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Abstract
Background: Secreted protein acidic and rich in cysteine (SPARC) regulates extracellular matrix (ECM) production, 

interaction of cells with ECM and growth factor-dependent cell signaling. Here we examined SPARC’s effects on production 
and pericellular organization of type I collagen and hyaluronan (HA) in normal human dermal fibroblasts.

Methods: Production of procollagen I and HA, and gene expression were analyzed by ELISA and quantitative real-time 
PCR, respectively. The pericellular deposition of mature collagen I and HA was examined by immunocytochemistry.

Results: SPARC enhanced production of procollagen I and HA in fibroblasts by up-regulating mRNA expression of 
COL1A1 (collagen α-1(I)) and HAS (HA synthase) 2/3, respectively. SPARC also increased the deposition of mature collagen 
fibrils on the cell surface of fibroblasts, accompanying the increased mRNA expression of procollagen C-proteinase (BMP1) 
and N-proteinase (ADAMTS2). The pericellular deposition of newly produced HA was also enhanced on the cell surface of 
SPARC-treated fibroblasts. Furthermore, SPARC up-regulated TGF-β1 production in fibroblasts, and SPARC-induced pro-
collagen I and HA production was abolished by blockade of TGF-β/Smad2/3 signaling.

Conclusion: SPARC simultaneously up-regulates production of procollagen I and HA in fibroblasts by up-regulating 
Smad2/3-dependent TGF-β signaling, and also promotes the pericellular organization of mature collagen I fibrils and HA.
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1. Introduction

Matricellular proteins are defined as extracellular matrix 
(ECM)-associated proteins that have no structural roles. These 
proteins interact with ECM components, as well as with cell 
receptors and growth factors, to modulate cell-matrix interac-
tions, cell function and assembly of ECM1, 2). Secreted protein 
acidic and rich in cysteine (SPARC), also referred as BM40 
and osteonectin, is the first known matricellular protein, 
which is expressed in tissues with high turnover of ECM, 
such as skin, bone, gut epithelia and brain, and serves to regu-
late cell proliferation, morphogenesis, tissue remodeling and 
angiogenesis3–6). SPARC is also reported to play important 
roles in certain pathological conditions such as wound heal-
ing and fibrotic disorders7) including fibrotic tissues of liver8), 
lung9, 10) and kidney11, 12) and in the skin of scleroderma13–15).

Type I collagen and hyaluronan (HA) are major compo-
nents of the dermal connective tissue. Collagen make up 
70–80% of the dry weight of the skin and gives the dermis 
its structural and mechanical integrity16, 17). Type I collagen 

is secreted from dermal fibroblasts as trimeric procollagen 
composed of two α1 chains and one α2 chain17, 18), and the 
procollagen is converted into collagen through the cleav-
age of the N- and C-terminal propeptides, by ADAMTS 
(a disintegrin and metalloproteinase with thrombospondin 
type1 motifs)-2/1419, 20) and BMP (bone morphogenic pro-
tein)-121–23), respectively. The collagen then self-assembles 
into cross-striated fibrils that occur in the ECM of connec-
tive tissues17). On the other hand, HA is a high-molecular-
weight linear glycosaminoglycan (GAG) which consists of 
alternating D-N-acetylglucosamine and D-glucuronic acid 
residues24). HA is synthesized by three hyaluronan synthases 
(HAS1, HAS2 and HAS3), and we have previously reported 
that HAS2 plays a key role in constitutive HA production 
in normal human skin fibroblasts25, 26). Skin HA accounts 
for 50% of the total body HA and mainly distributes in the 
dermal interstitium27). The water-attracting property of HA 
regulates ion flow, produces swelling pressure in the ECM 
and stabilizes the skin structure together with the resilience 
of collagen fibers28, 29). Several studies have reported that TGF 

  Biological Science Research, Kao Corporation (5–3–28 Kotobuki-
cho, Odawara, Kanagawa 250–0002, Japan)

 * Corresponding author: Biological Science Research, Kao Corpora-
tion, 5–3–28 Kotobuki-cho, Odawara, Kanagawa 250–0002, Japan 
(E-mail: yoshida.hiroyuki2@kao.com)

 ¶ Masaki KOBAYASHI and Hiroyuki YOSHIDA contributed equally 
to this report and are co-first authors.


