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Abstract
The molecular basis of the carcinogenesis of hepatocellular carcinoma (HCC) has not been adequately clarified, which negatively impacts the development of targeted therapy protocols for this overwhelming neoplasia. The aberrant activation of signaling in the HCC is primarily due to the deregulated expression of the components of the Wnt-/-β-catenin. This leads to the activation of β-catenin/TCF-dependent target genes that control cell proliferation, cell cycle, apoptosis, and cell motility. The deregulation of the Wnt pathway is an early event in hepatocarcinogenesis. An aggressive phenotype was associated with HCC, since this pathway is implicated in the proliferation, migration, and invasiveness of cancer cells, regarding the cell’s own survival. The disruption of the signaling cascade Wnt-/-β-catenin has shown anticancer properties in HCC’s clinical evaluations of therapeutic molecules targeted for blocking the Wnt signaling pathway for the treatment of HCC, and it represents a promising perspective. The key to bringing this strategy in to clinical practice is to identify new molecules that would be effective only in tumor cells with aberrant signaling β-catenin.
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Core tip: The Wnt signaling pathway is decisive in the rule of mechanisms of proliferation and survival, as well as the differentiation of liver cells during hepatic embryogenesis and morphogenesis. The atypical initiation of signaling in the hepatocellular carcinoma (HCC) is primarily because of deregulated expressions of the components of the Wnt-/-β-catenin. The mechanisms that are considered more functional and that sustain aberrant activation of signaling pathways act via alterations in the β-catenin gene or the AXIN1/2-gene’s encoding axin, a protein necessary for the degradation of β-catenin. The development of targeted therapeutic molecules for the blockade of the Wnt-signaling pathway for the treatment of HCC depends on the identification of molecules that would be effective only in tumor cells that carry an aberrant signaling β-catenin.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is distributed globally. It is the second most important cause of cancer deaths and caused approximately 750000 deaths in 2012[1].
Management options for HCC are restricted, and this neoplasm can just be cured by radical treatments, such as hepatectomy or liver transplantation, when the diagnosis is made while the tumor still has small proportions. However, the diagnosis is often made at a late stage in the development of HCC, when the cancer has already grown too much and/or is widespread. Moreover, malignant tumors also have significant resistance to multidisciplinary treatment protocols[2].
The increasing incidence of HCC triggered an intense phase of research to clarify the main molecular, genetic, and cellular mechanisms involved in its pathogenesis, which could encourage the development of more effective treatments for this neoplasia[3,4]. However, the molecular basis of the carcinogenesis of HCC still has not been adequately clarified[5,6], which impairs the development of targeted therapy protocols for this overwhelming neoplasia[2].

MOLECULAR PATHOGENESIS IMPORTANCE
Complex processes are involved in several steps within the molecular pathogenesis of HCC. The normal hepatocytes can have their phenotype transformed by an accumulation of aberrant genetic mutations or epigenetic nature, as well as by signaling the pathway’s activation of growth factors[7-13].
In chronic hepatic disease, it is decisive to recognize the mitogenic signaling pathways that do not participate in liver regeneration. Also, the mitogenic signaling pathways are essential to trigger the emergence of a clonal expansion that promotes tumor growth. This identification can prevent the occurrence of adverse side effects on the eventual use of a target therapy for the steps involved in the carcinogenesis of HCC. However, non-transformed hepatocytes can show higher molecular redundancy and continue to proliferate, though some signaling pathways are inhibited. Moreover, due to the fact that the altered hepatocytes might provide incomplete terminated molecular mechanisms, they may block specific pathways that control cell growth and survival[5].
The signaling of those specific anomalies and inherited and epigenetic mechanisms related to risk features are specific cellular changes and are considered the center of initiation and development of HCC[5]. Due to the complex genetic heterogeneity of HCC, the investigation targets the molecular signaling pathways and their shared molecular mechanisms[4].

PATHOGENIC MECHANISMS
The main determinants’ mechanisms of liver carcinogenesis are related to cirrhosis renewal subsequent to liver injury caused by hepatitis, contaminants, or metabolites and mutations in oncogenes (sole or multiple) or in neoplasm suppressor genes. These mechanisms are associated with the main changes in cell signaling pathways with interest from the therapeutic point of view because its lock can reverse, delay, or prevent hepatocarcinogenesis[14].
The atypical initiation of signaling in HCC is primarily related to a deregulated expression of the components of the Wnt-/-β-catenin. These activate β-catenin/TCF-dependent target genes that monitor cell proliferation, cell phase, apoptosis, and cell motility. The Wnt pathway is the input constituent of the physiological processes implicated in the embryonic progress and homeostasis of human tissues[3].

WNT SIGNALING PATHWAY
Although it is inactive in adult livers, the Wnt pathway participates in liver pathobiology[15]. This route is markedly decisive in the active surroundings of hepatic development and controls the progressions of proliferation, survival and the differentiation of hepatocytes. Abnormal initiation of this pathway has also been recognized in hepatoblastoma as well as in HCC[5].
Under normal conditions, the β-catenin level of a hepatocyte is lowered, because the complex activity destruction of the β-catenin protein, involving the APC, axin, and GSK-3 proteins, and the fact that it connects itself to β-catenin molecules, phosphorylating it, with consecutive deprivation in the proteasome[4]. Stimulation of the non-canonical Wnt-/-β-catenin pathway is started by the connecting of extracellular ligands of the transmembrane receptor’s Wnt-/-FZD-related protein and low-density lipoprotein receptor (LRP), which afterward liquefies the complex configuration destruction of β-catenin proteins, which results in the increase of β-catenin in the cytoplasm[4]. The β-catenin proteins are able to displace to the nucleus and forming a binding complex with the transcription factor LEF-/-TCF proteins. This binding complex promotes an activation of target genes that regulate cell proliferation, migration, invasion, cell cycle progress, and metastasis propagation[4] (Figure 1). For that reason, the constitutive start of this pathway could possibly be significant for establishing and maintaining the malignant liver phenotype[4].
In liver carcinogenesis, early deregulation of the Wnt pathway occurs. An aggressive phenotype was associated with HCC, since this pathway is implicated in the proliferation, migration, and invasiveness of cancer cells, within the course of the cell´s survival[2]. 
The start of this pathway happens when a ligand connects to a Wnt receptor Frizzled (FZD) on the cell membrane. The routes identified in the Wnt signaling pathway are the non-canonical pathway and the canonical pathway, where β-catenin protein is involved[3].
The Wnt signaling pathway mediated by the β-catenin protein involves the binding of 1 or more of the 19 Wnt ligands to 1 or more of the FZD transmembrane cell surface receptors of the tumor cells. This stimulates the activation of the associated β-catenin canonical pathway and the non-canonical pathway in which the participation of c-Jun NH2-terminal kinase (Jnk) plus protein kinase C (PKC) occurs, both of which are primarily active during embryogenesis and adult tissue homeostasis[3].
The mechanisms considered more functionally aberrant and the sustained initiation of the signaling pathway happen via the β-catenin mutations in the genes or AXIN1-/-2 axin genes encoding a protein essential for the degradation of β-catenin[5].
Kan et al[6] described the complete genome sequencing of 88 HCC, 81 of which are positive for the hepatitis B virus (HBV). The author identified genes with genetic modifications and signaling pathways involved in HCC related to HBV. They found the β-catenin gene (15.9%) and TP53 (35.2%), the oncogene and tumor suppressor gene, respectively, to be the most often mutated. The signaling pathway Wnt-/-β-catenin and JAK-/-STAT were changed from 62.5% to 45.5% of the patients, respectively, and were considered probable to perform as the two main oncogenic conductors in HCC. The mutation/activation of Janus kinase protein 1 (JAK 1) was found in 9.1% of patients[6]. 
The deregulated signaling cascade Wnt-/-β-catenin was observed in 95% of HCC[16]. Moreover, this route can likewise be initiated by deletions or mutations in the β-catenin gene, thus making non-degradable proteins by destruction complex. This event facilitates the increase of β-catenin protein in the cytoplasm. In turn, such a molecule translocates to the nucleus and activates genes related to cell growing[9]. Most mutations/deletions are located in the N-terminus of beta-catenin, thus leading to a change in beta-catenin protein turnover after failure of phosphorylation (GSK3, CK1). Thus, the overexpression of FZD Wnt ligands and receptors leads the activation of these ligands and receptors as the primary mechanism causing the increase of β-catenin protein in the cytoplasm and the displacement of β-catenin to the cell nucleus[4].
An important ligand that is involved is the Wnt3, which is normally overexpressed in CHC. After attaching to the FZD7, it triggers the canonical signaling triggered by hepatitis B and hepatitis C virus[17,18]. In this context, the interruption of the interaction involving the ligands and Wnt-/-FZD receptors was suggested as a mechanism of inhibition of Wnt signaling/β-catenin to reduce the migration and invasiveness of tumor cells of HCC[18].
Wnt ligands focus on the cell surface for linking with heparan sulfate proteoglycans; then, the Wnt ligand is unrestricted and able to interact with the FZD receptors to start the signaling pathway of β-catenin[4].
The mechanism further clarified that the mutations in the β-catenin gene or CTNNB1, which were observed in about 20% to 40% of all cases of HCC[19,20] concerned the activation of β-catenin in HCC. The mutations have also been reported in the constituents of the complex of β-catenin degradation, including AXIN1 gene mutation, which was observed in 3% to 16% of all cases of HCC[19,20]  and the AXIN2 gene and in approximately 3% of all cases of HCC[21]. Interestingly, HCC occurs in HCV patients, up to 40% of whom show an incidence of CTNNB1 gene mutations[22]. Further, the HCV patients led to an increased expression of the gene Wnt1 in HCC cells due to mechanisms not yet completely understood[23]. Studies of HCC occurring in patients with HBV have implicated protein X of the hepatitis B virus to stimulate the activation of β-catenin, representing an independent CTNNB1 gene mutation[24]. Interestingly, the majority of the functionally important mutations that cause the activation of Wnt signaling are those that affect the CTNNB1 gene and correlate significantly with the concentration of the nuclear β-catenin protein. The ultimate consequence of continued signaling pathway Wnt-/-β-catenin brings about an amplified expression of genes’ β-catenin dependents, which influence the whole tumor[25,26].
Mutations of the β-catenin gene mostly have been described as late events in HCC[27], while other authors reported that these mutations are early events[28,29]. The tumors with the mutated β-catenin gene have been reported as having less vascular invasion[30] and higher grades of cell differentiation[30,31]. These mutations have been associated with better prognoses for patients with HCC. However, other authors observed a higher nuclear and cytoplasmic concentration of the β-catenin protein in HCC with the most micro- and macro-vascular invasion[32,33], increased neoplastic cell proliferation, and poorly differentiated tumors[29].
Moreover, it is interesting that a diminutive but important number of patients with HCV developed HCC with no confirmation of fibrosis[34]. The HCV has a preference in the use of the Wnt pathway as an HCC development mechanism[35]. Similarly, it is worth noting that the diminutive number of hepatic adenomas that develop into HCC often have mutations in the gene for β-catenin[36]. The neoplastic conversion of hepatic adenomas in HCC usually takes place in the healthy liver without confirmation of fibrosis. Thus, this finding indicates the involvement of the mutation of the β-catenin gene, regardless of the presence of liver fibrosis[5].

CONCLUSION
The findings of the Wnt signaling pathway activity in HCC suggest that the activation of β-catenin is sometimes found in up to 90% of HCC. However, in 40% to 60% of HCC patients, mutation of the CTNNB1 or AXIN1/AXIN2 genes was not observed. Actually, this finding may reflect the significant participation of Wnt-/-β-catenin signaling pathway in the maintenance of the normal function of hepatocytes in liver parenchyma, even without the presence of neoplastic cells in its interior[5].
The interruption of the signaling cascade Wnt-/-β-catenin has shown antineoplastic activity in HCC, although therapeutic molecules are not currently blocking the Wnt signaling pathway for the treatment of HCC[2]. Still, proteins that are part of the Wnt signaling pathway are considered potential targets for pharmacological therapy[3,37]. However, the complexity of transcription -dependent mechanisms of β-catenin becomes the challenge of ambitious drug therapy. Moreover, such medicaments may have important side-effects in organs, such as the intestine, where the Wnt-/-β-catenin is significant for the regeneration of tissues. The key toward this strategy coming into clinical practice is to identify new molecules that would be effective only in tumor cells that carry an aberration that signals β-catenin.
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Figure 1 Wnt-/-β-catenin signaling pathway. A: APC protein, axin, and GSK-3 that forms the complex destruction of the β-catenin protein in the proteasome; B: Wnt binds to Frizzled and LRP receptors, dissolving the destruction-complex, which results in an increase of β-catenin in the cytoplasm and nucleus. β-catenin forms a binding complex with the transcription factor LEF-/-TCF proteins to promote the activation of target genes. 
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