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STYLIANOS MASTRONIKOLIS'?, EVANGELOS TSIAMBAS?, MARINA PAGKALOU?,
OLGA E. MAKRI', VASILIKI K. THOMOPOULOU?, DIMITRIOS PESCHOS®, VASILEIOS RAGOS’,
DIMITRIOS ROUKAS?® and CONSTANTINOS D. GEORGAKOPOULOS'!

!Department of Ophthalmology, Medical School, University of Patras, Patras, Greece;
°Neurosurgery Department, James Cook University Hospital, Middlesbrough, U K .;
3Department of Cytology, 417 VA Hospital (NIMTS), Athens, Greece;
“Department of Chemistry, University of Crete, Heraklion, Greece
SDepartment of Chemistry, University of Patras, Patras, Greece;
SDepartment of Physiology, Medical School, University of loannina, loannina, Greece;
’Department of Maxillofacial, Medical School, University of loannina, loannina, Greece;
8Department of Psychiatry, 417 VA Hospital (NIMTS), Athens, Greece

Abstract. Background/Aim: Mechanisms of c-FOS
activation in the onset and progression of pterygia remain
under investigation. This study aimed to comparatively
analyze c¢-FOS proto-oncogene expression levels in
neoplastic pterygia and normal epithelia. Materials and
Methods: We used a liquid-based cytology assay on thirty
(n=30) pterygia cell populations and normal epithelia
(n=10) extracted by a smooth scraping of conjunctiva
epithelia. Applying a cell spot-based technique, we
constructed five (n=5) slides, each containing eight (n=38)
cell spots. A modified immune-cytochemistry (ICC) assay for
c-FOS protein was used. Additionally, digital image analysis
was implemented to calculate c-FOS immunostaining
intensity levels. Results: High staining intensity levels of c-
FOS were detected in 12/30 (40%), whereas the rest 18/30
(60%) demonstrated moderate expression. c-FOS levels were
statistically significantly higher in the pterygia compared to
control tissues (p=0.001). c-FOS levels in the pterygia were
not associated with the sex of patients (p=0.678), the
presence of recurrent lesion (p=0.390) or the location of the
lesion (p=0.158). The levels of c-FOS, however, were
marginally significantly affected by the morphology of the
pterygia (p=0.005). More precisely, the c-FOS levels were
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significantly higher in pterygia with a fleshy morphology.
Conclusion: c-FOS over-expression is observed frequently in
pterygia. It seems to be critically involved in the molecular
mechanism of the lesion by its over-expression affecting
partially their morphological features. Cell spot liquid —
based array analysis is an innovative, easy to implement
technique for simultaneously evaluating a broad spectrum of
molecules in multiple specimens on the same slide.

Over-activation of oncogenes critically influences the
genomic substrate in pre-malignant neoplastic epithelia
transforming them into their malignant cell phenotype.
Among oncogene-depended pathways, including those
involving transcription factors, the c-FOS/c-JUN complex
leads to an aberrant expression of other crucial genes
responsible for cell homeostasis (1, 2). Up-regulation of c-
FOS and c-JUN proto-oncogenes -due to increased copy
numbers (amplification) or intra-genic point mutations-
correlates with aggressive biological behavior of
malignancies of different tissue origin (3-5). The FOS proto-
oncogene, also named activator protein-1 (AP-1)
transcription factor subunit (c-FOS), belongs to a category
of extensively analysed genes involved in the onset and
progression of solid malignancies. The FOS super family
includes c-FOS, FOSB, FOSLI, and FOSL2 genes. c-FOS is
the human homolog of the retroviral oncogene v-FOS (gene
locus: 14q24.3). It was first detected and finally cloned in rat
fibroblasts as the transforming gene of Finkel-Biskis—Jinkins
murine osteogenic sarcoma virus (6). The corresponding
gene encodes a 62 kDa protein (380 amino acids), which
forms a heterodimer with c-JUN, a transcription factors,
resulting in the formation of AP-1 complex. The c-FOS/c-
JUN complex influences intracellular signal transduction to
the nucleus where each member of the complex interacts
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Table 1. Clinicopathological features of the examined pterygia cases and total c-FOS protein expression results.

Clinicopathological c-FOS p-Value
parameters
N=40 n (%) H&M expression L expression
Pterygia n=30 30/30 (100%) 0/30 (0%)
Controls n=10 1/10 (10%) 9/10 (90%) 0.001
Sex 0.678
Male 10/30 (33%) 10/30 (33%) 0/30 (0%)
Female 20/30 (67%) 20/30 (67%) 0/30 (0%)
Anatomic location 0.158
Central 16 (53%) 16/30 (53%) 0/30 (0%)
Peripheral 14 (47%) 14/30 (47%) 0/30 (0%)
Morphology type 0.005
Flat 18 (60%) 18/30 (60%) 0/30 (0%)
Fleshy 12 (40%) 12/30 (40%) 0/30 (0%)
Recurrence status 0.390
Relapse 4 (16%) 4/30 (16%) 0/30 (0%)
Non-relapse 26 (84%) 26/30 (84%) 0/30 (0%)

c-FOS: Cellular (fibro) proto-oncogene; H/M: Moderate/High over-expression (staining intensity values <141/129 (spectrum between 93 and
140/128); L: Low expression (staining intensity values <142 (spectrum between 149 and 162). Statistically significant p-values are shown in bold.

equally with symmetrical DNA half-sites. Additionally, c-
FOS protein is involved in some crucial intracellular
functions including tissue differentiation, cell proliferation,
cell survival, and tissue homeostasis in response to hypoxia
and angiogenesis signals (7, 8).

Concerning pterygium, clinico-pathological studies have
shown that it refers to a non-neoplastic, although mimicking,
lesion derived from the ocular surface. Degenerative and
hyperplastic conjunctival epithelia are the substrate for the
lesion. Histo-pathologically, excessive fibroblastic and
vascular proliferation lead to an abnormal tissue complex
characterized also by chronic inflammatory infiltration (9,
10). Furthermore, the modified tissue invades the cornea
leading to specific clinical characteristics including corneal
dellen, progressively irregular astigmatism, and potentially
severe vision loss (11, 12). In the current experimental study,
we focused on c-FOS protein expression in pterygia and
normal conjunctiva epithelia by applying a cell spot-based
array technique on cytological slides followed by a digital
image analysis assay for objectively calculating the
corresponding c-FOS protein levels.

Materials and Methods

Study design and patients. A total of thirty (n=30) patients
diagnosed with pterygium conjunctival abnormality were
enrolled. The mean age of the corresponding patients was 67
years. Concerning the sex, twenty females and ten males
were included in the study. This study was performed in the
Department of Ophthalmology and approved by the Research
Ethics Committee of the Medical School, University of

Patras, Rio-Patra, Greece (Decision reference number:
310/06.07.2017), according to the World Medical
Association and the Declaration of Helsinki guidelines.

Cell substrates. Thirty (n=30) cell specimens were used by
applying a smooth scraping on the corresponding epithelial
surface of the pterygium. Scraping depth was evaluated in
the next step. Implementing a liquid-based cytology assay
(Cell Solutions, Menarini, Florence, Italy) all cell
populations were properly collected and fixed. All patients
declared no HPV infection diagnosed using PCR. The same
process was also applied in normal conjunctiva epithelia
(n=10; control group). In 12 of the examined cases,
pterygium was recognized in only one eye. Eighteen (n=18)
cases had bilateral lesion. In the control group (normal
appearing) epithelia were obtained from the non-pterygium
areas of the corresponding eyes. Histopathological features
were confirmed by biopsy. Two ophthalmologists categorized
pterygia, according to their clinical features and macroscopic
morphology. The final agreement was 100%, although for
one case there was a slight disagreement. Concerning the last
case, the two pathologists reached a final agreement based
on the area and depth of the lesion. All patients subjected to
bare sclera technique for pterygium excision by the same
surgeon. Clinicopathological parameters of the examined
cases are listed in Table I.

Cell spot array slide construction. Five (n=5) multi-spot
slides were constructed. Each contained eight (n=8) cell
spots (spot diam: ~0.5 cm). Two columns with four spot
rows were recognized on the surface of the corresponding

2144



Mastronikolis et al: c-FOS Expression Analysis in Pterygia Cell Spot Arrays

oy

A B

W dd I - @ T | New
[y ‘F"th Click to view options.

QRN X (R BSRW x« B

o L ¥

A
Ge

5
ai i
¢ 4

D

i;\ RGD /mRed) WGreen)WBle /[ |

Cc

>R B 5

Figure 1. ¢-FOS protein expression levels in pterygia fibro-endothelial cells A) Cell spot array. Note 8 spots of liquid-based cytological specimens

obtained by scrapping, B) c-FOS dense expression [dark brown nuclear mainly, cytoplasmic staining pattern produced using 3-
3,diaminobenzidinetetrahydrocloride (DAB) chromogen, original magnification 400x |, C) Digital image analysis on a pterygia cell spot stained
using a c-FOS antibody. In this progressive accurate and objective measurement process, reddish areas demonstrate different expression values,

whereas green lines encircle specific areas of interest (range=0-255 continuous grey scale immunostaining intensity levels).

slides. We detected microscopically all (n=40) examined
pterygia and control cases as spots on the surface of the
slides (confirmation of the adequacy of the examined
specimens) (Figure 1A).

Antibodies and immunocytochemistry assay (ICC). Ready-
to-use mouse monoclonal anti-c-FOS (clone CF2,
Novocastra, Leica Biosystems, Newcastle, UK) antibody at
1:40 dilution in Tris-buffered saline (TBS) with 1% bovine
serum albumen (BSA) was applied in the corresponding cell
spot array slides. The ICC process was performed using the
En Vision protocol (DAKO, Glostrup, Denmark) on an
automated THC-ICC staining system (I 6000-Biogenex,
Fremont, CA, USA). The ICC protocol was applied in a
similar way and modified as described in a previous study
by our study group (13). Nuclear predominantly but also
peri-nuclear staining pattern was acceptable for specificity
of the examined protein according to the instructions of the
manufacturer (Figure 1B).

Digital image analysis (DIA). c-FOS protein expression
levels were measured in a quantitative way as staining
intensity levels (densitometry evaluation) in the stained
pterygia and normal cell spots. We performed DIA using a
semi-automated system (Microscope CX-31, Olympus,
Melville, NY, USA; Digital camera, Sony, Tokyo, Japan;
Windows XP/NIS-Elements Software AR v3.0, Nikon Corp,
Tokyo, Japan). According to the protocol, specific areas of
interest per cell spot were detected (5 optical fields at x400
magnification) and filed in a digital database as snapshots.
Staining intensity values were extracted by implementing a
specific macro (nuclear/peri-nuclear/cytoplasmic staining

pattern, according to manufacturer’s datasheet for
monoclonal mouse anti-c-FOS antibody). A specific
algorithm was constructed for normal (control) cell spots and
pterygia immunostained cells. A broad spectrum of
continuous grey scale values (0-255) at the RedGreenBlue
(RGB) analysis was available for discriminating different
protein expression levels (Figure 1C). c-FOS staining
intensity values decreasing to 0 show progressive over-
expression of the marker, whereas values increasing to 255
present a progressive loss of staining intensity of the
examined marker. All results and DIA values are presented
in Table I.

Statistical analysis. The software package IBM SPSS v25
(SPSS Inc, Chicago, IL, USA) was implemented for
statistical analysis. Associations between variables were
extracted by applying Pearson Chi-Square (xz) test and
Fisher’s exact test. Correlation analysis for detecting
associations between staining intensity values and variables
was performed using Spearman Rank test. Two-tailed p-
values <0.005 were considered statistically significant. ICC
results and p-values are described in Table I.

Results

Total protein analysis based on DIA results showed that all
examined cases demonstrated different c-FOS immunostaining
levels. Nuclear/peri-nuclear/cytoplasmic focal or diffuse
staining immunoreactivity in a variety of small fibrous and
epithelial/endothelial cell fragments was detected. High
(dense) staining intensity values were detected in 12/30 (40%),
whereas the rest 18/30 (60%) were characterized by moderate
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expression. The overall c-FOS levels were statistically
significantly higher in the pterygia compared to the control
tissues (p=0.001). In the analyzed pterygia c-FOS levels did
not seem to corelate to the sex of the patients (p=0.678), with
the presence of recurrent lesion (p=0.390) or the location of
the pterygia (p=0.158). The levels of c-FOS, however, were
marginally affected by the morphology of the pterygia
(p=0.005). In particular, c-FOS levels were significantly
higher in the pterygia with a fleshy morphology.

Discussion

Concerning its frequency, pterygium is detected in adults -as they
age- especially in specific locations (14, 15). Etiopathogenetic
factors include persistent inflammatory agents such as chronic
exposure to high levels of ultraviolet (UV) radiation, viral
infections combined or not with a level of genetic predisposition
(16). Referring to UV chronic exposure, elevated oxidative-
based DNA damage triggers a central intra-cellular biochemical
mechanism involved in pterygia onset. In this case, epithelial
micro-environment transformation combined or not with
ischemic tissue injury and progenitor cell tropism induce
pterygium’s onset and progression (17). A variety of gene and
protein analyses have reported that lesion development and
progression are associated with deregulation of critical genes
involved in cell proliferation, angiogenesis, signal transduction
to the nucleus, and apoptosis (18, 19). Specifically, vascular
endothelial growth factor (VEGF) modifies vascular
microenvironment in pterygia due to its neo-angiogenic activity
(20). Additionally, other molecules, including angiogenic/pro-
inflammatory cytokines, matrix metalloproteinases (MMPs) and
their natural tissue inhibitors (TIMPs), are also involved in the
progression of the neoplastic-like pterygia phenotype (21-23).
Interestingly, activation of signal transduction pathways
mediated by epidermal growth factor receptor (EGFR) and
keratinocyte growth factor receptor (KGFR) over-expression
represent critical UV-dependent molecular mechanisms (24-26).
Besides these receptors, mTOR signaling over-activation seems
to induce an increased profibrotic activity in TGF-B1-induced
myofibroblast differentiation. A study group suggested that an
anti-m TOR inhibitor (rapamycin) should be applied in pterygia
demonstrating TGF-B1-induced myofibroblastic responses (27).
Additionally, deregulation of mouse double minute 2
(MDM2)/p53 protein complex has been also observed in
pterygia onset and progression. A study showed that a specific
inhibitor (nutlin) targeting MDM?2 leads to disruption of the
MDM2/p53 pathway (28).

In the current experimental study, we analyzed c-FOS
protein expression in a series of pterygia and corresponding
normal epithelia (control group) by applying a cell spot-
based array on cytological slides combined with a digital
image analysis process for measuring objectively the
corresponding protein levels. In fact, cell specimens provide

a partially limited but vital substrate for a broad range of
molecular analyses. Slight tissue scraping of the surface or
intra-operative neoplasms is an easy-to-use method that
maintains morphology and secures integrity of the obtained
cells or small fragment laid on the slides. In contrast to tissue
micro-sectioning procedure that leads to a partial loss of
nucleus, cytological methods prevent nuclear volume
integrity (29). A variety of protein markers have already
analyzed by applying a combination of liquid-based
cytology, ICC, and DIA protocols (30, 31). In the current
research, we improved and enriched this technique by
constructing cell spot arrays on the corresponding slides.
This represents the tissue microarray analogue for handling
many cytological specimens in only one slide. Additionally,
we implemented a specific algorithm for measuring c-FOS
staining intensity levels on pterygia and normal cells
objectively and accurately (32, 33).

ICC analysis demonstrated significant expression of c-FOS
in pterygia compared to control group, and an interesting,
selective over-expression associated to fleshy morphology. In
conjunction to our results, two previous molecular and protein
expression studies reported increased c-FOS gene expression
correlated with AP-1 over-activation in UVB-exposed
keratinocytes (34, 35). Induction of combined c-FOS/c-JUN
protein complex -at the mRNA level in vitro- have been also
detected in molecular studies that revealed the crucial role of
UVB in the corresponding epithelia (36-38). Furthermore,
aberrant expression of microRNAs (miRs) seems to be
implicated in the development and progression of pterygia. A
study group analysed the differential expression of long non-
coding RNAs (IncRNAs), miRs, and messenger RNAs
(mRNASs) in a series of pterygia. They reported a significant
deregulation of IncRNA SNHGI1/miR-766-3p/FOS in the
corresponding tissues that are involved in an unexplored
mechanism affecting pterygia onset (39). In the current study,
all of the examined patients demonstrated no history of HPV
infection. Concerning the involvement of HPV and other
persistent viral infections, including Epstein Barr, in pterygia
pathogenesis there are controversial experimental and
epidemiological results (40-43).

In conclusion, our experimental findings suggest that c-
FOS oncogene overexpression is a frequent and crucial
intracellular event in pterygia playing potentially a central
molecular role in the progression of the lesion. Cell spot-
based array analysis on liquid cytology fixed slides seems to
be an easy-to-use technique for analyzing a broad variety of
molecules in multiple specimens on the same slide by
applying different ICC assays.
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