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Abstract. We investigated the clinical significance of podo-
planin expression in relation to clinicopathological variables 
in head and neck squamous cell carcinoma (HNSCC), to 
determine its effectiveness as a marker for high-risk HNSCC 
patients. Upregulation of podoplanin in HNSCC tissues was 
examined using immunohistochemistry and clinicopatho-
logical analyses. Wound healing and invasion assays were 
performed using HNSCC cells that were transfected with 
podoplanin siRNA, podoplanin vector and cotransfection 
with both the podoplanin vector and VEGF-C siRNA. High 
podoplanin expression was significantly associated with ~3- 
and 5-fold increases in the presence of positive lymph node 
metastasis and poor histological grade, respectively (P<0.05). 
High levels of podoplanin expression were significantly asso-
ciated with decreased overall and disease-specific survival 
rates (P<0.05). Furthermore, upregulation of podoplanin 
induced cell wound repair activity and invasiveness in the 
FaDu and SNU-1041 cells, respectively, while downregulation 
of podoplanin expression through VEGF-C silencing using 
co-transfection of both the podoplanin vector and VEGF-C 
siRNA suppressed cell wound healing and invasion abilities in 
the HNSCC cells. Our findings suggest that high podoplanin 
expression is associated with aggressive tumor behavior, poor 
prognosis and metastatic regulation through interaction with 
VEGF-C, suggesting that podoplanin may be used as a poten-
tial prognostic biomarker for HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common type of cancer worldwide (1). HNSCC 
patients have benefited greatly from recent advances in 
surgical techniques, radiotherapy and chemotherapy. However, 
despite the advances in local control and overall quality of life 
achieved with the use of combined therapies, the survival rate 
for HNSCC has not improved significantly over the last two 
decades (2). Invasion of normal adjacent tissue and lymph 
node metastasis are the most adverse independent prognostic 
factors for patients with HNSCC (3,4).

Although the current TNM staging system is used 
routinely, its value for predicting clinical outcomes remains 
modest, particularly among tumors of identical TNM 
stage  (5,6). Thus, there is a continuing need to identify 
biological markers that may be able to augment the clinical 
staging system. It is also believed that underlying molecular 
features of tumors play an essential role in determining their 
aggressiveness.

Podoplanin is a mucin-type transmembrane glycoprotein 
that is specifically expressed in lymphatic, but not in blood 
endothelial cells (7). It has been shown in a knockout animal 
model that podoplanin deficiency causes lymphovascular 
malformations associated with congenital lymphedema and 
dilation of lymphatic vessels, suggesting that under physi-
ological conditions, podoplanin may play an important role 
in regulating peripheral lung cell proliferation and lymphatic 
vascular development  (8). Recent studies have reported 
podoplanin expression in carcinomas of the skin, lung, 
uterus, esophagus and squamous cell carcinomas of the oral 
cavity (9-15). Moreover, high expression of podoplanin was 
found to be significantly associated with poor prognosis, 
suggesting that podoplanin may have biological functions in 
tumor cells (9,12‑15).

In the present study, we investigated the prognostic influ-
ence of podoplanin expression in HNSCC and its association 
with clinicopathological variables, particularly regional lymph 
node metastasis, to determine its effectiveness as a marker of 
high-risk HNSCC. To verify the involvement of podoplanin in 
the metastasis of HNSCC, we examined cell wound healing 
migration and invasion assays using both RNA interference 
and overexpression of podoplanin.
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Patients and methods

Patients. This retrospective study included 119  consecu-
tive treatment-naïve patients with biopsy confirmed 
primary HNSCC, who were treated at the Department of 
Otolaryngology, Head and Neck Surgery, Chungnam National 
University Hospital between 1998 and 2010. All patients 
underwent primary surgery including neck dissection. Tumor 
staging was conducted according to the criteria of the 7th edition 
of the AJCC (16). Clinicopathological parameters, including 
histopathological and surgical studies, were obtained from the 
medical charts.

Follow-up data were collected by a combination of chart 
review and the local government office for the registration of 
residents. At the time of the analysis, 51 (42.9%) patients had 
succumbed to the disease; 45 (37.8%) of them due to the tumor. 
Overall, 54 patients developed recurrent disease, including 21 
(17.6%) local recurrences, 29 (24.3%) subsequent regional 
lymph node metastases and 8 (6.7%) distant recurrences. The 
average follow-up time was 40.6 (range, 2‑144) months.

Tissue processing and immunohistochemical analysis. The 
immunohistochemical (IHC) study of the HNSCC patients was 
approved by the local institutional review board. Formalin‑fixed 
and paraffin-wax-embedded tissues from 119 HNSCC lesions 
- 44 in the oral cavity, 17 in the oropharynx, 48 in the larynx 
and 10 in the hypopharynx - were retrieved from the archives 
of the Department of Pathology, Chungnam National University 
Hospital, Korea. Sections (4 µm) of the paraffin-wax-embedded 
tissue blocks were used for IHC studies according to the proce-
dures provided in the Vectastain ABC kit (Vector, Burlingame. 
CA, USA). All slides were scored, as described by Yuan et al (14), 
by at least two pathologists who were blinded to the clinical 
information of the patients. For scoring, representative areas of 
each tissue section were selected and evaluated independently. 
Cytoplasm and/or membrane immunoreactivity was considered 
to indicate podoplanin expression. Quantitative scores of 0 to 5 
were assigned when 0, 1‑10, 11‑30, 31‑50, 51‑80 or 81‑100% of 
the tumor cells were positive, respectively. The staining inten-
sity was rated on a scale of 0 to 3: 0 = negative, 1 = weak, 2 = 
moderate, and 3 = strong. The raw data were then converted 
to a German Immunoreactive Score (IRS) by multiplying the 
quantity and staining intensity scores. Theoretically, the scores 
may range from 0 to 15. An IRS score above the median (≥7) 
was considered high reactivity and 0‑6, low. Consensus opinions 
were used to assign final IRS scores in disputed cases before 
data analysis.

Cell lines and culture conditions. The HNSCC cell lines 
FaDu and SNU-1041 were purchased from the American Type 
Culture Collection (ATCC; Rockville, MD, USA) and the 
Korean Cell Line Bank (KCLB; Seoul, Korea) and maintained 
in DMEM and RPMI supplemented with 100 U/ml penicillin, 
100 µg/ml streptomycin, 25 ng/ml amphotericin B and 10% 
fetal bovine serum (FBS) (Gibco, Carlsbad, CA, USA) at 37˚C 
in a humidified incubator with 5% CO2, respectively.

siRNA knockdown of podoplanin gene expression. 
Podoplanin‑specific siRNA and control siRNA were purchased 
from Bioneer (Daejeon, Korea). The targeted sequences of 

podoplanin were sense siRNA, 5'-GAU AAC ACG UGU GGU 
GAA CAA TT-3' and antisense, 5'-UUG UUC ACC ACG 
UGU UAU GTT-3'. Podoplanin siRNA transfection was 
performed in opti-MEM media with the transfection reagent 
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad, 
CA, USA) following the manufacturer's instructions.

Gene manipulation of podoplanin. Human podoplanin cDNA 
(NM_006474.4) was PCR-amplified from a cDNA library 
which was purchased from Origene (Rockville, MD, USA) and 
cloned into the NotI/NotI site of pCMV6-XL5 (Origene). The 
PDPN vector containing the podoplanin coding region or the 
mock vector was transfected into the FaDu or SNU-1041 cell 
line with Lipofectamine 2000 according to the manufacturer's 
instructions, respectively.

RT-PCR. Oligonucleotides of the VEGF family genes such as 
VEGF-A, -B, -C and -D were purchased from Bioneer. The 
primer sequences for GAPDH were 5'-CCATCACCATCT 
TCCAGGAG-3' (sense) and 5'-ACAGTCTTCTGGGTGGCA 
GT-3' (antisense). The VEGF family-specific primers used for 
PCR were described in a previous study (17). Relative gene 
expression levels were normalized to GAPDH expression.

Western blot analysis. Sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) was conducted using a 
Mini‑Protean Tetra Cell (Bio-Rad, Hercules, CA, USA) and a 
12% gel according to the manufacturer's instructions. Proteins 
were transferred to a PVDF membrane and probed with 
primary antibodies followed by an HRP-conjugated secondary 
antibody. Immunolabeled proteins were detected by incubation 
with enhanced chemiluminescence (ECL) substrate followed 
by exposure of the membrane to autoradiography film.

Wound healing cell migration assays. Cells were plated on a 
60-mm culture dish with 90% confluence and an injury line 
with a width of 2 mm was made by scraping across the cell 
monolayer with a yellow tip. After floating cell debris was 
removed by washing with PBS, cell migration was monitored 
under a phase-contrast microscope and photographed.

Cell invasion assays. FaDu and SNU-1041 cells were cultured 
for 24 h after the transfection of podoplanin siRNA or PDPN 
vector in growth medium containing 10% FBS. The following 
procedures are described in a previous study (18). The cells 
were counted by taking photomicrographs at a magnification, 
x100. Cells in five different fields of each well were counted 
with two wells per treatment. The mean values were obtained 
from three replicate experiments and were subjected to a t-test.

Statistical analysis. The SPSS software (ver.  14; SPSS, 
Chicago, IL, USA) was used to perform statistical analyses. 
Univariate analysis of podoplanin expression and clinicopatho-
logical parameters was performed using the Fisher's exact test. 
Significant variables in the univariate analysis were included 
in a multinomial logistic regression test (multivariate analysis). 
The Kaplan-Meier method (assessed by log-rank test) and Cox 
regression model were used for univariate and multivariate 
overall and disease-specific survival analyses. A P-value <0.05 
was considered to indicate statistical significance.
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Results

Upregulation of podoplanin expression in HNSCC tissues and 
cell lines. As expected, podoplanin was highly expressed in the 
endothelial cells of lymphatic vessels, but was not detectable in 
the endothelial cells of blood vessels. In histologically normal 

squamous epithelium adjacent to the tumors, podoplanin 
expression was either not detectable or extremely low in some 
basal cells. In primary HNSCC, podoplanin expression was 
generally heterogeneous and differentially increased (Fig. 1). 
Podoplanin transcript and translational levels were expressed 
differentially in the HNSCC cell lines (Fig. 2).

Figure 1. Representative micrographs showing podoplanin staining intensity and the overall survival rate of HNSCC patients. (A) Tumor cells without 
podoplanin expression at magnification, x400 (score 0). (B) Tumor with weak podoplanin expression at magnification, x400 (score 1); (C) moderate expression 
of podoplanin at magnification, x400 (score 2); (D) strong podoplanin expression at magnification, x400 (score 3). (E) Overall survival rate of patients whose 
tumors expressed high and low levels of podoplanin. (F) Disease-specific survival rate of patients whose tumors expressed high and low levels of podoplanin. 
HNSCC, head and neck squamous cell carcinoma.

Figure 2. Expression of podoplanin in HNSCC cell lines using RT-PCR (A) and western blot analysis (B). The GAPDH or actin gene was used as an internal 
reaction control, respectively. HNSCC, head and neck squamous cell carcinoma. 
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Relationships of podoplanin expression with clinicopatholog-
ical features in patients with HNSCC. Immunohistochemical 
staining images are shown in Fig.  1. Of the 119  cases, 
26 (21.8%) showed no podoplanin expression, 32 (26.9%) had 
weak, 37 (31.1%) moderate and 24 (20.2%) strong expression. 
For statistical purposes, we divided the cases into two groups; 

those with scores (IRS) ≤6 (the median value) were considered 
to have low podoplanin expression, whereas those with scores 
>6 were considered to have high expression. Thus, podoplanin 
expression was low in 58 (48.7%) cases and high in 61 (51.3%).

Relationships between the degree of podoplanin expres-
sion and the clinicopathological features of the 119 HNSCC 
patients are shown in Table  I. There was a statistically 
significant correlation between high podoplanin expression 
and the presence of lymph node metastasis, advanced AJCC 
stage, and poor histological grade. In the multivariate analysis, 
high podoplanin expression was significantly associated with 
~3- and 5-fold increases in the presence of positive lymph node 
metastasis and poor histological grade, respectively (P<0.05; 
Table II).

Correlation of podoplanin expression and the overall survival 
and disease-specific survival rates of the HNSCC patients. 
High podoplanin expression had a marked impact on the 
overall (P<0.001) and disease-specific survival rate (P<0.001; 
Fig.  1E  and  F). The 5-year overall and disease-specific 
survival rates were 77 and 86%, respectively, in patients with 
low podoplanin expression, while 37 and 44%, respectively, in 
those with high podoplanin expression.

Cox proportional hazards regression analysis was 
performed to determine whether the effect of podoplanin 
expression on the disease-specific survival rate was dependent 
on other known risk factors. Poor histological grade and high 
podoplanin expression were independent significant factors 
for worse disease-specific survival rates (P<0.05; Table III). 
The disease-specific death risk in HNSCC patients with high 
podoplanin expression was ~3-fold higher than in those with a 
lower podoplanin expression (Table III).

Silencing of podoplanin suppresses wound healing cell migra-
tion and invasion in HNSCC. After cells were transfected with 
the podoplanin siRNA for 24 h, total protein was extracted, 
and western blot analysis was performed. There were various 
degrees of podoplanin protein suppression, depending on the 
cell types and there was no change in the cellular morphology 
of cells that were treated with podoplanin siRNA (data not 
shown). As shown in Fig. 3A, control siRNA‑expressing FaDu 
or SNU-1041 cells repaired the wounded area rapidly at 24 h. 
Meanwhile, treatment with podoplanin siRNA in FaDu and 
SNU-1041 cells inhibited wound repair significantly at 24 h, 
respectively. In the Transwell invasion assay, the percentages 
of the invasive cells in the podoplanin siRNA-expressing 
FaDu and SNU-1041 were decreased to 72 and 80.7% of that 

Table I. Associations between podoplanin expression and the 
clinicopathological features of the patients with HNSCC.

		  Podoplanin
	 expression
	 No. of	 ---------------------------
Variables	 patients	L ow	 High	 P-value

Age (years)
  <65	 63	 28	 35	 0.361
  ≥65	 56	 30	 26
Gender
  Male	 105	 49	 56	 0.262
  Female	 14	 9	 5
T stage
  I+II	 66	 36	 30	 0.197
  III+IV	 53	 22	 31
Lymph node metastasis
  No	 60	 38	 22	 0.002a

  Yes	 59	 20	 39
AJCC stage
  I+II	 41	 27	 14	 0.008a

  III+IV	 78	 31	 47
Histological grade
  Well	 33	 23	 10	 0.007a

  Moderate	 56	 26	 30
  Poor	 30	 19	 21
Primary site				    0.465
  Oral cavity	 44	 24	 20
  Oropharynx	 17	 10	 7
  Hypopharynx	 10	 4	 6
  Larynx	 48	 20	 28

aP<0.05 between the two categories for a given variable. HNSCC, 
head and neck squamous cell carcinoma.

Table II. Multinomial logistic regression for the associations of podoplanin expression with lymph node metastasis, AJCC stage 
and histological grade.

Factor	 β	 P-value	 Exp(β)	 95% CI

Positive lymph node metastasis	 1.153	 0.031a	 3.168	 (1.108-9.059)
Advanced AJCC stage	 0.005	 0.993	 1.005	 (0.326-3.098)
Poor histological grade	 1.604	 0.006a	 4.972	 (1.581-15.630)

Exp(β) indicates odds ratio; CI, confidence interval. aP<0.05 between the two categories for a given variable.
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in the control siRNA‑expressing FaDu and SNU-1041 cells, 
respectively (Fig. 3B). In addition, inhibition of podoplanin led 
to suppression of the VEGF-C transcript level (Fig. 3C) and 
protein expression (Fig. 3D) in the FaDu and SNU-1041 cells, 
respectively. Other VEGF family such as VEGF-A, -B and -D 
were not altered in the podoplanin siRNA‑expressing cells 
when compared to levels in the control cells (Fig. 3C).

Overexpression of podoplanin induces wound healing cell 
migration and invasion in the HNSCC cells. As shown in 
Fig. 4A, mock vector-expressing FaDu or SNU-1041 cells 
slightly repaired the wounded area at 24 h. However, PDPN 
vector‑overexpressing FaDu and SNU-1041 cells induced 
wound repair rapidly at 24 h, respectively. In a Transwell 
invasion assay, the percentages of invasive cells in the 

Table III. Multivariate Cox regression analysis of disease-specific death events in the HNSCC patients (n=119).

Parameters	 Risk ratio (RR)	 95% CI	 P-value

Age (years)	 1.195	 0.598-2.388	 0.614
Gender	 0.421	 0.122-1.449	 0.170
Advanced T stage	 0.607	 0.284-1.293	 0.196
Lymph node metastasis	 2.293	 0.952-5.520	 0.064
Advanced AJCC stage	 4.438	 0.993-19.831	 0.051
Poor histological grade	 17.027	 2.220-130.574	 0.006a

High podoplanin expression	 2.981	 1.320-6.732	 0.009a

aP<0.05 between the two categories for a given variable. HNSCC, head and neck squamous cell carcinoma. CI, confidence interval.

Figure 3. Inhibition of cell wound healing migration and invasion in podoplanin siRNA-expressing HNSCC cells. (A) The wound healing assay was conducted 
by scraping a wound area in 90% confluent FaDu and SNU-1041 cells, respectively. Cells were incubated after transfection with 100 pmol podoplanin siRNA 
and were monitored using phase-contrast microscopy after 24 h. (B) The invasion assay was carried out according to the invasion assay method described in 
Material and methods. Invaded cells were counted by capturing photomicrographs at magnification, x100. Representative fields were photographed. Invaded 
cells in each well were counted in five different fields under the microscope. The mean values and the standard error were obtained from three individual 
experiments. *P<0.1 and **P<0.05. (C) RT-PCR analyses of VEGF-A, -B, -C and -D were performed in podoplanin siRNA-expressing FaDu and SNU-1041 
cells compared to control siRNA-expressing cells, respectively. (D) Western blot analysis of expression of podoplanin and VEGF-C in podoplanin siRNA-
expressing FaDu and SNU-1041 cells, respectively. Actin expression was used as an internal control.
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podoplanin-expressing FaDu and SNU-1041 were increased to 
148.3 and 113.9% of that in the mock vector‑expressing FaDu 
and SNU-1041 cells, respectively (Fig. 4B). Furthermore, over-
expression of podoplanin led to an increase in the VEGF-C 
transcript level  (Fig. 4C) and protein expression  (Fig. 4D) 
in the FaDu and SNU-1041 cells, respectively. Other VEGF 
family such as VEGF-A, -B and -D were not altered in the 
podoplanin‑overexpressing cells compared to that in the mock 
cells (Fig. 4C). These results suggest that podoplanin regulates  
cell wound healing activity and invasiveness through interac-
tion of VEGF-C in HNSCC cells.

Podoplanin regulates the metastatic process through interac-
tion of VEGF-C in the HNSCC cells. To determine whether 
podoplanin modulates HNSCC cell metastasis, we examined 
cell wound healing migration and a Transwell invasion assay in 
VEGF-C-suppressed cells transfected with VEGF-C siRNA. 
We confirmed that VEGF-C protein expression was suppressed 
in the VEGF-C siRNA-expressing FaDu and SNU-1041 
cells compared with levels in the control siRNA‑expressing 
FaDu and SNU-1041 cells, respectively  (Fig. 5A). Control 
siRNA‑expressing FaDu and SNU-1041 cells repaired 
the wound area rapidly at 24  h, while the VEGF-C 
siRNA‑expressing FaDu and SNU-1041 cells suppressed the 

wound repair significantly at 24 h, respectively (Fig. 5A). In 
addition, the percentage of invasive cells  in the VEGF-C 
siRNA-expressing FaDu and SNU-1041 were decreased to 71.9 
and 75.4% of that in the control siRNA‑expressing FaDu and 
SNU-1041 cells, respectively (Fig. 5B). Additionally, inhibition 
of VEGF-C led to suppression of podoplanin expression in the 
FaDu (Fig. 5C) and SNU-1041 (Fig. 5D) cells, respectively.

Next, to determine a correlation between podoplanin and 
VEGF-C, we examined the cell wound healing migration and 
invasion assays in both podoplanin overexpression vector and 
VEGF-C siRNA-cotransfected FaDu and SNU-1041 cells, 
respectively. The podoplanin-overexpressing FaDu and 
SNU-1041 cells rapidly repaired the wound area compared 
with this rate in the mock cells, respectively (Fig. 6A and C). 
In contrast, both podoplanin vector and VEGF-C siRNA-
coexpressing FaDu or SNU-1041 cells inhibited wound repair 
compared with the podoplanin vector‑expressing FaDu and 
SNU-1041 cells  (Fig. 6A and C). In addition, the percent-
ages of invasive cells in the podoplanin vector-expressing 
FaDu and SNU-1041 were increased to 163.9 and 184% of 
that in the mock vector‑expressing FaDu and SNU-1041 
cells (Fig. 6B and D). In the cell wound healing assay, the 
percentages of invasive cells in both the podoplanin vector and 
VEGF-C siRNA-coexpressing FaDu and SNU-1041 cells were 

Figure 4. Induction of cell wound healing migration and invasion in the podoplanin-overexpressing FaDu and SNU-1041 cells. (A) The wound healing assay 
was conducted by scraping a wound area. Cells were monitored using phase-contrast microscopy at 24 h after transfection of podoplanin vector. (B) The inva-
sion assay was carried out according to the invasion assay method described in Patients and methods. The mean values and the standard error were obtained 
from three individual experiments. *P<0.1 and **P<0.05. (C) RT-PCR analyses of VEGF-A, -B, -C and -D were performed in podoplanin-overexpressing cells 
compared to mock cells. (D) Western blot analysis of expression of podoplanin and VEGF-C in podoplanin-overexpressing cells. Actin expression was used 
as an internal control.
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significantly decreased to 48.8 and 20.7% of these percentage 
in the podoplanin vector-expressing FaDu and SNU-1041 
cells, respectively (Fig. 6B and D). These results indicated that 
podoplanin regulates metastasis via interaction of VEGF-C in 
HNSCC cells.

Discussion

Podoplanin is a 38-kDa type I transmembrane glycoprotein 
consisting of 162 amino acids that is expressed almost exclu-
sively in lymphatic endothelial cells  (19). In other normal 
human tissues, podoplanin is expressed by various cells, 
including kidney podocytes, lung alveolar type I cells, basal 
epithelial keratinocytes of the skin, cervix and esophagus and 
myoepithelial cells of the breast gland and salivary glands (20). 
Due to its specific expression in lymphatic endothelium, podo-
planin has been widely used as a specific marker of lymphatic 
endothelial cells and lymphangiogenesis under physiological 
and pathological conditions. Thus, over the past few decades, 
podoplanin has been used to assess tumoral lymphatic vessel 
density in many types of cancer and correlates with lymph 
node metastasis and poor prognosis (14,21-23).

Podoplanin expression is upregulated in a number of 
human cancer types, including squamous cell carcinomas 
of the oral cavity, lung, cervix, esophagus and the skin, in 
dysgerminomas of the ovary and granulosa cell tumors, in 
mesothelioma and in many tumors of the central nervous 

system (9-15,24-27). Recent experimental results have also 
demonstrated that podoplanin mediates a pathway leading to 
collective cell migration and invasion in vivo and in vitro (27). 
Some investigators have demonstrated a possible relation-
ship between podoplanin expression and tumor invasion or 
metastasis (11,12,14,21). In oral leukoplakia, high podoplanin 
expression has been associated with an increased risk of 
progression to invasive cancer, suggesting that podoplanin 
may be a powerful biomarker of the risk of oral cancer 
development in patients with oral leukoplakia  (15). This 
evidence supports the importance of podoplanin in oral 
tumorigenesis and malignant transformation. Recent studies 
have also shown that high levels of podoplanin expression 
in primary oral SCC are associated with advanced T stage, 
lymphatic spread to the cervical region and a poor clinical 
outcome  (14,28). Tong  et  al demonstrated a significant 
association between the level of podoplanin expression 
and depth of tumor invasion, lymph node status, lymphatic 
vessel density, progressive TNM stage and disease-free 
survival time in patients with esophageal SCC (29). Thus, 
they suggested that podoplanin may be useful as an inde-
pendent prognostic factor for esophageal SCC. In the present 
study, we also found that podoplanin was strongly associated 
with lymph node metastasis and poor histological grade in 
HNSCC patients. More importantly, high levels of podo-
planin expression were associated with decreased overall and 
disease-specific survival rate in patients with HNSCC.

Figure 5. Suppression of cell wound healing migration and invasion in VEGF-C siRNA-expressing FaDu and SNU-1041 cells. (A) The wound healing assay 
was conducted by scraping a wound area. Cells were monitored using phase-contrast microscopy at 24 h after transfection of VEGF-C siRNA. (B) The 
invasion assay was carried out according to Patients and methods. The mean values and the standard error were obtained from three individual experiments. 
*P<0.1. (C and D) Western blot analysis of expression of podoplanin was analyzed in both podoplanin vector and VEGF-C siRNA-coexpressing cells. Actin 
expression was used as an internal control.
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Figure 6. Suppression of cell wound healing migration and invasion in both podoplanin vector and VEGF-C siRNA-coexpressing FaDu and SNU-1041 
cells. (A and C) The wound healing assay was conducted by scraping a wound area. Cells were monitored using phase-contrast microscopy at 24 h after 
cotransfection of both podoplanin vector and VEGF-C siRNA in FaDu and SNU-1041 cells, respectively. (B and D) The invasion assay was performed in both 
podoplanin vector and VEGF-C siRNA-cotransfected FaDu and SNU-1041 cells, respectively. The mean values and the standard error were obtained from 
three individual experiments. *P<0.05, **P<0.005 and ***P<0.005.
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However, in contrast to these findings, Dumoff et al (11) 
reported a strong correlation between low expression of podo-
planin and both lymphatic invasion and nodal metastasis in 
uterine cervical cancer. Rodrigo et al (30) reported that laryn-
geal cancer patients with high podoplanin expression showed 
prolonged disease-specific survival. These findings suggest 
that the biological function of podoplanin may vary according 
to cancer type. Considering that only 48 laryngeal carcinoma 
cases were investigated in the present study, high podoplanin 
expression was also significantly correlated with poor survival 
outcome, in contrast to the results of Rodrigo et al (30). This 
may have been since most of the laryngeal carcinoma patients 
had advanced-stage disease and underwent total laryngecto-
mies, and the case number of laryngeal carcinoma patients 
was small in our study population. The prognostic effects of 
podoplanin expression should be investigated in larger popula-
tions of laryngeal carcinoma patients.

Our results suggest that podoplanin plays a role in 
lymphatic spread and tumor progression in HNSCC, while 
the exact mechanism is unclear. It has been demonstrated that 
podoplanin contributes to tumor invasion by binding ERM 
proteins, such as ezrin, radixin and moesin to activate RhoA, 
resulting in epithelial-mesenchymal transition (EMT) (31). 
However, Wicki et al (27) suggested that podoplanin induced 
collective tumor cell invasion in the absence of a cadherin 
switch or EMT. Podoplanin is also involved in the aggregation 
of platelets and may therefore enhance the arrest, extravasa-
tion and subsequent metastasis of podoplanin-expressing 
tumor cells circulating in the blood (32). In the present study, 
we found that silencing of podoplanin led to suppression of 
VEGF-C expression resulting in inhibition of cell wound 
healing repair and invasion (Fig. 3) and that overexpression of 
podoplanin led to elevation of VEGF-C expression resulting 
in induction of metastatic processes such as wound healing 
migration and invasion in HNSCC cells (Fig. 4). As shown in 
Fig. 5 and 6, treatment of VEGF-C siRNA and overexpres-
sion of podoplanin suppressed wound repair activity and 
invasiveness in both FaDu and SNU-1041 cells. Based on 
these results, we suggest that podoplanin regulates metastatic 
processes such as migration and invasion via interaction of 
VEGF-C in HNSCC cells. Research is ongoing to elucidate 
the detailed molecular mechanisms underlying the relation-
ship between podoplanin and VEGF-C in the metastatic 
process of HNSCC.

In conclusion, our findings suggest that high podoplanin 
expression is associated with aggressive tumor behavior, poor 
prognosis of head and neck cancer and regulation of metastasis 
through VEGF-C modulation in HNSCC. Podoplanin may be 
a potential regulator of VEGF-C in HNSCC metastasis and 
may be used as a prognostic biomarker for HNSCC patients.
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