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The aim of the present study was to analyze the expression of S100A4 and E-cadherin in a panel of primary and
metastatic malignant melanoma, and to correlate the expression level to clinicopathological parameters. The
expression of S100A4 was examined by immunohistochemistry in 99 superficial spreading and 60 nodular
primary melanomas, while the expression of E-cadherin was analyzed in 92 superficial spreading and 52
nodular lesions from the same panel. The expression levels of S100A4 and E-cadherin in the biopsies were
inversely correlated, with S100A4 being expressed at the highest frequency in the nodular and E-cadherin in the
superficial spreading lesions, respectively. When analyzing the melanoma subgroups separately, it was
revealed that expression of S100A4 had a more significant impact on patient outcome in early superficial
spreading melanomas than in the nodular subtype, while E-cadherin expression did not predict patient outcome
in any of the subgroups. When examining all the patients, both markers give clinical information as predictors
for disease-free survival, but when combining the expression of the two markers, a stronger significant
correlation between high E-cadherin expressing/S100A4 negative biopsies and increased disease-free survival
(P¼ 0.002) was revealed, demonstrating the importance of examining the expression of more than one factor
involved in the metastatic cascade when predicting patient outcome. We have also evaluated the relationship
between the expression of these two antigens and cell cycle and signal transduction factors.
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The incidence of malignant melanomas is increas-
ing, and once metastasized the prognosis is poor.
Thus, early identification of patients with a high risk
of progression is of major importance. Besides
thickness of the primary tumor, few prognostic
markers predicting patient outcome are available.
The serum level of S100B, an S100 family member,
has been demonstrated to be a valuable and reliable
indicator for clinical progression and response to
therapy in several studies.1 A major disadvantage of
S100B is, however, the poor prognostic impact in
early-stage melanoma patients.2

The S100 family of Ca2þ binding proteins com-
prises 21 members, each exhibiting a unique
expression pattern in human tissues, and exerting

different functions.3 Another member of the family,
the S100A4 protein, has previously been associated
with increased metastatic capacity of cancer cells,4,5

but how S100A4 exerts its putative metastasis-
promoting effects is largely unknown. Previously,
we found an association between the expression of
S100A4, matrix metalloproteinase (MMP) activity
and the metastatic capacity of human osteosarcoma
cells.6 Other studies have suggested a role in cell
motility,7,8 and Ambartsumian et al9 reported that
S100A4 secreted from tumor cells could cause
cancer progression through stimulation of angiogen-
esis. Recently, a number of studies have suggested a
correlation between the expression of S100A4 and
clinical outcome in various tumor types (gall
bladder, esophageal and colon).10–12 Of special
interest, S100A4 was found to be the most signifi-
cant predictor of overall survival, in stage I and II
breast carcinoma patients, and also when well-
documented clinical and pathological parameters
such as lymph node infiltration and estrogen
receptor status were taken into consideration.13 In
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other studies, an inverse association between
S100A4 and E-cadherin has been revealed.14–16 E-
cadherin mediates homophilic calcium-dependent
cell–cell adhesion,17,18 and is the prime mediator of
melanocyte adhesion to keratinocytes in vitro.19 The
loss of E-cadherin expression occurs in a variety of
human tumors and is assumed to be an important
step in the progression from a tumor in situ to an
invasive and metastasizing lesion.20,21

The objective of the present study was to
investigate by immunohistochemistry the expres-
sion pattern of S100A4 and E-cadherin in a panel of
superficial spreading and nodular malignant mela-
nomas, and to evaluate whether these two proteins
alone, or in combination, might have any impact as
prognostic makers in this type of cancer. In addition,
we evaluated the relationship between the expres-
sion of S100A4 and E-cadherin and cell cycle and
signal transduction factors previously analyzed in
this panel.

For the first time, we report here that the
expression of S100A4 is related to clinical outcome
also in malignant melanoma, and demonstrate that
expression of S100A4 combined with reduced
expression of E-cadherin might be useful predictors
of patient outcome in this type of cancer.

Methods

Specimens

Formalin-fixed, paraffin-embedded tumor tissue
from 159 primary malignant melanomas, 62 metas-
tases and eight benign nevi was randomly collected
from the archives of The Norwegian Radium
Hospital and regional hospitals and analyzed for
expression of S100A4. Both primary (13 originating
from superficial spreading and 10 from nodular
lesions) and metastatic material was collected from
23 patients. Of the primary tumors, an experienced
pathologist classified 99 as superficial spreading
and 60 as nodular tumors. The lesions classified as
nodular melanomas showed no sign of radial tumor
cell growth in the epidermis. The median depth of
the superficial spreading and nodular tumors was
1.8 mm (range 0.11–12.00 mm) and 4.52 mm (range
0.95–15.00 mm), respectively. The median age of the
whole group of patients was 53.3 years (range 19–97
years), and the median follow-up of patients still
alive (n¼ 125) was 142.4 months (range 26–361
months). Of the metastatic lesions, 30 and 32 were
developed from superficial spreading and nodular
melanomas, respectively. From this panel, 144
primary malignant melanomas and 53 metastases
were randomly selected for analysis of E-cadherin
expression. Of the primary tumors, 92 were classi-
fied as superficial spreading and 52 as nodular
tumors. Of the metastatic lesions, 26 and 27 were
developed from superficial spreading and nodular
melanomas, respectively. Treatment of the patients
was according to WHO standard.

Immunohistochemical Staining

Sections from formalin-fixed, paraffin-embedded
tissue were immunostained using the biotin–strep-
tavidin–peroxidase method (Supersensitive Immu-
nodetection System, LP000-UL; Biogenex, San
Ramon, CA, USA) and the Optimax Plus Automated
Cell Staining System (Biogenex). Deparaffinized
sections were microwaved in 1 mM EDTA (pH 8.0)
for 2� 5 min at 800 W to unmask epitopes. After
treatment with 1% hydrogen peroxidase for 10 min
to block endogenous peroxidase, the sections were
incubated with rabbit polyclonal anti-S100A4
(DAKO, Glostrup, Denmark), diluted 1:300, for
30 min at room temperature, or with monoclonal
mouse anti-E-cadherin (HECD-1) (Zymeds Labora-
tories Inc., San Francisco, CA, USA), diluted 1:1000,
overnight at room temperature. The sections were
thereafter incubated with biotin-labeled secondary
antibody (1:30) and streptavidin–peroxidase (1:30)
for 20 min each. Tissue was stained for 5 min with
0.05% 3,30-diaminobenzidine tetrahydrochloride
freshly prepared in 0.05 M Tris-HCl buffer (pH 7.6)
containing 0.024% hydrogen peroxidase and then
counterstained with hematoxylin, dehydrated, and
mounted in Diatex. All dilutions were made with
phosphate-buffered saline, pH 7.4, containing 1%
bovine serum albumin. The specificity of the
S100A4 antibody is described elsewhere.22,23 Posi-
tive and negative controls were included, the latter
obtained by replacement of the primary antibody
with normal polyclonal rabbit IgG of the same
subclass and concentration, and in addition, incu-
bation of sections with rabbit polyclonal anti-
S100A4 preabsorbed with 100 mg/ml recombinant
S100A4. As a negative control for E-cadherin
staining, the primary antibody was replaced with
mouse myeloma protein of the same subclass and
concentration as the primary antibody. One experi-
enced pathologist blindly evaluated each panel of
samples, and semiquantitatively estimated the
number of stained tumor cells using four categories:
(�), none; (þ ), o5%; (þ þ ), 5–49%; and (þ þ þ ),
50–100%. For S100A4, cytoplasmic and nuclear
staining was recorded as individual variables, while
cytoplasmic and membranous staining was scored
as individual variables for E-cadherin.

Statistical Analysis

The relationship between tumor thickness and the
expression of S100A4 or E-cadherin was evaluated
nonparametrically using the Mann–Whitney test,
while comparisons between S100A4, E-cadherin
and other proteins were performed using Pearsons
w2 test. The Kaplan–Meier survival estimates and
log-rank tests were used to evaluate survival data.
A value of Po0.05 was considered as statisti-
cally significant. All statistical evaluations were
performed according to the SPSS statistical package
(SPSS Inc., Chicago, IL, USA).
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Results

S100A4 and E-cadherin Expression Levels in Primary
and Metastatic Melanomas

Formalin-fixed paraffin-embedded tissue from 159
primary (99 superficial spreading and 60 nodular)
and 62 metastatic (32 superficial spreading and 30
nodular) melanomas was analyzed by immunohis-
tochemistry for expression of the S100A4 protein. In
the primary lesions, cytoplasmic expression of
S100A4 was observed in 44% of the superficial
spreading tumors, while 77% of the nodular
melanomas showed S100A4 staining (Figure 1a
and Table 1a). Of the biopsies expressing S100A4
in the cytoplasm, 42% of the nodular as compared to
only 14% of the superficial spreading melanomas
demonstrated positive staining in more than 50% of
the cells. Nuclear S100A4 was also observed more
often in the nodular (42%) than in the superficial
spreading (22%) subgroup of primary melanomas. In
contrast, when recording the number of metastatic
biopsies expressing S100A4 in the cytoplasm, the
difference seen between nodular and superficial
spreading lesions was obliterated.

Of the metastatic tumors originating from nodular
or superficial spreading lesions, 40 and 47%
respectively, demonstrated cytoplasmic S100A4
staining. In the metastases from nodular lesions,
only 13% showed a high degree of S100A4 staining
compared to 34% in the superficial spreading
subgroup, suggesting that in the nodular melanomas
the high expression seen in the primary lesions is
lost during tumor progression. In 23 cases, primary
and metastatic tumor samples from the same patient
could be examined. In contrast to what was
observed when we examined the whole panel of

nodular melanomas, no clear trends in the distribu-
tion of S100A4 expression between the primary and
the corresponding metastatic lesions was detected
in this small panel consisting of only 10 cases. Eight
melanocytic nevi were included in the analysis, and
none of these was found to express S100A4 in the
cytoplasm, while nuclear staining was detected in
six of the cases (Table 1a).

The majority of the samples, 144 primary (92
superficial spreading and 52 nodular) and 53
metastatic (26 superficial spreading and 27 nodular)
lesions, as well as the nevi, were also analyzed for
protein expression of E-cadherin. All the nevi were
found to have membranous E-cadherin, while seven
expressed the protein in the cytoplasm (Table 1b). A
high percentage of the lesions, 87% of the super-
ficial spreading and 75% of the nodular, expressed
E-cadherin in the cytoplasm. Notably, 64% of the
superficial spreading compared to only 29% of the
nodular showed positive staining in more than 50%
of the cells, and in the superficial spreading
subgroup both membranous and cytoplasmic stain-
ing were reduced in the metastases compared to the
primary lesions. Altogether, these observations
suggest that E-cadherin expression is lost or reduced
in the more advanced tumors.

Expression of S100A4 and E-cadherin in Relation to
Clinical Parameters

The expression of S100A4 and E-cadherin was exam-
ined in relation to clinical parameters of melanoma
progression. In a previous report, internalization of
E-cadherin and relocation to other parts of the cell
membrane as a fully functional adhesion molecule
has been observed.24 In the present study, an

Figure 1 Immunohistochemical analysis showing primary superficial spreading melanomas with (a) cytoplasmic and nuclear staining of
S100A4 and (b) membraneous and cytoplasmic staining of E-cadherin.
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antibody recognizing the extracellular part of E-
cadherin was used, and a significant correlation
between membranous and cytoplasmic E-cadherin
staining was observed. Taken together, this argued
for considering membrane-associated and cytoplas-
mic E-cadherin as one parameter. Therefore, when
performing the statistical analysis, cytoplasmic and
membranous E-cadherin was combined in the same
parameter. A high percentage of the examined cases
demonstrated extended positive immunostaining
and, the cutoff level between high and low expres-
sion of E-cadherin was set to 50%. In contrast, a
large fraction of the biopsies did not visualize any
immunostaining for S100A4, and the cutoff level
between high and low protein expression was in this
case defined as positive vs negative staining.

When analyzing the whole panel, a significant
correlation between the depth of primary lesion and
S100A4 expression was detected (Po0.001,
N¼ 155), with thicker lesions expressing more
S100A4. When the superficial spreading melanomas
were analyzed separately, the same correlation was
found (P¼ 0.02), while in the nodular subgroup, no
significant relationships or clear tendencies were

observed between positive immunostaining and
tumor thickness (Table 2). In agreement with the
observed correlation between tumor depth and
expression of S100A4 when we examined the whole
panel, longer disease-free survival (P¼ 0.054) was
observed for patients having biopsies without
S100A4 protein (Figure 2a). This tendency was also
present in the superficial spreading subgroup
(P¼ 0.074 results not shown), but as expected, not
for patients with nodular melanoma (result not
shown). In order to look more closely into this
relationship in the superficial spreading subgroup,
we excluded all lesions thicker than 3.0 mm (Bre-
slow category), and in the remaining group, consist-
ing of 87 cases, the association between tumor
thickness and S100A4 staining was even more
pronounced (P¼ 0.008) (Table 2). Consistent with
this, a significant increase in disease-free survival
was observed for patients lacking S100A4 in their
biopsies (P¼ 0.046, Figure 2b). However, neither in
this group did expression of the S100A4 protein in
the biopsies significantly affect the overall survival
of the patients (data not shown). When analyzing
the panel of nodular melanomas in the same way, no

Table 1 Number (precentage) of melanocytic tumors expressing (a) cytoplasmic and nuclear S100A4, and (b) membranous and
cytoplasmic E-cadherin

(a) Cytoplasmic and nuclear S100A4

Type Lesion No. examined Cytoplasmatic expressiona Nuclear expressiona

0 o5% 5–50% 450% 0 o5% 5–50% 450%

Primary 99 56 (57) 5 (5) 24 (24) 14 (14) 77 (78) 9 (9) 13 (13) 0
Superficial

Metastatic 32 17 (53) 1 (3) 3 (9) 11 (34) 22 (69) 4 (13) 6 (19) 0

Primary 60 14 (23) 1 (2) 20 (33) 25 (42) 35 (58) 9 (15) 15 (25) 1 (2)
Nodular

Metastatic 30 18 (60) 1 (3) 7 (23) 4 (13) 24 (80) 2 (7) 4 (13)

Benign nevi 8 8 (100) 0 0 0 2 (25) 3 (38) 1 (12) 2 (25)

(b) Membranous and cytoplasmic E-cadherin

Type Lesion No. examined Membranous expressiona Cytoplasmic expressiona

0 o5% 5–50% 450% 0 o5% 5–50% 450%

Primary 92 10 (11) 34 (37) 38 (41) 10 (11) 12 (13) 8 (9) 13 (14) 59 (64)
Superficial

Metastatic 26 10 (38) 5 (19) 9 (35) 2 (8) 13 (50) 1 (4) 3 (11) 9 (35)

Primary 52 12 (23) 24 (46) 13 (25) 3 (6) 13 (25) 3 (6) 21 (40) 15 (29)
Nodular

Metastatic 27 7 (23) 8 (2) 9 (26) 7 (20) 8 (26) 1 (3) 4 (23) 14 (49)

Benign nevi 8 0 2 (25) 6 (75) 0 1 (12.5) 2 (25) 4 (50) 1 (12.5)

a
Scored as percentage of positively stained cells.
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significant relationship between tumor thickness/
disease-free survival and immunostaining of
S100A4 was found in the remaining 24 cases.

When including all the biopsies in the analysis, a
highly significant inverse relationship between
primary tumor depth and expression of E-cadherin
was revealed (P¼ 0.002) and furthermore, a signifi-
cant decrease in disease-free survival was observed
for patients having low E-cadherin levels (P¼ 0.01,
Figure 2c). We did not, however, observe the same

relationship when examining overall survival (re-
sults not shown), or when analyzing the melanoma
subgroups (Table 2).

The results so far suggested the possibility of
defining a new parameter, consisting of the com-
bined expression of S100A4 and E-cadherin. The
usefulness of this variable as a prognostic factor for
malignant melanoma was examined in the whole
panel of biopsies, as there were very few cases in the
individual subgroups. Interestingly, patients having
biopsies without S100A4 expression combined with
high levels of E-cadherin expression had a signifi-
cant longer disease-free survival (P¼ 0.002) with
approximately 30% lower probability of relapse 15
years after time of diagnosis (Figure 2d), compared
to the rest of the cases.

Relationship between the Expression of S100A4,
E-cadherin and Previously Analyzed Cell Cycle and
Signal Transduction Factors

This panel of malignant melanoma biopsies has
previously been analyzed for expression of the
proliferation marker Ki-67, in addition to various
cell cycle factors (cyclin A, D1 and D3, p21WAF/CIPI,
p27Kip1), b-catenin and active ERK1/2.25–30 In the
present study, the expression of S100A4 and E-
cadherin was analyzed in relation to these factors.
For S100A4, we found an inverse association with
cytoplasmic b-catenin (P¼ 0.006), and a direct
correlation to p27Kip1 (P¼ 0.01) and nuclear active
MAP kinase (P¼ 0.012). Immunostaining of E-
cadherin correlated to immunostaining of b-catenin
in the cytoplasm (Po0.0001) and showed an inverse
relationship with the proliferation marker Ki-67
(P¼ 0.004) and cyclin A (0.019). None of the other
factors demonstrated significant associations to
S100A4 or E-cadherin.

Figure 2 Kaplan–Meier curves demonstrating the relationship
between disease-free survival and the expression of S100A4 (a, b),
E-cadherin (c) or both proteins combined (d), in primary
melanomas, for all the patients (a, c, d), or for only the superficial
spreading melanomas thinner than 3.0 mm (b). E-c¼E-cadherin
and A4¼S100A4.

Table 2 Relationship between expression of S100A4 or E-cadherin and mean depth of primary tumor growth

Type of lesion Expression of
S100A4

Number
examined

Depth of
growth (mm)

P-value Expression of
E-cadherin

Number
examined

Depth of
growth (mm)

P-value

� 68 2.23 r50% 70 3.52
All patients 0.0005 0.002

+ 87 3.36 450% 71 2.24

� 14 4.89 r50% 37 4.96
Nodular 0.89 0.1

+ 45 4.62 450% 16 4.49

� 54 1.6 r50% 33 1.90
Superficial 0.02 0.29

+ 42 1.86 450% 56 1.65

� 49 1.07 r50% 29 1.35
Superficial lesionso3.0 mm 0.008 0.256

+ 33 1.42 450% 51 1.11
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Discussion

In the present study, S100A4 and E-cadherin protein
expression was examined by immunohistochemis-
try in a panel of superficial spreading and nodular
primary and metastatic melanomas, and evaluated
their relation to clinical outcome. A significant
larger fraction of nodular than superficial spreading
primary melanomas expressed S100A4, a finding
that is in agreement with the established conception
of S100A4 as a metastasis-promoting protein.4,5,31

When examining the whole panel, as well as the
superficial spreading melanoma subgroup, an asso-
ciation between the expression of S100A4 and the
depth of the primary lesions was observed. This
finding is in line with the observed tendency
towards decreased disease-free survival for patients
expressing S100A4 in their biopsies. In order to look
more closely into this, we excluded, according to
Breslow tumor thickness categories,32 all superficial
spreading lesions thicker than 3.0 mm from the
analysis.33 In the remaining group, the relationship
between tumor thickness and S100A4 expression
became more apparent, and again significantly
shorter disease-free survival for patients with
S100A4-positive biopsies was detected. Interest-
ingly, even in the thinner Breslow category (lesions
thinner than 1.5 mm), the significant correlations
between S100A4 and tumor depth/disease-free
survival were sustained, suggesting that expression
of S100A4 might be of particular importance for
patient outcome in early-stage malignant melanoma.
Our findings are in agreement with reports for
breast13 and colorectal carcinoma,12 where S100A4
turned out to be the best prognostic factor in early
stages of the disease. Interestingly, the association
between S100A4 expression and vertical tumor
thickness was not observed in the nodular melano-
mas, which in contrast to the superficial spreading
melanomas have no radial growth phase. Altogether,
these findings suggest that S100A4 exerts a function
in the less advanced lesions making them more
aggressive, and thus subsequently enhance the
metastatic potential. Metastatic tumors from the
nodular subgroup showed a tendency to lose
S100A4 protein, both in the cytoplasm and in the
nucleus. This tendency was not visible in metastatic
tumors from the superficial spreading subgroup,
again implicating a different role for S100A4 in
progression of the two subgroups of malignant
melanoma. The expression of S100A4 in metastatic
lesions did not affect patient survival, a finding that
agrees well with a previous study from our group,
examining the S100A4 mRNA level in 45 distant
metastases from malignant melanomas.34

The loss of E-cadherin expression has been
associated with malignant progression through loss
of cell–cell contact and thereby allowing cancer
cells to detach and migrate.35,36 Several studies have
described E-cadherin expression in the cytoplasm.37

Le et al24,38 recently reported that E-cadherin located

on the cell surface was constitutively internalized
and recycled back to the surface in a PKC-dependent
manner. The anti-E-cadherin-antibody used in this
study is well characterized, and has been shown to
bind the extracellular Ca2þ -binding domains that
are responsible for establishing the cell–cell con-
tact.39 We therefore hypothesize that E-cadherin
observed in the cytoplasm was fully functional and
able to participate in cell–cell adhesion when
recycled back to the cell surface. For this reason,
E-cadherin staining at the plasma membrane and in
the cytosol was combined in one parameter when
performing the statistical analysis.

When all the primary lesions were analyzed, the
expression of E-cadherin was significantly corre-
lated to the depth of the primary tumor. Accord-
ingly, disease-free survival for patients with low
E-cadherin expression was significantly reduced.
This association was, however, not observed when
the melanoma subgroups were analyzed individu-
ally. Multiple studies have demonstrated that loss of
E-cadherin expression correlates with tumor pro-
gression.20,40 However, in contrast to the metastasis
suppressor role often described for E-cadherin, Silye
et al,41 reported loss of E-cadherin in dermal nests of
melanomas in radial growth phase, and expression
in a high proportion of melanomas in their vertical
growth phase, suggesting that in melanomas E-
cadherin expression is modulated during invasion
and metastasis. In our study, an inverse correlation
between S100A4 and E-cadherin was observed, with
E-cadherin being significantly higher expressed in
primary superficial spreading lesions compared
to in nodular melanomas. This is in agreement
with several previous studies reporting inverse
expression of these two factors.14,16,42 Our study
demonstrates, in line with reports on non-small-cell
lung- and gastric-cancer patients,14,15 that high E-
cadherin expression combined with negative
S100A4 status, predicts longer disease-free survival
for melanoma patients.

The relationship between expression of S100A4,
E-cadherin and previously analyzed cell cycle and
signal transduction proteins was also examined.
Surprisingly, expression of S100A4 correlated to the
expression of the cell cycle inhibitor p27Kip1. This is
in contrast to several studies reporting that loss of
p27Kip1 expression is associated with lower patient
survival.20,27,43 Our finding agrees, however, with
those of a recent study communicating a strong
correlation between p27Kip1 and the presence of
axillary lymph node metastasis in breast cancer
patients,44 suggesting that other mechanisms, such
as accumulation of cytoplasmic p27Kip145 or p27Kip1

mediated protection from apoptosis,46 may mask the
cell cycle-inhibiting effect of the protein. Further-
more, constitutive ERK1/2 activation or oncogenic
Ras has been shown to lead to deregulation of or
cytoplasmic sequestering of p27Kip1.47,48 Intriguingly,
a correlation between activated nuclear ERK1/2 and
S100A4 was revealed. This observation, combined
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with previous data showing correlation between
p27Kip1 and activated nuclear ERK1/2,30 makes it
natural to speculate whether these three factors
interplay in the process leading to a metastatic
phenotype. Although it has been reported that
p27Kip1 might in part be regulated by E-cadherin,
we did not find any significant correlation between
the expressions of the two proteins.49 In conclusion,
our study adds malignant melanoma to the list of
cancers where S100A4 contributes to an aggressive
phenotype, and the protein might be particularly
important in early superficial spreading melanomas.
The expression of S100A4 and E-cadherin in
malignant melanoma biopsies was inversely corre-
lated and both markers might be used as predictors
of disease-free survival. When the two factors were
combined, a new variable with more significant
prediction of disease progression was revealed. The
fact that approximately one-third of the patients
diagnosed with metastatic melanoma present with-
out regional lymph node involvement, and the lack
of effective systemic therapies,50 makes it of great
importance to identify patients at increased risk for
metastatic disease. The present results suggest that
expression levels of S100A4 and/or E-cadherin
might be prognostic parameters for patients with
nonmetastatic melanoma, and call for further stu-
dies to clarify the potential that these two proteins
have as prognostic markers in early melanoma
development.
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