
Abstract. In the last decade, much data has been generated
concerning the molecular mechanisms of lymphangiogenesis
and its significance in pathological conditions. This was mainly
due to the discovery of lymphatic endothelial cell (LEC)-specific
markers, such as vascular endothelial growth factor receptor-3
(VEGFR-3), LYVE-1, Prox-1 and podoplanin. Podoplanin,
originally detected on the surface of podocytes, belongs to the
family of type-1 transmembrane sialomucin-like glycoproteins.
Although specific for lymphatic vascular (LV) endothelium,
podoplanin is expressed in a wide variety of normal and tumor
cells. The expression of podoplanin is induced by the homeobox
gene Prox-1 and a specific endogenous receptor was identified
on platelets. Immunohistochemical detection of podoplanin/
D2-40 in LECs was used in many studies to evaluate the LV
microvascular density (LVMD) in peritumoral and tumoral
areas, and to correlate LVMD with lymph node status and
prognosis. Podoplanin significantly increases the detection of
lymphovascular invasion in different types of malignant tumors.
Podoplanin expression was found in tumor cells of various types
of cancer, such as vascular tumors, malignant mesothelioma,
tumors of the central nervous system (CNS), germ cell tumors
and squamous cell carcinomas. This expression in tumor cells is
useful for pathological diagnosis and podoplanin seems to be
expressed by aggressive tumors, with higher invasive and
metastatic potential. Based on these data, podoplanin might be
considered as an attractive therapeutic target for both LVs and
tumor cells. Further studies are necessary to investigate
differences in the expression of podoplanin in normal and
tumor-associated lymphatics, and between the expression of
podoplanin in normal non-LECs and tumor cells.

Cancer is presently the second most frequent disease with
lethal potential in humans, and, despite all efforts in the field
of early diagnosis and adjuvant therapy, morbidity and
specific mortality continue to increase. One of the most
important factors with direct impact on prognosis and
therapeutic strategy in various types of cancer is that of
lymph node status. Although the relevance of this factor is
well documented, the mechanisms by which tumor cells
enter the lymphatic vessels (LVs) and give rise to lymph
node metastases are not completely understood (1). For
decades, it was thought that lymphatic-borne metastases
occured by a passive mechanism, based on the apparently
simpler structure of lymphatic capillaries, as demonstrated
by electron microscopy many years ago. The investigation of
the lymphatic system at a molecular level started almost 10
years ago, because of the lack in specific markers of the
lymphatic endothelium. With the introduction of the first
three markers, LYVE-1 (2), Prox 1 (3) and podoplanin (4),
it was shown that LVs are present in the tumor and
peritumoral areas, and that their number correlates with
prognosis in malignant melanoma (5), squamous cell
carcinoma of the head and neck (6), breast cancer (7) and
gastric adenocarcinoma (8). Thus, the idea was born that at
the interface between LV and tumor cells, an active process
takes place, which today is known as lymphangiogenesis.

Lymphangiogenesis is the process of new LV formation,
but the origin of newly formed lymphatics in normal and
pathological conditions is still a subject of debate (9, 10).
There is accumulated evidence that supports the proliferative
activity of lymphatic endothelial cells (LECs) in pre-
/postnatal life and in physiological and pathological
conditions (11, 12). Based on these observations, it was
hypothesized that LV growth and/or growth factors that
induce lymphangiogenesis, such as vascular endothelial
growth factor-C and -D (VEGF-C and VEGF-D), platelet-
derived growth factor-BB (PDGF-BB) and hepatocyte
growth factor, may be inhibited by specific antibodies (13-
15). In an effort to better characterize the molecular profile
of LECs, other more specific markers were found, such as
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VEGF receptor-3 (VEGFR-3), Prox-1, desmoplakin and
podoplanin. Like many other markers used in molecular
pathology, none of the LEC-associated molecules is entirely
specific for lymphatic endothelium. Podoplanin was first
used to identify LVs, but it was later shown that podoplanin
is a useful marker of some malignant tumors.

LEC-specific markers have multiple functions in
physiological and pathological conditions, are helpful to identify
tumor tissue changes related to lymphangiogenesis, and to
search for a rational therapeutic approach. Some questions
regarding tumor lymphangiogenesis remain unanswered,
including the mechanisms of migration and invasion of tumor
cells into the LVs, which is the key factor for tumor metastasis,
and the differences between preexisting and newly formed LVs.
The immunohistochemical application of podoplanin has been
used to investigate the relationship between LV density and
lymph node metastasis, for tumor cell detection in LVs, and for
the diagnosis of some vascular tumors (5, 16-19). In this review
article, we summarize the literature data concerning podoplanin
expression in LVs and tumor cells, and the identification of
podoplanin as a potential therapeutic target.

Discovery of Podoplanin

Podoplanin mRNA was identified for the first time in the murine
osteoblastic cell line MC3Y3-E1 (20). The first identification of
podoplanin in LECs and some other normal cells was performed
in 1996, by Wetterwald et al. (21). It was firstly designated as
E11 antigen and was then was called podoplanin due its low
level expression in podocytes of the renal corpuscle.

Podoplanin was originally detected in puromycin-induced
nephrosis on the surface of rat podocytes, as a 38 kDa
mucoprotein linked to the flattening of foot processes (22).
Puromycin aminonucleoside nephrosis is a rat model of
human minimal change nephropathy, characterized by
extensive flattening and retraction of podocyte foot processes
and severe proteinuria, associated with a significant decrease
of podoplanin expression. Podoplanin probably plays a role
in maintaining the unique shape of podocytes (23). Further
investigations showed that podoplanin, the oncofetal antigen
M2A recognized by the D2-40 antibody, and the type I
alveolar cell marker hT1α-2 are identical proteins.

Gene Control and Synthesis of Podoplanin

The podoplanin gene is a functioning gene with 34.2 kb and
8 exons which controls the synthesis of podoplanin. The
subcellular location of the encoded protein is the plasma
membrane. Two species of podoplanin mRNA were
identified by Northern blotting that probably originate from
alternative splicing (24).

Gp38P, which showed strong homologies to rat
podoplanin and gp38, expressed by the thymus and other

tissues, was cloned from mouse glomerular cells and it was
suggested that it plays a role in membrane transport (25).

Sp1/Sp3 members constitutively bind to three responsive
elements of the podoplanin promoter in MG63 cells in vivo
and the activity of this promoter depends on the integrity of
two of these sites (26). Highly methylated chromatin leads
to the auxiliary enhancement of transcriptional activity of the
podoplanin gene. Other studies are ongoing to characterize
regulation provided by this promoter in other podoplanin-
expressing cell lines.

Molecular Characterization of Podoplanin

Podoplanin, also known as aggrus, was generated from
studies on platelet aggregation. Aggrus was able to induce
platelet aggregation with no requirement for plasma
components (27).

It was demonstrated that 8F11 monoclonal antibody, which
inhibited platelet aggregation in vitro and mouse lung
metastasis from colon carcinoma in vivo (28), recognized a
cell-surface sialoglycoprotein and podoplanin belongs to the
family of type-1 transmembrane sialomucin-like glycoproteins.
It consists of 162 amino acids, with an extracellular domain
rich in serine and threonine residues, a single transmembrane
portion, and a short cytoplasmic tail, with sites for protein
kinase C and cAMP phosphorylation (27).

Kato et al. (28) showed that the EDxxVTPG segment of the
extracellular domain (platelet aggregation-stimulating domain,
PLAG) is important for the activity of podoplanin and, in
particular, threonine residues of this domain are important in
platelet aggregation. Mutation of threonine residue in the
PLAG domain abolished the platelet aggregation-inducing
abilities of human and mouse aggrus protein (28).

Podoplanin possesses a disialyl-core1 structure in the
PLAG domain, which is necessary for the binding of
podoplanin to its specific receptor (29). A C-type lectin-like
receptor-2 (CLEC-2) was identified as an endogenous
receptor of podoplanin on platelets (30). By CLEC-2-Fc
deletion mutants, inhibition of podoplanin-induced platelet
aggregation was induced, and this indicates that CLEC-2 is a
physiological ligand of podoplanin (29). Association between
CLEC-2 and podoplanin was confirmed by flow cytometry
and was found to be dependent on sialic acid present on O-
glycans of podoplanin. Recombinant CLEC-2 inhibited
platelet aggregation induced by podoplanin-expressing tumor
cells and LECs (30). These findings suggest that CLEC-2 is a
physiological target protein of podoplanin and the interaction
between podoplanin and CLEC-2 may regulate tumor invasion
and metastasis and these might be potential targets for therapy
of metastasis. Podoplanin expressed on the surface of tumor
cells induces platelet aggregation by interacting with CLEC-2.
Kato et al. (29) showed that CLEC-2-Fc inhibits podoplanin-
induced platelet aggregation.
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Functions of Podoplanin under
Normal Conditions

Podoplanin plays an important role in preventing cellular
adhesion and is involved in the regulation of the shape of
podocyte foot processes and in the maintenance of
glomerular permeability (22, 31, 32).

Moreover, podoplanin is involved in LV formation and does
not influence formation of blood vessels (33). Podoplanin
knockout mice have lymphatic defects associated with
diminished lymphatic transport, congenital lymphoedema and
dilation of lymphatic vessels (4).

Markers Useful for Identification of Podoplanin

The demonstration of podoplanin expression is largely based
on immunohistochemistry. The most frequently used antibodies
are directed against podoplanin and D2-40 (which recognizes
the formalin-resistant epitope of podoplanin) (34).
Double immunostaining based on anti-podoplanin or anti-
D2-40 and CD34 demonstrated that the final product of
reaction for podoplanin is restricted to the lymphatic
endothelium in both normal and neoplastic tissues (35). On
the other hand, it was shown that the sialomucin CD34, a
recognized vascular endothelial marker, is expressed at a low
level by podoplanin-positive tumor-associated LECs in more
than 60% of colon, breast, lung and skin tumors (36).
Podoplanin-positive vessels are also stained with an anti-
VEGFR-3 antibody in double labeling experiments, and the
final product of reaction is predominantly found at the
luminal surface (36).

LECs can be defined as podoplanin-expressing cells that
co-express CD34 at low levels (24). Coculture of
podoplanin-positive LECs with podoplanin-negative ECs
produces islands of LECs surrounded by vascular ECs,
demonstrating that lymphatic and vascular ECs are involved
in homotypic associations and vascular tube formation. This
finding supports the hypothesis that LECs and blood vessel
ECs belong to two different EC lineages.

Induction of Podoplanin Expression

By using embryonic stem cells, it was shown that vascular
structures expressing podoplanin are also positive for Prox1
and CD31, and embryoid bodies treated with VEGF-C or
VEGF-C and VEGF-A gave rise to vascular structures
composed of cells expressing classical LEC markers
(including podoplanin) (37).

The expression of podoplanin is regulated by the lymphatic-
specific homeobox gene Prox 1, a master gene that controls
the development of lymphatic progenitors from embryonic
veins (38). Prox-1 ‘reprograms’ vascular endothelial cells in
culture to become podoplanin-expressing LECs (39).

Schacht et al. (40) showed that myoblasts transfected with
a human podoplanin overexpression vector when stained
cytoplasmic labeling. Podoplanin expression was induced by
epidermal growth factor, basic fibroblast growth factor and
tumor necrosis factor alpha in the MCF7 breast cancer cell
line, and by bradykinin in 3T3 fibroblasts (41, 42), by
interleukin-3 in dermal LECs (43) and by transforming
growth factor beta in human fibrosarcoma cells (44).

Podoplanin as Marker of
Lymphatic Endothelial Cells

Normal lymphatic vessels. Podoplanin is a specific marker
of the lymphatic endothelium and is not expressed in blood
vessels (Figure 1 A). It is expressed by both developing and
mature LECs and seems to be a more specific marker of
LECs, as LYVE-1 was detected in only a subset of cultured
podoplanin-positive ECs (45). Podoplanin staining is
detected in small lymphatic vessels co-expressing VEGFR-3,
lymphatic collecting vessels and hepatic sinusoids, but not
large lymphatic vessels with perivascular cells, nor high
endothelial venules of the lymph nodes (4). By electron
microscopy and immunoelectron microscopy, it was
demonstrated that podoplanin is mainly expressed on the
luminal surface of LECs and only rarely on the abluminal
surface or lateral domain and in cytoplasmic organelles of
ECs (46).

Podoplanin is not an exclusive marker of the lymphatic
endothelium. In normal human tissue, podoplanin was
demonstrated in podocytes, osteoblastic cells, osteocytes,
basal keratinocytes, choroid plexus epithelial cells, type I
epithelial cells of the thymus, myoepithelial cells (Figure 1
B), reserve cells of sebaceous gland (unpublished data)
(Figure 1 C), myofibroblasts of the prostate, granulosa cells
of the ovary, follicular dendritic cells (Figure 1 D) and
alveolar type I cells (21, 40, 47).

Peritumoral lymphatic vessels. These are larger and more
irregular than the intratumoral lymphatics, with a
significantly lower density (46). Numerous podoplanin-
expressing lymphatics were found in the intralobular
pancreatic parenchyma, close to blood vessels and ducts. It
seems that peritumoral lymphatics are more important in
tumor cell spreading, through a sprouting process under the
influence of interstitial fluid hypertension and VEGF-C
secreted by tumor cells (15, 48, 49). An increased lymphatic
microvascular density (LMVD) was found in the peritumoral
area in early stages of squamous cell carcinoma of the
uterine cervix (50), in non-small lung carcinoma, and in lung
adenocarcinoma, where peritumoral LMVD strongly
correlated with lymph node metastasis (51, 52). Several
studies provided evidence for a direct correlation between
LMVD and lymph node status in colorectal carcinoma (53),
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oral squamous cell carcinoma (Figure 2 A) (54) and breast
cancer (55-57), but not in cutaneous melanoma (58).

Intratumoral lymphatic vessels. These are found in a large
variety of tumors and are usually small, flattened and irregular
(Figure 2 B) and occasionally, contain tumor cells. Several
authors found podoplanin-positive vessels within the stroma in
ovarian (59), cervical (17), pancreatic endocrine (60, 61) and
breast (7) malignant tumors. The proliferative activity of LECs
in the tumor stroma was demonstrated by podoplanin and/or
D2-40/Ki67 (62) in squamous cell carcinoma of the head and
neck (54, 63), melanoma (64), colorectal carcinoma (65) and
non-small lung carcinoma by double labeling podoplanin or
D2-40/Ki67 (51). In inflammatory breast cancer, it was shown
that proliferating endothelial cells are found in both tumor and
peritumor areas, with a significantly higher rate in peritumoral
podoplanin/D2-40-positive LVs (66). The clinical significance
of intratumoral lymphatics is still controversial and many
authors consider that they are less efficient in tumor cell
trafficking (67). In a recent experimental study based on
hybridoma-induced tumors, it was shown that both intra- and
peritumoral lymphatics identified with anti-podoplanin and
LYVE-1 antibodies participated in tumor cell adhesion, invasion
and migration (46).

Podoplanin/D2-40 staining is useful not only to evaluate
LMVD, but also to demonstrate lymphovascular invasion
(Figure 3), which has an important prognostic value and
expresses a high risk for lymph node metastasis. It was
shown that lymphovascular invasion was detected in 13.8 to
16% of cases of invasive breast cancer on slides marked with
conventional staining, whereas by using the staining for
podoplanin, detection increased to 28.5% in the same cases
(68, 69). Moreover, lymphovascular invasion identified by
using D2-40 antibody correlated with lymph node metastasis
and extramammary Paget disease (70).

Expression of Podoplanin in Human Tumors

Specific markers of LECs, namely VEGFR-3, LYVE-1,
Prox1 and podoplanin, have given new insights into the
biology of malignant tumors. Coexpression of podoplanin,
VEGFR-3 and CD31 by dual-staining using confocal
microscopy was found in Kaposi’s sarcoma (71). Podoplanin
is expressed in tumor cells of various neoplasms, such as
squamous cell carcinoma (42, 72, 73), mesothelioma (74),
germ cell tumors (75, 76), tumors (77) and some subtypes
of vascular tumors (78-80).

Vascular tumors. Benign vascular tumors (capillary, cavernous
and venous hemangioma) do not express podoplanin, with the
exception of lymphangioma, Dabska’s tumor, and, to a lesser
extent, mixed lymphatic/hemangioma (4, 78). Strong and
uniform expression of podoplanin was found in epithelioid

hemangioendothelioma, a low-grade vascular neoplasm (79)
and a single study reported a positive reaction for podoplanin
in 10 cases of lymphangioleiomyomatosis (80).

In angiosarcoma, the presence of podoplanin-expressing
tumor cells, arranged in clusters or as single cells, with
intensely stained membrane was demonstrated (4, 81). In
Kaposi’s sarcoma, tumor cells expressed podoplanin in all
cases in one study (4) and in 9/10 cases in another (81). The
observation that in the early stages all tumor cells expressed
podoplanin provides evidence that spindle cells of Kaposi’s
sarcoma originate in the lymphatic endothelium. This
hypothesis is supported by gene expression analysis of tumor
cells (82) and by the infection of dedifferentiated endothelial
cells with human herpes virus 8 that leads to their lymphatic
differentiation and induction of 70% of the main lymphatic
lineage-specific genes, including Prox-1 (83).

Mesothelioma. In all mesothelioma, tumor cells are intensely
stained with podoplanin, with a continuous and strong staining
pattern, especially on the luminal surfaces (74). The reaction
is strong in all better differentiated and papillary tumors, and
less consistent in less differentiated mesotheliomas. Results
obtained for podoplanin overlapped with those for D2-40, and
the majority of epithelioid mesotheliomas were positively
stained (84, 85). Initially, it was thought that sarcomatoid
mesothelioma lacked podoplanin expression (86), but more
recently, it was shown that podoplanin expression was found
in 13/18 cases of sarcomatoid mesothelioma (87).

Germ cell tumors. Podoplanin immunoreactivity was
detected in 98% pure germinoma and germinomatous
components in mixed germ cell tumors of the central nervous
system (CNS) (76). The immunostaining showed a diffuse
cell surface pattern in germinoma cells. The same authors
reported weak staining in 12 /17 cases of immature teratoma
of the CNS, restricted to the basal cell layer of the immature
epithelium, whereas no positive reaction was found in
choriocarcinoma, yolk sac tumor or normal brain tissue.

Ovarian tumors. A role for podoplanin was suggested in
early differentiation of the granulose cell layer of the ovarian
follicle (40), where primary and secondary ovarian follicles
show strong podoplanin expression, while the reaction was
absent in the luteal and albicans bodies. In the same study,
podoplanin expression in ovarian tumor cells was found in
4/4 cases of dysgerminoma and in 1/3 cases of granulosa cell
tumors, whereas the other ovarian tumors were negative.

Tumors of the testis. Podoplanin expression was demonstrated
in immature fetal germ cells, developing Sertoli cells,
intratubular germ cell neoplasia and seminoma (88, 89).
Tumor cells of intratubular germ cells strongly express
podoplanin (88, 89). In primary seminomas and their
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corresponding metastases, immunoreaction for podoplanin
was found in 97% of the cases. Moreover, extragonadal
seminomas showed strong expression for podoplanin (Figure
4 A) (90). Podoplanin expression in tumor cells of seminoma
allows their differentiation from embryonal carcinoma (75).

Tumors of the CNS. Although glial cells do not express
podoplanin, immunoreactivity to podoplanin was reported in
52.9 to 82.9% of glioblastomas and in 35.7 to 47.1% of
anaplastic astrocytomas, but not in diffuse astrocytoma (77,
91). The expression of podoplanin mRNA and protein
correlated with malignant progression from anaplastic
astrocytoma to glioblastoma (77). Podoplanin expression was
found in 96.6% of ependymal tumors, in 27.3% of cases with
medulloblastoma and in 28.5% oligodendrogliomas.
Meningiomas showed reactivity to podoplanin, irrespective of
their histological subtype (91). Podoplanin-positive cells with
membrane pattern of expression were found mainly around
microvascular proliferations and necrotic tissue.

Chondroid tumors. Strong and diffuse expression of podoplanin
was found in all cases of enchordoma and in 17/20 cases of
chondrosarcoma, while no expression was found in chordoma.
The expression of podoplanin in tumor cells of chondrosarcoma
allows the use of podoplanin as the first marker to discriminate
between low-grade chondrosarcoma and chordoma (92).

Squamous cell carcinoma. Podoplanin expression was
demonstrated in 22/28 cases of squamous cell carcinoma,
whereas well-differentiated carcinoma did not express
podoplanin (40).

Mastocytoma. In high-grade invasive mastocytoma, podoplanin
was found in tumor cells, with a cytoplasmic pattern of
expression and membrane enhancement (unpublished data)
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Figure 1. (A), D2-40 expression in lymphatic vessel endothelium.
Immunostaining of podoplanin in a small lymphatic vessel of a
sebaceous gland (B), in myoepithelial cells of a normal breast duct (C)
and in follicular dendritic cells in a reactive lymph node (D). Original
magnification, A-D, ×400.

Figure 2. Immunostaining with podoplanin of peritumoral lymphatic
vessel in squamous cell carcinoma (A). Immunostaining with D2-40 of
intratumoral lymphatic vessels in breast carcinoma (B). Original
magnification, A-B, ×400.

Figure 3. Immunostaining with D2-40 in lymphovascular invasion in
breast carcinoma. Original magnification, ×400.

Figure 4. Podoplanin expression in tumor cells of primary seminoma of
the thymus (A), of mastocytoma (B) and colon adenocarcinoma (C).
Original magnification, A-C, ×400.



(Figure 4 B), with the immunoreactivity being stronger at the
interface between tumor cells and stroma.

Podoplanin in Tumor Diagnosis

Podoplanin seems to be a useful marker in tumor diagnosis.
Podoplanin may be useful to discriminate between
mesothelioma (tumor cells are frequently podoplanin-
positive) and lung adenocarcinoma (few positive cases have
been reported) (93).

Podoplanin is expressed in 93% of cases of
mesothelioma, as a continuous, strong membranous pattern
(85, 94). The reaction is strong and diffuse in the large
majority of cases, more evident along the apical cell
membranes in all well-differentiated and papillary tumors,
whereas the reaction is discontinuous in solid and less
differentiated tumors. Only 13% of serous carcinomas
expressed podoplanin, restricted to the apical surface of
tumor cells. Podoplanin is not absolutely specific for
epitheloid mesothelioma, but is more so than calretinin is.
Despite its sensitivity being lower than that of other
markers, podoplanin is considered a good marker to
discriminate between these two tumor types.

Potential Role of Podoplanin in Tumor
Invasion and Metastasis

A role for podoplanin in invasion and metastasis has been
suggested (77, 95). This hypothesis is mainly based on the
observation that high expression of podoplanin is
consistently correlated with the presence of metastases. It
was reported that podoplanin-expressing cells were found at
the invasion front in more than 80% human squamous cell
carcinomas (42).

Podoplanin might favor tumor invasion through its ability
to remodel actin in the cytoskeleton of tumor cells,
contributing to their increased motility (96). The association
between podoplanin and the actin cytoskeleton seems to be
mediated by ezrin, which is markedly phosphorylated in the
presence of podoplanin overexpression (41, 42, 97). In
addition, podoplanin increases the activities of Rho GTPases,
mainly RhoA, and this might reflect a different organization
of the cytoskeleton in different cell types. Inhibition of RhoA
leads to reduced motility of tumor cells (97).

Podoplanin increases cell migration of MCF7 cells and
HaCaT keratinocytes in a down-regulation of E-cadherin
expression. These findings suggest that podoplanin does not
suppress the cadherin switch and can mediate tumor invasion
by an alternative pathway. Wicki and Christofori (98) showed
that invasion of podoplanin-expressing tumor cells was
correlated with an overexpression of matrix metalloproteinases,
and that it could be inhibited by specific inhibitors of matrix
metalloproteinases.

Anti-human Podoplanin Antibody
as an Antimetastatic Strategy

An anti-human podoplanin antibody (NZ-1) completely
inhibited podoplanin-induced platelet aggregation and
inhibited experimental metastasis (29, 38). The effects of
NZ-1 antibody is based on cell-mediated toxicity and
neutralization of the interaction between podoplanin and
CLEC-2. In animals injected with podoplanin-transfected
cells of the Chinese hamster ovary and NZ-1, the number of
lung metastases was significantly lower than in the controls
and no metastases were found in the liver, kidney, spleen,
colon or ovary.

Transgenic expression of podoplanin in pancreatic β-cell
tumors of a Rip1Tag2 mouse model of tumor progression led
to the formation of carcinoma in the absence of cadherin
switch or epithelial-mesenchymal transition (98).

Podoplanin as a Potential Target
of Lymphatic Vessels

Targeting lymphatic vessels and/or lymphangiogenic growth
factors is an attractive therapeutic strategy in the treatment
of tumor progression and metastasis. In preclinical studies,
molecules which have been shown to be effective in
inhibiting tumor lymphangiogenesis and lymph node
metastasis include neutralizing anti-VEGF-D antibodies and
VEGFR-3-Ig fusion protein (99, 100).

In an experimental model with VEGF-D-expressing
tumors, administration of VEGF-D monoclonal antibody
reduced the growth rate of the primary tumors and
development of lymph node metastases (101, 102). Similar
results were obtained with anti-VEGFR-3, but no effect was
noticed on the development of lung metastasis (99).
Endostatin inhibited tumor lymphangiogenesis by down-
regulation of VEGF-C (103). Rapamycin, a specific inhibitor
of mTOR, had an antilymphangiogenic effect and inhibited
lymphatic metastasis and reduced VEGF-C levels and the
rate of metastasis, without a complete response (104).

These data show that these therapeutic strategies may be
useful, but are not efficient enough for a complete inhibition
of lymphangiogenic metastasis. In a study on prostate
tumors, it was shown that 92% ablation of intratumoral
lymphatics did not inhibit lymph node metastasis and
preexisting peritumoral lymphatics may be sufficient for
tumor cell spreading (105).

The use of an anti-podoplanin-based therapeutic strategy
could be suggested in the treatment of lymphatic metastases
based on four considerations: (i) podoplanin is a well-known
marker of LECs; (ii) it is expressed in tumor cells of various
types of human cancer; (iii) its expression seems to be
associated with bad prognosis and high risk for lymph node
metastases; (iv) it is involved in tumor invasion.
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A major drawback is that, to date, no differences in the
expression of podoplanin in normal lymphatics and tumor-
associated lymphatics have been reported, nor between the
expression of podoplanin in normal non-LECs and tumor
cells. As a consequence, a humanized anti-podoplanin
antibody administered to cancer patients might inhibit not
only tumor-associated lymphatics, but also normal cells that
express podoplanin.

In conclusion, podoplanin is a sensitive marker of LECs and
is very useful in evaluating lymphatic microvascular density.
Immunohistochemical detection of podoplanin is helpful in the
diagnosis of lymphovascular invasion. Finally, its expression in
tumor cells of various neoplasms is useful for both differential
diagnosis and prediction of tumor progression and metastasis.
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