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Lung cancer is a leading cause of cancer-associated death worldwide [1,2]. Explanation of the molecular biology
and pathogenesis of lung cancer is essential for the design of a potential treatment for patients [3,4. Non-small-cell
lung carcinoma (NSCLC) is a complex process concerning interruption of cell proliferation, cell differentiation,
apoptosis and various molecular mechanisms. The abnormal expression of MAPKs is a reasonably frequent event
in NSCLC. The MAPK pathway plays an important role in cell proliferation, differentiation and apoptosis [5].
Increasing evidence supports the association of MAPK signaling deregulation with various types of malignant
tumors, including NSCLC. Several studies have demonstrated that members of the MAPK signaling pathway may
be potential biomarkers for predicting the progression and prognosis of patients with NSCLC. Additionally, the
MAPK pathway affects decisive roles in the carcinogenesis and treatment resistance of NSCLC cells by promoting
proliferation or inhibiting apoptosis of NSCLC cells. In this editorial, we will focus on molecular level changes
of the MAPK pathway and their therapeutic significance in NSCLC, concentrating primarily on its components
which are associated with cell proliferation, cell survival or patient prognosis and potential therapy for NSCLC.

Biological outlines of MAPK pathway

MAPKSs are enzymes belonging to a large family of serine/threonine protein kinases. MAPK plays a major role

in directing proliferating activity from the cell cytoplasm to the nucleus and is also involved in regulation of

numerous unknown cellular processes (such as differentiation and survival) 5,6]. This signaling process initiated

by transmitting signals from external stimuli, for example, hormones, growth factors, cytokines and intracellular

essential molecules. Furthermore, the three most important subfamilies of MAPK include the c-Jun N-terminal

(JNK; also referred to as stress-activated protein kinases [SAPK]), MAPK14 and the extracellular-signal-regulated

kinases (ERK MAPK, Ras/Rafl/MEK/ERK). The ERK MAPK, Ras/Rafl /MEK/ERK are mostly involved in the

apoptosis, pathogenesis, progression and oncogenic behavior of lung cell. RAS proto-oncogene specifically plays a

crucial role in the transduction of growth-promoting signals and cellular proliferation [6]. Thus, activation of this

MAPK signaling pathway is one of the most significant with respect to cell differentiation which subsequently leads ~ Newlands
to the desired biotic events. press
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Molecular mechanistic of MAPK pathway in non-small-cell lung cancer
In general, the MAPK signaling pathway is involved in various unknown cellular functions, including cell prolif-
eration, differentiation, cell survival, apoptosis and metastasis. Activation and overexpression of this pathway can
lead to atypical gene expression and may ultimately result in the malignancy of lung cells. Primarily, there are four
major mechanisms involved in the development of non-small-cell lung malignancy (6.

Deregulation of EGFR

EGFR, a glycoprotein present in the cell surface that regulates the signaling pathway to control cellular proliferation,
is stimulated through the binding of a ligand such as EGF or neuregilins [7]. EGFR, also called ErbB-1, is a member
of a subfamily of closely related proteins. After ligand binding, EGFR receptor is activated by the intracellular
tyrosine kinase domain and initiates autophosphorylation, which causes overexpression of the EGFR and increases
the activity of the intracellular pathway. As a result, atypical cellular activity (such as cell proliferation, angiogenesis,
invasion and metastasis) occur in non-small lung cells. Deregulation of EGFR has been seen in between 40 and

89% of NSCLC (7).

Mutation of the RAS gene

The RAS gene comprises three subfamilies; H-RAS, K-RAS and N-RAS. These encode for membrane-bound
21-kD guanosine-triphosphate-(GTP-) binding proteins, which regulate various cell responses such as apoptosis
and metastasis by means of binding with respective effectors (e.g., MAPK, PI3K and STAT). This may ultimately
lead to a mutation in RAS with abnormal GTPase activity, leading to the development of NSCLC. About 20-30%
of adenocarcinoma-related NSCLC results from a mutation in the Ras gene [s].

Mutation of BRAF
BRAF is a serine/threonine protein kinase. Mutations in BRAF occur through EGFR mutations or ALK rearrange-
ments and have been identified in 2-4% of NSCLC.

Additionally, activation of the downstream transcription factor c¢-Jun and auto-phosphorylation of MAPK
pathway possibly plays a crucial role in differentiation, apoptosis and metastasis. Typically, increased c-Jun N-
terminal kinase activity has been seen in human cancers [6,8].

Regulation of MAPK signaling pathway: a novel trend of management for NSCLC

In this recent year, the MAPK pathway (Ras, Raf and MEK) has been found to be a viable therapeutic target
for novel treatments for cancer. Relevant drugs should be specific for their targets and conceivably less toxic than
traditional cancer therapy [9,10. EGFR inhibitors actively bind to EGFR, subsequently blocking the binding of
alternative ligands, preventing the overexpression and proliferative activity of EGFR in NSCLC. Gefitinib and
erlotinib are EGFR inhibitors which are both already available on the market and may possibly be used as a
treatment for NSCLC [11-14].

Subsequently, MAPK (MEK) inhibitors are downstream effectors which inhibit NSCLC by blocking the acti-
vation of the MAPK signaling cascade. For instance, PD-184352 (an orally active difluorobenzamide) is an MEK
inhibitor which has displayed inhibitory action in preclinical studies and Phase I clinical trials [11,15]. The Phase
I clinical study concluded that the drug was well tolerated and safe; however, the Phase II clinical study observed
lack of efficacy, resulting in the withdrawal of this drug [11]. Hence, another second-generation MEK inhibitor
(PD0325901) has entered clinical trials; and thankfully, it has displayed better therapeutic activity and pharma-
ceutical properties than PD184352 [11,16]. Based on this and because of the documented activation of the MEK
pathway in NSCLC, MEK is still considered as an effective objective for NSCLC.

Moreover, LGX818 is a BRAF inhibitor, which inhibits the proliferation of the malignancy cell line by blocking
multi-signaling pathways such as ERK phosphorylation, RAF kinase inhibitors and mTOR inhibitors. This may
have great medicinal activity and lead to a novel trend for the treatment of NSCLC [17,18].

Conclusion

Opver the past two decades, noteworthy progress has been emphasized in NSCLC treatment. A better understanding
of the cancer biology has allowed the development of novel targeted approaches for the treatment of carcinoma.
Moreover, MAPK signaling pathways are a crucial factor in NSCLC and have played a major role in the improvement
of treatment of this carcinoma. This prospect has created an opportunity for the development of novel compounds
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for the treatment of NSCLC. These moieties are not only important for cell survival and proliferation but can
also promote the malignant cell death, apoptosis and metastasis. However, there are numerous complications to
the ideal exploration of targeted novel therapeutics. To improve this approach, unending efforts are needed to find
novel molecular mechanisms and compounds.
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