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Abstract. The cancer stem cell hypothesis suggests that
mutated melanocyte stem cells are present in skin as precur-
sors of melanoma cells. Nestin and CD133 have been
described as markers of melanocytic stem cells. The aim of
this study was to establish if melanocytic stem cells could
have a prognostic significance in melanoma progression. An
immunohistochemical study for nestin and CD133 was
performed in 130 primary tumors and 32 nodal metastasis
biopsy specimens to evaluate possible differences, and to
compare the results with survival data and clinicopatho-
logical variables. Nestin was expressed in cytoplasm of non-
pigmented tumor cells and in endothelial cells, especially
at the invading tumor front. Nestin staining in stage I and
IT (according to the American Joint Committee on Cancer
Staging system) melanoma patients significantly predicted
poor survival (log-rank test, P=0.037), with lower survival
rates in cases with nestin positivity in both tumoral and endo-
thelial cells. CD133 staining was not associated with survival.
There were no significant differences in nestin or CD133
expression between primary tumors and metastases. These
results suggest that nestin expression in both tumoral and
endothelial cells may be considered an important early pro-
gnostic marker in melanoma.

Introduction

Melanomagenesis and tumor progression are commonly
described as ‘de-differentiation’ processes of transformed,
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mature melanocytes, enabling the stepwise metamorphosis
from nevus to radial-growth phase (RGP) to vertical-growth
phase (VGP) of melanoma and, finally, to metastatic disease.
Strikingly, the majority of melanomas emerge in normal skin
or unexpected sites along the neural crest migratory route,
not in dysplastic nevi (1). An alternative hypothesis has been
put forth in light of the cancer stem cell assumption, suggesting
that mutated melanocyte stem cells or immature progenitor
cells present in skin may act as precursors of melanoma cells
(2). Consistent with this hypothesis, recently it has been
demonstrated that metastatic melanoma cell lines exhibit
morphological, phenotypic and functional features of stem
cell population (2-5).

Numerous investigations have provided evidence that
the genetic and/or epigenic alterations occurring in the
multipotent tissue-specific adult stem cells and/or their early
progenies may lead to their malignant transformation into
cancer progenitor cells (6). The involvement of cells displaying
a stem cell phenotype in cancer formation and progression
has been demonstrated in acute myeloid leukaemia, multiple
myeloma, head and neck, brain, breast, ovary, prostate,
pancreas and colon cancers (7-15).

Markers of melanocytic stem cells have been recently
described (16,17), including nestin, an intermediate filament,
which is expressed mainly in the cytoplasm of neuro-
epithelial stem cells (18,19) and in endothelium of growing
blood vessels (20,21) but not in differentiated cells in parallel
to loss of immunoreactivity to this protein (22). CD133
(human prominin-1/AC133), is another stem cell marker, a
transmembrane glycoprotein that is expressed on hemato-
poietic stem cells, endothelial progenitor cells, and dermal-
derived stem cells capable of differentiating into neural cells
(23,24).

Based on these findings, in the present study we
evaluated, in a series of 152 cutaneous melanomas including
primary tumors and lymph node metastases, the immuno-
histochemical expression of nestin and CD133; we correlated
their expression with clinico-pathological variables, and we
suggest that they may be utilized as potential prognostic
markers.
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Materials and methods

Patients and tissue specimens. Archival tissue blocks from
152 patients, 130 sporadic primary skin melanoma and 32
lymph node metastases, who underwent observation at the
Oncologic Hospital ‘Businco’, Cagliari, Italy, and at the
Department of Pathology, Cancer Center of Solca, Cuenca,
Ecuador, between November 1995 and April 2008, were
selected for this study. The group of patients included 79
women and 73 men, ranging in age from 4 to 100 years (mean
age, 62+17.5). The anatomic location of the primary tumors
included 21 tumors located in the trunk, 27 head and neck,
22 in upper extremities, and 82 in lower extremities.
Complete clinical data, including follow-up until April 2008
were available for 73 patients with stage I and II and for 28
patients with stage IV melanoma, accordingly to the
American Joint Committee on Cancer Staging System
(AJCC) (25). From 28 patients with stage IV melanoma
lymph node metastases were available, whereas their distant
metastases were not. The study protocol was approved by the
local Research Ethics Committee, according to the World
Medical Association Declaration of Helsinki. One condition
of the research ethics approval was that only patients that
had died or signed an informed consent to the immunohisto-
chemical analysis and to the treatment of their personal data
were approved for inclusion in the study.

Each tumor, after surgical resection, was fixed in formalin
and embedded in paraffin blocks. Tumoral areas were iden-
tified on haematoxylin and eosin-stained sections and on
adjacent sections stained for melanoma associated antigens,
including S-100 protein, melan A, and HMB-45. Independent
histopathological analysis were performed by two pathologists
(C.F.and J.U)).

Immunohistochemistry. Serial microtome sections 5-ym thick,
were treated immunohistochemically for stem cell markers
nestin and CD133, for endothelial cell marker CD31 and
melanoma-associated antigens S100, melan A, and HMB45,
using the alkaline phosphatase-streptavidin method. Heat-
induced antigen retrieval was performed at 95°C for 40 min
in 10 mM citrate buffer solution (pH 6.0), for melan A and
CD31, and by immersion in 0.1% trypsin solution in PBS at
37°C for 10 min, for CD133, S-100 protein and HMB-45
antigen. No antigen retrieval was used for nestin immuno-
staining. Non-specific binding was blocked with 10% normal
goat serum or normal horse serum for 45 min. Rabbit poly-
clonal antibodies against nestin (Chemicon International,
Temecula, CA, USA; 1:1500 dilution), CD133 (Abcam,
Cambridge, UK; 1:1000 dilution), and to bovine S-100 protein
(Dakopatts, Glostrup, Denmark; 1:1000 dilution), mouse
monoclonal antibodies to human CD31 (clone JC70A;
Dakopatts; 1:50 dilution), melan A (clone A103; Dakopatts;
1:100 dilution), and human HMB-45 (clone HMB-45;
Dakopatts; 1:100 dilution) were used as primary antisera.
Biotinylated anti-rabbit and anti-mouse IgG were used
as secondary antisera (Vector Laboratories, Burlingame,
CA; 1:1000 dilution). The sections were further incubated
in alkaline phosphatase-streptavidin (Vector Laboratories,
Burlingame, CA; 1:1000 dilution) and reacted with Fast
Red Substrate System (Dakopatts). Negative controls were

established by replacing the primary antibodies with normal
serum. Melanoma specimens, which strongly expressed nestin
or CD133 were used as positive controls for nestin and CD133
immunostaining.

Since these markers revealed expression in different cells
of tumoral mass (18-24), we evaluated tumoral cells and
vessels staining separately and in combination. The entire
tumor of each case was microscopically examined through
x200 magnification fields with a 144-intersection point square
reticulum (0.78 mm?) inserted in the eyepiece to count nestin
or CD133 immunoreactive cells of whole tumor, and the
average of this counts was considered. To confirm that nestin
or CD133 positive microvessels were blood vessels, adjacent
sections were stained for CD31 and used as control.

Statistical analysis. Data were computed with the SPSS
15.0 statistical software package. The difference of marker
expression between primary tumors and metastases, and the
correlation of these molecular markers with the clinico-
pathological variables: sex, age, primary tumor location,
tumor Clark level (26), thickness, mitotic index (27), and
tumor-infiltrating lymphocytes (26,28) were assessed by
Fisher's exact test or Pearson's y? test. Overall survival was
calculated from the date of histological diagnosis to the date
of death caused by the melanoma, or last follow-up, until
April 2008. Data on patients who died of other causes were
censored at the time of death. The Kaplan-Meier method was
used to calculate survival rates. Comparisons were made
using the log-rank test. Pairwise comparisons were used for
between-group analysis. The 95% confidence intervals for
survival were calculated. All tests used were two-sided.
Differences were considered significant at P-values <0.05.

Results

Immunohistochemistry. The true proportion of stem cells
in melanoma, whether they are common or rare (29), is
still unknown. To clearly define tumors with nestin or
CD133 expression, the samples were scored as positive for the
expression of nestin or CD133 when >10% of tumor cells
showed a moderate/strong staining intensity; otherwise, they
were scored as negative. The 10% cut-off was chosen because
of the possibility that even a relatively small number of nestin
or CD133 positive cancer cells (at least 10% of the cells)
may play a role in melanoma. The samples were scored as
positive for the expression of nestin or CD133 in micro-
vessels (capillaries and small venules) when a moderate/
strong staining intensity was found in vessels of peripheral
area of tumor or throughout the whole tumor.

Nestin positive cells and vessels were more numerous at
the invading tumor front of primary tumors (Fig. 1A) and in
the peripheral areas of the multiple small ‘nodules’ within the
tumor mass (Fig. 1B). Nestin expression was observable in
cytoplasm of tumoral non-pigmented cells (Fig. 1C) and
endothelial cells (Fig. 1D) in most cases. Cases with >10%
of tumor cells positive for nestin included 64% of primary
tumors and 69% of lymph node metastases. Forty-eight
percent of primary tumors and 50% of nodal metastases had
positive vessels. Among the positive cases, 35% of primary
tumors and 41% of metastases had both positive cells and
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Figure 1. Immunohistochemical staining of nestin in melanoma. Strong nestin expression at the invading tumor front (A). High nestin expression at the
peripheral area of the tumor ‘nodule’ showed at lower power in the upper right inset (B). Presence of cytoplasmic nestin expression in tumoral non-pigmented
cells (C). Intense nestin immunoreactivity in endothelial cells (D). Fast Red chromogen. Original magnification, x200 (A); x630 (B and C); x400 (D).

Table I. Nestin and CD133 expression in primary melanomas
and lymph nodal metastases.

Primary tumors Nodal metastases

Staining pos/total (%) pos/total (%)
Nestin
Vessels and cells 45/130 (35) 13/32 (41)
Only cells 38/130 (29) 9/32 (28)
Only vessels 17/130 (13) 3/32 (9)
CD133
Vessels and cells 38/106 (36) 11/32 (34)
Only cells 16/106 (15) 6/32 (19)
Only vessels 21/106 (20) 5/32 (16)

vessels. Results concerning nestin expression are shown in
Table I.

CD133 staining was detected in cytoplasm of tumoral non-
pigmented cells (Fig. 2A) and endothelial cells (Fig. 2B).
In most cases, its distribution was similar to that of nestin,
with stronger staining at the invading tumor front (Fig. 2C).

Immunohistochemical data are shown in Table I (no paraffin
section was available for 24 cases). CD133 immunoreactivity
was detectable in >10% of positive cells in 51% of primary
tumors and in 53% of metastases. CD133-positive micro-
vessels were identified in 57% of primary tumors and in 50%
of metastases. Among the positive cases, 36% of primary
tumors and 34% of metastases were positive both in tumoral
cells and vessels.

Statistical analysis. The Kaplan-Meier analysis showed that
the presence of nestin significantly predicted poor survival
in patients with stage I and II melanoma (global P=0.037;
Fig. 3A; Table II). The pairwise analysis of survival revealed
that the best group (the fully negative tumors) in comparison
with the worst had a statistically significant better outcome,
with a P=0.038. Table III shows the pairwise comparisons
used for between-group analysis. There was no significant
association between CD133 expression and survival rate of
patients with stage I and II melanoma. No clinicopathological
factors significantly correlated with overall survival (P>0.05).
Results of Kaplan-Meier analyses are shown in Table II.

As concerns patients with stage IV melanoma, a high signi-
ficant correlation between the presence of nestin in tumoral
cells (P=0.006) or in vessels (P=0.034) of nodal metastases
and survival rate was found. Nestin had an higher predictive
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Figure 2. Immunohistochemical staining of CD133 in melanoma. Intense
CD133 expression in tumoral non-pigmented cells (A). Presence of CD133
expression in endothelial cells (B). Strong CD133 immunoreactivity at
the peripheral area of the tumor ‘nodule’ (C). Fast Red chromogen. Original
magnification, x400 (A and B); x200 (C).

value when its expression in tumoral cells and vessels was
studied in combination (P=0.005; Fig. 3B). CD133 expression
in vessels of nodal metastases was significantly associated
with survival rate (P=0.008), while no significant association
was found when only the positivity of tumoral cells or the
combination with vessel CD133 expression was evaluated.
Results of Kaplan-Meier analyses are shown in Table IV.

No statistically significant difference was present in nestin
or CD133 expression between primary tumors and metastases
(Fisher's exact test, P>0.05) and no significant correlation was
found between nestin or CD133 expression with clinicopatho-
logical variables (Fisher's exact test, P>0.05).
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Figure 3. Overall survival of investigated stage I and II melanoma patients
with different nestin expression in the primary tumor; global P=0.037 (A).
Survival time prediction for stage IV melanoma patients with different nestin
expression in lymph node metastases; P=0.005 (B).

Discussion

The cancer stem cell hypothesis suggests that malignant
tumors are formed of cancer stem cells, which have high
proliferative potential, and more differentiated cancer cells,
with a limited proliferative potential (16).

Since immature melanocytic cells and melanocytic stem
cells exist in normal skin (30,31), their role may be analyzed
in melanocytic neoplasia. The deregulation of key molecules
balancing melanocyte stem cell quiescence, differentiation and
self-maintenance, has been linked to melanoma progression
after malignant transformation (32-35). Thus, transformed
melanocyte stem cells might be involved in the genesis of
malignant melanoma and may represent melanoma initiating
stem-like cells.
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Variables Patients Events % 5-year survival (SE) % 10-year survival (SE)  P-value®

Age at diagnosis (years) 0.631
<62 30 6 83 (7.9) 70 (10.9)
>62 43 9 76 (8.6) 60 (10.8)

Sex 0.988
Male 30 6 74 (10.4) 67.5(11.2)
Female 43 9 83.1 (7) 61 (11.1)

Anatomic site 0.096
Head and neck 17 3 81 (12.2) 71 (14.3)
Trunk 13 0 100 (-) 100 (-)
Higher extremities 14 2 75 (15.8) 75 (15.8)
Lower extremities 29 10 72 (9.9) 44 (12.6)

Clark level 0.186
I, III 26 4 88 (7.6) 75 (10.8)
v,V 47 11 74 (8.1) 57 (11.2)

Tumor thickness 0.114
T1 and T2 27 4 89 (7.2) 77 (10.2)
T3 and T4 46 11 73 (8.4) 54 (11.8)

Mitotic rate 0.064
0/mm? 18 3 86 (9.4) 77 (11.7)
<6/mm? 38 5 83 (7.8) 76 (9.7)
>6/mm? 17 7 63 (15) 32 (14.9)

Tumor infiltrating lymphocytes 0.650
Absent 15 2 60 (21.9) 60 (21.9)
Non-brisk 21 4 87 (8.6) 67 (14.2)
Brisk 37 9 77 (8.2) 62 (10.2)

Nestin vessels 0.102
Negative 43 7 86 (6.6) 73 (8.8)
Positive 30 8 70 (10.4) 49 (14.8)

Nestin cells 0.076
Negative 23 3 93 (6.4) 78 (11.4)
Positive 50 12 72 (8.1) 57 (9.9)

Combined nestin vessels and cells 0.037
Negative 17 2 91 (8.7) 82 (11.6)
Only vessels or cells 32 6 86 (7.5) 66 (11.9)
Vessels and cells 24 7 59 (13.4) 44 (16.2)

CD133 vessels 0.589
Negative 30 5 82 (9.9) 65 (13.1)
Positive 26 3 81 (10) 81 (10)

CD133 cells 0.321
Negative 30 3 87 (8.6) 79 (10.9)
Positive 26 5 75 (11) 67 (12.6)

Combined CD133 vessels and cells 0.626
Negative 21 3 80 (13.4) 67 (16.6)
Only vessels or cells 18 2 92 (7.4) 82 (11.7)
Vessels and cells 17 3 70 (14.7) 70 (14.7)

SE, standard error. *Log-rank test; "Mean value.
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Table III. Pairwise comparisons between groups for nestin expression in 73 patients with stage I and II cutaneous melanoma.

Nestin expression Patients Events Negative Only vessels Only cells Vessels and cells
P-value?
Negative 17 2 0.850 0.378 0.038
Only vessels 6 1 0.850 0.597 0.136
Only cells 26 5 0.378 0.597 0.128
Vessels and cells 24 7 0.038 0.136 0.128
“Log-rank test.
Table I'V. Estimated 5-year survival rates for 28 patients with stage IV cutaneous melanoma.
Staining Patients Events % 5-year survival (SE) P-value?
Nestin vessels 0.034
Negative 13 9 264 (12.9)
Positive 15 14 0 (0)
Nestin cells 0.006
Negative 9 5 30.5 (17.7)
Positive 19 18 53 (5.1)
Combined nestin vessels and cells 0.005
Negative 6 3 41.7 (22.2)
Only vessels or cells 10 8 12.5(11.5)
Vessels and cells 12 12 0 (0)
CD133 vessels 0.008
Negative 13 8 30.8 (14.3)
Positive 15 15 0(0)
CD133 cells 0.710
Negative 12 9 222 (12.8)
Positive 16 14 7 (6.8)
Combined CD133 vessels and cells 0.190
Negative 7 4 38.1(19.9)
Only vessels or cells 11 9 10.9 (10.2)
Vessels and cells 10 10 0 (0)

SE, standard error. *Log-rank test.

Stem and progenitor cell-associated proteins, such as
nestin and CD133, have been described. Nestin has not
been detected in neuronal differentiated and mature cells
such as Schwann cells and normal melanocytes (22) of adult
tissues, whereas its expression re-appears in benign and
malignant melanocytic tumors (16,36-39). CD133 has been
identified in various solid tumors, including brain, prostate,
pancreatic cancer and melanoma (39). These stem-cell markers
are more expressed in metastatic melanoma biopsies as
compared with primary lesions and/or benign nevi (16,38).

Therefore, the immunohistochemical assessment of nestin
expression in differentiating mature and immature cells may
be of practical relevance.

In the current study, nestin and CD133 immunostaining
was always present in non-pigmented, undifferentiated tumoral
cells of all our samples of melanoma, both in primary tumors
and in nodal metastases, with a variability in staining intensity
and percentage of positive cells. In many cases, nestin and
CD133 expression was also observed in endothelial cells
of microvessels, especially in the invading tumor front.
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cells and endothelial cells is associated with a decreased
survival time. Moreover, a significant difference was recog-
nizable in 5-year survival among cases positive in both
tumoral and endothelial cells (58.8%) as compared to all
the other cases, in which the positivity was present only in
tumoral cells or in vessels (86.2%) or in the cases negative to
both markers (90.9%). CD133 expression was not associated
with mortality in stage I and II melanoma patients.

Nestin is abundant in embryonic stem-derived progenitor
cells that have the potential to develop into neuroectodermal,
endodermal and mesodermal lineages (35). Recent reports
provided evidence that endothelial precursor cells express
nestin, which participates in formation of the cytoskeleton
of newly formed endothelial cells and is involved in angio-
genesis, even representing a marker of neovascularization
(20,21). In this study, we observed nestin positive cells and
vessels in the peripheral areas of the tumor, where a less
mature population of malignant cells with a higher invasive
potential accumulates (38). Moreover, the newly-formed
vessels, at the tumor-normal tissue interface, supply the
developing tumor with additional oxygen and glucose,
and facilitate the metastatic process because the vessel wall
of immature capillaries is easily permeable to invading tumor
cells (40). For these reasons, the immunostaining profile we
described could characterize tumors with an aggressive
clinical behaviour and implies that the presence of nestin
expression in tumoral cells and vessels can be considered an
important factor that leads to a poor prognosis.

In patients with metastatic stage IV melanoma the
prognosis remains dismal and it is influenced primarily by
the sites and extent of metastatic involvement (41). In our
study, decreased survival time of patients with advanced
disease was associated with the presence of abundant nestin in
tumoral cells and/or vessels, and of CD133 in vessels of nodal
metastases. The essential problem confronting clinicians is
the ineffective systemic therapies available for patients with
regional and distant metastases (41). A characteristic of the
normal stem cells is their low immunogenicity (42,43) that,
although it represents an advantage for human stem cell
therapies, on the other hand it could present a problem for
immunotherapy (44). However, recent findings by Quintana
et al (29) suggest that a negative correlation may exist in
human malignant melanoma, a highly immunogenic cancer,
between host immunocompetence and rates of tumor
initiation. Moreover, it is well known that normal stem cells
are more resistant to cytotoxic agents than mature cells (45-
47). Therefore, the inability of conventional tumor treatments
to achieve long-term cures seems to be related to the fact that
cancer stem cells are resistant to many traditional therapeutic
approaches.

In conclusion, our findings are consistent with the behavior
expected for a tumor based on stem cell biology. Nestin
positivity of the vessels and tumoral cells may be considered
an important early marker for survival rate in melanoma
patients. Further studies should be performed to verify the
possibility that nestin can be used in melanoma tumorigenic
cell isolation and enrichment approaches with the goal to
obtain diagnostic and therapeutic strategies for melanoma.
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for their expert technical assistance.
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