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Departament de Ciències Experimentals i de la Salut,§ Universitat

Pompeu Fabra, Barcelona, Spain

Undifferentiated human melanoma cell lines produce
a large chondroitin sulfate proteoglycan, different
from the well-known melanoma-specific proteogly-
can mel-PG (Heredia and colleagues, Arch Biochem
Biophys, 333: 198–206, 1996). We have identified this
proteoglycan as versican and analyzed the expression
of versican in several human melanoma cell lines.
Versican isoforms are expressed in undifferentiated
cell lines but not in differentiated cells, and the iso-
form expression pattern depends on the degree of
cell differentiation. The V0 and V1 isoforms are found
on cells with an early degree of differentiation,
whereas the V1 isoform is present in cells with an
intermediate degree of differentiation. We have also
characterized some functional properties of versican
on human melanoma cells: the purified proteoglycan
stimulates cell growth and inhibits cell adhesion
when cells are grown on fibronectin or collagen type
I as substrates, and thus may facilitate tumor cell
detachment and proliferation. Furthermore, we have
analyzed the expression of versican in human mela-
nocytic nevi and melanoma: 10 benign melanocytic
nevi, 10 dysplastic nevi, 11 primary malignant mela-
nomas, and 8 metastatic melanomas were tested. Im-
munoreactivity for versican was negative in benign
melanocytic nevi, weakly to strongly positive in dys-
plastic nevi, and intensely positive in primary malig-
nant melanomas and metastatic melanomas. Our re-
sults indicate that versican is involved in the
progression of melanomas and may be a reliable
marker for clinical diagnosis. (Am J Pathol 2002,
160:549–557)

Versican belongs to the family of large aggregating pro-
teoglycans (PGs) that also includes the large cartilage-
derived PG aggrecan, and two smaller PGs expressed in
nervous tissues, namely neurocan and brevican.1 All four
of these PGs share some structural characteristics and
are able to bind to hyaluronate. These PGs have three
structural domains: the N-terminal region (G1 domain)
consists of an immunoglobulin-like loop and two-link pro-
tein-like tandem repeats and is responsible for binding
hyaluronate; the central domain carries the glycosamino-
glycan side chains; and the C-terminal globular region
(G3 domain) consists of two epidermal growth factor-like
elements, a C-type lectin domain, and a complement
regulatory protein (CRP)-like (sushi) module and may
interact with simple carbohydrates and glycosaminogly-
cans and probably with other proteins such as tenascin-
R.2,3 The central domain of versican consists of two large
subdomains, designated GAG-� and GAG-� that are
encoded by two alternatively spliced exons. In mammals,
versican appears as four possible spliced variants:
the largest one contains both GAG-� and GAG-� and
is designated V0; the other variants are V1 (contains
GAG-�), V2 (contains GAG-�), and V3 (lacks any GAG
subdomain).2

Versican was first described in human fetal fibroblasts
more than 10 years ago,4 but detailed analysis of tissue
expression has been performed only recently with the
availability of specific antibodies. In human adults, versi-
can has been found in loose connective tissues, often
associated with the elastic fiber network, in smooth mus-
cle, cartilage, the central and peripheral nervous system,
and the three wall layers of veins and elastic arteries.5 In
normal adult skin, versican appears localized in the stra-
tum basale of the epidermis, as well as in the papillary
and reticular layers of the dermis.6,7

Versican has been described in a number of tumor
types,8 including brain tumors such as gliomas, medul-
loblastomas, neurofibromas, and meningiomas. Regard-
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ing gliomas, a decrease of versican expression has been
described in the extracellular matrix, whereas there is an
up-regulation of versican in tumor vessels compared to
normal cerebral vessels.9 Because of its ability to interact
with hyaluronate,10 tenascin11 and other proteins, and
cytokines,12–15 versican may contribute to the malignant
properties of tumor cells. In this sense, it has been de-
scribed that the versican-rich extracellular matrices exert
an anti-adhesive effect on the cells, thus facilitating tumor
cell migration and invasion.16 Since versican is highly
expressed in fast growing tissues and cells, it has been
suggested that versican plays a role in cell proliferation,
a notion supported by the finding that a miniversican
construct promoted NIH3T3 fibroblasts and astrocytoma
cell proliferation, probably through the epidermal growth
factor-like motifs in the G3 domain.17,18

Our group has previously reported an unidentified
high-molecular weight PG in undifferentiated human mel-
anoma cell lines.19 In the present work, we identify this
PG as versican and describe its presence in in vivo mela-
nocytic lesions. We also analyze how the various versican
isoforms relate to cell differentiation and the role of ver-
sican in the biological properties of melanoma cells.

Materials and Methods

Cell Culture and Metabolic Labeling

Human melanoma cell lines SK-mel-131 (clone 1.36-1-5),
SK-mel-131 (clone 3.44), SK-mel-23, SK-mel-37, Rider,
Mewo, AX3, and DX2 originally derived from human mel-
anomas by Houghton and colleagues20 and U251 human
astrocytoma cells were obtained from Dr. F. X. Real
(I.M.I.M., Barcelona, Spain). Cells were grown in a hu-
midified atmosphere at 37°C with 5% CO2 in RPMI 1640
medium supplemented with 10% fetal calf serum, 100
IU/ml penicillin, and 100 �g/ml streptomycin (all from
GibcoBRL/Life Technologies). Subconfluent cultures
were grown in serum-free medium for 8 hours and la-
beled during 16 hours with 100 �Ci/ml of carrier-free
[35S]sulfate (Amersham Pharmacia Biotech) in low sulfate
(0.2 mmol/L) medium, or with 20 �Ci/ml L-[35S]methionine
in methionine-free medium (Promix, Amersham Pharma-
cia Biotech). The medium was then removed, a cocktail
of protease inhibitors was added [10 mmol/L ethylenedia-
minetetraacetic acid (Sigma) 5 mmol/L benzamidine
(Sigma), 5 mmol/L N-ethylmaleimide (Sigma), 1 mg/ml
pepstatin A (Sigma), 0.5 mg/ml leupeptin (Sigma), and 1
mmol/L phenylmethyl sulfonyl fluoride (Sigma)] and ana-
lyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) in a 6% or a 3 to 10% gra-
dient polyacrylamide gel, as described by Laemmli.21 To
ensure that the conditioned medium corresponding to the
same number of cells was used, duplicate wells were
seeded and cells were counted in a Neubauer chamber.

Purification of the High-Molecular Weight PG

Conditioned medium (6.8 I)from U251 astrocytoma cells
were concentrated fivefold using a tangential flux system

with a 100-kd cutoff (MiniUltrasette, Filtron). The concen-
trated fraction was purified by ion-exchange chromatog-
raphy on DEAE-Sephacel (10 � 1 cm, Pharmacia) equil-
ibrated with a buffer containing 0.2 mol/L NaCl, 50
mmol/L Tris-HCl, pH 7.2. Elution was performed with a
linear salt gradient up to 2 mol/L NaCl at 0.5 ml/min flux
rate. Fractions eluting at 0.98 to 1.28 mol/L NaCl were
pooled, concentrated by ultrafiltration (Amicon Inc., Bev-
erly, MA), and dialyzed against the same buffer.

Partially purified PGs were applied to a MonoQ HR5/5
(1 ml, Amersham Pharmacia Biotech) equilibrated with a
buffer containing 0.2 mol/L NaCl, 50 mmol/L Tris-HCl, pH
7.2. Elution was performed with a linear salt gradient up
to 2 mol/L NaCl at 0.5 ml/min flux rate. One-ml fractions
were collected and analyzed for radioactivity, for protein
concentration (BioRad Protein Assay; BioRad Laborato-
ries GmbH, Heidelberg, Germany) and for the presence
of hexuronic acid, using the carbazole method of Bitter
and Muir.22 A final purification step was achieved by gel
chromatography on a Superdex 200 column (FPLC sys-
tem, Amersham Pharmacia Biotech) equilibrated with 50
mmol/L NaCl, 50 mmol/L Tris-HCl, pH 7.2, and eluted with
the same buffer at 0.3 ml/min flux rate.

Enzymatic Digestions and Electrophoretic
Analysis

Enzymatic digestions were performed at 37°C for 16
hours with chondroitinase ABC (50 mU/ml in 33 mmol/L
sodium acetate, 33 mmol/L Tris-HCl ,pH 8.0; Seikagaku,
Tokyo, Japan) or heparitinase (10 mU/ml in 10 mmol/L
calcium acetate, 100 mmol/L sodium acetate, pH 7.0;
Seikagaku). The incubations were terminated by boiling
the samples for 5 minutes. Samples were analyzed in a
6% or a 3 to 10% polyacrylamide gradient gel.

Generation of Antibodies

A sample of purified high-molecular weight PG (50 to 100
�g measured as hexuronic acid) in phosphate-buffered
saline was mixed with an equal volume of Freund’s com-
plete adjuvant (Serva GmbH, Heidelberg, Germany), in-
jected to rabbits according to standard immunization
protocols and boosted every 4 to 6 weeks. Test bleeds
were made 10 to 14 days after each boost and analyzed
by immunoprecipitation or Western blot. The antiserum
was purified from undesirable antibodies using affinity
columns made by coupling the 0.2 mol/L fraction (non-
PG) from a DEAE-Sephacel column to CNBr-activated
Sepharose 4B (Amersham Pharmacia Biotech). The an-
tibody recognized the protein core of versican, but it was
unable to detect the whole PG form in Western blot as
well as in immunocytochemistry/immunohistochemistry.

Western Blot Analysis

Aliquotes of the conditioned media were digested with
chondroitinase ABC as described above and analyzed in
a 3 to 10% SDS-PAGE under reducing conditions. After
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electrophoresis, proteins were transferred onto Immo-
bilon-P membranes (Millipore). The blot was placed in a
blocking solution consisting of 5% Blotto in Tris-buffered
saline and incubated for 2 hours at 4°C. The membranes
were incubated with the polyclonal anti-high molecular
weight PG antibodies (1/1000) or anti-GAG-� or anti-
GAG-� antibodies (1:100; kindly provided by Dr. D. R.
Zimmermann, University of Zürich, Zürich, Switzerland) in
5% Blotto in Tris-buffered saline for 16 hours, washed,
and visualized by chemiluminescence (ECL System, Am-
ersham).

Proliferation and Adhesion Assays

Cells were seeded in 96-well plates until 50% confluence
and incubated in RPMI 1640 10% fetal calf serum for 48
hours. The medium was replaced by serum-free RPMI
1640 in the presence of different concentrations of the PG
preparation and incubated overnight. Cell proliferation
was determined by an enzyme-linked immunosorbent
assay (Roche Molecular Biochemicals) based on the in-
corporation of 5-bromo-2�-deoxyuridine (BrdU) into the
DNA of proliferating cells, followed by an anti-BrdU anti-
body conjugated to peroxidase, addition of tetramethyl-
benzidine (TMB) as substrate, and quantification by mon-
itoring the absorbance at 450 nm.

For cell adhesion assays, Dynatech 96-well plates
were coated with fibronectin (5 �g/ml) or collagen I (3
�g/ml) for 16 hours at 4°C followed by incubation with a
solution of 0.1% bovine serum albumin in phosphate-
buffered saline (PBS) for 1 hour. Negative controls were
coated only with the same concentration of bovine serum
albumin. Cells were seeded in these plates at a density of
4 � 104 cells/well in the presence of the PG preparation
and incubated for 2 hours at 37°C. The medium was
removed, wells were rinsed twice with PBS in the pres-
ence of Ca2� and Mg2�, and the adhered cells were
fixed with 4% paraformaldehyde for 15 minutes at room
temperature. The wells were rinsed and incubated with
0.1% violet crystal for 20 minutes. After rinsing, a solution
of 0.1 mol/L HCl was added and the absorbance at 630
nm was determined.

Immunocytochemistry

Cells were grown in coverslips, rinsed with PBS, and
fixed with 4% paraformaldehyde for 20 minutes at room
temperature. After rinsing four times with PBS, cells were
permeabilized with 0.1% Triton X-100 in PBS for 10 min-
utes and nonspecific binding sites were blocked for 20
minutes with 1% bovine serum albumin/0.02% goat se-
rum. Cells were then incubated overnight with the anti-
versican antibody (1:10) at 4°C. Subsequently, cells were
washed four times with PBS and incubated with an anti-
rabbit-FITC antibody (Roche). Cultures were studied with
a Nikon Eclipse E800 epifluorescence microscope and
photographed with an integrated camera system.

Immunohistochemistry

A total of 39 melanocytic lesions were studied, which
corresponded to 10 benign melanocytic nevi, 10 dys-
plastic nevi, 11 primary malignant melanomas, and 8
metastatic malignant melanomas. Slides and paraffin
blocks were selected from the archives of the Pathology
Department at the Hospital del Mar-IMIM-UAB.

Sections (5-�m thick) were obtained from the paraffin
blocks. After blocking the nonspecific unions with 20%
goat serum in PBS for 30 minutes, they were incubated
with the antibody against versican, at 1:50 dilution at 4°C
overnight. After washing several times, the sections were
incubated with a secondary antibody, biotin-labeled anti-
rabbit goat IgG (Vector Laboratories), at a 1:300 dilution
for 1 hour at room temperature. Avidin-biotin and 3-
amino-9-ethylcarbazole (AEC) were used as the detec-
tion system. Negative controls were performed by using
preimmune rabbit serum. The slides were counterstained
with hematoxylin.

The sections were examined double blindly by two
researchers (CB, MAU), who evaluated the percentage
and the intensity of versican-positive melanocytic cells.
The percentage was evaluated according to the following
scale: 0: absence of expression; 1�, �5% positive cells;
2�, 6 to 25% positive cells; 3�, 26 to 50% melanocytic
cells; 4�, 51 to 75% positive cells; 5�, 76 to 100%
positive cells. Versican expression was graded as null,
mild, moderate, or intense.

Statistical analyses were performed using the Kruskal-
Wallis one-way analysis of variance test.

Results

Identification of Versican in Human Melanoma
Cell Lines

Subconfluent cultures of a number of human melanoma
and astrocytoma cells were metabolically labeled with
[35S]sulfate and the macromolecules present in the con-
ditioned medium analyzed by SDS-PAGE on a 3 to 10%
gel (Figure 1). The analyzed cell lines showed a different
band pattern: some cell lines (AX3, SK-mel-37, Rider,
SK-mel-1.36-1-5, and SK-mel-3.44) produced a 35S-la-
beled component of very high molecular mass, remaining
in the stacking gel (labeled HMWPG in Figure 1), with a
similar electrophoretic mobility to the high-molecular
weight PG present in U251 astrocytoma cells. Some of
these melanoma cell lines also presented a second PG
band located in the running gel above the 200-kd marker
(AX3, SK-mel-37, and, with less intensity, Rider, and SK-
mel-1.36-1-5). This band has been previously identified
as the melanoma-specific PG, mel-PG, by immunological
methods.19 All these bands were subsequently identified
as chondroitin/dermatan sulfate PGs by digestion with
chondroitinase ABC, chondroitinase AC, and hepariti-
nase (not shown). A second group of cell lines produced
very small amounts of sulfate-labeled bands (SK-mel-23,
DX2, and MeWo).
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After chondroitinase ABC digestion of [35S]methionine-
labeled conditioned media, a protein core composed of
two bands of �350 and 400 kd was detected by SDS-
PAGE (Figure 2). This double band was clearly visible in
U251 astrocytoma cells, whereas only the lower band is
clearly visible in SK-mel-1.36-1-5 and SK-mel-3.44 cells.

The double-band pattern in U251 astrocytoma cells
has been identified in the related U251MG human glioma
cell line as the V0 and V1 isoforms of the large aggregat-
ing chondroitin sulfate PG, versican, by Dours-Zimmer-
mann and Zimmermann.2 Thus, to confirm the identity of
the large melanoma PG, versican was purified from U251
astrocytoma cell-conditioned media and antibodies were
raised in rabbits against this PG. Using this antibody
(Figure 3), the V0 and V1 isoforms of versican were

detected in U251 astrocytoma cells, as expected. In our
panel of melanoma cell lines, all of the undifferentiated
cells expressed the high-molecular weight isoforms V0
and V1 in variable amounts, whereas the differentiated
cell lines SK-mel-23, MeWo, and DX2 cell lines did not
express any versican isoform. A third band with a vari-
able intensity appeared in all of the undifferentiated cell
lines (Figure 3, arrow).

The specificity of the antibody preparation was confirmed
by comparing its reactivity with the monoclonal antibodies
against the GAG-� and GAG-� subdomains of versican
kindly provided by Dr. D. R. Zimmermann (University of
Zürich, Zürich, Switzerland). As observed in Figure 4, the
anti-GAG-� antibody was able to detect V0 and V1 isoforms
in U251 astrocytoma cells, V0 and V1 as the main isoforms
produced by SK-mel-1.36-5 cells, and lack of any versican
isoforms in differentiated SK-mel-23 melanoma cells. As
expected, the anti-GAG-� antibody specifically recognized
the V0 isoform. The band highly expressed in SK-mel-3.44
cell line is probably a proteolytic product of V0, since it is
detected by both the anti-GAG-� and anti-GAG-� antibod-
ies, and it corresponds to the unidentified band in Figure 3.

Figure 1. PG production by human melanoma and astrocytoma cell lines.
Subconfluent human melanoma cell lines and the U251 astrocytoma cell line
were metabolically labeled with [35S]sulfate as described in Materials and
Methods. The conditioned medium corresponding to the same number of
cells was analyzed by SDS-PAGE in a 3 to 10% gel followed by fluorography.
L, late degree of differentiation; I, intermediate degree of differentiation; E,
early degree of differentiation; A, astrocytoma. The position of the high-
molecular weight PG (HMWPG) and mel-PG are indicated. The top of the
running gel is shown by an arrow.

Figure 2. Detection of the protein cores from the large molecular weight PG
from human melanoma and astrocytoma cell lines. Conditioned media from
SK-mel-1.36-1-5 and SK-mel-3.44 melanoma cells and U251 astrocytoma cells
labeled with [35S]methionine were treated with chondroitinase ABC and
analyzed by SDS-PAGE in a 6% gel and fluorography. The bands observed
after chondroitinase ABC treatment are shown by an arrow.

Figure 3. Identification of versican isoforms in human melanoma cell lines.
Conditioned media from human melanoma cell lines were treated with
chondroitinase ABC and analyzed by Western blot with the antibody raised
against the high-molecular weight PG as described in Materials and Methods.
L, late degree of differentiation; I, intermediate degree of differentiation; E,
early degree of differentiation; A, astrocytoma. The arrow marks a putative
proteolytic-derived form of versican.

Figure 4. Immunodetection of versican isoforms in human melanoma and
astrocytoma cell lines. Western blot of conditioned media from human
SK-mel-1.36-1-5, SK-mel-3.44, and SK-mel-23 human melanoma cell lines
and U251 astrocytoma cells proved with the anti-GAG-� antibody (left) and
the anti-GAG-� antibody (right). The arrow marks a proteolytic-derived
form of versican.
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On the other hand, the antibody raised by us was also
reactive against recombinant versican (provided by Dr.
D. R. Zimmermann; not shown).

The presence or absence of versican in cell cultures
was confirmed by immunocytochemistry using the anti-
body against purified versican. As shown in Figure 5, in
permeabilized SK-mel-1.36-1-5 and SK-mel-3.44 undiffer-
entiated melanoma cells and U251 astrocytoma cells, ver-
sican staining was observed in the cytoplasm as a diffuse,
network-like pattern, and in perinuclear vesicles. Con-
versely, no staining was observed in SK-mel-23-differenti-
ated melanoma cells, indicating the absence of the PG.

Functional Properties of Versican on Human
Melanoma Cells

The effect of purified versican from U251 astrocytoma
cell-derived conditioned medium on cell adhesion was
assessed by plating SK-mel-1.36-1-5 cells on fibronectin
or collagen I in the presence of different amounts of
versican. As shown in Figure 6, SK-mel-1.36-1-5 mela-
noma cells adhere readily to both substrates and versi-
can is able to inhibit the adhesion to fibronectin and, less
efficiently, to collagen I. When versican was treated with
chondroitinase ABC to degrade the chondroitin sulfate
chains, the inhibition produced by versican was reduced,
especially when cells were grown on fibronectin.

Versican was also able to induce cell proliferation in a
concentration-dependent manner when added to SK-
mel-1.36-1-5 cells (Figure 7). In this case, the effect
seems to be because of the protein core of versican,
since the chondroitinase ABC-treated versican had the
same effect than the whole PG.

Versican Expression in Human Melanocytic
Lesions

The study of melanocytic lesions showed expression of
versican in dysplastic nevi, primary malignant melano-
mas, and metastatic malignant melanomas. Benign mela-
nocytic nevi did not show versican expression. Statisti-
cally significant differences between the percentages of
positive melanocytic cells (P � 0.00015) and the intensity
of versican expression (P � 0.0032) were found among
benign melanocytic nevi, dysplastic nevi, and malignant
melanomas (primary and metastatic). There were no sta-
tistically significant differences between primary malig-
nant melanomas and metastatic malignant melanomas
(Table 1 and Figure 8).

Discussion

Undifferentiated human melanoma cells produce, be-
sides the well-recognized melanoma-specific PG, mel-
PG, another high-molecular mass chondroitin sulfate PG.
Our previous work showed that this PG is not recognized
by the monoclonal antibody B5 raised against mel-PG
and that it can be separated from mel-PG by gel chro-
matography in dissociative conditions. Both evidences
indicate that this PG is not related to mel-PG.19 The work
presented here identifies this high-molecular weight PG
as versican and establishes a close relationship between
versican expression and cell differentiation in human mel-
anoma in vitro and in vivo.

As shown in metabolic labeling experiments with
[35S]sulfate and [35S]methionine, the high-molecular
weight PG produced by undifferentiated human mela-
noma cells was similar to that produced by other cells of
neuroectodermal origin, as the U251 human astrocytoma
cell line. The PG produced by U251 astrocytoma cells
was identified as versican by Dours-Zimmermann and
Zimmermann,2 suggesting that the melanoma PG could
also be versican. By using antibodies raised against
purified versican from U251 astrocytoma cells as well as
antibodies directed specifically against the recombinant
GAG-� and GAG-� versican subdomains, we have

Table 1. Evaluation of Versican Expression and Number of Positive Cells for Each Type of Melanocytic Lesion

Lesion
No. of
cases

Versican expression % of Positive cells

SignificanceAbsent Mild Moderate Intense Significance 0 5% 6–25% 26–50% 51–75% 76–100%

BMN 10 10 0 0 0 10 0 0 0 0 0
DN 10 1 3 3 4 0 0 2 4 1 3
PMM 11 0 1 4 6 0 0 0 1 1 9
MMM 8 0 2 5 1 P � 0.0032 0 0 0 0 0 8 P � 0.00015

BMN, benign melanocytic nevi; DN, dysplastic nevi; PMM, primary malignant melanoma; MMM, metastatic melanoma.

Figure 5. Immunocytochemistry of versican in human melanoma and astro-
cytoma cells. Subconfluent SK-mel-1.36-1-5 (A), SK-mel-3.44 (B), and SK-
mel-23 (C) melanoma cells, and U251 astrocytoma cells (D) were grown in
coverslips and fixed with 4% paraformaldehyde. After permeabilization, cells
were incubated with the anti-versican antibody (1:10) and with an anti-
rabbit-FITC. Cultures were viewed with a Nikon Eclipse E800 epifluores-
cence microscope and photographed with an integrated camera system.
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clearly demonstrated that versican is the main extracel-
lular PG synthesized by undifferentiated melanoma cell
lines and present in primary and metastatic malignant
melanomas.

To analyze the relationship between versican ex-
pression and cell differentiation, we have used several
human melanoma cell lines characterized by their mor-
phology (epithelioid/spindle), profile of differentiation
antigens, and tyrosinase activity and pigmentation.20

By using these criteria, these cell lines have been

characterized as having an early, intermediate, or late
degree of differentiation. These three subsets of mel-
anoma cell lines correspond to the features of normal
melanocytes at the early, intermediate, or mature
phases in melanocyte differentiation, as they express
the same set of differentiation antigens.23 Thus, there is
a good relationship between the stage of melanocyte
differentiation and the differentiation degree in cultured
melanoma cell lines. We have shown that cell lines with
an early or intermediate degree of differentiation (SK-
mel-1.36-1-5, SK-mel-37, Rider, AX3, or SK-mel-3.44)
secrete versican in the conditioned medium, whereas
differentiated cell lines such as SK-mel-23, MeWo, or
DX-2 do not produce any versican, thus linking versi-
can production and differentiation degree. This is not a
totally unexpected finding, since there are other indi-
cations in the literature that correlate both phenomena.
Thus, versican is down-regulated in culture conditions
promoting keratinocyte differentiation but is up-
regulated in keratinocytes grown in proliferation-
promoting conditions.6 In vivo, versican is abundant
throughout the entire dermis in early fetal human skin
but disappears progressively from the lower half of the
dermis during the fetal period7 and normal adult hu-
man skin, where it is present in very restricted areas.5,6

From our study, there is also a close relationship
between cell differentiation degree and versican iso-
form pattern, since differentiated cell lines do not pro-
duce any isoform, whereas undifferentiated cell lines
produce the V0 and V1 isoforms in variable amounts
and cell lines with an intermediate degree of differen-
tiation seem to produce mainly the V1 isoform. Versi-
can isoforms differ in the size of the GAG subdomain
and, subsequently, in the number of GAG chains and
the existing distance between G1 and G3 subdomains.

Figure 6. Versican decreases adhesion of melanoma cells on fibronectin and collagen. SK-mel-1.36-1-5 melanoma cells were seeded in Dynatech 96 well-plates
coated with 5 �g/ml fibronectin (A) or 3 �g/ml collagen I (B). Negative controls were coated with the same concentration of bovine serum albumin. Cells were
seeded at a density of 4 � 104 cells/well in the presence of purified versican and incubated for 2 hours at 37°C. The medium was removed and the adhered cells
were fixed with 4% paraformaldehyde and incubated with 0.1% violet crystal for 20 minutes. After rinsing, a solution of 0.1 mol/L HCl was added and the
absorbance at 630 nm was determined. Filled circle, nondigested versican; open triangle, chondroitinase ABC-digested versican. All of the values are the mean
of three determinations � SEM.

Figure 7. Versican increases cell proliferation of melanoma cells. SK-mel-
1.36-1-5 melanoma cells were seeded in 96-well tissue culture plates in the
presence of the indicated concentrations of purified versican. Each cell line
was seeded at a concentration of 5000 cells/well. Cell proliferation was
evaluated by determining the BrdU incorporation using a kit from Boehringer
Mannheim. Filled circles, nondigested versican; open triangles, chon-
droitinase ABC-digested versican. All of the values are the mean of three
determinations � SEM.
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These differences should affect the ability of versican
to interact with its ligands and, most probably, its phys-
iological properties. Although there are no definitive
studies on the possible differential biological role of the
isoforms, it has been suggested that the size of the
GAG domain could modulate the axonal growth inhib-
itory capacity of versican in the nervous system.24

The presence in the Western blots of an immunoreac-
tive band below the V1 isoform probably corresponds to
a proteolytic product of V0, since it is recognized by both
the anti-GAG-� and anti-GAG-� antibodies. The intensity
of this band as well as that of the V0 isoform varied
depending on the experiment, supporting this interpreta-
tion. The in vivo proteolytic processing of versican has
been recently described in human aorta25 and it has
been suggested as having physiological relevance. Fur-
ther studies are needed to analyze whether this is the
case for malignant melanoma.

The presence of versican has probably a functional
role in the biology of melanoma cells. Our results show
that versican is an anti-adhesive substrate for melanoma
cells growing in extracellular matrix components such as
fibronectin and collagen I. This effect may contribute to
the higher mobility of undifferentiated melanoma cells
and their higher ability to migrate and develop metasta-
sis. Besides decreasing cell adhesion, versican is also
able to increase the proliferation rate of melanoma cells,
thus increasing the growing potential of the tumor. In vitro
studies have also suggested a growth-promoting role for
versican. For example, it has been described that inhibi-
tion of versican biosynthesis by anti-sense RNA expres-
sion suppressed the malignant phenotype in MG63 os-
teosarcoma cells.26 An increase in cell proliferation has
been described in fibroblasts transfected with a minigene
containing the G1 or G3 terminal domains of versi-
can.17,18

All these data reinforce the growing evidence that
versican plays an active role in tumor cell biology. A
marked production of chondroitin sulfate PG is a well-
recognized phenomenon in a variety of malignant tu-
mors.27 In some cases, versican has been identified as
the PG species in brain tumors,9 histiocytoma,8 breast
cancer,28 –30 prostate cancer,31,32 and some nonepi-
thelial neoplasms.33 Furthermore, in melanomas, the
increase in versican is accompanied by the presence
of high amounts of hyaluronate, which has been rec-
ognized in the literature for many years.34,35 Versican
is able to bind hyaluronate through its hyaluronic-
binding domain near its N-terminal region and the ex-
panded and water-enriched environment provided by
these versican/hyaluronate aggregates most probably
deforms the normally compact architecture of the ex-
tracellular matrix and facilitates cell movement and
growth.36

Our data also support a role for the protein core as well
for the GAG chains of versican. Thus, cell proliferation
appears to be driven mostly by the protein core since
there is no difference between the chondroitinase ABC-
treated and the whole molecule, supporting the results
described in fibroblasts transfected with the versican
minigene, where the growth-promoting effect has been
attributed to the protein core, in particular to the epider-
mal growth factor-like motifs present in the G3 do-
main17,18 as well as to the G1 domain.37 On the other
hand, the anti-adhesive effect seems to be because of
the protein core as well as to the presence of the GAG
chains, since chondroitinase ABC-digestion reduces but
does not abolish this effect.

Finally, the study of versican in melanocytic lesions has
shown that this PG could serve as a good marker for
malignant melanoma of primary as well as metastatic
origin. There is a close relationship between malignancy

Figure 8. Versican expression in human melanocytic lesions. Dysplastic nevi (A and D), primary malignant melanomas (B and E), and metastatic malignant
melanomas (C and F) were processed as described in Materials and Methods. Original magnifications: �40 (versican, A–C; negative controls, D–F).
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of the lesion and intensity and percentage of versican-
positive cells. The differences in expression observed
among the three groups of melanocytic lesions studied
(benign melanocytic nevi, dysplastic nevi, metastatic
melanoma) would be in keeping with the results obtained
in previous studies on markers of cellular proliferation,
which would support the concept of dysplastic nevi as a
precursor lesion of melanoma.38–41

In conclusion, our results lend support to the hypoth-
esis that versican expressed by the most undifferenti-
ated melanomas may facilitate tumor cell detachment
and promote cell growth, thus contributing to the ag-
gressive biological behavior of undifferentiated mela-
nomas, and could be a reliable marker for clinical
diagnosis.
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