
Expression of Notch-1 and alteration of the
E-cadherin/b-catenin cell adhesion complex
are observed in primary cutaneous
neuroendocrine carcinoma (Merkel cell
carcinoma)

John Panelos1, Anna Batistatou2, Milena Paglierani1, Aikaterini Zioga2, Vincenza Maio1,
Raffaella Santi1, Nicola Pimpinelli3, Vincenzo De Giorgi3, Marco Santucci1 and
Daniela Massi1

1Department of Human Pathology and Oncology, University of Florence, Florence, Italy; 2Department of
Pathology, University of Ioannina Medical School, Ioannina, Greece and 3Department of Dermatological
Sciences, University of Florence, Florence, Italy

Increasing evidence indicates that Notch signaling contributes to physiological processes, including
development and differentiation, as well as tumorigenesis, either as a tumor promoter or suppressor,
depending on cellular context, expression levels and cross talk with other signaling systems. Recent studies
reported absent or minimal Notch-1 expression in neuroendocrine tumors of the lung and gastrointestinal tract,
suggesting a tumor-suppressor function of Notch-1. Merkel cell carcinoma is a rare and highly aggressive
primary cutaneous neuroendocrine carcinoma. Because no information is available on Notch-1 expression
in this tumor, we have investigated a series of 31 Merkel cell carcinoma for Notch-1 immunoreactivity.
Immunoreactivities for E-cadherin and b-catenin were also analyzed. All but 1 Merkel cell carcinoma
(30 of 31) retained cytoplasmic and membrane Notch-1 expression in more than 50% of cells. b-Catenin
displayed a prevalent membrane-associated staining in 30 of 31 cases, and 22 cases showed more than 50% of
immunoreactive cells whereas nuclear b-catenin was seen only in 2 of 31 cases. E-cadherin membranous
expression was remarkably low, as only 1 of 26 cases was found positive in more than 50% of cells. In contrast
with neuroendocrine tumors in other tissues, evident Notch-1 expression was found in Merkel cell carcinoma.
This finding does not support a tumor-suppressor function of Notch-1 in Merkel cell carcinoma. Downregulation
of E-cadherin and diffuse membranous b-catenin expression suggest a dysregulation of the E-cadherin/
b-catenin complex in Merkel cell carcinoma. This may contribute to local invasion and distant metastasis.
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Notch signaling controls a variety of processes,
involving cell fate specification, differentiation,
proliferation and survival.1 Its pathway includes
a family of transmembrane receptors and their
ligands, negative and positive modifiers and
transcription factors. To date, four mammalian
transmembrane receptors (Notch 1–4) and five
transmembrane ligands (Jagged 1, 2 and Delta 1, 3

and 4) have been identified.2 The Notch signaling is
initiated by receptor–ligand interaction between
neighboring cells, which renders the Notch receptor
susceptible to a first proteolytic cleavage by TACE
(TNF-a-converting enzyme) and subsequently, to a
second intramembranous cleavage by the g-secre-
tase. The process results in the release of the Notch
intracellular domain from the plasma membrane,
which may translocate to the nucleus. Once there,
it associates with the DNA-binding transcription
factor, CLS (acronym for CBF1, LAG-1 and Su(H)).
The binding or the formation of the complex results
in the activation of the basic helix-loop-helix
(bHLH) transcription factor Hes-1, thus regulating
downstream target genes.3
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In addition to a series of physiological processes,
increasing evidence suggests the involvement of the
Notch signaling in tumorigenesis, as the Notch
pathway regulates cell proliferation, migration and
apoptosis. Notch may act either as a tumor promoter
or a tumor suppressor, depending on the cell
type and tissue context, level of expression and
potential contemporary cross talk with other signal-
ing systems.4 Recent studies demonstrated that
Notch-1 signaling is minimal or absent in carci-
noids, medullary thyroid cancer and small-cell
lung cancer, supporting the hypothesis of a tumor-
suppressor function of Notch-1 in neuroendocrine
tumors.5–8 Finally, in vitro experiments have shown
that exogenous activation of Notch-1 signaling
results in tumor suppression and in a significant
reduction in neuroendocrine markers such as
chromogranin A, serotonin and calcitonin.8

Primary neuroendocrine carcinoma of the skin
or Merkel cell carcinoma is a rare and often aggres-
sive malignant primary cutaneous cancer.9 Approxi-
mately 50–80% of cases have a regional lymph node
involvement at presentation and there is a high risk
of distant metastases (25–40%) associated to signi-
ficant mortality, with 25–30% of patients dying
within 3 years from diagnosis.10,11 Poor knowledge
of the molecular mechanisms of neoplastic transfor-
mation and difficulties in the precise classification
and appropriate management are specific features of
Merkel cell carcinoma. To date, none of the known
tumor suppressors or oncogenes has been conclu-
sively associated to the development of Merkel cell
carcinoma and particularly none is known about
the expression of a major regulator of tumorigenesis,
as the Notch signaling, in Merkel cell carcinoma.

Notch-1 can inhibit b-catenin-mediated signaling,
when it functions as a tumor-suppressor gene in
keratinocytes and skin carcinomas,12 whereas in
cutaneous melanoma b-catenin mediates the onco-
genic function of the Notch pathway.13 These data
suggest that differential functions for Notch signal-
ing in skin tumors are closely related to b-catenin.
b-Catenin is a multifunctional protein that controls
a number of cellular activities, both at the membrane
and the nuclear level. As a membrane protein,
b-catenin bridges between the cytoskeleton and
cadherins thus regulating E- or N-cadherin-
mediated cell adhesion, whereas in the nucleus
b-catenin functions as a downstream signaling
molecule of the Wnt signaling. It has been recently
reported that Notch activation, through the induc-
tion of Slug, a Snail family member, represses
E-cadherin promoting tumor growth and metastasis.14

The aim of the current study was to identify by
immunohistochemistry Notch-1 expression in a
series of 31 primary and metastatic Merkel cell
carcinoma. Expressions of b-catenin and E-cadherin
were also analyzed and all these immunoreactivities
were compared to those found in skin metastases
from neuroendocrine tumors as well as cutaneous
melanoma with neuroendocrine features.

Materials and methods

Specimen Selection

The study series included human tissue samples
retrieved from the archive of the Department of
Human Pathology and Oncology, University of
Florence. The series was composed of 31 cases
of Merkel cell carcinoma from 30 patients. Of these
patients, 10 were men and 20 women, and all ranged
in age from 42 to 92 years (mean 76.6 years, median
79 years). The tumors were located mainly on the
lower extremities (13 cases) and the head and neck
region (12 cases) whereas upper extremities and
trunk were involved in 5 and 1 case, respectively.
Follow-up of patients ranged from 2 to 323 months
(mean 60.6 months, median 37 months). Patients’
data, including age, sex, anatomic site and follow-
up, are reported in Table 1.

In addition, three cases of lung neuroendocrine
tumors metastatic to the skin (two lung carcinoids,
one small-cell neuroendocrine lung carcinoma)
as well as one case of cutaneous melanoma with
neuroendocrine differentiation were selected for the
current investigation. Carcinoids were observed in
two male patients of 60 and 61 years old and the
cutaneous metastases were both located on the back.
Small-cell neuroendocrine lung carcinoma was seen
in a 73-year-old man and the skin metastasis was
located on the forehead. Cutaneous melanoma with
neuroendocrine differentiation was diagnosed on a
shoulder of a 51-year-old man.

Immunohistochemistry

Specimens obtained by surgical resection were fixed
in 10% buffered formalin and paraffin embedded.
For immunohistochemical analysis a representative
4-mm section for each lesion was selected. All
sections for Notch-1 evaluation were deparaffinized
in Bio-Clear (Bio-Optica, Mi, Italy) and hydrated
using graded ethanol before to be submitted for
antigen retrieval. Briefly, antigen retrieval was
performed by microwave pretreatment (Microwave
MicroMED T/T Mega; Milestone, Bergamo, Italy)
in EDTA 1mM (pH 8.0) for 30min; endogenous
peroxidase activity was blocked by immersing
slides in distilled water, containing 3.0% hydrogen
peroxide for 20min. Nonspecific antigen sites
were blocked with normal horse serum (UltraVision;
LabVision, Fremont, CA, USA), then the sections
were incubated with goat anti-human Notch-1
antibody (sc-6014) (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA) at 1:30 dilution for 1h.
Staining was achieved using appropriate biotin-
conjugated anti-goat secondary antibody (IgG;
Biomedicals, Verona, Italy) and a biotinylated goat
anti-rabbit (UltraVision), followed by streptavidin-
peroxidase (UltraVision). Bound antibody was
visualized using 3,30-diaminobenzidine (Peroxidase/
DAB; Dako, Glostrup, Denmark) as chromogen.
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Nuclei were slightly counterstained with Mayer’s
hematoxylin. Negative controls were performed by
substituting the primary antibody with a nonimmune
serum.

Immunohistochemical analysis for E-cadherin
and b-catenin was performed on formalin-fixed,
paraffin-embedded tissue sections placed on elec-
trostatic slides and dried for 1 h at 601C. The slides
were next placed on BenchMarks XT automated
autostainer (Ventana Medical Systems Inc., Tucson,
AZ, USA), where they were freed of paraffin and
subjected to heat-induced Ventana CC1 epitope
retrieval solution. Two Ventana dispenser contain-
ing prediluted monoclonal antibodies anti-E-cadher-
in, clone ECH-6 (Cell Marque Corporation, Rocklin,
CA, USA) and anti-b-catenin, clone 14 (Cell Marque
Corporation) were applied to the paraffin sections

for 32min each. The presence of the antigen was
visualized using as revelation system the iVIEW
DAB Detection Kit (Ventana Medical Systems Inc.)
observing suggested protocol. After the staining run
was complete, the slides were removed from the
autostainer, counterstained with hematoxylin, de-
hydrated and mounted with permanent mounting
medium (Table 2).

Substituting primary antibody with equal dilution
of a nonimmune serum performed negative controls.
The positive controls were lung adenocarcinoma
sections for E-cadherin detection and breast fibro-
matosis sections for b-catenin. Control sections were
treated at the same time of sample sections.

Immunostained sections were independently as-
sessed by two observers. The results were expressed
according to semiquantitative criteria as follows:

Table 2 List of antibodies used for immunohistochemistry

Antibody Source Dilution Cellular compartment

Notch-1 (goat, polyclonal) Santa Cruz Biotechnology Inc. 1:30 Cytoplasmic, membrane
E-cadherin (mouse monoclonal, clone ECH-6) Cell Marque Corporation Prediluted Cytoplasmic, membrane
b-Catenin (mouse monoclonal, clone 14) Cell Marque Corporation Prediluted Nuclear

Table 1 Clinicopathological features of 31 primary cutaneous neuroendocrine or Merkel cell carcinomas

No. Merkel cell carcinoma Age Sex Site Status DFI (months) Follow-up (months)

1 Primary 54 F Back NED — 323
2 Primary 91 M Neck DOD 4 5
3 Primary 65 F Leg NED — 214
4 Primary 84 M Leg DOD 3 16
5 Primary 91 F Cheek DOD 3 22
6 Primary 81 M Leg NED — 138
7 Primary 68 M Front DOD 2 10
8 Primary 81 M Leg NED — 94
9 Primary 57 F Thigh DOD 2 4
10 Primary 85 F Thigh DOD 4 24
11 Primary 80 F Cheek NED — 90
12 Metastatic 78 F Leg DOD 16 49
13 Primary 89 F Knee DOD 6 10
14 Primary 73 F Cheek NED — 87
15 Primary 78 F Cheek NED — 56
16 Primary 89 F Front NED — 24
17 Primary 87 F Lip DOC — 2
18 Primary 67 F Knee NED — 80
19 Primary 78 M Thigh NED — 79
20 Primary 82 F Arm LOST — —
21 Primary 92 F Leg LOST — —
22 Primary 85 M Thigh DOD 6 9
23 Primary 79 F Leg NED — 35
24 Primary 80 F Forearm LOST — —
25 Primarya 74 M Eyebrow AWD 3 54
26 Metastatica 75 M Neck AWD 3 54
27 Primary 86 F Eyelid LOST — —
28 Primary 42 M Arm NED — 46
29 Primary 77 F Cheek NED — 39
30 Primary 76 F Forearm NED — 35
31 Primary 63 M Hand NED — 31

M: male; F: female; NED: no evidence of disease; AWD: alive with disease; DOD: dead of disease; DOC: dead of other causes; DFI: disease-free
interval.
a
Primary and metastatic Merkel cell carcinomas belong to the same patient.
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0, negative staining; 1þ , 1–20% of positive cells;
2þ , 21–50% of positive cells and 3þ , more than
50% of positive cells. The staining intensity was
scored on a scale as faint, moderate or strong.

Statistical Analysis

Statistical analysis was performed using the SPSS
statistical software, release 12.0 (SPSS Inc., Chicago,
IL, USA). Association between different variables was
assayed by the two-tailed Fisher’s exact test. Conti-
nuous variables were compared using the Mann–
Whitney U-test or Kruskal–Wallis H-test. A P-value
o0.05 was considered statistically significant.

Results

The results of the immunohistochemical investiga-
tion are reported in Table 3. Notch-1 immunohisto-
chemical expression was mostly confined to the cell
cytoplasm, with peripheral membrane and occa-
sional nuclear pattern. In normal skin, Notch-1 was
strongly and diffusely expressed in suprabasal
epidermal keratinocytes, with only faint and focal
staining in the granular layer and stratum corneum.

A high expression level of Notch-1 was consistently
observed in adnexal structures, including hair
follicle epithelium, sweat and sebaceous glands.
In normal skin, a strong membranous staining
for both b-catenin and E-cadherin was uniformly
detected at the intercellular border of normal
epithelial cells.

In Merkel cell carcinoma, all but one case showed
moderate cytoplasmic and membrane expression of
Notch-1 in more than 50% of tumor cells (Figure 1a
and b). No statistically significant differences were
observed in Notch expression and clinicopathologi-
cal variables, including sex, location (extremities vs
face vs trunk), primary vs metastatic Merkel cell
carcinoma tumors as well clinical outcome.

All but 1 case (30 of 31) showed strong membra-
nous staining for b-catenin (Figure 1c). Of these, 22
of 30 (73.3%) showed membranous b-catenin ex-
pression in more than 50% of cells. Nuclear staining
was seen in two cases, in combination with
membranous staining. No statistically significant
differences were observed in b-catenin expression
and clinicopathological variables, including sex,
location (extremities vs face vs trunk) as well as
clinical outcome. Some of the cases undergoing
disease progression showed downmodulation of
Notch-1 immunohistochemical expression in com-
parison with nonprogressed cases, but the difference
did not reach statistical significance.

E-cadherin expression was evaluated in 26 of 31
cases. Among 26 cases, 10 (38.5%) were E-cadherin
negative (Figure 1d). Fifteen cases (57.7%) showed a
markedly reduced membranous staining (expression
in less than 20% of tumor cells). Only one case
resulted in E-cadherin membrane-associated, linear
pattern of expression that decorated the entire cell
membrane in 80% of cells. Nuclear E-cadherin
staining was observed in 3 of 26 cases, of which in
2 cases only nuclear positivity and in 1 case both
nuclear and membranous positivities were detected.
E-cadherin cytoplasmic staining, alone or in combi-
nation, was appreciated in 7 of 26 cases. No
statistically significant differences were observed
in E-cadherin expression and clinicopathological
features, including clinical outcome.

Cutaneous metastases from lung carcinoids were
Notch-1 negative whereas showed strong membra-
nous expression of both b-catenin and E-cadherin
(Figure 2a–d). Similarly, cutaneous metastasis from
lung neuroendocrine carcinoma was weakly stained
for Notch-1 in rare cells and showed strong
membranous expression of both b-catenin and
E-cadherin (Figure 3a–d). Finally, cutaneous mela-
noma with neuroendocrine differentiation showed a
differential expression of Notch-1 in areas with
neuroendocrine phenotype in comparison with non-
neuroendocrine areas. In particular, in the neuro-
endocrine areas we observed a weaker Notch-1
signal in comparison with the strong cytoplasmic
and membranous Notch-1 staining observed in non-
neuroendocrine areas whereas strong membranous

Table 3 Distribution of Notch-1, E-cadherin and b-catenin
expression in Merkel cell carcinoma

No. Merkel cell carcinoma Notch-1 E-cadherin b-Catenin

1 Primary 3+ (c-m) 1+ (m) 3+ (m)
2 Primary 3+ (c-m) 0 3+ (m)
3 Primary 3+ (c-m) 1+ (m-c) 3+ (m)
4 Primary 2+ (c-m) 1+ (m-c) 3+ (m)
5 Primary 3+ (c-m) 1+ (m) 3+ (m)
6 Primary 3+ (c-m) 0 2+ (m)
7 Primary 3+ (c) NE 1+ (m)
8 Primary 3+ (c-m) 0 1+ (m)
9 Primary 3+ (c-m) 1+ (m-c) 2+ (m)
10 Primary 3+ (c) 1+ (m-n) 0
11 Primary 3+ (c-m) 0 3+ (m)
12 Metastatic 3+ (c-m) NE 3+ (m)
13 Primary 3+ (c) NE 1+ (m-n)
14 Primary 3+ (c-m) 0 3+ (m)
15 Primary 3+ (c-m) NE 3+ (m)
16 Primary 3+ (c-m) NE 3+ (m)
17 Primary 3+ (c-m) 1+ (m-c) 3+ (m)
18 Primary 3+ (c-m) 3+ (m) 3+ (m)
19 Primary 3+ (c) 0 3+ (m)
20 Primary 3+ (c-m) 0 3+ (m)
21 Primary 3+ (c-m) 1+ (m) 2+ (m)
22 Primary 3+ (c-m) 1+ (m-c) 3+ (m)
23 Primary 3+ (c-m) 1+ (m) 3+ (m)
24 Primary 3+ (c-m) 1+ 3+ (m)
25 Primary 3+ (c-m) 1+ (c) 3+ (m)
26 Metastatic 3+ (c-m) 0 3+ (m)
27 Primary 3+ (c-m) 1+ (n) 2+ (m)
28 Primary 3+ (c-m) 0 3+ (n-m)
29 Primary 3+ (c-m) 0 2+ (m)
30 Primary 3+ (c-m) 1+ (m-c) 3+ (m)
31 Primary 3+ (c-m) 1+ (n) 3+ (m)

m: membrane; c: cytoplasmic; n: nuclear; 0: negative staining; 1+:
1–20% of positive cells; 2+: 21–50% of positive cells; 3+: more
than 50% of positive cells; NE: not evaluable.
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b-catenin and E-cadherin staining was seen through-
out the lesion (Figure 4a–d).

Discussion

The present study reports for the first time immu-
nohistochemical expression of Notch-1 in Merkel
cell carcinoma. In contrast to neuroendocrine
tumors of other sites,8 detectable Notch-1 was
found in the majority of tumor cells, with moderate
staining intensity. At present, the function of Notch-
1 in the control of cell proliferation of neuroendo-
crine Merkel cell carcinoma cells is unknown. If no
firm conclusion can be drawn on this issue, the
presence of Notch-1 in Merkel cell carcinoma does
not argue for a suppressor function of this signaling
pathway in Merkel cell carcinoma as it has been
proposed for other neuroendocrine tumors. Notch-1
may also be implicated in the negative regulation of
neuroendocrine phenotypic features in Merkel cell

carcinoma and in the alterations of these processes
that occur during tumor progression. Indeed, can-
cers with neuroendocrine features such as Merkel
cell carcinoma frequently lose their characteristic
endocrine phenotype in the course of tumor pro-
gression and it cannot be excluded that these tumors
may be susceptible to negative regulation of neuro-
endocrine differentiation by Notch activation.

In the complex regulation of neuroendocrine
phenotypic expression, there is increasing evidence
for involvement of bHLH transcriptional enhancer
factors and the Notch signaling. The Notch signaling
has been shown to have a crucial inhibitory function
in neuroendocrine differentiation in the lung
and gastrointestinal tract15–17 through modulation
of transcription factors. Human achaete-scute homo-
logue 1 (hASH-1) is an evolutionarily conserved
bHLH transcription factor that has a crucial function
in the differentiation of endodermal endocrine
cells.15,18 hASH-1 is suppressed by upregulation of
HES-1 subsequent to Notch activation.1 Mouse

Figure 1 Merkel cell carcinoma: (a) Notch-1 cytoplasmic and membranous staining in Merkel cell carcinoma tumor cells (original
magnification � 10); (b) Notch-1 is also strongly expressed in endothelial cells of capillary vessels in the context of the tumor (original
magnification �40); (c) strong membranous staining for b-catenin (original magnification �40); (d) E-cadherin positivity is observed
at the membrane level only in rare scattered cells (original magnification �20); inset shows that the overlying epidermis is strongly
E-cadherin positive with a membranous pattern (internal positive control) (original magnification �10).
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atonal homologue 1 (MATH1) is another bHLH
transcription factor that has an important function
in Merkel cell maturation and maintenance of
neuroendocrine phenotype.19,20 Activation of Notch
by Jagged 2 inhibits expression of MATH1 in
cochlear progenitor cells, possibly through HES-521

and MATH1 controls cerebellar granule cell differ-
entiation as well as its own expression by regulating
multiple components of the Notch pathway.22

Interestingly, hASH-1 gene is expressed in neuro-
endocrine tumors including pheochromocytomas,
medullary thyroid cancer, lung and thymic carci-
noids and small-cell lung cancer23,24 whereas
RT–PCR analyses failed to demonstrate hASH-1
transcripts in any Merkel cell carcinoma cell line
investigated, indicating that the neuroendocrine
phenotype in Merkel cell carcinoma is not mainly
related to hASH-1.20,25 Conversely, MATH1 is
expressed in the classical Merkel cell carcinoma
cell lines that are reactive for chromogranin A,

indicating that MATH1 may be required for the
maintenance of the neuroendocrine phenotype of
Merkel cell carcinoma.20

In our study, analysis of skin metastases derived
from neuroendocrine tumors revealed that, in con-
trast to the Notch-1 positivity in the vast majority of
Merkel cell carcinoma, metastases from lung carci-
noids and lung neuroendocrine carcinoma were
essentially Notch-1 negative or weakly stained in a
minority of cells. Thus, this study may add Notch-1
to the armamentarium of diagnostic reagents for
neuroendocrine tumors involving the skin. In case
of doubtful cases, lack or weak Notch-1 staining
speaks against a diagnosis of Merkel cell carcinoma
and the possibility of a metastatic neuroendocrine
tumor should be taken into consideration. Variations
of Notch-1 staining intensity in cutaneous neuroen-
docrine tumors may be related to both biological
behavior and neuroendocrine differentiation, but
further studies are necessary to clarify these issues.

Figure 2 Skin metastasis from lung carcinoid: (a) Notch-1 is not expressed in the monomorphous epithelioid cells arranged in insulae
with an organoid and trabecular pattern in the dermis (original magnification �10); inset shows strong Notch-1 expression with a
medium-sized vessel in the context of the tumor (internal positive control) (original magnification �10); (b) Notch-1 is expressed in
small capillary vessels whereas tumor cells are negative (original magnification �20); (c) b-catenin diffuse membranous staining in
tumor cells (original magnification �20); (d) strong E-cadherin membranous staining in the majority of tumor cells (original
magnification �20).
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Worth mentioning is the rare case of cutaneous
melanoma with neuroendocrine differentiation.
Decreased Notch-1 staining was observed in areas
with neuroendocrine features, which may further
support a function of Notch in neuroendocrine
differentiation. We have previously investigated the
Notch pathway in a series of benign and malignant
cutaneous melanocytic lesions and demonstrated that
Notch activation represents an early event in mela-
nocytic tumor growth and upregulation of Notch
signaling may sustain tumor progression in melano-
ma.26 In contrast, we recently reported in non-
melanoma skin cancer a divergent expression of
Notch-1, depending on anatomical site and tumor
histotype.27 Whereas in UV-related squamous
cell photocarcinogenesis Notch-1 downregulation
occurred, mirroring a tumor-suppressor function
of the receptor, in sun-protected squamous cell
carcinomas Notch-1 was upregulated.27 Furthermore,
Notch-1 expression was minimal in basal cell
carcinoma subtypes, correlated with risk of recur-
rence (sclerodermiform/infiltrating and baso-

squamous), in comparison with nodular and super-
ficial types.27

Disruption of intercellular adhesion by alterations
of cell adhesion molecules is one key step in
invasive growth.28 Dysregulation of the E-cadherin/
b-catenin-dependent adhesion complex has been
associated with the development and progression of
several solid tumors,29 including neuroendocrine
tumors.30–32 In our study, the vast majority of Merkel
cell carcinoma showed a markedly reduced mem-
branous E-cadherin staining and nuclear expression
was observed in only 3 of 26 cases. Our results are
fully in agreement with a previous study that repor-
ted a reduced membranous expression of E-cadherin
in 22 of 23 (95.7%) and nuclear E-cadherin in 4 of
23 cases of Merkel cell carcinoma.33 Reduced
E-cadherin expression was correlated with tumor
size and location outside the head and neck region,
which are considered poor prognostic factors, thus
supporting a function of E-cadherin dysregulation in
mediating tumor progression.33 Absence of cor-
relation between immunohistochemical parameters

Figure 3 Skin metastasis from small-cell lung carcinoma: (a) weak Notch-1 expression is seen only in a minority of tumor cells (original
magnification �10); (b) Notch-1 is strongly expressed in endothelial cells in the context of mostly unstained tumor cells (original
magnification �20); (c) b-catenin shows strong and diffuse membranous staining (original magnification �20); (d) E-cadherin
membranous staining in the majority of tumor cells (original magnification �20).
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with clinical outcome in our study may be the
consequence of the relatively limited number of
cases evaluated. A previous investigation reported
E-cadherin staining in 34 of 35 Merkel cell carcino-
ma (97%) with 18 cases with both membranous and
nuclear staining, 2 cases only membranous staining
and 14 only nuclear staining.34 The reasons for the
difference between this and our study may be
related to diverse cutoffs and antibodies as well as
difficulties in the correct identification of crushing
artifacts, which are common features of Merkel cell
carcinoma.

In our study, membranous b-catenin expression
was seen in 30 of 31 cases (96.8%) whereas only in 2
cases (6.5%) nuclear staining was detected. Consis-
tent with our data, nuclear b-catenin was recently
found only in 1 of 12 (8.3%) Merkel cell carcinoma
and membranous staining in all the cases35 and,
again, other studies reported nuclear b-catenin in 634

and 3.2%33 of Merkel cell carcinoma. However,

another study reported that 14 of 31 Merkel cell
carcinoma showed decreased membranous b-cate-
nin expression, 9 showed slightly reduced expres-
sion and 5 of 31 were negative.33 Apart from
regulating cell adhesion and motility by binding to
E-cadherin at the membrane level, b-catenin is the
major nuclear transducer of the Wnt signaling
pathway, which contributes to a wide variety of
neoplasms.36 Wnt activation leads to stabilization
and translocation of b-catenin from cytosol to
nucleus, where it activates Wnt target genes such
as c-myc and cyclin D1.37,38 The significance of the
subcellular localization of b-catenin (lack of nuclear
staining in presence of membranous positivity) in
Merkel cell carcinoma remains unclear. Loss of
nuclear staining may suggest that Wnt pathway is
not implicated in Merkel cell carcinoma pathogen-
esis, as previously proposed by others35 or, alter-
natively, Wnt pathway may be activated by different
mechanisms.

Figure 4 Cutaneous melanoma with area of neuroendocrine differentiation: (a) within a vertical growth phase cutaneous melanoma there
is an area of neuroendocrine differentiation with trabecular pattern (left), (hematoxylin and eosin stain, original magnification � 20); (b)
in such area, neuronal-specific enolase (NSE) immunostaining is seen, thus confirming neuroendocrine differentiation (original
magnification � 20); (c) in the neuroendocrine area there is a weaker Notch-1 signal in comparison with the strong cytoplasmic and
membranous Notch-1 staining observed in non-neuroendocrine areas (original magnification �20); (d) strong and diffuse E-cadherin
membranous expression is seen in both neuroendocrine and non-neuroendocrine areas (original magnification � 20).
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This is the first demonstration of Notch-1 expres-
sion in Merkel cell carcinoma. Notch-1 expression
may exert biological functions both in undifferen-
tiated (neuroendocrine) neoplastic cells or in Merkel
cell carcinoma tumorigenesis, and further studies
may address this important hypothesis. Presence of
Notch-1 in Merkel cell carcinoma and lack in
metastatic carcinoids suggests that Notch-1 may be
of some diagnostic value in doubtful diagnoses of
neuroendocrine skin cancer phenotype, and if these
preliminary data would be confirmed by further
studies, Notch-1 could be added to the armamentar-
ium of diagnostic reagents for cutaneous neuro-
endocrine tumors. We also found that in Merkel cell
carcinoma E-cadherin is downregulated whereas
membranous b-catenin is diffusely expressed, indi-
cating dysregulation of the E-cadherin/b-catenin
complex, which may contribute to local invasion
and distant metastasis.
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