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Abstract Several studies overwhelmingly support the notion that decorin (DCN) is involved in matrix assembly,
and in the control of cell adhesion and proliferation. However, nothing is known about the role of DCN during cell
migration. Cell migration is a tightly regulated process which requires both adhesion (at the leading edge of the cell) and
de-adhesion (at the trailing edge of the cell) from the substratum. We have determined in this study the effect of DCN on
MG-63 osteosarcoma cell migration and have analyzed whether its effect is mediated by the protein core and/or the
glycosaminoglycan side chain. DCN impeded the migration-promoting effect of matrix molecules (fibronectin, collagen
type I) known to interact with the proteoglycan. Conversely, DCN did not counteract the migration-promoting effect of
fibrinogen lacking proteoglycan affinity. DCN bearing dermatan-sulfate chains (i.e., skin and cartilage DCN) was about
20-fold more effective in inhibiting cell migration than DCN bearing chondroitin-sulfate chains (i.e., bone DCN). In
addition, chondroitinase AC-treatment of cartilage DCN (which specifically removes chondroitin-sulfate chains) did not
attenuate the inhibitory effect of this proteoglycan, while cartilage DCN deprived of both chondroitin- and dermatan-
sulfate chains failed to alter cell migration promoted by either fibronectin or its heparin- and cell-binding domains.
These data assert that the dermatan-sulfate chains of DCN are responsible for a negative influence on cell migration.
However, isolated glycosaminoglycans failed to alter cell migration promoted by fibronectin, indicating that strongly
negatively charged glycosaminoglycans alone cannot account for the impaired cell motility seen with DCN. Overall,
these results show that the inhibitory action of DCN is dependent of substratum binding, is differentially mediated by its
glycosaminoglycan side chains (chondroitin-sulfate vs. dermatan-sulfate chains), and is independent of a steric
hindrance effect exerted by its glycosaminoglycan side chains. J. Cell. Biochem. 75:538–546, 1999. r 1999 Wiley-Liss, Inc.
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Decorin (DCN) is a small leucine-rich proteo-
glycan expressed in a wide range of connective
tissues, including skin, cartilage and bone tis-
sues [for review, see Hocking et al., 1998]. It is
composed of a 40-kDa core protein substituted
with a single glycosaminoglycan (GAG) chain
which is tissue-type specific. In skin, DCN bears
dermatan-sulfate chains [Choi et al., 1989],
while in bone it exists as a a chondroitin-sulfate
proteoglycan [Franzen et al., 1984]. In carti-
lage, DCN carries dermatan-sulfate/chondroi-
tine-sulfate chains [Choi et al., 1989]. DCN is
an important regulator of matrix assembly be-
cause it binds through its core protein to colla-

gen types I and II and inhibits collagen fibrillo-
genesis both in vitro [Vogel et al., 1984] and in
vivo [Danielson et al., 1997]. DCN also inter-
acts with other collagens, such as collagen types
V, VI, and XIV [Hocking et al., 1998]. The core
protein of DCN mediates the attachment of
collagen type VI to striated collagen fibrils
[Bidanset et al., 1992a], while its GAG side
chain interacts with collagen type XIV [Font et
al., 1993]. However, it has become apparent
that DCN interacts with a wide variety of pro-
teins that are involved not only in matrix assem-
bly, but also in the control of cell adhesion and
proliferation. For instance, the protein core of
DCN interacts with the heparin-binding and
the cell-binding domains of fibronectin (FN)
and inhibits cell adhesive properties of this
extracellular matrix protein [Winnemöller et
al., 1991; Bidanset at al., 1992b]. Similarly,
DCN with dermatan- or chondroitin-sulfate
chains inhibits cell adhesion to thrombospon-
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din-1 by binding to a KKTR-dependent cell
adhesive site present in the N-terminal domain
of thrombospondin-1 [Winnemöller et al., 1992;
Merle et al., 1997]. Several lines of evidence
indicate that DCN also regulate cell prolifera-
tion. DCN overexpression in Chinese hamster
ovary cells inhibits cell proliferation by virtue
of its ability to bind and neutralize transform-
ing growth factor-b activity (TGF-b) [Yamagu-
chi et al., 1990]. Interestingly, DCN isolated
from bovine bone extract rather increases the
bioactivity of TGF-b in MC3T3-E1 osteoblastic
cells [Takeuchi et al., 1994]. Also, DCN gene
expression is markedly up-regulated during qui-
escence [Mauviel et al., 1995] and ectopic ex-
pression of DCN protein core induces growth
suppression in a variety of tumor cells, includ-
ing human Saos-2 osteosarcoma, HT-1080 fibro-
sarcoma, and WiDr colon carcinoma cells [San-
tra et al., 1995, 1997]. Besides the neutralization
of TGF-b activity [Yamaguchi et al., 1990], the
activation of the epidermal growth factor recep-
tor and induction of the cyclin-dependent ki-
nase inhibitor p21WAF1/C1P1 are possible mecha-
nisms by which DCN causes growth suppression
[Santra et al., 1997; Moscatello et al., 1998].

Although the studies discussed above over-
whelming support the notion that DCN modu-
lates cell adhesion and proliferation, nothing is
known about the role of DCN during cell migra-
tion. Cell migration is a tightly regulated pro-
cess which requires both adhesion (at the lead-
ing edge of the cell) and de-adhesion (at the
trailing edge of the cell) from the substratum
[Huttenlocher et al., 1995]. Because cell adhe-
sion is a prerequisite for migration [Hutten-
locher et al., 1995] and DCN modulates cell
adhesion [Winnemöller et al., 1991, 1992;
Bidanset at al., 1992b; Merle et al., 1997], we
have determined in this study the effect of DCN
on cell migration and have analyzed whether
its effect is mediated by the protein core and/or
the GAG side chain. We report that intact DCN
inhibits cell migration through a process requir-
ing its GAG side chain.

MATERIALS AND METHODS
Proteins and Peptides

DCN was extracted from bovine long bones
as previously described [Merle et al., 1997].
Bovine fetal skin and cartilage DCN were gen-
erously provided by Drs. H.U. Choi and L.C.
Rosenberg (Montefiore Medical Center, Bronx,
NY) [Choi et al., 1989]. Collagen type I was a

gift from Dr. B. Kehrel (Münster, Germany).
Human fibronectin and bovine vitronectin were
obtained from Sigma (L’Isle d’Abeau, France).
Human fibrinogen was purchased from Diagnos-
tica Stago (Gennevilliers, France). Purified
a-chymotryptic fragments of 40 kDa (CS1 hepa-
rin-binding domain) and 120 kDa (cell-binding
domain) from human fibronectin were pur-
chased from Chemicon (Temecula, CA).

Cells

Human MG-63 osteosarcoma and MDA-MB-
231 breast carcinoma cells were obtained from
the American Type Culture Collection. Cells
were cultured in RPMI medium containing 10%
(vol./vol.) fetal calf serum. For cell migration
assays, cells were harvested with trypsin/
EDTA then resuspended in RPMI medium con-
taining 0.1% (mass/vol.) BSA.

Cell Migration Assay

The haptotactic motility experiments were
performed using Bio-Coat cell migration cham-
bers (Becton Dickinson) which consists of a
24-well companion plate (lower chamber) with
cell culture inserts (upper chamber) containing
a 8-µm diameter pore size membrane. The ex-
perimental procedure used was essentially as
previously described [Magnetto et al., 1998].
Briefly, the under surface of the membrane
(0.33 cm2) was coated with varying concentra-
tions of vitronectin, collagen type I, fibrinogen,
fibronectin, or its proteolytic fragments in the
presence or absence of increasing concentra-
tions of DCN (20 µl/insert), and incubated over-
night at room temperature. Cells resuspended
in RPMI/BSA medium were added to the insert
(upper chamber; 50,000 cells/ 0.5 ml); the same
medium was also placed in the lower chamber
(0.75 ml/well). After a 4-h incubation at 37°C in
a 5% C02 incubator, the upper surface of the
porous membrane was wiped with a cotton-
tipped applicator to remove nonmigratory cells
and the migrant cells on the under surface were
fixed and stained with Diff-Quick stain (Bax-
ter). The membranes were mounted on glass
slides and the cells from six random micro-
scopic fields (4003 magnification) were counted.
All experiments were run in duplicate and re-
sults were expressed as the number of migrat-
ing cells per mm2.
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Chondroitinase Treatment

DCN was digested with chondroitin ABC ly-
ase (0.02 to 2 mU enzyme/µg DCN; EC 4.2.2.4.,
from Proteus vulgaris, ICN) in Tris buffer (10
mM Tris, pH 7.4) for 60 min at 37°C to remove
chondroitin- and dermatan-sulfate chains. Al-
ternatively, DCN was treated for 60 min at
37°C with chondroitin AC lyase (0.02 to 2 mU
enzyme/µg DCN; EC 4.2.2.5., from Arthrobac-
ter aurescens, ICN) to specifically remove chon-
droitin-sulfate chains. Untreated and chon-
droitinase-treated DCN were subjected to
electrophoresis on a 10% SDS-polyacrylamide
gel (Laëmmli) and gels were subsequently
stained with Coomassie Blue or Alcian Blue.

RESULTS
DCN Impedes the Migration of Human MG-63

Osteosarcoma Cells Promoted by FN

FN alone promoted the migration of human
MG-63 osteosarcoma cells in a dose-dependent
manner, reaching a plateau at 1.2 µg/insert
(i.e., 3.6 µg/cm2; data not shown). MG-63 cells
were unable to migrate on DCN purified from
cartilage. By contrast, preincubation of FN with
increasing concentrations of cartilage DCN
dose-dependently inhibited MG-63 cell migra-
tion promoted by FN, reaching 80% inhibition
with 1 µg/insert (i.e., 3 µg/cm2) of proteoglycan
(Fig. 1A,B). Similar to cartilage DCN, both skin
and bone DCN inhibited MG-63 cell migration
induced by FN (1.2 µg/insert; Fig. 1A). Half-
maximal inhibition (IC50) achieved with skin,
cartilage and bone DCN was 0.1, 0.25, and
4.5µg/insert (i.e., 0.3, 0.76, and 13.6 µg/cm2),
respectively.

GAG Side Chains Mediate the Inhibitory Effect of
DCN on MG-63 Cell Migration Promoted by FN

The observation that cartilage DCN was 18-
fold more potent than bone DCN in inhibiting
FN-induced cell migration (Fig. 1) suggested
that the inhibitory activity of DCN was, at least
in part, dependent on its GAG moiety. To ad-
dress this question, cartilage DCN was first
digested with chondroitinase then incubated
with FN to perform cell migration assays. Chon-
droitinase AC-treatment of cartilage DCN
(which specifically digests chondroitin-sulfate
chains) only partially removed GAG chains as
judged by Alcian blue staining of electropho-
resed untreated (Fig.2a, lane A) and chondroiti-
nase AC-treated DCN (Fig. 2a, lane B). Re-

moval of chondroitin-sulfate chains by
chondroitinase-AC treatment was, however,
confirmed by the appearance of a 48-kDa Coo-
massie blue stained band corresponding to the
protein core of cartilage DCN (Fig. 2a, lane D).
Chondroitinase ABC-treatment of cartilage
DCN (which digests both chondroitin- and der-
matan-sulfate chains) totally removed GAG
chains as judged by Alcian blue (Fig. 2a, lane C)
and Coomassie blue staining of electrophoresed
chondroitinase-treated DCN (Fig. 2a, lane E).
Under these experimental conditions, chon-
droitinase ABC-treatment of cartilage DCN
abolished the inhibitory activity of native DCN
on FN-induced migration of MG-63 cells, while
chondroitinase AC-treatment did not (Fig. 2b).

DCN Binds to the Cell- and Heparin-Binding
Domains of FN, and Inhibits the MG-63 Cell

Migration-Promoting Effect of These FN Domains

DCN core protein interacts with the heparin-
binding and RGD-dependent cell-binding do-
mains of FN [Schmidt et al., 1991; Winnemöller
et al., 1991]. These FN domains are required for
both cell adhesion and migration [Fukai et al.,
1991]. Cell migration experiments were there-
fore conducted with a 40-kDa and a 120-kDa
proteolytic fragments containing the heparin-
binding domain and the RGD-dependent cell-
binding domain of FN, respectively. Both frag-
ments induced MG-63 cell migration in a dose-
dependent manner, the 120-kDa fragment being
as effective as native FN to support cell migra-
tion (optimal concentration 0.288 µg/insert, 0.9
µg/cm2, data not shown). Higher concentrations
of the 40-kDa fragment were required to fully
support MG-63 cell migration (optimal concen-
tration 2 µg/insert, 6.1 µg/cm2). Preincubation
of the heparin- and cell-binding domains of FN
with increasing concentrations of cartilage DCN
resulted in a dose-dependent inhibition of
MG-63 cell migration (Fig. 3). Half-maximal
inhibition (IC50) achieved with cartilage DCN
on MG-63 cell migration induced by the cell-
and heparin-binding domains of FN, and native
FN was 0.06, 0.15, and 0.25 µg/insert (i.e., 0.18,
0.45, and 0.76 µg/cm2), respectively. In addi-
tion, chondroitinase ABC-treatment of carti-
lage DCN abolished the inhibitory activity of
native DCN on the migration-promoting effect
of cell- and heparin-binding domains of FN,
while chondroitinase AC-treatment of cartilage
DCN did not (Fig. 4).
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DCN Impedes Cell Migration Promoted
by Vitronectin and Collagen Type I,

but Not Fibrinogen

Because DCN interacts with several extracel-
lular matrix components, the effect of cartilage
DCN on MG-63 cell migration induced by vitro-

nectin (0.5 µg/insert; 1.5 µg/cm2), collagen type
I (0.75 µg/insert; 2.3 µg/cm2), and fibrinogen (1
µg/insert; 3 µg/cm2) was tested. As shown in
Figure 5, cartilage DCN dose-dependently inhib-
ited cell migration induced by vitronectin and
collagen type I, whereas fibrinogen-induced mi-

Fig. 1. Skin, cartilage, and bone DCN inhibit the migration
of human MG-63 cells promoted by FN. A: Cell migration
assays were performed with FN (1.2 µg/insert) in the absence or
presence of increasing concentrations (0.01 to 5 µg/insert) of
cartilage DCN (j), skin DCN (m), or bone DCN (h). After a 4-h
incubation, migrating cells were fixed, stained, and counted.
Cell migration induced by FN alone was considered as a

positive control and the number of cells that migrated under
these experimental conditions was set to 100%. Results ob-
tained in the presence of DCN were expressed as a percentage
of the positive control. Results are the mean 6 SE of two to eight
separate experiments. B: MG-63 cell migration on FN (1.2
µg/insert) in the absence (a) or presence (b) of cartilage DCN (1
µg/insert). 4003 magnification.
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Fig. 2. GAG side chains mediate the inhibitory activity of
DCN on the migration-promoting effect of FN. a: Untreated and
chondroitinase-treated cartilage DCN were subjected to electo-
phoresis on a 10% SDS-polyacrylamide gel then stained with
Alcian blue (lanes A–C) or Coomassie blue (lanes D–E). Lane A:
Untreated DCN. Lanes B,D: Chondroitinase AC-treated DCN.
Lanes C,E: Chondroitinase ABC-treated DCN. b: Cell migration
assays were performed with FN (1.2 µg/insert) in the absence
(h) or presence of native cartilage DCN (1 µg/insert; j). Alterna-
tively, FN was incubated with cartilage DCN pretreated with

0.02 and 2 mU/µg of chondroitinase ABC (0) or chondroitinase
AC (E). After a 4-h incubation, migrating cells were fixed,
stained, and counted. FN-induced cell migration in the absence
of DCN was considered as a positive control and the number of
cells that migrated under these experimental conditions was set
to 100%. Results obtained in the presence of untreated and
chondroitinase-treated DCN were expressed as a percentage of
the positive control. Results are the mean 6 SE of three separate
experiments. *P , 0.05 using a Mann-Whitney test.
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gration of MG-63 cells was unaffected. Half-
maximal inhibition (IC50) achieved with carti-
lage DCN on MG-63 cell migration induced by
vitronectin was as effective as for FN (0.25
µg/insert; 0.76 µg/cm2; Fig. 5). Higher concentra-
tions of cartilage DCN were required to inhibit
collagen-induced MG-63 cell migration (IC50 5

0.5 µg/insert or 1.5 µg/cm2). The effect of carti-
lage DCN on FN-induced cell migration was
also investigated using human MDA-MB-231
breast carcinoma cells. Cartilage DCN dose-
dependently inhibited MDA-MB-231 cell migra-
tion promoted by FN (1.2 µg/insert; 3.6 µg/cm2)
with an IC50 of 0.15 µg/insert (0.45 µg/cm2; re-
sults not shown).

DISCUSSION

It has become apparent that DCN is involved
in matrix assembly, and in the control of cell

adhesion and proliferation [for review, see Hock-
ing et al., 1998]. Surprisingly, nothing is known
about the role of DCN during cell migration.
Here, we report for the first time that intact
DCN impedes cell migration. The inhibitory
effect of DCN on cell motility likely reflects a
general property shared by most proteoglycans.
For instance, modular proteoglycans such as
aggrecan and versican inhibit neural crest cell
migration [Perris et al., 1996]. A large chondroi-
tin sulfate proteoglycan purified from embry-
onic quail also inhibits spreading and migra-
tion of neural crest cells [Kerr et al., 1997]. In
addition, biglycan, a small leucine-rich proteo-
glycan sharing 57% amino acid homology with
decorin [Hocking et al., 1998], is selectively
expressed at the edges of lamellopodia of migrat-
ing endothelial cells [Kinsella et al., 1997], and
we have observed that the MG-63 cell migration-

Fig. 3. DCN inhibits MG-63 cell migration promoted by the
cell- and heparin-binding domains of FN. Cell migration assays
were performed with native FN (1.2 µg/insert) (m), the cell-
binding domain of FN (0.288 µg/insert; h) or its heparin-
binding domain (2 µg/insert; j) in the absence or presence of
increasing concentrations of cartilage DCN (DCNc). After a 4-h
incubation, migrating cells were fixed, stained, and counted.

Cell migration induced by FN and its cell-binding and heparin-
binding domains were considered as positive controls and the
number of cells that migrated under these experimental condi-
tions was set to 100%. Results obtained in the presence of
DCNc were expressed as a percentage of each positive control.
Results are the mean 6 SE of three to four separate experiments.
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promoting effect of FN was also strongly im-
paired in the presence of biglycan (unpublished
results). Beside the fact that modular and small
proteoglycans inhibit cell migration [Perris et
al., 1996; Kerr et al., 1997; Kinsella et al., 1997,
and this study], it is also most conceivable that
this inhibitory effect occurs on both normal and
malignant cells. How does DCN inhibit cell
migration? In the present study, DCN inhibited
the migration-promoting effect of matrix mol-
ecules (fibronectin, type I collagen, vitronectin)
known to interact with the proteoglycan [Vogel
et al., 1984; Winnemöller et al., 1991; Bidanset
at al., 1992b; Huttenlocher et al., 1996]. Con-
versely, DCN did not counteract the migration-
promoting effect of fibrinogen lacking proteogly-
can affinity. These results suggest therefore
that the inhibitory effect of DCN is dependent

of substrate binding. DCN bearing dermatan-
sulfate chains (i.e., skin and cartilage DCN)
was about 20-fold more effective in inhibiting
cell migration than DCN bearing chondroitin-
sulfate chains (i.e., bone DCN; Fig. 1). In addi-
tion, chondroitinase AC-treatment of cartilage
DCN (which specifically removes chondroitin-
sulfate chains) did not attenuate the inhibitory
effect of this proteoglycan, while cartilage DCN
deprived of both chondroitin- and dermatan-
sulfate chains failed to alter cell migration pro-
moted by either fibronectin or its heparin- and
cell-binding domains (Figs. 2 and 4). These data
assert that the dermatan-sulfate chains of car-
tilage DCN are responsible for a negative influ-
ence on cell migration. However, they do not
rule out the role of chondroitin sulfate chains of
bone DCN in inhibiting cell migration. The core

Fig. 4. GAG side chains mediate the inhibitory activity of
DCN on the migration-promoting effect of the cell- and heparin-
binding domains of FN. Cell migration assays were performed
with the cell-binding domain (CBD) or the heparin-binding
domain (CS1) of FN in the absence (j) or presence of cartilage
DCN (DCNc) either untreated (h) or treated with chondroitin-
ase ABC (2 mU/µg;E) or chondroitinase AC (2 mU/µg;W). After
a 4-h incubation, migrating cells were fixed, stained, and

counted. Cell migration induced by CBD or CS1 in the absence
of DCNc was considered as a positive control and the number
of cells that migrated under these experimental conditions was
set to 100%. Results obtained in the presence of untreated and
chondroitinase-treated DCNc were expressed as a percentage
of each positive control. Results are the mean 6 SE of three to
seven separate experiments. *P , 0.05 using a Mann-Whitney
test.
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protein of DCN interacts with fibronectin and
collagen type I [Vogel et al., 1984; Winnemöller
et al., 1991]. It is therefore possible that, upon
association of the core protein with the sub-
strate (fibronectin or collagen type I), the derma-
tan-sulfate chain of DCN could exert its effect
through steric hindrance or by modulating the
activity of cell-surface components involved in
the process of migration. Isolated strongly nega-
tively charged glycosaminoglycans alone failed
to alter MG-63 cell migration promoted by fibro-
nectin (our unpublished results). Thus, a steric
hindrance effect exerted by the GAG side chain
cannot account for the inhibitory action of DCN
on cell migration. It has been recently demon-
strated that the small leucine-rich proteogly-
can osteoadherin directly binds to integrin avb3

[Wendel et al., 1998]. A chondroitin sulfate GAG

binding site has also been identified in integrin
a4b1 [Iida et al., 1998]. It is therefore possible
that the GAG side chain of DCN binds directly
to integrins and interferes with integrin func-
tion during cell motility. Moreover, our data do
not preclude a possible contribution of the core
protein in this inhibitory process. DCN core
protein suppresses tumor cell growth by di-
rectly activating the EGF receptor [Moscatello
et al., 1998]. MG-63 osteosarcoma cells express
the EGF receptor [Mioh et al., 1989]. In addi-
tion, the convergence of growth factor-mediated
and adhesion-mediated signaling pathways may
be required for cell migration. For instance,
EGF stimulates the motility of human pancre-
atic carcinoma cells on vitronectin through acti-
vation of integrin avb5 [Klemke et al., 1994]. It
is therefore tempting to speculate that the core

Fig. 5. Comparative effects of DCN on MG-63 cell migra-
tion promoted by fibronectin, vitronectin, fibrinogen, and colla-
gen type I. Cell migration assays were performed with vitronec-
tin (0.5 µg/insert; h), collagen type I (0.75 µg/insert; j),
fibrinogen (1 µg/insert;n), and fibronectin (1.2 µg/insert;m) in
the absence or presence of increasing concentrations (0.01 to 5
µg/insert) of cartilage DCN (DCNc). After a 4-h incubation,
migrating MG-63 cells were fixed, stained, and counted. Cell

migration induced by vitronectin, type I collagen, fibrinogen, or
fibronectin in the absence of DCNc was considered as a positive
control and the number of cells that migrated under these
experimental conditions was set to 100%. Results obtained in
the presence of DCNc were expressed as a percentage of each
positive control. Results are the mean 6 SE of one representative
experiment out of three separate experiments.
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protein of DCN activates the EGF receptor while
its GAG side chain interfers with integrin func-
tion. Clarifying the exact roles of the DCN core
protein and its GAG moiety and their respec-
tive receptors in cell migration will undoubt-
edly be an important task for the future.
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