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ABSTRACT: This study aimed to explore roles of 3-catenin, collagen&elastic fibers in progression of
Oral Epithelial Dysplasia (OED) to oral squamous cell carcinoma (OSCC). Sixty paraffin wax blocks of oral
mucosa were divided into: control (Group I), mild OED (Group II), severe OED (Group Ill), well differentiated
SCC (Group IV), moderately differentiated SCC (Group V), poorly differentiated SCC (Group VI). The sections
underwent staining using hematoxylin and eosin, histochemical stains and (3-catenin immunostaining.
Group | revealed normal gingival tissue. Group Il showed some basal and prickle cells with pleomorphic
nuclei. Group Il illustrated poorly demarcated cell membrane. Group IV showed keratinized epithelial
islands. Group V was devoid of keratin pearls. Group VI showed dispersed epithelial cells. 3-catenin-
immunoreactivity was; strong membranous in Group I, moderate membranous, cytoplasmic and nuclear
in Groups lI&lll, moderate nuclear and cytoplasmic in Group IV but strong in Groups V&VI. Collagen fibers
were closely packed in Groups I&ll, loosely packed in Groups IlI&lV, dispersed in Groups V&VI. Elastic
fibers in Group | were apparently few & thin, abundant in Group Il, numerous in Group I, short in Groups
IV&YV and thick in Group VI. B-catenin and elastic fibers were upregulated meanwhile collagen formation
was downregulated towards progression from mild OED to poorly differentiated SCC.
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RESUMEN: El objetivo del presente estudio es explorar el rol de B-catenina, las fibras elasticas y
de colageno en la progresion de la Displasia Oral Epitelial (DOE) hacia el Carcinoma oral de células
escamosas (COCE). Se utilizaron seis muestras de mucosa oral, montados en bloques de parafina, 10s
cuales se dividieron en: (Grupo I) control, (Grupo Il) medio DOE, (Grupo Ill) DOE severo, (Grupo 1V) COCE
bien diferenciado, (Grupo V) COCE moderadamente diferenciado, (Grupo VI) COCE poco diferenciado. Las
muestras se les realizo analisis histoldgico con hematoxilina-eosina, y analisis de inmunohistoquimica
con marcadores para 3-catenina. El Grupo | mostro tejido gingival normal. El Grupo Il presentd algunas
células basales y del estrato espinoso con nucleos pleomorficos. El Grupo Il evidencid membranas
celulares mal delimitadas. El Grupo IV mostro islas de epitelio queratinizadas. El Grupo V carecia de
perlas de queratina. EI Grupo VI presentd células epiteliales dispersas. La inmunorreactividad para
[-catenina se observo intensa a nivel de la membrana en el Grupo |; localizacion moderada a nivel de
membrana, citoplasma y nucleo en los Grupos Il y Ill; en el Grupo IV localizacion moderada a nivel de
ndcleo y citoplasma, pero intensa en los Grupos V y VI. Las fibras colagenas se observaron densamente
compactadas en los Grupos | y I, laxamente organizadas en los Grupos Il y IV, y dispersas en los
Grupos V y VI. Las fibras elasticas fueron escasas y delgadas en el Grupo |, abundantes en el Grupo
Il, numerosas en el Grupo lll, cortas en los Grupos IV y V, y gruesas en el Grupo VI. La expresion de
B-catenina y de las fibras elasticas se encontré aumentada, mientras que la formacion de colageno se
observo disminuida a medida que progresaba la lesion desde una displasia epitelial oral (DEQO) leve hasta
un carcinoma escamoso poco diferenciado.

PALABRAS CLAVE: B-Catenina; Fibras elasticas; Colageno; Displasia epitelia Oral; Carcinoma oral de
células escamosas.

INTRODUCTION The Wnt signaling includes two pathways;
canonical and noncanonical, they are involved

Oral cancer ranks as the sixth most preva- in different biological functions, as cell differen-

lent malignant tumor globally, with oral squamous
cell carcinoma (OSCC) making up approximately
90% of all oral malignancies (1, 2).

OSCC is preceded by oral potentially malig-
nant disorders (OPMDs) which involve morpholo-
gical changes in oral epithelium and diagnosed
as oral epithelial dysplasia (OED). According to
the World Health Organization, two methods were
used for classification of OED: 1st is the grading
system, which includes: mild, moderate and severe
OED (3-5), 2nd categorization involve: low-grade
and high-grade OED and this is the most recent
used method (6).

tiation, proliferation and migration (7, 8). The
canonical Wnt pathway (Wnt/B-catenin) is the most
commonly studied pathway, because it is mutated in
most malignant neoplasms, specially, in oral prema-
lignant disorders and oral malignances (9-18).

The Wnt/B-catenin signaling pathway is
upregulated when extracellular Wnt ligands are
attached to their membrane receptors through
autocrine or paracrine signaling. This results
in the destabilization and nuclear translocation
of [3-catenin, which in turn upregulates genes
expression participated in cell proliferation, diffe-
rentiation, viability, and migration (19, 20). Moreo-
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ver, 3-catenin is necessary for stromal fibroblasts
to perform its remodeling effect on extracellular
matrix (ECM) and to obey to the malignant cells
stimulatory signals (21).

The ECM is the most common component
of the tumor microenvironment which helps tumor
progression through biochemical modulation of
tumor cells (22-24). Collagen is main component of
ECM which is secreted by numerous stromal cells
especially cancer associated fibroblasts (25-27).
Collagen plays an essential role in stabilizing the
physical integrity of the tissues, as morphogene-
sis, adhesion, migration, differentiation, and tissue
repair (28-31). Moreover, collagen can stimulate
tumor cell growth and metastasis (32).

Elastic fibers are the second important
element of ECM which consist of different prote-
ins as elaunin, elastin, and oxytalan (33). They are
important for normal organ elasticity (34). Although,
there is association between elastic fibers and
cancer cells; its effect on cancer progression is
not clear (35).

Although, OED have high tendency to
progress into OSCC, however the exact mecha-
nism that explains OED transformation to OSCC
is not well understood. On the other hand, these
lesions consist of two components i.e. epithelial
cells and ECM, which interact and affect each
other and change the biological behavior of oral
tumor (36). In this study, we aimed to explore the
role of B-catenin, collagen and elastic fibers in the
progression of OED to OSCC.

MATERIALS AND METHODS
STUDY DESIGN AND SPECIMEN PREPARATION

This study was conducted in compliance
with the ethical guidelines established by the
Research Ethics Committee at Ain Shams Univer-
sity (FDASU-Rec EM072323).

The inclusion and exclusion criteria are
established depend on factors that ensure the
sample's relevance and quality for the study. In
this study, we selected well-preserved tissue in
paraffin blocks exhibiting clear cellular morpho-
logy, sourced from patients with the target condi-
tion, ensuring an adequate sample size and availa-
ble histopathological data. Furthermore, appropriate
storage conditions were maintained to prevent
tissue degradation. Conversely, tissue samples
that were degraded or of poor quality, with unclear
staining or loss of detail, incomplete or insuffi-
cient data, non-representative samples that did not
match the condition being studied, or samples that
were contaminated or improperly processed, were
excluded from our study. These criteria are essen-
tial for ensuring that the data obtained from the
tissue samples is reliable, accurate, and consis-
tent with the research objectives.

The study involved 60 paraffin wax blocks of
human oral mucosa, divided into six groups each
group consisted of 10 cases: Group | (negative
control) revealed normal epithelial gingiva, Group
Il (mild OED), Group IIl (severe OED), Group IV well-
differentiated SCC (WDSCC), Group V moderately-

ODOVTOS-Int. J. Dent. Sc. | Online First, 2025 | ISSN: 2215-3411. 138



Abdel & Rabea’ Relationship Between B-Catenin and Extracellular Matrix and Progression of Oral Epithelial Dysplasia to Oral Squamous Cell Carcinoma

differentiated SCC (MDSCC), and Group VI poorly-
differentiated SCC (PDSCC) which served as the
positive control groups.

Paraffin embedded tissue blocks were from
the archives of the Oral Pathology Department at
the Faculty of Dentistry, Ain Shams University. The
blocks were sectioned at 4 um thickness, four
sections from each block were obtained, placed
on the slides and incubated at 47°C for 1 h, then
deparaffinized in xylene and hydrated in descen-
ding grades of alcohol, finally rinsed with water
(37). Four sets of sections were subjected to
staining with hematoxylin and eosin (H&E), Masson
Goldner’s trichrome. and Orcein special stains as
well as (B-catenin immunolocalization. The speci-
mens were analyzed using a light microscope
(Olympus® BX 60, Tokyo, Japan) and slides were
photographed at 400x magnifications.

H&E STAINING

The sections were stained by H&E (Sigma®,
St. Louis, MO, USA) to confirm the diagnosis of the
lesions (38).

IMMUNOHISTOCHEMICAL STAINING

The sections were placed on positively
charged slides and were microwaved for 20
minutes in 0.01mol/L citrate buffer (pH=6) to
retrieve the antigen. Endogenous peroxidase
activity was blocked using 3% hydrogen peroxide,
and non-specific binding was prevented by incuba-
ting the sections in goat serum for 30 minutes.
Then, treated with rabbit polyclonal primary
antibody (1:200 diluted) specific to [3-catenin
(Thermo Scientific, Fremont, CA). After that, The
sections were incubated with a biotinylated secon-
dary antibody (Serotec®, Bio-Rad, USA), followed
by washing with phosphate buffer and incubation
with streptavidin (Serotec®, Bio-Rad, USA). To

visualize the results, the sections were treated
with diaminobenzidine (Serotec®, Bio-Rad, USA),
producing a brown color (39, 40).

MASSON GOLDNER'S TRICHROME SPECIAL
STAINING

The sections were stained using Masson
Goldner’s trichrome special stain (Sigma®, St.
Louis, MO, USA) as follows, Bouin's solution was
applied over nightatroomtemperature, then cooling
of the sections was performed for 10 minutes at
room temperature, then washing for 10 seconds in
distilled water. Addition of Hematoxylin, Weigert A
and Ferri reagent, Weigert B (5 drops) for 15-20
minutes, and rinsing under tap water for 3 minutes
was carried out. Ten drops of Biebrich Scarlet-Acid
Fuchsin reagent was applied for 20 minutes to
remove the excess dye. Followed by distilled water
rinsing and ten drops of PTA-PMA reagents for 10
minutes. Then 10 drops of Fast Green F.C.F reagent
was used for 5-7 minutes and rinsed with distilled
water. Finally, slides were treated with 1% acetic
acid solution for 1-2 seconds, dehydrated using
Histanol 100 for 2 minutes, and cleared in xylene
2 times, for 2 minutes (41, 42). This method was
applied to identify newly formed collagen, which
appears green.

ORCEIN SPECIAL STAINING

The sections were incubated in oxidizing
solution for 10 minutes, then rinsed with running
water. 3-5 drops of oxalic acid solution (2%) were
applied on tissue sections for 10 minutes. Then
sections were rinsed for 1 minute in running tap
water. After that 3-5 drops of orcein solution were
applied on tissue sections that incubated afterwards
for 2 h. The slides were washed in alcohol 70%,
then 3-5 drops of differentiating solution were
applied for 3-5 seconds. Dehydration 3 times
using absolute alcohol was done and finally the
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slides were cleared (43, 44). This staining techni-
que was used to detect elastic fibers in the color
red-brown.

HISTOMORPHOMETRIC ASSESSMENT

Histomorphometric analysis was done on
both immunolabeled and specially stained sections
using Image J software (version 1.8.0; Natio-
nal Institutes of Health, Bethesda, MD, USA). The
specimens were assessed to measure the area
percentage of B-catenin immunoreactivity, newly
formed collagen, and elastic fibers. Four distinct
fields of each specimen were analyzed at a magni-
fication of x400.

STATISTICAL ANALYSIS

The values are expressed as mean=+standard
deviation (+ SD). Normality of the data was assessed
using the Kolmogorov-Smirnov test. The Kolmogo-
rov-Smirnov test results showed that the recorded
values followed a normal distribution. Therefore, a
one-way analysis of variance (ANOVA) was conduc-
ted to compare the groups, with Tukey’s post hoc
test applied for pairwise comparisons. The signi-
ficance level was set at p<0.05. Statistical analy-
sis was conducted using SPSS 18.0 (Statisti-
cal Package for the Social Sciences, SPSS, Inc.,
Chicago, IL, USA) for Windows operating system.

RESULTS
HISTOLOGICAL RESULTS
Group | revealed epithelial gingiva covered

by parakeratinized stratified squamous epithelium
with long, numerous and slender epithelial ridges.

The basal cell layer was formed of single layer of
cuboidal shape cells with large round basophilic
nucleus resting on intact basement membrane.
The prickle cell layer was formed of several layers
of polyhedral cells. The granular cell layer exhibited
flattened cells with prominent basophilic kerato-
hyalin granules in their cytoplasm. unremarkable
eosinophilic parakeratinized layer was detected
on the top of granular cell layer. The underlying
connective tissue appeared dense and fibrous with
long connective tissue papillae (Figure 1.A).

Group Il showed occasional basal and prickle
cell layers with pleomorphic and hyperchromatic
nuclei. Apparent increase in granular cell layer
was detected. Numerous inflammatory cells in
the underlying connective tissue were observed
(Figure 1.B).

Group Ill illustrated different epithelial layers
with poorly demarcated cell membrane as well as
pleomorphic and hyperchromatic nuclei. However
eosinophilic regular parakeratinized layer was
noticed. Inflammatory cells infiltrate the underlying
connective tissue (Figure 1.C).

Group IV illustrated malignant epithelial
islands with mild nuclear pleomorphism showing
keratin pearl formation (Figure 1.D).

Group V explored malignant epithelial islands
with moderate nuclear pleomorphism but devoid of
keratin pearls (Figure 1.E).

Group VI showed dispersed malignant
epithelial cells with moderate to marked nuclear
pleomorphism and hyperchromatism as well as
absence of keratinization (Figure 1.F).
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Figure 1. Photomicrograph showing: (A)- Group | gingiva with long, numerous and slender epithelial ridges (A). The basal cell layer formed
of single layer of cuboidal cells resting on intact basement membrane (B). The prickle cell layer formed of several layers of polyhedral cells
(C). The granular cell layer has flattened cells with prominent basophilic keratohyalin granules (D). unremarkable eosinophilic parakerati-
nized layer on the top of granular cell layer (E). The lamina propria is dense and fibrous with long connective tissue papillae (F). (B)- Group
Il has occasional basal and prickle cell layers with pleomorphic and hyperchromatic nuclei (A). Apparent increase in granular cell layer (B).
Numerous inflammatory cells in the underlying connective tissue (C). (C)- Group Ill has different epithelial layers with poorly demarcated
cell membrane as well as pleomorphic and hyperchromatic nuclei (A). Eosinophilic regular parakeratinized layer (B). Inflammatory cells
infiltration (C). (D)- Group IV has malignant epithelial islands with mild nuclear pleomorphism (A) and keratin pearl formation (B). (E)- Group
V has malignant epithelial islands with moderate nuclear pleomorphism but devoid of keratin pearls (A). (F)- Group VI has dispersed malig-
nant epithelial cells with moderate to marked nuclear pleomorphism and hyperchromatism as well as absence of keratinization (A), (H&E
stain, original magnification x400).
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IMMUNOHISTOCHEMICAL ANALYSIS RESULTS
(FIGURE 2.A-2.F).

ORCEIN STAIN RESULTS (FIGURE 4.A-4.F)

Group Orcein stain
Group B-catenin-immunoreactivity Group | | Elastic fibers were apparently few and thin.

Group | | Showed strong membranous immunoreactivity in
different epithelial layers. Group Il | They were abundant, thin and short.

Group Il | Showed moderate membranous and cytoplasmic Group Il | lllustrated obviously numerous, thin and long elastic
immunoreactivity in basal and parabasal cell layers. fibers.

Group Ill | lllustrated moderate membranous and cytoplasmic Group IV | Explored abundant, thick and short elastic fibers.
immunoreactivity in different epithelial layers. Group V | Elastic fibers were apparently numerous and thick.

Group IV | Explored mild membranous, moderate nuclear and Some fibers were apparently short while others were
cytoplasmic immunoreactivity. long.

Group V | Explored mild to negative membranous immunoreac- Group VI | Showed obviously numerous and thick elastic fibers
tivity but moderate to strong nuclear and cytoplasmic where most of them were long but few were short.
immunoreactions.

Group VI | Showed negative membranous immunoreactivity STATISTICAL RESULTS
in most cells but moderate to strong nuclear and
cytoplasmic immunoreactions.

HISTOCHEMICAL RESULTS

MASSON GOLDNER'S TRICHROME RESULTS
(FIGURE 3.A-3.7)

Group Masson Goldner’s trichrome stain

Group | | Revealed intensely positive staining of newly formed
bundles of closely packed very thick collagen fibers
with parallel orientation.

Group Il | Showed strong positively stained bundles of new
thick collagen fibers. Some areas showed closely
packed bundles while others were loosely packed.
Collagen fiber bundles had parallel orientation.

Group Il | Explored strong positively stained loosely packed

& bundles of new thick collagen fibers with parallel

Group IV | orientation.

Group V| New collagen fibers showed mild positive staining,
they were apparently thin and loosely packed with
different orientation.

Group VI | Showed few, thin, dispersed and weakly stained new
collagen fibers.

There was statistically significant difference
between studied groups in the measured parame-
ters. Both area percentage of B-catenin immuno-
reactivity (Table 1 & Figure 5.A) and elastic fibers
(Table 3 & Figure 5.C) showed that Group VI has
the highest mean followed by Groups V, IV, lll, Il
and | respectively. While, area percentage of newly
formed collagen explored the highest mean in Group
| followed by Groups I, Ill, IV, V and VI respectively
(Table 2 & Figure 5.B).

There was a statistically significant positive
correlation between [3-catenin immunoreactivity
area percentage and elastic fibers area percentage,
while statistically significant negative correlation
between 3-catenin immunoreactivity area percen-
tage and newly formed collagen area percentage,
as well as negative correlation between newly
formed collagen area percentage and elastic fibers
area percentage (Table 4 & Figure. 5.D, 5.E, 5.F).
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Figure 2. Photomicrograph of 3-catenin-immunoreactivity showing: (A)- Group | exhibiting strong membranous immunostaining in diffe-
rent epithelial layers. (B)- Group Il has moderate membranous and cytoplasmic immunoreactivity in basal and parabasal cell layers.
(G)- Group Ill with moderate membranous, cytoplasmic and nuclear immunoreactivity in different epithelial layers. (D)- Group IV has mild
membranous and moderate nuclear and cytoplasmic immunoreactivity. (E)- Group V has mild to negative membranous immunoreactivity but
moderate to strong nuclear and cytoplasmic immunoreactions. (F)- Group VI with negative membranous immunoreactivity in most cells but
moderate to strong nuclear and cytoplasmic immunoreactions. [immunoreactivity (a)] (At an original magnification x400).
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Figure 3. Photomicrographs of sections stained with Masson Goldner’s trichrome showing: (A)- Group | has intensely positive staining
of newly formed bundles of closely packed very thick collagen fibers with parallel orientation (A). (B)- Group Il with strong positively
stained bundles of new thick collagen fibers. Some areas have closely packed bundles (A) while others are loosely packed (B). Collagen
fiber bundles have parallel orientation. (C)- Group Il & (D)- Group IV have strong positively stained loosely packed bundles of new thick
collagen fibers with parallel orientation (A). (E)- Group V has mild positive staining of new collagen fibers which are apparently thin and
loosely packed with different orientation (A). (F)- Group VI with few, thin, dispersed and weakly stained new collagen fibers (A), (original
magnification x400).
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Figure 4. Photomicrographs of Orcein sections showing elastic fibers in: (A)- Group | with apparently few and thin fibers (A). (B)- Group Il
has abundant, thin and short fibers (A). (C)- Group Ill with obviously numerous, thin and long fibers (A). (D)- Group IV has abundant, thick
and short fibers (A). (E)- Group V with apparently numerous and thick fibers. Some fibers were apparently short (A) while others were long
(B). (F)- Group VI has obviously numerous and thick elastic fibers where most of them are long (A) but few are short (B), (original magni-

fication x400).
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Table 1. Showing comparison between all groups in terms of immunoreactivity area% of the (3-catenin.

B-catenin immunoreactivity area % Mean =SD +SE F-test p-value
Group | 8.55F 1.54 0.49
Group I 16.28E 1.28 0.40
Group Il 23.98p 1.35 0.43 1383.428 0.000*
Group IV 35.83c 1.45 0.46
Group V 40.818 1.45 0.46
Group VI 51.864 117 0.37

Different superscript letters in the same column signify a significant difference between groups when compared to each other. **: Extremely signi-
ficant with a p-value <0.001.

Table 2. Displaying the comparison of newly formed collagen area % between all groups.

Newly formed collagen area % Mean =SD =SE F-test p-value
Group | 16.094 0.24 0.08
Group Il 12.008 0.15 0.05
Group Ill 9.13¢ 0.12 0.04 8335.596 <0.001**
Group IV 7.98P 017 0.05
Group V 5.03F 0.09 0.03
Group VI 4.02r 0.11 0.03

Superscript letters that differ in the same column represent a significant difference between groups when compared to one another. **; Indicates a
highly significant difference with a p-value <0.0071.

Table 3. lllustrating comparison between all groups regarding elastic fibers area%.

Elastic fibers area% Mean =SD =SE F-test p-value
Group | 1.60F 0.16 0.05
Group Il 3.02¢ 0.26 0.08
Group Ill 4.20p 0.22 0.07 1805.557 <0.001**
Group IV 5.89¢ 0.27 0.09
Group V 8.098 0.22 0.07
Group VI 9.584 0.21 0.07

Superscript letters that vary in the same column denote a significant difference between each group when compared with the others. **: Represents
a highly significant difference at p-value <0.001.
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Table 4. Demonstrating correlation between area % of 3-catenin immunoreactivity, newly formed colla-
gen elastic fibers among overall groups.

Elastic fibers area% Mean B-catenin Newly formed Elastic fibers area%
immunoreactivity collagen area%
area%
B-catenin immunoreactivity area% r-value - 0.962 0.984
p-value <0.001* <0.001*
Newly formed collagen area% r-value - 0.962 - 0.964
p-value <0.001** <0.001**
Elastic fibers area% r-value 0.984 - 0.964 -
p-value <0.001** <0.001**
**: Highly significant at p-value <0.001.
A B C
N4 - : i
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Figure 5. Dot plot of statistical result illustrating mean values of: B-catenin immunoreactivity area% in all groups (A), newly formed colla-
gen area% in all groups (B), elastic fibers area% in all groups (C), correlation between area% of B-catenin immunoreactivity and elastic
fibers among overall groups (D), correlation between area% of (-catenin immunoreactivity and newly formed collagen among overall
groups (E), correlation between area% of newly formed collagen and elastic fibers among overall groups (F).
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DISCUSSION

A significant proportion of oral cancer is
believed to develop from precancerous or poten-
tially cancerous lesions or conditions, collectively
known as OPMDs (3).

It is assumed that mild OED may advance
to severe OED and ultimately lead to carcinoma.
This tissue transformation is thought to result
from abnormal genetic modulation and signaling,
as well as altered protein expression. It has been
observed that the tissue formed by altered cells is
distinct from that produced by normal cells (45).

In this study, immunohistochemical stains
showed that; comparing to normal oral mucosa,
membranous [3-catenin expression is significantly
reduced accompanied by a change in the locali-
zation of [B-catenin expression in the cytoplasm
and/or nuclei with increasing staining intensity
from mild and severe OED cases, towards different
grades of OSCC as PDSCC expresses the greatest
nuclear expression. This could be explained by the
fact that the Wnt/B-catenin signaling pathway is
triggered when extracellular Wnt ligands bind to
a membrane receptor in an autocrine or paracrine
fushion. Upon activation, this pathway promo-
tes the stabilization and nuclear translocation of
B-catenin, which plays a key role in regulating
the expression of genes involved in cell prolifera-
tion, survival, differentiation, and migration (20).
However, the Wnt/(3-catenin signaling pathway is
controlled by Wnt antagonists, as a result, a balan-
ced interplay between Wnt ligands and their inhibi-
tors controls cell proliferation in normal tissues
(46). But in different cancers, decreased expres-
sions of these antagonists lead to the accumu-
lation of [3-catenin in the cytoplasm, followed by
its translocation to the nucleus, where it activates
target genes such as c-myc and cyclin D1 trigge-

ring cell proliferation and upregulation of tumor
progression (47, 48).

The Masson Goldner’s trichrome results in
the current study are in line with those of previous
studies which explained the decrease in amount,
and density as well as variations in alignment
of mature collagen fibers as lesions progressed
from mild OED ending by PDSCC is based upon
the abnormal collagen production and defective
maturation, which may promote the neoplastic
growth (49). Moreover, cancer cells continuously
secrete collagen-destroying enzymes (collagena-
ses, proteinases), resulting in the degradation of
the surrounding collagen. This leads to the disso-
lution or immaturity of collagen fibers, which facili-
tates tumor growth and metastasis (37).

In the present research, the orcein stain
results could be attributed to the fact that the
response of the extracellular matrix to tumor cell
and lymphocyte-induced damage may result in
increased production of elastic fibers over time.
Moreover, the cancer cells can interact specifically
with elastin through elastin binding proteins. This
chemotactic effect of elastin peptides on cancer
cells has a positive correlation with tumor progres-
sion (50, 51).

In addition, our statistical results revealed
positive correlation between area percentage of
-catenin immunoreactivity and elastic fibers,
while negative correlation was recorded between
area percentage of both [3-catenin immunoreac-
tivity and newly formed collagen, as well as area
percentage of newly formed collagen and elastic
fibers. This could be attributed to the aid of type
| collagen, which binds to integrins, triggering the
focal adhesion kinase (FAK) and integrins-p38
mitogen-activated protein kinase (MAPK) pathways
to stimulate matrix metalloproteinase activity
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(collagen-destroying enzymes) and phosphorylates
FAK which then induces dissociation of (3-catenin
from E-cadherin ,allowing it to enter the nucleus.
Moreover, (3-catenin stimulates fibroblasts and
possibly other cells to produce elastic tissue which
affects tumor progression (52-55).

CONCLUSIONS

The basis of tissue alteration in mild OED
and its progression to severe OED and then to
carcinoma is abnormal signaling, as well as altered
protein expression. B-catenin immunoreactivity and
elastic fibers expression are upregulated meanwhile
newly formed collagen is downregulated towards
the progression from mild OED up to PDSCC.

CLINICAL RELEVANCE

The clinical significance of these findings in
the progression from mild OED to PDSCC lies in the
potential use of (-catenin immunoreactivity and
elastic fiber expression as valuable biomarkers.
These markers could aid in the early diagnosis
and prediction of OED progression to carcinoma,
offering crucial insights for clinical management
and intervention strategies.

Diagnosis: The elevated expression of
B-catenin and alterations in elastic fiber expres-
sion could serve as crucial markers for detecting
early-stage dysplastic changes in the oral epithe-
lium. These biomarkers may aid in differentia-
ting between mild and severe dysplasia, thereby
improving the accuracy of identifying potentially
malignant lesions in clinical practice.

Prognosis: The altered expression of
B-catenin, often associated with disrupted cell

signaling and tumor progression, along with the
downregulation of collagen, may indicate an eleva-
ted risk of progression to carcinoma, particularly
in severe OED. This could help clinicians identify
patients at greater risk for malignant transforma-
tion, allowing for more proactive monitoring and
intervention strategies.

Therapeutic Implications: Understanding
the molecular changes involved in the transition
from OED to PDSCC could reveal new therapeu-
tic targets. Targeting the [3-catenin signaling
pathway or restoring normal collagen production
might provide promising strategies for developing
treatments aimed at preventing or slowing malig-
nant progression.

The study has certain limitations, such
as the lack of long-term follow-up to observe
disease progression, the potential absence of
demographic diversity within the sample, and the
possibility of technical variability in methods or
confounding factors that may affect the results.
These limitations highlight the necessity for
larger, more inclusive studies with prolonged
follow-up periods to further validate and confirm
the findings.
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