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Summary

During laryngeal carcinogenesis, a variety of genomic imbal-
ances are involved in hyperplastic and dysplastic laryngeal 
epithelia as early or progressive genetic events, respectively. 
Oncogenes’ overactivation is a crucial genetic event in ma-
lignant and pre-malignant neoplastic epithelia. Especially, 
deregulation of crucial pathways including transcription 
factors - such as c-Fos and c-Jun - leads to an aberrant ex-
pression of other crucial genes responsible for cell homeosta-
sis. Upregulation of c-Fos and c-Jun proto-oncogenes -due to 

increased copy numbers (amplification) or intra-genic point 
mutations- seems to be correlated with aggressive biological 
behaviour in laryngeal squamous cell carcinomas (LSCCs). 
In the current special molecular article we explored the role 
of c-Fos/c-Jun complex deregulation in LSCC.
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Introduction

 Extensive molecular analyses have shown that 
gross chromosome instability (CI- polysomy/aneu-
ploidy) and specific gene alterations (amplification, 
deletion, point mutations or epigenetic: aberrant 
promoter methylation) are implicated in the devel-
opment and progression of solid malignancies, in-
cluding laryngeal squamous cell carcinoma (LSCC) 
[1]. It is well known that LSCC is the prominent his-
topathological entity among head and neck squa-
mous cell carcinomas (HNSCCs). It demonstrates 
increased rates due to etiopathogenetic factors in-
cluding tobacco, chronic alcohol consumption and 
also viral-mediated deregulation [2]. Concerning 
viral oncogenic activity, persistent human papil-
loma virus (HPV) infection is responsible for malig-

nant transformation of the corresponding laryngeal 
epithelia [3]. Among the genes that are involved in 
LSCC development, overactivated proto-oncogenes 
in signaling transduction pathways play a signifi-
cant role due to modified nuclear microenvironment 
[4,5]. In the current special molecular article we 
explored the role of c-Fos/c-Jun complex deregula-
tion in LSCC development and biological behavior.

Introducing the c-Fos and c-Jun gene 
and protein 

 Fos protooncogene or AP-1 Transcription 
Factor Subunit (c-Fos) represents a well analyzed 
gene involved in solid malignancies’ development 
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and progression. The corresponding protein forms 
heterodimer with c-jun, a strong transcription fac-
tor [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 on-
cogene v-fos (gene locus:14q24.3). It was initially 
analyzed and cloned in rat fibroblasts as the trans-
forming gene of Finkel–Biskis–Jinkins murine 
osteogenic sarcoma virus [7]. The gene encodes a 
62 kDa protein (380 amino acids), forming heter-
odimer with c-jun, a strong transcription factor), 
resulting in the formation of AP-1 (Activator Pro-
tein-1) complex. c-Fos/c-Jun complex influences 
intracellular signal transduction 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]. 
 Beside c-Fos, c-Jun is also a very critical gene 
modifying the expression rates of other genes in-
side signal transduction pathways. C-Jun protein 
is encoded by the corresponding gene hosted on 
chromosome 1 (gene locus:1p32-p31) [9]. In fact, 
c-Jun was the first pure oncogenic transcription 
factor discovered [10]. It is the homolog of the viral 
oncoprotein v-Jun. The protein interacts with c-Fos 
forming the AP-1 early response transcription fac-
tor. In normal cells, c-Jun is implicated in impor-
tant functions including proliferation, apoptosis, 
survival, and tissue morphogenesis. Furthermore, 
the protein interacts with signal transduction path-
ways. Interestingly, the gene region on chromo-
some 1 is frequently the target of translocations and 
deletions in solid malignancies implicating also 
other oncogenes, such members of ras family [11].

c-Fos/c-Jun complex in LSCC

 Gene numerical imbalances and especially 
increased copy number due to amplification is a 
frequent deregulation mechanism in protoonco-
genes’ overactivation, leading also to protein over-
expression. Recently published molecular studies 
detected overactivation of c-Fos in invasive parts 
-compared to adjacent non-malignant epithelia- of 
head and neck squamous cell carcinomas (HNSCC) 
in different anatomic regions such as oral. A com-
bination of nuclear and perinuclear cytoplasmic 
diffuse immunostaining was observed especially 
in cases demonstrating lymph node metastasis, im-
plicating also CD44-dependent signal transduction 
pathway [12]. Similarly, CD44 interaction with ma-
trix hyaluronan (HA) has been found be involved in 
c-Jun phosphorylation and its nuclear translocation 
in HPV16 persistent infection in the oropharyngeal 
and laryngeal area. A study group analyzing the 

influence of HA/CD44 complex in c-Jun-dependent 
signaling pathways in oropharyngeal carcinoma 
-using a mouse xenograft model - concluded that is 
critical in the cases of HPV16 E6 gene overexpres-
sion upregulation affecting the levels of chemore-
sistance (ie cisplatin) in HPV16+ infected cells [13]. 
Additionally, c-Jun aberrant expression is involved 
in mechanisms that provide chemoresistance in 
specific agents such as docetaxel-cisplatin-5-FU 
(TPF) triplet regimen in LSCC cases. A combined 
gene microarray-based expression analysis fo-
cused on Wnt and p53 signaling pathways and also 
Mapk10, Jun, Vegfb, Pik3r5, Pld1, Tek, Itga6 genes 
reported that there are subgroups of patients who 
could earn benefits by applying TPF chemotherapy 
[14]. In particular, another agent -bleomycin-A2- 
seems to affect apoptotic pathways implicating 
also c-Jun molecule by its deglycosylation. In par-
ticular, this metabolic process is responsible for 
c-Jun NH2-terminal kinase-dependent apoptosis 
on JNK activation and independent of caspases 
activation in LSCC cells [15]. Concerning other 
agents that are potentially involved in LSCC de-
velopment and progression, retinoic acid receptor 
beta (RARbeta) provides transrepression of activa-
tor protein-1 (AP-1) transcription factor activity. A 
study group analyzed the protein expression levels 
of c-Jun/c-Fos/AP-1 and RARbeta. They detected a 
progressive upregulation of them by their predom-
inantly nuclear expression from normal-appearing 
laryngeal epithelium, hyperplastic laryngeal epi-
thelium, laryngeal epithelium and well to poorly-
differentiated LSCC, respectively [16]. Interestingly, 
c-Fos/c-Jun complex seems to interact with specific 
enzymes such as glutathione S-transferase (GST)-
pi. A protein analysis-based study reported that a 
group of patients with LSCC demonstrated high 
relapse levels in GST-pi, c-Jun, or c-H-Ras upregu-
lation. The researchers suggested that combined 
GST-pi/c-Jun/c-Fos/c-H-Ras expression is modified 
by applying radiation protocols in LSCC and for 
this reason should be a risk factor for relapse of 
malignancy [17]. Furthermore, analysis of multid-
rug resistance genes (MDR) in LSCC patients have 
shown that c-Fos is implicated also in vincristine-
dependent chemotherapy response in HEp-2 cell 
lines [18]. Another important study showed that 
well-known carcinogens, such as tobacco, induce 
overexpression of c-Fos/c-Jun activator protein 1 
(AP-1) associated pathways and their oncogenic ac-
tivity has been detected in both pre-malignant and 
LSCC tissues [19]. Finally, the role of telomerase 
reverse transcriptase (TERT) in LSCC in conjunc-
tion with the deregulation of c-Jun/c-Fos is under 
investigation. A study group showed that TERT up-
regulation was combined with c-Jun/c-Fos mRNA 
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and protein overexpression promoting increased 
proliferation in human laryngeal carcinoma cells 
through activation of the AP-1 [20].
 In conclusion, overactivation of c-Fos/c-Jun 
complex is a frequent and crucial genetic event in 
LSCC development and progression and combined 
with upregulation of other oncogenes and suppres-
sor genes downregulation affect the biological be-
havior of the malignancy in patients with specific 

genetic signatures. Novel agents that reduce the 
corresponding oncoprotein levels inhibiting their 
activity should be a very promising approach for 
applying targeted therapeutic strategies in selected 
groups of LSCC patients. 

Conflict of interests

 The authors declare no conflict of interests.

References

1. Hanahan D, Weinberg RA. Hallmarks of cancer: The 
next generation. Cell 2011;144:646-74.

2. Barnes L, Eveson JW, Reichart P, Sidransky D. Pathol-
ogy and Genetics: Head and Neck Tumours. WHO IARC 
Press, Lyon, Fr. 2005;118-30.

3. Matta A, Ralhan R. Overview of current and future bio-
logically based targeted therapies in head and neck 
squamous cell carcinoma. Head Neck Oncol 2009;1:6-
11.

4. Baltaci E, Karaman E, Dalay N, Buyru N. Analysis of 
gene copy number changes in head and neck cancer. 
Clin Otolaryngol 2016; 12686-90.

5. Moral M, Paramio JM. Akt pathway as a target for 
therapeutic intervention in HNSCC. Histol Histopathol 
2008;23:1269-78.

6. Angel P, Allegretto EA, Okino ST et al. Oncogene jun 
encodes a sequence specific trans-activator similar to 
AP-1. Nature 1988;332:166-71.

7. Curran T, Peters G, Van Beveren C, Teich NM, Verma 
IM. FBJ murine osteosarcoma virus: identification and 
molecular cloning of biologically active proviral DNA. 
J Virol 1982;44:674-82.

8. Angel P, Karin M. The role of Jun, Fos and the AP-1 
complex in cell-proliferation and transformation. Bio-
chim Biophys Acta 1991;1072:129-57.

9. Adler V, Polotskaya A, Wagner F, Kraft AS. Affinity 
purified c-Jun amino-terminal protein kinase requires 
serine/threonine phosphorylation for activity. J Biol 
Chem 1992;267:17001-5.

10. Angel P, Hattori K, Smeal T, Karin M. The jun protoon-
cogene is positively auto-regulated by its product, Jun/
AP-1. Cell 1988;55:875-85.

11. Behrens A, Jochum W, Sibilia M, Wagner EF. Oncogenic 
transformation by ras and fos is mediated by c-Jun N 
terminal phosphorylation. Oncogene 2000;19:2657-    
63.

12. Dong C, Ye DX, Zhang WB, Pan HY, Zhang ZY, Zhang 
L. Overexpression of c-fos promotes cell invasion and 

migration via CD44 pathway in oralsquamous cell car-
cinoma. J Oral Pathol Med 2015;44:353-60.

13. Bourguignon LYW, Earle C, Shiina M. Hyaluronan-
CD44 interaction promotes HPV 16 E6 oncogene-
mediated oropharyngeal cell carcinoma survival and 
chemoresistance. Matrix Biol 2019;78-79:180-200.

14. Lian M, Shi Q, Fang J et al. In vivo gene expression pro-
filing for chemosensitivity to docetaxel-cisplatin-5-FU 
(TPF) triplet regimen in laryngeal squamous cell car-
cinoma and the effect of TPF treatment on related gene 
expression in vitro. Acta Otolaryngol 2017;137:765-    
72.

15. Brahim S, Aroui S, Abid K, Kenani A. Involvement of C-
jun NH2-terminal kinase and apoptosis induced factor 
in apoptosis induced by deglycosylated bleomycin in 
laryngeal carcinoma cells. Cell Biol Int 2009;33:964-70.

16. Karamouzis MV, Sotiropoulou-Bonikou G, Vandoros G, 
Varakis I, Papavassiliou AG. Differential expression of 
retinoic acid receptor beta (RARbeta) and the AP-1 tran-
scription factor in normal, premalignant and malignant 
human laryngeal tissues. Eur J Cancer 2004;40:761-73.

17. Miura K, Suzuki S, Tanita J, Shinkawa H, Satoh K, 
Tsuchida S. Correlated expression of glutathione S-
transferase-pi and c-Jun or other oncogene products 
in human squamous cell carcinomas of the head and 
neck: relevance to relapse after radiation therapy. Jpn 
J Cancer Res 1997;88:143-51.

18. Li G, Hu X, Sun L et al. C-fos upregulates P-glycopro-
tein, contributing to the development of multidrug 
resistance in HEp-2 laryngeal cancer cells with VCR-
induced resistance. Cell Mol Biol Lett 2018;23:6-10.

19. Swenson WG, Wuertz BR, Ondrey FG. Tobacco carcino-
gen mediated up-regulation of AP-1 dependent pro-
angiogenic cytokines in head and neck carcinogenesis. 
Mol Carcinog 2011;50:668-79.

20. Jiang Y, Chen C, Chen SM et al. Telomerase reverse 
transcriptase promotes the proliferation of human la-
ryngeal carcinoma cells through activation of the ac-
tivator protein 1. Oncol Lett 2013;6:75-80.


