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Background. Recent studies have demonstrated that podoplanin was expressed in some dysplastic lesions adjacent to primary oral
cancers suggesting that podoplanin expressionmayoccur in early oral tumorigenesis and lymphangiogenesis and therefore is related
to tumor growth. The purpose of this study is to determine the role of podoplanin as a biomarker for cancer risk assessment
in oral leukoplakia and correlation of podoplanin expression with grades of oral squamous cell carcinoma (OSCC). Materials
and Methods. In the present retrospective study, podoplanin expression was investigated immunohistochemically in 40 patients
each of oral leukoplakia and OSCC. The scores were analyzed statistically using one-way ANOVA test followed by Tukey HSD.
Results. By applying one-way ANOVA test, there was a highly significant increase of the podoplanin expression frommild to severe
dysplasia and from well to poorly differentiated OSCC (𝑃 < 0.01). Statistically highly significant difference was present between
scores of mild to moderate dysplasia, moderate to severe dysplasia, well to poorly differentiated OSCC, and moderately to poorly
differentiated OSCC (Tukey HSD test, 𝑃 < 0.01). Conclusion. Podoplanin can be used as a biomarker for early oral tumorigenesis
and for malignant transformation risk assessment of premalignant lesions and as a tumor progression biomarker for advanced
grades of OSCC.

1. Introduction

Oral cancer is a leading cause of cancer death and oral squa-
mous cell carcinoma is the most common type of oral cancer.
Early detection of high-risk premalignancy can decrease the
morbidity and mortality associated with oral cancer [1]. Oral
leukoplakia is the most prevalent premalignant lesion which
shows histological diversity and has overall increased risk for
development of invasive oral squamous cell carcinoma [2–4].

Multistep process with accumulation of genetic, epige-
netic, and metabolic alterations resulting from exposure to
carcinogens results in the development of cancer. The initi-
ated and promoted cancer cells generally have a monoclonal
feature. In the progression stage, it has heterogeneity due
to the further genetic modifications of the cancer cells.
Thus, biologically diverse patterns and clinically various
behaviors are present with each OSCC. A number of these
alterations have been identified recently which are helpful in
understanding underlying biology of the disease [2, 5].

The mucin-type transmembrane glycoprotein podopla-
nin is a lymphatic-specific gene and has previously shown
that podoplanin is a target gene of the homeobox gene Prox1,
a master gene that controls the development of lymphatic
progenitors from embryonic veins. Wetterwald in 1991 first
reported the in vivo expression of podoplanin in lymphatic
endothelium and named it as “E11 antigen.” It was further
renamed as “podoplanin,” because of its low-level expression
in kidney podocytes [6–9].

Lesions with dysplastic features are thought to be at
higher risk of oral cancer but it was shown that some of the
oral cancers developed from lesions that lacked dysplastic
changes and also quality of the tissue, site of biopsy, and sub-
jective factors like interobserver and intraobserver variation
are a problem in the histologic assessment of epithelial dys-
plasia, presence, and severity. Therefore, additional objective
markers are needed to identify high-risk lesions for proper
management recommendations [2, 10–12].
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Recent studies have demonstrated that podoplanin was
expressed in some hyperplastic and dysplastic lesions adja-
cent to the primary oral cancers, suggesting that expression
of podoplaninmay occur in early oral tumorigenesis andmay
play a role in the malignant transformation [2, 10].

Malignant tumor cells in the oral area tend to metastasize
in the relatively early stage to regional lymph nodes due
to anatomical features of the oral cavity. Despite advances
in diagnostic and therapeutic modalities, the prognosis of
OSCC still remains poor; thus, it is essential to identify novel
biomarkers of tumor progression that will facilitate treatment
selection. The relationship of podoplanin in tumor invasion
and its expression in human cancers indicate that it can
be used as a biomarker for malignant transformation risk
assessment and tumor progression biomarker for oral cancer
[13–17].

The purpose of this study is to evaluate the expression
of podoplanin in oral leukoplakia as a biomarker for cancer
risk assessment and correlation of podoplanin with grades of
OSCC.

2. Materials and Methods

2.1. Patients and Specimen. The study was carried out retro-
spectively on 40 previously diagnosed formalin fixed paraffin
embedded tissue specimens, each of oral leukoplakia and
OSCC. In 40 cases of oral leukoplakia, 20 were of mild
dysplasia, 14 were of moderate dysplasia, and 6 were of severe
dysplasia. In 40 cases of OSCC, 16, 16, and 08 were well-
differentiated, moderately differentiated, and poorly differen-
tiated, respectively. All 80 tissue specimenswere stained along
with appendix tissue sections as a positive control.

2.2. Immunohistochemistry. Primary antibody mouse IgG
anti-podoplanin monoclonal antibody (clone D2-40) was
used and staining was done by using the Dako Cytomation
Envision plus peroxidase mouse system and diamino benzi-
dine chromogen as substrate (Dako Cytomation).

Formalin fixed, paraffin embedded tissues were cut into
4 𝜇m sections and deparaffinized by using fresh xylene,
followed by dehydration in graded alcohol.The sections were
treated with peroxide block for 15min and then antigen
retrieval was done by using pressure cooker for 15min. The
tissue sections were then incubated with power block for
15min. Tissue sections were further incubated in ready-to-
use primary anti-podoplanin monoclonal antibody (clone
D2-40), for 40min.The sectionswere then incubated in super
enhancer and with HRP at room temperature for 30min
each. After that, all the sections were incubated with diamino
benzidine chromogen for 5 to 10min. Lastly, the slides were
washed and counterstained with hematoxylin. The negative
control slides were stained similarly, except for the primary
antibody.

2.3. Staining Interpretation. The cellular staining pattern for
anti-D2-40 is cytoplasmic and sometimes membranous.

In oral leukoplakia, immunostaining was scored using a
scoring system described by Kawaguchi et al. as follows [2]:

0—if no expression was observed in any part of the
epithelium.
1—if expression was restricted to the basal layer of the
epithelium (Figure 3(a)).
2—if expression was observed in the basal and
suprabasal layers at one area (Figure 3(b)).
3—if the suprabasal layer expression was observed at
two or three areas (Figure 3(c)).
4—if the suprabasal layer expression was observed at
more than three areas.

Score was calculated in 10 high power fields in each slide and
mean was calculated per slide.

Calculation of cancer risk (according to De Vicente et al.
[11] and Kawaguchi et al. [2]):

Score 0-1: low risk or negative expression.
Score 2 or more: high risk or positive expression.

In OSCC, podoplanin expression was scored as described
by Rodrigo et al. by quantity of positive tumor cells on a scale
of 0 to 5 as follows [17]:

0: negative.
1: less than 10% (Figure 4(a)).
2: more than 10% and less than 30% (Figure 4(b)).
3: more than 30% and less than 50%.
4: more than 50% and less than 80% (Figure 4(c)).
5: more than 80% positive staining.

Based on the staining intensity, positive specimens were
classified into 4 categories [17]:

3 = strong—dark brown staining of cells (Figure 4(c)).
2 = moderate—staining between 2 extremes (dark
brown and weak staining) (Figure 4(b)).
1 = weak—faint staining (Figure 4(a)).
0 = negative—no staining.

German Immunoreactive Score (IRS) was calculated by
multiplying quantity score and staining intensity scores.
Scores could range from 0 to 15:

7 or higher = high reactivity and 0 to 6 = weak
reactivity [17].

Score was calculated in 10 high power fields in each slide and
mean was calculated per slide.

2.4. Statistical Analysis. The association between podoplanin
expression status frommild to severe dysplasia in oral leuko-
plakia patients was analyzed using one-way ANOVA test,
with the help of IBM SPSS statistics 20. Similarly, Podoplanin
expression status from well to poorly differentiated OSCC
was analyzed using one-way ANOVA test. The difference
between the various groups was analyzed with the help of
Tukey HSD test for both oral leukoplakia and OSCC.
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Table 1: Expression of podoplanin in oral leukoplakia (one-way
ANOVA).

Grades of epithelial
dysplasia 𝑁 Mean ± SD 𝐹 value 𝑃 value

Mild dysplasia 20 1.32 ± 0.43
49.53 <0.01Moderate dysplasia 14 2.02 ± 0.30

Severe dysplasia 06 3.03 ± 0.33
SD = standard deviation. 𝑃 < 0.01 = highly significant.

Table 2: Difference between podoplanin expression between vari-
ous groups of oral leukoplakia (Tukey HSD test).

(𝐼) Group (𝐽) Group Mean difference
(I − J) 𝑃 value

Mild dysplasia Moderate dysplasia 0.7086 <0.01
Mild dysplasia Severe dysplasia 1.713 <0.01
Moderate dysplasia Severe dysplasia 1.005 <0.01
𝑃 < 0.01 = highly significant.

Table 3: Expression of podoplanin in OSCC (one-way ANOVA).

Grades of the SCC 𝑁 Mean ± SD 𝐹 value 𝑃 value
Well-differentiated 16 1.03 ± 0.74

118.69 <0.01Moderately differentiated 16 3.34 ± 0.97
Poorly differentiated 08 7.07 ± 0.86
SD = standard deviation. 𝑃 < 0.01 = highly significant.

3. Results

By applying one-way ANOVA test, there was a highly sig-
nificant increase of the podoplanin expression scores from
mild (1.32 ± 0.43) to severe dysplasia (3.03 ± 0.33) (Table 1,
Figure 1), as well as from well (1.03±0.74) to poorly differen-
tiated (7.07±0.86) OSCC (𝑃 < 0.01) (Table 3, Figure 2). Also
the increase of the podoplanin expression scores in between
groups was analyzed using Tukey HSD test and a highly
significant difference was shown between scores of the mild
to moderate dysplasia, moderate to severe dysplasia, well to
moderately differentiated OSCC, and moderately to poorly
differentiated OSCC (𝑃 < 0.01) (Tables 2 and 4).

Thus, results show that there is increased podoplanin
expression with increasing dysplasia in oral leukoplakia
patients and also podoplanin expression score increases from
well-differentiated OSCC to poorly differentiated OSCC.

Podoplanin expression and oral cancer risk for oral
leukoplakia patients are as follows:

Low risk/negative expression: Score 0-1 = 16 patients
(40%).
High risk/positive expression: Score 2 or more = 24
patients (60%).

Immunoreactivity scoring for OSCC patients is as fol-
lows:

0–6 = weak reactivity = 32 patients (80%).
7 and more = high reactivity = 8 patients (20%).

3.5

3

2.5

2

1.5

1

0.5

0

Mild dysplasia Moderate dysplasia Severe dysplasia

Podoplanin score

Figure 1: Graph showing increasing expression of podoplanin in
oral leukoplakia as the grade of dysplasia increases.
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Figure 2: Graph showing increasing expression of podoplanin in
OSCC as the grade of carcinoma increases.

4. Discussion

Although several markers have been proposed for diagnosing
and predicting the behavior of dysplastic lesions, only few
can be used as a biomarker for cancer risk assessment. Thus,
identifying a new biomarker is of great clinical interest [14].

The upward clonal expansion of abnormal cells in the
epithelial layers of dysplastic lesions and significantly higher
risk of cancer development in such lesions was found in
previous studies. The ability to detect these cells expanding
beyond basal layers may allow us to visualize potential clonal
expansion during tumorigenesis. Previously, it was shown
that only a small and a phenotypically distinct subset of
clonogenic cells is responsible for generating tumors and this
subset of cells is considered as tumor initiating cells (TICs) or
caner stem cells. Podoplanin is abnormally expressed in the
early oral tumorigenesis and identified as a new marker for
tumor initiating cells in squamous cell carcinoma [2, 11, 18].

In OSCC, podoplanin expression is restricted to invasive
front. Recent studies have demonstrated that podoplanin
mediates a pathway leading to collective and directional
cell migration; and forced expression of podoplanin led to
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Table 4: Evaluation of the podoplanin expression between groups of OSCC (Tukey HSD test).

(𝐼) Group (𝐽) Group Mean difference
(I − J) 𝑃 value

Well-differentiated Moderately differentiated 2.037 <0.01
Well-differentiated Poorly differentiated 5.769 <0.01
Moderately differentiated Poorly differentiated 3.731 <0.01
𝑃 < 0.01 = highly significant.

(a) (b) (c)

Figure 3: (a) Expression of podoplanin in oral leukoplakia: Score 1—expression restricted to basal layer of epithelium. (b) Expression of
podoplanin in oral leukoplakia: Score 2—expression observed in basal and suprabasal layers at one area. (c) Expression of podoplanin in oral
leukoplakia: Score 3—expression observed at two suprabasal areas.

(a) (b) (c)

Figure 4: (a) Expression of podoplanin inOSCC:weak reactivity (>10% tumor cells positive andweak staining). (b) Expression of podoplanin
in OSCC: moderate reactivity (10–30% tumor cells positive and moderate staining). (c) Expression of podoplanin in OSCC: high reactivity
(50–80% tumor cells positive and strong staining).

a dramatic change of cellular morphology. Also, adhesion
and spreading of cells on the extracellular matrix protein
fibronectin are enhanced by podoplanin expression. Induc-
tion of podoplanin expression results inmultiple adjustments
of intracellular signaling pathways and results in the mod-
ulation of Rho family GTPase activities, the phosphoryla-
tion of ERM (Ezrin, Radixin, and Moesin) proteins, and
rearrangement of the actin cytoskeleton and enhances cell
migration and invasion. Thus, podoplanin correlates with

higher incidence of lymph nodemetastasis in early squamous
cell carcinoma of the oral cavity and oropharynx [2, 11, 16,
19]. Recently several research studies have demonstrated that
podoplanin seems to be expressed by aggressive tumors, with
higher invasive and metastatic potential [8, 15, 20–22].

Recent studies had demonstrated that the expression
of podoplanin correlates with the dysplasia in a grade
dependent manner and a higher rate of malignant trans-
formation [2]. It was previously shown that premalignant
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lesions with podoplanin expression at suprabasal layer may
truly represent tumor initiating cells and with a higher risk
of progression to invasive cancer [17, 23]. In the present
study, podoplanin expression increases with the severity of
dysplasia as it was found in previous studies of Kawaguchi
et al. and Rodrigo et al. [2, 17]. We also found some mild
dysplastic lesions showing increased podoplanin expression
beyond basal layer. Previously, some studies also have not
found the relation between the severity of epithelial dysplasia
andmalignant transformation. As podoplanin correlateswith
increased risk of malignant transformation; these lesions can
be considered at higher risk of malignant transformation [11].

According to study done by Kawaguchi et al., 49% of
patients had positive podoplanin expression in patients with
dysplasia [2]. In the present study, 60% of patients with dys-
plasia had positive podoplanin expression. Taken together,
these data not only support the potential importance of
podoplanin in early oral tumorigenesis but also suggest
that podoplanin can be used as a biomarker for evaluating
malignant transformation risk in patients with premalignant
lesions [1, 2].

In the present study, podoplanin positive cells were
specifically located in most cases at the basal region of squa-
mous cell carcinoma nests, close to the surrounding stromal
cells, at invasive front, and the expression of podoplanin
increases from well to poorly differentiated OSCC. Thus,
it indicates that podoplanin expression increases with the
increasing grades of OSCC. Recently, investigators have
demonstrated that the invasion of squamous cell carcinomas
in the area of head and neck does not depend upon cellular
dedifferentiation, but on the acquisition of specific tumor
cells which express podoplanin at the invasive front of the
tumor. All these suggest that podoplanin may play some
role in the regulation of differentiation, growth, and tumor
progression of OSCC [6, 11, 14, 17, 24].

In the present study, a high expression of podoplanin
was significantly correlated with increased dysplasia and
advanced-stage OSCC; further studies on the correlation
between the expression of podoplanin and prognosis-related
factors in a larger sample population are needed. If the present
study results could be supported by further studies, analysis
of the podoplanin expression in the biopsied tissues could
be helpful to clinicians and patients in evaluating the cancer
risk in oral leukoplakia and as a biomarker for advanced
grades of OSCC. Recently, various anti-podoplanin based
therapeutic strategies, like anti-podoplanin CasMab, have
been tried based on properties of podoplanin and thus can
be useful to improve the prognosis of patients [8, 25, 26].

5. Conclusion

The present study concludes that the podoplanin can be used
as a biomarker for early oral tumorigenesis and for malignant
transformation risk assessment of premalignant lesions and
as a biomarker for advanced grades of OSCC.
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