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Cutaneous melanoma preferentially metastasizes via the lymphatic route. However, the mechanisms of
lymphatic invasion and metastasis to regional lymph nodes are poorly understood. Nitric oxide is a free radical
molecule synthesized from L-arginine by nitric oxide synthases that plays a critical role in various physiological
and pathological processes, including tumor growth and angiogenesis. We have tested whether inducible nitric
oxide synthase expression correlates with lymphatic vessel density identified with D2-40 antibody and/or blood
microvessel density identified with CD105/endoglin in a series of melanocytic nevi (n¼ 28) and cutaneous
melanomas (n¼ 38), representative of various pT. Inducible nitric oxide synthase expression was significantly
lower in melanocytic nevi in comparison with primary and metastatic melanomas (Po0.001). Mean microvessel
density was significantly higher in primary and metastatic melanomas in comparison with melanocytic nevi
(Po0.001 for intratumoral and P¼ 0.001 for peritumoral vessels). Vertical growth phase melanomas showed a
higher intratumoral microvessel density in comparison with radial growth phase melanomas (P¼ 0.02). The
number of peritumoral lymphatics was significantly lower in nevi as compared with primary and metastatic
melanomas (P¼ 0.01). No correlation between microvessel or lymphatic vessel and clinical outcome was found
in melanomas. A significant direct correlation was observed between inducible nitric oxide synthase
immunostaining in melanocytic tumor cells and the density of lymphatic vessels (peritumoral: P¼ 0.001;
intratumoral: P¼ 0.08), and the density of peritumoral blood microvessel (P¼ 0.02). Our findings support the
hypothesis that inducible nitric oxide synthase is implicated not only in blood, but also in lymphatic vascular
neoformation in melanoma. Mechanistic studies are needed to address the possibility that inducible nitric oxide
synthase controls lymphangiogenesis, dissemination and lymphatic borne metastases.
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Cutaneous melanoma metastasizes at least initially
through the lymphatic route and lymph node metas-
tasis is currently still a major determinant for patients
staging and clinical management. The mechanisms of
lymphatic invasion and metastasis to regional lymph
nodes are mostly unknown and whether human
tumors promote de novo lymphangiogenesis is still
unclear. Although the pathways that regulate tumor-
related angiogenesis have been partially investigated,
poor information is available on the processes that
result in lymphangiogenesis in melanoma.

Nitric oxide (NO) is a diatomic free radical
molecule synthesized from L-arginine by NO
synthases (NOS) that plays a critical role in various

physiological and pathological processes, including
tumor growth. Although the Ca2þ -dependent iso-
forms NOS1 and NOS3 are constitutively expressed
by neural and endothelial cells, the Ca2þ -indepen-
dent form (NOS2 or iNOS) can be induced by many
cell types upon stimulation by inflammatory cyto-
kines and is able to rapidly generate high amounts of
NO.1 In cancer, although high levels of NO may exert
cytostatic or cytotoxic functions, the constitutive
production of low levels of intracellular NO has
been associated with tumor growth.2–5

Tumor-cell-derived NO has been proposed to be
an important mediator of tumor angiogenesis and
metastasis formation by directly inducing vessel
dilation, promotion of blood flow and vascular
permeability and endothelial cell proliferation
through upregulation of vascular endothelial growth
factor (VEGF) and basic fibroblastic growth factor.6,7

In addition, more recent observations indicate that
NO is involved in the regulation of lymphatic
vessels permeability and flow8 and we have recently
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demonstrated that iNOS activity correlated with
lymphangiogenesis and spread to lymph nodes in
head and neck squamous cell carcinoma.5 It is
possible that in the tumor microenvironment NO
stimulates angiogenesis and/or lymphangiogenesis
cooperatively with other proangiogenic and lymph-
angiogenic growth factors.

The pleiotropic actions of NO have been also
reported in melanoma. NO release induces anti-
apoptotic effects, prolonging the survival of mela-
noma cells in vitro.9–11 Data from our laboratory and
from others reported iNOS expression in the
vast majority of melanoma tissue specimens and
cultured melanoma cells,6,12–16 suggesting a role
for iNOS in the development and progression of
cutaneous melanoma. However, to our knowledge,
no study has investigated the expression of iNOS in
relation to angiogenesis of lymphatic and blood
vessels in melanocytic lesions.

The extent of tumor (lymph)angiogenesis is
usually estimated by lymphangiogenic and angio-
genic microvessel density. Here, we have tested
whether iNOS expression in melanocytes or mela-
noma cells correlates with the density of intratu-
moral and peritumoral microvessels and lymphatics
in melanocytic nevi and melanomas, identified with
CD105/endoglin (a marker of proliferating endothe-
lial cells and angiogenic blood vessels) and D2-40
antibody (a new specific antibody for lymphatic
endothelial cells, LECs). The relationship between
(lymph)angiogenesis and various clinicopathologi-
cal features, including the clinical outcome, in
malignant melanoma patients was also investigated.

Materials and methods

Patients and Specimen Selection

Tissue specimens were retrospectively obtained
from the archive of the Department of Human
Pathology and Oncology, University of Siena. The
study series included 66 consecutive cutaneous
melanocytic lesions, diagnosed in the last 2 years.
There were melanocytic nevi (n¼ 28) and malignant
melanomas (n¼ 38). Melanocytic nevi were distrib-
uted as follows: common melanocytic nevi (n¼ 4),
so-called atypical, ‘dysplastic’ nevi (n¼ 14), Spitz/
Reed nevi (n¼ 7) and blue nevi (n¼ 3). Melanoma
samples included: in situ melanomas (n¼ 4), pri-
mary invasive melanomas (19 in vertical growth
phase, VGP, and 6 in radial growth phase, RGP) and
melanoma metastases (n¼ 9). For each melanoma
case, the patients’ charts were analyzed for age at
diagnosis, sex, anatomic location and patient out-
come. Follow-up ranged from 11–60 months (mean,
16.9 months; median, 15 months). Mean and median
follow-up of patients who did not develop recur-
rences were 16.7 and 15 months, respectively.
Histopathologic slides were reviewed for Breslow
thickness, Clark’s level, histotype, ulceration,
growth phase and mitotic activity. The main clinical

and pathological features of the whole series are
summarized in Table 1. Among primary melanoma
cases, 11 patients were submitted to sentinel lymph
node biopsy. Sentinel lymph nodes were negative in
10 cases and positive in 1 patient (with subsequent
negative elective lymphadenectomy). Among cases
undergoing disease progression, local recurrences
were experienced in two cases, lymph node metas-
tases in one case and distant metastasis (brain) in
one additional patient.

Immunohistochemical Analysis (iNOS, CD105, D2-40)

The immunohistochemical analyses were performed
on 4mm thick sections from formalin-fixed and
paraffin-embedded archival tissues, using the strep-
tavidin–biotin peroxidase complex method. The
conditions were optimized for each antibody. Anti-
human iNOS rabbit polyclonal antibody (Biomol
Research Laboratories, Plymouth Meeting, PA, USA)
at 1:600 dilution was applied following antigen
retrieval that was performed on dewaxed and
rehydrated sections totally immersed in 10mM
sodium citrate buffer (pH 6.0) with heating for
10min at 500W output in household microwave.
The sections then were allowed to cool down to
room temperature (RT) for 20min. Additional sec-
tions from the same specimens were deparaffined in
Bio-Clear (Bio-Optica, Milan, Italy) hydrated with
grade ethanol concentration until distilled water
and placed in 3% hydrogen peroxide (H2O2). for
blocking endogenous peroxidase. Antigen retrieval
by microwave pretreatment (Microwave MicroMed
T/T Mega, Milestone, Bg, Italy) in citrate buffer
10mM (pH 6.0) for 30min was followed by incuba-
tion with the monoclonal antibody D2-40 (Signet
Laboratories, Dedham, MA, USA; prediluted) over-
night at 41C. Bound antibodies were visualized
using aminoethylcarbazole (AEC, LabVision Cor-
poration) as chromogen. The sections were lightly
counterstained with Mayer hematoxylin. Anti-
CD105 (MoAb, clone SN6H, Dako, Milan, Italy) at
dilution 1:900 was applied overnight on dewaxed
sections at 41C. Signal amplification was obtained
by the Ultravision LP Detection System AP polymer
(Lab Vision, Bio-Optica, Milan). As chromogen, new
fucsin (Dako) was used, developing a cytoplasmic
red stain in positive cells. Sections were counter-
stained with Harris hematoxylin. Negative controls
were obtained by replacing the specific antibody
with nonimmune serum immunoglobulins at the
same concentration of the primary antibody. For
positive controls, samples of normal upper airway
epithelium were used.

Evaluation of Immunohistochemistry and
Quantitative Assessment of Microvessel Density

The immunohistochemically stained sections were
independently reviewed by two observers. To score
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the iNOS staining pattern, only melanocytic cells
with evidence of cytoplasmic staining were
considered positive. The results were expressed
according to semiquantitative criteria as: negative
staining (score 0); 1–20% (score þ ); 21–50%
of positive cells (score þ þ ) and more than 50%
of positive cells (score þ þ þ ). iNOS staining
intensity was recorded as weak, moderate or strong.

To evaluate mean vessel density by CD105 and
D2-40, the sections were scanned at low magnifica-
tions (� 25 and � 100) to identify the most vascular
areas of the tumor (hot spots). In thin lesions
(junctional melanocytic nevi, in situ and thin
melanomas), evaluation was limited to the tumor-
stroma boundary within one high power field (HPF,
� 40 objective and � 10 eyepiece). In thick lesions
(compound nevi; vertical growth phase melanomas)
and metastases, vessel counts were performed in: (1)
central/vertical growth phase area, (2) at the periph-
eral tumor-stroma boundary, within one HPF in the
tumor invasive front. When a RGP was present in a
thick melanoma, it was also evaluated, as performed
in thin lesions. Vessels more than one-half HPF
away from above-defined areas, as well as vessels
inside necrotic and ulcerated areas were not
counted. Within these areas, from a minimum of 5
to a maximum of 10 randomly chosen fields at � 400
magnification (HPF, 0.16mm2 per field) were eval-
uated by two independent observers and the mean
value was calculated for statistical analysis.

Statistical Analysis

Statistical tests were performed using SPSS software
(release 14.0, SPSS Inc., Chicago, IL, USA). Mann–
Whitney U-test was employed to compare two
groups of unpaired values, whereas for comparisons
between groups of more than two unpaired values,
we employed the Kruskal–Wallis H-test. The corre-
lation between two parameters was reported as
Spearman’s product–moment correlation coeffi-
cients (rs). All P-values resulted from the use of
two-sided statistical tests; Po0.05 was considered
significant.

Results

iNOS immunoreactivity was limited to the cell
cytoplasm. The basal and suprabasal epidermal
layers and the adnexal epithelium constantly
showed a strong and diffuse iNOS positivity.
Staining was often observed in macrophages and,
in some cases, in endothelial cells, whereas lym-
phocytes were negative. Overall, iNOS immunos-
taining was significantly lower in melanocytic nevi
in comparison with primary and metastatic melano-
mas (negative/score þ vs score þ þ /score þ þ þ ,
Po0.001, w2-test; Table 2). The large majority
of common acquired nevi showed absent to low and
weak iNOS immunostaining (Figure 1). In common
acquired nevi showing maturation in the reticular

Table 1 Clinicopathological data of primary cutaneous melanoma cases (n¼29)

Case Age/sex Site Histotype Thickness Level Ulceration Growth phase Mitotic activity (mm2)

1 64/F Thigh SSM — I Absent Radial —
2 71/M Leg SSM — I Absent Radial —
3 48/F Abdomen SSM — I Absent Radial —
4 70/F Thigh SSM — I Absent Radial —
5 46/M Abdomen SSM 0.28 II Absent Radial —
6 72/M Back SSM 0.23 II Absent Radial —
7 48/M Abdomen SSM 0.35 II Absent Radial 1
8 77/F Back SSM 0.28 II Absent Radial —
9 45/F Knee SSM 0.31 II Absent Radial —
10 44/F Back SSM 0.42 III Absent Radial —
11 78/M Shoulder SSM 6.50 IV Present Vertical —
12 70/M Arm SSM 2.40 IV Absent Vertical 1
13 57/F Leg SSM 2.10 IV Absent Vertical 1
14 37/M Trunk SSM 0.77 IV Present Vertical 1
15 46/M Back SSM 2.60 IV Present Vertical 2
16 79/F Leg SSM 2.80 IV Present Vertical 7
17 65/F Shoulder SSM 2.70 IV Present Vertical 3
18 80/M Back SSM 2.80 IV Present Vertical 30
19 68/F Arm SSM 0.95 IV Absent Vertical 1
20 68/F Back SSM 0.35 III Absent Vertical 1
21 53/M Trunk SSM 4.20 IV Absent Vertical 60
22 34/F Trunk SSM 0.46 III Absent Vertical —
23 69/M Back SSM 1.20 IV Present Vertical 15
24 28/F Arm SSM 0.55 III Absent Vertical 6
25 80/M Ear NM 14.0 V Present Vertical 2
26 87/F Back NM 4.10 IV Present Vertical —
27 77/M Scalp NM 11.0 IV Absent Vertical 40
28 77/M Toe NM 10.00 V Present Vertical —
29 85/M Foot ALM 4.10 IV Present Vertical 2

ALM, acral lentiginous melanoma; F, female; M, male; NM, nodular melanoma; SSM, superficial spreading melanoma.
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dermis (either toward neuroid structures or toward
small, type C nevus cells) a decrease in the intensity
of the immunoreaction was observed. Epithelioid
and spindle melanocytes in Spitz’s and Reed nevi
were either iNOS� or weakly and focally stained.
The majority of atypical, ‘dysplastic’ nevi expressed
low to absent iNOS, although in 2 out of 14 cases
showing marked cytological atypia, a diffuse iNOS

immunoreaction was observed in more than 50% of
melanocytes. Elongated, dendritic melanocytes in
blue nevi were constantly iNOS�. No significant
correlation was found between iNOS expression and
disease progression, clinical outcome as well as
other histopathologic parameters, such as ulcera-
tion, histotype, level and mitotic activity. In mela-
nomas, areas of strong iNOS expression in

Table 2 Distribution of iNOS immunohistochemical expression in a series of melanocytic nevi, primary and metastatic melanomas
(n¼ 66)

iNOS�, n (%) iNOS, 1–20% n (%) iNOS, 21–50% n (%) iNOS, 450% n (%)

Melanocytic nevi (n¼ 14) 9 (64.3) 1 (7.1) 3 (21.5) 1 (7.1)
Atypical ‘dysplastic’ nevi (n¼14) 9 (64.3) 3 (21.5) — 2 (14.2)
Radial growth phase melanomas (n¼10) 3 (30.0) 1 (10.0) 4 (40.0) 2 (20.0)
Vertical growth phase melanomas (n¼19) 3 (15.7) 8 (42.1) 4 (21.1) 4 (21.1)
Melanoma metastases (n¼9) 3 (33.4) 2 (22.2) 2 (22.2) 2 (22.2)

a b c

d e f

g h i

Figure 1 (a) Nevus cells in a common acquired nevus are iNOS� whereas the basal and suprabasal epidermal layers are diffusely
positive. (b) Immunostaining for iNOS in a congenital nevus; (c) elongated, dendritic melanocytes in a blue nevus are iNOS�;
(d) pigmented spindle melanocytes in Reed nevus are iNOS� (original magnification � 10; scale bar, 100mm); (e) atypical, so-called
‘dysplastic’ nevus showing scattered iNOSþ melanocytes at the junction; (f) in situ melanoma with regression shows iNOS positivity in
melanoma cells as well as in perilesional blood vessels; (g) iNOS positivity in nodular ulcerated VGP melanoma; (h) iNOS positivity in
melanoma cells at the tumor invasive front, nearby regression; (i) iNOS positivity in metastatic melanoma cells within a lymph node
(a–i: original magnification �10; scale bar, 100mm).
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neoplastic cells were associated with highly iNOS
immunoreactive blood vessels. A high iNOS posi-
tivity was generally observed in endothelial cells in
the context of areas of regression. Conversely, the
blood vasculature in melanocytic nevi was generally
iNOS�. In metastatic melanomas, a moderate to
strong iNOS staining was observed in 6 out of 9
cases (66.6%). Neoplastic cells at the periphery of
metastases were more intensely and diffusely
stained than those located in the center of the
tumor mass.

CD105 staining was observed in both luminal
and cytoplasmic location in endothelial cells in
newly formed vessels (Figure 2). The density of
CD105þ blood vessels appeared higher in nevi and

melanomas than in neighboring normal human
skin (data not shown). The epidermis and adnexal
structures were constantly CD105�. In melanocytic
lesions, the intensity of staining in endothelial
cells was variable, although in vessels within areas
of regression in melanomas the intensity was
constantly strong. Focally, CD105 positivity was
observed also in melanoma cells, with cytoplasmic
and focal membranous pattern, and, less commonly,
also in nevus cells in melanocytic nevi. Table 3
summarizes the distribution of CD105þ and D2-40þ
vessel density in the whole series of melanocytic
nevi, primary and metastatic melanomas. Using
CD105 antibody, mean intratumoral and peritumoral
microvessel density was significantly higher in

a b c
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Figure 2 (a) Immunostaining for CD105 in a common acquired nevus demonstrates rare vascular structures in the superficial portions of
the lesion (original magnification � 10; scale bar, 100mm); (b) CD105þ blood vessels surrounded by nests of benign melanocytes
(original magnification � 20; scale bar, 50mm); (c) at higher power CD105 staining is observed in both luminal and cytoplasmic location
in endothelial cells decorating newly formed vessels (original magnification � 40; scale bar, 25 mm); (d) CD105 in RGP melanoma shows
numerous strongly positive vessels mostly in peritumoral location (original magnification � 10; scale bar, 100mm); (e) at higher power
large CD105þ blood vessels are seen in the stroma at peritumoral location (original magnification �20, scale bar 50mm); (f) in the
context of regression, strongly CD105þ blood vessels intermingled with melanophages, fibroplasia and a mixed inflammatory infiltrate
(original magnification � 20; scale bar, 50 mm); (g) thick VGP melanomas associated with numerous CD105þ intratumoral vessels
(original magnification �10; scale bar, 100mm); (h) at higher power intratumoral vessels show strong CD105 immunostaining (original
magnification �20; scale bar, 50mm); (i) intratumoral and peritumoral CD105þ vessels at the tumor invasive front in a VGP melanoma
(original magnification �20; scale bar, 50mm).
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primary (both radial and vertical growth phase) and
metastatic melanomas in comparison with melano-
cytic nevi (Figure 3, Po0.001 for intratumoral
vessels and P¼ 0.001 for peritumoral vessels,
respectively, Kruskal–Wallis H-test). Among primary
melanomas, VGP melanomas showed a higher
intratumoral microvessel density in comparison
with RGP melanomas (P¼ 0.02, Mann–Whitney
U-test). However, no significant correlation was
found between microvessel density and other
clinicopathological variables, including ulceration,
level, histotype, mitoses, location and clinical outcome.

D2-40 stained endothelial cells of lymphatic
vessels whereas endothelial cells rimming blood
vessels were negative. All the D2-40-stained vessels
were typically thin walled, lined by a single layer of
attenuated endothelial cells lacking pericytes, and
appeared partially collapsed. Lymphatic vessels
were observed both in the context of the tumor
mass and in the peritumoral area, but were found
more numerous in the peritumoral area. Intratumor-
al lymphatics often showed numerous tiny lumina
whereas the peritumoral lymphatics appeared larger
and displayed more dilated open lumina (Figure 4).
In some melanoma cases, lymphatic vessels were
seen in close association with mononuclear cells,
lymphocytes and macrophages. No D2-40 immunos-
taining was identified in nevus cells or melanoma
cells. The number of peritumoral lymphatics was
significantly lower in melanocytic nevi as compared
with both primary (both in radial and vertical
growth phase) and metastatic melanomas (Figure 5,
P¼ 0.01, Kruskal–Wallis H-test). Conversely, no
differences were demonstrated between melanocytic
nevi, primary and metastatic melanomas concerning
the intratumoral lymphatic vessel density (P¼ 0.27,
Kruskal–Wallis H-test). Within primary melanomas,
we found no correlation between lymphatic vessel
density and other clinicopathological variables,
including ulceration, level, histotype, mitoses and
clinical outcome.

When considering the whole series (melanocytic
nevi, primary and metastatic melanomas), a direct
correlation was observed between iNOS expression

in melanocytes and peripheral and intratumoral
lymphatic vessel density, where increased iNOS
immunostaining was associated with higher lym-
phatic vessel density (peritumoral: R¼ 0.52,
P¼ 0.001; intratumoral: R¼ 0.28, P¼ 0.08, Spear-
man’s r-test). Similarly, iNOS expression was
associated to peritumoral microvessel density eval-
uated by CD105 (R¼ 0.35, P¼ 0.02, Spearman’s
r-test). Conversely, iNOS did not significantly
correlate with intratumoral microvessel density
(R¼ 0.20, P¼ 0.21, Spearman’s r-test).

Discussion

In the present study, we firstly confirmed our
previous observation,14 showing a higher iNOS
expression in primary and metastatic melanomas
in comparison with levels observed in melanocytic

Table 3 Distribution of CD105+ and D2-40+ vessel density in a series of melanocytic nevi, primary and metastatic melanomas (n¼ 66)

CD105+ intratumoral
vessels mean±s.d.*

CD105+ peritumoral
vessels mean±s.d.*

D2-40+ intratumoral
vessels mean±s.d.*

D2-40+ peritumoral
vessels mean±s.d.*

Melanocytic nevi (n¼ 14) 3.2±1.0 3.4±0.9 1.8±1.2 2.1±0.7
Atypical ‘dysplastic’ nevi
(n¼ 14)

3.7±1.5 4.9±0.9 1.1±1.2 1.5±0.2

Radial growth phase
melanomas (n¼ 10)

3.2±0.9 4.0±4.8 2.4±1.1 3.4±0.8

Vertical growth phase
melanomas (n¼ 19)

7.2±2.1 8.1±2.7 2.5±1.6 3.8±1.5

Melanoma metastases
(n¼ 9)

7.2±2.1 8.1±2.9 1.9±2.1 3.9±2.1

*Mean vessel density values per HPF (calculated from a minimum of five to a maximum of 10 randomly chosen fields at � 400 magnification)
(HPF, 0.16mm2 per field).
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Figure 3 Distribution of mean peritumoral CD105þ microvessel
density in the categories of common melanocytic nevi (CMN),
atypical, so-called ‘dysplastic’ nevi (AN); radial growth phase
melanomas (RGPM), vertical growth phase melanomas (VGPM)
and melanoma metastases (MET). Mean peritumoral microvessel
density was significantly higher in primary (both radial and
vertical growth phase) and metastatic melanomas in comparison
with melanocytic nevi (P¼0.001, Kruskal–Wallis H-test).
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nevi, characterized by absent to low iNOS immuno-
staining. At variance with this finding, a previous
report described that all benign congenital and
acquired nevi expressed iNOS.17 However, as very
few nevi expressed cytoplasmic nitrotyrosine,17 the
stable end product of the intracellular reaction of
NO with reactive oxygen species, the role of this
morphological observation is disputable. In fact,
should iNOS be expressed in nevi, it should be
functionally inactive, or nevus cells lacking reactive
oxygen radicals, do not form peroxynitrite.

Second, we obtained two original observations.
On one hand, we observed that in cutaneous
melanocytic lesions the levels of iNOS expressed
by neoplastic cells correlate with the density of
peritumoral microvessels evaluated by CD105 stain-
ing. On the other hand, we found that the density of

lymphatic vessels in both peritumoral and intratu-
moral location was associated with the intensity of
iNOS staining in tumor cells. These findings sup-
port the hypothesis that iNOS is implicated in blood
and lymphatic vascular formation in tumor tissues.

In melanomas, NO plays a major role because in
early steps of invasion (ie the invasive RGP), it
contributes to neoangiogenesis, favoring tumor
progression. Previous reports have implicated NO
in tumor growth and angiogenesis in cancer.18–20 NO
upregulates VEGF production, and VEGF requires
sustained NO release for effective angiogenesis.7,21

NO-dependent cyclic guanosine monophosphate
pathway promotes the activity of VEGF released by
tumor cells,22 and specific trophic properties of NO
on endothelial cells contribute to tumor vascular-
ization2,23 and maintenance of tumor blood flow.24

a b c
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Figure 4 (a) Immunostaining for D2-40 in a common melanocytic nevus highlights rare lymphatic vessels (asterisks) in the upper
portions (original magnification � 10; scale bar, 100mm); (b) perilesional D2-40þ lymphatics in a congenital nevus (original
magnification �20; scale bar, 50mm); (c) intralesional D2-40þ lymphatics in congenital nevus (original magnification �20; scale bar,
50mm); (d) D2-40þ lymphatics in peritumoral location in a RGP melanoma with prominent regression (original magnification �10;
scale bar, 100mm); (e) D2-40þ intratumoral lymphatics showing small lumina compressed by melanoma cells in a VGP melanoma
(original magnification �20; scale bar, 50mm); (f) D2-40þ peritumoral lymphatics showing large open lumina (original magnification
� 40; scale bar, 25mm); (g) tumor invasive front at the periphery of a thick VGP melanomas shows D2-40þ peritumoral vessels (original
magnification � 10; scale bar, 100mm); (h) large, peritumoral lymphatic vessels at the periphery of a thick VGP melanoma; adjacent blood
vessels replete with erythrocytes are negative (original magnification �20; scale bar, 50mm); (i) melanoma cells within a lymphatic
vessel at the periphery of a VGP melanoma (original magnification � 40; scale bar, 25mm).
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More recently, it has been showed that NO
could induce NF-kB activity via the generation of
peroxynitrite (ONOO�).25 Because NF-kB is the

upstream regulator of iNOS, the two molecules
may be arranged in a positive feedback loop directed
to amplify the downstream responses of angiogenic
factors.26

In all tissues including different tumors, impor-
tant sources of NO are endothelial cells and stromal
cells, such as tumor-associated macrophages
(TAMs). We recently provided evidence that TAMs
of early melanomas show an activated phenotype in
which iNOS prevails on arginase. However, in an
in vitromodel the release of high NO levels by TAMs
required that tumor microenvironment contains
activated lymphocytes or natural killer cells produ-
cing IFN-g.27 Thus, it may be possible that also iNOS
expressed by nonmelanoma cells contribute to
lymphangiogenesis.

Whereas the role of iNOS as a promoter of
angiogenesis of blood vessels in different cancers
has undergone thorough investigation, the ability of
iNOS to control angiogenesis of lymphatic vessels
is much less known. NO regulates the vasomotor
activity of lymphatic microvessels,8,28 inducing
dilation, and it may act as a lymphangiogenetic
factor through interaction with VEGF-C, as pre-
viously demonstrated in breast cancer and head
and neck squamous cell carcinomas.5,29 Interestingly,
VEGF-C-overexpressing melanomas showed enhanced
tumor angiogenesis, suggesting a coordinated
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Figure 5 Distribution of mean peritumoral D2-40 lymphatic
vessel density in the categories of common melanocytic nevi
(CMN), atypical, so-called ‘dysplastic’ nevi (AN); radial growth
phase melanomas (RGPM), vertical growth phase melanomas
(VGPM) and melanoma metastases (MET). The number of
peritumoral lymphatics was significantly lower in melanocytic
nevi as compared with both primary (both in radial and
vertical growth phase) and metastatic melanomas (P¼0.01,
Kruskal–Wallis H-test).

Table 4 Studies of lymphangiogenesis and prognosis in primary malignant melanoma

Series Cases Antibodies Computer-assisted
morphometric
analysis

Main findings

Dadras36 37 LYVE-1, CD31,
VEGF-C

Yes Increased intratumoral LV associated with metastatic
melanoma and correlates with poor DFS. High-relative
LV area was associated with poor DFS and OS.

Straume37 220 LYVE-1, Podoplanin,
Ki-67

No Decreased LV density was present in thicker and more
proliferative melanomas. Increased LV density was
significantly associated with improved patient survival
in multivariate analysis.

Giorgadze38 29 D2-40, CD31 No Intratumoral LV density higher in invasive melanomas
compared to acquired or dysplastic nevi.

Shields39 21 LYVE-1, CD31,
VEGFR-3, VEGF-C,
VEGF-D

No Increased LV density associated with metastases. No
comment on survival.

Valencak40 120 Podoplanin, CD31 No Increased LV density was significantly associated with
poor OS and poor DFS (univariate). Increased CD31 was
significantly associated with poor DFS and OS in
multivariate analysis.

Dadras31 45 CD31, LYVE-1, D2-40,
VEGF-C, VEGF-D

Yes Increased LV density and area in SLN+ cases. LV area
was the most sensitive prognostic marker for SLN
metastasis. Higher VEGF-C expression in SLN+
melanomas.

Sahni41 36 LYVE-1 No No significant difference in LV density between SLN+
and SLN� cases. Higher peritumoral LV density in
ulcerated melanomas.

Massi42 45 D2-40, VEGF-C Yes Number and area of LV was significantly higher in
melanomas associated with SLN metastasis. By logistic
regression analysis, intratumoral LV area resulted the
most significant predictor of SLN metastasis (P¼0.04).
By multivariate analysis, peritumoral LV density
resulted an independent variable affecting OS.

DFS, disease-free survival; LV, lymphatic vessels; OS, overall survival.
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regulation by this protein of lymphangiogenesis and
angiogenesis in melanoma progression.30,31

CD105 is an endothelial marker that reacts
uniquely with endothelial cells of newly formed
vessels, and, specifically of immature tumor blood
vessels.32 Thus, microvessel density evaluated using
a marker of activated endothelial cells, such as
CD105, may depict the time-course of the neoangio-
genetic process within the tumor. Microvessel
density, identified with a CD105 antibody, was
significantly higher in melanomas in comparison
with melanocytic nevi. In addition, VGP melanomas
showed a higher intratumoral microvessel density
in comparison with RGP melanomas. A previous
report33 showed that in 202 VGP melanomas and 68
corresponding metastases, CD105 peritumoral MVD
was an independent prognostic factor of the disease.
In the present study, we were unable to correlate the
increase in microvessel density with prognosis. This
may be due to the lower number of cases examined
in the present study. However, previous literature
have reported controversial findings on the role of
angiogenesis as a prognostic factor in melanoma.34

Contrasting results might be due to the variability of
nonstandardized assessment of tumor vascularity
and different detection methods used to visualize
tumor-associated blood vessels.

We observed that the number of peritumoral
lymphatics was significantly lower in melanocytic
nevi as compared with either primary (both in radial
and vertical growth phase) or metastatic melanomas.
Thus, a ‘lymphangiogenic switch’ in malignant
tumors characterized by overproduction of lym-
phangiogenic factors and downregulation of lym-
phangiogenesis inhibitors produced by tumor cells,
stromal cells or inflammatory cells may parallel the
better known angiogenic switch. We also found a
lower number of lymphatic vessels within the tumor
mass in comparison with the peritumoral area, and
no difference of intratumoral lymphatic vessel
density was demonstrated between nevi and mela-
nomas. Studies on murine and human tumors
indicated that intratumoral lymphatics are often
nonfunctional,35 whereas expansion of peritumoral
lymphatic vessels could have more importance in
the process of tumor dissemination.

Opposing results have been reported on lymphan-
giogenesis in melanoma (Table 4), possibly due to
the diversity of the antibodies used and of methods
for evaluation of lymphatic vessel density.31,36–42

The recent identification of specific lymphatic
markers discriminating lymphatic from blood ves-
sels has provided more accurate results. Recent
views point on changes in surface area of lymphatics
or tumor cell-LEC interaction on the control
of lymphatic metastases.43 LEC chemotaxis and
proliferation in response to tumor cells (chemo-
taxis-lymphangiogenesis hypothesis) may occur or
LECs may secrete chemotactic agents that attract
cancer cells (chemotactic metastasis hypothesis).44

Melanoma cells seem to grow more toward regions

of high LEC density owing to chemotactic LEC
secretions, including the chemokine CCL21.44 We
propose that increased iNOS and the possible
consequent increased NO levels being associated
to an augmented number of lymphatic vessels,
might contribute to lymphangiogenesis in melano-
ma. Mechanistic studies are needed to address the
possibility that iNOS control lymphangiogenesis
and thus favor the dissemination of lymphatic borne
metastases.
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