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ABSTRACT
Objectives: Deregulation of transcriptional factors is a severe genetic event during carcinogenetic 

process. Among them, C-Fos proto-oncogene (gene locus: 14q24.3) encodes for a nuclear phosphoprotein 
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INTRODUCTION

Among malignancies that are derived 
from the laryngeal (L) anatomic area, 
squamous cell carcinoma (SCC) is the 
most prominent demonstrating glo
bally an increased incidence (1). Etio-

pathogenetic factors that are implicated in the 
pathogenesis of LSCC include chronic tobacco 
and alcohol consumption, chemical carcinogens 
(i.e., asbestos, nickel fumes, chewing betel, sul-
furic acid mist), persistent high risk types’ viral 
infection [i.e., human papilloma virus (HPV)] and 
also genetic predisposing (genetic syndromes 
such as Plummer-Vinson, Fanconi anemia) (2, 3). 
Additionally, the role of combined oncogene 
overactivation (i.e., k-RAS) and suppressor gene 
silencing (i.e., PTEN) is crucial, leading to a com-
plete disorganization of the corresponding sig-
naling transduction pathways inside the cellular 
micro-environment (4, 5). Concerning the alte
rations of specific genes, deregulation of trans
cription factors is involved in the onset and pro-
gression in a broad variety of solid malignancies, 
including LSCC (6).

Fos proto-oncogene (C-Fos/AP-1 transcrip-
tion factor subunit) corresponds to a FOS super-
family molecule. FOSL2, FOSL1 and FOSB are 
the other members of it. C-Fos is a proto-onco-
gene similar to the human homolog of the retro-
viral oncogene v-fos (gene locus: 14q24.3) firstly 
isolated in rat fibroblasts. Finkel–Biskis–Jinkins 
murine osteogenic sarcoma virus was the source 
of the C-Fos human homologue gene (7). 

A 62 kDa protein (380 amino acids) is the pro
duct of the gene which strongly interacts with 
the C-Jun transcription factor that antagonizes 
the AP-1 (activator protein-1) complex formation 
(8). C-Fos aberrant expression is a relatively fre-
quent event in head and neck squamous cell 
carcinomas (HNSCCs), including the LSCCs (9). 

Our research aim was to implement a C-Fos pro-  
tein expression analysis in a set of LSCC tissues 
based on a combination of immunohistochemis-
try and digital image analysis research algorithms. 

MATERIALS AND METHODS

Patients and tissue samples
A pool of fifty-five (n=55) primary LSCC for-

malin-fixed paraffin-embedded tissues was ob-
tained and experimentally analyzed. Approval of 
the Hippokration Hospital Ethics Committee was 
asked and obtained (Reference ID Research Pro-
tocol:2226/09.09.2018) for the current experi-
mental research protocol, based on the World 
Medical Association Declaration of Helsinki 
guidelines (2008, revised 2014). The surgically 
obtained tissue sections, referred to 55 oncologi-
cal cases between the years 2019 and 2024, 
were initially fixed in a 10% neutral-formalin 
buffer. Histopathological diagnoses were as-
sessed by microscopically reviewing the corre-
sponding Haematoxylin and eosin (H&E)-stained 
slides. Tumours were categorized according to 
the Head and Neck Malignant Tumours histo-
logical classification of the World Health Organi-
zation (WHO) (10). None of the analysed cases 

that is involved in critical intracellular functions. Our aim was to explore the impact of C-Fos different 
expression patterns on a series of laryngeal squamous cell carcinoma (LSCC) cases. 

Materials and methods: A set of fifty-five (n=55) LSCC tissues were analyzed by implementing a 
combination of anti-C-Fos-based immunohistochemistry and digital image analysis assays, respectively. 

Results: Overexpression of the molecule (high staining intensity levels) was confirmed in 34/55 (61.8%) 
of the selected cases, whereas the remaining 21/55 (38.2%) were characterized by low expression rates. 
C-Fos deregulation was marginally correlated with the stage of the examined malignancies (p=0.048), 
demonstrating a progressively increased protein overexpression. No further statistical correlations were 
established referring to gender, anatomic location, grade or tobacco and alcohol consumption, respectively.

Conclusion: C-Fos oncogene overactivation is a frequent event in subgroups of LSCC patients. C-Fos 
overexpression seems to lead to an aggressive phenotype increased metastatic potential (advanced stage). 
Identifying specific C-Fos genetic signatures that lead to its overactivation should be a significant step for 
an optimal oncological approach by targeting the gene.
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demonstrated HPV infection history. All clinic-pa
thological features are described in Table 1.

Antibodies and immunohistochemistry assay 
(IHC)
The mouse monoclonal anti-C-Fos (clone CF2, 
Novocastra, Leica Biosystems, Newcastle, UK; 
dilution 1:40) was applied in the corresponding 
LSCC slides. The selected IHC protocol used a 
soluble dextran-polymer system which preven
ted endogenous biotin reaction and also en-
hanced the quality of immunostaining proce-
dure, according to the manufacturer’s 
instructions. 3-3, diaminobenzidinetetrahydro-
chloride (DAB) was applied as chromogen sub-
strate for visualizing the antigen-antibody con-
junction. Nuclear and peri-nuclear/cytoplasmic 
staining pattern was considered positive for the 
marker (Figure 1).

Digital image analysis algorithme (DIA)
C-Fos protein expression staining intensity levels 
were quantitatively measured by applying a DIA 
software package (Windows XP/ImageProPlus v.6, 

MediaCybernetics, Rockville, MD, USA). Calcu-
lation of protein expression levels was managed 

C-Fos in Laryngeal Carcinoma

TABLE 1. 
Clinicopathological 
features of the 
examined cases,  
C-Fos expression 
results and statistics

FIGURE 1. C-Fos overexpression (high staining intensity) in a  
LSCC case. Note the predominantly nuclear dark brown staining pattern 
(anti-C-Fos antibody, DAB staining substrate, original magnification 400x)
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by writing a unique macro for the research pur-
poses (nuclear staining pattern for the tumour 
cells as required by manufacturer’s guidelines). A 
specific algorithm was developed including nor-
mal (controls) and malignant oropharyngeal 
epithelia sections (controls) for the evaluation of 
C-Fos expression in them, respectively (Figure 2). 
Values that approach the 0 lead to a progressive 
overexpression of the molecule. In contrast, va
lues increasing to 255 drive the marker to a 
multi-step loss of its staining intensity. 

Statistical analysis
The IBM SPSS v25 (SPSS Inc, Chicago, IL, USA) 
statistics software package was applied. Pear- 
son χ2 and spearman’s rank tests was applied. 

Two-tailed values with p≤0.05 demonstrated 
statistical significance. 

RESULTS

Concerning the image analysis-based results, 
all cases enrolled in the present study were 

characterized by different C-Fos expression le
vels. In details, C-Fos overexpression (high im-
munostaining intensity) was established in 
34/55 (61.8%) of the examined cases, whereas 
the remaining 21/55 (38.2%) were characterized 
by low expression rates. Besides the core tumor 
area, C-Fos expression was sporadically observed 
in the corresponding stromal lymphocytes. 
C-Fos deregulation was marginally correlated 
with the stage of the examined malignancies 

FIGURE 2 a-c. C-Fos digital image expression analysis in the previous referred LSCC case. The 
authentic microscopic slide field is transformed to a digitized image file. Then, all the objects of 
interest (stained nuclei) are detected (green contours) according to the constructed digital algorithm 
based on the C-Fos expression. In the final stage, the algorithm calculates the exact staining intensity 
levels of every object (red contours), original magnification 400x
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(p=0.048), demonstrating a progressively in-
creased protein overexpression. No other statisti-
cally significant correlations were observed re-
garding the other clinic-pathological parameters 
(gender: p=0.713, anatomic location: p=0.233, 
grade: p=0.423, tobacco consumption: p=0.478, 
alcohol consumption: p=0.617). Complete 
DIA results and statistics (p-values) are described 
in Table 1.

DISCUSSION

Deregulation of C-Fos/C-Jun/AP-1 transcrip-
tional factors is a very promising field of re-

search regarding the onset and progression of 
HNSCCs generally and especially LSCCs, al-
though there are controversial published data for 
their exact role (11). A molecular study analyzed 
comparatively carcinoma and adjacent micro-
scopically normal mucosa at the mRNA level of 
those genetic markers, also including two mem-
bers of the Fos family, the Fos-related anti- 
gens 1-2 (Fra 1-2). They detected Fra-1 high le
vels of expression in the malignant tissues com-
pared to normal mucosa, whereas C-Fos expres-
sion was also increased in them, but without a 
significant statistical difference (12). Another 
study group focused on the co-analysis of 
C-FOS/C-JUN complex and other molecules in-
cluding matrilysin, gelatinase and urokinase-type 
plasminogen activator. They reported a lack of 
C-Fos involvement in the regulation of the previ-
ous referred proteins (13). In contrast, C-Jun was 
found to be a direct regulator of matrilysin and 
gelatinase expression levels. Similarly, C-Jun acti-
vation via the collagenase-1 matrix metallopro-
teinase in stroma negatively influences the bio-
logical behavior of LSCCs and for this reason it is 
a target for inhibition. Interestingly, C-Fos seems 
to play a significant central role in the activation 
of HNSCC cancer stem-like cells. An experimen-
tal study based on malignant cells culture re-
vealed a critical implication of C-Fos overactiva-
tion in HNSCC cancer stem cells by increasing 
the C-myc and cyclin D1 activity and enhancing 
the epithelia-mesenchymal transition (EMT) (14). 
Additionally, C-Fos aberrant expression seems to 
modify the immune microenvironment in 
HNSSC by increasing fibroblast and myeloid cell 
proliferation in regionally recurrent cases (15). 
For those reasons, C-Fos/FosL1/AP-1 is a target 
for chemotherapy. Based on this, a study sug-

gested that specific experimental molecules – 
such as T-5224 – inhibit this complex and down 
regulate the activity of cancer stem cells (16). In-
terestingly, a study group showed that high risk 
HPV persistent infection leads to strong overex-
pression of C-Fos due to E6/E7/E5 viral transcripts 
overactivation (17). In the current experimental 
study, we analyzed the C-Fos protein expression 
in a series of LSCC tissues using a combination of 
IHC and DIA techniques. According to our re-
sults, a progressively strong C-Fos expression was 
observed in different stages of the examined 
specimens. In fact, C-Fos high-level overactiva-
tion was detected in advanced stages (mainly 
III/IV) in those cases. There are few published 
data regarding gene expression especially in 
LSCC. Another study based on its protein analy-
sis revealed a strong relation between its overex-
pression not only in the core malignancy tissue, 
but also in the peri-intra tumor T (CD4/CD8) in-
filtrating lymphocytes (18). Interestingly, the 
study group showed that these C-Fos lympho-
cyte positive LSCC patients remarkably respon
ded to radiation therapeutic regimens. Concer
ning the development of anti-C-Fos targeted 
therapeutic strategies, there are limited available 
data. An experimental study explored the impact 
of a specific agent that affects squamous cell epi-
thelia, the synthetic retinoid 6-[3-(1-adamantyl)-
4-hydroxyphenyl]-2-naph-thalene carboxylic acid 
(CD437). They concluded that CD437 enhanced 
the apoptotic rate in cutaneous SCCs (19). The 
same factor seems to play a dual function in 
HNSCCs, including the LSCCs, by promoting 
apoptosis via C-Fos overexpression in two ways: 
dependently and independently of the nuclear 
retinoic acid receptors beta and gamma pathway 
(20). Concerning the implementation of a DIA 
protocol in our study, this is a modern sophisti-
cated method leading to accurate and objective 
measurements of a broad spectrum of 
IHC-stained histopathological and cytological 
slides (21-23). Densitometric (depth of staining 
intensity) and geometrical (max diameters, as-
pect ratio, nuclear/cytoplasmic areas) measure-
ments are available depending on the corres
ponding constructed algorithms.   

CONCLUSIONS

In conclusion, C-Fos overexpression is a rela-
tively frequent event in LSCCs. This overactiva-
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tion triggers a cataract of intracellular reactions 
disorganizing the C-Fos/C-Jun/AP-1 complex and 
seems to correlate with a progressively aggressive 
phenotype (advanced stage). Because the mole-
cule is involved in critical pathways and func-
tions participating in both gene transcription and 
apoptotic mechanism, it is considered a signifi-
cant target for inhibition not only in LSCCs, but 
also in other HNSCCs (24). Understanding the 
molecular mechanisms that lead to its altered 

expression is the most important approach for 
developing novel anti-C-Fos inhibitors (25).  q
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