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Dear Sir,

A crucial step in melanoma initiation is the progressive loss of E-cadherin expression,
followed by an upregulation of N-cadherin in melanoma cells (Hsu et al., 1996; Tang et al.,
1994; Hsu et al., 2000). This process is essentially accomplished by epithelial-mesenchymal
transition regulators (EMTRs). Representatives of EMTRs are Snail and Slug of the Snail
family of zinc finger transcription factors and Twist of the basic helix-loop-helix (bHLH)
family (Cano et al., 2000; Yang et al., 2004). Growth factors govern the continuous
repression of E-cadherin via EMTRs to facilitate tumor progression (Thiery and Chopin,
1999; Fuxe et al., 2010). Grotegut et al. (2006) demonstrated that HGF induced scattering
and motility in epithelial cells is related to Snail upregulation. We have shown previously
that overexpression of HGF downregulates E-cadherin in melanocytic cells (Li et al., 2001).
Here we report that HGF leads to stage dependent changes in EMTR expression.

Protein expression levels of Slug, Snail and Twist were determined over a period of 24h
after stimulation with 50ng/ml of rhHGF in three representative melanocytic cell lines. In
melanocytes (FOM101) an increase in Slug and Snail expression was observed (Fig. 1A), in
WM35 (Fig. S1A) and WM164 (Fig. 1B) melanoma cells, Slug was profoundly
downregulated, whereas Twist expression increased in the nucleus and the cytoplasm (Fig.
1B). To simulate the cadherin switch in melanoma, WM164 cells, which express E- and N-

**Corresponding author: Helmut Schaider, M.D., Cancer Biology Unit, Department of Dermatology, Medical University Graz,
Auenbruggerplatz 8, A-8036 Graz, Austria, Tel.: +43 316 385 84611, Fax: +43 316 385 2466, helmut.schaider@klinikum-graz.at.
*These authors contributed equally to this work
Statement of Authorship:
H. Schaider designed the project. H. Schaider, S. Frank and H. Bergler supervised the project. P. Koefinger, C. Wels, S. Joshi, and S.
Damm performed all of the experiments except the immunohistochemistry. E. Steinbauer and C. Beham-Schmid performed
immunohistochemistry and analyzed the immunohistochemical stainings. P. Koefinger, C. Wels and H. Schaider wrote the
manuscript.

Conflict of interest
The authors state no conflict of interest.

Europe PMC Funders Group
Author Manuscript
Pigment Cell Melanoma Res. Author manuscript; available in PMC 2011 October 11.

Published in final edited form as:
Pigment Cell Melanoma Res. 2011 April ; 24(2): 382–385. doi:10.1111/j.1755-148X.2010.00807.x.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



cadherin, were transduced with an adenoviral vector encoding the cDNA of HGF
(Ad.CMV.rhHGF) or a mock vector control (Ad.CMV.LacZ) at 20pfu/cell. A profound
decrease of E-cadherin and an increase of N-cadherin expression was observed (Fig. 1C).
Further, to investigate on signaling pathways involved in EMTR regulation after HGF
exposure, we used specific inhibitors of MAPK (PD 98059), PI3K (LY 294002), GSK3β
(GSK3β-inhibitor VIII and lithium chloride [LiCl]) or NF-κB (BAY 11-7082). In FOM101,
addition of BAY 11-7082 completely abolished protein levels of Slug and Snail in the
nucleus (Fig. 1D, left panel) and inhibition of GSK3β led to decreased Slug levels (Fig.1D,
right panel). In melanoma cells exposure to PD 98059 led to a significant increase in Slug
expression, which resulted in a downregulation of E-cadherin in WM164 (Fig. 1E, left panel
and S1B, left panel). Like in melanocytes, inhibition of GSK3β decreased Slug levels (Fig.
1E, right panel and S1B, right panel). Inhibition of MAPK, PI3K or GSK3β leads to
downregulation of Twist in the nucleus (Fig. 1E, left panel).

Since HGF led to differential expression levels of Slug and Twist in melanoma cell lines, we
determined changes in cadherin levels of both EMTRs after silencing in WM164 cells with
consequences for adhesion and migration. Silencing of Slug led to a doubling of E-cadherin
levels, whereas expression of N-cadherin was significantly downregulated after Twist
silencing with minor changes in E-cadherin levels (Fig. 2A). Correspondingly, we observed
a highly significant increase in adhesion of WM164 cells to keratinocytes after silencing of
Slug (Fig. 2B) and a profound reduction of adhesion to fibroblasts after silencing of Twist,
but not Slug (Fig. 2C). Silencing of both EMTRs resulted in a significant reduction of
migration, although silencing of Twist showed a more pronounced effect in scratch assays
(Fig. 2D,E). Slug overexpression in WM9 and WM164 cells led to a downregulation of E-
cadherin but no changes in N-cadherin levels (Fig. S2A), adhesion to keratinocytes, but not
fibroblasts, was clearly reduced (Fig. S2B,C) and migration was enhanced (Fig. S2D,E).
Taken together, these results demonstrate Slug to be important for the loss of epithelial
properties and a predominant effect of Twist on N-cadherin regulation and adhesion to
fibroblasts.

Based on the differential regulation of Slug and Twist we examined staining patterns in
melanocytic tissue by immunohistochemistry. Examination revealed a highly positive
staining for Twist in the cytoplasm of nevi but nearly absence in the nucleus (Fig. 2F and
S3A,B). In primary as well as in metastatic lesions cytoplasmatic and nuclear staining of
Twist was observed (Fig. 2F and S3A). In contrast, Slug was already found in the nucleus
and cytoplasm of nevi (Fig. 2F and S3A). These data suggest an inverse nuclear expression
of Slug and Twist in the progression of melanoma. Indeed, probing tissue microarrays with
anti-Twist antibodies indicated an association with worse patient survival (Hoek et al.,
2004).

Together we show that the cadherin switch mediated by HGF is accomplished through stage
specific changes in expression levels of Snail, Slug and Twist, suggesting a hierarchical
activation of Slug and Twist in melanoma progression. Our data further suggest that Twist is
driving melanoma conversion after the initial de-coupling from keratinocytes initiating
binding to fibroblasts.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
HGF mediated stage specific changes of EMTR expression in melanocytic cells are
dependent on NF-κB, MAPK, PI3K, and GSK3β. Melanocytic cells were either stimulated
with rhHGF (50ng/ml) up to 24h (A, B) or transduced with Ad.CMV.hHGF (20pfu/cell) or
vector control (LacZ; 20pfu/cell) for 48h (C). Equal aliquots (10μg) of nuclear or
cytoplasmic extracts were separated on a 10% SDS-polyacrylamide gel and then transferred
to a PVDF membrane. β-Actin and Tubulin were used as a loading control. (A) Snail and
Slug expression in melanocytes. An increase in Snail and Slug was observed after exposure
to rhHGF. (B) Snail, Slug and Twist expression in a metastatic melanoma cell line
(WM164). An increase in Twist expression and a decrease of Slug was observed after
exposure to HGF. (C) Transduced WM164 exhibited decreased E-cadherin and Slug, but
increased Twist and N-cadherin levels. For elucidating the signaling pathways involved in
EMTR regulation by HGF, melanocytes (D) or serum starved WM164 (E) were pre-treated
for 30min without and with the inhibitors LY 294002 (PI3K/Akt; 25μM), PD 98059
(MAPK; 25μM), BAY 11-7082 (NF-κB; 10μM), GSK3β-inhibitor VIII (GSK3β; 25μM)
and LiCl (GSK3β; 10mM). Cells were then exposed to HGF (50ng/ml) for 8h, harvested,
and subjected to immunoblotting. Levels of E-cadherin, Slug, Snail and Twist were
determined. (D) In melanocytes the addition of BAY 11-7082 completely abolished protein
levels of Slug and Snail. (E) In WM164, treatment with PD 98059 resulted in an increase of
cytoplasmic and nuclear Slug, leading to a decrease of E-cadherin. Inhibition of GSK3β
(GSK3β-inhibitor VIII and LiCl) led to a decrease of Slug in melanocytes (D) and WM164
(E), Twist was significantly downregulated by inhibition of PI3K, MAPK and GSK3β (E).
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Figure 2.
Twist promotes adhesion of WM164 cells to fibroblasts. Slug (siSlug) and Twist (siTwist)
were silenced and expression levels compared to control siRNA (scRNA). (A) Silencing of
Slug led to increased E-cadherin levels whereas silencing of Twist resulted in decreased N-
cadherin and a slight increase of E-cadherin. (B) Silencing of Slug (p<0,01) and Twist
(p<0,05) led to significantly increased adhesion to keratinocytes. (C) Twist but not Slug
silencing resulted in decreased adhesion to fibroblasts. (D) Scratch assay showed a highly
significant reduction in random migration after Slug and Twist silencing. Wound closure
was significantly delayed in siTwist melanoma cells compared to siSlug cells. (E) A
significant decrease in site-directed migration was observed after silencing of Slug and
Twist. *, p<0.05 significant; **, p<0.01 highly significant. (F) Immunohistochemical
analyses of Slug and Twist in paraffin-embedded sections of nevi, primary cutaneous
melanoma and metastases for Twist and Slug. The immunoreactive score was obtained by
multiplying the percentage of positive cells with staining intensity divided by 10.
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