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ABSTRACT 

Hepatocarcinogenesis, as other epithelial malignancies, has been proved to be a multistep process that, starting from 
mutagenic events, allows the transformed liver cell to evolve towards a more aggressive phenotype, characterized by 
the acquisition of migratory/invasive and stem-cell-like properties. Hepatocellular carcinoma (HCC) can originate from 
both mature hepatocytes and liver precursor/stem cells. Whatever its origin, a common feature of advanced-stage HCC 
is the reduction or lack of expression of master genes of epithelial/hepatocyte differentiation, i.e. members of the liver 
enriched transcription factors (LEFTs) family like HNF4α, and conversely an increased expression of epithelial- 
to-mesenchymal transition (EMT) master genes, i.e. the transcriptional repressors belonging to the Snail family. Re- 
cently, it has emerged as members of these families are capable to directly repress each other and to regulate in opposite 
manner target genes involved in stemness and in hepatocyte differentiation, thus influencing cell outcome between epi- 
thelial/differentiated/poor aggressive and mesenchymal/undifferentiated/aggressive phenotype. Consequently, the res- 
toration of LEFT functions in invasive HCC could represent an important goal for anti-cancer therapies. However, any 
strategy based on gene transfer needs to take in account the influence of micro-environmental factors in HCC tumor 
niche, like TGF, responsible for shifting the described balance in tumor cell towards the acquisition of stem-cell like 
properties and invasiveness, through Snail/EMT induction and LEFTs downregulation. The presence of this cytokine, 
indeed, was shown to override both anti-EMT and tumor suppressor activity of the ectopically expressed HNF4α pro- 
tein. In this review, the rationale to propose implementation of HCC gene therapy will be discussed. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the prevalent world- 
wide cancer and the most common type of liver cancer 
originating from hepatocytes, showing a high mortality 
for ineffective current therapies. Progression of the ma- 
lignant phenotype in HCC is associated with increased 
proliferation, epithelial/hepatic de-differentiation, acqui- 
sition of invasive and metastatic properties [1]. 

Identification of molecular pathways that drive HCC 
development is an important challenge for the design of 
successful therapies based on the restoration of multi- 
level controls of proliferation/differentiation, lost during 
neoplastic transformation. The knowledge of molecular 
signature in HCC cells could provide, therefore, new tar- 
gets and/or new tools for therapeutic approaches in vivo. 

A variety of genomic and molecular alterations have 
been detected in fully developed HCC [1,2]. In particular, 
while well-differentiated HCC tumors show E-cadherin 
expression, its plasmamembrane localization and expres- 
sion of liver enriched transcription factors (LEFTs), like 
HNF4α, poorly differentiated HCCs present disruption of 
cell-to-cell junctions, E-cadherin delocalization and fail 
to express HNF4α. Importantly, the differentiation grade 
of HCC is inversely correlated to a poor prognosis [3]. 
These observations correlate HCC progression with the ac- 
tivation of an epithelial-to-mesenchymal transition (EMT) 
[4], the transdifferentiation process that results in the loss 
of epithelial polarity and identity and in the acquisition of 
a mesenchymal phenotype and motility.  

EMT can play an important role in determining the 
dissemination of tumors [5], while the reverse process 
mesenchymal-to-epithelial transition (MET) seems to oc- *Corresponding author. 
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cur when invasive cancer cells, in secondary sites within 
distant metastasis, re-express some epithelial markers. In 
addition, EMT might provide cells with stem cell proper- 
ties [6]. Acquisition of stemness traits during EMT, in 
particular, can contribute to the described intra-tumoral 
heterogeneity resulting in cell subpopulations, character- 
ized by different stages of epithelial/mesenchymal differ- 
entiation [7].  

A number of genes have been identified to play a cau- 
sal role in EMT. Among these genes, the role of the tran- 
scription factors belonging to Snail family in cancer-as- 
sociated EMT has been highlighted in a variety of histo- 
types [8], including hepatocytes [9]. Responding to en- 
vironmental cues, Snail family members (e.g. Snail and 
Slug) act as master regulators, altering the expression of 
a broad number of genes, including E-cadherin [8,10].  

In addition, it has been highlighted that these repres- 
sors cause the down-regulation of a number of micro 
RNAs, an emerging pivotal category of molecules capa- 
ble to negatively and specifically regulate gene expres- 
sion. The liver-specific microRNA miR-122, already cha- 
racterized as a potent tumor suppressor, has been found 
downregulated in metastatic HCC [11]. Similarly, miR- 
200 and miR-34 family members, targeting Zeb1/2 and 
Snail, are described as critical negative regulators of 
EMT in tumor progression [12,13]. Interestingly, it has 
been recently described their positive regulation by p53 
in inducing tumor suppression of several neoplasia [13- 
15], including HCC [16], thus suggesting the activation of 
p53-miRNAs pathway as potential therapeutic strategy. 

2. The Balance of EMT/MET Players: The  
Route for the Invasiveness or Tumor 
Suppression 

EMT is a phenomenon shared by a variety of epithelial 
cells. Several signal transduction pathways triggering 
EMT converge on the transcriptional inhibitor Snail, in- 
ducing its expression or stabilizing the protein by inter-
ference with its ubiquitination/degradation [17].  

Snail is a well-known transcriptional repressor of E- 
cadherin gene [18]. In hepatocytes, the action of Snail is 
conveyed also to tissue-specific functions since it is able 
to directly repress the expression of HNF4α through the 
binding to its promoter [9]. In the liver, therefore, the 
Snail-mediated EMT is accomplished not only by inhibi- 
tion of the epithelial program but, more specifically, by 
direct interference with the program of hepatocyte dif- 
ferentiation. Notably, a regulatory mini-circuitry of reci- 
procal repression has been recently unveiled: it has been 
demonstrated that HNF4α acts as a direct repressor of 
Snail and other master regulators of the EMT program, 
such as Slug and HMGA2. Moreover, a stable inhibitory 
binding of HNF4α on regulatory sequences of mesenchy- 
mal genes was found in differentiated hepatocytes. Simi- 

lar function has been attributed to HNF1α, other member 
of LEFT family [19,20]. 

The silencing of HNF4α in cultured hepatocytes as 
well as in KO murine models causes the loss of cell po- 
larity together with the switch on of a mesenchymal pro- 
gram [19]. These observations have allowed to attribute 
to HNF4α the important new role of negative regulator of 
the mesenchymal program in hepatocytes, essential for a 
full execution and for the stable maintenance of the epi- 
thelial program. 

Thus, the simple cross-regulatory circuit between Snail 
and HNF4α, causing a mutually exclusive expression due 
to the reciprocal direct repression, is responsible for the 
dynamic balance of EMT/MET.  

In Garibaldi et al. [21], it is unveiled a further role for 
this molecular circuitry in the control of liver stem cell 
plasticity. Starting from the finding that Snail is ex- 
pressed in resident liver stem cell lines [22], it has been 
demonstrated a positive role of this transcriptional factor 
in the expression of stemness markers. This observation 
was unexpected considering that the transcriptional re- 
pression is the only function so far attributed to Snail. 
Investigating on other players integrating/mediating Snail 
activity, Snail was shown to inhibit the hepatospecific 
program through direct repression of the epithelial miR- 
200c and 34a genes, microRNAs that in turn target 
mRNAs of several stemness genes. In differentiated hepa- 
tocytes, on the other hand, HNF4α, together with a direct 
repression of Snail gene, directly upregulates miR-200 
family members (200 a, b, c) and miR-34a, thus further 
stabilizing the differentiated phenotype. Altogether, these 
data unveiled Snail, HNF4α and miRNAs (miR-200 fam- 
ily and miR-34a) as epistatic elements controlling hepatic 
stem cell maintenance/differentiation [21].  

3. Microenvironmental Cues in HCC: The  
Role of TGF  

Tumor onset and progression depend not only on the ac- 
quisition of genetic and/or epigenetic mutations by hepa- 
tocytes or hepatic stem/precursor cells but also on micro- 
environmental cues influencing tumor niche.  

The pleiotropic transforming growth factor β (TGFβ) 
has emerged as a major microenvironmental factor play- 
ing a role in carcinoma progression. In fact, in spite of its 
tumor suppressor activity in the early-phase of tumori- 
genesis, where it induces growth arrest and apoptosis, 
TGFβ appears to take on the opposite role in end-stage 
tumors, where it promotes metastasis through different 
mechanisms [23]. In HCC, the TGFβ signaling is often 
found constitutively activated [24]. HCC patients showed 
a high plasma level of TGFβ [25] that has been corre- 
lated to an increased tumor vascularization [26]. More- 
over, a significant intracellular expression of TGFβ, sus- 
taining an autocrine loop, has been described [27,28]. 
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Thus, both intrinsic and extrinsic TGFβ signaling activa- 
tion contributes to in vivo HCC progression and is asso- 
ciated to a poor prognosis [24]. Understanding the mole- 
cular mechanisms through which tumor cells respond to 
TGFβ and switch their response to this cytokine from 
tumor arrest to tumor progression is pivotal for the de- 
velopment of TGFβ targeted therapeutics. 

Dissection of TGFβ signaling in HCC cell lines showed 
that it promotes tumor progression mainly by 1) inducing 
EMT through the up-regulation of EMT master genes (i.e. 
Snail and Slug); 2) inhibiting cell differentiation and 3) 
causing the acquisition of stem-cell like phenotype [29- 
31]. Furthermore, autocrine TGFβ production enhances 
angiogenesis in close proximity to the tumor, supplying a 
route for tumor cell migration [23,32], and confers resis- 
tance to anoikis allowing the survival of tumor cells in 
the bloodstream [33]. 

The TGFβ-induced EMT has been largely described. 
The cytokine is one of the major inducer of EMT during 
development and in tumors, through the activation of 
Smad-dependent and independent signaling pathways [29, 
34]. EMT can be initiated by TGFβ through autocrine or 
paracrine activation of intracellular signaling that triggers 
reprogramming of the epithelial cell both at transcrip- 
tional [35,36] and post-translational level [37]. A com- 
mon element in the induction of EMT by TGFβ is the 
Snail gene upregulation [38] and Snail protein stabiliza- 
tion by specific post-translational modifications [39,40]. 

In hepatocytes and HCC cell lines, the TGFβ treatment 
was found to induce a switch in the above described re- 
gulatory circuitry Snail/Hnf4α/miRNAs through 1) Snail 
gene upregulation and consequent direct and miRNA- 
mediated induction of EMT genes [19,21] and repression 
of HNF4α [9] and of epithelial molecules (i.e. E cadherin, 
occludin, claudin) [9,18]; 2) transcriptional down-regula- 
tion of HNF4α preceded by the loss of its inhibitory 
binding to Snail promoter and its activating binding on 
promoters of genes controlling liver functions [9,41].  

Thus, an unbalanced level of TGF in the stem-cell 
niche can result in sustained self-renewal of liver stem 
cells, in an impairment of their hepatocytic differentia- 
tion program and, ultimately, in a high risk of accumulat- 
ing mutations; in the tumor environment, moreover, the 
cytokine can drive transformed hepatocytes towards an 
epithelial-to-mesenchymal transition and, consequently, 
the acquisition of migration and invasive properties. 

4. HNF4α as Gene Therapy Tool for HCC 

As discussed above, an inverse regulation between Snail 
and HNF4α is observed during HCC progression. Snail 
expression significantly increases along with hepato- 
cellular carcinoma dedifferentiation, accelerating cancer 
invasion and resulting in poor prognosis [42]. On the 
other hand, the loss of HNF4 expression is an important 

determinant of HCC onset and progression [43] and its 
re-expression has been showed to promote reversion to- 
wards a highly differentiated and less invasive pheno- 
type. HNF4α, in fact, is able to repress EMT program [19] 
and to promote hepatocyte differentiation [44]; moreover, 
HNF4α overexpression in hepatocytes of fibrotic livers 
counteracts the production of fibrogenic cells, ameliorat- 
ing the fibrosis and thus preventing its most feared com- 
plication, the HCC [45,46]. Therefore, restoration of 
HNF4α functions in invasive HCC represents an impor- 
tant goal for anti-cancer therapies.  

However, recent data showed that in a TGF-contain- 
ing environment, the restoration of HNF4α function does 
not suppress TGFβ-induced tumor promoting effects; the 
cytokine appears, indeed, dominant on HNF4α activity, 
thus indicating that the therapeutic use of HNF4α gene 
delivery is limited by the presence of TGF in the tumor 
environment. In particular, TGFβ signaling was found to 
induce several post-translational modifications that in turn 
determine its displacement from target gene promoters, 
including Snail [41]. 

5. Conclusions and Perspective  

The balance between Snail (EMT master gene) and HNF 
4α (MET master gene), in liver stem cells and in liver 
cancer cells (cancer stem cells or transformed hepatocytes) 
ultimately influences the outcome of the transition be- 
tween the mesenchymal/undifferentiated and the epithe- 
lial/differentiated phenotype. The epistatic relation among 
these transcriptional factors, a number of miRNAs, and 
their target genes, is further influenced by environmental 
cues such as TGF (Figure 1).  

The hierarchical relevance of these master regulatory 
molecules, controlling a broad range of cellular functions, 
allows to design simple molecular therapies based on a 
gene transfer approach.  
 

 

Figure 1. Epistatic circuitry controlling tumor cell outcome. 
Microenvironmental factors, like TGFβ, influence balance 
between snail (EMT master gene) and HNF4α (MET mas- 
ter gene) inducing tumor progression. 
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This strategy, even though promising in in vitro and in 
preclinical studies, should take in account for in clinical 
applications the tumor niche influence, capable to exert 
direct functional impairment of therapeutic molecules. 

In this context, the use of engineered molecular tools, 
insensitive to negative regulation by the microenviron- 
ment, will represent the successful approach to improve 
gene therapy strategies. 
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