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Abstract

IL-10, originally isolated from mouse helper T cells, is a
cytokine with regulatory functions on a number of interleu-
kins. In this study we show that recombinant human IL-10
affects the expression of several genes involved in extraceliu-
lar matrix synthesis and remodeling in human dermal fi-
broblast cultures. As judged by Northern blot analyses, type
I collagen gene expression was downregulated, while colla-
genase and stromelysin gene expression were markedly en-
hanced by IL-10. No effect on tissue inhibitor of metallopro-
teases mRNAlevels was noted. Transient transfections of
skin fibroblasts with type I collagen promoter/chloram-
phenicol acetyl transferase reporter gene constructs showed
downregulation by IL-10, suggesting inhibition at the tran-
scriptional level. Whencompared with control cultures, in-
cubation with IL-10 resulted in a decrease in immunostain-
ing of fibroblast cultures with antibodies to human type I
collagen. In contrast, immunostaining of such IL-10-treated
cultures with antibodies to human coliagenase resulted in
an increase in immunostaining. This study suggests a role
for IL-10 in the breakdown and remodeling of the extracel-
lular matrix. (J. Clin. Invest. 1994. 94:2489-2492.) Key
words: interleukin-10 * type I collagen * collagenase * stro-
melysin * fibroblast

Introduction

Interleukin-10 (IL-10) is a 18.5-kD polypeptide which was
originally characterized as a cytokine secreted by activated
mouse T helper (Th2)' cell clones (1). It inhibits synthesis of
several cytokines by T lymphocytes and activated monocytes
and was therefore originally named cytokine synthesis inhibi-
tory factor (1). Specifically, IL-10 suppresses the production
of IL-2 and IFN-y, as well as other cytokines by Thl cells and
macrophages (1-3). It also inhibits antigen-specific prolifera-
tion of ThI cells (4). In humans, IL-10 is produced, in addition
to T cells, by activated monocytes (5), and in contrast to mouse
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1. Abbreviations used in this paper: AP, activator protein; CAT, chlor-
amphenicol acetyl transferase; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; Th, T helper; TIMP, tissue inhibitor of metalloprotease.

T cells also by various T cell subsets, including ThO, Thl, and
Th2 cell clones (6, 7).

The interactions of IL-10 with other cytokines have been
studied in considerable detail in human monocytes. For exam-
ple, IL-10 is a powerful suppressor of the synthesis of IL-la,
IL-1,6, IL-6, IL-8, TNF-a, and granulocyte macrophage and
granulocyte colony-stimulating factor by activated monocytes
(4, 8). Human IL-1O also reduces antigen-specific proliferation
of human T cells (5). Collectively, these previous studies indi-
cate that the effects of IL-10 in monocytes and T cells are
mainly downregulatory.

Little information is available on the effects of IL-10 on
connective tissue cells. In this study we report that recombinant
human IL-10 modulates expression of the genes involved in
extracellular matrix synthesis and breakdown in human dermal
fibroblasts in vitro.

Methods

Cell cultures. Adult human skin fibroblast cultures, established from
tissue specimens obtained during cosmetic surgery, and neonatal fore-
skin fibroblast cultures were used in passages 4-10. Cells were main-
tained in Dulbecco's modified Eagle's medium (DME) supplemented
with 10% FCS, 2 mMglutamine, 50 ,g/ml streptomycin, and 50 U/ml
penicillin.

Preparations of IL-JO. Recombinant human IL-10 (molecular mass
18.5 kD) obtained from PeproTech, Inc. (Rocky Hill, NJ) in lyophilized
form was dissolved in water, and further dissolved in DMEcontaining
1% FCS. For cell cultures, IL-10 was used at varying concentrations,
ranging from 0.1 to 100 ng/ml.

Northern analyses. Total RNAwas isolated from confluent fibro-
blast cell cultures (9, 10) incubated with or without IL-10 in medium
supplemented with 1% FCS for time periods varying from 1 to 24 h.
Total RNA, 12 ug/lane, was fractionated on 0.8% agarose gels con-
taining 2.2 M formaldehyde, transferred to nylon filters (Zeta Probe;
BioRad Laboratories, Richmond, CA), and immobilized by heating at
80'C for 30 min under vacuum. The filters were prehybridized and
hybridized in 50% formamide, 0.25 MNaH2PO4, pH 7.2, 0.25 MNaCl,
7% (wt/vol) sodium dodecyl sulphate (SDS), and 1 mMEDTA, using
cDNA probes labeled by nick translation with both a[32P]dGTP and
a[32P] dCTP (11). After hybridizations at 42'C for 18 h, the filters
were washed in solutions with decreasing ionic strength and increasing
temperature, and the final stringency of the washes was 0.1 x standard
saline citrate and 0.1% SDS, at 65°C. The radiolabeled cDNA-mRNA
hybrids were visualized by autoradiography, and the corresponding
steady-state levels of mRNAwere quantitated by using a laser densitom-
eter (Ultroscan XL; LKB Instruments, Inc., Bromma, Sweden). The
following cDNAs were used for Northern hybridizations: for proal (I)
collagen mRNA, a 1.5-kb human cDNA (12); for proa2(I) collagen
mRNA, a 2.9-kb human cDNA (13); for collagenase, a 2.3-kb human
type I collagenase cDNA( 14); for stromelysin-1, a 1.8-kb human cDNA
(15); for tissue inhibitor of metalloprotease-1 (TIMP-1), a 0.7-kb hu-
man cDNA (kindly provided by Dr. D. Carmichael, Synergen, Boulder,
CO) and a 1.3-kb rat glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) cDNA (pRGAPDH13) (16).

Transient transfections of cultured cells. Human foreskin fibroblasts
in late logarithmic growth phase were transfected with 10 ,g of plasmid
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DNA(pMS-3.5/CAT), which contains -3.5 kb of 5'-flanking DNA
of human proa2(I) collagen gene linked to the chloramphenicol acetyl
transferase (CAT) reporter gene (17), with 10 jig of plasmid DNA
pCLCAT3, which contains -3.8 kb of 5'-flanking DNA of human
collagenase gene linked to the CAT reporter gene (18), or with the
construct pAPCAT2a, which contains three activator protein-I
(AP-1) consensus sequences in front of the thymidine kinase promoter
in pBLCAT2 plasmid (18). The transfections were performed with the
calcium phosphate/DNA coprecipitation method, followed by 1.5 min
of glycerol shock (15%) (19). After the glycerol shock, the cells were
placed in medium supplemented with 1%FCS. After 3 h of incubation,
IL-10 was added, and the incubations were continued for 40 h. Parallel
transfections were performed with an SV2CAT plasmid. These con-
structs were cotransfected with an RSV-,B galactosidase construct for
determination of transfection efficiency (11). The cells were then har-
vested and lysed by three cycles of freeze-thawing in 100 mil of 0.25 M
Tris-HCl, pH 7.8. For CAT activity determination, an aliquot of the
samples containing the same amount of ,3-galactosidase activity was
used with ['4C]chloramphenicol as a substrate, and the acetylated and
nonacetylated forms of radioactive chloramphenicol were separated us-
ing thin-layer chromatography ( 11). The CAT activity was determined
by the radioactivity in the acetylated forms as a percentage of the total
radioactivity of the sample.

Indirect immunofluorescence. The slides containing cultured cells
incubated for 36 h either with or without IL-10 were rinsed with phos-
phate-buffered saline (PBS) and fixed with ice-cold 100% ethanol. For
detection of type I collagen protein or collagenase protein, after a 30-
min incubation with 1% bovine serum albumin in PBS, the samples
were exposed to an affinity-purified rabbit antiserum to human fibroblast
collagenase or type I collagen (both kindly provided by Dr. Gregory
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Figure 2. Time course of
the effects of IL-10 on
proa2(I), collagenase,
and stromelysin mRNAs
in fibroblasts. Confluent
cultures of human skin
fibroblasts were incu-
bated for various time
periods (0-24 h) with 1
ng/ml IL-10 in medium
containing 1% FCS. To-
tal RNA(12 jig/lane)
was analyzed by North-
ern blot hybridizations
with cDNA probes
shown on the left.

Goldberg, Washington University School of Medicine, St. Louis, MO)
for 45 min at room temperature. The slides were rinsed with PBS
and exposed to rhodamine-conjugated goat anti-rabbit IgG secondary
antibodies for 45 min. Nonadherent secondary antibodies were then
rinsed off with PBS. Nonspecific labeling was excluded by performing
staining with the secondary antibody only, which revealed negative
staining reactions.

Results

IL-JO downregulates type I collagen and upregulates collagen-
ase and stromelysin mRNAsteady-state levels. To study the
effects of IL-10 on type I collagen, collagenase, and stromely-
sin, as well as TIMP gene expression at the mRNAlevel, human
skin fibroblast cultures maintained in 1% FCS were incubated
in the presence of IL-10 at concentrations varying from 2 to

Pro u. f}i', i CAT Figure 3. Downregula-
tion of human proa2(I)
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(ng/mI) 10 0.1 1 1 by different concentra-

tions of IL- 10 in transient
l cell transfections. Con-

fluent cultures with hu-
AC man foreskin fibroblasts

were transfected with the
human proa2(I) colla-
gen promoter/CAT re-
porter gene construct,
and CATactivity was de-
termined after 40 h of in-

C cubation with IL-10 in
concentrations shown on
the top. An autoradio-

Origin *r44 4 gramofthe separation ofOrigin ~the acetylated (AC) and

nonacetylated (C) forms
of [14C] chloramphenicol by thin-layer chromatography is shown. Rela-
tive promoter activity decreased with IL-10 in concentration 0.1 ng/ml
to 55%, with I ng/ml to 52%, and with 10 ng/ml to 37% from the
activity noted in untreated cells, respectively.
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Figure 4. Immunodetection of type I collagen in human skin fibroblasts.
Cultures of fibroblasts were incubated without (A) or with IL-O0 ( 1 ng/
ml) (B) for 72 h in medium containing 1% FCS. For indirect immuno-
fluorescence, the cells were fixed in cold ethanol before immunolabeling
with antibodies to human type I collagen.

100 ng/ml. As compared with control cultures without IL-10,
incubation of the cells with IL-1O resulted in marked downregu-
lation of type I (both proal and proa2 chain) collagen mRNA
steady-state levels (Fig. 1). However, IL-10 caused enhance-
ment of both collagenase and stromelysin mRNAsteady-state
levels over the wide range of IL-10 concentrations used (Fig.
1). IL-10 had no effect on TIMP gene expression (Fig. 1).

The time course of type I collagen, collagenase, and stromel-
ysin mRNAexpression was determined by Northern analysis
of fibroblasts exposed to 1 ng/ml IL-10 for different time peri-
ods. The collagenase and stromelysin mRNAlevels showed
maximum enhancement after 12 h of exposure to IL-1O, and the
levels were reduced at 24 h (Fig. 2). However, the maximum
reduction of type I collagen (a2(I)) mRNAlevels was seen
after 24 h of exposure (Fig. 2).

Evidence of transcriptional inhibition of type I collagen
gene expression by IL-10. Transient transfections of human
foreskin fibroblasts with a human a2(I) collagen promoter/
CATreporter gene construct showed downregulation by IL-10
(Fig. 3), suggesting a transcriptional effect of IL-10 on type I
collagen gene expression. In contrast, IL-10 did not modulate
the activities of collagenase promoter/CAT reporter gene con-
struct or the construct pAPCAT2a, suggesting that the regula-
tion of collagenase gene expression by IL-1O was not transcrip-
tional and that IL-10 does not affect AP-1 expression. Parallel
transfections done with the SV2 promoter/CAT showed no ef-
fect of IL-10.

Figure 5. Immunodetection of procollagenase protein in human skin
fibroblasts. Cultures of human skin fibroblasts were incubated without
(A) or with IL-10 (1 ng/ml) (B) for 36 h in medium containing 1%
FCS. Indirect immunofluorescence was performed with antibodies to
human procollagenase, as in Fig. 4.

IL-IO reduces type I collagen and increases procollagenase
protein in cultured dermal fibroblasts. Human skin fibroblasts
in culture have been shown to synthesize precursors of both
type I collagen and collagenase proteins which are secreted. To
evaluate semiquantitatively the effects of IL-10 on type I colla-
gen and collagenase expression at the protein level, human skin
fibroblast cultures maintained in 1%FCS were incubated in the
presence of IL-10 (1 ng/ml). When compared with control
cultures incubated without IL-10, incubation with IL-10 resulted
in decreased immunolabeling of cells for type I collagen, sug-
gesting decreased procollagen protein synthesis (Fig. 4). In
contrast, immunostaining with an antiserum to human procolla-
genase resulted in increased immunolabeling for procollagenase
protein in human skin fibroblast cultures, suggesting increased
procollagenase protein synthesis or decreased breakdown as a
result of IL-10 treatment (Fig. 5).

Discussion

Earlier studies on IL- 10 have mainly concentrated on its effects
in various immunocompetent cells such as T lymphocytes and
monocytes (20). In the present study, we show that IL-10 has
additional effects in human dermal fibroblasts. One of these
effects is transcriptional inhibition of type I collagen expression.
This collagen is the major component of the extracellular matrix
in human skin (21). Type I collagen consists of two types of
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polypeptides, namely al (I) and a2(I), and regulation of al (I)
and a2 (I) expression is coordinate (22). Several responsive
elements in the promoter region of these genes have been identi-
fied, including NF-1, NF-KB, and AP-2 (23). The effects of
IL-10 on type I collagen gene expression could either be due
to direct effects on such responsive elements or mediated by
effects of IL-10 on other cytokines.

In contrast to type I collagen gene, transient transfections
with collagenase reporter gene construct revealed no evidence
of transcriptional control of the collagenase gene, suggesting
that the observed effects of 1L-10 on mRNAsteady-state levels
could be due to posttranscriptional mechanisms. The collagen-
ase gene contains several AU-rich sequences, which are thought
to be involved in posttranscriptional modulation mRNAs(24).

The present findings could have in vivo relevance. While it
is not clear whether dermal fibroblasts express EL-10, there are
cells in normal skin capable of IL-10 expression and secretion.
As shown recently by Enk and Katz (25), murine keratinocytes
secrete IL-10 when appropriately stimulated. An in vivo situa-
tion in which IL-10 induction could play a role is the exposure
to ultraviolet (UV) radiation. Such an exposure has been shown
to result in impairment of delayed type hypersensitivity which
has been shown to be at least in part mediated by 1L-10 (26).
Chronic exposure to UV leads additionally to changes in the
composition of the matrix molecules, mainly to a decrease in
the amount of collagen and an increase in the amount of elastic
fibers in the dermis. Induction of collagenase and stromelysin
in vivo would result in a decrease of type I collagen, which is
the main component of the dermis. This study shows, however,
that IL-10 has an effect on type I collagen gene expression. Of
interest, we have shown recently that, in a transgenic mouse
model transfected with a human elastin promoter/CAT con-
struct, IL-10 induces the elastin promoter activity in dermal
fibroblasts (27). Taken together, these results suggest that 1L-
10 may be involved in the pathogenesis of UV-induced changes
in the dermis.

In conclusion, IL-10, among several other cytokines such
as IL-1, TNF-a, and TGF-f3, is probably involved in the regula-
tion of type I collagen synthesis and degradation.
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