification x200). (B) A
histogram representing liver Sox9 and Hnflp mRNA expression in livers. The results are
expressed in relative units (mean+=SEM), and the statistical significance is indicated. (C)
Representative H&E histological picture of livers obtained from CD, LDC, YAPS127A-CD
and YAPS127A-LDC mice (x200). Yellow arrowheads indicate the inflammatory infiltrates
and dashed lines delineate areas of liver necrosis. (D) A histogram representing liver Tnfo and
I1-1 mRNA expression in livers. The results are expressed in relative units (mean+SEM), and
the statistical significances are indicated (Mann-Whithney U-test).

(E) Immunostaining evaluating BrdU incorporation 48 h after CCl4 intoxication in mice treated
with CCls and injected with an irrelevant AAV (CCls) or AAV2/8-YAPS127A
(CClat+YAPS127A). Arrowheads: BrdU-positive hepatocytes. (F) A histogram representing the
BrdU-positive cell count 48 h after CCl4 injection in mice. The results are expressed as the
mean+SD number of BrdU-positive hepatocytes per mm?. (G) A histogram representing liver
Sox9 and Hnf1f mRNA expression in mice livers. The results are expressed in relative units

(mean+SD), and the statistical significances are indicated (Mann-Whithney U-test).
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