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Summary

During lung carcinoma development, progression and me-
tastasis, a variety of gross (chromosome) and specific (gene)
genomic alterations are detected in dysplastic, neoplastic,
and progressively malignant transformed epithelia as early
or late genetic events. Oncogenes’ overactivation combined
with suppressor genes silence are crucial genetic events in
malignant and pre-malignant epithelia. Especially, dereg-
ulation of crucial signalling transduction pathways that
interact with strong transcription factors - such as c-Fos
and c-Jun - leads to an aberrant expression of other critical

Introduction

Lung cancer exhibits an increasing incidence
and a high mortality rate worldwide. According to
2015 WHO data and histo-genetic classification,
lung cancer is the leading cause of death related
to cancer and its incidence is still on the increase
worldwide. Histo-pathologically, the former term
“Non-Small Cell Lung Carcinoma” (NSCLC) con-
stitutes the majority of patients suffered by lung
cancer [1]. Specifically, NSCLC -including mainly
adenocarcinoma and squamous cell carcinoma-
constitutes the diagnosis attributed to the major-
ity of patients suffering from lung cancer (about
85% of all pathologically defined lung cancer
cases). A broad spectrum of genomic imbalanc-
es, including chromosome polysomy/aneuploidy,
or specific gene deregulation mechanisms, such
as point mutations, deletions and amplification

genes responsible for cell homeostasis. Upregulation of c-Fos
and c-Jun leading to other oncogenes overactivation seems
to be correlated with aggressive biological behaviour in non-
small cell lung carcinomas (NSCLCs). In the current special
molecular article we explored the role of c-Fos/c-Jun com-
plex deregqulation in NSCLC based on their interactions with
other genes that demonstrate modified expression profiles.

Key words: lung, c-Fos, c-Jun, oncogene, carcinoma

in critical oncogenes such as Epidermal Growth
Factor Receptor (EGFR) has been already identi-
fied in the corresponding patients modifying their
response rates to novel targeted therapeutic regi-
mens, and affecting also their lifespan [2,3]. Be-
sides signaling transduction pathways, evolution
of genetics and molecular biology have improved
our knowledge and understanding of the struc-
ture, the functional roles and the mechanisms of
deregulation in a variety of genes involved in can-
cer genome development, such as transcriptional
factors [4,5].

The current review focused on the critical role
of c-Fos/c-Jun complex in NSCLC, and especially
in its interactions with other genes that experi-
mentally co-analyzed and found to modify their
expression profiles.
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Introducing the c-Fos and c-Jun gene and
protein

Fos protooncogene or AP-1 Transcription Fac-
tor Subunit (c-Fos) represents a well analyzed gene
involved in solid malignancies’ development and
progression. The corresponding protein forms het-
erodimer with c-jun, a strong transcription factor
[6]. The Fos super family includes c-Fos, FosB, FosL1
and FosL2 genes. c-Fos is a protooncogene that is
the human homolog of the retroviral oncogene v-fos
(gene locus:14q24.3). It was initially analyzed and
cloned in rat fibroblasts as the transforming gene of
Finkel-Biskis-Jinkins murine osteogenic sarcoma
virus [7]. The gene encodes a 62 kDa protein (380
amino acids), forming heterodimer with c-Jun, a
strong transcription factor), resulting in the forma-
tion of AP-1 (Activator Protein-1) complex. c-Fos/c-
Jun complex influences intracellular signal trans-
duction to the nucleus. c-Fos protein is implicated
in critical cell functions including differentiation,
proliferation, survival and also tissue homeostasis
affected by hypoxia and angiogenesis [8].

Besides c-Fos, c-Jun is also a very critical gene
modifying the expression rates of other genes inside
signal transduction pathways. C-Jun protein is en-
coded by the corresponding gene hosted on chromo-
some 1 (gene locus:1p32-p31) [9]. In fact, c-Jun was
the first pure oncogenic transcription factor discov-
ered [10]. It is the homolog of the viral oncoprotein
v-Jun. The protein interacts with c-Fos forming the
AP-1 early response transcription factor. In normal
cells, c-Jun is implicated in important functions in-
cluding proliferation, apoptosis, survival, and tissue
morphogenesis. Furthermore, the protein interacts
with signal transduction pathways. Interestingly,
the gene region on chromosome 1 is frequently the
target of translocations and deletions in solid ma-
lignancies implicating also other oncogenes, such
members of ras family [11].

c-Fos/c-Jun gene interactions in NSCLC

Recently published experimental molecular
studies reported interesting data regarding to c-
Fos/c-Jun expression profiles in NSCLC and their
interactions with other genes. Co-analyzing by im-
munohistochemistry assay the expression levels of
c-Fos/c-Jun, Cyclooxygenase-2 (COX-2) and also nu-
clear factor of activated T cells 3 (NFAT3) in NSCLC
tissue microarray spots, a study group observed that
the overexpression of c-Fos - but not of c-Jun - was
significantly associated with the expressions of
NFAT3 and COX-2 in the corresponding malignant
tissues [12]. Interestingly, COX-2 was significantly
higher in squamous cell carcinoma than that in ad-
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enocarcinoma, associated also with differentiation
grade of the examined malignancies. Besides these
molecules, interleukins that represent cytokines im-
plicating in lymphocyte proliferation and growth
induction in solid tumors seem to interact also with
c-Fos/c-Jun complex in NSCLC. A study group fo-
cused on the interleukin-7 and its receptor role in
lung carcinoma cell proliferation analyzing in vitro
the previously referred molecules in conjunction to
cyclin D1. They observed that interleukin-7/inter-
leukin-7 receptor led to cyclin D1 overexpression
due to increased oncogenic activity of c-Fos/c-Jun
pathway providing aberrant cell proliferation in
lung cancer cells [13]. Furthermore, molecules that
are implicated in hypoxia regulation seem to in-
teract with c-Fos/c-Jun complex in NSCLC. Accord-
ing to molecular analysis at genetic polymorphism
level, a study detected a novel allelic modification
on Hypoxia-inducible factor-2a (HIF-2a, or EPAS]1)
gene. They observed that this specific genetic imbal-
ance (rs13419896 single nucleotide polymorphism-
SNP) is correlated with overexpressed c-Fos or c-Jun
molecules, leading also to NSCLC progression and
should be potentially served as a prognostic micro-
molecular marker in the corresponding patients
[14]. Similarly, in order to identify agents that could
inhibit invasion and migration in NSCLC, a study
group focused on the acacetin (5,7-dihydroxy-4’-
methoxyflavone) - a flavonoid compound - influence
in NSCLC cell cultures. The authors observed that
the agent suppressed strongly the p38a MAPK sign-
aling pathway and also decreased the nuclear ex-
pression levels and oncogenic activity of c-Fos/c-Jun
complex [15]. Another study explored the efficacy of
ursonic acid, a pentacyclic triterpenoid compound
in NSCLC cell lines. The authors concluded that this
agent led to decreased Matrix Metalloproteinase-1
(MMP-1) mRNA levels by suppressing ERK and c-
fos dependent-signaling pathways [16]. Additionally,
the role of programmed cell death ligand 2 (PD-L2)
in NSCLC and its interaction with the c-Fos gene
is also under investigation. A study based on com-
bined reverse transcription, real-time polymerase
chain reaction analysis and flow cytometry showed
that c-fos overexpression mediated by interferon
gamma (IFN-y) leads to the extrinsic induction of
PD-L2 activation [17]. Interestingly, overexpression
of a calcium-binding protein, regucalcin encoded by
RGN gene, seems to be also important for NSCLC
oncogenes’ inhibition. A molecular study based on
in vitro cell lines analysis identified that regucalcin
overactivation provides c-Fos and c-myc oncogene
downregulation, decreasing its expression levels,
and leading also to cancer cell proliferation sup-
pression [18]. Additionally, the role of specific ste-
roidal Na(+)/K(+) ATPase inhibitors in suppressing
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oncogenes’ activity inducing also apoptotic poten-
tial inside malignant tissues is under investigation.
A study group explored the influence of the 3-[(R)-
3-pyrrolidinyljoxime derivative (3-R-POD) agent in
lung carcinoma cell lines and observed a remark-
able tumor growth inhibition in lung xenografts
in vivo. The authors concluded that this inhibitor
induced apoptosis by stimulating caspase-3 activ-
ity combined with modifications in BCL-2 and c-
fos gene transcription [19]. Another recently cloned
new oncogene that seems to be implicated in lung
carcinoma progression is the CRLK. According to
a study based on carcinoma cell lines analysis, its
overexpression led to cell invasion by overactivat-
ing c-Fos - dependent Matrix Metalloproteinase- 9
(MMP-9) promoter expression [20].
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complex is a frequent and crucial genetic event in
NSCLC development and progression, which com-
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their activity should be a very promising approach
for applying targeted therapeutic strategies in se-
lected groups of NSCC patients.
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