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Abstract

Background: Oral carcinogenesis involves genetic changes affecting proto-oncogenes and tumor suppressor genes like P16, P53, H-ras, cyclinD1, and
EGEFR. Podoplanin, a transmembrane glycoprotein, is a biomarker linked to tumor progression and prognosis in oral squamous cell carcinoma (OSCC).
This study aimed to assess podoplanin expression across OSCC grades and its relationship with clinicopathological factors such as age, gender, habits,
tumor site, lymphovascular invasion, perineural invasion, and tumor-infiltrating lymphocytes.

Methods: A cross-sectional study at BIRDEM Hospital, Dhaka, analyzed 56 OSCC cases over two years using hematoxylin and eosin-stained slides and
tissue blocks. Podoplanin expression was evaluated immunohistochemically and classified as high or low based on staining intensity and extent.

Results: High podoplanin expression was observed in 33.90% of cases, predominantly in moderately and poorly differentiated OSCC, compared to
well-differentiated tumors. A significant association was found between podoplanin expression and histological grade (p<0.05). However, no significant
relationships were observed with age, gender, habits, anatomical site, lymphovascular or perineural invasion, or tumor-infiltrating lymphocytes.

Conclusion: Podoplanin expression correlates significantly with OSCC histological grade, suggesting its potential as a prognostic marker. High
expression may indicate aggressive tumors and poorer outcomes, highlighting its relevance in evaluating and managing OSCC.
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Introduction Podoplanin (PDPN) is known to be expressed in numerous

) ) i i human tumors, including squamous cell carcinoma of the oral cavity,

Oral cancer is the sixth most common malignancy worldwide . . . .
4] ¢ th ) blic health vrobl 1. Oral mesothelioma, testicular seminoma, soft tissue tumors, thymoma, and
and is one of the major public health problems [1]. Oral squamous . . .
jor p P (1] 1 brain tumors [5]. PDPN seems to be expressed in aggressive tumors,

cell carcinoma (OSCC) is the most common type of malignancy,
representing up to 90 percent of all oral neoplasms [2]. Oral cancer
ranks 3rd, 2nd, and 3rd in five-year prevalence, incidence, and
mortality rate respectively in Bangladesh [3]. Common risk factors for
developing OSCC are tobacco smoking, betel nut chewing, and alcohol
consumption. Other predisposing factors are viral infection, chronic
irritation, oral candidiasis, poor oral hygiene, ionizing radiation, etc [4].
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with higher invasive and metastatic potential [6].

PDPN consists of an extracellular or transmembrane domain and
a cytoplasmic domain. The extracellular domain is longer and carries
four platelet aggregation-stimulating (PLAG) domains with plenty of
potential O-glycosylation sites, crucial for interaction with platelets.
Theinteraction between PDPN and c-type lectin (CLEC2) may regulate
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tumor invasion and metastasis [7]. The shorter cytoplasmic domain
is associated with ezrin/radixin/moesin (ERM) protein that bridges
plasma membrane proteins and the actin cytoskeleton [8]. PDPN
overexpression causes marked phosphorylation of ERM proteins. It
causes adhesion and cancer cell migration through modulating the
actin cytoskeleton, Rho A, and epithelial-mesenchymal transition.
PDPN causes down-regulation of E-cadherin and overexpression of
matrix metalloproteinase [6].

It is upregulated in the invasive front of OSCC. It causes
upregulation of TGF-B1 secretion and increases Epidermal Growth
Factor Receptor phosphorylation as well as downstream effectors of
AKT and ERK. PDPN also causes OSCC progression by interacting
with matrix metalloproteinase and induces cytoskeletal remodelling,
extracellular matrix degradation, and invasion [9].

PDPN in oral SCC causes tumor cell motility and metastasis by
activation of endogenouslectin that binds to extracellular carbohydrate
moieties. These cancer cells are remarkably resistant to currently
available chemotherapy. Thus, PDPN becomes a chemotherapeutic
target for oral SCC [10]. Anti-human Podoplanin antibody (NZ-1)
would be an important target for the prevention of metastasis in the
future for OSCC [6].

Materials and Methods

Study Design and Subjects

This cross-sectional observational study was conducted at the
Department of Pathology, Bangladesh Institute of Research and
Rehabilitation in Diabetes, Endocrine and Metabolic Disorder
(BIRDEM), during the period of March 2022 to February 2024.
This study was approved by the Institutional Review Board (IRB) of
BIRDEM Hospital, Dhaka, Bangladesh. Written informed consent
was obtained from all participants, and confidentiality of patient data
was maintained in compliance with ethical standards. A total of 56
histologically diagnosed cases of oral squamous cell carcinoma (OSCC)
were included in this study, meeting the following inclusion criteria:
small and resected biopsy cases of OSCC. Exclusion criteria included
carcinoma in situ, dysplastic lesions of the oral cavity, and patients who
received neoadjuvant therapy or radiotherapy before surgery.

Demographic and clinical information, such as age, sex, clinical
presentation, and histopathological diagnosis (including grade), were
collected from the departmental records of the pathology department.

Sample Collection

The 56 cases of oral SCC were retrieved from the Department
of Pathology, BIRDEM, including H&E stained slides and paraffin-
embedded blocks. All slides were reviewed to assess tumor
grade and other prognostic factors, including tumor-infiltrating
lymphocytes (TILs), and the presence of lymphovascular and
perineural invasion.

Immunohistochemical Staining for Podoplanin

After confirming the diagnosis of OSCC, immunohistochemical
(IHC) staining for podoplanin was performed at Bangabandhu
Sheikh Mujib Medical University (BSMMU), using an appropriate
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positive control. Paraffin-embedded tissue blocks were sectioned at 3
um thickness. The slides were gently lowered onto a water bath set to
45°C, spread without wrinkles onto slides coated with 0.1% poly-L-
lysine, and air-dried. Slides were then baked at 60°C for 30 minutes on
a hot plate. Dewaxing was performed by treating the slides in xylene,
followed by rehydration through a graded series of alcohols.

For antigen retrieval, the slides were immersed in preheated citrate
buffer in a pressure cooker, boiled, and allowed to cool naturally. To
block endogenous enzyme activity, hydrogen peroxide was added in a
moist chamber at room temperature.

Primary and Secondary Antibodies

o Primary antibody: Monoclonal Rabbit d2-40 (pre-diluted,
ready-to-use).

« Secondary antibody: DAKO REAL™ Envision™ (HRP Rabbit/
Mouse) (ENV).

o Positive control: Appedicular tissue was used as a positive
control.

o Chromogen: 3,3’-diaminobenzidine (DAB) was used for
visualizing the antigen-antibody complex. Finally, slides were
counterstained with hematoxylin.

Scoring of Podoplanin Expression

Podoplanin expression was assessed by reviewing 10 representative
areas from each slide. For each area, 100 tumor cells were counted, and
both the percentage of positive cells and the intensity of podoplanin
expression were evaluated. The following scoring system, as introduced
by Yuan et al. (2006), was applied:

Quantitative Score
. 0: 0% positive cells
. 1: 1-10% positive cells
. 2: 11-30% positive cells
. 3: 31-50% positive cells
. 4: 51-80% positive cells

. 5: 81-100% positive cells

Intensity Score
. 0: Negative (no staining)
. 1: Weak (faint staining)
. 2: Moderate (staining between weak and dark brown)
. 3: Strong (dark brown staining)

The immunoreactive score (IRS) for podoplanin expression was
calculated by multiplying the quantitative score by the intensity score,
yielding a final score ranging from 0 to 15. According to this score, the
expression was classified as follows:

. 0-7: Low expression

. >8: High expression
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Statistical Analysis

All collected data were compiled and analyzed using SPSS
(Statistical Package for Social Sciences), version 25. The Chi-square
test was used to assess statistical significance between different
clinicopathologic variables. A p-value of <0.05 was considered
statistically significant.

Results

A total of 56 oral squamous cell carcinoma (OSCC) patients were
included in the study, and their clinicopathologic characteristics along
with Podoplanin expression were analyzed. The association between
Podoplanin expression and various clinicopathologic parameters, as
well as histological grading, was evaluated (Tables 1 and 2).

Podoplanin Expression and Clinicopathologic Parameters

Podoplanin expression was classified as high or low based on
immunohistochemical staining. High Podoplanin expression was
observed in 19 cases (33.90%) of OSCC. The distribution of high and
low Podoplanin expression did not show any statistically significant
association with age, gender, clinical presentation, or personal habits

Table 1: Clinicopathologic parameters of OSCC patients and their association with
Podoplanin expression (n =56).

Podoplanin Expression
Clinicopathologic Parameter P value
High | Low
Age distribution
Up to 40 years 2(33.3) 4(66.7)
41-50 years 3 (42.9) 4(57.1)
51-60 years 4(25.0) 12(75.0) 0.58
61-70 years 7(50.0) 7(50.0)
Above 70 years 3(23.1) 10(76.9)
Gender
Female 8(29.6) 19(70.4)
0.58
Male 11(37.9) 18(62.1)
Clinical Presentation
Ulcer 15(35.7) 27(64.3)
Red patches 2(33.3) 4(66.7)
0.58
White patches 1(33.3) 2(66.7)
Exophytic growth 1(20.0) 4(66.1)
Characteristics
Yes 9(39.1) 14(60.9)
Tobacco 0.57
No 6(46.2) 7(53.8)
Yes 12 (34.3) 23(65.7)
Betel quid 1
No 7(33.3) 14(63.8)
. Yes 3(30.0) 7(70.0)
Tobacco & betel quid both 1
No 16(34.8) 30(66.1)
Anatomic Location
Tongue 7(46.7) 8(53.3)
Buccal mucosa 11(34.4) 21(65.6) 0.24
Others 1(11.1) 8(88.9)

The table summarizes the distribution of Podoplanin expression (high vs. low) based on
various clinicopathologic parameters, including age, gender, clinical presentation, tobacco
use, betel quid use, and anatomic location of the tumor. The P values indicate the statistical
significance of the associations between Podoplanin expression and each parameter. No
significant associations were observed between Podoplanin expression and age, gender,
clinical presentation, or personal habits. The only significant association found was
between Podoplanin expression and histological grading (not shown in this table).
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(tobacco use, betel quid use). Specifically, no significant differences
in Podoplanin expression were noted across different age groups (P =
0.58), between genders (P = 0.58), or based on the clinical presentation
(P = 0.58). Furthermore, Podoplanin expression did not correlate
with tobacco use (P = 0.57), betel quid use (P = 1.0), or both tobacco
and betel quid use (P = 1.0). Similarly, no significant association was
found between Podoplanin expression and the anatomic location of
the tumors (P = 0.24) (Table 1 & 2).

Podoplanin Expression and Histological Grading

The association between Podoplanin expression and the
histological grading of OSCC was found to be statistically significant
(P =0.00) (Table 2). Podoplanin expression varied considerably across
different grades of differentiation. In well-differentiated OSCC (n =
25), no cases exhibited high Podoplanin expression, with all tumors
showing low expression. In moderately differentiated OSCC (n = 27),
17 cases (63.0%) exhibited high Podoplanin expression, while 10 cases
(37.0%) showed low expression. In poorly differentiated OSCC (n =
4), high Podoplanin expression was observed in 2 cases (50.0%) and
low expression in the remaining 2 cases (50.0%) (Table 2).

This significant association between Podoplanin expression and
histological grading suggests that Podoplanin expression is higher
in less differentiated OSCC, with well-differentiated tumors showing
predominantly low expression. The findings suggest that Podoplanin
may serve as a useful marker of tumor differentiation, with higher
expression being indicative of greater aggressiveness and poorer
differentiation (Figures 4-7).

Table 2: Histological grading of OSCC and immune-histochemical expression of
podoplanin (n=56).

Expression of Podoplanin
. . . P Value*
Histological grading High Low
Well differentiated 0(0.0) 25 (100)
Moderately differentiated 17 (63.0) 10 (37) 0.00
Poorly differentiated 2 (50.0) 2 (50.0)
Sex

Figure 1: Gender distribution of the patients with Oral SCC (n =56). The pie chart
illustrates the gender distribution among the study participants. The results indicate a
higher prevalence of oral SCC in males, with a male-to-female ratio of 1.07: 1.
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Figure 2: Locations of SCC in the oral cavity (n=56). The figure shows the distribution of oral squamous cell carcinoma (SCC) cases based on their anatomical location within the oral cavity.
Among the 56 patients, the majority of biopsies (57.1%) were taken from the buccal mucosa, followed by the tongue. The remaining cases were found in the retromolar trigone (16.1%), alveolus
(10.7%), and gingiva (3.6%). A small percentage of cases (1.8%) were located in other areas of the oral cavity.

Histological Grade of oral SCC

BGradel = Grade2 [ Grade3

Figure 3: Histological grade of oral SCC (n=56). The histological grade of oral SCC was
assessed as per criteria set by WHO 2017. Among 56 patients, 48.2% were moderately
differentiated (grade 2) followed by 44.6% of well differentiated (grade 1). Only 7.1%
showed poorly differentiated (grade 3).

Cell Carcinoma.
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Cell Carcinoma.

Discussion

The present study demonstrates that Podoplanin expression is
present in nearly all cases of oral squamous cell carcinoma (OSCC),
with a statistically significant association observed with histological
grading. Specifically, the expression of Podoplanin was found to be
higher in moderately and poorly differentiated OSCC cases, while
all well-differentiated tumors exhibited low expression. This finding
supports the hypothesis that Podoplanin could serve as an important
biomarker for the aggressive nature of OSCC, with its expression
correlating with poorer histological differentiation.

In this study, 33.9% of the cases showed high Podoplanin
expression, while the remaining 66.1% exhibited low expression.
These findings are consistent with those of other studies, although
variability in the levels of Podoplanin expression has been reported
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Figure 6: Low expression of Podoplanin IRS - in well Differentiated Squamous Cell
Carcinoma.

Figure 7: Low expression of Podoplanin IRS - in well Differentiated Squamous Cell
Carcinoma.

in different populations globally. Previous studies have documented
a range of Podoplanin expression, with high expression varying
from 20% to 60% and low expression ranging from 21.6% to 80%.
For instance, Yuan et al. (2006) reported that 60% of oral SCC cases
exhibited high Podoplanin expression, while other investigators,
such as Parhar et al. (2015), Patil et al. (2015), Kim et al. (2015), and
Sgaramella et al. (2016), reported high expression rates of 56.6%, 20%,
51.3%, and 51%, respectively [12,14-17]. The considerable variability
in these findings can be attributed to several factors, including genetic
and ethnic diversity, personal habits such as tobacco and betel quid
use, and environmental influences that contribute to the development
of oral cancer [1,4].

It is important to note that while the current study found no
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significant association between Podoplanin expression and factors
such as age, gender, anatomic site, clinical presentation, or the use of
tobacco and betel quid, other studies have suggested that Podoplanin
expression correlates with tumor size, nodal involvement, advanced
stage, poor treatment response, and reduced survival rates [5,7,19].
These associations indicate the potential of Podoplanin as a prognostic
marker in OSCC, which could aid in predicting clinical outcomes and
guiding therapeutic decisions.

Furthermore, the observed relationship between Podoplanin
expression and histological grading is in line with studies by Kim
et al. (2015), Pradhan et al. (2019), and Patil et al. (2015), who also
reported significant associations between high Podoplanin expression
and poorly differentiated or moderately differentiated tumors
[16,18,19]. However, our results differ from studies by Yuan et al.
(2006), Aiswariya et al. (2019), and Prasad et al. (2015), who did not
observe the same level of correlation between Podoplanin expression
and histological grade [12,13,19].

The reasons for these discrepancies can likely be attributed to
differences in study design, sample sizes, and the specific characteristics
of the populations studied. For instance, genetic and environmental
factors, as well as variations in diagnostic and histopathological
assessment methods, may contribute to differing findings. Therefore,
while the relationship between Podoplanin expression and OSCC
is becoming increasingly recognized, further research involving
larger and more diverse cohorts is necessary to better understand
the complex interplay of factors that influence its expression and its
potential as a prognostic biomarker.

In conclusion, the current study reinforces the notion that
Podoplanin expression is closely linked to the histological grading
of OSCC, particularly with higher expression observed in more
aggressive, poorly differentiated tumors. Despite some inconsistencies
in the literature, the potential of Podoplanin as a prognostic marker
for OSCC, especially in predicting tumor progression and patient
outcomes, remains promising and warrants further exploration.

Conclusion

In recent years, numerous studies have sought to elucidate the role
of Podoplanin in oral squamous cell carcinoma (OSCC), yet significant
controversies remain in the scientific literature. In this study, we
observed that Podoplanin expression was present in nearly all OSCC
cases in Bangladesh, with high expression predominantly associated
with higher-grade tumors. Furthermore, tumors originating from the
tongue and those exhibiting lymphovascular and perineural invasion
showed elevated levels of Podoplanin expression. While these findings
are promising, the study’s interpretation is limited by the small
sample size, reliance on small biopsy specimens, and the absence of
follow-up data. To solidify these results, further research with a larger
cohort, utilizing resected specimens, is essential. Additionally, future
studies should explore the role of Podoplanin in tumor staging, nodal
metastasis, overall survival, and its potential as a target for novel
therapies. By advancing our understanding of Podoplanin’s prognostic
value, we can pave the way for more precise diagnostic and therapeutic
strategies in OSCC management.
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