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SUMMARY
Objective. Podoplanin is a mucin-like glycoprotein that is important in lymphangiogenesis but not in blood ves-
sel formation. The aim of this preliminary study is to determine the role of podoplanin in the development and
progression of head and neck cancer.
Material and Methods. Podoplanin over expression was analyzed in 20 patients with oral cancer, by immunohistochem-
ical analysis. 
Result. Podoplanin is not expressed in normal oral epithelial cells but was found in some hyperplastic and dysplastic le-
sions. Podoplanin high expression was found in 9 of 20 patients and was more frequent in cancers with lymph node metas-
tasis, particularly in oral cavity cancers. In our preliminary study, patients who showed high levels of podoplanin had a
statistically greater rate of lymph node metastasis (P<0,001); patients with lymph node metastasis and high-level
podoplanin showed a shorter disease-specific survival (P = 0,004) than other patients. 
Conclusion. The results of our preliminary study have provided interesting and encouraging data. We have observed that
podoplanin expression increases in the early stages of tumourigenesis and it seems to be associated with a higher risk
of head and neck cancer. While in squamous cell carcinoma podoplanin expression diminishes during tumour progres-
sion. These data support a role for podoplanin expression in the initiation but not in the progression of cancer. So we can
conclude that podoplanin is involved in oral oncogenesis and can be a predictor for lymph node metastasis in asympto-
matic patients. Histology and podoplanin analysis can be very useful to predict the risk of development, invasion and
metastatic progression of a tumour in patients with oral cancer.
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Introduction

Originally podoplanin was detected on the surface
of podocytes and it belongs to the family of type-1
sialomucin-like transmembrane glycoproteins. Al-
though specific for lymphatic endothelium,
podoplanin is found in a wide variety of  tumor 
cells (1). 
The production of podoplanin is induced by the
homeobox gene Prox-1 and a specific endogenous
receptor was identified on platelets (1, 2). 
Podoplanin significantly increases the detection of

lymphovascular invasion in different types of ma-
lignant tumors. Podoplanin expression was found
in tumor cells of various types of cancer, such as
vascular tumors, malignant mesothelioma, central
nervous system tumors and squamous cell carci-
nomas (2, 3) (Tab. 1); therefore the international
literature has confirmed that Podoplanin expres-
sion is rather higher in early cancer stages than in
more advanced ones (3). The presence of this
protein in tumor cells is useful for pathological di-
agnosis and it seems to be expressed by aggres-
sive tumors, with higher invasive and metastatic
potential.
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Head and neck squamous cell carcinoma is one of the
most common types of cancer, with an annual inci-
dence of more than 500.000 cases worldwide (1).
In Italy oral cancer is diagnosed approximately in
26.000 men and 14.000 women every year, repre-
senting 3.4% of all newly diagnosed cancer cases
and 2.5% cancer-related deaths (2, 3).

Material and methods

Our preliminary experimental program included a
selection of 20 patients (13 men and 7 women,
aged between 57 and 73 years, average age 67,4
years) suffering from oral cancer at the UOC of
Otorhinolaryngology and Neck Surgery of the “San
Giovanni Calibita - Fatebenefratelli Hospital”. We

took a history and performed a physical examina-
tion and introduced patients for diagnostic treat-
ment. 
The 13 selected male patients showed 8 cases of
tongue carcinoma and 5 cases of  lower jaw cancer;
while the 7 women showed 2 cases of upper jaw
cancer, 4 tongue carcinomas and 1 parotid gland
cancer. 
Subsequently patients underwent radical surgery
for tumor removal and a complete neck dissection.
The clinical follow-up data were not available for
the population.
The associations between podoplanin expression
status and clinicopathologic parameters were ana-
lyzed using the 2 tests or Fisher’s exact test for cat-
egoric variables and the Wilcoxon rank sum test for
continuous variables. For time-to-event analysis,
Kaplan-Meier curves were plotted. The hazard ra-
tios with 95% CI and Pvalues were reported. All

Table 1 - Correlation between Podoplanin and Cancer.
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tests were two-sided, and P values less than 0.05
were considered statistically significant. Tissue sec-
tions (4 μm thick) from formalin-fixed paraffin-
embedded tissue blocks of lesion were mounted
on positively charged slides. Immunohistochem-
istry was performed using the avidin-biotin perox-
idase complex technique, as described previously.
Slides were deparaffinized through a series of xy-
lene baths and rehydrated with graded concentra-
tions of alcohol. In order to retrieve antigenicity,
slides were steamed with 10 mmol/L citrate buffer
(pH, 6.0; DAKO Cytomation, Carpinteria, CA) for
20 minutes. Slides were immersed in methanol con-
taining 3% hydrogen peroxide for 10 minutes, fol-
lowed by incubation in 10% horse serum for 30
minutes at room temperature. Then slides were in-
cubated with monoclonal antibody D2-40 (an-
tipodoplanin) at 1:100 dilution (Vector Laborato-
ries, Burlingame) at 4°C overnight followed by
signal development processes using the Vectastatin
Elite ABC kit according to the manufacturer’s pro-
tocol.
The slides were counterstained by Mayer’s hema-
toxylin (DAKO Cytomation). Identification of
podoplanin in lymphatic endothelial cells in stroma
served as an internal positive control. Cell mem-
brane immunoreactivity was considered podoplanin
expression.  
This expression was scored as: 
- 0: if no expression was observed in any part of

the epithelium; 
- 1: if expression was restricted to the basal layer

of the epithelium; 
- 2: if expression was observed in the basal and

suprabasal layers in one area; 
- 3: if the suprabasal layer expression was ob-

served in two or three areas;
- 4: if the suprabasal layer expression was ob-

served in more than three areas.

The scores were based on examination of the
whole section in each biopsy by three observers,
who had no previous knowledge of the clinical in-
formation, under a multiheaded microscope (Fig.
1 A-E, 0-4). 
After the slides examination, unaware of the clini-
cal situation, the three different observers gave a
podoplanin expression index in a scale from 0 to 4. 

Results

In the Oral Cancer, podoplanin expression was gen-
erally heterogeneous: it was highly expressed in the
endothelial cells of lymphatic vessels, but not de-
tectable in the endothelial cells of blood vessels. 
In squamous epithelium adjacent to the tumor,
podoplanin expression was not detectable (Fig. 2 A-
C) or extremely low in basal cells. However, in
some of the hyperplastic and dysplastic epithelial
areas adjacent to the tumor, podoplanin was highly
expressed in the basal cells (Fig. 2 D-F).
Podoplanin appeared in 2 patterns: diffuse expres-
sion in most living tumor cells and focal expression
in the proliferating periphery of the tumor cell nests
with no expression in the central areas. In these
cases the central areas often contained more differ-
entiated cells, mimicking the pattern of  hyperplas-
tic and dysplastic epithelium. Some of the tumors
exhibited low or no podoplanin expression. We ob-
served small tumor nests in a regional lymph node
metastasis and tumor cells inside lymphatic vessels
with positive podoplanin expression. 
At the moment of diagnosis, 45% of the patients
(9 of 20) reported the over expression of the anti-
body; 60% of them (5 of 9) had of clinically
healthy tissue margins. To determine whether
podoplanin expression in tumors can be used to
predict patients’ clinical outcome, we compared
patients’ podoplanin expression status and  cancer-
specific survival duration. Patients whose tumors
expressed high levels of podoplanin had a shorter
survival and higher rate of lymph node metastasis
than those whose tumors expressed low levels of
podoplanin (Fig. 3 A-C).

Discussion

The monoclonal antibody D2-40 (Podoplanin) was
initially developed to recognize the M2A antigen,
which is an oncofetal glycoprotein expressed by tes-
ticular germ cell neoplasm (3, 4). Because M2A is
found in lymphatic endothelial cells but not in blood
endothelial cells, in recent studies D2-40 has been
used to detect lymphatic vessels. From our study,
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Figure 1 A-E
Podoplanin expression. In the figures from A to E we can observe the expression of podoplanin
corresponding to score 0 to 4.
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Figure 2 A-F
Podoplanin was expressed in Oral Cancer adjacent epithelium. In the figures from A to F we can observe podoplanin expres-
sion in lymphatic endothelial cells. Podoplanin was not expressed in oral epithelium with normal histologic characteristics (A-
C), but it was observed in basal layer of hyperplastic (D) and dysplastic (E,F) epithelium adjacent to the cancer.
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the specific staining of lymphatic vessels in the tis-
sue sections is consistent with what found in pre-
viously published studies. 
Surprisingly D2-40 staining in oral and hypopha-
ryngeal tumor cells was strong. A unique feature of

our study is prospective nature, we analyzed a large
number of patients with this type of disease for a
long follow-up; podoplanin is abnormally expressed
in the early oral tumorigenesis, confirming
podoplanin increased presence in advanced can-
cers (Tab. 2) (4).
However, podoplanin expression alone cannot be
sufficient to promote tumorigenesis because many
lesions exhibit the protein expression only in the
basal layer cells (5). Other factors are necessary to
promote clonal expansion of the abnormal cells. In-
deed, lesions with such clonal expansion carry a sig-
nificantly higher risk of oral cancer development (5,
6) (Tab. 3). 
More studies are necessary to compare the role of
podoplanin and other markers in lesions with clonal
expansion to understand whether podoplanin ex-
pression provides additional information beyond
clonal expansion. 
A recent study (7), using multiple approaches,
found that the D2-40 antibody specifically recog-
nizes human podoplanin, which has biochemical
characteristics similar to the M2A antigen. The sim-
ilarity of M2A to podoplanin is important, not only
making D2-40 a valuable reagent for studying
podoplanin, but also allowing better data interpre-
tation to determine the biologic roles of podoplanin
in physiology and possibly tumorigenesis (4, 6, 8).
In this study it was found that podoplanin was ex-
pressed in most of the HNSCC cases and was
strongly associated with lymph node metastasis. 
The more important thing is that the high levels of
podoplanin expression were associated with de-
creased patient survival and in particular with dis-
ease-specific survival. These results are consistent
with the findings from cell culture and animal ex-
periments, supporting the importance of podoplanin
in oral tumorigenesis (9).                      
This study was based on a 2-stage experimental de-
sign, incorporating testing and validation steps. The
first stage showed an association between high lev-
els of podoplanin in tumors and lymph nodes metas-
tasis, which was more prominent in patients with
oral cancers (8, 9). On the basis of this finding, the
study proposed a specific hypothesis and tested it
using an independent group of patients with oral
tongue cancer. In the second stage of this study the
same techniques, reagents and data interpretation

Figure 3 A-C
Preneoplastic and neoplastic lesion in hyperplastic and dys-
plastic tissues.
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Table 3 - Cancer progression and Podoplanin concentration are inversely proportional.

Table 2 - Podoplanin shows a tendency to increase cancer malignancy.
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criteria were used, the finding that high levels of
podoplanin expression are associated with lymph
node metastasis and predict poor clinical outcomes
in patients with oral tongue cancer.
This result confirmed the podoplanin role in oral tu-
morigenesis (10). Another study showed that in
oral squamous cell carcinomas, approximately 50%
of lesions expressed podoplanin and these higher
expression levels are associated with lymph node
metastasis and poor clinical outcome.
From the biomarker standpoint, the potential utility
of podoplanin expression depends on whether it
can provide additional value beyond current clini-
cal and pathologic assessments (9, 11). 
The observation that podoplanin is highly expressed
in some hyper-plastic and dysplastic lesions adja-
cent to the primary tumors indicates initially that the
over-expression first occurs in head and neck tu-
morigenesis (12). 
Further investigation is advisable in order to assess
the role of podoplanin in head and neck tumor ini-
tiation and progression and to determine whether
over-expression of podoplanin in head and neck
pre-malignant lesions, such as oral leukoplakia, can
serve as a biomarker to predict the development of
invasive cancer (5, 8, 9). 
Moreover, the early occurrence of podoplanin ex-
pression in oral tumorigenesis, the strong associa-
tion between podoplanin overexpression and cancer
development and the role of podoplanin in pro-
moting cell invasion revealed in vitro experiments
suggest that podoplanin can be used as a biomarker
for oral cancer risk assessment and  as a potential
chemoprevention target (9, 10, 12).

Conclusions

The results from our preliminary study are encour-
aging. At the end of our research we can conclude
that Podoplanin is involved in oral carcinogenesis
and can be used, as predictive marker for the de-
velopment and progression of head and neck
metastatic neoplasms. The over-expression of
podoplanin in neoplastic, hyperplastic and dys-
plastic tissue, confirmed by our study and those of
several authors, could encourage research with the

monoclonal antibodies also in tissues affected by
Oral Precancerous Lesion. According to the inter-
national literature, we have observed that
podoplanin expression increases in the early stages
of  tumourigenesis and it seems to be associated
with a higher risk of head and neck cancer (3, 7, 9). 
While in squamous cell carcinoma podoplanin ex-
pression diminishes during tumour progression.
These data support a role for podoplanin expression
in the initiation but not in the progression of cancer.
Therefore we can conclude that the monoclonal
antibodies are a recent means and certainly valuable
in Oncology. Over-expression of  podoplanin in
the neoplastic development in neo-plastic tissues
was demonstrated. Podoplanin prognostic potential
deserves further investigation, because its role as a
biological marker could be helpful in alleviating the
morbidity and mortality of Oral Cancer.
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