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Abstract The dissemination of tumour cells to the lymph
nodes is a complex process involving the formation of
new lymph vessels, or lymphangiogenesis, produced by
the tumour itself. The main growth factor involved in
lymphangiogenesis is vascular endothelial growth factor
C (VEGF-C), which is secreted by several different malignant
tumours, including melanoma. Not only has VEGF-C
expression been found in tumour cells, it has also been
detected in tumour stromal cells like macrophages and
fibroblasts. This study aimed to determine whether the
expression of VEGF-C in tumour and stromal cells in
cutaneous melanoma determines lymphangiogenesis and
neoplastic dissemination to lymph nodes. We examined cases
from 50 patients with melanoma who underwent selective
biopsy of the sentinel lymph node. Immunohistochemical
study was done with D2-40 to label lymph vessels, and the
expression of VEGF-C was evaluated in tumour and stromal
cells. Lymph vessel density was greater in sentinel lymph
node-positive than in sentinel lymph node-negative cases,
though the difference was not significant (P=0.075). A
significant correlation was seen between lymph vessel
density and tumour thickness and the presence of ulceration.
The main finding was that the expression of VEGF-C in
fibroblasts was highly associated with the presence of
metastasis in the sentinel node and with the Clark level.

However, VEGF-C expression showed no relation in either
tumour cells or macrophages with node status or other
prognostic factors, such as the Breslow index or Clark level.
Our results highlight the relevance of the stroma in tumour
progression in cutaneous melanoma and its role in the spread
to lymph nodes.
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Introduction

The regional lymph node status is the most important
prognostic factor in patients with melanoma. The state of
lymph node involvement can be determined by selective
sentinel lymph node biopsy. This node is considered to be
the first node in the lymph chain into which lymph from an
organ or body region drains. Since 1992, when Morton et
al. [1] undertook the first sentinel node study in melanoma
patients, this technique has proven of great use for the
surgical treatment of these patients, avoiding unnecessary
lymphadenectomies with the resulting effect on morbidity.

Tumours induce the formation of new blood vessels
from already existing vessels that permit their growth in the
primary site by a process known as angiogenesis [2]. These
newly formed vessels also seem to play an important role in
the production of distant metastasis [3]. In addition, the
tumour can also induce the growth of new lymph vessels, a
phenomenon called lymphangiogenesis [4].

The clinical importance of tumour lymphangiogenesis
has recently been noted [5]. A relation exists between
lymph vessel density (LVD) and the presence of lymph
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node metastasis in carcinomas of various sites, including
the stomach [6], head and neck [7], breast [8], prostate [9]
and colon [10]. However, research so far in malignant skin
melanoma has provided contradictory findings. Whereas
some authors found that lymphangiogenesis in primary
melanoma was significantly increased in metastatic mela-
nomas and that it could predict the status of the sentinel
node [11–13], others reported that an increase in LVD was
related with fewer lymph node metastases and a better
prognosis [14, 15].

The vascular endothelial growth factors (VEGFs) com-
prise a family of five key factors (A, B, C, D and E) involved
in the process of vascular growth. Of these, VEGF-C and
VEGF-D have been directly implicated in the promotion of
lymphangiogenesis, via their binding to the receptor
VEGFR-3 that is present in the lymph vessel endothelium
[16]. In cutaneous melanoma, VEGF-C expression in
tumour cells has been related with the stage of progression
[17], and some data suggest that VEGF-C expression in
primary skin melanoma may be predictive of lymph node
metastasis dissemination [18, 19]. However, VEGF-C is not
only expressed in tumour cells; it is also expressed in
tumour stroma cells, like macrophages and fibroblasts. The
importance of the stroma in the development and progres-
sion of malignant neoplasia, via epithelial–mesenchymal
interactions, is a concept that is acquiring greater scientific
support [20].

The aim of this study was to determine whether VEGF-C
expression is correlated with lymphangiogenesis in a group
of patients with cutaneous melanoma and to assess whether
this factor is determinant in the neoplastic dissemination to
lymph nodes. We studied the immunohistochemical expres-
sion of VEGF-C in tumour cells and in macrophages and
fibroblasts, comparing the results with the tumour-related
LVD and the presence of sentinel lymph node metastasis.

Materials and methods

The study involved 50 cases of cutaneous melanoma
collected retrospectively from the records of the Pathology
Service of the Virgen de la Victoria University Hospital in
Malaga, Spain, diagnosed between 2001 and 2004. All the
patients gave informed consent, and the sentinel lymph node
technique was performed in all. The node was resected and
fully embedded in paraffin. In each tissue block, two
consecutive sections were made each 40 μm until the tissue
was consumed and stained with haematoxylin–eosin and
immunohistochemically with HMB-45 antibody. Of the 50
cases in the study, the sentinel lymph node was negative
(SLN negative) in 40 and positive (SLN positive) in 10.

The clinical records of the patients were used to collect
data on age, sex and location of the lesion. The histological

slides were reviewed to confirm the diagnosis and establish
the following parameters: histological type, tumour thick-
ness or Breslow index, Clark level, presence of ulceration,
signs of histological regression, vascular invasion and
inflammatory infiltrate. The tumour thickness was divided
into two ranges, ≤1.5 and >1.5 mm. The inflammatory
infiltrate was evaluated as absent, moderate, or intense.
Table 1 summarises the clinical and pathological charac-
teristics of the series. The mean age was 49.68 years (range,
14–78 years); most of the patients were older than 35 years

Table 1 Clinical and pathological characteristics of the melanomas

Characteristic SLN-negative
(n=40)

SLN-positive
(n=10)

Age

≤35 years 15 3

36–55 years 17 3

>55 years 8 4

Sex

Male 15 3

Female 25 7

Location

Head and neck 3 1

Trunk 18 4

Extremities 19 5

Histological type

SSM 31 4

NM 6 6

ALM 2 0

Others 1 0

Tumour thickness

≤1.5 mm 22 3

>1.5 mm 18 7

Clark level

II 6 0

III 17 4

IV 15 4

V 2 2

Ulceration

Yes 7 4

No 36 3

Regression

Yes 5 0

No 35 10

Inflammatory infiltrate

Absent 14 5

Moderate 21 4

Intense 5 1

SSM superficial spreading melanoma, ALM acral lentiginous melanoma,
NM nodular melanoma
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of age. The location of the lesions was mainly on the trunk
and extremities, both in SLN-negative and in SLN-positive
cases. In both groups, there were more women. The most
common histological type in the SLN-negative cases was
superficial spreading (77.5%), whereas in the SLN-positive
cases, it was nodular melanoma (60%).

Immunohistochemical study

The immunohistochemical study was done with the most
representative paraffin block of tumour tissue from the
primary lesion and included both superficial and deep areas.
Consecutive sections (5 μm in thickness) of paraffin-
embedded cancer tissue were cut, mounted on xylan-
coated slides, deparaffinised in xylene and rehydrated in a
graded series of ethanol. Heat-induced epitope retrieval was
done with the pressure cooker method in 0.1 mol/L sodium
citrate buffer (pH 6). Endogenous peroxidase activity was
blocked by incubation in 1% hydrogen peroxide in
methanol for 30 min. Slides were incubated with primary
antibody and stained according to the standard LSAB+,
Dako REAL™ (K5005) method using an automatic
immunostainer (TechMate, Dako, Copenhagen, Denmark).
The chromogen used was a ready-to-use biotinylated link
antibody and a ready-to-use streptavidin conjugated with
alkaline phosphatase (Dako K5005) and slides were
counterstained with haematoxylin. Sections of tumour
tissue known to express the investigated antigens were
used as positive controls. Negative controls were routinely
carried out by substituting the primary antibody by non-
specific IgG. The control sections were treated in parallel
with the samples in the same run.

The mouse monoclonal antibody D2-40 (clone D2-40)
(Signet Laboratories, Dedham, MA, USA) was used as a
marker of lymphatic vessels. Incubation with the antibody
was carried out for 20 min at a 1/200 dilution at room
temperature. LVD was defined as the number of vessels per
square millimetre. To determine LVD, we reviewed sections
stained with D2-40 at low power (20×) seeking the areas of
greater vessel density (hot spots) of the tumour. In each
case, four hot spots, two intratumoral and two peritumoral,
were selected. The quantification of the lymph vessels was
done from digitalised images of 800×600 pixels obtained
with a Polaroid I DMC camera and a Nikon Eclipse E400
microscope, with a magnification of ×100. The resulting
image occupied an area of 0.68 mm2. The digitalised
images were analysed with Visilog 6.3 software (Noesis,
France), which provides the automatic quantification of the
objects indicated. Isolated cells with no vascular lumen
were not considered. The vessels in each previously
selected hot spot were counted, and the number of vessels
in each area was summed to obtain the total number of
vessels per square millimetre.

For VEGF-C immunohistochemical detection, a rabbit
antibody (from Zymed Laboratories, South San Francisco,
CA, USA) was used with incubation overnight at 4°C in a
humidified chamber at a 1/300 dilution. VEGF-C expres-
sion was evaluated in the tumour cells, macrophages and
stromal cells according to the overall staining intensity as:
1, negative (low or absent expression); 2, (moderate
staining); or 3 (strong staining). Stromal cells were
identified as cells with fine elongated nuclei, with elongated
cytoplasms, generally situated among collagen bundles, in
the tumour periphery, surrounding tumour nests (Fig. 1).

Statistical analysis

The statistical study was done with SPSS (version 17.0) for
Windows. The study variables were first submitted to a basic
descriptive analysis. The continuous variables were evaluated
by their real numerical value, taking as representative values
the arithmetic mean, range and standard deviation. The
qualitative nominal variables, distributed in two or more
categories depending on the case, were evaluated by studying
the counts and corresponding frequencies. The Student’s t
and ANOVA tests were used to examine the association of
lymphatic vessel parameters with vascular vessel and
clinicopathological parameters. Intratumoral and peritumoral
lymphangiogenesis parameters were compared by means of
the Spearman rho test. Associations between immunohisto-
chemical parameters in tumour and stromal cells and
clinicopathological parameters were assessed by the χ2 test.
A P<0.05 was considered significant.

Results

D2-40 immunostaining

D2-40 stained endothelial cells of the lymph vessels but
not of the blood vessels. The vessels had thin walls,
covered by a single layer of poorly prominent endothelial
cells. Occasional lymph vessels could be seen among the
cell nests of the tumour mass, generally small, dispersed
and with a collapsed lumen. The lymph vessels in the
peritumoral areas were more frequent, larger and with
dilated and tortuous lumina. The mean number of
intratumoral and peritumoral lymph vessels in the whole
series was 9.84 and 16.98/mm2, respectively. The great
majority of cases had more lymph vessels in the periphery
than in the intratumoral area (P<0.001).

Although no significant association was seen between
the LVD and sentinel node status, the mean LVD was
greater in the SLN-positive cases than the SLN-negative
cases in both intratumoral and peritumoral locations, with
the corrected P for peritumoral location almost reaching
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significance (P=0.075). A significant correlation was seen
between LVD and tumour thickness (P=0.003). Melanomas
with a Breslow index of <1.5 mm had a lower intratumoral
LVD than the melanomas with Breslow of >1.5 mm.
Likewise, the presence of ulceration was significantly
associated with an increase in intratumoral lymph vessels
(P=0.019), but not peritumoral vessels. The histological type
and the intensity of the inflammatory infiltrate showed no
relation with the number of lymph vessels within or around
melanomas. The presence of regression phenomena, however,
was associated with a lower LVD (P=0.026) (Table 2).

VEGF-C immunostaining

VEGF-C immunostaining was studied in three cell types:
melanoma cells, macrophages and fibroblastic stromal cells
(Table 3). The VEGF-C staining was diffuse in the tumour
cells from most cases, though a certain degree of hetero-
geneity was seen in the cell to cell staining intensity, and

some cases even showed a clear difference in the staining
intensity in a few tumour areas. The macrophages, both
intratumoral and in the tumour periphery, generally stained
stronger than in the melanoma cells. In fact, some
melanoma-negative cases also showed strong staining in
macrophages. In the tumour periphery, and occasionally
among the tumour nests, fibroblastic stromal cells could be
seen among the collagen bundles, generally with a
concentric arrangement around the tumour, which also
stained positively. As expected, VEGF-C expression in
fibroblasts was almost absent in Clark II melanomas, in
which the presence of fibroblasts around the tumour cells
was minimal. The fibroblastic reaction was more evident in
melanomas with levels of deeper infiltration into the dermis
or the subcutaneous adipose tissue, though the fibroblast
density was similar, independently of the level of invasion
and the presence of lymph node involvement.

VEGF-C immunostaining of tumour cells was considered
moderate or high in 29 cases and absent or low in 21 cases.

Fig. 1 Immunohistochemical expression of VEGF-C in the peritu-
moral stroma: a stromal cells with very scant staining, valued as 1, the
surrounding macrophages show a strong stain; b slight staining in

some fibrocytes, also valued as 1; c moderate staining intensity,
valued as 2; d VEGF-C negative melanoma with positive stroma,
valued as 3
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Macrophages showed moderate or high staining in 33 cases
and stromal cells in 16 cases. VEGF-C expression in tumour
cells was of a similar intensity in the SLN-positive cases as in
the SLN-negative cases. No significant differences were seen
between metastatic and non-metastatic melanomas regarding
macrophage staining. VEGF-C expression in the stroma,
however, was clearly greater in those cases with a positive
sentinel lymph node than those with a negative sentinel
lymph node (P<0.001). Nine SLN-positive cases (90%)
showed moderate or high staining, whereas in 82.5% of the
SLN-negative cases, the staining was null or slight in the
stromal cells. In addition, stromal VEGF-C expression was
also related with the Clark level of invasion (P=0.05),
mainly because most of the level V melanomas had a high
expression of the marker, whereas all the level II cases were
negative. No other significant differences were seen in
VEGF-C expression in the tumour cells, macrophages, or
stromal cells regarding histological type, thickness, inflam-
matory infiltrate, or regression signs. VEGF-C expression
in the melanoma cells, the macrophages and the stroma
showed no correlation with the intratumoral or peritumoral
LVD.

Discussion

In most human cancers, including malignant cutaneous
melanoma, the lymph vessels constitute the pathway of

dissemination to the lymph nodes. In cutaneous melanoma,
the first metastases to be detected affect the regional lymph
nodes in at least 50% of patients [21]. In this case, the first
lymph node in the lymph node drainage chain, known as
the sentinel lymph node, is the first to be affected, and its
status can predict that of the other lymph nodes [22]. Thus,
the study of the sentinel lymph node provides important
information on staging and prognosis, which in turn aid in
treatment decisions [23]. Nonetheless, the sentinel lymph
node procedure is not free from postoperative complica-
tions such as wound infection, seroma, haematoma, or
lymphoedema [24].

Malignant tumours have recently been shown to
induce the formation of new lymph vessels, a process
known as lymphangiogenesis. Various clinicopathological
studies have found a strong association between tumour
lymphangiogenesis and metastatic involvement of the
lymph nodes [6–9, 25–28].

Lymph vessel proliferation in malignant cutaneous mela-
noma exists not only in the periphery of the tumour but also
within the tumour. Although the relevance of intratumoral
versus peritumoral lymphatic vessels for cancer metastasis in
lymph nodes remains unclear, some data suggest that the
latter play a more active role. Whereas the intratumoral
vessels are generally collapsed, the peritumoral vessels show
wider, more dilated lumina, and tumour emboli within
lymphatics are more common within the peritumoral vessels
[13, 29]. As we found in our series, the density of lymphatic

Parameter Intratumoral LVD,
mean (SD)

P value Peritumoral LVD,
mean (SD)

P value

Tumour thickness 0.003 NS
≤1.5 mm 6.28 (7.09) 16.56 (10.27)

>1.5 mm 13.40 (9.09) 17.40 (9.44)

Clark level NS NS
II 4.33 (8.73) 15.50 (10.48)

III 10.47 (7.61) 15.19 (7.36)

IV 11.27 (10.39) 19.16 (11.87)

V 10.00 (7.52) 14.00 (5.35)

SLN NS 0.075
Positive 13.10 (8.03) 21.90 (12.24)

Negative 9.02 (8.93) 15.75 (8.82)

Ulceration 0.019 NS
No 8.30 (7.95) 18.36 (7.10)

Yes 15.27 (10.02) 16.58 (10.45)

Regression 0.026 NS
Yes 1.6 (2.07) 9.80 (7.15)

No 10.75 (8.82) 17.77 (9.76)

Inflammatory infiltrate NS NS
Absent 6.5 (5.6) 16.83 (10.57)

Sparse 9.05 (8.61) 16.83 (10.91)

Intense 11.32 (9.71) 17.28 (9.30)

Table 2 Relation between
intratumoral and peritumoral
LVD and histopathological
parameters
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vessels is usually greater at the periphery than in the
intratumoral location. This finding is similar to that of most
studies on lymphangiogenesis in human cutaneous melano-
mas [11, 13, 29], though exceptions exist, with no
significant differences being found [30]. However, the
presence (as opposed to the absence) of intratumoral
lymphatic vessels has been correlated with poor disease-
free survival [11].

Comparison of LVD in SLN-positive versus SLN-
negative cases showed a slightly increased number of
lymphatic vessels in both intratumoral and peritumoral
locations (intratumoral LVD, 9.02±1.4 in SLN-negative
and 13.10±2.5 in SLN-positive cases; peritumoral LVD,
15.75±1.4 in SLN-negative and 21.90±3.9 in SLN-positive
cases). However, the differences were not statistically
significant, although peritumoral LVD reached levels close
to significance (P=0.075). Several authors have investigated
the correlation between the degree of development of
tumour lymphangiogenesis in cutaneous melanoma and the
presence of metastases in the sentinel node, with conflicting
results. Massi et al. [13], in a series of 15 melanomas with
30 matched controls, using immunochemistry for D2-40 and
computer assisted morphometric analysis, found that the
number and area of peritumoral and intratumoral lymphatic
vessels were significantly higher in melanomas with SLN
metastasis than in non-metastatic melanomas. Dadras et al.
[11] reported that the number of peritumoral lymphatics and
the average lymphatic vessel size were significantly increased
in melanomas with early lymph node metastasis compared
with non-metastatic melanomas. In this latter work, immuno-
fluorescence staining for LYVE-1 on paraffin sections was
used to recognise lymphatic vessels and computer-assisted
morphometric analysis to obtain vessel density and size.
These findings were subsequently validated in a prospective
series [12] of 45 cutaneous melanomas with SLN biopsy,
using similar methods. The results showed that the lymphatic
vascular area was a highly sensitive and specific prognostic
marker of sentinel node metastases, even more accurately
than tumour thickness. Sahni et al. [30], on the other hand,
found no significant difference in lymphatic counts between
SLN-positive and SLN-negative cases using LYVE-1 and
Chalkley point counting in 36 cases of cutaneous melanoma.
Straume et al. [14] reported similar findings, but their series
only included nodular melanoma, with LYVE-1 as a
lymphatic marker. Surprisingly, in another report [15],
lymphatic capillary density as assessed by immunohisto-
chemical staining of VEGFR-3 showed an inverse correla-
tion with SLN metastasis.

Methodological variability, particularly the antibody used
as a marker of lymphatic vessels, may be the cause, at least in
part, of disagreement in the results. In our study, we used D2-
40, a specific marker of lymphatic vessels that recognises
podoplanin, a mucin-type transmembrane glycoprotein [31].T
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Lyve-1 and D2-40 (podoplanin) are markers of lymphatic
vessels commonly used to assess LVD in melanoma, and
both have proved to be specific for lymphatic endothelial
cells. However, in a comparative study on the usefulness of
various immunohistochemical markers (Lyve-1, D2-40 and
Prox-1) to identify lymphatic vessels in breast cancer, D2-
40 proved to be the most sensitive marker [32]. In the “First
international consensus on the methodology of lymphangio-
genesis quantification in solid human tumors”, podoplanin,
which is recognised by D2-40 antibody, was considered the
most reliable marker of lymphatic vessels at present [33].
However, the consensus also recommended using a combi-
nation of markers that could vary depending on the type of
tissue. It is necessary to standardise the methodology of
lymphangiogenesis quantification in melanoma to determine
its true prognostic significance.

The presence of ulceration could affect lymphangio-
genesis. Our results show that intratumoral lymphatic
vessels are significantly more numerous in ulcerated
melanomas, whilst the density of peritumoral lymphatic
vessels is similar in ulcerated and non-ulcerated lesions.
Sahni et al. [30] found a significant difference when
peritumoral and intratumoral lymphatic areas combined
were considered but not when only intratumoral areas were
taken into account. In the study of Massi et al. [13], the
parameter associated with ulcerated melanoma was the
average vessel area both in intratumoral and peritumoral
locations. These results may be conflicting, but all agree
that lymphangiogenesis is dependent on ulceration. The
inflammation usually associated with ulceration may be one
of the causes of the increase in lymph vessels. Both the
inflammatory cells themselves as well as the proinflamma-
tory cytokines secreted in this context have been implicated
in the regulation of lymph vessel growth [34, 35]. We, too,
found that tumour thickness was associated with signifi-
cantly higher intratumoral LVD. However, ulceration and
Breslow index are characteristics that are frequently
associated as ulceration is more commonly present in thicker
melanomas, as was the case in our series. Release of VEGFs
mediated by hypoxia is proposed by Massi et al. [13] as the
reason for the enlargement of lymphatic vessels in ulcerated
melanomas. Likewise, primary melanomas in the vertical
growth phase were reported to express more VEGF-C than
those in the horizontal growth phase [17]. However, in our
experience, VEGF-C is not increased in ulcerated melanomas
nor is it associated with the Breslow index.

These findings, as well as the absence of a correlation
between VEGF-C expression of the tumour or stromal cells
and LVD, may be explained because lymphangiogenesis,
just like angiogenesis, is a complex process in which
multiple growth factors are involved, all inter-related.
Factors other than VEGF-C, such as VEGF-A, hepatocyte
growth factor, fibroblast growth factor-2, platelet-derived

growth factors and insulin-like growth factors, may also
contribute to promoting lymphangiogenesis during growth
of the melanoma [36, 37]. In a large series of 175
melanomas, Straume et al. found no association between
LVD and the immunohistochemical expression VEGF-C or
other factors related with lymphangiogenesis [14].

Earlier data suggested that VEGF-C might be involved
in the localisation of melanoma metastasis to the lymph
nodes [18, 38]. In order to determine whether VEGF-C
secreted by melanoma cells correlates with SLN involve-
ment, we studied the immunohistochemical expression of
VEGF-C in tumour cells from SLN-positive and SLN-
negative patients. Of the 50 cases, 29 presented a moderate
or intense stain, 23 (77%) of the SLN-negative and six
(60%) of the SLN-positive cases. Thus, no significant
association was seen between tumour VEGF-C and SLN
involvement. These results agree with observations of both
Dadras et al. [11] and Massi et al. [13], who reported that
VEGF-C expression by tumour cells was detected in both
metastatic and non-metastatic melanomas, with no correla-
tion with lymph node status. Dadras et al. [12], on the other
hand, detected moderate to high levels of cytoplasmatic
VEGF-C in the majority of SLN-positive melanomas but in
a minority of the SLN-negative melanomas (88.2% vs.
40.0%), and they found that tumour cell expression of
VEGF-C may be useful to predict metastasis to the SLN. In
addition, Bonne et al. [19], in a study of 113 cases, found
that high VEGF-C expression in melanoma cells was
positively associated with the presence of a positive SLN.
These discordant results highlight the need for yet more
research in this field to determine the usefulness of VEGF-C
expression in tumour cells from cutaneous melanoma as a
predictive factor of node status in the clinical setting.

This study focussed on VEGF-C secretion not only in
tumour cells but also in stromal cells accompanying the
cutaneous melanoma. The contribution of stromal cells to
the formation of new lymphatic vessels or the appearance
of lymph node metastasis is poorly understood. A great deal
of evidence, both experimental and clinical, shows that the
stroma and extracellular matrix play an important role in
the development of human tumours [39]. The stromal cells
around a tumour are mainly fibroblasts and inflammatory
cells, like macrophages. The relevance of macrophages in
angiogenesis has been determined in tumours from several
different tumour locations [40, 41]. Macrophages are a
source of antigenic factors, including VEGF-C and VEGF-D,
that have also been associated with lymphangiogenesis, in
both inflammatory and tumoral processes [42, 43].

Positive VEGF-C staining in cutaneous melanoma is
usually more frequent in macrophages than in melanoma
cells [12, 19]. Bonne et al. [19] observed that VEGF-C
expression in tumour-associated macrophages (TAMs) was
strongly associated with the sentinel lymph node status, just
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like VEGF-C expression in melanoma cells. This finding
was not corroborated in our study, in which the SLN-
negative and the SLN-positive cases showed a high level of
positivity for VEGF-C in macrophages. However, like
Bonne et al., we too failed to find an association with the
pathological characteristics of the primary tumour, such as
Breslow thickness, Clark level, inflammatory infiltrate,
regression signs or ulceration.

In addition to macrophages, fibroblasts from the tumour
stroma, also termed tumour-associated fibroblasts or
carcinoma-associated fibroblasts (CAFs), play a relevant
role in the development and progression of tumours. In
vivo experiments mixing fibroblasts and epithelial cells
from tumorigenic cell lines accelerated the growth and
shortened the latency period of human epithelial tumours in
athymic mice [44]. This protumorigenic action can be more
clearly seen when CAFs are used in the models to study
tumour stroma interaction, with the authors concluding that
CAFs can direct tumour progression of initiated epithelial
cells [45]. CAFs are able to secrete growth factors that
contribute to the creation of a favourable microenvironment
for tumour growth, promoting angiogenesis, migration and
spread of tumour cells [46]. Fibroblasts can secrete VEGF,
among other growth factors, and, together with inflamma-
tory cells, are the principal source of host-derived VEGF in
a tumour [47]. Interestingly, Koyama et al. [48], in an
experimental study in breast carcinoma, also showed
secretion of VEGF-D and VEGF-C by fibroblasts using
immunohistochemistry and real-time quantitative RT-PCR.
The authors conclude that lymphangiogenesis is probably
also controlled by interaction between the tumour cells and
the components of the stroma and that the stromal cells may
serve as important inducers of tumour lymphangiogenesis
in a suitable microenvironment.

Previous studies in cutaneous melanoma have shown
VEGF-C expression in peritumoral dermal fibroblasts [11,
13]. However, a relation with the presence of metastasis in
regional lymph nodes has not previously been reported.
Surprisingly, in our study, the expression of VEGF-C in the
fibroblasts was significantly associated with SLN status,
more so than that of the epithelial cells or macrophages.
Marked staining was seen in the vast majority of melano-
mas with lymphatic vessel metastasis, whereas in the SLN-
negative cases, the VEGF-C staining was generally scarce
or absent. Thus, evaluation of VEGF-C expression in the
fibroblasts that are mainly found at the base of the tumour,
around tumour nests of melanoma cells, may be useful as a
predictive factor of SLN involvement.

The localisation of the fibroblasts in the periphery of the
melanoma is coincident with that of the functionally active
lymph vessels, which are mainly responsible for the
dissemination to lymph nodes [49]. Thus, VEGF-C secreted
by fibroblasts can act directly on local lymph vessels,

creating a favourable microenvironment for metastatic
dissemination. Although experimental studies have shown
that overexpression of VEGF-C by tumour cells induces
tumour-associated lymph vessel growth [50], a direct
relation between a high immunohistochemical VEGF-C
expression and a high LVD has not always been found in
cutaneous melanomas [14]. This observation suggests the
additional existence of a qualitative action of VEGF-C on
lymph vessels, promoting tumour metastasis. This qualita-
tive action may be exerted by facilitating the entry of
tumour cells via the formation of intercellular gaps [51] or
promoting the dilation of collecting lymph vessels, which
would then cause an increase in the flow of lymph and the
transport and dissemination of tumour cells [52]. Addition-
ally, the lymphangiogenic factors secreted by the tumour
may also act at a distance, provoking the appearance of
areas of lymph vessel proliferation in draining lymph nodes
and thus contributing to the settling and survival of tumour
cells via the induction of a specific tumour microenviron-
ment or “lymphvascular niche” [53].

Our findings underline the importance of tumour-
associated stroma in the promotion of intratumoral lym-
phangiogenesis and show that it may also be a target for
antineoplastic therapy. Given the results of this study, we
consider that VEGF-C secretion by tumour-associated
fibroblasts should be considered in future studies about
prognostic factors in cutaneous melanoma.
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