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Interleukin-10 (IL-10) is a cytokine with many regu-
atory functions. In particular, IL-10 exerts neutraliz-
ng effect on other cytokines, and therefore IL-10 is
hought to have important therapeutic implications.
ecent reports suggest that IL-10 regulates not only

mmunocytes but also collagen and collagenase gene
xpression in fibroblasts. In this study, we investi-
ated the effect of IL-10 on gene expression of extra-
ellular matrix (ECM) proteins, such as type I colla-
en, fibronectin, and decorin, in human skin
broblasts. Results of Northern blot analysis showed
hat both collagen I and fibronectin mRNAs were
ownregulated, while decorin gene expression was en-
anced by IL-10 (10 ng/ml) time-dependently (6–24 h).
1(I) collagen and fibronectin mRNAs were decreased
o one-third and one-fourth, respectively, by 50 ng/ml
L-10, whereas decorin mRNA was increased up to
.7-fold by 50 ng/ml IL-10. Response to IL-10 by sclero-
erma fibroblasts was similar to that in normal dermal
broblasts, with decreased expression levels of colla-
en and fibronectin and induced decorin mRNA levels.
ransforming growth factor-b (TGF-b) is a crucial fi-
rogenic cytokine which upregulates the mRNA ex-
ression of collagen and fibronectin, whereas it down-
egulates decorin mRNA expression in fibroblasts.
onocyte chemoattractant protein-1 (MCP-1) has re-

ently been shown to upregulate the type I collagen
RNA expression in cultured fibroblasts. We there-

ore examined whether IL-10 alters gene expression of
CM elicited by TGF-b and MCP-1. Our results dem-
nstrated that IL-10 downregulated the TGF-b-elicited

Abbreviations used: TGF-b, transforming growth factor-b; MCP-1,
onocyte chemoattractant protein-1; IL-10, interleukin-10.
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bronectin, while partially recovering TGF-b-elicited
ecrease of decorin expression in normal skin fibro-
lasts. By contrast, IL-10 did not alter the MCP-1-
licited upregulation of mRNA expression of either
1(I) collagen and decorin. Our data indicate that
L-10 differentially regulates TGF-b and MCP-1 in the
odulation of ECM proteins and therefore suggest

hat IL-10 plays a role in the regulation of tissue
emodeling. © 2001 Academic Press

Key Words: interleukin-10; extracellular matrix;
ransforming growth factor-b; monocyte chemoattrac-
ant protein-1; scleroderma.

Systemic sclerosis (SSc) is characterized by excessive
roduction and deposition of extracellular matrix
ECM), including collagen, fibronectin, or proteogly-
ans, in the skin, as well as various internal organs (1,
). Although the pathogenesis of SSc remains still un-
nown, it is suggested that a number of cytokines
eleased from inflammatory infiltrates in the dermis
uring the early phase play an important role in the
nduction of SSc. In particular, transforming growth
actor-b (TGF-b), a multifunctional cytokine, is sup-
osed to play a central role in tissue fibrosis. TGF-b is
strong chemoattractant for fibroblasts (3), and it in-

reases the synthesis of collagen or fibronectin by many
ell types in vitro (4–6). In addition, TGF-b modulates
ell-matrix adhesion protein receptors (7, 8). TGF-b
lso regulates the production of proteins that can mod-
fy the ECM by proteolytic action, such as plasminogen
ctivator, an inhibitor of plasminogen, or procollage-
ase (9–11). TGF-b is capable of stimulating its own
ynthesis by fibroblasts through autoinduction (12).
hus, maintenance of increased TGF-b production may
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ead to the progressive deposition of ECM, resulting in
brosis.
Interleukin-10 (IL-10) is a cytokine that was initially

escribed as a product of Th2 cells that inhibited cyto-
ine production by Th1 cells (13). IL-10 inhibits the
elease of several cytokines including interferon-g
IFN-g), IL-1, IL-6, IL-8, and tumor necrosis factor-a
TNF-a), as well as exerting a direct effect on the
rowth and function of T cells, B cells, and mast cells
14). Thus, IL-10 has the capacity to attenuate a wide
ange of effector immune and inflammatory responses.
n addition, a recent report suggests that IL-10 down-
egulates mRNA expression of type I collagen, but up-
egulates gene expression of collagenase and stromely-
in, suggesting that IL-10 modulates the expression of
enes involved in the synthesis and breakdown of ECM
n the connective tissue (15). This also raises a possi-
ility that IL-10 is a therapeutic candidate for fibrotic
iseases.
Monocyte chemoattractant protein-1 (MCP-1) is a

pecific and potent chemoattractant for monocytes (16)
hich has been implicated in a variety of inflammatory
rocesses. Current observations demonstrated that
CP-1 upregulates type I collagen mRNA expression

n cultured lung fibroblasts (17). In vivo studies have
lso shown the involvement of MCP-1 in experimental
ung or kidney fibrosis (18, 19). In this study, we ex-
mined the direct effect of IL-10 on the expression of
CM genes, such as type I collagen, fibronectin and
ecorin in human skin fibroblasts. In addition we in-
estigated the effect of IL-10 on TGF-b- and MCP-1-
licited expression of ECM genes.

ATERIALS AND METHODS

Cell cultures. Adult human skin fibroblasts, established by out-
rowth of biopsies from healthy donors or scleroderma patients as
reviously described (20), were used in passage 3–6. Cells were
aintained in Dulbecco’s modified Eagle medium (DMEM) supple-
ented with 10% fetal calf serum (FCS), 50 mg/ml sodium ascorbate,

00 mg/ml glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin,
nd grown in the atmosphere of a CO2 incubator at 37°C.

Reagents. Recombinant human MCP-1 (R&D Systems, Minneap-
lis, MA), TGF-b (PeproTeck, UK), and IL-10 (PeproTeck) were di-
uted in 0.1% BSA in PBS.

Stimulation with IL-10. 1 3 106 fibroblasts were seeded in mono-
ayers in DMEM with 10% FCS, and on the next day, medium was
eplaced by fresh DMEM with supplements as indicated above, but
ithout FCS. Twenty-four hours later, cells were incubated with

L-10 at various concentrations ranging from 1 to 50 ng/ml for time
eriods varying 6–24 h. In a separate experiment, TGF-b (5 ng/ml) or
CP-1 (10 ng/ml) were concomitantly added with IL-10 (10 ng/ml)

or 24 h. Optimal concentrations of TGF-b and MCP-1 were deter-
ined in a preliminary experiment.

RNA isolation and Northern blot hybridization. Total RNA was
solated from fibroblasts in monolayers using RNA isolation kit
Trizol, Life Technologies Inc., NY). RNA pellets were dissolved in
ater, precipitated with 0.3 M sodium acetate, and 2.5 vol of ethanol.
or Northern blot hybridization, 5 mg of total RNA was separated by
201
lectrophoresis in 1% formaldehyde agarose gels and transferred to
ene Screen hybridization transfer membranes (New England Nu-

lear Research Products, Boston, MA). RNA was fixed by UV-
rosslinking and hybridized to cDNA probes specific for a1(I) procol-
agen (Hf 677) (21), fibronectin (FN 711) (22), decorin (23), and
APDH (24), which were labeled by random priming using a-32P-
CTP. Filters were hybridized overnight at 42°C in 50% formalde-
yde, 5 3 SSC, 100 mg/ml denatured salmon sperm DNA, 5 3
enhardt’s, washed twice at room temperature in 2 3 SSC, 0.1%
DS, followed by a further washing step at high stringency (62–65°C

n 0.1 3 SSC, 0.1% SDS). Autoradiography was from 6 h to overnight
t 280°C using intensifying screens (Kodak, Rochester, NY).

ESULTS

L-10 Downregulates Gene Expression of a1(I)
Collagen and Fibronectin, But upregulates Decorin
mRNA in Human Skin Fibroblasts

To study the effect of IL-10 on a1(I) collagen, fi-
ronectin, and decorin gene expression, primary hu-
an dermal fibroblasts (1 3 106) were seeded in 10-cm

issue-culture plates. On the next day, culture medium
as changed into fresh DMEM without FCS. Then,

ells were incubated in the presence of IL-10 (10 ng/ml)
or 6–24 h or in the absence of IL-10 for 24 h. IL-10
ownregulated the expression of a1(I) collagen and
bronectin mRNA in monolayers as early as at 6 h,
hile decorin gene expression was upregulated with its
eak between 6 to 24 h (Fig. 1). To examine the dose-
ependent effect of IL-10, fibroblasts were stimulated
ith various concentrations (0–50 ng/ml) for 24 h in
MEM without FCS. As low as 1 ng/ml of IL-10 exhib-

ted an inhibitory effect of a1(I) collagen and fibronec-
in mRNA expression. Densitometric quantification

FIG. 1. Time-dependent expression of a1(I) collagen, fibronectin,
nd decorin mRNA levels in human skin fibroblasts after stimulation
ith IL-10. After replacement of the medium into serum-free
MEM, primary human dermal fibroblasts were further incubated
ith 10 ng/ml IL-10 for 6–24 h or without IL-10 for 24 h (unstimu-

ated). Total RNA (5 mg/lane) was analyzed by Northern blot hybrid-
zation with cDNA probes.
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howed that a1(I) collagen and fibronectin were re-
uced to one-third and one-fourth, respectively, by 50
g/ml IL-10, whereas decorin mRNA was increased up
o 2.7-fold by 50 ng/ml IL-10 (Fig. 2).

omparison of Gene Expression Altered by IL-10
between Normal and Scleroderma Fibroblasts

Next, we compared the mRNA levels of a1(I) colla-
en, fibronectin and decorin in normal dermal (n 5 2)
nd scleroderma fibroblasts (n 5 2). Fibroblasts were
ultured with or without 10 ng/ml IL-10 for 24 h in
MEM without FCS, and total RNA was isolated. As is

hown in Fig. 3, a1(I) collagen and fibronectin gene
xpression was decreased by stimulation with IL-10 in
oth normal and scleroderma fibroblasts. By contrast,
ecorin gene expression was upregulated by IL-10.
uantification by densitometry was summarized in
able I.

L-10 Downregulates Gene Expression of a1(I)
Collagen and Fibronectin Induced by TGF-b,
and Recovers Decorin Expression Reduced
by TGF-b in Fibroblasts

As is consistent with previous observations (4–6),
RNA levels of a1(I) collagen and fibronectin were up-

egulated by stimulation of TGF-b (5 ng/ml) for 24 h in
ormal dermal fibroblasts. IL-10 (10 ng/ml) abrogated
his TGF-b-elicited increase of a1(I) collagen and fi-
ronectin mRNA expression in fibroblasts (Fig. 4A). In

ncubated with various concentrations of IL-10 (0–50 ng/ml) for 24 h
n medium without FCS. Total RNA was analyzed by Northern blot
ybridization with cDNA probes.

FIG. 3. Northern blot analysis of a1(I) collagen, fibronectin, and
ecorin mRNA levels of normal and scleroderma fibroblasts incu-
ated with IL-10. Fibroblasts from normal donors and scleroderma
atients were incubated with (1) or without (2) IL-10 (10 ng/ml) for
4 h. Total RNA (5 mg/lane) was analyzed by Northern blot hybrid-
zation with cDNA probes.
FIG. 2. Dose-dependent effects of IL-10 on the expression
f a1(I) collagen, fibronectin, and decorin mRNA levels in hu-
an skin fibroblasts. Primary human dermal fibroblasts were
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ontrast, decorin mRNA expression was reduced by
GF-b. IL-10 partially recovered this reduction (Fig. 4A).
uantification by densitometry was shown in Fig. 4B.

Effect of IL-10 on mRNA Levels of a1(I) Collagen, Fibro-
ectin, and Decorin in Normal and Scleroderma Fibro-
lasts

No.

a1(I) Collagen
(-fold)

Fibronectin
(-fold)

Decorin
(-fold)

Normal SSc Normal SSc Normal SSc

1 0.85 0.6 0.4 0.5 2.2 3.1
2 0.7 0.5 0.3 0.3 4.0 2.5

Note. Fibroblasts were incubated with or without 10 ng/ml IL-10
or 24 h in DMEM without FCS. Total RNA was isolated and a1(I)
ollagen, fibronectin, and decorin mRNA levels were determined by
orthern blot hybridization. Quantification was performed by den-

itometric scanning. The data were normalized with corresponding
APDH mRNA levels and are presented as -fold induction over

ontrol levels for parallel cultures incubated without IL-10.

FIG. 4. Effect of IL-10 on TGF-b-elicited a1(I) collagen, fibronec-
in, and decorin mRNA levels. Normal skin fibroblasts were incu-
ated with TGF-b (5 ng/ml) and IL-10 (10 ng/ml) concomitantly for
4 h in monolayers. Total RNA (5 mg/lane) was analyzed by Northern
lot hybridization (A). Quantification was performed by densitomet-
ic scanning (B). The data were normalized with corresponding
APDH mRNA levels and are presented as -fold increase over con-

rol levels.
203
L-10 Does Not Affect MCP-1-Induced Increase of
a1(I) Collagen, but Further Upregulates Decorin
mRNA Expression in Fibroblasts

MCP-1 upregulated a1(I) collagen mRNA expression
n normal dermal fibroblasts, which, however, was not
ffected by concomitant addition of IL-10 (10 ng/ml) for
4 h (Fig. 5A). By contrast, decorin mRNA was upregu-
ated by MCP-1, which was synergistically increased
y concomitant addition of IL-10 for 24 h (Fig. 5A).
uantification by densitometry was shown in Fig. 5B.

ISCUSSION

A number of inflammatory and fibrogenic cytokines
re suggested to play an important role in the induc-
ion of fibrosis. However, little is known about the
otential role of IL-10. IL-10 is well known to exert an
nhibitory effect mainly on T cells or monocytes. In
ddition, a recent report has shown that IL-10 regu-
ates collagen and collagenase gene expression in hu-

an dermal fibroblasts (15). Also, IL-10 suppresses
ollagen synthesis in scar fibroblasts (25). Since IL-10
s suggested to be involved in the regulation of type I

FIG. 5. Effect of IL-10 on MCP-1-elicited a1(I) collagen and
ecorin mRNA levels. Normal skin fibroblasts were incubated with
CP-1 (10 ng/ml) and IL-10 (10 ng/ml) concomitantly for 24 h in
onolayers. Total RNA (5 mg/lane) was analyzed by Northern blot
ybridization (A). Quantification was performed by densitometric
canning (B). The data were normalized with corresponding GAPDH
RNA levels and are presented as -fold increase over control levels.
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ollagen synthesis and degradation (15), we examined
he direct effect of IL-10 on the expression of selected
CM genes in this study. In agreement with previous

esults (15), our study also showed the inhibitory effect
f IL-10 on a1(I) collagen mRNA expression. Further-
ore, IL-10 downregulated mRNA expression of fi-

ronectin, but upregulated decorin in a time- and
ose-dependent manner in human skin fibroblasts.
ibroblasts from scleroderma responded to IL-10 sim-

larly to normal dermal fibroblasts, and demonstrated
nhibition of type I collagen and fibronectin and up-
egulation of decorin gene expression following incuba-
ion with IL-10 for 24 h. The effects of IL-10 are medi-
ted by specific receptors (IL-10R) on the target cells.
urine mast cells, B cells and fibroblasts as well as

uman peripheral blood leukocytes and epidermal cells
xpress the IL-10R gene (26–29), although further
ork is needed on the expression of IL-10R in human
broblasts.
TGF-b can upregulate collagen and fibronectin syn-

hesis (4–6), and is an important candidate responsi-
le for scleroderma. In fact, a number of previous re-
orts have shown the crucial role of TGF-b in
cleroderma (30, 31). Furthermore, a recent study
hows that MCP-1 is also capable of upregulating type
collagen mRNA levels in cultured fibroblasts (17). We
ave also observed that MCP-1 can upregulate colla-
en mRNA expression in human dermal fibroblasts.
hus, we next investigated the effect of IL-10 on the
CM mediated by TGF-b and MCP-1 in vitro. We

ound that IL-10 inhibited the basal and TGF-b-
licited increase of a1(I) collagen and fibronectin ex-
ression. Decorin mRNA expression was reduced by
GF-b in dermal fibroblasts, in keeping with previous
esults (32). IL-10 partially recovered this TGF-b-
ediated reduction in decorin mRNA expression. IL-10

s shown to suppress TGF-b synthesis in mouse bone
arrow cultures (33). On the contrary, IL-10 did not

xert any effect on MCP-1-elicited increase of a1(I)
ollagen gene expression. However, IL-10 synergisti-
ally upregulated the MCP-1-mediated increase of
ecorin gene expression. These results may suggest a
ifferent mechanism of the influence of IL-10 on TGF-b
nd MCP-1 in the regulation of ECM.
Very recently, an in vivo effect of IL-10 on bleomycin-

nduced lung injury was reported (34). They showed
hat human IL-10-HVJ treatment significantly inhib-
ted lung fibrosis induced by bleomycin, suggesting
hat exogenous IL-10 may be useful in the therapeutic
pproach of pulmonary fibrosis.
In conclusion, we demonstrate here that IL-10 di-

ectly influences the ECM mRNA expression, suggest-
ng that IL-10 can modify the development of tissue
brosis. Our data suggest that exogenous IL-10 can
odify the tissue remodeling and raised the possibility

f a therapeutic role of IL-10 in scleroderma.
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