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Abstract Hsp27 is considered a potential marker for cell differentiation in diverse tissues. Several aspects linked to
the differentiation process and to the transition from high to low metastatic potential were analyzed in melanoma cells
transfected with Hsp27. E-cadherin plays a central role in cell differentiation, migration, and normal development. Loss
of expression or function of E-cadherin has been documented in a variety of human malignancies. We observed by
fluorescence-activated cell sorter (FACS) as well as immunofluorescence (IF) analysis a pronounced expression of E-
cadherin in Hsp27-transfected A375 melanoma cells compared with control melanoma cells. The expression of the
adhesion molecule MUC18/MCAM correlates directly with the metastatic potential of melanoma cells. In contrast to
wild-type and neotransfected melanoma cells, in Hsp27-transfected cells the expression of MUC18/MCAM could not
be detected by FACS and IF analysis. The plasminogen activator (PA) system plays a central role in mediating extra-
cellular proteolysis and also in nonproteolytic events such as cell adhesion, migration, and transmembrane signaling.
Hsp27 transfectants revealed elevated messenger ribonucleic acid expression of the urokinase-type PA (uPA) and its
inhibitor, PA inhibitor type 1, which might indicate a neutralization effect of the proteolytic activity of uPA. Control cells
failed to express both these molecules. The influence of Hsp27 expression on uPA activity and the involvement of E-
cadherin could be demonstrated by use of anti–E-cadherin–blocking antibody. Our data provide evidence for an inhib-
itory-regulatory role of Hsp27 in tumor progression as found in our system.

INTRODUCTION

Small heat shock proteins (sHsps) form an abundant and
ubiquitous family of stress proteins that have been found
in all organisms studied so far (Hightower 1991; Mori-
moto et al 1994). sHsps range in monomer size from 15
to 30 kDa and from oligomeric complexes of 200–800
kDa. Phosphorylation, which is a common feature of
mammalian sHsps (Lavoie et al 1993), seems to lead to
changes in the oligomeric structure of these proteins
(Kato et al 1994) but does not interfere with chaperone
activity (Buchner 1996).

Among sHsps, human Hsp27 and its murine homolog
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Hsp25 are the most thoroughly investigated members of the
family. sHsps can function as molecular chaperones by pre-
venting irreversible aggregation of other proteins and in-
creasing the yield of renaturation after heat or chemical de-
naturation. In addition, they are involved in several cellular
processes such as signal transduction, growth regulation
(Spector et al 1992, 1993; Knauf et al 1993; Kindas-Mügge
et al 1996, 1998; Richards et al 1996), development (Pauli et
al 1990; Gernold et al 1993; Michaud et al 1997; Jantschitsch
et al 1998), differentiation (Shakoori et al 1992; Stahl et al
1992; Kindas-Mügge and Trautinger 1994; Spector et al
1995; Trautinger et al 1995; Hell-Pourmojib et al 2002), and
tumorigenesis (Ciocca et al 1993). Hsp27 is considered a
potential marker of differentiation in mammalian osteo-
blasts (Shakoori et al 1992), leukemia, cells (Spector et al
1995), P16 embryonal carcinoma and BLC6 stem cells (Stahl
et al 1992), as well as in epidermal keratinocytes (Trautinger
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et al 1995). Recently, we found that Hsp27 could influence
the malignant phenotype of a human melanoma cell line
A375 in vitro (Aldrian et al 2002). Using matrigel-coated
filters we found decreased cell invasiveness in Hsp27-over-
expressing cells and reduced secretion of matrix metallo-
proteinases (MMP-2 and MMP-9) as detected by zymo-
grams as well as by gelatinase activity assays. The most
striking characteristic of the Hsp27-transfected cell line was
the absolute loss or lack of expression of the avb3 integrin
(fluorescence-activated cell sorter [FACS] analysis and im-
munofluorescence [IF]), which is most frequently expressed
in invasive melanoma cells. It is not expressed in normal
melanocytes, and its appearance coincides with progression
to the invasive phase. Hsp27-transfected cells failed to ex-
press this adhesion molecule. We, therefore, set out to fur-
ther investigate in Hsp27-overexpressing melanoma cells
cellular aspects linked to the transition from high to low
metastatic potential.

Cell adhesion molecules are surface structures that
bind specifically to ligands on other cells and are impor-
tant in organogenesis and tissue remodeling. Perturbation
in cell adhesion in tumor cells can lead to an interruption
of cell-cell interactions as well as the development of new
interactions, both of which are important for metastasis
formation (Buck 1995).

Cadherins comprise a family of calcium-dependent cel-
lular adhesion molecules expressed on most cell types
that form solid tissues (Bracke et al 1996). In the human
skin, melanocytes are located in the epidermis, which en-
ables intercellular communication with keratinocytes.
Cadherins, which appear to determine the position of the
melanocytes in the skin, are critical for melanocyte de-
velopment. During melanocyte transformation the com-
munication with the keratinocytes is lost (Herlyn et al
2000), and loss or down-regulation of E-cadherin expres-
sion occurs. This has consequences for the regulatory
cross-talk between various types of cells in the skin (Se-
line et al 1996). Forced expression of E-cadherin in mel-
anoma cells can reverse the malignant phenotype. The
control of keratinocytes over the melanoma cells is rees-
tablished (Herlyn et al 2000).

It has been shown that loss of E-cadherin function is as-
sociated with up-regulation or induction of invasion-related
receptors. The melanoma cell adhesion molecule MCAM,
also known as MUC18, is a cell surface glycoprotein of 113
kDa. It has been shown to be involved in the development
and progression of malignant melanoma (Shih et al 1994;
Johnson 1999). In normal adult tissues MUC18/MCAM is
expressed on smooth muscle (Lehmann et al 1987) and on
activated T lymphocytes (Pickl et al 1997).

The urokinase-type plasminogen activator receptor
(uPAR) is located on the cell surface and plays a role in
mediating extracellular degradative and invasive process-
es but also in nonproteolytic events such as cell adhesion,

migration, and transmembrane signaling (Andreasen et
al 1997; Preissner et al 2000). The activity of uPA bound
to uPAR is regulated by inhibitors, which hold a central
position in suppressing both uPAR-mediated cell adhe-
sion and proteolysis (Deng et al 1996).

In the present study, we investigated the importance of
E-cadherin, MUC18/MCAM, and the regulation of the PA
system mediating the reduced malignant phenotypes ob-
served in Hsp27 transfectants from the melanoma cell
line A375.

MATERIALS AND METHODS

Transfection and cell culture

The melanoma cell line A375 was obtained from the Amer-
ican Type Culture Collection (ATCC, Rockville, MD). Sta-
bly transfected clones were selected as previously de-
scribed (Kindas-Mügge et al 1996). Briefly, A375 cells were
transfected with the Hsp27 expression vectors pSG-2711
and pWLneo, conferring neomycin resistance to G418 us-
ing the calcium phosphate precipitation procedure. Clones
A375 2A and 11A expressed high levels of Hsp27. A375/
neo is the mock transfected control cell line, and A375/wt
designates the nontransfected (wild type) cells.

Cells were cultured in Dulbecco modified Eagle me-
dium (DMEM; Life Technologies Inc, Paisley, UK) sup-
plemented with 10% fetal calf serum, penicillin (110 U/
mL), and streptomycin (100 mg/mL) at 37 8C in 7.5% CO2.
Selective media used for cultivation of transfected cell
lines were further supplemented with G418 (0.4 mg/mL;
Sigma, St Louis, MO, USA).

Western blotting

Cells were lysed by repeated freeze-thawing cycles in dis-
tilled water containing 1 mM phenylmethylsulfonylfluor-
ide (Sigma), aprotinin (1–2 mg/mL, Sigma), and leupep-
tin (1–2 mg/mL, Sigma). Supernatants were collected,
and total protein content was measured (Bio-Rad protein
assay, Bio-Rad Lab, München, Germany) and subjected
(10 mg) to 14% sodium dodesyl sulfate–polyacrylamide
gels. Hsp27 was observed by Western blotting, using a
specific monoclonal antibody (Neo Markers, Fremont,
CA, USA) and incubating the blot overnight at 48C. Sub-
sequent incubation was performed with peroxidase-con-
jugated rabbit anti-mouse antibody (Dako Diagnostics
Ag, Vienna, Austria) and detected by chemoluminiscence
according to instructions of the manufacturer (ECL,
Amersham Pharmacia Biotech, Buckinghamshire, UK).

Ribonucleic acid extraction and reverse transcription

Total ribonucleic acid (RNA) was purified from A375 cells
according to the procedure supplied with the RNAzoly B
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reagent (CS-104, Biomedica, Vienna, Austria). HepG2 cells
were used as a positive control. The RNA pellet was washed
with 70% ethanol, air-dried, and dissolved in water. Two
micrograms of the RNA preparation was incubated for 5
minutes at 958C and then quickly chilled in an ice bath.
Samples were reverse transcribed into complementary
deoxyribonucleic acid (cDNA) in a final volume of 50 mL
using random hexamers (2.5 mL, 100 pM/mL) (Roche Di-
agnostics GmbH, Vienna, Austria) and Moloney murine leu-
kemia virus reverse transcriptase (1.5 mL, 150 U) as directed
by the manufacturer (Promega, Mannheim, Germany).

Amplification of specific cDNA by polymerase chain
reaction

A total of 5 mL of the cDNA was used in the polymerase
chain reaction (PCR). Oligonucleotide primers were ob-
tained from Vienna Biocenter (VBC-Genomics Bioscience
Research, Vienna, Austria). Amplifications were as fol-
lows: polymerase buffer (Roche Diagnostics) with 1.5 mM
MgCl2 (b2-microglobulin) or 0.75 mM MgCl2 (uPA, PA
inhibitor type 1 [PAI-1], uPAR), 0.2 mM of each deox-
ynucleoside triphosphate (Roche Diagnostics), 10 pmol
(b2-microglobulin) and 20 pmol (uPA, PAI-1, uPAR) of
sense and antisense primers (the sequences are listed in
the table), and 1 U Taq DNA-polymerase (Roche Diag-
nostics) in a final volume of 50 mL.

PCR condition was an initial denaturation step at 958C
for 5 minutes; 30 cycles of 30 seconds denaturation at
948C, 30 seconds primer annealing at 608C, and 30 sec-
onds extension at 728C; and a final elongation step at 728C
for 7 minutes. PCR was performed on a DNA thermal
cycler 2400 (Perkin Elmer, Norwalk, Connecticut, USA).

Negative controls without DNA were included to as-
sess cross-contamination of the samples. The efficiency of
cDNA synthesis from each sample was estimated by PCR
with b2-microglobulin–specific primers.

Twenty microliters of the PCR products was resolved on
a 2% ethidium bromide–stained agarose gel electrophoresis.

cDNA
to be

amplified Primer sequences

Length of
amplified
fragments

(bp)

uPAR Sense:
59-AAGCTTAGAGAAGACGTGCAGGGA-39

Antisense:
59-TTCACCTTCCTGGATCCAGT-39

513

uPA Sense:
59-TTCTCTGCGTCCTGGTCGTG-39

Antisense:
59-AGGCTGCCTCCACACACGTA-39

612

PAI-1 Sense:
59-GTGTTCAGCAGGTGGCGC-39

Antisense:
59-CCGGAACAGCCTGAAGAAGTG-39

450

b2-mg
(b2M)

Sense:
59-ACCCCCACTGAAAAAGATGA-39

Antisense:
59-ATCTTCAAACCTCCATGATG-39

120

FACS and IF analysis

Cell suspensions (1 3 106 cells/100 mL phosphate-buff-
ered saline [PBS]) were incubated with anti–E-cadherin
and anti–MUC18/MCAM antibody for 45 minutes at 48C
(5 mg E-cadherin, HECD-1, Alexis Biochemicals, Eubio,
Vienna, Austria; 1 mg MUC18 [CD146]), kindly supplied
by Dr. Majdic (Pickl et al 1997). The cells were washed
and incubated with secondary phycoerythrin (PE)–la-
beled anti-immunoglobulin (Ig) (20 mL, Becton Dickinson,
San Jose, CA) for 45 minutes at 48C. After a final washing,
the cells (500 mL PBS) were analyzed with a flow cytom-
eter (FACS Calibur, Becton Dickinson, immunocytometry
systems). Control serum, subclass-matched Ig, was used
as the negative control (Becton Dickinson).

For IF staining, cytospin preparations, incubated with
anti–E-cadherin or anti–MUC18/MCAM antibodies, fol-
lowed by secondary PE-labeled anti-IgG, were analyzed
with indirect IF confocal microscopy.

Enzyme-linked immunosorbent assay measurements of
secreted uPA and PAI-1

Cell lines (7 3 105 cells) were incubated for 24 hours in
medium (2 mL, T12.5 cm2) without serum. Culture me-
dium was collected and separated from residual cells by
centrifugation. The samples were stored at 2808C until
analysis.

Enzyme-linked immunosorbent assays (ELISAs) were
performed according to instructions of the manufacturer
(IMUBIND uPA ELISA kit no. 894, IMUBIND PAI-1
ELISA kit no. 822, American Diagnostics, Greenwich, CT,
USA).

Growth on fibrin matrix

Hsp27-transfected cells (7 3 105) were harvested and sus-
pended in serum-free DMEM (200 mL) containing control
Ig (5 mg, Becton Dickinson) or anti–E-cadherin antibody
(5 mg, Alexis Biochemicals). To support the interaction
between antibodies and antigen on the basolateral region
of the cells (Maillet and Buc-Caron 1985), the cell sus-
pensions were incubated by gentle shaking for 2 hours at
378C. Serum-free medium was added (1.8 mL), and the
cells were seeded on fibrin matrix gels (4 mL) in T12.5
cm2 flasks and incubated at 378C in 7.5% CO2 for 48
hours. After incubation, images of cell aggregates were
captured with a Nikon E300 inverted microscope (mag-
nification 1003). Fibrin matrix was prepared by adding
fibrinogen (sterile-filtered, 3 mg/mL, Sigma-Aldrich, Vi-
enna, Austria) to the flasks followed by addition of
thrombin (0.4 U/mL, Sigma-Aldrich).
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Fig 1. Western blot analysis of Hsp27-transfected and control cells
(A375). Cell lysates (10 mg) were separated using sodium dodecyl
sulfate–polyacrylamide gel electrophoresis, transferred onto the ni-
trocellulose membrane, and analyzed by using the anti-human
Hsp27 antibody. Lanes 1–4: A375/wt, A375/neo, A375 Cl 2A, and
A375 Cl 11A.

Fig 2. Fluorescence-activated cell sorter (FACS) analysis of E-cad-
herin (a) and MUC18/MCAM (b) expression in Hsp27-transfected
and control cells (A375). Cells were incubated with antibodies to the
respective adhesion molecule and analyzed by FACS. Control se-
rum, subclass-matched immuno-globulin, was used as control.

Enzyme-linked immunosorbent assay measurements of
secreted uPA after incubation with E-cadherin
antibodies

To support the interaction between antibodies and anti-
gen on the basolateral region of the cells (Maillet and Buc-
Caron 1985), Hsp27-transfected cells (7 3 105) were in-
cubated by gentle shaking for 2 hours at 378C with either
control Ig or anti–E-cadherin antibody (5 mg) in serum-
free media (200 mL). After incubation, serum-free media
(1.8 mL) were added to the cell suspensions, and the cells
were further incubated in flasks (T12.5 cm2) for 24 hours.
Conditioned media were collected and analyzed for uPA
secretion. Cells treated with control Ig were used as pos-
itive controls.

RESULTS

To assess the influence of Hsp27 expression on cellular
processes linked to differentiation and to the transition of
melanoma cell from high to low metastatic potential
(Aldrian et al 2002), Hsp27 transfectants from the A375
melanoma cell line and the cell lines transfected with the
plasmid for neo as well as wild-type cells were analyzed
by Western blotting. High expression levels of Hsp27
were only found in Hsp27-transfected cells (Fig 1). The
protein band of lower molecular weight indicates that
Hsp27 is processed or degraded, which is in accordance
with other reports (Brenner et al 1995).

Because it is known that E-cadherin is a regulator of
differentiation, we investigated whether Hsp27 expres-
sion may have an influence on the E-cadherin expression
pattern. Hsp27-transfected cell lines as well as control
cells were incubated with antibodies raised against the
extracellular domain of the E-cadherin subunit and ana-
lyzsed by FACS. Elevated expression of E-cadherin was
found in Hsp27 transfectant, whereas control cells failed
to express this subunit (Fig 2a).

It has been shown that loss of E-cadherin is associated
with an induction of the surface adhesion molecule
MUC18/MCAM (Johnson 1999). Thus, expression of this
cell adhesion molecule correlates with metastatic poten-

tial in melanoma cells. MUC18/MCAM expression was
determined by FACS analysis, using antibodies reacting
with the extracellular subunit. Wild-type cells as well as
neo control cells expressed high levels of MUC18/
MCAM, whereas Hsp27-transfected cells did not stain
positively with this specific antibody (Fig 2b).

To confirm the results of FACS analysis (Fig 2), cytos-
pin preparations of the respective clones and control cells,
incubated with anti–E-cadherin and anti–MUC18/
MCAM antibodies, were analyzed with indirect IF con-
focal microscopy. As compared with FACS analysis, E-
cadherin was localized on the surface of Hsp27 transfec-
tants, whereas control cells were not stained (Fig 3a). Cy-
tospin preparations, incubated with anti–MUC18/MCAM
antibody, localized the expression of MUC18/MCAM at
the cell membrane of the control cells (Fig 3b), whereas
no staining was found in Hsp27-transfected cells, which
is in agreement with the data of FACS analysis (Fig 2).
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Fig 3. Immunofluorescence (IF) analysis of E-cadherin (a) and MUC18/MCAM (b) in Hsp27-transfected and control cells (A375). Cytospin
preparations incubated with anti–E-cadherin and anti-MUC18 antibodies were analyzed by indirect IF confocal microscopy.
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Fig 4. Reverse transcriptase–polymerase chain reaction (PCR)
analysis of urokinase-type plasminogen activator receptor (uPAR)
(a), uPA (b), and PAI-1 (c) in Hsp27-transfected and control cells
(A375). Lanes 1–5: HepG2-positive control cells, A375/wt, A375/
neo, A375/2A, A375/11A. The efficiency of complementary deoxy-
ribonucleic acid synthesis of each sample was estimated by PCR
with b2-microglobulin–specific primers (d).

Table 1 Expression of urokinase-type plasminogen activator (uPA)
and its inhibitor, PA inhibitor type 1 (PAI-1), in Hsp27-transfected
and control cells (A375)

Cell line
uPA/106

cells (ng)
PAI-1/106

cells (ng)
Invasive

potential (%)a

A375/wt
A375/neo
A375/2A
A375/11A

0
0

31.7
51.6

0
0

33.4
62.7

100
83
5.5
5.0

a Expressed as a percentage of the sum of control cells to wild-
type cells penetrating through a Matrigel for 24 hours (Aldrian et al
2002).

The uPA system regulates the rate of tissue degradation
and cell migration and invasion, and the activity can be
determined according to a proteolytic as well as nonpro-
teolytic mechanism (Andreasen et al 1997).

The uPAR is a cell membrane–binding protein for uPA,
accumulating plasminogen activation activity at cell sur-
faces. Using reverse transcriptase–PCR (RT-PCR) we
found that the uPAR gene expression revealed a high ex-
pression of uPAR messenger RNA (mRNA) in control
cells as well as in Hsp27-transfected cells (Fig 4a). With
regard to the levels of uPA and its inhibitor PAI-1, RT-
PCR analysis revealed a complete absence of mRNA in
both wild-type and neo-transfected cells (Fig 4 b,c). How-
ever, in Hsp27-transfected cells a high level of uPA
mRNA was found. An increase was also shown in PAI-1,
which suggests a neutralization of the proteolytic activity
of uPA in these cells.

Because of the striking difference in uPA and PAI-1
mRNA expression between control cells and Hsp27 trans-
fectants, an ELISA was also performed. Control cells
failed to express uPA and PAI-1 in contrast to Hsp27-
transfected cells (Table 1), which released considerable
amounts of uPA and PAI-1, thus confirming the results
of the RT-PCR analysis shown in Fig 4.

uPA has been shown to have fibrinolytic activity, re-
sulting in a formation of cell aggregates on fibrin (Gold
et al 1989; Sasaki et al 1999). Moreover, it has been dem-
onstrated by IF analysis that uPA colocalizes with E-cad-
herin at cell-cell junctions and also that a blocking anti-
body to E-cadherin inhibits the fibrinolytic activity of
uPA. To determine whether E-cadherin is involved in the
activation of uPA in A375 Hsp27-transfected cells, posi-

tive for E-cadherin expression, cells were seeded over-
night at 378C, on fibrin in the presence of control Ig or
anti–E-cadherin antibodies. Cells incubated with control
Ig showed fibrinolytic activity by the ability to form cell
aggregates consisting of compacted cells on fibrin. This
aggregation of cells on fibrin was partly inhibited by
anti–E-cadherin antibody, indicating an inhibition of uPA
activity by blockade of E-cadherin (Fig 5).

To further test for regulation of uPA expression by E-
cadherin, Hsp27-transfected cells were incubated with
control Ig or anti–E-cadherin antibodies overnight. Con-
ditioned media were collected, and uPA levels were an-
alyzed by ELISA. Compared with control Ig, the uPA se-
cretion was reduced by the addition of anti–E-cadherin
antibody (Table 2). These findings indicate that in Hsp27-
transfected cells E-cadherin has an effect on uPA expres-
sion in these cells.

DISCUSSION

Recently we have demonstrated that Hsp27 overexpres-
sion resulted in a reversal of the malignant phenotype of
the A375 cell line in vitro (Aldrian et al 2002). The lost
integrin receptor avb3 and the reduction of MMP-2 and
MMP-9 secretion correlated with decreased invasive po-
tential. In the present study, the role of Hsp27 transfec-
tants in the melanoma cell line A375 was examined in
relation to the expression and regulation of cell adhesion
molecules E-cadherin, MUC18/MCAM, and PA system.

The role of cell adhesion molecules in carcinogenesis
has been ambiguous because they can act as anchors to
stabilize the cell’s position or as grips for moving cancer
cells. Thus, their function may be interpreted as both in-
vasion suppressor and invasion promotor molecules.

E-cadherin is a member of the cadherin family, cell ad-
hesion proteins that are expressed in a variety of tissues.
E-cadherin is expressed in epithelial cells, where it is lo-
calized to the adherence junctions, a belt-like structure
surrounding the cell and binding to its neighbors (Bracke
et al 1996). It is also able to stimulate gap junctional com-
munication between adjacent cells. E-cadherin plays a
role in cell differentiation, normal development, and cell
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Fig 5. E-cadherin and fibrinolytic activity. Inhibition of cellular compaction on fibrin by anti–E-cadherin antibody. Hsp27-transfected cells
(A375/11A) were seeded on fibrin in the presence of either control immunoglobulin or anti–E-cadherin antibodies and incubated for 48 hours
at 378C.

Table 2 Urokinase-type plasminogen activator secretion in Hsp27-
transfected cells incubated with anti–E-cadherin antibodies

Cell line

Percentage of control (cells incubated with
control immunoglobulin)

Experiment I Experiment II Experiment III

A375/2A
A375/11A

76
65

55
44

53
66

migration (Herlyn et al 2000). Loss of expression or func-
tion of E-cadherin has been observed in several different
human carcinomas (Buck 1995; Bracke et al 1996; Guil-
ford 1999). This seems to represent one of the earliest
changes in the development of the metastatic process, re-
leasing the cells from adhesion-mediated controls of
neighboring cells and enabling them to separate from pri-
mary tumor masses (Birchmeier and Behrens 1994).

In a transgenic mouse model Perl et al (1998) showed
that loss of E-cadherin expression coincides with the tran-

sition from well-differentiated adenoma to invasive car-
cinoma. Forced expression of E-cadherin by melanoma
cells through gene transduction has been shown to have
profound effects on the phenotype of melanoma cells.
Cells lose their invasive capacity by no longer expressing
the invasion-related adhesion receptors, namely b3 inte-
grin subunit and MUC18/MCAM (Hodivala and Watt
1994; Hsu et al 2000).

We have reported (Kindas-Mügge et al 1996) that
Hsp27 overexpression in A375 melanoma cells was ac-
companied by the inhibition of the growth rate in vitro
and by a delay and a reduced rate of tumor appearance
in athymic nude mice. In the present study, using FACS
analysis as well as IF, we found that Hsp27 transfectants
displayed an increased expression of E-cadherin as com-
pared with control cells. These data suggest that Hsp27-
mediated signal transduction may also contribute to reg-
ulation of the expression of adhesion molecules, particu-
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larly of E-cadherin. The cell surface adhesion molecule
MUC18/MCAM is expressed on metastatic melanoma but
not on normal melanocytes (Shih et al 1994; Xie et al
1997), and this correlates directly with the metastatic po-
tential of human melanoma cells. MUC18/MCAM, ana-
lyzed by FACS and IF, was highly expressed in wild-type
and neo transfected cells. These cells were shown to be
negative for E-cadherin expression. In Hsp27-transfected
cells, positive for E-cadherin, no expression of MUC18/
MCAM was observed.

As mentioned before, we have shown a decreased in-
vasiveness, down-regulation of avb3 integrin expression,
and loss of metastatic potential in Hsp27-overexpressing
A375 cell clones (Aldrian et al 2002). The association of a
decreased invasive phenotype with gain of E-cadherin
and loss of MUC18/MCAM is in accordance with the
data from Johnson (1999) and Hsu et al (2000). Both
found that dysregulation of E-cadherin function is asso-
ciated with induction of MUC18/MCAM and avb3 in
melanoma development and may indicate a critical event
in melanoma progression.

The uPAR present on the surface of most cell types is
a key component in the control of cell adhesion, cell mi-
gration, and extracellular proteolysis. There are two
mechanisms contributing to the effect of uPA on cell mi-
gration (Andreasen et al 1997), a proteolytic action as well
as a nonproteolytic action, which is coupled to cell ad-
hesion and transmembrane signaling.

The involvement of constituents of the plasmin activa-
tion system was investigated in our model system. mRNA
for the urokinase receptor (uPAR) was detected in all the
cell lines analyzed. In contrast, striking differences were
observed in the expression of uPA and its inhibitor, PAI-
1. Hsp27 transfectants, which have a decreased aggres-
sive growth behavior in vitro (Aldrian et al 2002), showed
enhanced mRNA expression of uPA as well as its inhib-
itor, PAI-1. uPA and its inhibitor (PAI-1) bind to uPAR.
PAI-1 is known to regulate the activity of uPA, thus sup-
pressing uPAR-mediated cell adhesion and proteolysis
(Deng et al 1996). One might speculate that the enzymatic
activity of uPA is regulated by its inhibitor, PAI-1, also
indicating a nonproteolytic role for the uPA system in
Hsp27-transfected cells.

Hsp27 seems to up-regulate both uPA and its inhibitor
simultaneously. This is in accordance with the study of
Tran-Thang et al (1996). These authors demonstrated that
the induction with inflammatory cytokines results in an
up-regulation of uPA as well as PAI-1 in SW 620 colon
cancer cells. No effect on induction of PAI-1 was found
in SW 1116 cells.

It has been demonstrated that E-cadherin plays a role
in organizing the cellular distribution of uPA in kerati-
nocytes (Jensen and Wheelock 1992). Sasaki et al (1999)
have shown that in noninvasive mammary epithelia cells

the regulation of uPA was mediated by E-cadherin. By
the addition of anti–E-cadherin antibody, the activation of
uPA was altered.

uPA has been shown to mediate fibrinolytic activity,
which results in cell aggregation on fibrin (Gold et al
1989; Sasaki et al 1999). Anti–E-cadherin antibody inhib-
ited this activation. The effect of E-cadherin on uPA ex-
pression in the Hsp27-positive cells was investigated in a
fibrinolytic activity assay. Interruption of cell-cell contacts
by anti–E-cadherin antibodies prevented at least partly
cellular aggregation on fibrin. We also found a decreased
level of uPA secretion in conditioned medium, collected
from Hsp27-transfected cells, incubated overnight with
anti–E-cadherin antibody. These findings indicate an ef-
fect of E-cadherin on uPA activity in our cell model.

Our data provide evidence of a pronounced influence
of Hsp27 expression on the tumor progression of mela-
noma. This effect might be based on an induction of E-
cadherin expression and the consequent reduction of
MUC18 and changes in the PA system. This observation
might lead to promising novel targeted strategies for the
therapy of human melanoma.
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Kindas-Mügge I, Herbacek I, Jantschitsch Ch, Micksche M, Trautin-
ger F. 1996. Modification of growth and tumorigenicity in epi-
dermal cell lines by DNA-mediated gene transfer of 27 000 heat
shock protein (hsp27). Cell Growth Differ 7: 1167–1174.
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