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ABSTRACT

Hepatocellular carcinoma (HCC) is a one of the most common causes of cancer-related deaths, with complex
molecular pathogenesis and interactions. Among these, the hepatocyte growth factor (HGF) and its receptor c-
Mesenchymal to epithelial transition (c-Met) have garnered attention for their critical roles in liver biology.
Under physiological conditions, the HGF/c-Met signaling aids in tissue repair, regeneration, and homeostasis.

Keywords: hepatocyte, critical, interactions, liver

INTRODUCTION

Hepatocellular carcinoma (HCC) is a one of the most common causes of cancer-related deaths, with complex
molecular pathogenesis and interactions. Among these, the hepatocyte growth factor (HGF) and its receptor c-
Mesenchymal to epithelial transition (c-Met) have garnered attention for their critical roles in liver biology.
Under physiological conditions, the HGF/c-Met signaling aids in tissue repair, regeneration, and homeostasis.
However, in HCC, the pathway frequently becomes dysregulated, enabling aggressive tumor traits such as
proliferation, invasion, and metastasis. Current research reveals that alterations in HGF/c-Met expression or
activity are common in HCC and correlate with unfavorable clinical outcomes. As a result, dissecting this
signaling axis offers pivotal insights for therapeutic strategies and potential biomarkers of disease progression in
HCC. This review examines the underlying mechanisms further.

Historical Perspective

Research on liver cell regeneration in the mid-1980s greatly advanced our understanding of growth factors that
govern hepatic repair. During this era, scientists purified hepatocyte growth factor (HGF) from rodent plasma
and human platelets, recognizing its potent regenerative effects (llangumaran et al., 2016). The molecular
characterization of HGF in 1989 revealed its identity as the so-called “scatter factor,” previously noted for its
ability to enhance cellular motility and promote epithelial morphogenesis (Montesano et al., 1991).
Identification of c-Met as the receptor for HGF marked a pivotal advance in unraveling how HGF/c-Met
signaling underpins liver development, embryonic tissue formation, and the repair of damaged organs(Shen et
al., 2021). Yet, when dysregulated, HGF/c-Met signaling is intimately tied to the emergence and progression of
HCC. Elevated HGF levels, in particular, have been connected to more aggressive clinical outcomes in HCC
(Fuetal., 2021).

Structure of HGF and Its Receptor (c-Met)

Although mesenchymal cells are considered the principal source of HGF, other cell types within the liver
microenvironment—such as hepatic stellate cells, endothelial cells, and Kupffer cells—can also synthesize it.
Once produced, HGF binds to the c-Met receptor, a plasma membrane—anchored tyrosine kinase, to promote
tissue renewal under healthy conditions(Zhao et al., 2022). In cancer, however, aberrant activation of this
pathway fuels angiogenesis, lymphangiogenesis, and metastatic spread (Wang et al., 2020).
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The HGF gene, located on chromosome 7 (7921), undergoes alternative splicing to yield multiple mMRNA
variants. Initially, HGF is synthesized as an inactive precursor (pre-pro-HGF), which is cleaved at a specific
arginine—valine site to produce pro-HGF(Mizuno et al., 1994).A subsequent proteolytic cleavage step converts
pro-HGF into its active heterodimeric form, consisting of an a-chain endowed with four kringle domains and a
B-chain with structural similarities to a serine protease. Enzymes such as urokinase-type plasminogen activator
and plasma kallikrein mediate this maturation process(Zhao et al., 2022).

The c-Met receptor, which also resides on chromosome 7, forms a mature protein of roughly 190 kDa,
composed of an a-subunit (~145 kDa) and a B-subunit (~50 kDa). Upon HGF binding, two c-Met protomers
dimerize, leading to the phosphorylation of key tyrosine residues (Y1234, Y1235, Y1349, and Y1356) and the
initiation of intracellular signaling cascades (Sakai et al., 2015). Notably, HGF can interact with c-Met through
two distinct binding domains: a high-affinity region in the NK1 segment near the receptor’s amino terminus and
a secondary, lower-affinity site within the 3-chain (De Nola et al., 2022).
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Figure 1: The structure of hepatocyte growth factor (HGF) and c-mesenchymal to epithelial transition (c-Met)

®  (A): The a-chain of HGF shows an N-terminal hairpin loop (HL) that is attached to 4kringle domains (K1-
K4). The p-chain includes a serine protease homology domain (SPH), which lacks proteolytic activity.

e (B): Active HGF is a heterodimeric molecule, consisting of both an a-chain and a -chain.

e  (C):The c-Met receptor is composed of a small a-chain and a larger B-chain, encompassing extracellular,
transmembrane, and intracellular domains. The extracellular portion includes a large semaphorin (SEMA)
domain, which facilitates HGF binding. Following the SEMA domain are a plexin-semaphorin-integrin
(PSI) domain and four immunoglobulin-plexin-transcription (IPT) domains. Intracellularly, the c-Met p-
chain's C-terminal tail contains two phosphorylation sites (Ser985 and Tyr1003), two key tyrosine residues
(Tyr1234 and Tyr1235), and a multisubstrate docking site (Tyr1349 and Tyr1356).

e  Quoted From: Zhao et al., (2022)

Biological Functions of HGF and c-Met

Hepatocyte growth factor (HGF) exerts diverse actions in epithelial cells, functioning not only as a mitogen that
stimulates cell division but also as a motogen that supports cell migration and a morphogen that guides intricate
tissue architecture (Nakamura et al., 2011). Because of these multifaceted roles, HGF profoundly influences
processes such as tissue regeneration, liver repair, oncogenesis, and wound healing (Imamura and Matsumoto,
2017).

The HGF/c-Met axis is indispensable for the natural repair and regenerative processes of the liver. Evidence
from animal models has demonstrated that disrupting c-Met activity compromises liver restoration, increases
mortality, and delays healing after hepatic injury (Huh et al., 2004; Zhao et al., 2022). Clinically, HGF levels
correlate with hepatic regrowth following living donor liver transplantation, with notable peaks on postoperative
days 1, 7, and 14 that track with increases in liver volume (Ray et al., 2018; Hoffmann et al., 2020). Early
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elevations in serum HGF and related growth factors appear to jump-start the regenerative response following
hepatectomy.

Upon HGF bhinding, the c-Met receptor undergoes activation, which launches a series of intracellular signaling
pathways governing proliferation, migration, and resistance to apoptosis. This signaling cascade also facilitates
epithelial-mesenchymal transition (EMT) and is vital for normal placental and neural development, muscle
precursor specification, and muscle tissue formation (Giordano and Columbano, 2014). In hepatic tissues,
HGF/c-Met activity orchestrates cell differentiation, migration, angiogenesis, and overall liver development (Yu
et al.,, 2021). Animal studies indicate that either HGF or c-Met deletion severely impairs embryonic liver
formation (Schmidt et al., 1995). The pathway additionally promotes hepatocyte repopulation and alleviates
toxin-induced fibrosis, particularly in partial hepatectomy contexts (Zhang et al., 2020). Although these findings
highlight the therapeutic promise of activating c-Met in early-stage liver disease, its clinical application remains
challenging, especially in advanced conditions (Yu et al., 2021).

The HGF/c-Met Signaling Pathway in HCC

Research has shown that up to 20-40% of hepatocellular carcinoma (HCC) cases exhibit aberrant c-Met
signaling, often triggered by excessive HGF ligand or increased receptor expression. Mechanisms underlying
this dysregulation include surplus HGF or c-Met production, gene amplifications, mutations that lead to
constitutive receptor activation, loss of microRNAs that normally inhibit c-Met, autocrine loops, or elevated
circulating HGF (Panneerselvam et al., 2023).

In the canonical mode, under typical physiological conditions, HGF binding to c-Met promotes receptor
dimerization and autophosphorylation on key tyrosine residues. This process activates multiple intracellular
networks—most notably the MAPK/ERK, PI3K, p38 MAPK, and Akt/PKB pathways. Adapter proteins such as
Grb2, Gabl, PI3K, and STAT3, together with modulators like SHIP1, PLCy, SHP2, and Shc, then orchestrate
signals that drive tumor proliferation and metastatic progression in HCC(Garcia-Vilas and Medina, 2018; Liu et
al., 2018; Zhang et al., 2018).

In addition to the canonical route, a variety of alternative mechanisms potentiate c-Met—dependent oncogenesis
in HCC. One notable example is Des-y-carboxy prothrombin (DCP)—a molecule secreted by HCC cells that
mimics HGF structurally, engages c-Met, and may serve as a biomarker for diagnosis. Beyond this, c-Met forms
interactions with a broad range of other receptors and adhesion molecules—including EGFR, members of the
HER family, integrins, B-catenin, CD44, ICAM-1, Plexin B1, VEGF-A, INSR, FAS, MUCL, neuropilins, and
FAK—resulting in complex signaling networks that underlie aggressive tumor behavior and therapeutic
resistance(Jo et al., 2015; Garcia-Vilas and Medina, 2018).

Factors such as hypoxia, tumor suppressor inactivation, oncogene activation, and reduced microRNA levels all
contribute to heightened c-Met expression. Certain c-Met mutations can alter its substrate specificity or boost
kinase activity, as seen in hereditary papillary renal carcinoma. Additional modes of upregulation involve gene
amplification, autocrine stimulation, microRNA depletion, IncCRNA interactions, and ligand-independent c-Met
activation by Slug (Zhang et al., 2019). In normal liver growth and regeneration, HGF/c-Met coordinates cell
proliferation, migration, apoptosis resistance, and EMT. Mouse models deficient in HGF or c-Met display lethal
embryonic phenotypes due to severe hepatic developmental anomalies, while c-Met deletion in hepatocytes
disrupts liver regrowth post-partial hepatectomy (Bouattour et al., 2018).

HGF/c-Met Expression in HCC

Tumorigenic pathways in HCC include atypical c-Met activation mechanisms. For instance, DCP produced by
HCC cells can mimic HGF and initiate c-Met signaling, offering a potential diagnostic avenue. Crosstalk
between c-Met and a wide spectrum of cell surface molecules—including EGFR, HER family receptors,
integrins, B-catenin, CD44, ICAM-1, Plexin B1, VEGF-A, INSR, FAS, MUC1, neuropilins, and FAK—
generates intricate signaling webs that intensify malignancy and confer resistance to treatments (Jo et al., 2015;
Garcia-Vilas and Medina, 2018).

Multiple influences elevate c-Met, among them hypoxia, diminished tumor-suppressor function, hyperactive
oncogenes, and low levels of microRNAs that typically restrain c-Met. Certain germline c-Met mutations, as
documented in hereditary papillary renal carcinoma, enhance its enzymatic function. Moreover, autocrine loops,
gene amplifications, deviations in microRNA, IncRNA-mediated regulation, and Slug-mediated ligand-
independent pathways all bolster c-Met activity (Zhang et al., 2019). Within the broader context of liver
ontogeny and regeneration, HGF/c-Met modulates cellular expansion, migration, and EMT, while ablation of
HGF or c-Met in mouse models leads to embryonic lethality due to profound hepatic defects. Additionally,
heightened HGF levels stimulate liver regrowth post-hepatectomy, but c-Met loss in hepatocytes hinders this
process (Bouattour et al., 2018).

Role of the HGF/c-Met Axis in HCC Development
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Chronic liver ailments, such as hepatitis B or C infections and cirrhosis, necessitate sustained hepatocyte
renewal. This increased regenerative demand aligns with elevated HGF and c-Met levels, aiding tissue repair
and minimizing fibrosis and inflammation. However, chronic c-Met hyperactivity can also promote HCC onset
and progression (Bouattour et al., 2018; Wang et al., 2020).

Aberrant c-Met signaling arises from an array of mechanisms: gene amplification, receptor or ligand
overexpression, autocrine loops, mutations, or surplus HGF. While gene amplification occurs at relatively low
frequencies (approximately 5% in some studies or 1 out of 159 cases in others), receptor overexpression has
been documented in 20-48% of tumor specimens. Elevated c-Met often predicts a worse prognosis, although
co-occurring HGF overexpression is not universal in HCC (Wang et al., 2020).

MicroRNAs and suppressor of cytokine signaling 1 (SOCS1) are integral in regulating the HGF/c-Met pathway
in HCC. SOCS1 induction diminishes phosphorylation of c-Met, Gabl, and ERK1/2, inhibiting tumor
expansion (Gui et al., 2011, 2015, 2017). Conversely, miR-181a exerts tumor-suppressive effects by targeting c-
Met, whereas certain oncogenic miRNAs promote HCC through enhanced c-Met signaling (Korhan et al.,
2014). Recent findings by Ma et al. (2023) highlight that ASAP2 influences c-Met phosphorylation and
downstream AKT and ERK1/2 activities, thus modulating EMT in HCC. Depleting ASAP2 suppresses c-Met
activation and impedes HGF-driven tumor proliferation.

Moreover, the HGF/c-Met pathway interacts with additional factors, including mucin-1 (MUCI1) and B-catenin,
to synergistically advance tumor formation. Loss of regulatory proteins such as Axinl amplifies tumorigenesis
via joint c-Met and B-catenin signaling (Liang et al., 2018; Qiao et al., 2019).

The HGF/c-Met Axis and HCC Severity

The proliferative properties of HCC cells are closely linked to HGF/c-Met signaling. Studies show that silencing
c-Met through adenovirus-encoded siRNA diminishes HCC cell growth both in vitro and in vivo (Zhang et al.,
2005). Certain IncRNAs, including FLVCR1-AS and HULC, further propel HCC by increasing c-Met
expression and sequestering miRNAs like miR-2052 that would ordinarily oppose tumorigenesis (Jia et al.,
2013). Cancer-associated fibroblasts (H-CAFs) also contribute through HGF secretion, thus perpetuating c-Met—
dependent cellular proliferation in HCC. Neutralizing HGF in H-CAF-conditioned media reduces this
proliferative impetus, emphasizing the HGF/c-Met pathway’s centrality in tumor expansion (Wang et al., 2020).
Elevated HGF or c-Met commonly correlates with heightened tumor invasiveness and metastatic capacity
(Wang et al., 2007). Mechanistic studies implicate the phosphorylation of c-Met and AKT, along with NF-xB
activation and matrix metalloproteinase-9 (MMP-9) upregulation, in facilitating extracellular matrix degradation
and metastatic spread (Wang et al., 2007). Clinically, excessive c-Met activity is associated with resistance to
sorafenib, a standard therapy for late-stage HCC (Ma et al., 2023).

Experiments using Hep3B and HepG2 cells indicate that HGF stimulation—particularly in the p53-deficient
Hep3B line—drives c-Met expression and fosters invasiveness via Snail, a key EMT transcription factor (Liu et
al., 2016). Overexpression of c-Met similarly intensifies invasive behaviors (Xie et al., 2010). Additional data
suggest that stromal neutrophils and mesenchymal cells in the tumor periphery produce abundant HGF,
accelerating EMT, proliferation, and metastatic traits (Ding et al., 2010; He et al., 2016).

Angiogenesis is also essential for tumor progression and dissemination. In HCC, imbalanced production of
angiogenic mediators—such as VEGF-A, HGF, TGF, and EGF—bolsters blood vessel formation through
HGF/c-Met and related signaling. This proangiogenic environment often involves cross-talk with VEGF
receptors and suppression of antiangiogenic factors like thrombospondin-1 (Pinto et al., 2023).

Diagnostic and Prognostic Value of HGF and c-Met in HCC

Diagnostic and Prognostic Value of c-Met

High c-Met levels have been linked to advanced disease stages, increased recurrence, and a greater incidence of
intrahepatic spread and portal vein complications. Patients whose tumors overexpress c-Met commonly
experience reduced survival (Meng and Chen, 2021). In a meta-analysis by Kim et al. (2017), findings from five
separate studies revealed conflicting outcomes on overall survival and recurrence-free survival. For instance,
Kondo et al. (2013) detected a pronounced association with RFS (HR: 3.10, p = 0.002), whereas other
investigations (Ke et al., 2009; Lee et al., 2013; Koh et al., 2015) did not observe significant prognostic
correlations. These discrepancies highlight ongoing debates about c-Met’s prognostic impact. Nevertheless, c-
Met status may hold value for predicting responses to targeted therapies directed at the HGF/c-Met pathway
(Zhang et al., 2016). In certain cases, higher c-Met expression levels can forecast better responsiveness to
cabozantinib and sorafenib, aiding personalized therapeutic decision-making (Xiang et al., 2014; Chu et al.,
2013).

Diagnostic and Prognostic Value of HGF
Investigations by Yamagami et al. (2002) and Karabulut et al. (2014) reported that serum HGF levels are
frequently elevated in patients with HCC, suggesting its possible utility as a diagnostic marker. However,
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questions persist regarding its specificity, given that HGF levels can also rise in cirrhotic individuals without
HCC (Uni¢ et al., 2018). While sensitivity has been reported to be as high as 90.62%, specificity lags at 25.81%,
implying that HGF alone may not definitively distinguish HCC from underlying liver disease. Hence, HGF is
likely most efficacious when combined with other diagnostic tools.

Prognostically, higher baseline HGF concentrations are associated with an increased risk of radiation-induced
liver toxicity and poorer survival after radiotherapy or liver transplantation (Hong et al., 2018). Rimassa et al.
(2016) similarly linked elevated HGF to shorter survival durations in secondary HCC. Yet another study did not
find a significant correlation between HGF levels and patient outcomes (Karabulut et al., 2014). These variable
findings underscore the need for integrated assessment methods and nuanced patient stratification when
evaluating HGF’s clinical significance.

CONCLUSIONS

The HGF/c-Met pathway is vital for an optimal hepatic function as well as hepatic regeneration but can be co-
opted by tumor cells in hepatocellular carcinoma, driving disease progression. Dysregulation often manifests as
increased receptor or ligand expression, activating diverse signaling cascades that promote proliferation,
metastasis, and treatment resistance. Mounting evidence supports a strong connection between heightened
HGF/c-Met activity and poor clinical outcomes, underscoring the importance of assessing this pathway for both
prognostic and therapeutic purposes. Although early clinical efforts targeting c-Met have yielded mixed
findings, emerging strategies that integrate c-Met inhibitors with other treatments are promising. Further
research aimed at characterizing patient subgroups and refining combination therapies will enhance our ability
to manage HCC more effectively.
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