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Versican is a large chondroitin sulfate proteoglycan produced by several tumor cell types, including malignant
melanoma, which exists as four different splice variants. The presence of versican in the extracellular matrix
plays a role in tumor cell growth, adhesion and migration, which could be altered by altering the ratio between
versican isoforms. We have previously shown that overexpression of the V3 isoform of versican in human
melanoma cell lines markedly reduces cell growth in vitro and in vivo, since V3-overexpressing (LV3SN)
cultured cells as well as primary tumors arising from these cells grow slower than their vector-only
counterparts (LXSN). In the present work, we have extended these observations to demonstrate that the delayed
cell growth is due to multiple events since differences in proliferative index as well as in apoptosis are observed
in LV3SN cells and tumors compared to LXSN. For example, LV3SN melanoma cells exhibit delayed activation
of MAPK in response to EGF, we have also characterized further the primary tumors originated in nude mice
from V3-transduced melanoma cells to determine if other events affect the V3 tumor phenotype. For example,
hyaluronan content of LV3SN tumors was higher than in LXSN tumors, whereas other related matrix
components and vascularization were unaffected. Furthermore, lung metastasis in nude mice occurred only in
animals carrying LV3SN tumors, indicating a dual role for this molecule, both as an inhibitor of tumor growth
and a metastasis inductor.
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Tumor growth regulation by extracellular matrix
components has been one of the main topics on
tumor biology in the last years. Proteoglycans from
the hyalectan family such as versican together with
hyaluronan surround cells and alter cell prolifera-
tion, adhesion and migration, through one or more
of the hyaluronan cell membrane receptors, such as
CD44.1,2 Versican is highly expressed in fast growing
tissues and cells, such as during embryogenesis and
in many tumors, and it has been suggested that it
plays a direct role in cell proliferation and other cell

functions.3 Versican, as well as the other members of
the hyalectan family, has three structural domains:
the N-terminal region (G1 domain) is responsible
for binding hyaluronan: the central domain carries
the glycosaminoglycan chains and the C-terminal
globular region (G3 domain) interacts with simple
carbohydrates, glycosaminoglycans (GAG) and with
other proteins such as tenascin.1,4–6 The central
domain of versican consists of two large sub-
domains, designated GAG-a and GAG-b that are
encoded by two alternatively spliced exons. In
mammals, versican appears as four possible spliced
variants: V0 is the largest one and contains both
GAG-a and GAG-b subdomains; V1 contains GAG-b,
V2 contains GAG-a and V3 lacks any GAG sub-
domain.4,7 Versican isoforms differ in the size of the
GAG subdomain and, subsequently, in the number
of covalently bound GAG chains and the existing
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Autònoma de Barcelona, 08193 Bellaterra, Spain.
E-mail: anna.bassols@uab.es

Laboratory Investigation (2006) 86, 889–901
& 2006 USCAP, Inc All rights reserved 0023-6837/06 $30.00

www.laboratoryinvestigation.org



distance between G1 and G3 subdomains. Thus, the
smallest splice variant V3 consists only of the amino
and carboxy-terminal globular domains of versican
and, therefore, retains many of the binding proper-
ties of versican, but lacks chondroitin sulfate chains
and the high charge density and size of the large
versican isoforms.

Our group has described a marked production of
the large isoforms of versican V0 and V1 in
malignant melanoma, contributing to the increased
cell proliferation rate and decreased cell adhesion in
these tumor cells.8,9 Overproduction of versican is a
common feature of several tumor types and it is
usually related to poor prognosis, as in the case of
prostate cancer,10–12 breast cancer,13–15 or histiocyto-
ma.16 Versican has been postulated to contribute to
the proliferative, adhesive and migratory state of
tumor cells, as well as an important modulator of
tumor cell attachment to the interstitial stromal
matrix of the tumor. We have recently described that
overexpression of the short V3 versican isoform in
melanoma cells decreases cell proliferation, in-
creases cell adhesion on hyaluronan and enhances
the ability to migrate on hyaluronan-coated trans-
well chambers through a CD44-mediated mechan-
ism. In vivo, tumors arising in nude mice from
V3-overexpressing melanoma cells grow slower than
control tumors, indicating that the short V3 isoform
of versican that lacks chondroitin sulfate chains
could reverse the malignant phenotype of melanoma
cells.17 This result was similar to that reported in
vascular smooth muscle cells overexpressing the V3
isoform, which present an increased adhesion and
diminished potential for proliferation and migration
than control cells,18 raising the possibility that V3
isoform could exert its effects through changes in
the pericellular coat by competing with the larger
chondroitin sulfate-bearing V0 and V1 isoforms of
versican. Nevertheless, a direct effect of V3 isoform
independent of the presence of the large isoforms
should exist in melanoma cells, since the effects
could be observed in V0/V1 lacking cell lines, as the
human MeWo or the canine CML10c2 melanoma
cell lines.

In the present work, we have characterized the
primary V3-overexpressing tumors originated from
MeWo human melanoma cells, and describe the
ability of V3-overexpression to increase the meta-
static potential of melanoma cells, despite its
negative effect on primary cell growth.

Materials and methods

Cell Culture

Human melanoma MeWo cell line originally derived
from a human melanoma by Houghton et al19 was
obtained from Dr FX Real (IMIM, Barcelona, Spain).
CML-10c2 canine melanoma cells were obtained
from Dr EG MacEwen (University of Wisconsin,
WI, USA).20,21 Cells were grown in a humidified

atmosphere at 371C with 5% CO2 in DMEM medium
supplemented with 10% fetal calf serum, 100 IU/ml
penicillin and 100mg/ml streptomycin (all from
GibcoBRL/Life Technologies, Rockville, MD, USA).

Retroviral Vector Construction and Infection

The retroviral vector containing the V3 gene
(LV3SN) as well as the empty control vector (LXSN)
were prepared as previously described.22 Both
vectors were used to infect MeWo human melanoma
cell lines using PA317 cells as described.18

Antibodies

The polyclonal antiversican antibody was raised in
rabbits in our laboratory, against versican purified
from conditioned medium from human U251 astro-
cytoma cells.8 The antibody recognized the protein
core of versican, but it was unable to detect the
whole chondroitin sulfate-bearing proteoglycan
form in Western blot as well as in immunocyto-
chemistry.8

Anti-human CD44 used for immunohistochemis-
try was kindly provided by Dr R Vilella (Hospital
Clinic de Barcelona, Spain). The antibodies against
MAPK and phospho-MAPK were from Cell Signal-
ing Technology and kindly provided by Dr Néstor
Gòmez (Dept. Bioquı́mica i Biologia Molecular,
UAB, Spain). Antibodies against an and b1 integrins
(clone 17E6 and clone P4C10, respectively), and
against CD31 (clone MEC 13.3, BD PharMingen,
Canada) were kindly given by Dr F Mitjans, (Merck
IþD, Barcelona, Spain). A list of the antibodies used
in this work is given in Table 1.

Epidermal Growth Factor Treatment and MAPK
Analysis

MeWo cells were cultured in serum-free medium for
48 or 144 hours. At these proliferation times, EGF
(25 ng/ml, Sigma) was added and cells were incu-
bated for different times (0, 2, 5, 10, 20 and 30 min).
For MAPK analysis, cell extracts were prepared in
1% Triton X-100, 1 mM EDTA, 1 mM EGTA, 1 mM
NaVO4, 10 mM sodium glycerophosphate, 50 mM
NaF, 5 mM sodium pyrophosphate, 0.27 mM
sucrose, 50 mM Tris-HCl pH 7.5, 0.5 mM benzami-
dine, 0.1% b-mercaptoethanol, 25 mM PMSF. The
amount of protein applied to the gels was normal-
ized after Bradford quantification. Samples were
analyzed in a 10% polyacrylamide gradient gel, as
described by Laemmli.23 After electrophoresis, pro-
teins were transferred onto Immobilon-P membranes
(Millipore Corp., Bedford, MA, USA). The blot was
placed in a blocking solution consisting of 5% skim
milk in Tris-buffer-saline (TBS), 0.05% Tween-20
and incubated for 1 h at room temperature. The
membranes were incubated with the primary anti-
body in 5% skim milk in 0.05% Tween-20-TBS, for
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16 h at 41C, washed, incubated with an anti-mouse
secondary antibody labeled with peroxidase and
visualized by chemiluminiscence (ECL System,
Amersham Bioscience, Uppsala, Sweden).

Cell Viability Studies

LXSN and LV3SN MeWo melanoma cells were
seeded at 16� 104 cells/plate and incubated for 72,
96, 120 and 144 h. After incubation, cells present in
the conditioned medium and cells attached to the
plate were collected, stained with Trypan blue and
counted.

Tumor Growth in Nude Mice

LXSN and LV3SN cells (1� 106 cells in 100 ml of
PBS) were injected intradermally into the flank of
BALB/C nu/nu nude mice (a total of four animals
per cell line, two injection sites per animal).
Animals were monitored by visual inspection until
the tumor size was Z0.5 cm. At that time, primary
cutaneous tumors were excised and divided in two
parts: one part was fixed in 10% formalin and
embedded in paraffin wax; the other half was
included in OCT and frozen in liquid nitrogen.
Sections (4 mm) of the paraffin and frozen blocks
were cut and stained by routine methods with
hematoxylin and eosin (HE) for histopathological
evaluation. Total number of mitotic cells in tumors
was evaluated microscopically by counting stained
nuclei in metaphase or anaphase vs total number of
cells.

For the study of spontaneous metastasis, mice
were maintained after surgically excising the pri-
mary tumors until appearance of indicative symp-
toms. Mice were euthanized and the necropsy
performed to identify the location and perform the
histological characterization of metastasis.

Immunohistochemistry

For detection of versican, CD44, Ki67, MMP-2,
MMP-9 and MT1-MMP, sections were deparaffi-
nized using standard procedures. CD31 and both an
and b1 integrins expression were investigated on
frozen sections. In all specimens, the endogenous
peroxidase was inhibited by treating the sections
with 3% H2O2 in methanol for 30 min. Blocking was
performed with 20% normal serum, depending on
the source of the secondary antibody, for 1 h. For the
monoclonal antibodies raised in mice (CD44, an and
b1 integrin), a step consisting in blocking with MOM
reagent (Mouse on-mouse, Vector laboratories, Bur-
lingame, CA, USA) was used to avoid interfering
background due to binding of endogenous mouse
antibody. Sections were incubated with the primary
antibody (see Table 1) at 41C overnight. After
washing several times, they were incubated with a
secondary antibody for 1 h at room temperature.
Avidin–biotin (ABC) complex (Vector Laboratories)
and 3-30-diaminobenzidine tetrahydrocloride (DAB)
were used as the detection system. The samples
were counterstained with Mayer’s hematoxylin
solution. In all negative controls, a preimmune
serum was used instead of the primary antibody.

For histological detection of hyaluronan (HA), a
biotinylated hyaluronan binding protein (bHABP)
derived from cartilage (Seikagaku Ltd., Tokyo,
Japan) was used on deparaffinized sections. Nega-
tive controls were digested with 20 mU/ml hyalur-
onidase in 50 mM sodium acetate, 0.15 M NaCl pH
6.7 at 371C for 1 h. Sections were incubated in
parallel with the same solution without enzyme.
After washing with PBS, all samples were blocked
for 30 min with 10% normal goat serum. After
blocking, specimens were overlaid with 5 mg/ml of
bHABP in PBS-0.1% BSA overnight at 41C. Sections
were washed with PBS and the reaction was
detected with the ABC complex (Vector Labora-
tories) at 1/50 dilution for 30 min, and visualized

Table 1 Antibodies used for staining

Detection Section Blocking reagent Primary antibody Dilution

Versican Paraffin NGSa Rabbit anti-versicanb 1:50
CD44 Paraffin MOM Reagent mAb anti-CD44c 1:10
Ki67 Paraffin Serum mAb anti-Ki67d 1:200
CD31 Frozen NRSa Rat anti-CD31e 1:200
an Frozen MOM Reagent mAb anti-anf 1:50
b1 Frozen MOM Reagent mAb anti-b1g 1:50
MT1-MMP Paraffin NGSa mAb anti-MT1-MMPh 1:25
MMP-9 Paraffin NGSa mAb anti-MMP9i 1:50
MMP-2 Paraffin NGSa mAb anti-MMP2j 1:25

a
NGS/NRS: normal goat serum/normal rabbit serum.

b
Antibody raised in our laboratory (Touab et al8).

c
156-3C11, kindly given by Dr R Vilella (Hospital Clı́nic, Barcelona, Spain).

d
DakoCytomation, Denmark.

e
MEC 13,3 (BD Pharmingen, Canada).

f,g17E6 and P4C10, respectively, kindly given by Dr F Mitjans (Merck I+D, Barcelona, Spain).
h,i,jCalbiochem (San Diego, CA, USA).
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with DAB containing 0.035% H2O2 for 10 min at
371C. Nuclei were counterstained with Mayer’s
hematoxylin solution.

In all cases, high-power light-microscopic images
were digitally captured using a Nikon Eclipse E800
epifluorescence microscope with an integrated
camera system.

Measurements of Vessel Density

Vessels stained by antibodies against CD31 were
counted by the Chalkley counting procedure.24 A 25
point Chalkley eyepiece graticule, which contains
25 randomly positioned dots, was applied to the
ocular of the microscope. At � 100 magnification,
this graticule is rotated so the maximum of the
points are on or within the vessels of the vascular hot
spots (areas of the tumor containing the maximum
number of vessels) and the overlying dots are
counted. From each section 10 areas of the tumor
were studied.

TUNEL Reaction and Hoechst Staining for Apoptosis
Detection in Primary Tumors

For TUNEL apoptotic cell detection, deparaffinized
samples were labelled with Terminal deoxynucleo-
tidyl Transferase (TdT) following the protocol of the
In situ Cell Death Detection Kit (Roche).

For Hoechst staining, sections were deparaffi-
nized using standard protocols. After rinsing in PBS,
sections were permeabilized with 0.5% Triton X-100
in PBS for 15 min and washed two times in PBS.
Sections were then incubated for 2 h with Hoechst
33342 (2 mg/ml, Sigma). Subsequently, sections were
washed in H2O and mounted in a mounting medium
for fluorescence (Vectashields, Vector Laboratories
Inc.). Slides were visualized with a Nikon Eclipse
E800 epifluorescence microscope and photographed
with an integrated camera system.

Statistical Analysis

Data for each experimental group were compared
using Welch’s t-test using the free statistical pro-
gramming environment R. The level of significance
was fixed at Po0.05.

Results

Cell Proliferation and Apoptotic Rate in LXSN and
LV3SN Melanoma Cells and Derived Tumors

Our group has previously described that tumor
growth from LV3SN MeWo cells was slower than
from LXSN cells, indicating that V3-overexpression
limited the tumorigenic potential of melanoma cells
in vivo.17 The morphology of tumor cells was similar
in LXSN and LV3SN tumors in all the cases. A small

number of inflammatory cells was observed in both
tumor types. All tumors were markedly necrotic, but
no main differences in the total affected area were
observed. As there were not morphological differ-
ences between tumors arising from LXSN and LV3SN
cells, we have analyzed the mitotic and apoptotic
activity of tumor cells, as well as the expression of
several extracellular matrix components in order to
find an explanation of the diminished tumorigenic
potential of V3-overexpressing cells.

A significant difference in mitotic index was
observed amongst primary tumors. The LXSN-
derived tumors exhibited a significantly higher
mitotic index (Figure 1a). Correspondingly, the
nuclear proliferative marker Ki67 was analyzed in
MeWo LXSN-derived and LV3SN-derived tumors
(Figure 1b and c). The proliferative marker Ki67 and
the mitotic index were significantly higher in LXSN
tumors (Po0.0001 for both mitotic index and Ki67
antigen). Therefore, differences in cell proliferation
potential are important factors for the delayed
growth of LV3SN tumors.

Furthermore, we analyzed the apoptotic index of
LXSN-derived and LV3SN-derived tumors. Staining
with the nuclear reagent Hoechst 33342 that allows
the visualization of apoptotic cells characterized by
brightly stained nuclei with lobular morphology
indicated that LV3SN tumors contained more apop-
totic cells (Figure 2a and b). A TUNEL assay showed
an increase in the number of apoptotic cells in
LV3SN tumors (Figure 2c). The total number of
apoptotic cells was counted under the microscope
and estimated as 127 apoptotic cells/cm2 in LXSN
tumors, and 247 apoptotic cells/cm2 in LV3SN-
derived tumors. By both methods, the difference
between LXSN and LV3SN cells was statistically
significant (Po0.001 for Hoechst; Po0.01 for
TUNEL assay).

These results were similar to those observed
in vitro, since MeWo LV3SN cells grow slower than
the corresponding LXSN cells.17 When looking for a
mechanism to explain this behavior, the possibility
that V3 overexpressing cells could respond differ-
ently to the mitogenic effect of growth factors such
as EGF was considered since it is has been described
that versican can interact with the EGF receptor
through its G3 domain.25,26 To test this hypothesis,
LXSN and LV3SN MeWo cells were treated with
EGF, and the activation of the MAPK pathway was
assessed by Western blot of the phosphorylated and
total MAPK forms. As can be observed in Figure 3, a
delay in the activation of the MAPK can be detected
in LV3SN MeWo cells, both in recently seeded cells
(48 h after seeding) as well as in long term cultures
(144 h after seeding, not shown).

To analyze whether there was a correspondence
between in vivo and in vitro results regarding cell
death, we directly counted the number of dead
unattached cells in LXSN and LV3SN cells. The
percentage of dead cells in LV3SN MeWo cells was
higher than in control cells (1.5 vs 0.5%), although
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the difference was not statistically significant
(P¼ 0.1).

Histological Characterization of LXSN and
LV3SN-Derived Tumors

As versican is a component of the extracellular
matrix, we wanted to analyze whether LXSN and
LV3SN tumors show any significant difference in
this and other related molecules. As expected,
versican is detected only in LV3SN-tumors, whereas
LXSN tumors do not produce any significant
amount of this molecule (Figure 4) since MeWo
cells do not produce any versican isoform in
vitro.8,27 Furthermore, we analyzed the production
of hyaluronan in these tumors. As shown in Figure

5, hyaluronan is heterogeneously distributed inside
the tumors, the peripheral areas of the tumors being
usually richer in hyaluronan than the inside areas.
Hyaluronan was also distributed in bundles or
surrounding nests of cells (Figure 5e and f). In all
the cases, a higher amount of hyaluronan was
produced by LV3SN tumors. Nevertheless, when
looking at the expression of the hyaluronan receptor,
CD44, there were no differences in staining intensity
or intratumoral localization between LXSN and
LV3SN tumors (Figure 5g and h).

Another possibility to explain the delayed
growth of LV3SN tumors was vascularization of the
tumors. The vessels were immunohistochemically
stained by antibodies against the endothelial
marker CD31. To quantitate this trait, the Chalkley
counting procedure was applied and no significant
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Figure 1 Proliferative activity in primary tumors arising from LXSN and LV3SN transduced MeWo human melanoma cells. (a) Tumor
sections were stained with hematoxylin–eosin and the number of mitoses counted under the microscope. A minimum of eight fields
amounting approximately up to 1600 cells were analyzed (Po0.0001). (b) Tumor sections were stained with an antibody recognizing the
Ki67 antigen and the number of positive cells counted under the microscope. A minimum of five fields amounting approximately up to
1000 cells were analyzed (Po0.0001). (c) Image from Ki67 positive cells in MeWo LXSN and MeWo LV3SN-derived tumors. A
representative positive cell is marked by an arrow. Magnification: �200.
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Figure 2 Apoptotic activity in primary tumors arising from LXSN and LV3SN transduced MeWo human melanoma cells. (a) Tumor
sections were stained with Hoechst 33342 and the number of apoptotic cells counted under the microscope. A minimum of five fields
amounting approximately up to 1000 cells were analyzed (Po0.001). (b) Image from MeWo LXSN and MeWo LV3SN-derived tumors
stained with the nuclear staining Hoechst 33342. Magnification: � 400 (c) TUNEL assay from MeWo LXSN and MeWo LV3SN-derived
tumors. Magnification: �400.
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differences were observed (P40.05; Figure 6). Other
molecules that did not show significant expression
changes over the tumor type were the an and b1
integrin subunits, as assayed with the 17E6 (Figure
6) and P4C10 (not shown) monoclonal antibodies,
respectively, and the metalloproteinases MMP-2
(Figure 6), MMP-9 and MT1-MMP (not shown).

Metastatic Potential of V3-Overexpressing
Melanoma Cells

The appearance of spontaneous metastasis was
analyzed for MeWo LXSN and MeWo LV3SN human
melanoma cells, and CML10c2 LXSN and LV3SN
canine melanoma cells. Similarly to MeWo cells, the
CML-10c2 cell line lacks endogenous V0 and V1
versican isoforms, and it has a similar delay in in
vitro growth rate and latency period of the V3-
overexpressing tumors.17 After surgically excising
the primary tumors, mice were maintained until
appearance of symptoms indicating spontaneous
metastasis. Mice were euthanized and the necropsy
performed to identify the location of secondary
tumors and their histological characterization.

As shown in Table 2, only LV3SN cells were able
to originate lung metastasis in 50% of the animals
for MeWo and 33% of the animals for CML-10c2 cell
lines. No metastasis were found in LXSN-injected
animals. Secondary tumors were excised and found
to be histologically compatible with melanoma
(Figure 7).

Discussion

In our previous work, we had demonstrated that
overexpression of the short V3 isoform of versican
was able to alter melanoma cell behavior, counter-
acting the proliferative and antiadhesive actions of
the large V0 and V1 isoforms. This effect was also
observed in vivo, since tumors arising in mice from
LV3SN cells grew slower than control tumors.17 In
the present work, we have characterized the primary
tumors, as well as addressed the question whether
the overexpression of versican V3 could also alter
the appearance of spontaneous metastasis.

The characterization of the primary melanoma
tumors showed a lower mitotic rate and a lower
Ki67-positivity, and an increase in the number of
apoptotic cells in LV3SN compared to LXSN tumors.
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Figure 3 MAPK activation in LXSN and LV3SN transduced
MeWo human melanoma cells treated with EGF. Subconfluent
cells were treated with 25 ng/ml EGF in serum-free medium for
the indicated times. After the treatment, cell extracts were
prepared and the (a) phosphorylated and (b) total forms of MAPK
were visualized by Western blot as described in Materials and
methods. (c) Densitometric analysis of the total area of the
phosphorylated MAPK from LXSN (K) and LV3SN (J) trans-
duced MeWo cells.

Figure 4 Versican expression in primary tumors derived from
LXSN (top) and LV3SN (bottom) MeWo melanoma cells. Sections
from tumors were stained with the antibody against versican
raised in our laboratory as described in Materials and methods.
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Figure 5 Hyaluronan and CD44 expression in primary tumors derived from LXSN and LV3SN MeWo melanoma cells. (a–f) Sections from
tumors were stained with bHABP to visualize hyaluronan: % represents the area magnified in pictures (c) and (d); region labeled as %%
represents the area magnified in pictures (e) and (f); %%% is the necrotic central area of the tumors. (g–h) Sections from tumors were
stained with a monoclonal antibody specific for CD44. MeWo LXSN (a, c, e, g), MeWo LV3SN (b, d, f, h). Magnifications: � 20 (a, b),
� 200 (c, d), �400 (e, f) and � 100 (g, h).

Figure 6 CD31, an integrin and MMP-2 expression in primary tumors derived from LXSN and LV3SN MeWo melanoma cells. Sections
from tumors were stained with anti-CD31 antibodies to visualize tumor vessels (a, b), the 17E6 antibody for an integrin (c, d) and anti-
MMP-2 antibody (e, f) as described in Materials and methods. MeWo LXSN (a, c, e), MeWo LV3SN (b, d, f). Magnification: � 200.
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Thus, our results indicate that their lower growth rate
is due to a dual mechanism: a lower proliferative
index as well as an increase in the apoptotic rate. The
effect of different versican constructs on tumorigen-
esis seems to be highly dependent on the versican
combined domains as well as on the tumor type.
Thus, it has been described that G1-overexpressing
sarcoma cells formed larger tumors than the control
counterpart probably through a hyaluronan-mediated
mechanism.28 A growth-promoting effect mediated
by an increase in angiogenesis has been described in
tumors originated from astrocytoma cells transfected
with the G3 domain of versican.29 Our V3 construct
(composed by the G1 and G3 domains) has the
opposite effect than the isolated G1 or G3 domains on

tumorigenesis. Thus, it is clear from these results that
different combinations of versican domains will give
different biological effects.

Curiously, overexpression of the V3 isoform (G1–
G3) has many similarities to the G3DEGF construct
reported by Wu et al,25,30 a G3 domain with a
deletion of the two EGF-like repeats. In both cases,
overexpressing cells grow slower, have a lower
tumorigenic potential in nude mice, and display a
higher apoptotic rate. It looks like lack of the EGF-
like motifs may have the same effect that the
presence of G1 plus the entire G3 domain (ie
including the EGF-like motifs). Nevertheless, the
mechanism underlying the biological effects may be
quite different, since we have found an intrinsic
difference in cell-cycle rate, whereas an effect on
endogenous versican secretion and on integrin
expression and activity have been reported as the
explanation for the G3DEGF construct.25,30,31 This
is not our case, since neither the amount of endo-
genous versican changes,17 nor we could find any
change in b1 integrin levels (results not shown).

Our results show a close relationship regarding
the lower proliferative ability of LV3SN MeWo cells
between in vitro and in vivo results. When analyzing
the mechanism to explain this behavior, we have
looked at the involvement of the EGF-like domains of
the C-terminus of V3, since it has been suggested that

Table 2 Presence of metastasis in lungs of LV3SN-tumors
carrying mice

Cell line Lung metastasis

MeWo LXSN 0/4
MeWo LV3SN 2/4
CML10c2 LXSN 0/6
CML10c2 LV3SN 2/6

Frequency of the appearance of lung metastasis in mice after exeresis
of the human melanoma MeWo and canine melanoma CML-10c2
primary tumors.

Figure 7 Presence of metastasis in lungs of LV3SN-tumors carrying mice. Histological characterization of secondary tumors in MeWo
LXSN mice (no secondary tumors, normal lung tissue) and MeWo LV3SN mice (lung metastasis, the presence of melanin is indicated by
arrows).

Versican expression and tumorigenesis
L Miquel-Serra et al

898

Laboratory Investigation (2006) 86, 889–901



those domains could be involved in the cellular
response to versican.25,30 We have treated our mela-
noma cells with EGF and looked at the downstream
transduction pathway by analyzing the activation of
MAPK. As expected, V3-overexpressing melanoma
cells had a delayed response to EGF, probably due to
the competition of the EGF-like subdomains for
binding to the EGF receptor. Moreover, a higher
phosphorylation state of MAPK is observed in LXSN
MeWo cells in basal conditions. It has been described
that the MAPK pathway is often activated in
melanoma cells.32–34 Thus, interference with mito-
genic pathways, such as those triggered by EGF or
other related growth factors, may cause the growth
inhibition observed in LV3SN MeWo melanoma cells.
In our previous report, we had shown that a higher
level of the cdk inhibitor p21 can be found in LV3SN
cells, as well as a delay in the cell cycle.17

It is increasingly accepted that tumor progression
is facilitated by changes in the extracellular ma-
trix,35 and even that the microenvironment may
initiate the oncogenic conversion,36 so we character-
ized the expression of molecules related with
versican laid by these tumors. Furthermore, it has
been reported that V3 isoform overexpression
increases the expression of extracellular tropoelastin
and the formation of elastic fibers in smooth muscle
cells.37 As expected, LV3SN tumors stained posi-
tively for versican, whereas LXSN tumors were
negative, since MeWo cells do not produce any of
the versican isoforms in vitro.27 Versican expression
in LV3SN tumors was quite intense although
heterogeneous, indicating a catabolism and/or redis-
tribution of the molecule inside the tumor. As it has
been widely described that versican binds to
hyaluronan forming a complex that interacts with
the cell through the hyaluronan receptor CD44, we
aimed to see whether any of these components were
altered in LV3SN tumors, thus explaining the
different behavior of these cells. Hyaluronan content
was higher in LV3SN tumors, whereas CD44 was not
altered in this situation. The intratumoral distribu-
tion of hyaluronan was not homogeneous, but it
appeared to make bundles, being more abundant in
the periphery of the tumor and associated to tumor
stroma. This was an unexpected result since
hyaluronan content has been described as an
indicator of malignancy in several tumor types.38–45

In vitro, hyaluronan has been unequivocally related
to melanoma proliferation and migration through a
CD44-mediated mechanism.46–49 As LV3SN cells
proliferate slower than LXSN cells, a mechanism
independent of HA should be the responsible for
this action, as we have suggested above. The balance
between both effects in a given situation must define
the final behavior of transduced cells. On the other
hand, our previous in vitro results had shown that
there was no difference between hyaluronan produc-
tion in cultured LXSN vs LV3SN melanoma cells,17

raising the possibility that V3-overexpressing tumor
cells have a direct or indirect positive effect on the

hyaluronan synthesis by nontumoral cells, as fibro-
blasts or inflammatory cells from the stroma. It has
been previously described that melanoma cells may
increase hyaluronan production by stromal cells in
the tumor50,51 and the presence of V3 may modify that
influence. Other possible causes that affect tumor
progression as vascularization (assessed as number of
tumoral vessels and integrins as an), or metallopro-
teinase expression were unchanged in LV3SN vs
LXSN tumors.

On the other hand, our results show an increased
apoptosis rate in LV3SN tumors. Although HA has
been generally described as a survival agent, a
proapoptotic mechanism should be triggered by
the presence of the V3 isoform. This mechanism is
presently unknown. One simple possibility is that
V3 interferes with the interaction between hyalur-
onan and CD44, blocking the apoptotic activity of
the polysaccharide. In this regard, compounds able
to compete with hyaluronan in its interaction with
CD44, have been described as inducers of apoptosis,
such as HA oligomers or soluble CD44.52,53 In these
cases, the effect of such blockers is a direct
competitive action at the binding site, whereas in
the case of V3, it may be an indirect action by
modifying the structure of the extracellular com-
plexes containing HA. It may be a similar case to
that described for BH-P, a peptide containing
three HA-binding motifs (the same motif found in
hyaladherins), which induces apoptosis in MDA-
435 and B16 melanoma cells.54 Another possibility
would be a proapoptotic mechanism of V3 indepen-
dent of its interaction with HA, similarly to the
above mentioned mechanism to explain the effects
on proliferation. The apoptotic rate detected in
LV3SN tumors is higher than that observed in cell
culture, where a very low percentage of dead cells
are found. This result may be explained by a
different structure of the HA-containing extracellu-
lar complexes in tumors, where V3 secreted by
melanoma cells should be entrapped into these
tridimensional matrices, whereas these structures
may be different in vitro. Another possibility would
be an indirect effect of V3 overexpression in vivo,
maybe mediated by the stroma present in tumors. It
has to be noted that those experiments were
performed in the absence of any apoptosis inducer,
being related to the basal apoptotic rate of control
and LV3SN-derived tumors. Other authors have
reported an increased resistance to several apoptotic
effectors in G1-overexpressing sarcoma cells,28 V1-
overexpressing fibroblasts,55 or a G3 and a mini-
versican gene in astrocytoma cells.56

An important result was obtained when the same
mice that hosted the primary tumors were checked
for the appearance of metastasis. Primary tumors
were excised, and mice were left until symptoms of
malignancy were detected. At this stage, mice were
euthanized and necropsies were performed. Only
mice harboring LV3SN tumors suffered from lung
metastasis, whereas any of the LXSN animals
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presented this kind of lesions. This result is
reinforced by a parallel experiment performed with
CML-10c2 canine melanoma cells17 which gave the
same result, with no metastasis in LXSN-injected
animals and 33% (2/6 animals) of LV3SN-injected
mice presenting lung metastasis. A possible mecha-
nism is the higher production of hyaluronan in
LV3SN tumors, which is also observed in tumors
arising from CML10c2 cells (not shown). Our
previous results had shown that LV3SN cells are
able to migrate better on hyaluronan than their
control counterparts17 and hyaluronan production
has been linked to the appearance of metastasis
derived from melanoma.46,47,49

In conclusion, our results show that V3-over-
expression reduces melanoma tumor growth rate by
altering the proliferative and apoptotic abilities of
tumor cells, but without changing other aspects of
the tumor, as vascularization or metalloproteinase
production. In contrast, V3 overexpression favors
the appearance of secondary tumors probably linked
to a higher hyaluronan production by stromal or
inflammatory cells, which in turn would enhance
migration of melanoma cells outside the tumor.
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