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A constitutive complex of b-catenin and LEF-1 has
een detected in melanoma cell lines expressing either
utant b-catenin or mutant APC (Rubinfeld et al.,
cience, 275, 1790–1792, 1997). However, it has been
ecently reported that b-catenin mutations are rare in
rimary malignant melanoma, but its nuclear and/or
ytoplasmic localization, a potential indicator of Wnt/
-catenin pathway activation, is frequently observed

n melanoma (Rimm et al., Am. J. Pathol., 154, 325–329,
999). In human malignant melanoma, the appearance
f the tumorigenic phase represents a capacity for
etastasis and is the significant phenotypic step in

isease progression. Cell motility in invasive mela-
oma is thought to play a crucial role in metastatic
ehavior. In this work, we sought to determine which
ranscription factor of the LEF/TCF family was pref-
rentially involved in human melanoma from different
tages of tumor progression. We show that LEF-1
RNA expression is predominant in highly migrating

ells from metastatic melanomas. These actively mi-
rating melanoma cells showed nuclear and cytoplas-
ic accumulation of b-catenin and active transcrip-

ion from a reporter plasmid of the LEF/TCF binding
ite. These results may provide a new insight into the
ole of the Wnt/b-catenin signaling pathway in the
umor progression of malignant melanoma. © 2001

cademic Press

Key Words: Wnt; b-catenin; LEF-1; melanoma; cell
otility.

Signal transduction mediated by Wnt/b-catenin
lays diverse and important roles in the embryonic
evelopment of Xenopus and Drosophila (1, 2). In
ammalian cells, several lines of evidence link dereg-
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opyright © 2001 by Academic Press
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roto-oncogene, which stabilizes b-catenin (3, 4), pro-
otes tumor formation when expressed in mouse
ammary tissue (5). In colon carcinoma, enhanced

-catenin signaling may result from inactivation of the
PC tumor suppressor gene, the product of which
ownregulates b-catenin in cultured cells (6). More-
ver, missense mutations identified in the b-catenin
ene in cancer cells promote the stabilization of the
rotein and prevent its suppression by the APC tumor
uppressor protein (7, 8). Thus, these findings suggest
hat stabilized b-catenin contributes to the develop-
ent of human tumors.
The LEF-1 transcription factor was originally iden-

ified as a T cell-specific high mobility group DNA
inding protein that binds to a specific motif in the
inimal T cell receptor a enhancer region (9, 10). The
EF-1 and a Xenopus homolog XTCF-3 were found to
ind to b-catenin at a site localized to the amino-
erminal region of LEF-1/XTCF-3 proteins (11, 12).
oth proteins have been shown to functionally interact
ith b-catenin for axis duplication of Xenopus em-
ryos. A Drosophila homolog of the LEF-1 protein has
hown to act downstream of the b-catenin homolog
rmadillo in the wingless signaling pathway (13, 14).
hese observations suggest that deregulation of
-catenin may result in its active interaction with a
EF/TCF transcription factor and then activate spe-
ific target genes as an endpoint in carcinogenesis.
A constitutive complex of b-catenin and LEF-1 has

een detected in melanoma cell lines expressing either
utant b-catenin or mutant APC (7). Recently, it has

een reported that b-catenin mutations are rare in
rimary malignant melanoma, but its nuclear and/or
ytoplasmic localization, a potential indicator of Wnt/
-catenin pathway activation, is frequently observed in
elanoma (15, 16). In human malignant melanoma,
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acity for metastasis is a pathogenic or phenotypic step
n disease progression (17–19). In invasive malignant

elanoma, cell motility is thought to play a crucial role
n metastatic behavior.

In this study, we sought to determine which LEF/
CF transcription factor of the family was preferen-
ially involved in human melanoma from different
tages of tumor progression. We show that LEF-1
RNA expression is predominant in highly migrating

ells from metastatic melanomas. These highly migrat-
ng cells activated transcription from a reporter plas-

id containing LEF/TCF binding site. Furthermore,
ominant negative LEF-1 inhibited the migration ac-
ivity of the most actively migrating MM-RU cells.
hese results suggest that activation of b-catenin cou-
led with LEF-1 expression may contribute to the mi-
ration activity of malignant melanoma with meta-
tatic potential.

ATERIALS AND METHODS

Cells, plasmids, and antibodies. Human melanoma cell lines,
PM-MC, MM-LH, MM-AN, MM-BP, RPM-EP, and MM-RU were

solated as described previously (20). Briefly, RPM-EP and RPM-MC
ere established from a dermal nodule of a recurrent primary cuta-
eous malignant melanoma, representing the vertical growth phase
f primary cutaneous melanoma. MM-LH, MM-AN, MM-BP, and
M-RU were derived from lymph node metastases. These cells were
aintained in minimal essential medium (MEM) supplemented with

0% fetal calf serum (FCS), penicillin G, and streptmycin sulfate.
ormal human melanocytes were purchased from Clonetics and
aintained in melanocyte growth media (Clonetics, San Diego, CA).
he Jurkat T cell leukemia cell line was maintained in RPMI 1640
upplemented with 10% FCS. The cultures were kept in a 5% CO2

nd 95% air humidified atmosphere at 37°C.
The wild type LEF/TCF reporter plasmid (TOPFLASH) and mu-

ant binding reporter plasmid (FOPFLASH) were obtained from
pstate biotechnology, NY. These contain three copies of the LEF/
CF binding sequence (59-AGATCAAAGGG-39) or the mutant se-
uence (59-AGGCCAAAGGG-39) upstream of the herpes simplex vi-
us thymidine kinase (TK) minimal promoter and luciferase open
eading frame. The pRL-TK vector contains the TK promoter up-
tream of the Renilla luciferase gene (Promega, Madison, WI), that
erves for normalization to transfection efficiency.
Human LEF-1 cDNA was isolated by amplification of the entire

oding sequence by polymerase chain reaction (PCR) from cDNA of
urkat T cells. The cDNA was inserted into the Myc-taged pcDNA3.1
Invitrogen, CA) expression vector carrying the cytomegalovirus pro-
oter. A deletion mutant, DNLEF-1, was prepared similarly by
sing PCR, in which primers were designed by deleting the amino-
erminal lesion (1–68 amino acid) of LEF-1 cDNA. The nucleotide
equences of the PCR products were determined using the BigDye
erminator Cycle Sequencing Kit (Applied Biosystems, CA) followed
y electrophoresis on an ABI PRISM 310 DNA autosequencer (Ap-
lied Biosystems, CA).
Anti-b-catenin and anti-APC monoclonal antibodies were obtained

rom Transduction Laboratories (KY) and Pharmingen (CA), respec-
ively. Anti-Myc monoclonal antibodies were provided by Medical &
iological Laboratories (MBL) (Nagoya, Japan). Antibodies against
-tubuline and I-kB-a were purchased from Santa Cruz Biotechnol-
gy, Inc. (Santa Cruz, CA).

Reverse transcription (RT)-PCR. Total RNA was extracted from
ells using Isogen (Nippon Gene, Toyama, Japan). The total RNA (1
9

arried out in a final volume of 50 ml containing 2.5 U of Ex Taq
olymerase (Takara, Ohtsu, Japan) and 2 ml of the RT reaction in a
uffer as described in the instruction manual. The following primers
ere used: LEF-1 sense, 59-CCAGCTATTGTAACACCTCA-39; LEF-1
ntisense, 59-TTCAGATGTAGGCAGCTGTC-39; TCF-1 sense, 59-
GACCTCTCTGGCTTCTACT-39; TCF-1 antisense, 59-TTGATGGT-
GGCTTCTTGGC-39; TCF-3 sense, 59-AGGAAATCACCAGTCACC-
T-39; TCF-3 antisense, 59-GTACTTGGCCTGTTCTTCTC-39; TCF-4

ense, 59-TTCAAAGACGACGGCGAACAG-39; TCF-4 antisense, 59-
TGCTGTACGTGATAAGAGGCG-39; glyceraldehyde-3-phosphate
ehydrogenase (GAPDH) sense, 59-GTATCGTGGAAGGACTCATG-
9; and GAPDH antisense, 59-AGTGGG-TGTCGCTGTTGAAG-39.
he PCR conditions for each set of primers were 95°C for 5 min,

ollowed by 30 cycles at 95°C for 30 s, 56°C for 45 s, and 72°C for 1
in. The PCR products were analyzed on 2.0% agarose gel.

Northern blot analysis. The poly(A)1 RNA was purified using
ligotex-dT30 Super (Takara, Ohtsu Japan). Then, 3 mg poly(A)1

NA was denatured with 2.2 M formaldehyde and electrophoresed in
formaldehyde-agarose gel. RNA was transferred to a nylon filter

nd hybridized overnight with 32P-labeled cDNA at 42°C in a mixture
ontaining 50% formamide, 43 SSC, 100 mg sonicated and denatured
almon sperm DNA, and 10 mg poly(A). The filter was washed in
.13 SSC, 0.1% SDS at 68°C for 20 min.

Transfection, luciferase assay, and immunoblotting. Cells (1 3
05 cells per well) were seeded into 24-well plates. Reporter plasmids
ere transfected by means of lipofection using Lipofectamine 2000

GibcoBRL, Gaithersburg, MD) after 36 h, and the luciferase activity
as measured using the Dual-Luciferase Reporter assay system

Promega, Madison, WI). Each assay was independently repeated
hree times and its average value was indicated. The activity was
ependent on the incubation time and protein concentration used for
he assay.

For establishment of cells expressing DNLEF-1, plasmid DNA was
ransfected into 5 3 105 cells in a 60-mm petri dish, and cells were
aintained with MEM supplemented with 10% FCS for 2 days and

ollowed by the medium containing G418 geneticine (GibcoBRL,
aithersburg, MD) (600 mg/ml) for 14 days. Fifteen geneticine-

esistant clones were isolated and used for further cell tracking
ssays. Similarly, mock transfectants (vector plasmid alone) were
lso isolated.
For preparation of cytoplasmic and nuclear extracts, cells were

ysed in hypotonic buffer (10 mM Hepes, pH 7.9, 1 mM MgCl2, 0.5
M CaCl2, 2 mM PMSF, 0.5% NP-40) and separated into cytoplas-
ic and nuclear fractions (21). The isolated nuclear extracts were

repared by suspending the pellet in a buffer consisting of 15 mM
epes, pH 7.9, 5 mM MgCl2, 0.1 mM EDTA, 1 mM DTT, and 0.4 M
aCl and collecting the supernatant after centrifugation. For prep-
ration of total cell lysate, cells were disrupted by suspension in
IPA buffer (21) followed by sonication and centrifuged for 10 min at
°C, and then the supernatant was used for immunoblotting. Each
ell extract (10 mg of protein) was assayed for immunoblotting with
ppropriate monoclonal antibodies, biotinylated antibody pairs, and
treptavidin-conjugated horseradish peroxidase (Amersham Phar-
acia Biotech, Buckinghamshire, UK). It should be noted that in the

omparison of the cytoplasmic and nuclear fractions, the same
mount of protein of each fraction was used; that is, the original cell
umber for the nuclear fraction was 6 times that of the cytoplasmic
raction.

Migration assays. Migration assays were performed as described
reviously with slight modifications (20, 22, 23). Briefly, subconflu-
nt cultures of cells were seeded onto coverslips at a density between
.4 and 1.0 cells per 104 mm2. After a minimum of 4 h of incubation
37°C, 5% CO2, 95% air humidified atmosphere), cell migration was
tudied over a 3-h period under a Nicon Diaphot inverted microscope
n a hermetically sealed Plexiglass Nicon NP-2 incubator at 37°C in

5% CO2 and 95% air environment. Cell migration was recorded
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nalysis was performed by playing back video images, digital saving
f images at hours 0, 1, 2, and 3, and tracing the migration paths of
ndividual cells on the video monitor. The migration rate was defined
y the algebraic sum of the hourly two-dimensional migration dis-
ances divided by 3 h, resulting in micrometers per hours. The
igration of 30 cells was analyzed for each experimental condition.
For cell tracking assay, coverslips were coated with colloidal gold

articles according to the procedure of Albrecht-Buehler (24) and
horoughly rinsed with MEM. Four thousand cells were seeded on
hese coverslips, which were then placed in 35-mm petri dishes and
ultured with MEM supplemented with 10% FCS for 8 h. To assess
ell migration, we employed computer analysis to monitor the mi-
roscopic image of the tracks made by cells and measured the dis-
ance of the tracks. Single cells in the field were chosen randomly for
ssessment, and 30 cells were monitored in each migration assay.

Statistical analysis. Data were presented as mean 6 standard
eviation (SD). Statistical differences between the two groups were
valuated using the unpaired Student’s t test. The calculations were
erformed by means of the Statview software (Abacus Concepts,
erkley, CA). P values of less than 0.05 were considered significant.

ESULTS

redominant Expression of LEF-1 mRNA in
Migration-Active Melanoma Cell Lines

There are four known members of the LEF and TCF
amily in mammals: the lymphoid-specific factors
EF-1 and TCF-1, TCF-4 characterized in colon carci-
oma, and the less well characterized TCF-3 (25). To
etermine which LEF/TCF transcription factor of the
amily is involved in human melanoma from different
tages of tumor progression, expression of LEF-1,
CF-1, TCF-3, and TCF-4 was surveyed among mela-
oma cell lines using reverse transcription-polymerase
hain reaction (RT-PCR). Although all of the mela-
oma cell lines expressed more than one of the LEF/
CF genes, only LEF-1 mRNA was expressed in essen-
ially highly migrating melanoma cell lines (Fig. 1A).
heir cell-migrating potentials have also been con-
rmed by time-lapse and image analysis (Fig. 1B), and
ell characterized by Byers et al. (20). Northern blot
nalysis showed that LEF-1 mRNA was predomi-
antly expressed in highly migrating cell lines (Fig.
C, lanes 4–7), but neither in normal melanocytes
lane 1) nor in low migrating melanoma cells (lane 2
nd 3). The results demonstrate that the expression of
EF-1 transcription factor was augmented in actively
igrating melanoma cells.

M-BP; lane 6, RPM-EP; lane 7, MM-RU. Error bar, SD (n 5 30)
C) Analysis of LEF-1 mRNA level by Northern blotting. Poly(A)1

NA was extracted from melanoma cell lines and normal human
elanocytes. Northern blot analysis was then performed on 3 mg

oly(A)1 RNA using 32P-labeled cDNA probes described in the text.
pper panel, LEF-1; lower panel, GAPDH. Lane 1, normal human
elanocyte; lane 2, RPM-MC; lane 3, MM-LH; lane 4, MM-AN; lane

, MM-BP; lane 6, RPM-EP; lane 7, MM-RU.
FIG. 1. Predominant expression of LEF-1 mRNA in highly mi-
rating melanoma cells. (A) LEF/TCF mRNA expression was evalu-
ted by RT-PCR analysis in melanoma cell lines. One microgram of
otal RNA that was extracted from each melanoma cell line was used
or reverse transcription. PCR was then performed with the primers
s described in Materials and Methods. The PCR condition was 95°C
or 5 min, followed by 30 cycles at 95°C for 30 s, 56°C for 45 s, and
2°C for 1 min. Upper panel, LEF-1; upper middle panel, TCF-1;
iddle panel, TCF-4; lower middle panel, TCF-3; lower panel, glyc-

raldehyde 3-phosphate dehydrogenase (GAPDH). Lane 1, marker;
ane 2, RPM-MC; lane 3, MM-LH; lane 4, MM-AN; lane 5, MM-BP;
ane 6, RPM-EP; lane 7, MM-RU. (B) Random migration rate of the
uman melanoma cell lines and normal human melanocytes. Cell-
igrating potentials have been analysed by time-lapse and image

nalysis as described under Materials and Methods. *Significant
ifference in migration rate (t test; P , 0.001) relative to normal
elanocytes, RPM-MC, and MM-LH. Lane 1, normal human mela-
ocyte; lane 2, RPM-MC; lane 3, MM-LH; lane 4, MM-AN; lane 5,
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uclear Accumulation of b-Catenin in Highly
Migrating Melanoma Cells

Previous studies have shown that activation of the
nt/b-catenin pathway results in the free cytoplasmic

ool of b-catenin and its nuclear translocation. Muta-
ions in the APC tumor suppressor gene or the amino
erminus of b-catenin itself have also been shown to
esult in increased levels of b-catenin, its nuclear
ranslocation, and transcriptional activation of the
EF/TCF recognition site (7, 8, 26). We then tested the
bundance and subcellular localization of b-catenin in
he melanoma cell lines. Whole cell extracts from the
elanoma cells were analyzed by Western blotting em-

loying anti-b-catenin monoclonal antibodies. Figure
A shows that the level of b-catenin was increased in
he most actively migrating melanoma cells (lanes
–3), compared to the less actively migrating cells
lanes 4 and 5). Furthermore, cytoplasmic and nuclear

FIG. 2. Nuclear accumulation of b-catenin in actively migrating
elanoma cells. (A) Abundant expression of b-catenin protein in

ctively migrating melanoma cells. Cells were disrupted by suspen-
ion in RIPA buffer, followed by sonication. The samples then were
entrifuged for 10 min at 4°C, and the supernatant (10 mg of protein)
as used for the Western blot analysis using anti-b-catenin (upper
anel), and anti-a-tubulin (lower panel) antibodies. Lane 1, MM-RU;
ane 2, MM-AN; lane 3, MM-BP; lane 4, MM-LH; lane 5, RPM-MC.
otably, level of b-catenin was increased in the actively migrating
elanoma cells (lanes 1–3). (B) Nuclear accumulation of b-catenin in

ctively migrating melanoma cells. The cytoplasmic (C) and nuclear
N) fractions of the cells were analyzed by Western blotting using
nti-b-catenin (upper panel), and anti-I-kBa (lower panel) antibod-
es. Lanes 1 and 2, MM-RU; lanes 3 and 4, RPM-MC. Notably, level
f b-catenin in the nucleus was increased in the actively migrating
elanoma MM-RU cells.
11
yzed by immunoblotting using the anti-b-catenin
onoclonal antibodies. As shown in Fig. 2B, b-catenin
as accumulated in the nuclear fraction of the actively
igrating melanoma MM-RU cells (lane 2), but not the

ess actively migrating RPM-MC cells (lane 4). Levels
f cytoplasmic protein I-kBa (27) between MM-RU and
PM-MC cells were almost equal in each fraction.
hese results suggest that the Wnt/b-catenin signaling
athway be activated in actively migrating melanoma
ells.
To assess the prevalence of mutations in b-catenin to

he melanoma cell lines, we carried out sequencing
tudies on the amino terminus of b-catenin. However,
e did not find any mutations in these cell lines (data
ot shown). Surveying the expression of APC tumor
uppressor protein in the cell lines, neither large dele-
ion nor truncation was observed (data not shown).

he LEF/TCF Reporter Plasmid Was Activated
in Highly Migrating Melanoma Cells

In the present study, actively migrating melanoma
ells showed nuclear accumulation of b-catenin. In or-
er to investigate whether there was a correlation be-
ween LEF-1 expression and nuclear b-catenin accu-
ulation in these more actively migrating melanoma

ells, we employed a set of reporter plasmids in a
-catenin/LEF-1 reporter gene assay (28, 29). It con-
ained three copies of the optimal LEF/TCF binding
otif, or three copies of the mutant motif, upstream of
minimal herpes virus thymidine kinase promoter

riving luciferase expression (TOPFLASH and FOP-
LASH, respectively). Transient transfection was per-

ormed in those melanoma cell lines. The TOPFLASH
eporter was significantly transcribed on actively mi-
rating melanoma cells in which level of b-catenin was
ncreased, but no enhancement of transcription was
etected in cells transfected with the negative control
lasmid FOPFLASH (Fig. 3A). These results suggest a
unctional correlation between LEF-1 expression and
ccumulation of b-catenin in the more actively migrat-
ng melanoma cells.

To evaluate whether this activation of LEF/TCF
inding site is evoked via the transcription factor
EF-1, a dominant negative-type Lef-1 mutant

DNLEF-1) was expressed into the actively migrating
M-RU cells. The mutant DNLEF-1 deleted the 1–67

mino-terminus residues (amino acid 68–399) and was
ot able to bind to b-catenin (Fig. 3B) (30). The higher
ranscription of LEF/TCF binding site was reduced by
nforced expression of DNLEF-1 in a dose-dependent
ashion (Fig. 3C). This suggests that the enhanced
ranscription of the LEF/TCF site in migration-active
M-RU melanoma cells be via the transcription factor
EF-1 and b-catenin.
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ominant Negative LEF-1 Mutant Suppressed
Migration Activity of MM-RU Cells

To examine whether DNLEF-1 can suppress the mi-
ration activity of MM-RU cells, we established the
table transformants expressing DNLEF-1, and then
valuated the random migration activity of the trans-
ormants by analyzing the cell-tracking image. Figure

FIG. 3. The LEF/TCF reporter plasmid was activated in actively
igrating melanoma cells. (A) Functional correlation between LEF-1

xpression and accumulation of b-catenin. The luciferase reporter
lasmid containing the three optimal LEF/TCF binding sites (TOP-
LASF) was transiently transfected into the melanoma cell lines

RPM-MC and MM-LH, low migrating cells; MM-BP and MM-RU,
ighly migrating cells), and the luciferase activity was measured at
6 h posttransfection. Closed bar, TOPFLASF reporter plasmid;
pen bar, FOPFLASF mutant binding site. *Significant difference in
he luciferase activity (t test; P , 0.05) relative to RPM-MC and
M-LH. Error bar, SD (n 5 3). (B) Schematic representation of

ominant negative LEF-1 mutant (DNLEF-1). DNLEF-1 (amino acid
8–399) is missing the b-catenin binding domain. (C) Dominant
egative LEF-1 mutant inhibited the transcription of the LEF/TCF
inding site in the actively migrating MM-RU cells. MM-RU cell
ere transfected with the reporter plasmid (TOPFLASH or FOP-
LASF) and DNLEF-1 expression plasmid. The higher transcription
f the TOPFLASH reporter plasmid was reduced by enforced expres-
ion of DNLEF-1 in a dose-dependent manner.
12
article-coated glass. The protein expression of
NLEF-1 was confirmed by immunoblotting (Fig. 4B).
he TOPFLASH reporter was also inhibited in the
ells expressing DNLEF-1 (data not shown). The dis-
ance showed by cell tracking was significantly reduced
n DNLEF-1 transformants, compared to control trans-
ormants. The time-lapse and image analysis showed
hat the relative migration rate in the cells expressing
NLEF-1 was reduced to about a third of that of the
ontrol transfectants (Fig. 4C). These results indicate

FIG. 4. Dominant negative LEF-1 mutant suppressed migration
ctivity of MM-RU cells. DNLEF-1 that was fused by Myc-tag was
onstitutively expressed in MM-RU cells. The migration rate was
ssayed as described under Materials and Methods. (A) Representa-
ive results of cell tracking on gold particle-coated glass. Vector,
ock transfectant of MM-RU cell; DNLEF-1, DNLEF-1-expressing
M-RU cell. (B) The stable expression of DNLEF-1 in MM-RU cells.
he stable transformants were disrupted by RIPA buffer, and 10 mg
f protein was analyzed by Western blotting anti-Myc antibodies.
ane 1, mock; lane 2, DNLEF-1 transformant. (C) Mean random
igration rate was measured by time-lapse and image analysis.
NLEF-1 transformants suppressed mean random migration rate (t
est; P , 0.001). Error bar, SD (n 5 30).
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ctivity of MM-RU cells.

ISCUSSION

Invasive melanoma is proposed to involve at least
hree steps: (i) the capacity to bind the basement mem-
rane; (ii) the ability to digest the basement mem-
rane; and (iii) the capacity for cell migration (31–33).
specially, cell motility in the latter step is thought to
lay a crucial role in the metastatic behavior of mela-
oma. We have shown that LEF-1 in the TCF family
as preferentially expressed in more actively migrat-

ng melanoma cells, compared to less actively migrat-
ng melanoma cells and normal melanocytes. The ini-
ial involvement of LEF-1 coupled with mutant
-catenin or mutant APC has been previously reported

n melanoma cell lines (7), but its significance in the
umor progression had not been determined. On the
ther hand, activation of the target genes via LEF-1
as been shown to result in neoplastic transformation
f chicken embryo fibroblasts (34), suggesting that
EF-1 has an oncogenic potential. Recently Hovanes et
l. has reported that LEF-1, which is normally not
xpressed in intestinal epithelium, is a potent target
ene ectopically activated in colon cancer (30), leading
o inappropriate activation of Wnt/b-catenin signaling
athway. As LEF-1 is not expressed in normal mela-
ocytes and in less actively migrating melanoma cells,

t is likely that expression of LEF-1 during the devel-
pment of melanoma may be involved in an increase of
he migration activity as a step in tumor progression.

In the study of b-catenin mutations in melanoma cell
ines by Rubinfeld et al. (7), 22% of the cell lines had

utations affecting the amino-terminal region of the
rotein, which is a region essential for the targeted
egradation of b-catenin. However, based on immuno-
istochemical and DNA sequencing studies in 65 mel-
noma specimens, Rimm et al. (15) has reported that
-catenin mutations are rare in primary melanoma
2%: one of 50 melanomas). Nonetheless, nuclear
nd/or cytoplasmic localization of b-catenin, a potential
ndicator of the activation, was frequently observed in
rimary melanomas. Similar activation of b-catenin
ithout mutations has been reported in prostate can-

er (35). The discrimination between cell lines and
linical specimens might be explained by the possibil-
ty that b-catenin mutations may have arisen during in
itro culture, or that melanomas with b-catenin muta-
ions may be more easily adapted to in vitro culture
han melanomas lacking b-catenin mutations. In the
resent study, the more actively migrating melanoma
ell lines showed that b-catenin without mutation was
ccumulated in the cytoplasm and nucleus: this was in
harp contrast to the low cell-motility cell lines.
-catenin activation has been suggested to be a focal
nd a subclonal alteration in the majority of tumor
13
sed in this study appear to mimic the in vivo status of
elanoma without b-catenin mutations. Taken to-

ether with these observations, a subclone with
-catenin activation may possess an active migrating
ctivity, although its molecular mechanism remains be
lucidated.
In the majority of colorectal cancers, mutations in

he APC gene are responsible for b-catenin activation.
ubinfeld et al. (7) previously found evidence of
-catenin activation as a result of APC inactivation in
wo of the 27 melanomas. In the melanoma that we
ave studied, we did not observe large deletion in the
PC protein (data not shown). Therefore, APC inacti-
ation is unlikely to underlie b-catenin activation in
he actively migrating melanoma cell lines. Rather
han by APC inactivation, glycogen synthase kinase-3b
36–39), axin (37–42), or other elements in the Wnt
ignaling pathway may contribute to b-catenin activa-
ion in melanoma.

The neural crest is a multipotent population of
ctoderm-derived cells that originate around the site
nd at the time of dorsal neural tube closure, migrate
ver defined pathways in the embryos, and differenti-
te into numerous cell types (43, 44). The process of cell
ineage restriction and the path of cell migration are
etermined by a combination of environmental influ-
nces, intercellular interactions, and intrinsic factors
45). Melanocytes are specialized cells that produce

elanin-based pigment and are responsible for colora-
ion of the eye, skin, and hair. Vertebrate melanocytes
re derived from the neural crest, and the Wnt signal-
ng is important in many developmental processes in-
luding neural crest-derived melanocytes development
46). Dunn et al. (47) have reported that Wnt1 signal-
ng is involved in both expansion and differentiation of

igrating neural crest-derived melanocytes in the de-
eloping mouse embryo. Similarly, it is also likely that
-catenin activation coupled with LEF-1 expression is

nvolved in cell-migration activity in transformed me-
anocytes.

In the present study, the dominant negative LEF-1
utant could suppress the migrating activity of the

ctively migrating MM-RU cells, but its inhibitory ef-
ect on the cell line appears incomplete, compared to
ontrol normal melanocytes or less actively migrating
ell lines. This suggests that the migrating activity of
elanoma may not be simply regulated by activation of
EF-1 and b-catenin. Since multiple genetical alter-
tions are thought to be accumulated during the devel-
pment of melanoma, genes associated with cell adhe-
ion and motility also may be disintegrated to the
berrant cell migration. Nonetheless, it appears that
-catenin and LEF-1 expression in melanoma cells con-
ributes to their cell migration, and this would provide
new insight into the role of the Wnt signaling path-
ay in the tumor progression of malignant melanoma.
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