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Abstract. Cutaneous malignant melanoma is an aggressive
tumor characterized by early lymph node metastasis and bad
prognosis. Although the spread of tumor cells in the regional
lymph nodes is very important in the staging, prognosis and
therapeutic  strategy of malignant melanoma, the
mechanism(s) of initial lymphatic vessels invasion is are) not
completely understood. In the present review, we analyze the
factors
lymphangiogenesis, based on existing available evidence.

main involved in  melanoma-associated
Currently, there are no anti-lymphangiogenic drugs approved
for clinical trials. On the other hand, inhibition of lymph
node metastasis has been demonstrated in experimental

models by inhibiting tumor-associated lymphangiogenesis.

Despite the latest efforts concerning early detection, both the
incidence and mortality caused by malignant melanoma of the
skin, continue to grow. Malignant melanoma represents less
that 10% of all cutaneous tumors, which is, however,
responsible for most deaths caused by tumors of the skin. The
natural evolution of malignant melanoma depends on its
metastatic dissemination that is, in turn, influenced by multiple
factors, particularly the thickness of the tumor, its localization
and pathological subtype. Malignant melanomas of the skin are
characterized, amongst other things, by early lymphatic
dissemination in the regional lymph nodes and by lymph node
metastases that significantly influence their staging, prognosis
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and clinical approach. As a matter of fact, the detection of
micrometastases in the sentinel lymph node is of prognostic
value and represents the most important predictive criterion for
survival in patients with no clinical evidence of lymph node
metastases. Moreover, the global survival of patients lacking
lymph node metastases is over 85% in a 10-year follow-up and
that of patients with positive lymph nodes is less than 45% (1).
Once lymph node metastases become clinically obvious, 75-
80% of patients already have other distant metastases. It is
notable that 15% of the patients diagnosed with thin malignant
melanoma (less than 1 mm) develop metastases. At the time
being, there are no highly specific predictive indicators for
metastases development in patients diagnosed with melanoma.
Although the clinical significance of lymph node metastases is
well documented, the molecular mechanisms through which
the primary tumor disseminates its malignant cells and the
means through which these cells invade the lymphatic
capillaries are rather less studied. Until recently, lymph node
colonization with tumor cells was considered a passive process
exclusively associated with the pre-existent lymphatic vessels.
Currently, it is well-demonstrated that tumor cells and
inflammatory cells contribute to tumor cell dissemination
through the newly formed lymphatic vessels, a process known
as lymphangiogenesis.

Lymphangiogenesis

Lymphangiogenesis represents the process through which
new lymphatic vessels emerge from pre-existent vessels or
post-capillary venules following the induction of the PROX-
1 gene. In the majority of cases, this process occurs in
pathologic inflammatory conditions and, especially, in tumor
conditions. Lymphangiogenesis is induced and maintained
by growth factors amongst which the most efficient are the
vascular endothelial growth factor (VEGF)-C and VEGF-D
that bind to their specific receptor, VEGFR-3, that is
expressed by lymphatic endothelial cells (LECs). VEGF-C
binding to VEGFR-3 induces LECs proliferation and
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formation of new lymphatic vessels in both the tumor and
the peritumor areas. Considering the lymphatic dissemination
pathway and the prognostic role along with the therapeutic
impact of lymph node metastases, lymphangiogenesis is
nowadays intensely studied in the majority of human tumors.
Until now, the majority of published data support the fact
that malignant tumor-associated lymphangiogenesis is a
characteristic of poor prognosis and correlates with low
global and disease-free survival (DFS).

Lymphatic Vessels and Lymphangiogenesis
in Malignant Melanoma

Although lymphatic vessels have been documented since very
long, the specific identification of the lymphatic endothelium
is a relatively recent acquisition. The first markers with high
specificity were characterized and purified less than two
decades ago and, amongst them, podoplanin possesses the
highest specificity and has the advantage of not staining the
endothelial cells of the blood vessels. Currently, D2-40, the
formalin-insensitive epitope of podoplanin, is the most
frequently applied antibody for the immunohistochemical
identification of LECs. The first indirect molecular
identification of lymphatic vessels (LVs) in malignant
melanoma dates back in 1990, when Fallowfield and Cook
(2) applied a double immunohistochemical reaction for Ulex
europeus 1 and collagen IV. The results were inconsistent,
most probably generated by the absence of a specific marker
and perhaps by the low number of cases included in the study
(n=21). The term lymphangiogenesis in malignant melanoma
was introduced by de Waal et al. (3) (1997), although they
did not manage to demonstrate the fact that this phenomenon
actually existed. However, they did not investigate the
proliferative potential of the lymphatic endothelium.

The first factual observation on lymphangiogenesis in
malignant melanoma was made in an in vivo experimental
study that used chick chorioallantoic membrane on which
A375 melanic cells that expressed VEGF-C were implanted
(4). It has been demonstrated that the A375 cell line induces
the formation of numerous LVs at the level of the proliferation
front, a large number of tumor cells invaded the lymphatic
vessels and the proliferation rate of LECs identified with
bromodeoxyuridine (BrdU) was calculated to be 11.6%. In this
model, lymphangiogenesis was significantly inhibited by
VEGEFR-3 blockage, with the proliferation index decreasing to
3.9%. Also, the murine malignant melanoma cell line B16F10
implanted in the mouse induces the coordinated growth of
blood and lymphatic vessels in the direction of the regional
lymph nodes (5).

The presence of intratumor LVs and the enlargement of
the peritumor ones were demonstrated in an animal
experimental model by transplanting the VEGF-C-
overexpressing human malignant melanoma in the nude
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mouse (6). Malignant melanoma is one of the first human
tumors in which the existence of intratumor lymphatic
vessels with a proliferative endothelium was demonstrated
(7). As the refinement of technical methods increased,
consistent results that partially explained the mechanisms of
lymphatic vascular invasion and of lymph node metastases
were obtained. From this point of view, VEGFR-3
expression was even considered a marker for the
progression of malignant melanoma (8), a hypothesis
partially exaggerated by the exclusion of other elements that
characterized lymphangiogenesis.

Mechanisms of Tumor Lymphangiogenesis

The mechanisms of tumor lymphangiogenesis are complex
and have generated several hypotheses that essentially
reproduce certain stages of embryonic development. It has
been demonstrated that LVs’ proliferation in malignant
tumors is dominantly dependent on the burgeoning of pre-
existing vessels and little or not at all on the insertion of
bone marrow-derived progenitor endothelial cells (9). The
mechanisms that induce malignant melanoma metastasis in
the capillary vessels are uncertain, although lymph node
metastases are a certainty. A series of hypotheses were issued
on this concern: chemotaxis and LECs proliferation as a
response to tumor cells or the fact that LECs secrete
chemotactic agents for the tumor cells. Malignant melanoma
cells express CCR7 receptors for CCL21 lymphatic
chemokine and their interaction may contribute to LVs’
invasion (10). CCR7 expression is correlated with the
increase of VEGF-C and the decrease of the inflammation-
associated interferon gamma and with a larger number of
tumor cells that invade LVs. Consecutively, CCL21
expression increases in the lymphatic vessels in such a
manner that this signaling pathway possesses a pro-
lymphangiogenic effect in experimental models (11).

It has been demonstrated that LECs in culture may have
a chemotactic laminin-421-mediated effect on tumor cells of
malignant melanoma and that anti-laminin 421 antibodies
annihilate this effects (12). These data suggest that laminin-
421 may mediate LVs’ invasion but, up to this point, there
are no available clinico-pathological observations to support
this hypothesis. Another candidate substance in the LVs’
invasion mechanism in melanomas is represented by
alphadbetal integrin that induces lymphangiogenesis and
stimulates the development of lymph node metastases in
experimental models. The blockage of alpha-4-beta-1
integrin annihilates both effects in such a manner that it may
be considered a potential therapeutic target (13).

Currently, several substances, such as erythropoietin that
stimulates VEGF-C secretion in macrophages, have been
characterized as possessing a pro-lymphangiogenic and pro-
metastatic activity in experimental models; however, these
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observations require human specimens for validation (14). The
mechanisms of lymphangiogenesis were also validated in an
in vivo experimental model. Therefore, the implantation of
B16 malignant cells line of pigmented melanoma that secrete
VEGF-C generated the formation of vessels containing
PROX-1 and VEGFR-3-expressing endothelial cells in the
chick chorioallantoic membrane. The process was significantly
evident under the combined influence of VEGF-A and
hepatocyte growth factor (15). These results demonstrate that
lymphangiogenesis induction and maintenance involve several
factors that act successively or synchronously.

Lymphovascular Invasion

The identification of tumor cells in the lymphatic vessels of
the primary tumor is of great prognostic value and represents
a mandatory component of the histopathologic examination.
On the other hand, lympho-vascular invasion in primary
melanoma detected on conventionally stained sections is
very low as compared to the incidence of metastases in the
sentinel lymph node (16). Because of this, LVs’ identification
using specific markers for the lymphatic endothelium that
improve diagnostic accuracy from 4.6% detected on
hematoxylin-eosin stained slides to 43% on D2-40 stained
slides, comes as a necessity. The immunohistochemical
method based on D2-40, combined or not with S100 protein,
identifies lympho-vascular invasion in a significantly larger
number of patients than the routine staining methods (10/27
versus 1/27) (17). Lymphatic invasion detected on D2-40
stained sections is associated with a deep Clark level, a high
Breslow index and has a predictive role for metastases in the
sentinel lymph node in 61% of cases (18, 19).

Who is Invading Whom?

Long has it been considered that tumor cells enter the
lymphatic vessels through a passive process, generated by
the discontinuities in the wall of the lymphatic capillaries. A
lot of data that sustain LVs’ invasion through the initiation
of some molecular signaling pathways have currently been
accumulated, a process that is more or less stimulated by
growth factors and specific receptors. Microscopy
observations on serial sections stained for the marker of the
lymphatic endothelium alert the fact that the leader LECs (tip
cells) present intratumor proliferation and, through
branching, include smaller or larger tumor cell groups that
in the early “tube-like” organization phase, remain included
in the lumen. This process might be mediated via VEGF-C
and VEGF-D, secreted by the malignant melanoma cells
(unpublished data). Dynamic evaluations are not yet
available on this incompletely demonstrated possible
process. If it is true, then the leader cells may become an
attractive target for the inhibition of early dissemination.

Lymphatic Microvessel Density (LMVD)

Until 10-12 years ago, lymphangiogenesis was associated
with the density of the lymphatic microvessels from the
tumor and peritumor area respectively. LMVD does not
reflect other than the number of existing small lymphatic
vessels at a certain point, in a certain tumor zone. On the
other hand, numerous publications are available on this
aspect of malignant melanoma, in the majority of cases
high LMVD values being correlated with prognosis and,
particularly, lymph node metastases. Also, in most studies,
higher LMVD values were observed in the peritumor zone
than the zone, along with significant
morphologialc differences. The number of peritumor

intratumor

lymphatic vessels is significantly larger in cases of VEGF-
C and -D positive malignant melanomas than in the
negative ones (10.05 vs. 6.4 and 10.07 vs. 6.3, respectively)
(20). As a particularity, LMVD values may represent a
between metastatic malignant
melanoma versus the non-metastatic one (12.8 and 5.9,
respectively) (21). LMVD values are two-times higher in
patients with metastatic melanoma affecting the sentinel
lymph nodes compared to patients presenting negative
lymph nodes (22, 23). Moreover, the number of peri- and
intratumor LVs is greater in melanomas associated with

discriminating aspect

metastasis in the sentinel lymph node than in the non-
metastatic melanoma (24). The data that have been
published until now highlight the fact that increased LMVD
values correlate with lymph node metastases and a short-
term survival. From this point of view, LMVD evaluation
in melanomas constitutes a potential criterion in patient
selection for complementary therapy and application of
novel, targeted therapeutic strategies. A meta-analysis on
LMVD in malignant melanoma has concluded that this
evaluation possesses a prognostic value, along with
lympho-vascular invasion. This statement is available in the
case of peritumor LVs but not in that of intratumor ones
(25). An overview of papers reporting data about LMVD is
presented in Table I.

Different values between intra- and peritumor LMVD
found by different authors mainly result from the means used
in order to communicate the obtained results (square
millimeters or per microscopic field), the marker applied for
identifying endothelial lymphatic cells, as well as different
methodologies used for LVs’ counting.

The data regarding LMVD as a prognostic tool are still
being debated and partially unclear. A recent study has
proved that the Chalkey score applied for LVs’ counting is
an efficient predictor of metastases in the sentinel lymph
node of distant metastases and global survival (33). Most
studies that have included over 100 patients and were
conducted using highly specific methods from a technical
point of view, came up with these conclusions.
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Table 1. Significance of lymphatic microvessel density (LMVD) in malignant melanoma.

Authors Year Cases Method Significance

Dadras et al. (26) 2003 37 LYVE-1/CD31 Correlation with LNM and survival
Straume et al. (27) 2003 202 LYVE-1 Correlation with LNM
Shields et al. (21) 2004 21 LYVE-1 Correlation with LNM
Valencak et al. (28) 2004 120 D2-40 Correlation with LNM
Dadras et al. (23) 2005 45 LYVE-1/CD31 Correlation with LNM

Sahni et al. (29) 2005 36 LYVE-1 No correlation

Massi et al. (24) 2006 45 D2-40 Correlation with LNM and survival
Liu et al. (20) 2008 56 LYVE-1 Correlation with LNM
Niakosari et al. (18) 2008 96 D2-40 Correlation with LNM
Emmett er al. (30) 2010 102 LYVE-1 Correlation with LNM

Storr et al. (31) 2012 202 D2-40 No correlation

Shayan et al. (32) 2012 22 D2-40 Correlation with LNM

LNM, Lymph node metastases.

Shields index emerged from the observations on the
prognostic values of LMVD, an index that is calculated on
the basis of LMVD values, Breslow thickness and presence
or absence of lympho-vascular invasion (LVI), with the latest
being detected on sections stained by means of a specific
marker for the lymphatic endothelium (21). The Shields
index (SI) is calculated according to the following formula:

SI:(LMVD2 x invasion) x Breslow thickness.

The mathematical calculation only considers the peritumor
LMVD, detectable in over 90% of melanoma cases, where
LVI is noted as 2 in case it is present and 1 in case it is
absent. The Shields index is intensely correlated with the
development of metastases in a 5-years interval (SI=2.43) in
patients with metastases and 1.77 in those without
metastases) (30).

Growth Factors in Malignant Melanoma

VEGF-C was evidenced in both tumor cells of primary
malignant melanomas (34) and human malignant melanoma-
derived cell lines through mRNA and protein detection (35).
VEGF-C was immunohistochemically detected in the
cytoplasm of malignant cells in 70.97% of metastatic
melanoma cases and 36% of non-metastatic cases (20).
Current evidence demonstrate the correlation between
VEGF-C overexpression in the primary tumor and existence
of lymph node metastases (36). VEGF-C is not only secreted
by the tumor cells but also tumor-associated macrophages.
Its expression in the primary tumor, and particularly in thin
melanomas, is correlated with the presence of metastases in
sentinel lymph nodes; thus, the immunohistochemical
identification of VEGF-C may be considered as a marker of
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tumor progression (37). The increased serum levels of
VEGF-C, with values of over 1,600 pg/ml, are significantly
correlated with the presence of lymph node metastases. The
exception is represented by patients under interferon alpha
treatment in which case values are significantly lower (38).
On the other hand, VEGF-C detection in primary melanoma
of the skin is predictive for global and short-term DFS;
however, it does not represent an independent prognostic
survival factor (34). The mechanism through which VEGF-
C induces the formation of novel lymphatic vessels is still
incompletely elucidated and stromal tumor cells, such as
macrophages, may contribute to this process. In melanomas,
tumor-associated macrophages secrete interleukin-1 beta and
TNF-alpha, both of them inducing VEGF-C expression (36).
It is quite possible that other stromal cells, such as mast
cells, also possess an inductive effect on lymphangiogenesis.
The relationship between mast cells and lymphangiogenesis
has not largely been studied; however, arguments are
available regarding this matter in inflammatory and tumor
affections (39, 40), most probably due to the capacity of
these cells to synthesize VEGF.

VEGF-D was identified in tumor cells of malignant
melanomas and intratumor vessels but not in vessels located
at a distance from the tumor (41). VEGF-D is structurally
similar to VEGF-C, with both being correlated with the
presence of lymph node metastases, thus having a negative
effect on patients’ survival. At the protein level, VEGF-D is
expressed by the tumor cells of malignant melanomas in
74.19% of the studied cases of metastatic melanoma and in
36% of cases in non-metastatic melanomas (20).

VEGF-C and VEGF-D expression is significantly more
intense in primary melanomas associated with lymph node
metastases compared to non-metastatic melanomas. This
aspect is obvious in case of tumor cells, but not in case of
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stromal cells, such as macrophages and fibroblasts (42).
Among these two vascular growth factors, only VEGF-C is
correlated with the intratumor and peritumor lymphatic
vessel desnity in melanomas. VEGF-C and -D detection at
the protein level may be considered a useful factor for
prognosis refinement in malignant melanoma.

Lymphangiogenesis induction does not only imply the
participation of the two above mentioned growth factors. The
inductive role of VEGF-A was documented on
lymphangiogenesis in the lymph nodes even before
metastases occurence (7). This aspect is not surprising as it
is known that the role of VEGF-A in the induction and
progression of tumor lymphangiogenesis has been already
documented in other tumor types (43).

However, the lymphangiogenic phenotype of malignant
melanomas is more complex, considering the fact that the
defining elements for this entity are VEGF-C expression,
expression of the platelet-derived growth factor (PDGF)-C
and that of the MET proto-oncogene (44). The identification
of the three markers may represent a screening protocol for
the lymphangiogenic profile of malignant melanoma. Despite
this aspect, the lymphangiogenic potential is heterogeneously
distributed in the tumor cells of the same case of malignant
melanoma and is associated with the MET proto-oncogene
signaling. Recently, hepatocyte growth factor, fibroblast
growth factor 2, insulin-like growth factor and epidermal
growth factor (EGF) have been documented as possessing a
pro-lymphangiogenic effect (45).

Of particular interest is the effect of EGF on
lymphangiogenesis, including malignant melanoma cases.
Bracher et al. (46) demonstrated that EGF has a pro-metastatic
effect, with EGF serum levels being significantly higher in
patients with metastases than in those without metastases.
EGF belongs to a family of growth factor capable of activating
the specific receptor EGFR. Even if the inductive effects of
EGF on pro-lymphangiogenic factors have been demonstrated,
its effects on tumor lymphangiogenesis remain to be
elucidated. In vitro observations have shown that EGF
knockdown in malignant melanoma cells decreases the
migration capacity of these cells and determines a significant
reduction of metastases in spontaneously metastasized
xenotransplant in a mouse model. EGF induces the occurrence
of LVs’ sprouting in vitro, a phenomenon that is inhibited by
EGF knockdown. Also, EGF is positively correlated with
VEGF-C and PROX-1 expressions in the human primary
melanoma, although in vivo EGF knockdown significantly
decreases VEGF-C expression. Thus, it can be pointed out that
EGEF seems to play an important role in malignant melanoma-
associated lymphangiogenesis (46, 47).

VEGFR-3 is a receptor with high specificity for VEGF-C
and -D and associated with their expression in tumor cells.
VEGFR-3 was immunohistochemically demonstrated in
tumor cells (in over 80% of metastasized cases and in only

36% of non-metastatic cases), with its expression in
melanoma being significantly more intense than in
melanocytic naevi (20, 48, 49). VEGF-C and VEGFR-3 co-
expression leads to the hypothesis of the autocrine regulation
of a signaling pathway that may induce lymphangiogenesis.
Low serum levels of VEGFR-3 are positively correlated with
DFS. Current available data do not characterize VEGFR-3
as an independent prognostic factor. However, VEGFR-3 has
been proposed as a therapeutic target; however, up until now,
there are no relevant available data concerning this aspect.

Neuropilin-2, the co-receptor for VEGFR-3, plays the role
of VEGF-C and -D receptor, therefore being implicated in
the development and progression of angiogenesis. Based on
this hypothesis, neuropilin-2 expression in malignant
melanoma was studied and demonstrated in 86% of primary
melanoma cases and in 90% of metastatic cases (50). Current
data support the interaction between neuropilin and
melanoma tumor cells and, taking into account the large
number of positive cases, it may be considered as a
biomarker of great interest in diagnosis. Its diagnostic value
is strongly supported by the fact that it is intensely expressed
in primary melanomas and in metastatic ones EGF
knockdown but not in the melanocytic nevus. Also, the
genetic expression of neuropilin-2 detected by means of
polymerase chain reaction (PCR) increases from naevi to
melanoma and is correlated with the progression of the
neoplastic lesion (51). These data point to the fact that the
expression of neuropilin selects a subset of patients
presenting a high risk of progression and an unfavorable
prognosis.

Lymphangiogenesis in the Lymph
Node Precedes Metastasis

Malignant tumors in general, and malignant melanoma in
particular, may induce a premetastatic niche characterized by
induction of vessel growth in the sentinel lymph node even
before the occurrence of metastasis. Under these
circumstances, lymphangiogenesis in the lymph node
increases metastasis dissemination and points out that
activated LVs represent a novel therapeutic target for both
detection and therapeutic approach of metastases (52). On
the other hand, the characterization of activated LVs still
remains unclear from a molecular point of view and further
studies are required concerning this matter. At the time
being, the only available methods are double
immunostainings for D2-40/Ki67, highlighting LECs’
proliferation, and D2-40/PROX-1 that pinpoint the lymphatic
differentiation of the newly formed endothelial cells.

In a recent publication, Pastushenko et al. (53) showed
that lymphangiogenesis and LECs’ proliferation are more
active in the primary tumor than in the lymph nodes. On the
other hand, angiogenesis is activated in the lymph nodes, an
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Table II. Inhibitory substances of lymphangiogenesis in malignant melanoma experimental models.

Substance Effects Authors Year
Anti-VEGFR-3 Reduces the number of LVs, does not affect tumor cells Hoshida et al. (57) 2006
Prolactin Reduces the number of LVs from the tumor and lymph nodes Kinet et al. (59) 2011
Anti-SOX18 Inhibits tumor growth and lymphangiogenesis Duong et al. (60) 2012
Wntl Anti-lyphangiogenic agent through VEGF-C suppression Niederleithner et al. (62) 2012
Interferon alpha2b Antitumor, antimetastatic, anti-lymphangiogenic effects Roh et al. (63) 2013
Activin A Anti-lymphangiogenic agent, pleiotropic effect on motility Heinz et al. (64) 2015

VEGFR, Vascular endothelial growth factor receptor; LVs, lymphatic vessels.

aspect that is demonstrated by the high proliferation rate of
endothelial cells identified using CD34/Ki67, and correlated
with patient’s global survival.

Tumor cells present the capacity to choose the location of
their future metastasis, thus having distant effects from the
primary tumor before they disseminate (54, 55).
Lymphangiogenesis in the sentinel lymph node is associated
with a high frequency to develop metastases in the distant
lymph nodes and, also, with a high incidence of metastases
in the bloodstream. From this perspective, it may be stated
that lymphatic and hematogenous metastasis do not represent
independent processes. The current hypothesis regarding this
phenomenon proposes VEGF-A and VEGF-C secretion by
the tumor cells that are afterwards transported in the sentinel
lymph nodes where they induce lymphangiogenesis and
determine the formation of the pre-metastatic niche. When
tumor cells populate the lymph node, VEGF-A and VEGF-
C concentrations are again increased and transported towards
the distant lymph nodes (45). Lymph node changes were
initially observed at the level of the sinuses that, as it is well-
known, express VEGFR-3. Besides the sinus hyperplasia, the
lymph nodes that drain VEGF-C are characterized by the
presence of a global profile of the lymphatic vascular
network associated with the depopulation of germinal centers
but without presenting any changes in the number of
lymphatic follicles (56). The potential impact of this process
on the therapeutic strategy is not yet exploited; however, a
potential therapy based on VEGFR-3 inhibitors may be
considered.

Anti-lymphangiogenesis: Relations and Perspectives

In the last decade, the Food and Drug Administration
approved a series of anti-angiogenic substances for current
application in human pathology. Amongst them, the most
popular is bevacizumab, initially accepted as a therapeutic
agent in colorectal cancer associated with hepatic metastases.
Until now, numerous anti-angiogenic substances have been
characterized but very few anti-lymphangiogenic substances
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have been taken into consideration. This problem may be
explained by only few studies on lymphangiogenesis,
incomplete characterization of therapeutic targets and,
possibly, lack of knowledge regarding the microenvironment
in which LVs develop and of the other cells that are
implicated in this process.

The lack of an anti-lymphangiogenic medication remains
a disappointing issue. One of the first trials in this field was
conducted by Hoshida et al. (5§57) who studied the anti-
VEGFR-3 effect in malignant melanoma. The above
mentioned authors observed the inhibition of novel LVs’
formation but did not find any significant effects on tumor
cells. On the other hand, the reduction of lympho-vascular
invasion noticed rendered the VEGF-C/VEGFR-3 axis a
therapeutic target, especially in the initial phases of
lymphatic invasion. The usage of a recombined parvovirus
as a sVEGFR3-Fc transporter showed that the stable
systemic expression of sSVEGFR3-Fc, followed by genetic
transfer, markedly inhibits lymphangiogenesis and the
development of metastases in the lymph nodes in malignant
melanomas with a high metastatic potential (58). In the
mentioned study, the sVEGFR3-Fc serum levels required for
the efficient blocking of lymph node metastases were
intensely dependant on the VEGF-C quantity generated by
the primary tumor.

The angiostatic N terminal 16 kDa fragment of human
prolactin has proved to possess an antitumor effect. In vivo
studies have demonstrated that this fragment of prolactin
induces apoptosis and inhibits the proliferation, migration
and formation of tubes by the microvascular dermal LECs.
Also, in the experimental B16F10-induced melanoma model,
the number of lymphatic vessels is significantly decreased in
the primary tumor and lymph nodes following treatment
based on the angiostatic fragment of prolactin (59). The
mentioned study demonstrated the lymphangiogenic effects
of prolactin for the first time and this observation may bring
interesting perspectives on the general therapeutic strategy.

Relatively recent data have demonstrated that SOX18 is
of critical importance for tumor proliferation, development



Raica et al: Lymphatics and Malignant Melanoma (Review)

of angiogenesis and lymphangiogenesis, through PROX-1
trans-activation in the lymphatic endothelial cells. A
malignant melanoma experimental model proved that
SOX18 inhibition has an inhibiting effect on both tumor
growth and lymphangiogenesis and metastasis. From this
point of view, SOX18 represents an attractive therapeutic
target; however, it but requires validation and screening for
potential inhibitory substances (60). Few of these
substances, possessing an anti-lymphangiogenic effect, are
presented in Table II. Some of them, such as activin A,
have an anti-lymphangiogenic effect in experimental
models but do not constitute a therapeutic target due to
their side-effects.

Recently, a particular aspect was reported by Liersch et al.
(61) who demonstrated the pro-lymphangiogenic in vitro
effect of osteopontin. From its discovery in the bone tissue,
osteopontin was intensely studied in different tumor types,
with current results indicating its implication in determining
its metastatic potential. Osteopontin expression stimulates
lymphatic endothelial cell survival and migration, tumor
growth and metastasis, therefore having the potential of
becoming a promising candidate for targeted therapy in
malignant melanoma.

An attractive therapeutic target is represented by the anti-
podoplanin antibodies. NZ-1, the first antibody of this series,
was tested in an experimental model and proved to be a
strong inhibitor of lymphangiogenesis and metastasis
development (65). On the other hand, although specific for
lymphatic endothelial cells, podoplanin is also expressed by
certain normal cells, such as myofibroblasts, basal cells of
the covering epithelia or by the reserve cells of sebaceous
glands. The desideratum may be represented by an antibody
with high specificity only for the activated lymphatic
endothelial cells from the tumor microenvironment.

Considering the currently existing data in literature, no
potentially applicable anti-lymphangiogenic medication can be
recommended for malignant melanoma patients. Numerous
studies are still necessary in order to accurately characterize
the targets and mechanisms of initiation, as well as
maintenance of melanoma-associated tumor lymphangio-
genesis.

Future Directions and Perspectives

Since no anti-lymphangiogenic drugs are available for the
clinical practice, further investigations of melanoma-
associated lymphangiogenesis are necessary. On one hand,
the characteristics of the lymphangiogenic potential of both
malignant and stromal cells should be better standardized.
Alternatively, the molecular profile of newly-formed
lymphatic endothelial cells must be refined in order to
characterize the target(s). Hopefully, new experimental
models of melanoma-associated lymphangiogenesis will

bring about new data on agents that could efficiently inhibit
the proliferation of lymphatic vessels, lymphovascular
invasion and lymph node metastasis.
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