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Abstract An early event in melanocytic tumor growth
is the upregulation of Notch signaling. When an active
form of Notchl is overexpressed in primary human
melanocytes, it increases cell growth, survival and
invasive properties, promoting melanoma progression.
Recent evidence suggested that tumor initiation and
growth are driven by a subset of tumor-initiating cells
termed cancer stem cells. Notchl plays a predominant
role in the maintenance of melanoblasts, including
melanocyte stem cells, by preventing initiation of
apoptosis. Moreover, the importance of Notchl in the
regulation of tumor angiogenesis is supported by
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growing evidence in various cancers. Nestin has been
widely used as a marker for melanocyte stem cells as
well as an angiogenic marker to evaluate neovascularity
of endothelial cells in tumors. To gain an insight into the
impact of Notchl activation on the maintenance of
melanocyte stem cells and angiogenesis in melanoma,
the expression levels of activated Notchl and nestin
were analyzed by immunohistochemistry in 114 primary
cutaneous melanomas and 35 lymph node metastases.
Activated Notchl and nestin expression was also eval-
uated in four dysplastic melanocytic nevi. This study
provides evidence that activated Notchl is overexpres-
sed in cutaneous melanoma, in tumor cells as well as in
microvessel endothelium, and that it can promote tumor
angiogenesis. Indeed, the overexpression of activated
Notchl in both tumor and vascular endothelial cells was
significantly associated with microvascular density in
melanoma samples. Thus, activated Notchl inhibitors
may provide a therapeutic strategy in the treatment of
melanoma by blocking tumor-associated vascularization.

Keywords Notchl - Nestin - Melanocyte stem cells -
Angiogenesis - Cutaneous melanoma

Introduction

Melanoma is a neoplasia with adverse prognosis and no
cure in advanced stages. The identification of molecular
players in melanoma progression may provide prognostic
and therapeutic tools against such an unpredictable tumor.
An early event in melanocytic tumor growth is the upreg-
ulation of Notch signaling that may sustain melanoma
progression [1]. Several groups showed that amplified
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Notch signaling increases the aggressiveness of primary
melanoma cell lines [2, 3]. In particular, a significant
upregulation of Notchl, 2 and 4 was found in both mela-
noma lesions and cell lines compared to normal melano-
cytes. These findings suggest that Notch alone can be a
transforming oncogene in human melanocytes and a
“driving” event in melanocytic transformation [4]. It is
likely that the metastatic potential that Notch activation
confers to primary melanoma cells is, at least in part,
mediated by the change in adhesion properties of mela-
noma cells [2]. Indeed, Notch upregulates the expression of
N-cadherin, whose expression is highly correlated with
melanoma progression and metastasis [5].

Recent evidence suggested that tumors are composed
of heterogeneous cell types and that tumor initiation and
growth are driven by a subset of cells termed tumor-ini-
tiating cells or cancer stem cells (CSCs) [6]. Notch sig-
naling is implicated in the maintenance of the stem/
progenitor cells of a variety of stem cell systems [7]. It
seems that genetic alterations in critical signaling path-
ways that govern stem cells, such as in the Notch one,
would allow stem cells to become independent of growth
signals or resist antigrowth signals and would lead them
to undergo uncontrolled proliferation and tumorigenesis
[6]. In particular, Moriyama et al. [8] demonstrated that
Notchl plays a predominant role in the maintenance of
melanoblasts (Mbs), including melanocyte stem cells
(MSCs), by preventing initiation of apoptosis. Moreover,
Notch activates the transcription of nestin, a marker of
melanocyte stem cells, directly acting on nestin-regula-
tory region, in glioma cell cultures. Nestin expression also
correlates with the activation of the Notch pathway
in vivo [9]. Nestin, as well as being widely used as a
marker for stem/progenitor cells, has been reported to be
an angiogenic marker in animal models and a marker to
evaluate neovascularity of endothelial cells in tumors [10,
11]. At the same time, the importance of Notch signaling
in the regulation of tumor angiogenesis is supported by
growing evidence [12, 13]. In particular, it has been
suggested that tumor-associated growth factors stimulate
the direct interaction between tumor cells and endothelial
cells through the mitogen-activating protein kinase
(MAPK) and Notch signaling pathways, promoting tumor
neovascularization and tumor growth in vivo [14]. To
date, no studies exploring the relationship between
Notchl, nestin and tumor angiogenesis in cutaneous
melanoma have been conducted. In this study, we first
evaluated the impact of Notchl activation on the main-
tenance of melanocyte stem cells and on tumor-associated
vascularization, by using the marker nestin for MSCs and
CD31 for microvascular density. Second, the expression
of activated Notchl was correlated with the full clinico-
pathological data of patients.
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Materials and methods
Patients and tumor specimens

Archival tissue blocks (114 sporadic primary cutaneous
melanomas and 35 lymph node metastases) were obtained
from 137 patients: Only the primary tumor was obtained
from 102 patients, only the lymph node metastasis from 23
patients, and both the primary tumor and the lymph node
metastasis from 12 patients. The patients underwent
observation at the Businco Oncologic Hospital, Cagliari,
Italy, and at the Department of Pathology, Cancer Center of
Solca, Cuenca, Ecuador, from November 1995 through
June 2009, and were selected for further study according to
the following criteria: melanoma with vertical growth
phase and complete clinical data including follow-up until
July 2009. Lymph node status and the presence of metas-
tases were verified by a clinical and pathological exami-
nation. The clinicopathological characteristics of the 137
Stage I-IV melanoma patients are shown in Table 1 [15,
16]. Following surgical resection, each tumor was fixed in

Table 1 Clinicopathological characteristics of the 137 cutaneous
melanoma patients

Characteristics No. patients (%)
Gender

Men 64 (47)

Women 73 (53)
Age at diagnosis (range 10-94)

<64 years® 66 (48)

>64 years 71 (52)
Stageb

I-1I 75 (55)

-1v 62 (45)
Thickness®

T1-T2 37 (32)

T3-T4 77 (68)
Clark level*®

II-111 35 (3D

IvV-v 79 (69)
Ulceration?

Absent 46 (40)

Present 68 (60)
Anatomic location®

Head and neck 31 (27)

Trunk 26 (23)

Upper extremities 18 (16)

Lower extremities 39 (34)

% Median value; ° American Joint Committee on Cancer (AJCC)
staging system [15]; € Clark’s classification [16]; donly primary
tumors (n = 114)
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10 % buffered formalin and paraffin-embedded. Tumoral
areas were identified on H&E-stained sections and on
adjacent sections immunohistochemically stained for mel-
anoma-associated antigens, including S-100 protein, melan
A and HMB-45. An independent histopathological analysis
was performed by two pathologists (C.F. and E.M.). The
study protocol was approved by the Research Ethics
Committee of our Institutions, and informed consent was
obtained from all the patients.

The study also included 4 dysplastic melanocytic nevi,
one junctional and three compound that were formalin-
fixed and paraffin-embedded for the immunohistochemical
analysis.

Immunohistochemistry

Serial microtome sections (5-um) were treated for the
immunohistochemical demonstration of activated Notchl
(NIC, Notch intracellular domain), melanocyte stem cell
markers nestin and CD133, endothelial cell marker CD31,
and melanoma-associated antigens S-100, melan A and
HMB-45, using the alkaline phosphatase-streptavidin
method. Antigen retrieval was performed by heating at
95 °C for 40 min in 10 mM citrate buffer (pH 6.0) for the
demonstration of activated Notchl, CD31 and melan A,
and by immersion in 0.1 % trypsin in phosphate-buffered
saline (PBS, pH 7.4), at 37 °C for 10 min for CD133,
S-100 protein and the HMB-45 antigen. No antigen
retrieval was used for nestin immunostaining. Nonspecific
binding was blocked with 10 % normal goat or normal
horse serum for 45 min. Mouse monoclonal antibodies to
human nestin (clone 10C2, 1:1000; Novus Biologicals,
Littleton, CO, USA), to human CD31 (clone JC70A, 1:50;
Dakopatts, Glostrup, Denmark), to human melan A (clone
A103, 1:100; Dakopatts), and to human HMB-45 (clone
HMB-45, 1:100; Dakopatts), rabbit polyclonal antibodies
to human activated Notch1 (1:100; Abcam plc, Cambridge,
UK), to human CD133 (1:1000; Abcam plc) and to bovine
S-100 protein (1:1000; Dakopatts) were used as primary
antisera. Biotinylated anti-mouse and anti-rabbit immuno-
globulins G (1:800 and 1:200, respectively; Vector Labo-
ratories, Burlingame, CA, USA) were used as secondary
antisera. The sections were further incubated in alkaline
phosphatase-streptavidin (1:1000; Vector Laboratories) for
30 min at room temperature. The liquid permanent red
substrate-chromogen system (Dakopatts) was used to
develop the alkaline phosphatase reaction product. The
sections were counterstained with Carazzi’s hematoxylin.
Melanoma specimens that strongly expressed activated
Notchl, nestin and CD133 were used as positive controls
for activated Notchl, nestin and CD133 immunostaining,
respectively. Negative controls were established by
replacing the primary antibodies with normal serum. Skin

specimens from the eyelid and external auditory canal of
healthy donors were used as normal tissues.

Evaluation of immunohistochemical staining

Tumor specimens were examined separately by two
pathologists (C.F. and E.M.) under double-blinded condi-
tions without prior knowledge of the clinical status of the
patients. For each analyzed section, the two estimates were
then averaged to provide the final value of the staining.
Because a less mature population of malignant cells with a
higher invasive potential accumulates in the advancing
edge of the tumor and in the peripheral area of the multiple
small nodules within the tumor mass, at the tumor-normal
tissue interface [10, 17], we evaluated activated Notchl
immunoreactivity in these areas separately and in combi-
nation with the immunoreactivity in the center and
throughout the whole tumor. Moreover, activated Notchl
staining was evaluated in endothelial cells of microvessels.
To count tumor cells positive for activated Notchl in the
nucleus, in the cytoplasm, or both, and positive endothelial
cells, the entire tumor and the advancing edge of each case
were microscopically examined through x200 magnifica-
tion fields and the evaluation was then confirmed through
adjacent microscopic fields at x400 magnification. For
each case, the average of the single counts of positive
tumor cells per field was considered. An immunoreactivity
score system based on the proportion and intensity of
positive tumor cells was applied [18]. (A) Number of
positive stained cells <25 % (scored 0), 26-50 % (1) and
>50 % (2). (B) Intensity of staining: colorless/weak (0),
moderate (1) and strong (2). The staining score was
obtained by multiplying (A) and (B) and stratified as
absent/weak (0—1 score) and moderate/strong (2—4 score).
Tumors with moderate/strong immunostaining were clas-
sified as positive (activated Notchl overexpression),
whereas tumors with absent/weak immunostaining were
classified as negative.

Corresponding microscopic fields on adjacent sections
from the same samples were evaluated for nestin immu-
noreactivity. Cases with nestin-positive tumor cells show-
ing moderate/strong staining intensity and with >10 % of
labeled tumor cells were defined as positive; otherwise,
they were defined as negative. The 10 % cut-off was
chosen because of the possibility that even a relatively
small number of nestin-positive tumor cells may play a role
in melanoma tumorigenesis. To confirm that nestin-posi-
tive tumor cells were melanocyte stem cells, adjacent
sections were stained for CD133 and used as control.

The samples were scored as positive for the expression
of activated Notchl or nestin in microvessels (capillaries
and small venules) when a moderate/strong staining
intensity was found in microvessels throughout the whole
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tumor or in the peripheral area of small nodules. To con-
firm that activated Notchl- or nestin-positive microvessels
were blood vessels, adjacent sections were stained for
CD31 and used as control.

The microvascular density was evaluated in terms of
CD31-immunostained microvessels accordingly to the
modified Weidner’s method [19]. CD31-positive micro-
vessels were counted in the five x400 fields with the
highest microvascular density. The median value of CD31-
positive microvessels was used as a cut-off to distinguish
between low and high microvascular density in the tumor
tissue.

Double immunofluorescence

Depending on the different properties of each individual
antibody, a simultaneous procedure was used for the
staining of activated Notchl and nestin. Following depar-
affinization, rehydration, antigen retrieval and blocking of
nonspecific binding, sections were incubated overnight at
4 °C with a mixture of rabbit antihuman activated Notchl
(1:25; Abcam plc) and mouse antihuman nestin (clone
10C2, 1:500; Novus Biologicals) antibodies. Donkey Alexa
Fluor 488 anti-rabbit IgG (H + L) and Alexa Fluor 594
anti-mouse IgG (H + L) (1:200; Invitrogen Life Technol-
ogies, Paisley, UK) were used for immunofluorescence
detection. The sections were mounted in Vectashield
mounting medium with 4',6-diamidino-2-phenylindole to
visualize nuclear detail (Vector Laboratories). A Zeiss
Axioplan 2 (HBO 100 illuminator; mercury vapor, short
arc lamp) was used for sample analysis and image
processing.

Statistical analysis

Data were computed with the Statistical Package for the
Social Sciences (SPSS) 15.0 software. The correlations
between the expression of activated Notchl, nestin and
microvascular density, or between activated Notchl and
the clinicopathological characteristics of Stage I-IV mela-
noma patients were assessed by Fisher’s exact or Pearson’s
chi-square test. The tests used were two-tailed. For multi-
ple comparisons, the p values were adjusted by using the
Bonferroni method.

Results

Activated Notchl and nestin expression
by immunohistochemistry

Immunostaining for activated Notchl revealed a diffuse
moderate/strong cytoplasmic staining and scattered or
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absent positive nuclei (Fig. 1a and b) in most tumor sam-
ples. Other cases showed a moderate to strong immuno-
reactivity both in nuclei and cytoplasm (Fig. 1c, d), or a
strong nuclear positivity and a weak or absent cytoplasmic
immunostaining (Fig. le, f). Positive cells were homoge-
neously distributed in the center/throughout the tumor and
at the invading front of the tumor. Altogether, 32 % of
Stage I-II and 51.2 % of Stage III-IV primary tumors
strongly expressed activated Notchl in the nuclei of tumor
cells, considering both the center and the front of the
tumor. Cytoplasmic activated Notchl (in the tumor center
and/or front) was detected in 58.6 and in 76.9 % of Stage
I-II and Stage III-IV primary tumors, respectively. A
strong positivity (nuclear and/or cytoplasmic) for activated
Notchl was observable in the center/throughout the tumor
in 72 % of Stage I-II and in 89.7 % of Stage III-IV pri-
mary tumors. At the same time, the edge of the tumor and
the peripheral areas of the small tumor nodules were
positive for activated Notchl (in nuclei and/or in the
cytoplasm) in 72 % of Stage I-II and in 84.6 % of Stage
III-IV primary tumors. In both Stage I-II and Stage III-IV
primary melanomas, there was no difference between the
expression of activated Notchl in the center and at the
invading front of the tumor (»p = 1.000 and p = 0.736,
respectively). For this reason, we considered activated
Notchl (nuclear and/or cytoplasmic) expression in the
center and at the advancing edge of the tumor together
(total activated Notchl) for further analyses. Regarding
lymph node metastases, nuclear activated Notchl was
observed in 10 of 35 (28.5 %) cases and cytoplasmic
activated Notchl in 22 of 35 (62.8 %) samples. Twenty-
seven of 35 (77.1 %) nodal metastases were found to be
positive for total (nuclear and/or cytoplasmic) activated
Notchl throughout the infiltrating tumor. No significant
difference in total activated Notchl expression was found
between primary tumors and lymph node metastases
(p = 1.000). Activated Notchl expression was observed in
the endothelium of microvessels (Fig. 2a, b) in 46.6 % of
Stage I-11, in 53.8 % of Stage III-IV primary tumors and in
37.1 % of lymph node metastases. In most tumors, acti-
vated Notchl-positive microvessels were also immuno-
stained for the endothelial cell marker CD31. The
frequencies of the expression of activated Notchl in tumor
cells and microvessels are shown in Table 2. Pigmented
melanoma cells were negative for activated Notchl in the
majority of cases, although some cases showed pigmented
cells with a weak to strong immunostaining.

A nuclear and/or cytoplasmic positivity for activated
Notchl was observed in the majority of melanocytes in all
dysplastic melanocytic nevi, including junctional and
compound ones. Activated Notchl expression was
observed in the endothelium of microvessels in all the
compound nevi, but not in the junctional nevus.
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Fig. 1 Representative immunohistochemical staining for activated
Notchl in melanoma samples. a, b Diffuse moderate/strong staining
in the cytoplasm of tumor cells and scattered or absent positive nuclei
(original magnification: a x400; b x630). ¢, d Moderate to strong

Nestin expression was observable in the cytoplasm of
tumor nonpigmented cells and in vascular endothelial cells.
Nestin-positive tumor cells and microvessels were present
throughout the tumor and increased in the peripheral, inva-
sive areas of primary tumors. Cases positive for nestin in
tumor cells included 56 % of Stage I-11, 53.8 % of Stage I1I-
IV primary tumors and 60 % of lymph node metastases.
Nestin-positive microvessels were observable in 42.6 % of
Stage I-1I, in 48.7 % of Stage III-IV primary tumors and in
48.5 % of nodal metastases, respectively (Table 2).

Nestin-positive melanocytes were observed in all the
compound nevi, but not in the junctional nevus, while
nestin-positive microvessels were present in the junctional
nevus and in 2 out of 3 compound nevi.

immunoreactivity both in nuclei and cytoplasm (original magnifica-
tion: ¢ x400; d x630). e, f Strong nuclear positivity and weak or
absent cytoplasmic staining (original magnification: e x200; f x400)

Activated Notchl and nestin expression by double
immunofluorescence

Activated Notchl-positive cells were located in the same
tumor areas where nestin-positive cells were distributed
(Fig. 3a). Tumor cells mostly showed a colocalization of
activated Notchl and nestin in the cytoplasm (Fig. 3b),
although a codistribution of nuclear activated Notchl and
cytoplasmic nestin was also observable (Fig. 3c). Nestin-
positive microvessels were distributed close to tumor cells
showing positivity for activated Notchl in the cytoplasm
and mostly in the nucleus (Fig. 3d), and they often showed
a codistribution of activated Notchl and nestin in endo-
thelial cells (Fig. 3b).
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Fig. 2 Immunohistochemical staining for activated Notchl and
CD31 in melanoma samples. Endothelial cells of microvessels
positive for both a activated Notchl and b CD31 (original magni-
fication: a, b x200)

Activated Notchl expression in normal tissues

In normal skin, activated Notchl was diffusely expressed
in the cytoplasmic compartment of basal and suprabasal
epidermal keratinocytes, while nuclear activated Notchl
was confined to suprabasal epidermal keratinocytes
(Fig. 4a). In areas of apparently normal skin adjacent to
melanoma, a weak/moderate cytoplasmic and a strong
nuclear immunostaining were diffused in basal and supra-
basal epidermal keratinocytes, while normal epidermal
melanocytes were negative (Fig. 4b). A high expression
level of activated Notchl was consistently observed in
adnexal structures, including hair follicle epithelium,
sebaceous (Fig. 4c) and sweat glands (Fig. 4d).

Associations between activated Notchl and nestin
expression

After the p values for multiple comparisons were adjusted by
using the Bonferroni method, total activated Notchl
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Table 2 Activated Notchl and nestin expression in primary mela-
nomas and lymph node metastases

Stage I-II primary tumors No. positive

cases (%)
Activated Notchl
Nuclear (tumor center and/or front) 24 (32)
Cytoplasmic (tumor center and/or front) 44 (58.6)
Tumor center (nuclear and/or cytoplasmic) 54 (72)
Tumor front (nuclear and/or cytoplasmic) 54 (72)
Total activated Notchl 54 (72)
Microvessels 35 (46.6)
Nestin
Tumor cells 42 (56)
Microvessels 32 (42.6)
Stage III-IV primary tumors
Activated Notchl
Nuclear (tumor center and/or front) 20 (51.2)
Cytoplasmic (tumor center and/or front) 30 (76.9)
Tumor center (nuclear and/or cytoplasmic) 35 (89.7)
Tumor front (nuclear and/or cytoplasmic) 33 (84.6)
Total activated Notchl 35 (89.7)
Microvessels 21 (53.8)
Nestin
Tumor cells 21 (53.8)
Microvessels 19 (48.7)
Lymph node metastases
Activated Notchl
Nuclear (tumor center) 10 (28.5)
Cytoplasmic (tumor center) 22 (62.8)
Total activated Notchl (tumor center; nuclear 27 (77.1)
and/or cytoplasmic)
Microvessels 13 (37.1)
Nestin
Tumor cells 21 (60)
Microvessels 17 (48.5)

expression in tumor cells was significantly associated with
nestin expression in vascular endothelial cells (p < 0.0003)
but not with nestin expression in tumor cells (p = 0.087). The
number of microvessels positive for activated Notchl was
increased in the cases that overexpressed total activated
Notchl in tumor cells. Moreover, activated Notchl-positive
microvessels were more frequent in the tumors that showed
nestin-positive microvessels. However, these differences did
not reach statistical significance (p = 0.141) (Table 3).

Associations of activated Notchl and nestin expression
with microvascular density

The extent of angiogenesis in the tumors, evaluated as
microvascular density, was statistically correlated with the
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Fig. 3 Double-label immunofluorescence staining for activated
Notchl and nestin in melanoma samples. a Activated Notch1-positive
cells (green) in the same tumor areas where nestin-positive cells (red)
are distributed (original magnification: x400). b Colocalization of
activated Notchl and nestin (yellow) in the cytoplasm of tumor cells
(arrows) and codistribution of activated Notchl and nestin in the
same blood vessels (arrowheads; original magnification: x400).

expression of total activated Notchl both in tumor and in
vascular endothelial cells (p = 0.006 and p = 0.004,
respectively) as well as to nestin expression in the endo-
thelium of microvessels (p = 0.004) (Table 4).

Table 5 shows the expression of total activated Notchl
in relation to the clinicopathological characteristics of
patients, even though they did not result significantly
associated (p > 0.007).

Discussion
When an active form of Notchl (NIC) is overexpressed in

primary human melanocytes, it significantly accelerates
cell growth in vitro and increases melanocyte survival in

¢ Codistribution of nuclear activated Notchl and cytoplasmic nestin
in tumor cells (arrows; original magnification: x630). d Blood
vessels with nestin-positive endothelium (arrowheads) are distributed
close to tumor cells stained for activated Notchl (arrows; original
magnification: x400). The nuclei were counterstained with DAPI
(blue)

growth-limiting conditions. Interestingly, in association
with these acquired growth/survival characteristics, mela-
nocytes infected with N'© show morphological changes
reminiscent of vasculogenic mimicry and increased inva-
sion, suggesting that Notchl promotes the malignant
transformation of melanocytes. Activated Notchl specifi-
cally enhances vertical growth phase (VGP) melanoma cell
proliferation. Morphologic changes in VGP melanoma
cells might reflect an increased cell adhesion capability,
conferring a more aggressive phenotype to the disease [2].

Notchl, acting through the hairy and enhancer of split 1
(Hes1) transcription factor, participates in the maintenance
of melanocyte stem cells, by preventing initiation of
apoptosis [8]. The Notch pathway has been shown to play a
particular role in mammary stem cell expansion and to
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Fig. 4 Immunohistochemical staining for activated Notch1 in normal
skin. a Activated Notchl expression in normal skin is observed in the
cytoplasm of basal and suprabasal epidermal keratinocytes, while
nuclear activated Notchl is confined to suprabasal epidermal
keratinocytes (original magnification: x400). b In areas of apparently
normal skin adjacent to melanoma, a weak/moderate cytoplasmic and

a strong nuclear immunostaining are diffused in basal and suprabasal
epidermal keratinocytes, while normal epidermal melanocytes are
negative (original magnification: x400). High expression of activated
Notchl in adnexal structures, including (c) hair follicle epithelium,
sebaceous and (d) sweat glands (original magnification: ¢, d x400)

Table 3 Activated Notchl

> A ) . Total activated Notchl p value® Activated Notchl in ~ p value®
expression in relation to nestin in tumor cells microvessels
immunostaining
No. cases No. cases
Negative  Positive Negative  Positive
Nestin in microvessels <0.0003 0.141
Negative 28 53 49 31
Positive 5 63 30 38
Nestin in tumor cells 0.087
Negative 20 45
Positive 13 71
Activated Notchl in microvessels 0.141
% Fisher’s exact test; p values Negative 23 56
adjusted by Bonferroni method; Positive 10 59

p < 0.016 are shown in bold

promote breast cancer progression, by supporting epithe-
lial-to-mesenchymal transition [20]. Even though the dif-
ference did not reach statistical significance, probably
because of a low number of patients analyzed, most of the
tumors that overexpressed activated Notchl in tumor cells
also showed a high number of nestin-positive tumor cells.
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This may suggest that Notchl contributes to the mainte-
nance of MSCs in melanoma. Thus, activated Notchl
inhibitors might target cells, such as MSCs, with tumor-
initiating features and may provide a therapeutic strategy
for eliminating surviving cells, hence preventing tumor
recurrence and improving long-term survival in melanoma
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Table 4 Activated Notchl and nestin expression in relation to
microvascular density

Microvascular P value®
density
No. cases
Low®  High?®
Total activated Notchl in tumor cells 0.006
Negative 22 11
Positive 41 75
Activated Notchl in microvessels 0.004
Negative 43 36
Positive 19 50
Nestin in microvessels 0.004
Negative 44 37
Positive 19 49

* Median cut-off value, 15 vessels per 400 x field; " Fisher’s exact
test; p values adjusted by Bonferroni method; p < 0.016 are shown in
bold

Table 5 Activated Notchl expression in relation to patients’ clini-
copathological characteristics

Total activated Notchl in tumor cells

No. cases (%)

Negative Positive

Gender®

Men 14 (10) 50 (36)

Women 16 (12) 57 (42)
Age at diagnosis®

<64 yearsb 13 (9) 53 (39)

>64 years 17 (12.5) 54 (39.5)
Stage®

-1 21 (15) 54 (39.5)

I-1v 9 (6.5) 53 (39)
Thickness®

T1-T2 13 (11.5) 24 (21)

T3-T4 12 (10.5) 65 (57)
Clark level®

I-111 11 (10) 24 (21)

vV-v 14 (12) 65 (57)
Ulceration®

Absent 14 (12) 32 (28)

Present 11 (10) 57 (50)
Anatomic location®

Head and neck 11 (10) 20 (17.5)

Trunk 7 (6) 19 (16.5)

Upper extremities 0 18 (16)

Lower extremities 7 (6) 32 (28)

2 No. patients (n = 137); ° median value; © only primary tumors
(n = 114)

patients. Indeed, recent studies reported that Notch inhi-
bition by therapeutic Notchl monoclonal antibodies may
have an anti-CSC activity with a potential clinical benefit
in the treatment of breast cancer [21]. Even in glioblas-
toma, Notch blockade by y-secretase inhibitors reduces the
percentage of cells expressing the CSC markers nestin and
CD133 and depletes stem-like cancer cells through reduced
proliferation and increased apoptosis [22].

The involvement of Notch signaling has also been
demonstrated in the regulation of physiological as well as
tumor angiogenesis, one of the requirements for tumor
growth and metastasis [12, 13, 23]. The current model of
endothelial angiogenesis centers on the interplay between
“tip” and “stalk” cell characters, and Notch signaling is
central to the establishment of these identities, sustaining
stalk cells development [24-26]. In head and neck squa-
mous cell carcinoma, Jaggedl is highly expressed and is
induced through the MAPK pathway. The elevated Jag-
gedl expression levels on tumor cells trigger Notch acti-
vation in neighboring endothelial cells and promote the
network formation [14]. In breast cancer, estrogen-upreg-
ulated Jaggedl and Notchl expression in MCF7 breast
cancer cells and in endothelial cells promotes sprouting in
endothelial cells. Indeed, Notchl- and Jagged1-expressing
cells or a constitutive activated form of Notchl results in
differentiation of endothelial cells into vessel-like struc-
tures. Moreover, Notchl gene interestingly clusters with
the hypoxia-inducible factor 1o (HIFla) gene, a tran-
scription factor stabilized during hypoxia that activates
several angiogenic genes acting in a paracrine manner in
endothelium [27].

This study is the first to examine the relationship
between Notchl activation and angiogenesis in cutaneous
melanoma. We provided evidence that the expression of
activated Notchl both in tumor and in vascular endothelial
cells is associated with the extent of angiogenesis. This
may suggest that tumor-associated growth factors stimulate
an interaction between tumor cells and endothelial cells
also in melanoma, with Notchl activating the transcription
of angiogenic genes and promoting angiogenesis in a par-
acrine manner. Moreover, the expression of activated
Notchl in endothelial cells of microvessels confirms its key
role in tumor angiogenesis, accordingly to previous find-
ings. The correlation between the extent of angiogenesis
and nestin expression in the endothelium of microvessels
may confirm that, also in melanoma, nestin can be used as a
marker of endothelial proliferation, as suggested by pre-
vious studies [11].

In conclusion, our results indicate that activated Notch1
is overexpressed in cutaneous melanoma and that it can
promote tumor angiogenesis. Understanding the mecha-
nisms of melanoma angiogenesis provides a basis for the
development of antiangiogenic therapies. In light of our
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findings, activated Notchl appears to be a potential drug
target for disrupting tumor-associated vasculature and
indicates Notchl inhibition as a promising and effective
avenue for the treatment of melanoma.
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