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Abstract. E-Cadherin and N-cadherin are important
components of epithelial-mesenchymal transition (EMT). The
majority of studies on EMT in melanoma have been performed
with cultured cell lines or pooled melanoma samples. The goal
of our study was to evaluate the expression of E-cadherin and
N-cadherin in matched tissue samples from primary and
metastatic sites of melanoma and to determine the correlation
with survival outcome. We analyzed tissues from 42 melanoma
primary lesions and their corresponding metastases, as well
as 53 benign nevi, for expression levels of E-cadherin and N-
cadherin using immunohistochemical methods. There were
heterogenous expression patterns of E- and N-cadherin in both
primary and metastatic melanomas. Overall, metastatic tumor
showed a decrease in E-cadherin expression and an increase
in N-cadherin expression compared to the primary tumor,
although the difference did not reach statistical significance
(p=0.24 and 0.28 respectively). A switch of membranous
expression from E-cadherin to N-cadherin from primary to
metastatic melanoma was seen in eight patients (19%).
Aberrant E-cadherin expression (defined as negative to weak
membranous E-cadherin or positive nuclear E-cadherin
expression) was more frequently observed in metastatic than
in primary melanomas (p=0.03). Multivariate analysis showed
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that absence of N-cadherin expression in primary melanomas
and the presence of aberrant E-cadherin expression in
primary melanomas and metastatic
associated with a significantly worse overall survival. Our
data support the importance of E-cadherin and N-cadherin
proteins in melanoma progression and patient survival.

melanomas was

Melanoma is one of the deadliest types of cancer, with even
shallow primary lesions able to progress from early invasion
to metastasis and ultimately causing death. The ability at the
time of diagnosis to identify tumor characteristics that help
predict propensity for metastasis would be useful in guiding
the discussions about prognosis, as well as selecting patients
who may benefit the most from systemic therapy. In addition,
understanding the process by which metastases develop could
potentially identify targets for therapeutic interventions.
Epithelial-mesenchymal transition (EMT), which was
initially described in the context of embryonic development, is
a means by which a cell changes morphologically and
functionally from an epithelial to a mesenchymal phenotype.
This change alters adhesive properties between it and adjacent
cells necessary for the migration of the cell to distant sites (1).
Thus EMT is involved in the initial steps of developing
metastatic potential, when tumor cells escape from the
microenvironment via loss of cellular adhesion and gain of
motility. Following access to the circulatory or lymphatic
system, tumor cells migrate to a new location, often in a visceral
organ and establish metastases (2). Although melanocytes are
derived from neural crest cells and are not epithelial in origin,
EMT is a well-documented phenomenon contributing to the
metastatic potential of malignant melanocytes (3, 4).
Cadherins, or calcium-dependent adhesion molecules, are
transmembrane glycoproteins involved in cellular adhesion,
which in skin is adhesion of melanocytes and keratinocytes.
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In vitro studies have shown that among other factors, down-
regulation of membrane expression of epithelial, or
E-cadherin, and increase in neural, or N-cadherin, are
involved in the ability of a melanoma cell to migrate out of
its nascent environment (5-8). One of the important early
steps in melanoma development includes disruption of
E-cadherin-mediated adhesive interaction between
melanocytes and keratincoytes, accompanied by increased
expression of N-cadherin, which facilitates proliferation and
invasion of melanoma cells. Expression of N- and
E-cadherins are regulated, in part, by ubiquitin carboxyl-
terminal hydrolase (CYLD) gene and the zinc finger protein
encoded by the snail family transcriptional repressor 1
(SNAII) gene, respectively (9).

The role of cadherins in EMT has been studied in multiple
tumor types. A decrease in expression of E-cadherin has been
observed in oral dysplasia and squamous cell carcinoma
when compared to normal controls (10), and in early-stage
primary tongue cancer it has been noted to portend later
development of metastases after initial glossectomy (11).
Breast cancer cells have been shown to have increased
metastasis when they exhibit low expression of E-cadherin
and high expression of N-cadherin (12).

Studies involving analysis of melanocytic tumor tissue
from primary lesions and metastases support the role of E-
cadherin down-regulation in metastatic potential (11-14).
These studies compared pooled primary lesions to
metastases, or benign melanocytic lesions to melanomas (13-
16), supporting the concept that down-regulation of E-
cadherin is one aspect in a complicated process that allows
a melanoma cell to escape from its site of origin in the skin
epidermis. If E- and N-cadherin were strongly associated
with melanoma metastatic potential, we hypothesize that the
switch would be evident in paired primary and metastatic
samples from the same patient. In order to confirm EMT in
melanoma, we undertook what we believe to be the first
reported evaluation of matched tissue samples from primary
and metastatic sites of melanoma to confirm the presence of
the E to N-cadherin switch and to determine if expression
profiles are associated with survival. We also examined the
expression patterns of E-cadherin and N-cadherin in 53
benign melanocytic nevi using a tissue microarray as control.

Materials and Methods

Case selection. The tumor cases were selected from formalin-fixed,
paraffin-embedded tissue blocks obtained from the Department of
Pathology and Laboratory Medicine at Dartmouth-Hitchcock
Medical Center. The tumor cohort characteristics are presented in
Table I. We reviewed the charts of 3075 patients whose melanoma
tissue was archived at the Dartmouth-Hitchcock Medical Center
tissue bank between 1990-2008, and identified 63 individuals with
matched tissue samples from both a primary lesion and a metastatic
site. Forty two out of the 63 patients had a sufficient quantity of
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tissue to allow immunohistochemical analysis. This study was
approved by the Dartmouth College Committee for the Protection
of Human Subjects/Institutional Review Board (CPHS# 23388).

Immunohistochemistry. Immunohistochemical stains  were
performed on 4-um paraffin sections with the following primary
antibodies: E-cadherin (clone 36, dilution 1:400; BD Transduction
Laboratories, San Jose,CA, USA) and N-cadherin (clone 3B9,
dilution 1:150;Invitrogen Life Technologies, Waltham, MA, USA).
Immunohistochemical stains were performed using Leica Bond
Automated stainer (Leica Biosystem, Buffalo Grove, IL, USA),
Bond Epitope Retrieval 1 (Leica Biosystem), and Bond polymer
Red refine detection kit (BD Biosciences, San Diego, CA, USA)
according to the manufacturers’ instructions. Omission of primary
antibody was performed as a negative control. In addition, for N-
cadherin, sections of myocardial tissue were used as a positive
control and sections of bladder mucosa were used as a negative
control. Normal skin epidermis was used as a positive control for
E-cadherin immunostaining and dermis was used as a negative
control. Pairing of tissue samples was blinded to the pathologists
and slides of all immunohistochemical studies were reviewed by
two independent dermatopathologists (SY and GS).

Evaluation of immunohistochemical staining. Immunohistochemical
staining by these two antibodies were measured by semi-
quantitative assessment of positive staining in subcellular location
of tumor cells as described previously (16). Only membranous and
nuclear stains were evaluated. Scoring included both the percentage
of positive staining (0 point <1%, 1 point =1-10%, 2 points=11-
50%; 3 points=51-80%; and 4 points =80%) and the intensity of
staining (1 point=weak, 2 points=moderate, 3 point =strong).
Staining in fewer than 1% cells was considered negative regardless
of staining intensity. An overall score was calculated for each tissue
sample by adding the percentage score to the intensity score,
resulting totals of 0-1 points were considered negative and received
an overall score of 0, 2-3 points was considered weak and received
an overall score of 1, 4-5 points was considered moderate and
received an overall score of 2, and 6-7 points was considered strong
and received an overall score of 3. E-Cadherin was considered to
have normal membranous expression when the overall score was 2
or 3, and aberrant expression when the overall nuclear score >0, or
with a membrane score of 0 or 1. Cadherin expression was
considered to switch from E- to N-cadherin when a patient had both
a decrease of membranous E-cadherin and increase of membranous
N-cadherin expression in the metastatic tissue compared to the
primary melanoma tumor.

Statistical analysis. SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
software was used for data analyses. Wilcoxon signed-rank tests and
binomial proportion tests were used to compare the E-cadherin and
N-cadherin expression patterns in primary melanomas and
metastases. The McNemar agreement test was applied to test
whether distribution of aberrant E-cadherin in primary and
metastatic sites agreed. All tests were two-sided with significance
level set to 0.05.

Overall survival data were analyzed using the Kaplan—-Meier
method, and estimated hazard ratios of prognostic factors were
derived from univariate and multivariate Cox's proportional hazard
models. Mantel-Cox log-rank score was used to assess statistical
significance of survival differences.
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Results

Our cohort of 42 individuals included 14 females and 28
males, ages 23-89 years (median age 63 years), with disease
ranging from stage I to IV at initial presentation. All patients
had a biopsy-proven metastasis, either present at the time of
diagnosis, or having developed subsequently. There were 10
superficial spreading melanomas, nine nodular melanomas,
four acral lentiginous melanomas and 19 melanomas not
otherwise specified. Clinical and histological features of the
patients and their tumors are described in Table I. The median
tumor Breslow thickness was 3.75 mm (range=0.6-29 mm).

Formalin-fixed paraffin-embedded tissue from 42 primary
melanomas and their paired metastatic melanoma was
analyzed by immunohistochemistry for expression of E-
cadherin and N-cadherin proteins (Table II and Figure 1).
Moderate to strong membranous E-cadherin expression
(score 2 or 3) was observed in 90.5% of primary melanomas
and 78.6% of metastatic melanomas. Negative or weak
membranous E-cadherin staining (score 0 or 1) was observed
in 9.6% of the primary melanomas and 21.4% of the
metastatic melanomas. Weak to moderate nuclear expression
of E-cadherin was observed relatively infrequently in
primary (19.0%) and metastatic melanoma (28.6%). Nuclear
E-cadherin staining was absent from most melanoma cases.
The majority of primary melanomas and metastatic
melanomas were also negative for N-cadherin expression
(64.3% and 59.5% respectively). Weak to moderate (score 1
or 2) membranous N-cadherin expression was only observed
in 35.7% of primary melanomas and 40.5% of metastatic
melanomas. No nuclear expression of N-cadherin was
observed in primary or metastatic melanomas. Figure 1
shows E- and N-cadherin staining patterns seen in three
representative matched samples.

A switch of cadherin membranous expression with a
decrease of membranous E-cadherin and increase of
N-cadherin membranous expression from primary to
metastatic melanoma was seen in eight patients. Aberrant
E-cadherin expression was defined as negative to weak
membranous E-cadherin or any positive nuclear E-cadherin
expression. Out of the 42 patients, 24 did not have aberrant
E-cadherin in either their primary or metastatic melanomas,
seven had aberrant E-cadherin in both their primary and
metastatic melanomas, nine had aberrant E-cadherin
expression in only their metastatic melanomas and two had
aberrant E-cadherin expression in only their primary
melanoma. Overall, aberrant E-cadherin expression was
observed in nine (21.4%) primary melanomas and 16
(38.0%) metastatic melanomas. The distribution of aberrant
E-cadherin in primary versus metastatic melanomas was
significantly different (Table III, p=0.03 based on McNemar
agreement test). However, we found no statistical difference
of membranous E-cadherin expression, nuclear E-cadherin

Table 1. Summary of tumor cases and histology.

Cases, n

Gender

Male 28

Female 14
Primary site

Head/neck 6

Trunk 7

Upper extremity 15

Lower extremity 14
Ulceration

Present 26

Absent 16
Histological type

Superficial spreading 10

Nodular 9

Acral lentiginous 4

NOS 19
Clinical stage at diagnosis

I 2

IB/11 1

I 11

/1L 4

I 21

v

Could not be determined 1

NOS: Not otherwise specified.

expression and membranous N-cadherin expression when
comparing primary lesions to their matched metastases
(Table III, p=0.06, 0.29 and 0.52, respectively, based on
Wilcoxon signed-rank test).

We further evaluated the membranous expression patterns
of these two proteins in the 42 primary melanomas and their
paired metastatic lesions (Table IV). Four co-expression
patterns of membranous E-cadherin and N-cadherin were
observed. In primary melanomas, 31% of cases were positive
for both markers, while 64.3% of cases were positive for
E-cadherin only. Moreover, 4.8% of cases expressed
N-cadherin only and no case was negative for both markers.
The distribution of coexpression in paired metastatic
melanoma tissue was broadly similar as shown in Table I'V.

Among patients with a change in the membranous
expression of these two proteins from their primary
melanomas to their paired metastatic melanomas, there were
more patients with a decrease in E-cadherin expression than
those with an increase in E-cadherin expression [16 patients
(61.5%) vs. 10 patients (38.5%)], and there were more
patients with an increase in N-cadherin expression than those
with a decrease in N-cadherin expression [13 patients
(61.9%) vs. eight patients (38.1%)]. However, the difference
did not reach statistical significance (p=0.24 and 0.28,
respectively based on binomial proportion tests). We note
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Figure 1. Representative immunohistochemical expression patterns of E-cadherin (a-f) and N-cadherin (g-1) in primary and metastatic melanomas.
Case 1 (a, d, g, j) had strong membranous E-cadherin staining in the primary lesion (a), but loss of membranous E-cadherin staining with an
increase of its nuclear staining in the matched metastatic lesion (d); N-cadherin expression was negative in both primary and metastatic lesions of
this case (g and j). Case 2 (b, e, h, k) had strong membranous E-cadherin staining and moderate membranous N-cadherin staining in the primary
lesion (b and h); membranous E-cadherin staining was weak and N-cadherin staining negative in its matched metastatic lesion (e and k). Case 3
(c, f, i, 1) had focal weak membranous E-cadherin staining and weak membranous N-cadherin staining in the primary lesion (¢ and i); membranous
E-cadherin staining was focal and moderate and membranous N-cadherin staining was strong in the corresponding metastatic lesion (f and [).
Original magnification, x400.
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Table II. Cadherin expression in 42 melanoma primary lesions and their corresponding metastases.

Primary melanoma expression, n (%)

Metastatic melanoma expression, n (%)

Cadherin Overall staining score Membranous Nuclear Membranous Nuclear
E-Cadherin 3 22 (52.4%) 0 17 (40.5%) 0

2 16 (38.1%) 2 (4.8%) 16 (38.1%) 4(9.5%)

1 2 (4.8%) 6 (14.3%) 3(7.1%) 8 (19.1%)

0 2 (4.8%) 34 (81.0%) 6 (14.3%) 30 (71.4%)
N-Cadherin 3 0 0 0

2 6 (14.3%) 0 9 (21.4%) 0

1 9 (21.4%) 0 8 (19.1%) 0

0 27 (64.3%) 42 (100%) 25 (59.5%) 42 (100%)
Aberrant E-cadherin expression 9 (21.4%) 16 (38.1%)

that there were eight individuals who had a switch in
cadherin expression with a decrease in the membranous
E-cadherin score and an increase in the membranous
N-cadherin score when comparing the primary lesions to
their matched metastatic lesions.

In order to further evaluate the association of E-cadherin
and N-cadherin expression on overall survival, a multivariate
survival analysis was performed, incorporating 10 variables
(Table V). There was a significant correlation between overall
survival and the absence of membranous N-cadherin
expression in primary melanomas (p=0.046), the presence of
aberrant E-cadherin expression in primary melanomas
(p=0.030), and the presence of aberrant E-cadherin
expression in metastatic melanomas (p=0.048), as well as
tumor depth (p=0.049) and male gender (p=0.004) (Table V).

We also examined E-cadherin and N-cadherin expression
in 53 benign nevi as controls (data not shown). The majority
of benign nevi (91%) exhibited membranous expression of
E-cadherin but were negative for N-cadherin expression,
supporting the idea that high levels of E-cadherin play a role
in anchoring benign melanocytic nevi in their epithelial
environment.

Discussion

Cell-cell adhesion molecules have been investigated as
potential factors relating to the degree of cancer invasiveness
and metastasis (17). E-Cadherin is known to be a mediator
of human melanocyte adhesion to keratinocytes, which,
under normal circumstances keeps melanocytes from leaving
their original environment in the epidermis of skin (18).
Decreased expression of E-cadherin is believed to be
correlated with increased ability for melanoma cell migration
(19, 20). Kreizenbeck et al. reported a statistically significant
down-regulation of E-cadherin when comparing pooled
primary lesions to pooled metastatic lesions, and also
suggested a correlation between improved survival and

Table III. Comparison of cadherin expression in primary versus
metastatic melanomas.

Cadherin expression, primary vs. metastatic melanoma p-Value
Membranous E-cadherin 0.06
Nuclear E-cadherin 0.29
Aberrant E-cadherin 0.03
Membranous N-cadherin 0.52

increased expression of E-cadherin with a trend toward
statistical significance. In addition, they reported that some
primary lesions with increased levels of N-cadherin were
more likely to metastasize, while others which had a more
well-differentiated phenotype were not (15). Massoumi et al.
found that the expression of SNAIL correlated with the loss
of CYLD expression and activation of the N-cadherin
promoter, and was linked to tumor invasiveness and
thickness in melanoma tissue (21). Loss of E-cadherin was
found to be associated with proto-oncogene B-raf (BRAF)
mutation and Breslow thickness greater than 1 mm in
primary cutaneous melanoma samples from 68 patients (22).

Melanocytes normally express E-cadherin, and loss of
E-cadherin is a hallmark of EMT. Loss of E-cadherin in
melanoma can be associated with an increase of N-cadherin
expression (23). In the current study, more than half of the
patients showed the pattern of E-cadherin-positive/
N-cadherin-negative expression in their melanomas (64.3%
in primary melanoma and 54.8% in metastatic melanoma
respectively), while about one-third of patients had positive
expression of both proteins in their tumors (31% in primary
melanoma, and 31% in metastatic melanoma). Only 4.8% of
primary melanomas and 9.5% of metastatic melanomas had
a pattern of E-cadherin-negative/N-cadherin-positive
expression. Overall, positive expression of N-cadherin was
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Table IV. Co-expression patterns of E-cadherin and N-cadherin.

N-Cadherin, n (%)

Primary melanoma

Metastatic melanoma

Membranous expression + - Total + - Total
E-Cadherin + 13 (31.0%) 27 (64.3%) 40 (95.2%) 13 31%) 23 (54.8%) 36 (85.7%)
- 2 (4.8%) 0 2 (4.8%) 4 (9.5%) 2 (4.8%) 6 (14.3%)

Total 15 (35.7%) 27 (64.3%) 42 (100%) 17 (40.5%) 25 (59.5%) 42 (100%)

Table V. Multivariate analysis of the association of E-cadherin and N-cadherin expression on overall survival.

Variable Hazard ratio (95% CI) p-Value*

Membranous E-cadherin Primary melanoma 5.06 (0.83-30.90) 0.080
Metastatic melanoma 3.01 (0.60-15.20) 0.180

Membranous N-cadherin Primary melanoma 0.31 (0.10-0.98) 0.046
Metastatic melanoma 1.79 (0.57-5.64) 0.320

Aberrant E-cadherin expression Primary melanoma 3.79 (1.13-12.72) 0.030
Metastatic melanoma 4.07 (1.01-16.38) 0.048

Switch from E-cadherin to N-cadherin Metastatic melanoma 0.23 (0.03-1.52) 0.130

Tumor depth Increasing 1.09 (1.00-1.19) 0.049

Gender Male vs. female 7.59 (1.90-30.40) 0.004

Age at diagnosis Increasing 0.99 (0.96-1.02) 0.560

CI: Confidence interval.*By Cox model.

observed in 35.7% of primary melanomas and 40.5% of
metastatic melanoma, suggesting that an inverse coupling of
N-cadherin and E-cadherin expression is not absolute.
Similar heterogenous expression patterns of E-cadherin
and N-cadherin have been described in 695 melanoma tissue
cores in the literature (8), the majority of which were from
metastatic lesions. In that study, 36% of cases were
E-cadherin-positive/N-cadherin-negative, 23% of cases were
the converse, and there were also cases in which expression
of both proteins was present (17%) or absent (11%). Some
melanomas were negative for either E-cadherin or
N-cadherin expression, suggesting a more complex control
of EMT. They also measured cadherin expression in 12
melanoma cell lines. While the majority of cell lines
exhibited N-cadherin expression (58%), only 25% of the cell
lines expressed E-cadherin. The patient melanoma tissue
cores exhibited more heterogenous expression patterns than
did the cell lines, indicating a more complex control of EMT
in the intact tumor microenvironment. /n situ melanomas can
express other cadherins such as dysadherin or vascular
endothelial cadherin, which have been associated with
aggressive behavior and poor prognosis (24). It is possible
that these or other cadherins are counter-regulated in ways
that extend beyond the EMT. Further studies evaluating and
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understanding the tumor microenvironment, cytokines that
are produced, and their effects on EMT are needed.

Alonso et al. evaluated the E-cadherin to N-cadherin
switch in expression levels when comparing primary lesions
that later metastasized to primary lesions that did not develop
metastases at follow-up, and found an association between
expression of N-cadherin and other markers of EMT (3).
They reported that an increase in expression of N-cadherin
was associated with a loss of expression of cadherin 10,
which functions in a similar manner to E-cadherin, and also
that induction of re-expression of E-cadherin in melanoma
cells down-regulated expression of N-cadherin in those cells.
The switch of cadherin from E-cadherin to N-cadherin in
melanoma was reported to be regulated by the
phosphoinositide 3-kinase (PI3K) and phosphatase and
tensin homolog (PTEN) pathway through the twist
transcription factor (TWIST) and SNAIL (25). Data from our
study support heterogeneous subsetting of melanomas based
on E-cadherin and N-cadherin expression patterns. Our data
also support the observation that treatment with ADH-1, an
N-cadherin antagonist, showed no correlation with survival
in a melanoma xenograft model, although ADH-1 therapy
did augment melphalan permeability into tumor cells and
increased the response rate (26). The heterogenous
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expression of N-cadherin in tumor cells may be one
explanation for this. Thus, other approaches may need to be
developed to enhance outcomes.

The majority of studies on melanoma EMT were
performed in cultured cell lines or pooled melanoma
samples, and to our knowledge, this has not been assessed
in matched primary and metastatic lesions. Protein
expression in cell lines may or may not reflect in vivo
expression patterns. Furthermore, previously published
immunohistochemical expression patterns of E-cadherin in
melanoma varied from complete absence of membranous E-
cadherin staining in radial growth phase melanoma, with
restoration of expression in the vertical growth phase (13),
to positive expression in all melanomas (14). N-Cadherin
expression was only reported in a minor percentage of cases
(19). In our study, positive expression of N-cadherin was
observed in 35.7% of primary melanomas and 40.5% of
metastatic melanoma although one would expect more
tumors to express N-cadherin, especially the metastatic
tumors. This finding suggests that regulation of EMT and
metastasis in melanoma in vivo is a more complex process.
Another possible explanation is that once tumor cells have
established metastasis in tissue they undergo the reverse
process of EMT, i.e. mesenchymal-epithelial transition to
become established in the new environment (27).

Nuclear localization of E-cadherin, proposed to be linked
to mutations of the B-catenin gene, has been shown in solid
pseudopapillary tumors of the pancreas (28), Merkel cell
carcinomas (29), and synovial sarcomas (30) using the same
E-cadherin antibody (clone 36) used in our study. This
aberrant expression may be manifested by negative
membranous expression or positive nuclear expression of E-
cadherin in tumor cells. We observed more patients with
aberrant expression of E-cadherin in metastatic lesions than
in their paired primary lesions, indicating an important role
of loss of normal membranous expression of E-cadherin in
tumor metastasis.

The prognostic significance of E- and N-cadherin in
melanoma are variable in the literature. Tucci et al. showed
that a low E-cadherin level is prognostic of poor outcome
(31). Bachamann et al. reported that the expression of E and
N-cadherin did not show statistical significance in predicting
survival, although they found a decrease of E-cadherin
expression and an increase of N-cadherin expression from
primary melanoma to metastatic melanoma (32).
Kreizenbeck et al. showed that increased N-cadherin
expression improved overall survival, but the significance of
this disappeared when adjusted for established
clinicopathological parameters (15). Multivariate analysis in
our study also showed that the presence of N-cadherin
expression in the primary melanomas was associated with
increased overall survival. In addition, aberrant E-cadherin
expression in primary melanomas, aberrant E-cadherin

expression in metastatic melanomas, tumor depth and patient
gender were all associated with significantly worse overall
survival, although p-values of some of these variables were
borderline to the 0.05 significance level, indicating that
future studies with a larger sample size are needed.

Our study, which is the first to be based on paired primary
and metastatic melanoma samples, supports the importance
of E-cadherin and N-cadherin proteins in melanoma
progression and metastasis, and in understanding EMT and
metastasis development in melanoma. This complex process
needs further characterization in the context of the tumor
microenvironment, with a larger sample size for additional
statistical power.
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