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Summary

Background: Oral squamous cell carcinoma (OSCC) is a
common and aggressive malignancy that poses significant
challenges in terms of diagnosis and prognosis. Identifying
reliable biomarkers for early detection and prognostication
is essential for improving patient outcomes. Ki-67, PI3K,
and Fascin are potential biomarkers involved in OSCC pro-
gression, but their combined diagnostic value and clinical
significance remain underexplored.

Obijective: This study aims to evaluate the expression levels
of Ki-67, PI3K, and Fascin in OSCC tissues and investigate
their associations with clinical and pathological parameters,
including tumour differentiation, cervical lymph node
metastasis, and TNM staging.

Methods: A retrospective analysis was conducted on 35
patients diagnosed with OSCC, with tumour tissues sub-
jected to immunohistochemical staining to assess the
expression of Ki-67, PI3K, and Fascin. The association
between marker expression and clinical features was eval-
uated, and correlations between the markers were
analysed.

Results: The expression levels of Ki-67, PI3K, and Fascin
were significantly higher in OSCC tissues compared to
paracancerous tissues (P<0.05). Higher expression levels
of these markers were associated with well-differentiated
tumours and cervical lymph node metastasis (P<0.05).
However, no significant differences were found between
early and advanced tumour stages (P>0.05). Strong posi-
tive correlations were observed between Ki-67, PI3K, and
Fascin expression, indicating potential shared molecular
pathways involved in OSCC progression.
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Kratak sadrzaj

Uvod: Oralni skvamozni karcinom (OSCC) je Cesta i agre-
sivna maligna bolest koja predstavlja znadajne izazove u
dijagnostici i prognozi. Identifikacija pouzdanih biomarkera
za ranu detekciju i prognoziranje bolesti je klju¢na za
pobolj$anje ishoda kod pacijenata. Ki-67, PI3K i Fascin su
potencijalni biomarkeri uklju¢eni u progresiju OSCC-a, ali
njihova zajednic¢ka dijagnosti¢ka vrednost i klini¢ki znacaj
ostaju nedovoljno istrazeni.

Cilj: Cilj ove studije je da se proceni nivo ekspresije Ki-67,
PI3K i Fascina u tkivima OSCC-a i ispita njihova povezanost
sa klini¢kim i patoloskim parametrima, ukljucujudi diferen-
cijaciju tumora, metastaze u cervikalne limfne ¢&vorove i
TNM stadijum.

Metode: Sprovedena je retrospektivna analiza kod 35 paci-
jenata dijagnostikovanih sa OSCC-om, pri ¢emu su tumor-
ska tkiva podvrgnuta imunohistohemijskom bojenju radi
procene ekspresije Ki-67, PI3K i Fascina. Analizirana je
povezanost izmedu ekspresije markera i klini¢kih karakte-
ristika, kao i korelacije izmedu samih markera.

Rezultati: Nivoi ekspresije Ki-67, PI3K i Fascina su bili
znacajno visi u OSCC tkivima u poredenju sa tkivima u
okolini tumora (P<0,05). Visi nivoi ekspresije ovih markera
su bili povezani sa dobro diferenciranim tumorima i pri-
sustvom metastaza u cervikalnim limfnim ¢vorovima
(P<0,05). Medutim, nisu nadene znacajne razlike izmedu
ranih i uznapredovalih stadijuma tumora (P>0,05).
Uocene su jake pozitivne korelacije izmedu ekspresije Ki-
67, PI3K i Fascina, $to ukazuje na moguce zajednicke
molekularne puteve u progresiji OSCC-a.
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Conclusions: Ki-67, PI3K, and Fascin are promising bio-
markers for diagnosing and predicting the prognosis of
OSCC. Their combined assessment could aid in early
detection, identification of high-risk patients, and determi-
nation of appropriate treatment strategies. Further research
is needed to fully understand the molecular mechanisms
underlying their role in OSCC progression and to assess
their clinical utility in patient management.

Keywords: oral squamous cell carcinoma, Ki-67, phos-
phoinositide-3-kinase, Fascin, biomarkers, prognosis,
tumour metastasis, immunohistochemistry

Introduction

Oral squamous cell carcinoma (OSCC) is a
prevalent and aggressive malignancy that arises from
the epithelial lining of the oral cavity (1). It is respon-
sible for significant morbidity and mortality worldwide,
with its incidence rates steadily increasing in various
regions, especially among individuals who engage in
risky behaviours such as tobacco use, alcohol con-
sumption, and poor oral hygiene (2). Despite
advances in diagnostic and therapeutic modalities,
the prognosis of OSCC patients remains suboptimal,
primarily due to delayed diagnosis, frequent lymphat-
ic metastasis, and the ability of tumours to invade sur-
rounding tissues. Consequently, the identification of
novel biomarkers for early detection, prognostication,
and therapeutic intervention is crucial for improving
patient outcomes (3, 4).

Ki-67, a nuclear protein associated with cell pro-
liferation, is widely recognised as a biomarker of
tumour cell growth and is commonly used to assess
the proliferation index of various cancers, including
OSCC. Its expression correlates with the aggressive-
ness of the tumour and may provide valuable insights
into the tumour’s potential for invasion and metasta-
sis. Similarly, phosphoinositide-3-kinase (PI3K), a key
regulator of cellular processes such as growth, sur-
vival, and metabolism, plays a pivotal role in the
pathogenesis of numerous cancers, including OSCC.
The PI3K pathway has been implicated in promoting
cancer cell proliferation, survival, and resistance to
treatment. The aberrant activation of this signalling
pathway is associated with advanced tumour stages
and poor prognosis, making it a promising target for
therapeutic strategies (5, 6).

Fascin, an actin-bundling protein, is involved in
cellular migration, invasion, and the formation of cel-
lular protrusions, all of which are essential for cancer
metastasis. It is overexpressed in a variety of cancers,
including OSCC, and has been linked to tumour pro-
gression and poor prognosis (7). Fascin’s role in pro-
moting invasive behaviours in cancer cells, particularly
in the context of oral cancer, makes it an attractive
candidate for evaluation as a diagnostic and prognos-
tic biomarker.

Zaklju¢ak: Ki-67, PI3K i Fascin predstavljaju obedavajuce
biomarkere za dijagnozu i prognozu OSCC-a. Njihova
zajednic¢ka procena moze pomodi u ranoj detekciji, identi-
fikaciji pacijenata sa visokim rizikom i odredivanju adekvat-
nih terapijskih strategija. Potrebna su dalja istrazivanja kako
bi se u potpunosti razumeli molekularni mehanizmi njihove
uloge u progresiji OSCC-a i procenila njihova klini¢ka pri-
mena u lecenju pacijenata.

Kljuéne reéi: oralni skvamozni karcinom, Ki-67, fos-
foinozitid-3-kinaza, Fascin, biomarkeri, prognoza, metas-
taze tumora, imunohistohemija

The diagnostic and clinical significance of Ki-
67, PI3K, and Fascin in OSCC remains an area of
active research. While previous studies have demon-
strated their individual roles in tumour progression,
few have evaluated their combined diagnostic utility
or their correlation with key clinical outcomes such as
tumour differentiation, lymph node metastasis, and
TNM staging (8-10). This study aims to investigate
the expression levels of Ki-67, PI3K, and Fascin in
OSCC tissues and their potential correlations with
clinical and pathological parameters, such as tumour
differentiation, cervical lymph node metastasis, and
TNM staging. Furthermore, the study explores the
prognostic significance of these markers in predicting
tumour invasiveness and patient outcomes (11-14).

In this context, we hypothesise that the com-
bined assessment of Ki-67, PI3K, and Fascin expres-
sion can provide a more comprehensive and reliable
diagnostic approach, aiding in the identification of
high-risk patients who may benefit from more aggres-
sive treatment strategies. Additionally, the study seeks
to provide further insight into the molecular mecha-
nisms underlying OSCC pathogenesis, which could
lead to the development of targeted therapies aimed
at inhibiting these critical biomarkers to improve
patient survival and quality of life. Through the inte-
gration of these biomarkers into clinical practice, we
aim to enhance early detection, better understand the
disease’s biological behaviour, and ultimately improve
the management of OSCC.

Materials and Methods
Research participants

The clinical data of patients diagnosed with oral
squamous cell carcinoma (OSCC) who were consec-
utively admitted to our department between January
2022 and March 2024 were retrospectively reviewed.
All patients included in the study had not received any
form of radiotherapy, chemotherapy, or biological
treatment prior to surgery and had complete clinical
records. A total of 35 cases were included, compris-
ing 22 male and 28 female patients, aged between
27 and 78 years, with a median age of 54.8 years.
Tumour locations included 15 cases in the buccal
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mucosa, 2 cases in the gingiva, 3 cases in the floor of
the mouth, and 15 cases in the tongue. According to
the 1997 edition of the World Health Organisation’s
histological classification of oral cancer, 16 cases
were classified as well-differentiated, 13 as moderate-
ly differentiated, and 6 as poorly differentiated. Based
on the tumour-node-metastasis (TNM) staging sys-
tem, 5 cases were staged as |, 12 as stage Il, 11 as
stage lll, and 7 as stage IV. Of the total, 17 patients
had cervical lymph node metastasis, while 18 did not.

Inclusion criteria
Pathologically confirmed diagnosis of OSCC.

No prior radiotherapy or chemotherapy before
surgery.

Complete clinical data available.

Patients with other primary cancers were exclud-
ed from the study. Additionally, paracancerous tissue
samples, obtained from areas more than 2 cm away
from the cancerous tissue, were collected as controls,
with negative margins confirmed by pathology.

Specimen preparation and immunohistochemi-
cal staining

The pathological specimens of the 35 OSCC
cases were paraffin-embedded tissue samples
obtained from the Department of Pathology at our
hospital. Sections of 4 um thickness were prepared
using a microtome. Immunohistochemical staining
was performed using the EnVision method, following
the kit instructions, and all sections were processed
under identical conditions. The detailed procedure is
as follows:

Routine deparaffinisation of sections with water
and washing 3 times with PBS for 5 minutes each.

Seal with 3% H,0O, in distilled water or PBS at
room temperature for 10 minutes, followed by 3 PBS
washes of 3-5 minutes each.

Antigen retrieval, as per antibody requirements,
followed by 3 PBS washes of 3-5 minutes each.

Block with normal goat serum (or horse serum,
5% BSA, etc.) for 20 minutes at room temperature,
discarding excess liquid.

Incubate sections in the primary antibody for 1-
2 hours at 37 °C or overnight at 4 °C (after overnight
incubation, sections should be reheated at 37°C for 1
hour the next day), followed by 3 PBS washes of 5
minutes each.

Add the secondary antibody dropwise and incu-
bate for 20-30 minutes at 20-37 °C, followed by 3
PBS washes of 3-5 minutes each.

Colour development using a DAB kit or self-
made colour reagent was monitored under a micro-
scope and stopped with PBS.

Counterstaining with hematoxylin or methyl
green for the nucleus, followed by differentiation in a
solution, washing with tap water, and bluing.

Dehydrate, clear with clearing agents, and
mount the sections.

Ki-67 staining was assessed by positive nuclear
staining. Scoring was as follows: 1+: less than 10% of
cells positive; 2+4+: 10-50% positive; 3+: more than
50% positive. PI3K and Fascin were evaluated in the
cytoplasm and/or nucleus of epithelial cells, with pos-
itive staining indicated by brown-yellow particles.
Staining was scored based on the proportion of posi-
tive cells: < 25% (1 point), 26%-50% (2 points), and
> 50% (3 points). Staining intensity was scored as O
(unstained), 1 (light yellow), 2 (yellow), or 3 (brown).
The final score was calculated by multiplying the pro-
portion of stained cells by the intensity score, with
scores < 4 considered negative and 2 4 positive.

Detection of Ki-67, PI3K, and Fascin

The levels of Ki-67, PI3K, and Fascin were
detected using enzyme-linked immunosorbent assay
(ELISA). A total of 0.1 mL of appropriately diluted
anti-Ki-67, PI3K, or Fascin antibodies were added to
the wells of a polystyrene reaction plate, capped, and
incubated at 4 °C for 24 hours. The plate was then
washed three times and spin-dried. Subsequently, 0.1
mL of diluted test specimens (prepared in 0.02 mol/L
Tris-HCI buffer, pH 7.4), as well as positive and nega-
tive control specimens, were added to each well and
incubated at 43 °C for 60 minutes. After removing
the liquid, the plate was washed three times and spin-
dried again. A substrate solution (5.14 mL of 0.1
mol/L Na,HPO, and 4.86 mL of 0.05 mol/L citric
acid) was added to each well, followed by 0.1 mL of
o-phenylenediamine and incubation in the dark for
20 minutes. The reaction was stopped with 0.05 mL
of 2 mol/L H,SO,, and the absorption value at A405
was measured using a microplate reader to assess the
levels of Ki-67, PI3K, and Fascin.

Statistical processing

Data analysis was performed using SPSS version
23.0. Categorical data were presented as percent-
ages and intergroup comparisons were conducted
using the 2 test. For multi-group comparisons, the F
test was applied. Pearson’s correlation coefficient was
used to analyse the relationships between variables. A
p-value of < 0.05 was considered statistically signifi-
cant.
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Results

Expression of Ki-67, PI3K, and Fascin in OSCC
and paracancerous tissues

As presented in Table I, the expression levels of
Ki-67, PI3K, and Fascin were significantly higher in
OSCC (oral squamous cell carcinoma) tissues com-
pared to paracancerous tissues, with the difference
being statistically significant (P<0.05). This suggests
that these markers are more prominently expressed in
cancerous tissues, potentially indicating their role in
OSCC progression.

Association between Ki-67, PI3K, and Fascin
expression and OSCC differentiation

Table Il demonstrates that the positive expres-
sion rates of Ki-67, PI3K, and Fascin were notably
higher in well-differentiated OSCC tissues than in
moderately or poorly differentiated OSCC tissues.
This finding indicates a correlation between the
expression of these proteins and the level of tumour
differentiation. In well-differentiated tumours, which
tend to grow more slowly and retain some normal cell
functions, the higher expression of these markers may
reflect increased cellular proliferation and signalling
activity, contrasting with the reduced activity in more
poorly differentiated tumours, which are more
aggressive and disorganised.

Association between Ki-67, PI3K, and Fascin
expression and cervical lymph node metastasis in

OSCC patients

According to Table Ill, OSCC patients with cervi-
cal lymph node metastasis exhibited higher positive
expression rates of Ki-67, PI3K, and Fascin compared
to those without metastasis (P<0.05). This suggests
that the overexpression of these proteins may be
associated with the metastatic potential of OSCC.
Since lymph node metastasis is a common and critical
factor in the prognosis of OSCC, the elevated levels of
these markers in metastatic cases could indicate their
role in promoting tumour spread and aggressiveness.

Association between Ki-67, PI3K, and Fascin
expression and TNM staging in OSCC patients

As shown in Table IV, no statistically significant
difference was found in the positive expression rates
of Ki-67, PI3K, and Fascin between OSCC patients in
stages | and Il versus those in stages Il and IV
(P>0.05). This result suggests that the expression of
these markers may not be closely tied to the tumour
stage in terms of TNM classification, which is a sys-
tem used to describe the extent of cancer spread.
While these proteins are elevated in OSCC, their lev-
els may not vary significantly as the tumour progress-

Table 1 Comparison of expression rates of Ki-67, PI3K, and
Fascin in OSCC tissues and paracancerous tissues (n (%)).

Grouping n Ki-67 PI3K Fascin

Cancer 35 |32 (91.42)|30 (85.71) | 29 (82.85)
tissues

Paracancerous| 35 | 4 (11.42) | 5(14.28) | 3(8.57)
tissues

12 44837 | 35.714 | 38.914

P 0.000 0.000 0.000

Table Il Correlation of Ki-67, PI3K and Fascin expression
with differentiation of OSCC.

Grouping n Ki-67 PI3K Fascin

Well- 16 |15 (93.75)| 16 (100) |15 (93.75)
differentiated ’ ’

Moderately

Moderately | 13 | 7(55.84) | 6 (46.15) | 6 (46.15)
Poorly-

o ed | 6| 1016.67)|2(33.33) | 1(16.67)
" 12801 | 13.822 | 13.577
P 0002 | 0001 | 0.001

Table Il Correlation of Ki-67, PI3K and Fascin expression
with cervical lymph node metastasis in patients with OSCC.

Grouping n Ki-67 PIZK Fascin

Cervical lymph
node metastasis 17 |16 (94.11)|15 (88.23)| 17 (100)

No cervical
lymph node 18 |12 (11.11) | 1(5.55) | 3 (16.66)
metastasis

x? 24115 24.083 24.792

P 0.000 0.000 0.000

Table IV Correlation of Ki-67, PI3K and Fascin expression
with TNM staging in patients with OSCC.

Grouping n Ki-67 PI3K Fascin

Stage I+l 17 |14 (82.35)[12 (70.58) [ 15 (88.23)

Stage I+IV | 18 |13 (72.22) |11 (61.11) |14 (77.77)

c2 0.509 0.349 0.673

P 0.476 0.555 0.412
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Table V Correlation of Ki-67, PI3K and Fascin expression
with perifocal muscle invasion in patients with OSCC.

es from early to more advanced stages, potentially
indicating that other factors, apart from the stage,

i infl thei ion.
Perifocal - Ki67 PIZK Fascin may influence their expression
muscle
Yes 17 |13 (76.47)| 15(88.23) | 14 (82.35) Association between Ki-67, PI3K, and Fascin
expression and perifocal muscle invasion in
No 18 4(22.22) | 3(16.67) | 5(27.78) OSCC patients
2 10300 | 17.927 | 10.493 A shown in Table V, OSCC patients who had
perifocal muscle invasion displayed significantly high-
er positive expression rates of Ki-67, PI3K, and Fascin
P 0.001 0.000 0.001 compared to those without muscle invasion
r=0.930, P=0.019
400 .
5 200 . °
¥ .
s
I
100 go -
.« o
0t
00 (]
000 100 200 300 400
PI3K
Figure 1 Positive correlation between Ki-67 and PI3K.
=0.928, P=0.019
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Figure 2 Positive correlation between Ki-67 and Fascin.
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Figure 3 Positive correlation between PI3K and Fascin.

(P<0.05). This suggests that the overexpression of
these markers may be linked to the invasive behaviour
of OSCC, particularly in its ability to invade adjacent
muscle tissues. The higher expression of these pro-
teins in tumours with perifocal muscle invasion could
indicate a more aggressive cancer phenotype that
facilitates tissue invasion.

Correlation analysis of Ki-67, PI3K, and Fascin
expression

Figures 1-3 illustrate that there were strong pos-
itive correlations between Ki-67 and PI3K (r=0.930,
P=0.019), Ki-67 and Fascin (r=0.928, P=0.019),
and Fascin and PI3K (r=0.991, P=0.001). These
findings indicate that the expression of these markers
is closely related to each other, suggesting that they
might work together in the molecular pathways
involved in OSCC progression. The high correlation
between these proteins, particularly between Fascin
and PI3K, supports the idea that they might share
standard regulatory mechanisms or play complemen-
tary roles in promoting tumourigenesis and metasta-

sis in OSCC.

In summary, these results highlight the potential
of Ki-67, PI3K, and Fascin as biomarkers for OSCC
diagnosis and prognosis, as their expression corre-
lates with factors such as differentiation, metastasis,
muscle invasion, and potentially the molecular
dynamics driving cancer progression.

Discussion

The present study evaluated the diagnostic
value and clinical significance of Ki-67, PI3K, and

Fascin in patients with oral squamous cell carcinoma
(OSCCQ), and its findings provide important insights
into their potential roles as biomarkers in OSCC pro-
gression. Our results demonstrate that the expression
levels of Ki-67, PI3K, and Fascin are significantly ele-
vated in OSCC tissues compared to paracancerous
tissues, indicating their involvement in the tumourige-
nesis of OSCC. Furthermore, we observed that higher
expression levels of these proteins were associated
with more differentiated tumours and cervical lymph
node metastasis. Still, no significant differences were
noted between early (stage I-l) and advanced (stage
[1I-IV) tumour stages. This suggests that Ki-67, PI3K,
and Fascin might be linked to the proliferative and
metastatic potential of OSCC, making them valuable
candidates for prognostic biomarkers. Additionally,
strong positive correlations between these markers
further support the hypothesis that they may act
through shared molecular pathways involved in OSCC
progression.

In line with previous research, our findings high-
light the critical role of Ki-67 as a proliferation marker,
with several studies confirming its association with
poor prognhosis in various cancers, including OSCC
(15, 16). Ki-67 has been widely utilised to evaluate
tumour aggressiveness, as its expression correlates
with higher tumour grade and metastatic potential, as
seen in our results where well-differentiated tumours
exhibited higher Ki-67 levels than poorly differentiat-
ed ones. Similarly, the role of PI3K in cancer progres-
sion, particularly in head and neck cancers, has been
well-documented (15, 17). Our study aligns with
these studies, as PI3K expression was significantly
elevated in OSCC tissues with cervical lymph node
metastasis, suggesting its involvement in the metasta-
tic spread of OSCC. Fascin, an actin-bundling pro-
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tein, has also emerged as an important player in can-
cer cell invasion and metastasis. Several studies have
established its association with poor prognosis in mul-
tiple cancers, including OSCC (18, 19). Our findings
complement these studies, as higher Fascin expres-
sion correlated with invasive behaviour, such as peri-
focal muscle invasion.

Interestingly, while previous research has sug-
gested that the expression of these markers may vary
significantly across different tumour stages (16), our
study did not find a significant correlation between Ki-
67, PI3K, or Fascin expression and TNM staging.
This could suggest that, although these markers are
important for predicting tumour aggression and
metastasis, they may not be closely related to the
extent of cancer spread as defined by the TNM sys-
tem. This observation warrants further investigation
into the molecular mechanisms underlying OSCC
progression, which may not solely be dictated by
tumour size or stage.

Our study has several limitations that must be
considered when interpreting the results. First, the
sample size was relatively small, with only 35 cases
included, which may limit the generalizability of our
findings. Second, the retrospective design of the
study does not allow for the assessment of these bio-
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