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ABSTRACT
Cell signaling pathways are important for cellular communications and control different cellular processes of growth, differentiation, and 
apoptosis. There are many ameliorations or magnifications of these pathways in cancer. Hepatocellular carcinoma (HCC) is one of the cancer 
diseases in which many signals are stimulated or inhibited. Moreover, the rate of the signaling pathway is linked to the production of the reactive 
oxygen species (ROS) and the antioxidant mechanism. Ras/Raf/MEK is one of the important pathways that was intensively studied in HCC and 
affected by ROS.
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INTRODUCTION
There are many types of cell signaling including endocrine 

signaling, paracrine signaling, and autocrine signaling, 
whereas the different types are determined according to the 
type of the primary signal [1]. The signaling effect in each type 
is initiated by the recognition of the primary signal to a cell 
surface or an intracellular receptor [1, 2]. The transduction of 
cellular signaling is transduced by many proteins and enzymes 
such as G proteins, protein kinases, phospholipases especially 
phospholipase C, and transcription factors [1, 2, 3]. The events 
of cell signaling pathway include the specific interaction of 
the primary signal to the receptor, the transmission of the 
signal by receptors into the cell, passing on of the message 
to a series of signaling components as a signaling cascade, 
arrival of the message at the destination, and finally a cellular 
response. In many pathways, signal divergence toward several 
target molecules occurs after the amplification of signals [1, 2]. 
The amplification occurs by many secondary signals such as 
3´,5´-cyclic adenosine monophosphate (cAMP), 3´,5´-cyclic 
guanosine monophosphate (cGMP), calmodulin, and lipid-
derived messengers such as inositol 1,4,5-trisphosphate 
(IP3), Diacylglycerol (DAG), phosphatidic acid (PA), and 
sphingosine phosphate [4].

 Liver cancer is the sixth most common type of cancer in 
the world, with approximately 840,000 new cases each year. It 
is one of the most common causes of cancer-related mortality 
with the cancer of the lung and stomach [5]. Hepatocellular 
carcinoma (HCC) is the most common type of primary cancer 
[6]. Hepatitis B and C virus infection is the greatest risk factor 
associated with the development of HCC. Hepatitis infection 
increases the risk of developing HCC by 20 fold and is the 
major etiological factor in most HCC cases [7]. Excessive 

alcohol consumption, nonalcoholic steatohepatitis, exposure 
to environmental toxins such as aflatoxin B, hemochromatosis, 
cirrhosis, diabetes, and obesity are the other main risk factors 
[8, 9, 10].

Antioxidants exert a defense mechanism against free 
radical damage and are important in maintaining optimum 
health and wellbeing. For the oxidative stress, oxygen is 
a highly reactive atom that can become part of potentially 
damaging molecules commonly called “free radicals” or 
reactive oxygen species (ROS). ROS can attack the healthy 
cells of the body, causing them to lose their structure and 
function. They have been involved in the pathogenesis of at 
least 50 diseases [11]. This damage can become cumulative at 
a limited availability of antioxidants, which are capable of 
stabilizing or deactivating the free radicals before they attack 
cells [12]. The antioxidant protection system involves a variety 
of endogenous and exogenous components, to neutralize free 
radicals [13]. One type of these components is nutrient-derived 
antioxidants like ascorbic acid (vitamin C), tocopherols and 
tocotrienols (vitamin E), carotenoids, and other low molecular 
weight compounds such as glutathione and lipoic acid. Other 
important components are the antioxidant enzymes such as 
superoxide dismutase, glutathione peroxidase, and glutathione 
reductase, which catalyze free radical quenching reactions 
[14].  In addition, the metal-binding proteins, such as ferritin, 
lactoferrin, albumin, and ceruloplasmin that sequester free 
iron and copper ions that are capable of catalyzing oxidative 
reactions [15].

Growth factor signaling
Growth factors – stimulated pathways are one of the 

important signaling processes. They are small or medium 
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molecular weight proteins, bind to specific cell surface 
receptors, and considered as hormone-like modulators of cell 
proliferation and differentiation in different cell types.  Most of 
their receptors exhibit protein-tyrosine kinase activity located 
in their cytoplasmic domain of the subunit structure [16]. The 
regulation of cell proliferation is affected by the cellular and 
molecular actions of growth factors [17]. The action of growth 
factors is different from hormones by having other biological 
activities in addition to the stimulation of cell proliferation 
[18]. Moreover, some growth factors can trigger cellular 
differentiation, enhance cell survival, initiate cell migration, 
and stimulate the secretion of tissue-specific hormones from 
differentiated cell types [16]. Examples of growth factors include 
the epidermal growth factor (EGF), platelet-derived growth 
factor (PDGF), insulin-like growth factor (IGF), transforming 
growth factor (TGF), nerve growth factor (NGF) and fibroblast 
growth factor (FGF). Hepatocyte growth factor (HGF) is a 
growth factor produced in the mesenchymal cell [19], whereas 
vascular endothelial growth factor (VEGF) is an endothelial 
cell mitogen that is highly permeable [20]. Some cytokines 
are considered as growth factors such as the hemopoietic 
cytokines, which form a family of glycosylated extracellular 
proteins and regulate the production and functional activity 
of hemopoietic cells [21]. In addition, T cell growth factor 
(TCGF) or interleukin 2 (IL-2) is required for the proliferation 
of mature T cells [22, 23].

EGF signaling in HCC
Patients with hepatocellular carcinoma have significantly 

higher serum levels of EGF and TGF-β1 in comparison to their 
level in patients with chronic hepatitis C infection and control 

subjects. The levels of phosphorylated EGFR in hepatocellular 
carcinoma and chronic hepatitis C patients show a highly 
significant difference between patients [24]. Therefore, it was 
suggested that EGF and its phosphorylated form could be 
used as sensitive biomarkers for the diagnosis and prognosis 
of these diseases.

Ras/Raf/MEK is an extracellular signal-regulated 
kinase (ERK) signaling pathway that is implicated in HCC 
development [25]. By transmitting the signals received by the 
growth factor receptor, Ras/Raf/MEK/ERK cascade reaction 
activates transcription factors and regulates gene expression. 
There are different mechanisms for the activation of Ras/Raf/
MEK/ERK cascade in tumor cells. They include overexpression 
of wild or mutant receptors, such as EGFR, chromosome 
translocation, such as BCR-ABL, and cytokine mutations 
such as Flt-3, Fms, and Kit. This signal transduction pathway 
plays a variety of roles in cell cycle regulation, apoptosis, and 
cell differentiation [26]. Briefly, activation of this pathway 
involves activation of Ras that recruits and activates the 
protein kinase Raf (serine/threonine-protein kinase), which in 
turn promotes MEK1/2 (MAPK/ERK kinase) dual-specificity 
protein kinase and hence the activation of ERK1/2. Active 
ERKs can phosphorylate numerous cytoplasmic and nuclear 
targets, including kinases, phosphatases, transcription factors 
and cytoskeletal proteins leading to different gene expression 
[27] (Figure 1). 

Ras/Raf/MEK/ERK signaling pathway plays a vital role in 
the pathogenesis of HCC. Increased expression of Ras/Raf/
MEK/ERK kinase in HCC tissues and cells has been observed 
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Figure 1:  Activation of RAS/RAF/MEK/ERK signaling pathway in HCC. Overexpression of growth factors such as EGF, or TGF-α leads 
to activation EGFR as RTK, which in turn activates RAS/RAF/MEK/ERK signaling pathway. Activated ERKs can translocate into the nucleus 
to phosphorylate c-fos that in turn increases transcription of genes involved in cell cycle progression in hepatocytes such as cyclin D1. Cyclin 
D1 promotes activation of E2F, which act as transcription factors to activate many target genes to drive progression into, and through, S 
phase of the cell cycle such as PCNA. ERKs activation also promotes the transcription of cell survival genes such as Bcl2 and MCL1 as 
well as inhibits apoptosis by the direct phosphorylation of pro-apoptotic molecules Bim and Bad. Moreover, ERK1/2 stabilizes MCL1 by 
phosphorylation promoting cell survival.
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in several studies, whereas the Ras gene was mutated in 30% 
of HCC cases [28]. Moreover, Raf kinase was overexpressed in 
most HCC cases [29]. Furthermore, the overexpression of many 
upstream growth factors in HCC such as EGF, VEGF, PDGF-β, 
and TGF-α was combined with RTK leading to activation of 
Ras/Raf/MEK/ERK pathway [30]. Increased expression and 
activation of ERK is observed in experimental models of 
different stages of HCC from the early stages to malignant 
progression [31]. Yoshida et al found that phosphorylated 
levels of ERK in 53% of HCC tissues were higher than those 
in para-carcinoma tissues [32].

Activation of this signaling pathway upon overexpression 
of many growth factors and their receptors can result in the 
translocation of activated ERK1/2 into the nucleus contributing 
to the activation of different transcription factors. ERK1/2 can 
phosphorylate and activate preexistent transcription factors 
such as Elk-1that enhances transcription of growth-related 
proteins such as c-Fos [33] as well as the stabilization of 
c-Fos through direct phosphorylation by ERK1/2. Persistent 
expression of c-Fos allows its association with c-jun to form a 
transcriptionally active AP-1 complex that is required for the 
transcriptional stimulation of cyclin D1 that permits cell cycle 
progression in hepatocytes [34].  It has been found that 44 % of 
HCC cases showed higher expression of c-Fos protein than 
that in para-carcinoma tissues, and the c-Fos expression level 
was positively correlated with ERK protein expression [35]. 
On the other hand, ERK1/2 affect the expression and activity 

of several members of the Bcl-2 protein family. Activation 
of ERK1/2-dependent RSK and MSK1/2 activates CREB to 
promote transcription of cell survival genes such as Bcl-2 
[36].  It can also phosphorylate and inactivate the pro-apoptotic 
molecules such as Bcl-2 interacting mediator of cell death 
(Bim) and Bcl-2-associated death promoter (Bad). ELK1 
activation by ERK1/2 may also augment MCL1 transcription. 
Moreover, ERK1/2 stabilizes MCL1 by phosphorylation 
leading to the promotion of cell survival [37].

Tumor metastasis and recurrence are the primary 
contributors to poor prognosis in patients with HCC. Ras/Raf/
MEK/ERK pathway significantly implicates in drug resistance 
of HCC due to the activation of stem-like cancer cells that 
contribute to tumor recurrence and poor therapeutic outcome. 
Epithelial-mesenchymal transition (EMT) has a major role 
in the important features of cancer cells, tumor metastasis, 
invasion, and recurrence. The hallmark of EMT is the loss 
of epithelial surface markers, most notably E-cadherin, and 
the acquisition of mesenchymal markers including vimentin 
and N-cadherin [38]. The downregulation of E-cadherin during 
EMT can be mediated by its transcriptional repression through 
the binding of EMT transcription factors (EMT-TFs) such as 
SNAIL, SLUG and TWIST to E-boxes present in the E-cadherin 
promoter.  Additionally, EMT-TFs can also cooperate with 
several enzymes to diminish the E-cadherin expression and 
regulate EMT at the epigenetic and post-translational level [39]. 
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Figure 2:  Role of ERK1/2 activation in epithelial-mesenchymal transition in HCC metastasis. Oncogenic activation of RAS due to 
overexpression or activation of RTKs leads to ERK1/2 phosphorylation. Activated ERk1/2 promotes EMT in HCC through activation of 
transcription of EMT-TFs such as Slug, Snail, and Twist as well as their stabilization by phosphorylation. While these transcription factors 
suppress the transcription of E-cadherin and other proteins involved in the cell-cell junction, they activate N-cadherin, vimentin transcription 
as well as induce the expression of matrix metalloproteinases (MMPs) facilitating the epithelial-mesenchymal transition process and tumor 
invasion.
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RAS-RAF-MEK-ERK MAPK is the major signaling 
pathway that promotes EMT by increasing the expression 
of EMT –activating transcription factors and mesenchymal 
proteins. This results in repressing the expression of epithelial 
proteins and thereby facilitates cell motility and invasion 
(Figure 2). Several shreds of evidence support the functions 
of RAS oncoproteins in the acquisition of tumor cells with 
EMT features, enhanced metastatic potential, and poor patient 
survival [40]. In addition, ERK can also phosphorylate and 
modulate the activity of the Twist, Snail, Slug, and Zeb1 
transcription factors either directly or indirectly which can 
regulate cellular proliferation, survival and some can modulate 
EMT [41-43]. Phosphorylation of the transcription factors by 
ERK1/2, or in some cases by the related MAPK, p38MAPK, 
prevents their ubiquitination and results in their stabilization 
and increased activity in the nucleus and ability to promote 
EMT [44-46]. The ERK pathway also induces the expression 
of matrix metalloproteinases and thereby promotes the 
degradation of extracellular matrix proteins and consequent 
tumor invasion [47].

Oxidative stress and MAPK signaling pathways
Oxidative stress has an important role in the pathogenesis 

of hepatocellular carcinoma [48]. However, the Ras pathway is 
one of the most significant pathways associated with oxidative 
stress and cancer [49]. Accumulation of ROS has complicated 
effects on the Ras/Raf/ERK pathway, as they directly enhance 
the activation of Ras and increases ERK activation. In a study 
in which MA-10 Leydig tumor cells were used, they found that 
cAMP analogs enhanced ROS formation and ROS scavenger 
prevented the increase in ROS [50]. The scavenger also inhibited 
the increase in ERK1/2 phosphorylation stimulated by cAMP 
analogs. Increased levels of ROS also promote the Ras-
induced phenotype transformation like anchorage-independent 
growth, tumorigenesis, and morphological transformation [51]. 
Also, previous studies confirmed that H-rasG12V-transgenic 
mice with hepatic tumors displayed high levels of ROS in 
hepatocyte [52, 53]. Consequently, the induction of Ras by 
oxidative stress has an important role in HCC development [54].

The explanation of how ROS can activate Ras that result in 
increased phosphorylation of ERK1/2 is still not completely 
clear. The levels of GTP-bound Ras (active Ras) are controlled 
by enhancing the exchange of the bound GDP for Ras- GTP, 
a process that is enabled by Ras guanine nucleotide exchange 
factors or by reducing the degradation of the Ras-bound GTP, 
a process that is facilitated by Ras GTPase-activating proteins 
[55, 56]. Ras is also changed in the posttranslational process 
that is vital for its localization at the plasma membrane 
where activation happens [56]. Thus, Ras guanine nucleotide 
exchange factors, GTPase activating proteins, the localization 
of Ras at the plasma membrane, and even Ras itself could 
be ROS targets [57]. When Sos can be excluded, the Ras 
guanine nucleotide exchange factor binds with the EGFR [55, 

56], as a potential ROS target because neither Ras activation 
nor ERK1/2 phosphorylation is affected by ROS scavengers 

when they are connected with EGF in MA-10 cells [50]. This 
is significant since in some cell types ROS has been shown to 
stimulate the shedding of EGF-like growth factors leading to 
EGFR phosphorylation and Ras activation [58]. 

The mitogen-activated protein kinase (MAPK) signaling 
pathways control different cellular responses, such as 
proliferation, differentiation, migration, apoptosis, and 
autophagy [59]. MAPKs can be triggered by many factors. 
So, the roles of the MAPK signaling pathways in cancer 
progression are complicated [60]. There are 4 MAPK 
family members, which are stimulated by ROS, including 
Extracellular Regulated Kinases 1/2 (ERK1/2), Jun N-terminal 
Kinases (JNKs), P38 mitogen-activated protein kinases (p38), 
and Big MAPK Kinase 1 (BMK1) [61]. Oxidative stress can 
activate ERK through the RAS-RAF-MEK-ERK kinases 
cascade [61]. Therefore, many cellular processes and activities 
are controlled by the activation of ERKs [59, 61]. The JNK 
and p38 MAPK pathways have the same upstream regulators 
and also can be activated by oxidative stress [62]. In the 
p38 MAPK signaling pathway, ROS/RNS activates the p38 
MAPK pathway by enhancing the activity of MAPK/ ERK 
kinase kinase 1 (MEKK1), mixed-lineage protein kinase 3 
(MLK3) and apoptosis signal-regulating kinase 1 (ASK1). 
Then the MAPKKKs sequentially activate MAPK kinase 3 
and MAPK kinase 6 (MAP2K3/6) [59, 61]. The activated p38 
MAPK affects multiple transcription factors, such as p38, 
MEF2, and ATF-2 [63]. In the JNK signaling pathway, ROS 
can induce the activation of ASK1 and MAP3K1, which are 
MAPKKK. Then the MAPKKK activates MAP2K4/7 that 
subsequently activates JNKs. MAPK pathway is the BMK1 
signaling pathway, which can also be activated by oxidative 
stress. This pathway is like the mentioned MAPK pathway 
in which MEKK2/3 activates MAP2K2 and subsequently 
activates BMK1 [61, 64]. Experimental evidence suggests that 
the BMK1 signaling pathway promotes angiogenesis and 
metastasis in cancer [64]. Recently, the antioxidant effect and 
EGFR/ERK1/2 signaling were used as parameters for the 
protective mechanism against induced HCC [65].

Conclusion
There are different signaling pathways in hepatocellular 

carcinoma and the growth factor signaling is one of the 
operative biological processes. These processes are related 
to many mechanisms in which the phosphorylation of the 
transcription factors and the role of the antioxidants in the 
cells are important events.
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