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�-Catenin plays a fundamental role in the regula-
tion of the E-cadherin–catenin cell adhesion com-
plex. It also plays a role in the Wnt signaling path-
way by activating T-cell factor– and lymphoid
enhancer factor–regulated gene transcription. The
level of �-catenin in cells is tightly controlled in a
multiprotein complex, and mutations in the glyco-
gen synthase kinase 3� (GSK-3�) phosphorylation
sites of the �-catenin gene (CTNNB1) result in nu-
clear and/or cytoplasmic accumulation of �-catenin
and constitutive transactivation of T-cell factor and
lymphoid enhancer factor target genes, a mecha-
nism occurring in many cancers. Melanoma cell
lines may harbor �-catenin mutations; in vivo, how-
ever, cellular accumulation of �-catenin is rarely
caused by CTNNB1 mutations. In our study, 43 pri-
mary cutaneous melanoma and 30 metastases were
screened for CTNNB1 exon 3 mutations by using a
denaturing gradient gel electrophoresis technique
and sequencing. �-Catenin mutations were found
in 2 primary melanomas and 1 metastatic mela-
noma and were not correlated with nuclear accu-
mulation of �-catenin in these cases. Cellular ex-
pression of �-catenin was evaluated by immun-
ohistochemistry and by reverse polymerase chain
reaction (RT-PCR) in 80 and 70 cases, respectively.
Immunohistochemistry revealed a significant loss
of membranous �-catenin staining between the pri-
mary and metastatic melanomas as well as between
radial and vertical growth phase. RT-PCR showed a
significant inverse correlation between the amount

of RNA and the proportion of cells with membra-
nous expression of �-catenin (P � .0015); no corre-
lation existed between the amount of RNA and the
number of cells with nuclear or cytoplasmic expres-
sion of �-catenin. In conclusion, nuclear expression
of �-catenin is seen in cutaneous melanoma but, in
contrast to the case of many other cancers, does not
correlate with tumor stage or mutation status. A
combination of immunohistochemistry and RT-
PCR showed that down-regulation of membranous
�-catenin was associated with an increased amount
of �-catenin RNA in primary or metastatic mela-
noma. Our results suggest that posttranslational
events, rather than CTNNB1 mutations, are respon-
sible for the altered distribution of �-catenin in cu-
taneous melanoma.
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Cell– cell interactions play a key role in morphogen-
esis and maintenance of cellular differentiation; im-
portant regulators of these processes are the cad-
herins and catenins, which are involved in both
cell– cell adhesion and signal transduction. Cad-
herins are transmembrane glycoproteins that me-
diate homotypic, Ca��-dependent cell– cell adhe-
sion. Based on structural features, three subtypes
of cadherins can be distinguished. E-cadherin is
the major cadherin in epithelial cells, whereas N-
cadherin is expressed mainly by mesenchymal
cells. Melanocytes interact with epidermal keratin-
ocytes via E- and P-cadherin (1, 2). The cytoplasmic
domain of cadherins associates with a group of
proteins, termed catenins (�-, �- and �-catenin),
that connect the cadherins to the cytoskeleton (3).
Besides its involvement in cell– cell adhesion,
�-catenin also functions as a downstream molecule
in the Wnt/wingless signaling pathway, where it
forms complexes with the T-cell factor (Tcf) family
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of transcription factors (4). This complex formation
enables �-catenin to enter the nucleus and to reg-
ulate gene transcription. In particular, cyclin D1
and c-Myc have been reported to act as down-
stream targets of �-catenin and stimulate cell pro-
liferation. In the absence of Wnt signals, the cellular
concentration of �-catenin is kept relatively low
through interactions with other proteins, such as
adenomatous polyposis coli (APC) protein (5),
GSK3� (6) and axin (7), that are involved in the
phosphorylation of �-catenin. This phosphorylated
form of �-catenin is degraded by the ubiquitin-
proteasome system (8; Fig. 1). Exon 3 of the
�-catenin gene (CTNNB1), which represents the
putative GSK3�-mediated phosphorylation site, is a
very important region because mutations in these
sites disrupt the phosphorylation of the protein and
result in stabilization of �-catenin. The accumulat-
ing �-catenin may subsequently translocate into
the nucleus, where it acts as an oncoprotein
through constitutive Tcf-regulated transcription of
target genes that activate cell proliferation (9, 10).
This mechanism is thought to play an important
role in oncogenesis and tumor progression. In line
with this, reduction or even loss of membranous
�-catenin expression and accumulation of the pro-
tein in the cytoplasm and/or nucleus has been
found in a number of malignant tumors (11). In
certain neoplasms, this altered expression corre-

lated with tumor stage, grade and prognosis (12,
13).

Although altered expression of �-catenin is believed
to be caused by mutations in CTNNB1, limited data in
cutaneous melanoma (CM) have thus far not shown a
good correlation between mutation status and ex-
pression pattern of �-catenin. Rubinfeld et al. (10)
evaluated 26 melanoma cell lines and revealed
�-catenin mutations in only 6 of these samples. In
vivo, nuclear accumulation of �-catenin was found
during CM tumor progression, but this aberrant ex-
pression was rarely the result of �-catenin mutations
(14, 15). These data suggest that mechanisms other
than mutations in CTNNB1 may result in stabilization
of �-catenin in CM.

We have studied a large series of CM at the level
of DNA, mRNA, and protein. Our data suggest that
posttranslational events are responsible for the al-
tered distribution of �-catenin in the majority of
CM.

MATERIALS AND METHODS

Fifty-six primary CM and 35 metastases from 73
patients were included in this study. From 10 pa-
tients, both the primary CM and the metastasis were
available for analysis, and multiple metastases were
analyzed in 6 patients. In 70 cases, the material was
received freshly; a representative part of the material
was snap-frozen in liquid nitrogen–cooled isopen-
tane and stored at �80° C until used for reverse poly-
merase chain reaction (RT-PCR); the other part was
fixed in neutral buffered formalin and embedded in
paraffin. For immunohistochemistry, 80 buffered
formalin-fixed, paraffin-embedded malignant pig-
ment cell lesions were used. These included 48 pri-
mary CM and 32 metastatic melanoma. For RT-PCR,
we used 70 frozen tissue samples, consisting of 35
primary CM, 27 metastatic melanoma, and 8 cases of
normal skin. Mutation analysis with denaturing gra-
dient gel electrophoresis (DGGE) gels was performed
on paraffin-embedded or frozen tissue of 73 tumors
(43 primary CM and 30 metastases) by the DGGE
technique and sequencing. As positive controls in
mutation analysis, DNA from 18 fresh-frozen and
formalin-fixed pilomatrixomas was used because this
tumor is known to harbor several CTNNB1 mutations
(16)

DNA and RNA Extractions
For mutation analysis of the 73 cases, genomic

DNA was isolated from 10 consecutive frozen
whole-tissue sections of 20-�m thickness by pro-
teinase K digestion and phenol-chloroform extrac-
tion according to standard procedures.

For RT-PCR, total RNA was extracted from 10
sections of 20-�m thickness in all 70 cases using

FIGURE 1. Signaling pathway of �-catenin. A, in the absence of
signal or �-catenin mutations, �-catenin is targeted by the multiprotein
complex of adenomatous polyposis coli, GSK3-�, and Axin for
phosphorylation. Phosphorylated �-catenin is then degraded by the
ubiquitin–proteasome pathway. B, mutations in �-catenin or Wnt
signaling stabilize �-catenin that can interact with T-cell factor to
activate transcription of target genes including c-Myc and cyclin D1,
which stimulates cell proliferation.
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Trizol reagent (Life Technologies, Merelbeke, Bel-
gium). Two micrograms of total RNA was converted
into cDNA using Superscript Reverse Transcriptase
according to the manufacturer’s recommendations
(Life Technologies). The RT-PCR for the constitu-
tively expressed Forkhead transcription factor gene
at chromosome 13 served as a control test for the
mRNA quality.

PCR and DGGE and Sequence Analysis

Polymerase chain reaction
A 176-bp fragment of CTNNB1 exon 3 was ampli-

fied by PCR. Thermal cycling was carried out with the
GeneAmp PCR system 9600 (Perkin-Elmer Applied
Biosystems, Lennik, Belgium) in final volumes of 50
�L, containing 10 mM of Tris-HCl (pH 8.3), 50 mM of
KCl, 2 mM of MgCl2, 200 �M of each dNTP, 0.2 �M of
each primer (5'-forward –GCTGATTTGATGGAGTTG-
GACAT-3'; 5'-reverse-[GC]-GACTTGGGAGGTATCC
ACATCC- 3'), 500 ng of DNA, and 2.5 U of Taq poly-
merase AmpliTaq Gold, Perkin Elmer, Lennik, Bel-
gium). A 40-bp GC-clamp was attached to the reverse
primer ([GC] � CGCCCGCCGCGCCCCGCGCCCG-
GCCCGCCGCCCCCGCCCG) and proved to be suffi-
cient for the demonstration on DGGE of the control
samples. The amplification protocol consisted of 40
cycles with denaturation at 94° C, annealing at 60° C,
and extension at 72° C for 1 minute. An initial dena-
turation step of 94° C for 10 minutes and a final
incubation at 72° C for 2 minutes were included.

Denaturing gradient gel electrophoresis
To test the DGGE conditions determined by this

approach, DNA from 18 fresh frozen and formalin-
fixed pilomatrixomas was analyzed. A 12% poly-
acrylamide gel containing a 20 –50% gradient of
urea and formamide was sufficient to detect muta-
tions in these samples. DGGE was performed as
described elsewhere (17). DNA sequencing was
done to confirm and identify the mutations.

Real-time RT-PCR analysis
This procedure is based on the time-point during

cycling when amplification of the PCR product is
first detected, rather than by the amount of PCR
product accumulated after a fixed number of cy-
cles. The parameter Ct (threshold cycle) is defined
as the fractional cycle number at which the fluores-
cence generated by cleavage of the probe passes a
fixed threshold above baseline (18). The �-catenin
target gene copy number in unknown samples is
quantified by measuring Ct and by using a standard
curve to determine the starting copy number.

A standard curve was constructed for �-catenin
and for the glyceraldehyde-3-phosphate dehydro-
genase gene, as an endogenous control. Serial dilu-
tions (in triplicate) of total RNA from normal skin

were made in DEPC water with 1000, 500, 200, 100,
50, 20, and 10 ng of normal skin. The series of
diluted human total RNAs were aliquoted and
stored at �80° C until use. The target amount of the
unknown samples was divided by the endogenous
reference amount to obtain a normalized target
value. Final results, expressed as N-fold differences
in �-catenin gene expression relative to the
glyceraldehyde-3-phosphate dehydrogenase gene
and the calibrator, were calculated as described
elsewhere (19)

All PCR reactions were performed in an ABI Prism
7700 Sequence Detection System (Perkin-Elmer Ap-
plied Biosystems). The reaction mixture contained
the TaqMan universal Master Mix (Perkin-Elmer
Applied Biosystems, Part 4304447), 1 �L of the
cDNA, 15 pmol of each primer (described above),
and 10 pmol of FAM (6-carboxy-fluorescein)-
labeled beta-catenin TaqMan probe (5'-FAM-
CCATGGAACCAGACAGAAAAGCGGC-3'; Eurogen-
tec, Seraing, Belgium). The thermal cycling
conditions comprised an initial denaturation step
at 94° C for 10 minutes and 40 cycles at 94° C for 20
seconds and at 60° C for 1 minute.

Experiments were performed in triplicate for
each data point. Each PCR run included the seven
points of the standard curve (a set of three serially
diluted normal human skin cDNAs), a no-template
control, and the unknown cDNAs.

Immunohistochemistry
Cellular localization of �-catenin was determined

by immunohistochemistry, using the anti-�-
catenin (E-5) mouse monoclonal antibody (Santa
Cruz Biotechnology, Boechout, Belgium). Incuba-
tion with the anti-�-catenin antibody (1:40) for 30
minutes at room temperature was followed by
peroxidase-conjugated EnVision� reagent (DAKO,
Glostrup, Denmark) for another 30 minutes. En-
zyme activity was developed using 3-amino-9-
ethylcarbazole and H2O2, revealing a bright-red
color that contrasted well with the brown melanin
pigment. Controls in which the primary antibody
was replaced by phosphate buffered saline did not
reveal specific staining. Normal epidermis served as
internal positive control.

The membranous, cytoplasmic, and nuclear im-
munoreactivity was semiquantitatively scored as 0
(no staining), 1� ( �25% immunoreactive cells in a
scattered distribution), 2� (between 25% and 50%
stained cells, arranged in sheets or nests), 3� (be-
tween 50% and 75% of immunoreactive cells), and
4� (immunoreactivity in virtually all pigment cells).
In primary CM, the immunoreactivity was assessed
both in the whole tumor as well as in the distinctive
growth phases in other words, the RGP and the
VGP.
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Statistical Analysis
For statistical evaluation, the nonparametric

Mann-Whitney test or Spearman correlation test
was used, when appropriate. Quantitative data
were expressed as mean � SEM. Significance was
accepted when P � .05. Statistical analysis was per-
formed using Statview 5.0.1 (SAS Institute, Cary,
NC) on a Power Macintosh computer.

Because immunohistochemistry, RT-PCR data,
and mutation analysis could not be performed on
all cases, the number of used cases varied between
the statistical evaluations (Table 1). Therefore, the
number of cases is mentioned with each statistical
evaluation.

RESULTS

Immunohistochemistry and RT-PCR
Immunohistochemistry for �-catenin was per-

formed on 48 primary CM and 32 metastases (Fig.
2). The results are summarized in Tables 2 and 3.
Thirty-seven (77%) primary tumors and 7 (32%)
metastases expressed membranous �-catenin. Al-
most half of the primary CM showed additional
weak cytoplasmic staining. In four cases, a gradual
loss of membranous �-catenin staining occurred
when CM progressed from the RGP to the VGP.
Nuclear staining was seen in only 11 out of 48
primary CM and in 6 out of 32 metastases. In 9
patients, both their primary CM and subsequent
metastasis could be evaluated. In 8 of these cases,
membranous �-catenin staining was seen in the
primary CM but disappeared in the metastasis.

There was no correlation between the relative
number of cells with membranous expression of
�-catenin and the number of cells with nuclear or
cytoplasmic expression of �-catenin (r � 0.161, P �
.1127 and r � 0.006, P � .4714, respectively, 80
cases). The number of cells with membranous ex-
pression of �-catenin was significantly higher in
primary CM than in metastases (P � .0001, 48 pri-
mary MM and 32 metastases; Table 2). In the 35
primary CMs with an RGP and a VGP, the RGP
contained a significantly higher number of cells
with membranous �-catenin expression as com-

pared with the case of the VGP (P � .0031; Table 3),
and the number of cells expressing membranous
�-catenin in the VGP was significantly higher than
in metastatic melanoma (P � .0018). No significant
differences between groups were observed for nu-
clear and cytoplasmic expression of �-catenin (P �
0.1053).

�-Catenin expression was semiquantitatively de-
termined with RT-PCR on frozen tissue from 35
primary CM and 27 metastases. The amounts of
RNA tended to be larger in metastatic melanoma
than in primary CM (P � .0714, 35 primary CM and
27 metastases; Fig. 3).

There was a significant inverse correlation be-
tween the amount of RNA and the proportion of
cells with membranous expression of �-catenin (r
� �0.369, P � .0015, 55 cases); no correlation ex-
isted between the amount of RNA and the number
of cells with nuclear or cytoplasmic expression of
�-catenin (r � 0.3, P � .4187 and r � 0.2, P � .2535,
respectively, 55 cases).

Mutational Analysis of CTNNB1
Mutational analysis of CTNNB1 exon 3 was suc-

cessfully carried out on DNA extracted from 43
primary CM and 30 metastases (Fig. 2). Heavy pig-
mentation or insufficient tumor material prevented
this analysis in the other 19 cases. PCR and DGGE
and nucleotide sequencing revealed �-catenin mu-
tations in 2 primary CM and in 1 metastatic mela-
noma. At codon 37, a TCT to CCT change (S37P)
and a TCT to TAT change (S37Y) were detected in a
lymph node metastases and a lentiginous CM, re-
spectively. The lymph node metastases showed in-
tense cytoplasmic and membranous �-catenin
staining, whereas the lentiginous CM showed a loss
of membranous �-catenin staining from the RGP to
the VGP. An additional GAC to GAA change at
codon 32 (B32Q) was observed in the lentiginous
CM. The third case, a superficial, spreading CM,
revealed a GAC to GGC change in codon 32 (D32G).
This case also presented a weak nuclear staining
pattern and a loss of membranous staining toward
the VGP.

TABLE 1. Analysis of �-Catenin in Primary Cutaneous Melanoma and Metastases

Group Histology N Mutation Analysis RT-PCR Immunohistochemistry

Primary
CM

Clark I 3 3 1 1
Clark II 4 2 3 4
Clark III 20 13 15 16
Clark IV 19 16 10 17
Clark V 10 7 6 10
Total 56 43 35 48

Metastases Skin metastasis 8 6 8 8
Lymph node metastasis 27 24 19 24
Total 35 30 27 32

RT-PCR, reverse transcriptase polymerase chain reaction.
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DISCUSSION

�-Catenin is a dual-function protein that acts not
only as a structural component of adherens junctions
but also as an effector molecule involved in the Wnt
pathway. Upon mitotic signaling by the wnt pathway,
GSK-3� is antagonized, and �-catenin is no longer
phosphorylated but stabilized; its cytosolic levels in-
crease, and binding to transcription factors, in other

words, lymphoid enhancer factor and T-cell factor,
can occur (9, 20). Upon migration to the nucleus,
transactivation of target genes such as myc and cyclin
D1 may result in cell proliferation. Constitutive stabi-
lization of �-catenin and consequent persistent gene
transactivation are believed to represent a common
feature in tumorigenesis and may be caused by mu-
tations or deletions in �-catenin, APC, and GSK3�.

FIGURE 2. The membranous, cytoplasmic, and nuclear immunoreactivity was scored semiquantitatively as 0 (no staining), 1� ( �25%
immunoreactive cells in a scattered distribution), 2� (between 25% and 50% stained cells, arranged in sheets or nests), 3� (between 50% and 75% of
immunoreactive cells), and 4� (immunoreactivity in virtually all pigment cells). A, in transit metastasis of a primary cutaneous melanoma (CM) with
cytoplasmic and nuclear staining for �-catenin. B, higher magnification of Figure 1A; normal epidermis shows membranous staining without nuclear
or cytoplasmic staining. C, gradual loss of membranous �-catenin staining toward vertical growth phase in primary CM. D, higher magnification of
Figure 1C. Panels E through G are of chromatograms and denaturing gradient gel electrophoresis (DGGE) gel demonstrating �-catenin mutations. E,
a primary tumor: lentiginous CM IV; there is a TCT to CCT change at codon 37. F, a metastasis; there is a GAC to GAA change at codon 32. G, a
DGGE gel with the following, by lane: in lane 1, a TCT to TTT mutation in a pilomatrixoma; in lane 2, a wild-type sample; in lane 3, a GAC to GAA
mutation in a lentiginous CM; in lane 4, a wild-type sample; and in lane 5, the metastasis showing a TCT to CCT mutation.

458 Modern Pathology



In several cancers, these mutations are accompa-
nied by loss of membranous expression and nu-
clear localization of �-catenin. A correlation be-
tween loss of membranous �-catenin expression
and tumor grade or metastatic potential has been
demonstrated in esophageal, gastric, and colorectal

carcinoma (21, 22). In CM cell lines, activating mu-
tations in the phosphorylation sites of �-catenin
result in stabilization of this protein (10). Our study
as well as that of others (14, 15) shows, however,
that this is a rare event in CM. These discrepancies
between CM cell lines and primary or metastatic
melanoma raise the possibility that �-catenin mu-
tations in CM cell lines may not have been present
in the primary from which these cell lines are de-
rived but in contrast have arisen during in vitro
culture. Another possibility is that CM with
�-catenin mutations is more readily adapted to in
vitro culture than is CM lacking �-catenin muta-
tions. Yet a third possibility is that �-catenin muta-
tions are present as a subclonal genetic defect in
some CM and that the neoplastic cells with
�-catenin mutations have growth advantages in
vitro in comparison to cells lacking �-catenin mu-
tations. Consistent with the latter hypothesis is the
finding that �-catenin mutations in prostate cancer
occur only in selected regions of primary tumors
(23).

In our study, CTNNB1 mutations (S37Y, S37P,
D32E, and D32G) were found in two primary CM
and in one metastatic melanoma, and these point
mutations were similar to those previously reported
by Huang et al. (24). The mutations in codon 37
involve the sequence for GSK-3� phosphorylation,
implicated in the down-regulation of �-catenin
through phosphorylation of serine residues. Muta-
tions at these sites thus suggest stabilization and
accumulation of �-catenin. The metastasis harbor-
ing this mutation showed a strong cytoplasmic ac-
cumulation of �-catenin, whereas the primary CM
affected with this codon 37 mutation did not show
any nuclear or cytoplasmic staining of �-catenin.

Apart from mutations at codon 37, we found two
cases with mutations at a neighboring site, in par-
ticular at codon 32, flanking the serine at codon 33.
Others have already reported mutations at codon
32 (25). Residues at codons 32, 33, and 34 (DSG) are
consensus motifs of the �-catenin and inhibitor of
nuclear factor �B protein families, which are sup-
posed to be necessary for ubiquitin-dependent pro-
teolysis (8). Mutations at codon 32, as presented
here, may thus change the protein structure and
thereby inhibit the phosphorylation of �-catenin or
its recognition by the ubiquitin-dependent proteol-
ysis system. The two primary CM affected by this
mutation showed only a loss of membranous stain-
ing for �-catenin.

Whereas mutations in CTNNB1 may result in nu-
clear accumulation of the protein, our study and
those of others show that CM with cytoplasmic
and/or nuclear staining do not always show muta-
tions in codons 32 or 37 (14); therefore, other
�-catenin–activating mechanisms are likely to exist.
It is unlikely that mutations in other exons of

TABLE 2. Membranous, Cytoplasmic, and Nuclear

Expression of �-Catenin in 48 Primary CM and

32 Metastases

Staining Pattern

Proportion of Cells Positive for
�-Catenin, n (%) P

Valuea

0 1� 2� 3� 4�

Membranous
Primary CM 5 (11) 12 (25) 15 (31) 13 (27) 3 (6) �0.0001
Metastasis 25 (78) 3 (10) 2 (6) 1 (3) 1 (3)

Cytoplasmic
Primary CM 20 (42) 11 (23) 13 (27) 4 (8) 0 (0) 0.2136
Metastasis 11 (34) 6 (19) 8 (25) 5 (16) 2 (6)

Nuclear
Primary CM 37 (77) 10 (21) 1 (2) 0 (0) 0 (0) 0.8741
Metastasis 26 (81) 2 (6) 1 (3) 0 (0) 3 (10)

CM, cutaneous melanoma
a Mann-Whitney test.

TABLE 3. Membranous, Cytoplasmic, and Nuclear

Expression of �-Catenin in the RGP and VGP of 35

Primary CM

Staining Pattern

Proportion of Cells Positive for �-Catenin,
n (%) P

Valuea

0 1� 2� 3� 4�

Membranous
RGP 2 (6) 8 (23) 10 (28) 12 (34) 3 (9) 0.0031
VGP 14 (40) 6 (17) 8 (23) 5 (14) 2 (6)

Cytoplasmic
RGP 16 (46) 7 (20) 10 (28) 2 (6) 0 (0) 0.8310
VGP 16 (46) 9 (25) 8 (23) 2 (6) 0 (0)

Nuclear
RGP 25 (71) 8 (23) 2 (6) 0 (0) 0 (0) 0.9238
VGP 24 (69) 11 (31) 0 (0) 0 (0) 0 (0)

a Mann-Whitney test.

FIGURE 3. Real-time detection of �-catenin expression levels in
primary and metastatic melanoma. Statistical analysis was performed
by using the Mann–Whitney test. Bars, mean � SD.
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CTNNB1 are responsible for an aberrant expression
of �-catenin because exon 3 harbors the most im-
portant residues for GSK3-� phosphorylation and
for ubiquitin-dependent proteolysis. Mutations in
APC resulting in a truncated form or complete loss
have been described in two CM cell lines (10), but
its relevance for the in vivo situation is still unclear.
In a recent study, no loss of heterozygosity (LOH) in
the APC gene could be detected in a small series of
CM (26). Inactivation of the APC modifier phospho-
lipase A2–activating protein (PLAP) may also con-
tribute to stabilization of �-catenin; the PLAP gene
is localized at 9p21, a chromosomal region that is
frequently affected by LOH in CM (27). Another
explanation of membranous �-catenin release may
be the down-regulation of the cadherins. Herlyn et
al. (28) described indeed loss of E-cadherin in mel-
anoma cells, which rendered them resistant to con-
trol by keratinocytes. In addition, loss of E-cadherin
was associated with gain of N-cadherin in CM (28 –
30). Such a shift in cadherin profiles may render
melanocytic cells adhesive to nonepithelial cells
such as endothelium and fibroblasts, or it may favor
uncontrolled proliferation, migration, and invasion
without the need of membranous �-catenin.

Our study enabled us to analyze the expression of
�-catenin during tumor progression; in nine pa-
tients, both the primary CM and the metastasis
could be studied. A significant loss of membranous
�-catenin staining was found in metastatic as com-
pared with primary CM. These results are analo-
gous to those reported by Sanders et al. (31) that
showed a maintained membranous �-catenin
staining in dysplastic nevi and primary CM but a
significant loss in the metastatic growth phase. In
addition, we evaluated the different growth phases
of the primary CM in all patients and noted a sig-
nificant loss of membranous �-catenin staining
when lesions progressed from RGP to VGP. Our
results therefore show that loss of membranous
�-catenin staining is an important event in both
early and late stages of tumor progression of CM.
This loss of membranous staining was, as in previ-
ous studies, not correlated with nuclear accumula-
tion of �-catenin or with mutations in CTNNB1.

To our knowledge, this is the first study that
combines RT-PCR for �-catenin expression with
immunohistochemistry. RT-PCR revealed a signifi-
cant inverse correlation between the amount of
RNA and the proportion of cells with membranous
expression of �-catenin. The amount of RNA
tended to be higher in metastatic melanoma than
in primary CM, but the majority of metastases had
lost membranous expression of �-catenin. On the
other hand, no correlation was found between RNA
levels and cytoplasmic/nuclear expression. These
data also suggest that during tumor progression,

posttranslational events occur that interfere with
membrane insertion of the protein.

In conclusion, our combined approach has
shown that loss of membranous expression of
�-catenin in CM correlates with tumor progression
and may be indicative of a loss of adhesional func-
tion of the E-cadherin system. This loss of expres-
sion is only rarely accompanied by activating mu-
tations in exon 3 of CTNNB1. Therefore, further
studies should be aimed at searching for posttrans-
lational events resulting in malformation of
�-catenin and accumulation of the protein in the
cytoplasm and/or nucleus.
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