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LIVER BIOLOGY/PATHOBIOLOGY

Inflammatory Cytokines Promote the
Retrodifferentiation of Tumor-Derived Hepatocyte-Like
Cells to Progenitor Cells

Hélene Dubois-Pot-Schneider,"* Karim Fekir,* Cédric Coulouarn,* Denise Glaise,"* Caroline Aninat,"
Kathleen Jarnouen,' Rémy Le Guével,® Takashi Kubo,* Seiichi Ishida,* Fabrice Morel,"* and Anne Corlu®**

Human hepatocellular carcinoma (HCC) heterogeneity promotes recurrence and resist-
ance to therapies. Recent studies have reported that HCC may be derived not only from
adult hepatocytes and hepatoblasts but also hepatic stem/progenitors. In this context,
HepaRG cells may represent a suitable cellular model to study stem/progenitor cancer
cells and the retrodifferentiation of tumor-derived hepatocyte-like cells. Indeed, they dif-
ferentiate into hepatocyte- and biliary-like cells. Moreover, tumor-derived HepaRG
hepatocyte-like cells (HepaRG-tdHep) differentiate into both hepatocyte- and biliary-like
cells through a hepatic progenitor. In this study we report the mechanisms and molecular
effectors involved in the retrodifferentiation of HepaRG-tdHep into bipotent progenitors.
Gene expression profiling was used to identify genomic changes during the retrodifferen-
tiation of HepaRG-tdHep into progenitors. We demonstrated that gene expression signa-
tures related to a poor-prognosis HCC subclass, proliferative progenitors, or embryonic
stem cells were significantly enriched in HepaRG progenitors derived from HepaRG-
tdHep. HepaRG-tdHep retrodifferentiation is mediated by crosstalk between transforming
growth factor beta 1 (TGFf1) and inflammatory cytokine pathways (e.g., tumor necrosis
factor alpha [TNFa] and interleukin 6 [IL6]). Signatures related to TNFe, IL6, and TGFp
activation pathways are induced within the first hour of retrodifferentiation. Moreover,
specific activation or inhibition of these signaling pathways allowed us to determine that
TNFa and IL6 contribute to the loss of hepatic-specific marker expression and that
TGFp1 induces an epithelial-to-mesenchymal transition of HepaRG-tdHep. Interestingly,
the retrodifferentiation process is blocked by the histone deacetylase inhibitor trichostatin
A, opening new therapeutic opportunities. Conclusion: Cancer progenitor cells (or metas-
tasis progenitors) may derive from tumor-derived hepatocyte-like cells in an inflammatory
environment that is frequently associated with HCC. (HeratoLoGy 2014;60:2077-2090)

uman hepatocellular carcinoma (HCC) is the aggressive cancers. Conventional therapies including

fifth most frequent cause of cancer-related surgical resection, liver transplantation, or chemother-
. 1 . . . . .

deaths worldwide.” It is also one of the most apy are not very effective for this malignancy, which

Abbreviations: ALB, albumin; ALDOB, aldolase B; ANOVA, analysis of variance; BrdU, bromodeoxyuridine; CCNBI, cyclin Bl1; CCNDI, cyclin D1; CDHI,
cadherin 1 type 1 E-cadherin; CSC, cancer stem cell; CYP3A4, cytochrome P450 3A4; DMSO, dimethylsulfoxide; EMT, epithelial-to-mesenchymal transition; FC,
Jold change; GSEA, gene set enrichment analysis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HepaRG-tdHep, tumor-derived HepaRG hepatocyte-like
cells; I<B, I-kappa-B; IL1B, interleukin 1 beta; ILG, interlenkin 6; IPA, ingenuity pathway analysis; LPS, lipopolysaccharide; NCOA3, nuclear receptor coactivator
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transducer and activator of transcription 3; TGFB1, transforming growth factor beta 1; TNFo, tumor necvosis factor alpha; TSA, trichostatin A.

From the 'Tnserm, UMR991, Liver Metabolisms and Cancer, F-35033 Rennes, France; >Université de Rennes 1, F-35043 Rennes, France; >ImPACcell, SFR Biosin,
Université de Rennes 1, Rennes, France; * National Institute of Health Sciences, Division of Pharmacology, Biological Safety Research Center, Setagaya-ku, Tokyo, Japan.

Received January 20, 2014; accepted August 1, 2014.

Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep.27353/suppingo.

Supported by the Institut National de la Santé et de la Recherche Médicale, the Centre National de la Recherche Scientifique, the European Commissions Sev-
enth Framework Program under grant 223317 (LIV-ES), the Ligue contre le cancer — Comités dllle-et-Vilaine, des Cotes d’Armor et de Vendée, the FEDER
(Fonds Européen de Développement Régional), the Contrat de plan état-région (axe biothérapie), the INSERM]Japan Society for the Promotion of Science (JSPS)
Cooperation Programme, the Institut National du Cancer and the cancéropole “lle de France”. H.D.PS. was funded by EEC grant LIV-ES, the Contrat de plan
état-région, and the Institur National du Cancer. K.E was funded by the Conseil Régional de Bretagne and INSERM.

2077




2078  DUBOIS-POT-SCHNEIDER ET AL.

has a high recurrence rate of ~70%.> The heterogene-
ous nature of HCC results in drug resistance and poor
prognosis of HCC. Although mature hepatocytes have
long been considered the target of oncogenic transfor-
mation in HCC, it is now proposed that HCC can
derive from adult hepatocytes and hepatoblasts as well
as from hepatic stem/progenitors,” also called cancer
stem cells (CSC).*? Transcriptome analysis has empha-
sized that human HCCs show similarities with fetal
hepatocytes primarily after the 22-24th week of gesta-
tion, a period of metabolic and hematopoietic shift-
ing® In addition, gene expression profiling has
demonstrated the presence of a fetal hepatoblast signa-
ture in HCC with a poor prognosis.” A meta-analysis
of nine cohorts of HCC patients (>500 HCCs) has
also demonstrated a subclass of HCC (S1) with an
enrichment of the progenitor/hepatoblast signature
that corresponds to poorly or moderately differentiated
tumors, associated with a more invasive phenoty'pe.8

The origin of the hepatic stem/progenitor cells
within HCC tumors is currenty debated. The exis-
tence of a hepatic stem cell compartment in the nor-
mal liver has been described.” Therefore, resident liver
stem cells can give rise to some CSCs, and their
abnormal expansion and differentiation may contribute
to the cellular heterogeneity in tumors. It has also
been reported that progenitor cells may originate from
the dedifferentiation of mature hepatocytes within the
tumor.'® In particular, the existence of hepatocyte
reprogramming into atypical biliary cells leading to
intrahepatic cholangiocarcinoma has been shown.'!
Recently, Holczbauer et al.’ demonstrated that after
controlled genetic transformation, all liver cell types in
the hepatic lineage (adult hepatocytes, hepatoblasts, or
progenitors) can undergo iz vive reprogramming into
CSC. However, in HCC the role of mature hepato-
cytes in the renewal of the hepatic stem/progenitor cell
pool is debated, and the mechanisms involved remain
obscure.

The dedifferentiation of mature hepatocytes is pri-
marily associated with changes in epithelial organiza-
tion triggered by a  epithelial-to-mesenchymal
transition (EMT).'? EMT is related to the progression
of various carcinomas, including HCC,'® and has been

associated with chemoresistance.’* The molecular
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mechanisms involved in EMT are well known and are
mainly triggered by transforming growth factor beta
(TGEp) signaling.”” In HCC, circulating TGFf1 has
been proposed as a biomarker for diagnosis and prog-
nosis.'® Moreover, in contrast to tumors expressing
early TGFp response genes (with TGFf suppressive
properties), those that express a late TGFf signature
(with  TGFp oncogenic properties) show a more
aggressive phenotype and a poor prognosis.’”

In this study we used the HepaRG cell line to char-
acterize the molecular mechanisms contributing to the
retrodifferentiation of tumor-derived hepatocyte-like
cells into progenitors in HCC. HepaRG cells are
derived from a hepatic, differentiated-grade 1
Edmondson tumor associated with chronic HCV
infection.® Previously, we have shown that HepaRG
cells display hepatic progenitor features and are able to
differentiate into both hepatocyte and biliary lineages.
Moreover, HepaRG cells that are differentiated into
the hepatocyte lineage (referred to as tumor-derived
HepaRG hepatocyte-like cells, or HepaRG-tdHep)
express a wide variety of liver-specific genes, including
major drug-metabolizing enzymes, similar to those in
primary human hepatocytes.'”” Remarkably, when
seeded at low density, the HepaRG-tdHep are able to
differentiate into both hepatocyte- and biliary-like cells
through a hepatic bipotent progenitor that retains high
self-renewal ability and expresses numerous markers of
carly hepatic progenitors, or oval cells.*>*! Here we
show that the activation of tumor necrosis factor alpha
(TNFw), interleukin 6 (IL6), and TGEFf signaling
pathways directs the retrodifferentiation of HepaRG-
tdHep into bipotent progenitors. These findings are
consistent with the observations that associate changes
in the tumor microenvironment, particularly inflam-
mation, with the expression of EMT and stem cell
markers.*”

Materials and Methods
Cell Culture. The HepaRG cell line was cultured

as previously described."®”® HepaRG cells were grown
in William’s E medium supplemented with 10% fetal
bovine serum, 100 U/mL penicillin, 100 ug/mL strep-
tomycin, 5 ug/mL insulin, and 50 uM hydrocortisone

Address reprint requests to: Anne Corly, Ph.D., Inserm, UMRII1, Liver Metabolisms and Cancer, F-35033 Rennes, France. E-mail: anne.corlu@inserm.fr; fas:

+33 (0)2 99 54 01 37.
Copyright © 2014 by the American Association for the Study of Liver Diseases.
View this article online at wileyonlinelibrary.com.
DOI 10.1002/hep.27353
Potential conflict of interest: Nothing to report.



HEPATOLOGY, Vol. 60, No. 6, 2014

hemisuccinate. After 2 weeks the medium was supple-
mented with 2% dimethyl sulfoxide (DMSO) and the
cells were cultured for 2 more weeks.

HepaRG-tdHep from DMSO-treated cultures were
selectively detached using gentle trypsinization as pre-
viously described.*>** To induce retrodifferentiation,
purified HepaRG-tdHep (98% positive for CYP3A4)
were seeded at low density (2 X 10* cells/cm?) in the
absence of DMSO.? Selectively detached HepaRG-
tdHep were also seeded at high density (3 X 10° cells/
sz) in the presence or absence of DMSO, depending
on the experiment. For cytokine treatments, HepaRG-
tdHep were treated with the cytokines 48 hours after
high-density seeding. Independent culture experiments
were performed at least in triplicate.

Microarray Anmalysis. Messenger RNA (mRNA)
from three biological replicates of each timepoint were
used to perform the microarray experiment. The purity
and integrity of the RINA were evaluated on an Agilent
Bioanalyser (Agilent Technologies, Palo Alto, CA).
Genome-wide expression profiling was performed using
the GeneChip 3’ IVT Express Kit and the Human
Genome U-133A Arrays (Affymetrix, Santa Clara, CA).
GeneChips were scanned using the Affymetrix Gene-
Chip Scanner 3000 7G system. The data were analyzed
with Microarray Suite software v. 5.0 (MAS 5.0). The
data discussed in this publication have been deposited in
the NCBI Gene Expression Omnibus and are accessible
through GEO Series accession number GSE52989
(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSES52989). Statistical analyses were performed with
GeneSpring GX software v. 11.5 (Agilent Technology).
Differentially expressed genes during the retrodifferentia-
tion process (all timepoints versus timepoint 0 hours) were
identified using a one-way analysis of variance (ANOVA)
test with < 0.001 and an absolute fold change (FC) >4.
To determine the genes significantly deregulated between
two timepoints, a # test (with a Benjamini-Hochberg cor-
rection) with £ < 0.05 and FC >2 was used.

See the Supporting Materials for chemicals, reverse-
transcription quantitiative polymerase chain reaction
(RT-QPCR), immunocytochemistry, immunoblotting,
enzyme-linked immunosorbent assay (ELISA), DNA
synthesis, hierarchical clustering and annotation, inge-
nuity pathway analysis, gene set enrichment analysis,
connectivity map, and statistical analysis.

Results

HepaRG-tdHep Retrodifferentiation Leads to the
Acquisition of a Stem/Progenitor Phenotype. CYP3A4-
positive HepaRG-tdHep are able to retrodifferentiate
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into progenitor cells without cell death.*® To character-
ize the mechanisms controlling this retrodifferentia-
tion, we performed a transcriptomic analysis at various
timepoints during the retrodifferentiation process. We
identified 695 significantly deregulated genes during
retrodifferentiation using one-way ANOVA. Hierarchi-
cal clustering of the differentially expressed genes
showed two main branches of the dendrogram associ-
ated with relevant biological functions (Fig. 1A). The
upper part of the dendrogram grouped three clusters
of down-regulated genes involved in 1) response to
environment, 2) drug metabolism, and 3) steroid/lipid
metabolic processes. The middle part of the dendro-
gram highlighted genes up-regulated at late timepoints
of retrodifferentiation and included genes involved in
the cell cycle. We confirmed by RT-QPCR that the
expression of cytochrome P450 3A4 (CYP3A4), aldol-
ase B (ALDOB), albumin (ALB), and cycdin Bl
(CCNBI1) involved in drug metabolism, glucose
metabolism, plasma protein synthesis, and cell cycle
progression, respectively, were significantly regulated
during retrodifferentiation (Supporting Fig. 1A,B,D).
The decrease in CYP3A4 at the protein level was also
demonstrated by western blotting (Supporting Fig.
1C). The clustering validated the dedifferentiation pro-
cess of HepaRG-tdHep with the loss of hepatic-
specific functions followed by entry into the cell cycle.
Interestingly, the lower part of the dendrogram
grouped two clusters of genes up-regulated early dur-
ing the retrodifferentiation. The first group corre-
sponded to early up-regulated genes (4 hours of
retrodifferentiation) related to coagulation and wound-
healing functions. Among these genes, we found cyclin
D1 (CCND1) expressed during the G1/S transition
(Supporting Fig. 1D), as well as several serpin pepti-
dase inhibitors (SEPINE1, SERPINE2, SERPINHI,
and SERPINBI1) known to inhibit fibrinolysis and
TGFp2. The second group included genes up-
regulated very early during the time-course (1 hour).
Interestingly, these genes are involved in cytokine
activity and cell motility, including several chemokines
containing C-X-C motifs (CXCL1 and CXCL10) or
C-C motifs (CCL2 and CCL20), and several interleu-
kins (IL6, IL8, and IL18) (Fig. 1A).

Unsupervised gene set enrichment analysis (GSEA)
identified significant enrichment (P < 0.01) of signa-
tures related to hepatoblasts or proliferative progeni-
tors. Indeed, an enrichment of gene signatures
representative of the HCC “S1 subclass” described by
Hoshida et al.,® or the “liver cancer proliferative sub-
class” described by Chiang et al.,”* were observed in
HepaRG-tdHep after retrodifferentiation. In addition,
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signatures related to embryonic stem cells were also
identified such as the Ben-Porath ES 1 signature®
(Fig. 1B). Accordingly, HepaRG-tdHep after retrodif-
ferentiation gave rise to a population of stem/progeni-
tor cells showing staining for GATA4, NANOG,
cytokeratin 19 (CK19), and NODAL and expressing a
range of stem/progenitors markers (Supporting Fig.
2A,B). The HepaRG-tdHep signature (48 hours versus
0 hours) was consistent with the retrodifferentiation of
HepaRG-tdHep into proliferative  hepatic  stem/
progenitors.

Commitment of HepaRG-tdHep Retrodifferentia-
tion Involves Inflammatory Activation Path-
ways. The comparison of timepoint expression
profiles two-by-two confirmed that gene expression
changed rapidly, particularly during the early stages of
retrodifferentiation (0 hours to 8 hours) (Fig. 1C).
After the first hour, 102 genes were up-regulated
among 105 genes whose expression was significantly
modulated (£<0.05, FC >2) (Supporting Table 1).
During the 1-4-hour period, 639 genes were deregu-
lated, 427 genes up- and 212 genes down-regulated
(Supporting Table 2). Of note, these genes represented
~75% of all the genes modulated during the retrodif-
ferentiation. In addition, 101 genes were significantly
deregulated between 4 and 8 hours and none during
the following 8-16 hours (Supporting Table 3). These
genes were involved in various cellular processes, as
indicated in Fig. 1C. Interestingly, ingenuity pathway
analysis (IPA) revealed that the main transcriptional
regulators of these genes included the nuclear factor of
kappa light polypeptide gene enhancer in B-cells
(NFxB) complex, the signal transducer and activator
of transcription 3 (STAT3), known to mediate cellular
responses to interleukins, and the progesterone recep-
tor (PGR), as well as the nuclear receptor co-activator
3 (NCOA3) and I-kappa-B (IxB), an inhibitor of
NFxB complex. IPA also showed that upstream regula-
tors of these genes and transcription factors included
the proinflammatory mediators TNFe, IL1f, and lipo-
polysaccharide (LPS). Consistent with these findings,
unsupervised GSEA identified a significant enrichment
of several signatures related to cytokine activity during
the first hour of retrodifferentiation (Supporting Table
4). For instance, GSEA revealed an enrichment of the
TNF signature corresponding to genes up-regulated in
five primary endothelial cell types stimulated by
TNF*® and the ILG signature found in normal fibro-
blasts in response to 1L6.”” A signature of genes over-
expressed in primary hepatocytes at a late phase of
TGFp1 treatment and associated with a more invasive

phenotype of HCC' was also identified (Fig. 1D).
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Few genes were significantly regulated at the end time-
points; between 16-24 hours or 24-48 hours, only 17
and 24 genes were differently expressed, respectively
(Supporting Tables 5, 6).

The results of the transcriptomic analysis from the
early timepoints prompted us to evaluate the role of
the cytokines TGFf, TNFe¢, and IL6 and their signal-
ing pathways on the HepaRG-tdHep retrodifferentia-
tion process.

Induction of TGFB Production by HepaRG-tdHep
Promotes EMT. The levels of TGFfS1 and TGFf2
mRNA increased early during the HepaRG-tdHep retro-
differentiation (i.e., 4 hours and 1 hour, respectively)
and were maintained over the time course (Fig. 2A). In
accordance, the secretion of both cytokines was signifi-
cantly higher 24 hours following a low-density cell seed-
ing that allowed for retrodifferentiation, compared with
a high-density cell seeding that allowed for the mainte-
nance of hepatocyte-like functions'® (Fig. 2B). Impor-
tantly, the presence or absence of DMSO did not affect
TGEFp1 production, even though HepaRG-tdHep were
derived from DMSO cultures (Supporting Fig. 3A).
Associated with the TGFf production was an increase
in the expression of the primary transcription factors
regulating the EMT process, SNAIL and SNAI2. This
was accompanied by the induction of SERPINE1
expression, a gene associated with EMT, as well as by
the repression of the epithelial marker E-cadherin
(CDH1) (Fig. 2C). Cell immunostaining of HepaRG-
tdHep seeded at high density and HepaRG-tdHep 24
hours after retrodifferentiation confirmed the loss of
CDHI1 and demonstrated the decrease of ALB along
with the increase in TGFpS and SERPINEL! (Fig. 2D,E).

When A 83-01 (an inhibitor of TGEp type I recep-
tors) was added during the retrodifferentiation process,
the expression of ALDOB and CDHI was maintained,
whereas the expression of both SERPINEI and SNAIL
was repressed (Fig. 3A). In contrast, the treatment of
HepaRG-tdHep seeded at high density with human
recombinant TGFf1 induced the expression of the
EMT markers SNAI2 and SERPINE] at 4 hours (Fig.
3B). Following 2 days of treatment, cells acquired a
mesenchymal morphology (Fig. 3C), and a progressive
decrease in ALDOB and CDHI1 expression was
observed (Fig. 3B). Of note, the response to TGFf1
treatment was not modified by the presence or absence
of DMSO (Supporting Fig. 3B).

Activation of the TNFa-NFxB Pathway Triggers
the Loss of Hepatic-Specific Markers. Although
TNFo expression and secretion were not significantly
induced during the retrodifferentiation of HepaRG-
tdHep (data not shown), TNFa was identified as an
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upstream regulator of numerous genes modulated dur-
ing this process (Fig. 1C). IPA demonstrated that this
signaling pathway was clearly activated during
HepaRG-tdHep retrodifferentiation, notably by way of
a gene network involving NFxB (Supporting Fig. 4).
Consistent with these observations, inactivation of the
NF«xB pathway by SC-514, an inhibitor of the inhibi-
tor of kappa light polypeptide gene enhancer in B-
cells, kinase beta (IKK2), resulted in no changes in the

expression of the hepatic and epithelial markers
ALDOB and CDHI. Notably, no significant effect of
SC-514 was observed on the induction of SERPINE1
and SNAIL expression (Fig. 4A). Conversely, the
expression of ALDOB was significantly lower in
HepaRG-tdHep seeded at high density and treated
with human recombinant TNFo compared with
untreated cells. Whereas CDH1 expression decreased
significantly only at 12 hours, the expression of the
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EMT markers SERPINE] and SNAI2 was unchanged
(Fig. 4B). In addition, the presence or absence of
DMSO did not affect the HepaRG-tdHep response to
TNFo treatment (Supporting Fig. 3B).

IL6 Production Also Induces the Decrease of
Hepatic-Specific Markers. mRNA levels of IL6
highly and rapidly increased during the retrodifferen-
tiation (Fig. 5A). This coincided with an increase in
IL6 secretion by cells committed in retrodifferentiation
when compared with cells seeded at high density in
the absence (Fig. 5B) or presence of DMSO (Support-
ing Fig. 3A). In addition, STAT3 phosphorylation 1
hour after cell seeding at low density demonstrated
that the IL6 pathway was quickly activated during the
retrodifferentiation (Fig. 5C). We therefore inactivated
the IL6 pathway using AG490, an inhibitor of STAT3
phosphorylation, during HepaRG-tdHep retrodifferen-
tiation. The expression of ALDOB and CDHI was
maintained in AG490-treated cells, whereas no signifi-
cant changes were observed in the expression of SER-
PINE1 and SNAI2 (Fig. 5D). Conversely,
independently of DMSO addition or removal, the
treatment of HepaRG-tdHep with human recombinant

IL6 induced a rapid decrease in ALDOB and CDHI1
expression, whereas no significant effect on EMT
markers was observed (Fig. 5E; Supporting Fig. 3B).
Crosstalk Between TGFp, TNFoa, and IL6 Path-
ways Induces the Retrodifferentiation of HepaRG-
tdHep. We next studied the crosstalk between the
three signaling pathways of TGFf, TNFe and ILG. In
HepaRG-tdHep, TNFo treatment induced IL6 expres-
sion (Supporting Fig. 5A-C) but did not affect TGFf1
and TGFf2 mRNA levels (Supporting Fig. 5D). Inter-
estingly, the treatment of HepaRG-tdHep with
TGEFp1 also led to an increase in IL6 mRNA expres-
sion and secretion 8 hours after the beginning of treat-
ment (Fig. 6A,B). In contrast, IL6 treatment had no
effect on TGFf1 and TGFf2 expression and secretion
(data not shown). We demonstrated that the treatment
of HepaRG-tdHep with human recombinant TGEf1
induced the expression of EMT and decreased the
expression of hepatic markers. To determine whether
this latter effect is related to IL6 induction, we simul-
taneously treated HepaRG-tdHep with TGFf1 and
AGA490, which inhibits IL6 activity. The presence of
AG490 abolished the TGEFf1-mediated reduction of
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arbitrarily set to 1. *P < 0.05, **P < 0.01, ***P < 0.001.

ALDOB expression, whereas it had no effect on SER-
PINE1 induction (Fig. 6C).

Trichostatin A Inhibits the Retrodifferentiation of
HepaRG-tdHep. To identify molecules that could
reverse the global gene expression profile induced during
the retrodifferentiation of HepaRG-tdHep, we used a
connectivity map approach as previously described.”

The results are expressed as relative to those at timepoint 4 hours-IL6,

Interestingly, among the top six ranked molecules, we
identified five EMT inhibitors: vorinostat,?® wortman-
nin,?® LY-294002,%° trichostatin A (TSA)®!, and resvera-
trol>? (Supporting Table 7). TSA and resveratrol were
then tested during the retrodifferentiation of HepaRG-
tdHep. Following TSA treatment, cells maintained their
hepatic morphology 24 hours after low-density cell
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Fig. 6. Crosstalk of TGFS and IL6 pathways. HepaRG-tdHep were
seeded at a high density in the presence of DMSO. (A) The mRNA lev-
els of L6 after 8 hours of TGFS1 treatment (1 ng/mL) were analyzed
by RT-QPCR (n=4). The results are expressed as relative to those of
untreated cells arbitrarily set to 1. (B) Secretion of IL6 after 8 hours
of TGFS1 treatment (1 ng/mlL) was determined by ELISA (n = 3). (C)
HepaRG-tdHep seeded at a high density were treated for 24 hours
with TGFf1 (1 ng/mL) and 50 uM of AG4A90 (n = 3). The mRNA lev-
els of hepatic (ALDOB) and EMT (SERPINE1) markers were analyzed
by RT-QPCR. The results are expressed as relative to those of
untreated cells arbitrarily set to 1. *P < 0.05, **P < 0.01.

seeding, compared with untreated cells that displayed
extensive plasticity (Fig. 7A). In addition, the expression
of ALB and CDH1 was higher in cells treated with TSA.
In contrast, the expression of SERPINE1 and SNAI2 was
largely repressed in the treated cells (Fig. 7B). Following
resveratrol treatment, we observed the same effect, but
the effectiveness of the treatment was lower than with
TSA (data not shown). In addition, as demonstrated
by bromodeoxyuridine (BrdU) incorporation, TSA pre-
vented HepaRG-tdHep from entering into S-phase 48
hours after low-density seeding (Fig. 7C). '

In summary, we prepared a schematic view of the
molecular mechanisms that may be induced in tumor-
derived hepatocyte-like cells by an inflammatory envi-
ronment (Fig. 7D).
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Discussion

To maintain homeostasis, inflammation is an effi-
cient mechanism to block insults. However, persistent
inflammation resulting from an infection, immune
reaction, or carcinogen exposure induces multiple cell
death-regeneration cycles that may favor tumor devel-
opment. HCC is frequently associated with an inflam-
matory microenvironment,” and much evidence
suggests that the presence of cytokines in peritumoral
liver tissue or in systemic circulation leads to tumor
progression and predicts late HCC recurrence and
poor prognosis.>**> In the present study, we propose a
model in which the crosstalk between the inflamma-
tory cytokines TNFeo, IL6, and TGFS promotes
HepaRG-tdHep retrodifferentiation into proliferating
stem/progenitor cells. During this process, the loss of
liver-specific functions, including drug and lipid
metabolism, correlated with the activation of cell-cycle
regulators. The induction of EMT by way of the up-
regulation of specific markers SNAIL, SNAI2, and
SERPINEL! and the decreased expression of the epithe-
lial maker CDHI1 correlated with early observations
showing the nuclear translocation of f-catenin
(CTNNBI1) in HepaRG cells a few hours after low-
density seeding.®® Importantly, we demonstrated that
the carly phase of this process was associated with an
up-regulation. of genes involved in cytokine signaling
and cell motility. Activation of the TNFo signaling
pathway and the production of TGFf1-2 and IL6 by
HepaRG-tdHep were detected within the first hours
(0-4 hours) of the process. Moreover, the treatment of
HepaRG-tdHep with specific inhibitors or with
recombinant cytokines promoted the involvement of
these three cytokine signaling pathways in the retrodif-
ferentiation of tumor-derived hepatocyte-like cells into
progenitors. To date, few reports have demonstrated
the involvement of TNFa and IL6 on hepatocyte
dedifferentiation.>® However, these cytokines have
been shown to down-regulate ALB and cytochrome
P450 in human primary hepatocyte cultures.’® TNFo
is an important factor for liver regeneration that also
promotes tumor cell invasion. In addition, it is a key
activator of ILG through the NF«B pathway.*”*® Con-
sistent with these observations, TNFo treatment of
HepaRG-tdHep leads to IL6 production and STAT3
phosphorylation. Interestingly, IL6 exerts many of its
effects, including immune regulation, cell proliferation,
and survival, by way of the activation of STAT3, a
transcription factor important for HCC develop-
ment.?” Moreover, in patients with HCC a high serum
level of IL6 is associated with a poor prognosis.”” In
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Fig. 7. TSA attenuates the retrodifferentiation of HepaRG-tdHep. (A) Phase-contrast photographs of HepaRG cells. 24 hours after seeding {low
density) in the presence or in the absence of 150 nM TSA. Scale bars = 100 um. (B) The mRNA levels of hepatic (ALB), epithelial (CDH1), and
EMT (SERPINE1 and SNAI2) markers 8 hours after a low-density seeding were analyzed by RT-QPCR (n = 3). The results are expressed as relative
to those of untreated cells arbitrarily set to 1. (C) BrdU incorporation 48 hours after a low-density seeding and TSA treatment (n = 3). Quantifi-
cation of BrdU incorporation was performed by Cell Health Profiling BioApplication from Cellomics software. (D) Schematic view of the contribu-
tion of inflammatory cytokines TNFe, IL6, and the TGFf during HepaRG-tdHep retrodifferentiation. *P < 0.05, **P < 0.01, ***P < 0.001.

other cancers, TNFa and IL6 have been associated is typically associated with a gain of mesenchymal
with EMT processes.“>*! Although we observed a markers by way of a specific regulation of EMT
decrease in CDHI expression by both cytokines, nei- inducers. Therefore, we cannot exclude the possibility
ther IL6 nor TNFa contributed to the induction of that EMT will occur after a prolonged period of
EMT markers in HepaRG-tdHep. The loss of CDH1 CDHI1 repression. Indeed, it has been reported that



