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Abstract
Liver cancers are typically inflammation-associated cancers characterized by close

communication between the tumor cells and the tumor environment. This supportive
inflammatory environment contributes to the establishment of a pathological niche consisting
of transformed epithelial cells, tumor-educated fibroblasts, endothelial cells, and
immunosuppressive immature myeloid cells. Stromal and infiltrated immune cells help
determine tumor fate, but the tumor cells themselves, including cancer stem cells (CSC), also
influence the surrounding cells. This bidirectional communication generates an intricate
network of signals that promotes tumor growth. Cell plasticity, which includes
transdifferentiation and retrodifferentiation of differentiated cells, increases tumor
heterogeneity. Plasticity allows non-CSCs to replenish the CSC pool, initiate tumorigenesis,
and escape the effects of therapeutic agents; it also promotes tumor aggressiveness. There is
increasing evidence that an inflammatory environment promotes the retrodifferentiation of
tumor cells into stem or progenitor cells; this could account for the low efficacies of some
chemotherapies and the high rates of cancer recurrence. Increasing our understanding of the
signaling network that connects inflammation with retrodifferentiation could identify new
therapeutic targets, and lead to combined therapies that are effective against highly

heterogeneous tumors.
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Cancer heterogeneity and retrodifferentiation

An important concern regarding solid tumors arises from phenotypical and functional
heterogeneities that make the eradication of all tumor cells difficult, and allow cancer
recurrence from untargeted cells. Heterogeneity is a well-known hallmark of hepatocellular
carcinoma (HCC) and occurs even within the same nodule’. It results from the cellular origin
of HCC and the landscape of genetic/epigenetic alterations. Such alterations rely on both the
intrinsic genomic instability of tumor-initiating cells and stimuli from the tumor environment,
which constitute an additional source of genetic instability that promotes oncogenic events®>.
Indeed, fibrosis and extracellular matrix remodeling, mechanical stress, hypoxia, acidosis,
metabolic changes, immune cell infiltration and even chemotherapy-induced inflammation
contribute to the generation of chronic inflammation that exerts a selective pressure. Such a
selective pressure induces a high cellular turnover, overcomes DNA repair mechanisms and
contributes to malignant transformation. In addition to the accumulation of stochastic
genetic/epigenetic changes in tumor cells, the identification of stem cells in various tissues
raises the hypothesis that a subset of cells with stem/progenitor cell features and tumorigenic
capacity contributes to tumor heterogeneity®. Similarities between tumors and embryonic
tissues also suggest that tumors can arise from an interrupted differentiation of a population of
stem cells®.

Abnormal stem/progenitor cells, called CSCs, display high metastatic potential and
radiotherapy/chemotherapy resistance, resulting in poor outcomes for patients. CSCs, which
share many features with normal stem cells, have the ability to self-renew by symmetric
division and to give rise to proliferating progenitors and more differentiated dividing cells that
are not tumorigenic by asymmetric division. The paradigm for the CSC hierarchical model is
that once cells have left the stemness state, they cannot revert back. Although some studies

have provided evidence for the CSC hierarchical model in some cancers including, HCC, the



generalization of this unidirectional model can be questioned. Indeed, it does not consider cell
plasticity, which includes the ability to undergo retrodifferentiation (i.e., the retrograde
differentiation towards fetal/embryonic states®) and transdifferentiation (i.e., the conversion of
one differentiated cell type into another’). Indeed, adult differentiated cells are not arrested in
a terminal state but, conversely, display an unexpected plasticity. Therefore, in addition to the
involvement of facultative liver stem cells, cells undergoing transdifferentiation or
retrodifferentiation could provide a physiological response to massive cell loss and chronic
injury. In mice, the ablation of greater than 99% of pancreatic B-cells causes glucagon-
producing a-cells to transdifferentiate into functional B-cells®. In the liver, following bile duct
ligation or toxin exposures, hepatocytes undergo transdifferentiation into ductal biliary
epithelial cells that facilitate clearance of toxins®. The transdifferentiation of hepatocytes into
ductal biliary epithelial cells also occurs upon forced genetic modulation of the developmental
Notch and Hippo pathways'®**. Whether transdifferentiation requires or not a dedifferentiated
intermediate cell is still under debate***®. Interestingly, Tarlow et al. recently proposed that
retrodifferentiation is a way for human and mouse adult hepatocytes to escape the chronic
injury induced by 6 weeks of 0.1% 3,5-diethoxycarbonyl-1,4-dihydrocollidine diet. Indeed,
chronically injured hepatocytes retrodifferentiate into bipotential adult liver progenitors that
retain the memory of their origin and, after expanding, redifferentiate into hepatocytes upon
cessation of injury™®,

The transdifferentiation or retrodifferentiation process also occurs in the context of liver
primary tumors. Using a human HepaRG cell line isolated from a differentiated tumor
developed consecutively to chronic hepatitis C virus (HCV) infection**, we demonstrated few
years ago that highly differentiated tumor-derived hepatocytes could either proliferate without
loss of differentiation or retrodifferentiate into bipotent progenitors that are able to

differentiate into biliary- and hepatocyte-like cells”®. After retrodifferentiation, HepaRG



stem/progenitor cells expressed embryonic stem cells (ESC)-related genes, as well as
hepatoblast and hepatic stem cell markers (e.g., CD44, LGR5, SOX9, ICAM-1, CK19,
NCAM, GATA4, NANOG, OCT4)"™™". They also showed enrichment of gene signatures
representative of the human HCC: 1) “S1 subclass” described by Hoshida®®, which is
associated with WNT and TGF-p signaling activation, more invasive/disseminative phenotype
and significantly greater risk of earlier recurrence; 2) “human liver cancer proliferative
subclass” described by Chiang'®, which is correlated with IGF1R and RPS6 phosphorylation
and macrovascular invasion. In vivo demonstrations showing that neoplastic epithelial cells
can transdifferentiate, transiently revert to an immature state or retrodifferentiate into a stem
cell state were also provided in the liver and the gut. In mouse models of intrahepatic
cholangiocarcinoma, hepatocytes can convert into biliary-like cells, which were previously
thought to be derived exclusively from cholangiocytes?®?. Side by side comparison of liver
tumorigenesis, after controlled oncogenic transformation of adult hepatocytes, hepatoblasts
and hepatic progenitors by H-RAS and SV40LT, revealed that HCC can be derived from
different cells of origin. Moreover, oncogenic events can reprogram any cell type into CSCs.
This study also revealed a significant up-regulation of epithelial to mesenchymal transition
(EMT)- and ESC-related genes in reprogrammed progenitor cells, hepatoblasts and adult
hepatocytes®. At the same time, in a genetic model of intestinal tumor, it was demonstrated
that intestinal epithelial cells (IEC) can re-acquire stem cell-like properties®. Thus, it can be
expected that cancer may be derived from the malignant transformation of stem/progenitor
cells or mature cells and that bi-directional plasticity between CSC and non-CSC populations
allows non-CSCs to adapt to stress, escape cell death and replenish the CSC pool (Figure 1).
Moreover, cell plasticity could reconcile hierarchical and stochastic models, considering that
the capacity of retrodifferentiation may be either inherited or acquired®. Finally, these

observations must be analyzed in the light of successful ex vivo reprogramming of



differentiated cells into induced pluripotent stem (iPS) cells through enforced expression of
transcription factors®. Therefore, it is reasonable to postulate that cells have the capacity to
retrodifferentiate in vivo if signaling pathways involved in phenotype reprogramming are

strongly activated.

Inflammation and retrodifferentiation

The liver is especially exposed to chronic infections or environmental insults (e.g., alcohol,
obesity), and the resulting unresolved inflammation state is associated with an increased risk
of cancer. Therefore, up to 80% of HCCs occur during the course of chronic liver diseases
(hepatitis, alcoholic or non-alcoholic steatohepatitis)?®. Consistently, the presence of pro-
inflammatory cytokines in peritumoral tissues or systemic circulation contributes to tumor
progression and is associated with a higher risk of recurrence and poor prognosis in HCC?"%%,
Significant efforts have been made over the past few years to unravel cellular crosstalks
within the HCC niche. They provided new data that improved understanding of the molecular
mechanisms that generate and maintain a pro-inflammatory environment in the liver’**°. The
inflammatory environment sustains tumor development through various mechanisms:
accelerated cell proliferation, increased invasiveness and increased abilities to escape the
immune system®. In addition, some studies have recently highlighted the role of
inflammatory signaling in cell retrodifferentiation and the acquisition of stemness
features**"3!,

The main sources of pro-inflammatory cytokines, chemokines and growth factors are
supposed to be hepatic stellate cells (HSC), cancer-associated fibroblasts (CAF), endothelial
cells and infiltrated immune cells (Figure 2 or Figure 2 bis). As examples, HSCs promote

tumor cell proliferation through the secretion of pro-inflammatory cytokines (IL-6, IL-1p) and

growth factors®>. CAFs secrete pro-angiogeneic cytokines (CXCL12, VEGF) and hepatocyte



growth factor (HGF)*2. The recruitment of infiltrating immune cells in tumors increases the
complexity of cellular crosstalks. Hypoxia and chemokines produced by the tumor stromal
cells contribute to the recruitment of myeloid-derived suppressor cells (MDSC)*. This
heterogeneous group of myeloid immature cells fosters tumor cells to evade the immune
system because of an impaired antigen-presenting function and through the secretion of
immunosuppressive cytokines (IL-10, IL-17, TGF-B). Consequently, MDSCs suppress T-cell
effector functions and promote the recruitment of immunosuppressive cells such as T-
regulator and T-helper 17 cells****. Among MDSCs, tumor-associated macrophages (TAM)
represent the main cell type in the liver. In a pro-inflammatory context, TAMs mostly polarize
toward the TAM2 phenotype®® and secrete large amounts of pro-inflammatory cytokines
(TNF-a, IL-6, IL-1B), immunosuppressive factors (TGF-f, IL-10 and CCL22), proangiogenic
factors (VEGF, IL-8, CXCL10) and matrix metalloproteinases (MMP9) that trigger matrix
remodeling and increase the tumor invasive potential of HCC. In parallel, tumor cells also
produce pro-inflammatory cytokines and contribute to the development and maintenance of a
pro-inflammatory environment. This was notably shown following the activation of RAS,
MYC or RET oncogenes®’. Interestingly, the crosstalk between hepatoma and activated HSCs
cells increases the secretion of pro-inflammatory and profibrogenic cytokines (IL-1pB, IL-6,
IL-8, CCL2), growth factors (amphiregulin, epiregulin), EMT-inducer TGF-f by hepatoma
cells and pro-angiogenic factors (VEGFA, MMP9) by HSCs. Activated HSCs also elicit
hepatocarcinogenesis by inducing an autocrine TGF-B signaling in neoplastic hepatocytes®®.
Together, these soluble factors promote cell invasion and migration by generating a more
permissive microenvironment®. Importantly, we showed that TNF-a, IL-6 and TGF-p trigger
the retrodifferentiation of tumor-derived hepatocytes into stem/progenitor cells*’. Moreover,
once retrodifferentiated, these cells continued to produce the aforementioned cytokines as

well as IL-8, IL-11, which all contribute to maintain the stemness fate (Fekir et al.,



submitted). Thus, an intricate signaling network takes place within the liver between
differentiated tumor cells, CSCs, stromal cells and infiltrated immune cells. It generates a
vicious circle that promotes the establishment and maintenance of a pro-tumorigenic

environment.

Cytokine signaling pathways and retrodifferentiation

TNF-0, one of the major mediators of inflammation, has been involved in the
retrodifferentiation of cancer cells and the self-renewal of stem-like cells. Through NF-xB
signaling, TNF-o. up-regulates SNAIL, SNAI2 and TWIST. These transcription factors
promote EMT, which contributes to invasion and metastases through the inhibition of
cadherin expression***2. TNF-o also activates the Wnt/B-catenin signaling, which is involved
in both normal and cancer stem cell functions®. In breast cancer cells, TNF-a exposure and
SNAI2 overexpression induce partial nuclear localization of p-catenin, promoting the
acquisition of a stem cell-like phenotype*’. Importantly, it has been shown that TNF-o
provides a major co-signal with the Wnt pathway to induce the retrodifferentiation program.
In a mouse model of colorectal cancer with constitutive activation of p-catenin, TNF-a
through NF-kB activation enhances B-catenin signaling in villus cells. These lead to the
expression of Wnt-dependent stem cell genes and the occurrence of crypt stem cells in
aberrant tissue localizations®. The retrodifferentiation program is dependent on the degree of
Whnt activation. A single activation of p-catenin or loss of the adenomatous polyposis coli
(APC) gene are not sufficient to trigger retrodifferentiation. Only a concomitant activation of
K-ras or a TNFa-triggered activation of NF-kB, succeed to enhance B-catenin/Tcf-mediated
acquisition of stem cell properties. In the liver, NF-kB is a key inflammatory regulator. It is
also one of the most activated signaling pathways in HCCs with poor prognosis. Notably, we

also observed that in vitro retrodifferentiation of tumor-derived hepatocytes is associated with



the activation of NF-xB network, which contributes to the downregulation of hepatic
markers'’. In agreement, Marquardt et al. recently showed that NF-kB signaling pathway is
associated with stemness features in hepatoma cells**. Moreover, several reports provided
evidence that NF-xB activation sustains CSC features, including the capacity to grow in
anchorage-independent spheroids and invade the extracellular matrix*. In addition to the role
of TNF-a/NF-xB-pathway, Wnt/B-catenin activation in differentiated colon cancer cells also
relies on HGF secretion by myofibroblasts, emphasizing the idea that, besides oncogenic
transformations, microenvironment signals orchestrate the cell fate®. The Wnt/p-catenin
pathway is related to ESC self-renewal and reprogramming of somatic cells toward

pluripotency*®*

. It was shown to promote the expression of pluripotency genes (OCT4,
NANOG, TBX3) through liver receptor homolog-1-dependent activation*. A positive
crosstalk between B-catenin and NANOG was also recently shown*’. Indeed, Marucci et al.
demonstrated that B-catenin is essential for the NANOG-mediated effects. In turn, NANOG
represses DKK1, an important negative regulator of the Wnt pathway, leading indirectly to -
catenin activation. As reported in IEC, the retrodifferentiation of tumor-derived hepatocytes
leads to the nuclear translocation of B-catenin and subsequent induction of B-catenin-target
genes such as LGR5, NANOG and OCT4"*". Importantly, the expression of NANOG in liver
CSCs was shown to control mitochondrial metabolism reprogramming that presumably
contributes to the progression of liver cancer®. Indeed, NANOG represses oxidative
phosphorylation, reactive oxygen species (ROS) generation and activates fatty-acid oxidation
to sustain CSC renewal and chemoresistance.

Other cytokines such as CCL22, TGF-B and IL-6 TAM-derived cytokines contribute to the
EMT and to the acquisition of stemness phenotype by hepatic tumor cells®®. Using the

HepaRG cells, our laboratory unraveled some crosstalks between cytokines involved in the

retrodifferentiation of hepatic tumor cells*’. We showed that both IL-6 and TGF-B1/TGF-B2



cooperate for directing the retrodifferentiation of tumor-derived hepatocytes toward
stem/progenitor cells. TGF-p up-regulates the expression of EMT markers (SNAIL, SNAI2,
SERPIN1) and decreases the expression of the CDH1 epithelial marker, whereas IL-6, via
STATS3 pathway activation, is responsible for the decrease in hepatic markers. Notably, TNF-
a and TGF-B amplify the retrodifferentiation process by increasing IL-6 expression in
dedifferentiating cells; IL-6 expression reaching a maximum level in stem/progenitor cells
(Fekir et al., submitted). Accordingly, IL-6 production by the environment and tumor cells is
crucial for the retrodifferentiation process and maintenance of CSCs. IL-6 is identified as an
early acting regulator in the reprogramming of somatic cells into iPS cells®’. Via the
JAK1-STAT3-OCT4 pathway, it contributes to the retrodifferentiation of breast cancer cells
into CSCs>. IL-6 also increases stemness-related gene expression and sphere-forming
capacity in various human HCC cell lines®®. The isolation of pre-malignant stem/progenitor
cells from diethylnitrosamine-induced HCC in mice also highlighted that these cells exhibit a
positive autocrine 1L-6 expression that is necessary for HCC progression>*. Notably, the pre-
malignant stem/progenitor cells are proposed to be derived from the retrodifferentiation of
hepatocytes. Thus, transient production of IL-6 by macrophages in early stages of
hepatocarcinogenesis could be relayed by tumor cell secretion and build the CSC niche. In
agreement, circulating 1L-6 is strongly correlated with adverse prognosis in HCC and
cholangiocarcinoma®. IL-11, a member of the IL-6 family known for anti-inflammatory
properties, has recently gained interest for its anti-apoptotic role in epithelial tumors. Its
expression is elevated in various human cancers, in CSCs derived from the retrodifferentiation
of tumor-derived hepatocytes and increases with the tumor grade®. Moreover, IL-11 is
identified as a key regulator in human iPS cell generation by promoting the conversion of

primed cells into naive state and self-renewal.



Another key player in the retrodifferentiation process is TGF-$, which induces EMT (see for
review®’). TGF-B cooperates with signaling pathways involved in the maintenance of stem
cell niche such as Wnt, Hedgehog, NOTCH and RAS to induce EMT®®. In agreement, TGF-p
was shown to induce the retrodifferentiation of cancer cells to CSCs*® and to trigger the
retrodifferentiation of tumor-derived hepatocytes along with IL-6 and TNF-a'’. In colon
cancer, TGF-B increases the production of IL-11 by CAFs, which enables the survival and
proliferation of IL-11Ra-expressing colon cancer cells at metastatic sites®®. However, TGF-B
effects are contextual and ambivalent as it can exert both anti- and pro-tumorigenic functions.
Accordingly, Chen et al. recently demonstrated that TLR4 activation in CSCs, from HCV-
associated HCC, induces NANOG-dependent YAP1 and IGF2BP3 expression, abrogating
TGF-B pathways and promoting stemness gene expression and chemoresistance®’. Tang et al.
also reported that HCC could arise from an IL-6-driven transformed stem cell with an

inactivated TGF-p signaling®.

Therapeutic strategies

A high degree of heterogeneity in solid tumors and particularly in liver cancers is likely to be
involved in the disappointing results of single-targeted therapies in recent years. In agreement,
new insights on cell plasticity have emphasized the need for a multi-targeted approach (Figure
2 or 3 bis). Therefore, non-CSCs, CSCs and factors involved in the signaling interplay that
regulates the retrodifferentiation process might represent promising targets. In this context,
targeting pro-inflammatory cytokines, regardless the cell of origin, is intuitively an attractive
strategy. Awareness of the deleterious role of an inflammatory environment in cancer
originates from the protective effect of daily use of aspirin in colorectal cancer. This paves the
way for strategies aimed at dampening the tumor-promoting inflammation by reducing the

immune cell recruitment, depleting TAMs or counteracting the effects of pro-inflammatory



cytokines. However, given the tight coupling between inflammation and protective immune
response, these strategies may result in an increased risk of infection. Moreover, we have to
keep in mind that TNF-o. and IL-6 are priming factors for the liver regeneration. Thus,
attenuation, rather than inhibition, of inflammatory response should be considered.

In that respect, clinical trials conducted using TNF-a blockers (infliximab, etanercept) or anti-
IL-6 mAb (siltuximab) only achieved limited activity. Recently, particular attention was paid
to NF-xB pathway, which is strongly activated during the retrodifferentiation process.
Marquardt et al. showed that the IKK inhibitor curcumin triggers selective CSC depletion
through NF-kB-mediated histone deacetylase (HDAC) inhibition in hepatoma cells*.
Interestingly, co-administration of class I/ll HDAC inhibitor trichostatin sensitized resistant
cell lines to curcumin. Likewise, we observed that trichostatin inhibited the crosstalk between
activated HSC and tumor-derived hepatocytes leading to a tumor permissive environment, but
also to an amplification of the retrodifferentiation program that increases the stem/progenitor
cell pool*”*°. In the same way, inhibition of the NF-«xB pathway by disulfiram prevents TGF-
B-induced EMT and stem-like features in breast cancer®.

Targeting the Wnt/Bcatenin pathway also appears as a promising strategy and inhibitors are
currently under investigation. A study combining ipafricept (FZD8-Fc fusion protein) and
sorafenib in HCC is still recruiting (clinical trial NCT02069145). Other signaling pathways
involved in stem cell behavior, such as Sonic/hedgehog or Notch, constitute interesting
targets. Vismodegib, a smoothened antagonist, was shown to decrease tumor growth in HCC
through an inhibition of proliferation of the side population® and to significantly attenuate
HCC growth in mice®™ (clinical trial NCT01546519). Notch inhibitor RO4929097 also
efficiently decreased tumor growth and prevented HCC and cholangiocarcinoma development

in Pten null mice, suggesting that it may be useful in liver cancer®.



At the same time, the multifactorial antidiabetic drug metformin showed interesting
antineoplastic effects. AMPK-induced NF-xB inhibition®” and NANOG downregulation
through JNK pathway were proposed as possible mechanisms®. Alternatively, in the context
of cirrhosis, a prolonged metformin exposure was shown to inhibit the receptor for advanced
glycation end product (RAGE), a well-known driver of chronic inflammation, in a rat
model®®. This caused decreased expression of inflammatory and fibrotic mediators within the
surrounding tissue, starving hepatic stem/progenitor cells from pro-oncogenic stimuli.
Therefore, an early administration of metformin in the course of cirrhosis may prevent HCC
development by reducing the tumor-promoting inflammation.

As mentioned above, retrodifferentiation is associated with metabolic reprogramming and
hepatic CSCs display alterations of oxidative phosphorylation and fatty-acid elongation that
contribute to chemoresistance®. Metabolism reprogramming and high levels of detoxifying
systems are hallmarks of CSCs that help with adaptation to the microenvironment and
contribute to tumor aggressiveness. These acquired metabolic specificities could be Achilles
heel of CSCs. In agreement, metformin, which interferes with the energetic metabolism of the
cell, also significantly reduces the number of CSCs in HCC through the inhibition of the
mTor pathway®. Similarly, the restoration of oxidative phosphorylation and/or inhibition of
fatty-acid elongation by overexpression of genes involved in these functions abrogates
sorafenib resistance and reduces tumor growth in a CSC xenograft mouse model®.
Disulfiram, an inhibitor of the detoxifying aldehyde dehydrogenase 1 (ALDH1), was also
shown to suppress anchorage-independent sphere formation and to reduce the number of
CSCs in HCC (clinical trial NCT00742911)°. One more option to counteract the
detoxification mechanisms of CSC is to inhibit ATP-binding cassette (ABC) transporters. The
third generation of drug efflux pump inhibitors, which have a selective affinity for the ABC

subfamilly B member 1 is currently under investigation as CSC-sensitizing drugs’*.



Differentiating agents could also be useful for resensitizing CSCs to conventional
chemotherapies®®. As an example, miR-148a is proposed to restore hepatic cell differentiation
through IKKo/NUMB/NOTCH pathway inhibition. Finally, identification of CSC surface
markers (including CD133, CD24, CD44 and LGR5 for liver CSCs) allows the
immunotargeting of CSCs by mAb as well as drug delivery or redirected T-cell cytotoxicity.
Anti-CD44 antibody-mediated liposomal nanoparticles loaded with doxorubicin were
assessed in preclinical studies for HCC'2. Meanwhile, a bispecific anti-CD3/CD133 antibody
was shown to increase the cytotoxicity against hepatic (Hep3B) cancer cells mediated by

immune effector cells”.

High cell plasticity is now a widely accepted concept. Stemness acquisition through
retrodifferentiation can be triggered or reinforced by an inflammatory environment and can
contribute to relapse after conventional chemotherapies. Thus, targeting inflammatory stimuli,
signaling pathways and stemness features is a new promising field in cancer therapy. Over the
past few years, genomic analyses have profoundly modified our knowledge of CHC. They
successfully identified therapeutically targetable markers and paved the way for precision
medicine. However, in situ detection of rare cells such as CSC, besides genomic analysis,
could provide additional information to conceive efficient treatments. In that goal, a
combination of drugs is likely required to achieve the eradication of cancer and should be

considered in forthcoming clinical trials.
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Legends of figures

Figure 1: Hepatic cell plasticity

Facultative bipotent hepatic stem cells, located in canal of Hering, participate to
cholangiocyte and hepatocyte renewal after specific injury. Following genetic/epigenetic
events, transformed hepatocytes and cholangiocytes can retrodifferentiate into
stem/progenitor cells that express hepatic stem cell markers such as CD44, LGR5, SOX9,
ICAM-1, CK19, NCAM, GATA4, NANOG, OCT4, and display main stemness features
including self-renewal, sphere-forming capacity and Hoechst 33342 efflux. Stem/progenitor
cells retain the capability to redifferentiate into both biliary- and hepatocyte-like cells upon

adequate stimuli, supporting the role of cellular plasticity in cancer development.

Figure 2: Inflammatory environment promotes retrodifferentiation and stemness
maintenance in liver cancers

Inflammatory environment promotes the formation of a pathological niche that sustains tumor
growth. Intricate signaling network and cytokine amplification loops between stromal cells,
infiltrated immune cells and tumor cells promote the acquisition and maintenance of stemness
features by non-CSC cells, contributing to enhance their aggressiveness. Reducing the tumor-
promoting inflammation that triggers CSC emergence or eradicating CSC by targeting
specific membrane markers, signaling pathways or metabolism are promising options to
improve current treatments for liver cancers. ABCB1: ATP-binding cassette subfamily B
member 1; ALDH1, aldehyde dehydrogenase 1; CAF, cancer-associated fibroblast; CSC:
cancer stem cell; ECM: extracellular matrix; EMT: epithelial mesenchymal transition; HSC:
hepatic stellate cell; MDSC: myeloid-derived suppressor cell; TAM: tumor-associated

macrophage



Alternative figure legends if the editors and reviewers choose to break up figure 2 into

two separate figures

Figure 2 bis: Inflammatory environment promotes retrodifferentiation and stemness
maintenance in liver cancers

Inflammatory environment promotes the formation of a pathological niche that sustains tumor
growth. Intricate signaling network and cytokine amplification loops between stromal cells,
infiltrated immune cells and tumor cells promote the acquisition and maintenance of stemness
features by non-CSC cells, contributing to enhance their aggressiveness. CAF, cancer-
associated fibroblast; CSC: cancer stem cell; ECM: extracellular matrix; EMT: epithelial
mesenchymal transition; HSC: hepatic stellate cell; MDSC: myeloid-derived suppressor cell;

TAM: tumor-associated macrophage

Figure 3 bis: Therapeutic strategies targeting the inflammatory environment and cancer
stem cells in liver cancers

Reducing the tumor-promoting inflammation that triggers CSC emergence or eradicating CSC
by targeting specific membrane markers, signaling pathways or metabolism are promising
options to improve current treatments for liver cancers. ABCB1: ATP-binding cassette sub-
family B member 1; ALDH1, aldehyde dehydrogenase 1; CAF, cancer-associated fibroblast;
CSC: cancer stem cell; ECM: extracellular matrix; EMT: epithelial mesenchymal transition;
HSC: hepatic stellate cell; MDSC: myeloid-derived suppressor cell; TAM: tumor-associated

macrophage.
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Figure 2
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Figure 2bis
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Figure 3
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