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روطتلابطبترممساوكنينلابودوبلارودةساردلاهذهثحبت:ثحبلافادهأ
ايلاخلاناطرسنمةفلتخملاكشأومفلاةولاطيفنهكتلافعضومدقتلاوثيبخلا
.وزغلاىوتسمبقلعتياميفةصاخ،ةيومفلاةيفشرحلا
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للختاجردوةيومفلاةيفشرحلاايلاخلاناطرسوزغنمةفلتخمتايوتسملثمت
.جسنتلا

-لاكسوركرابتخاوقيقدلارشيفرابتخامادختسابتانيعلاليلحتمت:جئاتنلا
عقوموعيزوتوةيمكوةدشوتانيعلاعاونأنيبةمهمةقلاعتدجو.سيلاو
نينلابودوبلانيولتةجردتدادزا.نيولتلايفةيفمللاةيعولأاطروتوباهتلاو
للخفينصتنمضيعضوملاناطرسلاىلإفيفخلاجسنتلاللخنمايجيردت
طرفىلعأظحول،ةيومفلاةيفشرحلاايلاخلاناطرسفينصتيفامنيب،جسنتلا
.زيامتلاةديجةعومجملايفريبعت

رثكأاكولسيزاغلاركبملاةيومفلاةيفشرحلاايلاخلاناطرسرهظأ:تاجاتنتسلاا
نمةيناودعلقأناكامهيلكنأمغر،يزاغلاقيقدلاناطرسلابةنراقمةيناودع
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Abstract

Objective: This study was aimed at investigating the roles

of podoplanin (PDPN) as a marker associated with ma-

lignant development, progression, and poor prognosis in

oral leukoplakia and various forms of oral squamous cell

carcinoma (OSCC), particularly in relation to the extent

of invasion.

Methods: Immunohistochemical analysis of PDPN was

conducted on 77 histologically confirmed, formalin-fixed,

paraffin-embedded samples representing various degrees

of OSCC invasion and dysplasia grades.

Results: The samples were analyzed with Fisher’s exact

test and the KruskaleWallis test. Significant associations

between sample type and the intensity, percentage, dis-

tribution, location, inflammation, and lymphatic vessel

involvement according to staining were observed

(p < 0.05). The PDPN staining score progressively

increased from mild dysplasia to carcinoma in situ within

the dysplasia classification, whereas in the OSCC classi-

fication, the highest overexpression was observed in the

well-differentiated group.
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Conclusion: Early invasive OSCC exhibited more

aggressive behavior than micro-invasive OSCC, although

both were less aggressive than invasive OSCC. These

findings may aid in improving prognostic accuracy and

informing treatment strategies.

Keywords: D2-40; Dysplasia; Malignancy; Oral SCC; PDPN

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Squamous cell carcinoma of the oral cavity (OSCC) ac-

counts for more than 90% of all head and neck cancers.1 The
clinical and biological behavior of these tumors significantly
varies according to their location, such as in the larynx,

oropharynx, or oral cavity.2 Most OSCCs are preceded by
visible clinical changes in the oral mucosa, often
manifesting as oral potentially malignant disorders
(OPMDs).3 Dysplastic alterations in OPMDs have been

found to be the most significant predictors of malignant
progression.4 The clinical appearance of a dysplastic lesion
is not a reliable indicator of its severity, and the grade of

dysplasia and potential for malignancy can be accurately
determined only through biopsy and histopathological
assessment. However, the classification of the histological

grade of dysplasia can vary among pathologists. Epithelial
dysplasia is typically classified as mild, moderate, or severe,
according to the degree of atypia in the oral mucosa. Full-

thickness dysplasia is considered carcinoma in situ (CIS),
and may progress to primary invasive OSCC when tumor
cells breach the basement membrane and invade the con-
nective tissue.5e8 The current World Health Organization

(WHO) oral system recommends incorporating a three-
tiered assessment into the diagnostic criteria.9

Although several studies have evaluated the characteris-

tics of invasive OSCCs, few have focused on micro-invasive
OSCC (MiOSCC) and early invasive OSCC (EiOSCC).
MiOSCC is a malignant disease affecting primarily the oral

mucosa. Various terms have been proposed to describe the
early stages of OSCC, including superficially invasive
OSCC,10 and small and thin OSCC.11 MiOSCC refers to
invasion extending beyond the epithelial basement

membrane into the surrounding stroma through nests or
small islands.12 Numerous studies have highlighted the
challenges in diagnosing micro-invasive tumors in various

parts of the body.13 In 2002, a study described micro-invasive
carcinoma in detail in locations such as the larynx, cervix,
and breast.14 Abbe et al. have defined MiOSCC as OSCC

with an invasion depth as high as 5 mm,15 whereas
Pentenero et al. have defined it as stage I OSCC with a
tumor thickness less than 4 mm.16

Histopathological criteria for diagnosing MiOSCC have
not been clearly defined, thus resulting in a lack of stan-
dardized guidelines. The microscopic characteristics of this
condition are currently under-documented and exhibit sig-

nificant heterogeneity. In 1963, Shedd et al. identified
structural and cytological features, such as prominent
growth of epithelial rete ridges and ductal modifications, as
indicativedalthough not definitivedhistopathological dif-

ferences between CIS and micro-invasive carcinoma.17

Podoplanin (PDPN) is a 38-kDa transmembrane glyco-
protein characterized by its mucin-type structure, extensive

O-linked glycosylation, and high concentration of sialic
acid.18,19 This protein has been associated with tumor
progression, and is frequently used as a specific marker for

lymphatic endothelial cells and lymphangiogenesis, because
it is expressed on the lymphatic endothelium but not on
blood vessels.20,21 PDPN has been detected in various types
of human malignancies, including lung, cervix, esophagus,

and oral cavity cancers.22 The presence of PDPN in human
malignancies can serve as a valuable biomarker for both
diagnosis and prognostication of these cancers.23 PDPN

expression plays crucial roles in both inflammation and
cancer progression across multiple cell types, such as T
helper cells, macrophages, epithelial cells, and fibroblasts.24

In vitro, PDPN has been found to enhance migration and
invasion capability, whereas in vivo, it promotes lymph
node metastasis.25

Although numerous studies have examined PDPN

expression in the oral cavity, none have investigated its
expression in OSCC according to the degree of invasion. The
precise definitions of MiOSCC and EiOSCC remain unclear.

Moreover, information regarding the progression of
dysplasia to OSCC, and the roles of PDPN in various types
of dysplasias, is insufficient. Therefore, this study was aimed

at examining the roles of PDPN in all types of dysplastic
changes and OSCC types according to local invasion.

Materials and Methods

Sample selection

The current investigation was conducted at the Depart-

ment of Oral andMaxillofacial Pathology at Shahid Beheshti
University of Medical Sciences, after ethical approval was
obtained from the Institutional Ethical Committee (reference
number: IR.SBMU.DRC.REC.1401.026). A total of 77

formalin-fixed, paraffin-embedded tissue sections were
selected from the department’s archives, including 22 sam-
ples of well-differentiated oral squamous cell carcinoma

(WDOSCC), 4 samples of moderately differentiated oral
squamous cell carcinoma (MDOSCC), 7 samples of
EiOSCC, 8 samples of MiOSCC, 5 samples of CIS, 9 samples

of severe dysplasia, 11 samples of moderate dysplasia, and 11
samples of mild dysplasia, all of which had been histologi-
cally identified.

Grading of OSCC and dysplasia

The 2022 edition of the WHO guidelines was used as the
entry criteria for dysplasia classification,26 whereas a study

by Kalele et al.27 was referenced for the OSCC criteria
according to the degree of invasion. MiOSCC was defined
as a relatively thin tumor limited to the papillary lamina

propria, with a depth of 0.5e2 mm from the surface of the
non-neoplastic epithelium. Although few studies have pro-
vided clear definitions for early invasion OSCC, Muller

et al.28 have introduced several guidelines. We adopted the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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criteria established by Kalele et al., in 2023, in which invasion
is defined as 2 mm for pT1 and 4 mm for T227 (schematic in

Figure 1).

Immunohistochemical procedures

Samples fixed in paraffin blocks were first sectioned with a

microtome to a thickness of 2e3 mm, then placed on charged
slides. The slideswere kept in anoven at 60 �C for 24h, set, and
passed through a xylene solution for deparaffinization. The

deparaffinized slides were hydrated with 96% and 70%
alcohol, then washed with distilled water. To inhibit intracel-
lular peroxidase activity and prevent false positives, tissue

sections were incubated with 3% hydrogen peroxide (H2O2)
for 15 min in a dark environment, then washed with distilled
water. In the next step, antigen retrieval was performed with
microwave heat in citrate buffer for 20 min. After cooling,

primary antibodies to PDPN (clone D2-40, mouse mono-
clonal, DBS American) were applied to stain cell membranes,
and the samples were incubated for 1 h. TheMasterDiagnosis

secondary antibodywas applied and incubated for 15min; this
was followed by washing and the application of horseradish
peroxidase (HRP) primer for 30 min, after which the slides

were washed again.
To reveal the possible antigeneantibody complexes

formed in the previous steps, we applied the chromogen so-
lution diaminobenzidine and the substrate to the slides, thus

resulting in the formation of a brown deposit. After washing,
hematoxylin was used to counterstain the background. The
slides were then washed and hydrated by passage through

70%, 80%, and 90% alcohol solutions, then placed in a
xylene solution. Finally, the slides were prepared for analysis.
Semi-quantitative analysis of PDPN immunohistochemistry

Two independent observers (F. M. and M. M.), who were

blinded to the participants’ clinical information, assessed
PDPN-positive cells under a compound light microscope
(Leica DM 50) at magnifications of�10, � 20, and � 40.
Inter-examiner test results indicated acceptable reliability for

all variables, with an intraclass correlation coefficient of
0.972 for the percentage variable.

Interpretation and counting

The lymphatic endothelium, which exhibited strong
PDPN positivity, served as the internal positive control,

whereas colon tissue was used as the external positive control
(Figure 2). The negative control did not include primary
antibodies. PDPN expression was determined by

observation of cell membrane immunoreactivity, which was
considered indicative of positive expression.29 The
pathologists evaluated both the percentages of positive
tumor cells and the intensity of staining. The percentage of

positive cells was graded as follows: 0 ¼ no positive cells,
1 ¼ 1e10% positive cells, 2 ¼ 11e30% positive cells,
3 ¼ 31e50% positive cells, 4 ¼ 51e80% positive cells, and

5 ¼ 80e100% positive cells.24 Staining intensity was
graded as follows: 0 ¼ negative, 1 ¼ weak, 2 ¼ moderate,
3 ¼ strong. The immunoreactivity score (IRS) was
classified as follows: 0e3 ¼ weak, 4e7 ¼ moderate,
>8 ¼ strong.24,30

The mean quantitative score for podoplanin expression in
the epithelium was assessed with the scoring system outlined
by Kawaguchi et al.,31 as follows:

� 0: no expression detected in any part of the epithelium
� 1: expression limited to the basal layer of the epithelium

� 2: expression observed in both the basal and suprabasal
layers in one area

� 3: suprabasal layer expression observed in two or three areas

� 4: suprabasal layer expression observed in more than three
focal areas

The level of inflammation was categorized into four
groups: none, mild, moderate, or severe.

Microvessel density was evaluated by identification and

counting of the three areas with the highest vessel count
under � 100 magnification, and the average value from these
hotspots was used in the analysis. For lymphatic vessel

density, PDPN-positive lymphatic vessels were manually
counted throughout the tissue section, thus ensuring accu-
racy, given their lower density than blood vessels. Both

peritumoral and intratumoral regions were assessed for
vessel density. The lymphovascular density was graded as
mild, moderate, or severe to enable detailed evaluation.

Statistical analysis

Depending on the type, role, and distribution of variables,
Fisher’s exact test, Dunn test, and KruskaleWallis test were

used to evaluate the relationships between variables. Results
with p < 0.05 were considered statistically significant.

Results

Demographic and clinical characteristics

The average patient age for the investigated samples
was 58.91 years, and the standard deviation was 13.831

years. The youngest and oldest samples were from patients
31 and 85 years old, respectively (Table 1). Of the 77 samples,
41 (53.2%) were from women, and the remaining samples

were from men. Fisher’s exact test (p ¼ 0.282) indicated a
consistent sex distribution across sample groups (Table 1).

The most common lesion locations were the tongue (29
samples; 6.37%), buccal mucosa (23 samples; 8.29%), and

gingiva (15 samples; 4.19%). Other locations included the
palate (four samples; 5%), the floor of the mouth (four
samples; 5%), the lip (three samples; 3%), and the vestibular

mucosa of the mandible (one sample; 1.2%). Fisher’s exact
test (p ¼ 0.191) confirmed that the relationship between
lesion location and sample groups was not statistically sig-

nificant. The location distribution according to sample type
is presented in Table 1.

Histopathologic findings

PDPN was expressed in all samples (Figures 3e10). The
expression intensity and percentages are presented in Table 2,
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the IRS score is shown in Table 3, and the distribution and
expression in epithelial layers are detailed in Table 4.

The KruskaleWallis test indicated a significant statistical
association (p < 0.0001) between the distribution of PDPN
staining percentage and the pathology sample type. Dunn’s

test was used to perform pairwise comparisons and revealed
significant relationships between the mild dysplasia and early
invasive SCC groups, as well as between the moderate

dysplasia and early invasive SCC groups (Table 2).
The KruskaleWallis test also showed a statistically sig-

nificant relationship (p < 0.0001) between the distribution of
PDPN staining intensity and the pathology sample type.

Pairwise comparisons with Dunn’s test revealed significant
differences between the following groups: (1) mild dysplasia
and well-differentiated SCC, (2) mild dysplasia and moder-

ately differentiated SCC, (3) mild dysplasia and CIS, and (4)
moderate dysplasia and WDOSCC (Table 2). The IRS score
is illustrated in Graph 1.
Table 1: Distribution of samples according to age, sex, and location

Group Mean age Standard

deviation

of age

Sex Specimen site

Female Male Tongue

WDSCC 64.73 12.310 8 14 8

19.50% 38.90% 32.00%

MDSCC 66.25 14.975 4 0 1

9.80% 0.00% 4.00%

Early invasive

SCC

63.29 9.196 3 4 3

7.30% 11.10% 12.00%

Micro-invasive

SCC

62.13 11.993 6 2 3

14.60% 5.60% 12.00%

Carcinoma

in situ

56 14.440 2 3 1

4.90% 8.30% 4.00%

Severe

dysplasia

51.89 17.596 6 3 5

14.60% 8.30% 20.00%

Moderate

dysplasia

54.36 10.405 6 5 2

14.60% 13.90% 8.00%

Mild dysplasia 51.09 14.876 6 5 2

14.60% 13.90% 8.00%

Total 58.94 13.831 41 36 25

100.00% 100.00% 100.00%

Figure 1: Schematic of dysplasia, carcinoma in s
According to Fisher’s exact test, significant relationships
were found for the distribution of PDPN across groups

(p < 0.002) (Table 3) and the site of IHC staining across
groups (p < 0.009) (Table 3).

The tumor histopathological features, such as inflamma-

tion and lymphatic vessel density, are detailed in Table 4. The
KruskaleWallis test demonstrated a statistically significant
relationship (p < 0.003) between inflammation distribution

and pathology sample type. Dunn’s test revealed significant
correlations between the moderate SCC and early invasive
SCC groups, as well as between the moderate SCC and CIS
groups (p < 0.005) (Table 4). The most severe inflammation

was observed in the WDOSCC group (45.50%).
The exact Kruskal Wallis test indicated a statistically

significant relationship (p < 0.003) between inflammation

distribution and pathology sample type. Dunn’s test was
used to examine pairs of samples, and indicated a significant
correlation between the moderate SCC and early invasive
.

Buccal

mucosa

Gingiva Lip Palate Vestibular

mucosa of

mandible

Floor of

mouth

5 7 1 1 0 0

21.70% 46.70% 33.30% 25.00% 0.00% 0.00%

0 1 1 0 1 0

0.00% 6.70% 33.30% 0.00% 100.00% 0.00%

1 2 0 0 0 1

4.30% 13.30% 0.00% 0.00% 0.00% 25.00%

2 1 0 2 0 0

8.70% 6.70% 0.00% 50.00% 0.00% 0.00%

3 0 1 0 0 0

13.00% 0.00% 33.30% 0.00% 0.00% 0.00%

2 0 0 0 0 0

8.70% 0.00% 0.00% 0.00% 0.00% 0.00%

6 1 0 0 0 2

26.10% 6.70% 0.00% 0.00% 0.00% 50.00%

4 3 0 1 0 1

17.40% 20.00% 0.00% 25.00% 0.00% 25.00%

23 15 3 4 1 4

100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

itu, MiOSCC, EiOSCC, and invasive OSCC.



Figure 2: Photomicrograph showing colon tissue as a control

sample (H&E stain, � 100).

Figure 3: Photomicrograph showing mild dysplasia (H&E stain, �
400).

Figure 4: Photomicrograph showing moderate dysplasia (H&E

stain, � 100).

Figure 5: Photomicrograph showing severe dysplasia (H&E stain,

� 400).

Oral dysplasia and oral squamous cell carcinoma44



Figure 6: Photomicrograph showing carcinoma in situ (H&E

stain, � 100).

Figure 8: Photomicrograph showing early invasive OSCC (H&E

stain, � 100).

F. Mashhadiabbas et al. 45
SCC groups, as well as between the moderate SCC and CIS

groups (p < 0.005) (Table 4). More severe inflammation was
observed in the WDOSCC group (45.50%).

The exact KruskaleWallis test demonstrated a statisti-
cally significant relationship (p < 0.002) between the distri-

bution of lymphatic vessels and pathology specimen type.
Pairwise analysis with Dunn’s test revealed a significant
relationship between the mild dysplasia and well-

differentiated SCC groups (Table 4).

Discussion

OSCC is themost common formof oral cancer, accounting
for 90% of cases and typically manifesting on the oral
mucosal surface.32 By 2035, the global prevalence of OSCC
Figure 7: Photomicrograph showing micro-invasive OSCC (H&E

stain, � 100).
has been projected to reach 856,000 cases.33 This

monoclonal genetic disease results from the accumulation of
multiple sequential mutations.34e36 The transformation of
OPMDs into carcinomas has been well documented,
Figure 9: Photomicrograph showing well differentiated OSCC

(H&E stain, � 100).



Figure 10: Photomicrograph showing moderately differentiated

OSCC (H&E stain, � 100).
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particularly in cases of oral epithelial dysplasia, in which these
malignant lesions often appear in the mucosa surrounding

invasive OSCC.37,38 Therefore, this study was aimed at
proposing a comprehensive classification of OSCC and oral
dysplasia, and evaluating PDPN expression as a diagnostic
marker for the invasive behavior of these lesions.

Demographic and clinical characteristics

In this study, the average patient age was 58.91 years.

The average patient age for all SCC samples was 64.1 years,
Table 2: Staining percentage and intensity of IHC PDPN.

Group Percentage

positive cells

Standard

deviation

Mean N

WDSCC 22 62.5 31.872

MDSCC 4 80 11.547

Early invasive SCC 7 90 0.00

Micro-invasive SCC 8 53.75 34.512

Carcinoma in situ 5 62 37.683

Severe dysplasia 9 67.78 32.318

Moderate dysplasia 11 26.9 23.856

Mild dysplasia 11 25 23.130

Total 77 54.9 34.054
in agreement with the findings of Melo and colleagues, in
which the average age ranged from 51.4 to 60.4 years.39 The

average patient age for the eight MiOSCC samples was
61.75 years, which was older than the 53-year average re-
ported by Haberland et al. in a study on MiOSCC.10 This

discrepancy is likely to be due to differences in the
defining characteristics of MiOSCC between studies. Of
the total samples in our study, 41 (53.2%) were from

women, whereas the rest were from men. In the OSCC
group, the sex distribution was nearly equal, whereas
Melo et al. have reported a higher prevalence of OSCC in
men than women.39

Overall, the tongue and buccal mucosa were the most
common lesion locations. OSCCs were primarily observed
on the tongue, whereas dysplastic lesions were most

frequently found on the buccal mucosa. In a study by Deepa
et al., an equal prevalence of OSCC was observed on the
tongue and buccal mucosa, and dysplastic lesions were found

to frequently affect the buccal mucosa.40 The differences in
findings might be associated with the prevalence of use of
the tobacco product "nass" in the buccal mucosa area in
the population in India.41,42

Staining percentage of IHC PDPN

Our research revealed a notable increase in the average

percentage of positive PDPN cells with the level of dysplasia
and OSCC. The average staining percentage was higher in
MDOSCC than WDOSCC, and EiOSCC exhibited a higher

average staining percentage than MiOSCC. In contrast, a
study by Aiswarya et al., in 2019 demonstrated significantly
lower percentages of positive cells in PDOSCC than

WDOSCC.43 PDPN has been suggested to play roles in tumor
cell differentiation and the neoplastic progression of OSCC.44

In the present study, 97% of the 35 dysplasia samples

showed positive PDPN expression, thus indicating more
aggressive behavior than observed in a study by Kawaguchi
et al.,31 in which only 49% of patients with dysplasia had
Staining intensity

None Weak Moderate Strong

0 1 3 18

0.00% 6.70% 18.80% 40.00%

0 0 0 4

0.00% 0.00% 0.00% 8.90%

0 0 2 5

0.00% 0.00% 12.50% 11.10%

0 3 2 3

0.00% 20.00% 12.50% 6.70%

0 0 0 5

0.00% 0.00% 0.00% 11.10%

0 1 1 7

0.00% 6.70% 6.20% 15.60%

1 4 4 2

100.00% 26.70% 25.00% 4.40%

0 6 4 1

0.00% 40.00% 25.00% 2.20%

1 15 16 45

100.00% 100.00% 100.00% 100.00%



Table 3: Distribution of IHC PDPN staining and expression in various epithelial layers.

Group PDPN Distribution Epithelial layers

Focal Diffuse Basal layer Basal and

supra basal

layer

More than

three focal

areas

WDSCC 10 12 12 10 0

25.60% 31.60% 27.90% 30.30% 0.00%

MDSCC 0 4 0 3 1

0.00% 10.50% 0.00% 9.10% 100.00%

Early invasive SCC 0 7 1 6 0

0.00% 18.40% 2.30% 18.20% 0.00%

Micro-invasive SCC 4 4 6 2 0

10.30% 10.50% 14.00% 6.10% 0.00%

Carcinoma in situ 3 2 2 3 0

7.70% 5.30% 4.70% 9.10% 0.00%

Severe dysplasia 4 5 5 4 0

10.30% 13.20% 11.60% 12.10% 0.00%

Moderate dysplasia 9 2 7 4 0

23.10% 5.30% 16.30% 12.10% 0.00%

Mild dysplasia 9 2 10 1 0

23.10% 5.30% 23.30% 3.00% 0.00%

Total 39 38 43 33 1

100.00% 100.00% 100.00% 100.00% 100.00%
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positive PDPN expression. The average staining percentage
increased with the severity of dysplastic changes. Notably,

the average staining rates in CIS (62%) and severe
dysplasia (67%) were similar, in agreement with the WHO
2017 classification.45 These findings are also consistent with

those from studies by Logeswari et al., Deepa et al., and
Vaishnavi Srinivasan et al..40,46,47

Staining intensity of IHC PDPN

In this study, a comparison ofPDPNIHCstaining intensity
in OSCCs according to differentiation indicated that 100% of
moderately differentiated OSCC samples and 85% of well-
Table 4: Distribution of inflammation and lymphoid vessels.

Group Inflammation

None Mild Moderate

WDSCC 5 6 1

55.60% 20.70% 5.90%

MDSCC 4 0 0

44.40% 0.00% 0.00%

Early invasive SCC 0 0 4

0.00% 0.00% 23.50%

Micro-invasive SCC 0 3 4

0.00% 10.30% 23.50%

Carcinoma in situ 0 0 2

0.00% 0.00% 11.80%

Severe dysplasia 0 4 2

0.00% 13.80% 11.80%

Moderate dysplasia 0 7 3

0.00% 24.10% 17.60%

Mild dysplasia 0 9 1

0.00% 31.00% 5.90%

Total 9 29 17

100.00% 100.00% 100.00%
differentiated OSCC samples showed strong staining indi-
cating similar behavior between these lesions. In research by

Racula et al. (2015), a higher level of PDPN expression was
observed in MDOSCC and PDOSCC than WDOSCC. The
researchers also observed a gradual transition in staining in-

tensity, from mild to severe patterns, from WDOSCC to
PDOSCC.48 The limited occurrence of MDOSCC and the
absence of PDOSCC in our study support these conclusions.
In contrast, Aiswarya et al. have demonstrated a significant

presence of PDPN in WDOSCC and less pronounced
severity in MDOSCC.29

Comparison of PDPN staining intensity between

MiOSCC and EiOSCC indicated that 71% of EiOSCC
Lymphatic vessels

Severe Mild Moderate Severe

10 3 3 16

45.50% 16.70% 13.60% 43.20%

0 0 1 3

0.00% 0.00% 4.50% 8.10%

3 0 2 5

13.60% 0.00% 9.10% 13.50%

1 1 3 4

4.50% 5.60% 13.60% 10.80%

3 0 2 3

13.60% 0.00% 9.10% 8.10%

3 3 3 3

13.60% 16.70% 13.60% 8.10%

1 4 6 1

4.50% 22.20% 27.30% 2.70%

1 7 2 2

4.50% 38.90% 9.10% 5.40%

22 18 22 37

100.00% 100.00% 100.00% 100.00%



Graph 1: IRS scoring in oral dysplasia and squamous cell carcinoma.
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samples and 37% of MiOSCC samples showed strong
staining, thus highlighting the distinction between these
entities. Therefore this difference in expression intensity

indicates that two groups are distinct and can be associated
with their differing aggressive behaviors.

In this study, comparison of PDPN IHC staining in-

tensity in dysplastic lesions indicated that 100% of CIS
samples, 77% of severe dysplasia samples, 11% of
moderate dysplasia samples, and 9% of mild dysplasia

samples showed strong staining, in agreement with findings
by Patil et al..44 Therefore, although the difference
between CIS and severe dysplasia was not statistically

significant, CIS should be considered distinct from severe
dysplasia. Notably, the 2017 WHO classification groups
severe dysplasia and CIS in the same category45; however,
our findings suggest that the behavior of CIS differs from

that of severe dysplasia.

Distribution of IHC PDPN staining

There was a significant association in the distribution of
IHC staining across the groups. In SCC samples, the distri-
bution of stained cells was predominantly diffuse, whereas in

dysplastic lesions, it was mostly focal. This pattern was
consistent with H&E staining findings, because of the vari-
ability in the affected areas where dysplastic changes occur.

In this study, diffuse staining was observed in 54% of
WDOSCC samples and 100% of MDOSCC samples, thus
suggesting that lower OSCC differentiation is associated
with more invasive behavior. Additionally, 50% of MiOSCC

and 100% of EiOSCC samples exhibited diffuse staining;
these findings indicated that invasive cells tend to spread
more diffusely as the depth of tumoral cell invasion increases.

In dysplastic lesions, diffuse staining correlated primarily
with the severity of dysplasia. Diffuse staining was observed
in 40% of CIS samples and 55% of severe dysplasia samples,

probably because of the varying degrees of dysplasia within
the affected areas, which could sometimes be observed in the
H&E slides.

PDPN expression in various layers of the epithelium

Our study also analyzed PDPN expression in various
layers of the epithelium. PDPN-positive cells were signifi-

cantly present in most patients with dysplasia, predominantly
in the basal and parabasal regions. The difference in PDPN
expression between the basal and parabasal regions in OSCC

samples was not significant, in agreement with the findings of
Patil et al.,44 Deepa et al.,40 and Srinivasan et al..47 In a study
on cervical SCCs, PDPN expression has been observed in the

basal layer, with gradual expression extending to the upper
surface layers.49 Therefore, PDPN expression reaching the
suprabasal layers in some cases of oral dysplasia suggests a
similarity between dysplastic suprabasal cells and basal or

stem cells, and indicates upward clonal expansion of
dysplastic cells. Cases of oral leukoplakia exhibiting clonal
expansion during carcinogenesis may have a considerably

elevated likelihood of malignant transformation.50 PDPN
has been proposed as a potential marker for cells with stem
cell characteristics, which aid in colony formation in

laboratory settings.51,52 The distinct presence of PDPN in
cells in the basal layer suggests its tendency to be expressed
in primary and undeveloped cells.53 Previous studies have

noted an elevated risk of cancer in dysplastic lesions because
of the upward clonal expansion of abnormal cells within the
epithelial layers.44 Identifying these cells beyond the basal
layers might provide insight into the potential clonal

expansion occurring during tumorigenesis. Tumorigenesis
has been found to be driven primarily by a small group of
clonogenic cells with unique characteristics, known as

tumor-initiating cells or cancer stem cells. In squamous cell
carcinoma, PDPN has abnormal expression and is considered
a new marker for tumor-initiating cells in early stages of oral

tumorigenesis.31,54
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Inflammation in IHC PDPN staining samples

Inflammation severity varied between dysplastic and

OSCC lesions: dysplastic lesions exhibited primarily mild
inflammation, whereas OSCC lesions showed severe inflam-
mation. According to Quintanilla et al., PDPN plays roles in
various physiological and pathological processes, including

the immune response and cancer.55 Recent evidence suggests
that PDPN expression in immune cells is involved in the
regulation of inflammation.56 However, research by

Gülseren et al. has indicated no association between PDPN
presence in tumors and various histopathological factors
such as tumor thickness, diameter, differentiation, tissue

subtype, perineural extension, invasion depth, desmoplastic
stromal reaction, or inflammatory response.57 Although
PDPN upregulation in inflamed tissues has been observed

in various models of inflammatory tissue injury, the precise
intracellular pathway of PDPN remains unclear.56 Further
studies are necessary to clarify PDPN’s role in the immune
response, particularly regarding macrophage polarization,

the regulation of effector T cells, and the interaction
between lymphocytes and mesenchymal cells.

Lymphatic vessels in IHC PDPN staining samples

We observed a statistically significant relationship be-
tween the distribution of lymphatic vessels and the pathology
sample type: a notably higher number of lymphatic vessels

was observed in well-differentiated SCC than mild dysplasia.
The number of lymphatic vessels increased with the pro-
gression of tumoral cell invasion; these vessels were observed

in 50% of MiOSCCs, 71% of EiOSCCs, 72% of WDOSCC
samples, and 75% of MDOSCC samples. Dysplasia severity
correlated with lymphatic vessel number. Although more

lymphatic vessels were present in CIS samples than in severe
dysplasia, the difference was not statistically significant. In a
study by Srinivasan et al., the mean lymphatic microvessel

density (MLVD), was significantly higher in oral leukoplakia
and various degrees of OSCC than in normal oral mucosa.
Similarly, other studies have shown a substantially higher
MLVD in PDOSCC than WDOSCC,47 in agreement with

findings from Aiswarya et al., in which MLVD was higher
in oral leukoplakia and OSCC than normal mucosa,43 as
well as our findings.

Conclusions

EiOSCC exhibits more progressive behavior than

MiOSCC, although both are less aggressive than invasive
OSCC. This distinction can aid in determining accurate
prognosis and treatment options. Together, our data support

the potential significance of PDPN in primary oral tumori-
genesis and its role in assessing the risk of malignant trans-
formation in patients with premalignant lesions.

Recommendations

Future research is necessary to investigate the efficacy of
PDPN in OSCC detection and of PDPN in the detection of
other types of SCC.
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