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Abstract: The small leucine-rich proteoglycan biglycan (BGN) is abundantly 
expressed in mesenchymal tissues. Its expression level is related to the 
phenotypic differentiation of cells. A dysregulation in BGN expression occurs 
under several pathological conditions, including glomerulonephritis, 
mesothelioma, pancreatic cancer and a mouse model of osteoporosis. Since the 
extracellular concentration of BGN is regulated both by secretion and 
endocytosis, we performed mechanistic studies on BGN endocytosis in human 
skin fibroblasts in vitro, using inhibitors of different endocytic routes. 
Chlorpromazine, an inhibitor of the clathrin-coated pit-pathway reduced 
endocytosis of BGN in human skin fibroblasts by 40%, and decreased 
degradation of BGN by 66%. Filipin, an inhibitor of the caveolae pathway, and 
Tyrphostin AG 1478, a specific inhibitor of EGF-receptor phosphorylation that 
partially inhibits endocytosis of the structurally related proteoglycan decorin, 
had no influence on BGN internalization and degradation. Our data indicates 
that the classical clathrin-mediated endocytic pathway is a major route for the 
internalization of BGN. Based on the differential susceptibility to 
pharmacological inhibition, it appears that BGN endocytosis seems to be at least 
in part mechanistically different from decorin uptake.  
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INTRODUCTION 
 
Biglycan is a member of the family of small leucine rich proteoglycans (SLRP) 
[1, 2]. It is characterized by a 38 kDa core protein containing ten leucine-rich 
repeats flanked by disulfide bond stabilized loops, and it is substituted with 
several N-linked oligosaccharides and two glycosaminoglycan chains of the 
chondroitin-/dermatan sulfate type [1]. Biglycan is found at the cell surface or in 
the pericellular space in various tissues of mainly mesenchymal origin. Biglycan 
expression has also been associated with a variation in the phenotypic 
differentiation of cells; e.g. benign fibroblastic mesothelial cells express more 
biglycan than mesothelial cells with epithelial-like morphology [3]. Biglycan 
interacts with several collagens and regulates the activity of transforming growth 
factor beta (TGF-ß) [1]. A major physiological role for biglycan in bone 
formation was revealed using biglycan knockout (bgn) mice, which display  
a reduced bone mass and an osteoporosis-like phenotype. These mice have  
a diminished capacity to produce bone marrow stromal cells, which are further 
characterized by a reduced response to TGF-ß, reduced collagen synthesis and 
increased apoptosis [2]. Nielsen et al. [4] observed that, in contrast to wild-type 
mice, female bgn mice were resistant to trabecular bone loss as a consequence of 
estrogen depletion by ovariectomy. A disregulation of biglycan expression is 
observed not only in the mouse model of osteoporosis, but also in additional 
pathological conditions such as glomerulonephritis, pancreatic cancer and 
mesotheliomas [5-8]. Since the amount of extracellular biglycan is not only 
regulated at the biosynthetic level, but also by endocytosis and subsequent 
lysosomal degradation [8, 9] it is important to understand the molecular 
mechanisms of biglycan uptake and degradation. Biglycan is efficiently 
internalized by receptor-mediated endocytosis in human skin fibroblasts, 
articular chondrocytes and rat mesangial cells [8, 9], but so far, very little is 
known about the endocytic route utilized by biglycan. In this study, we used 
selective pharmacological inhibitors of different endocytic routes in an 
established in vitro assay of biglycan endocytosis to gain new mechanistic 
insights into the biglycan endocytic pathway.  
 
MATERIALS AND METHODS 
 
Cell culture 
Human skin fibroblasts [10] and CHO-K1 cells (chinese hamster ovary cell line) 
were maintained in modified Eagle’s medium essential medium containing 10% 
fetal calf serum (FCS), non-essential amino acids, and antibiotics, as described 
previously [10]. HBL-100 cells (transformed human breast epithelial cell line) 
[11] were cultured in McCoy’s 5A/10% FCS/2mM L-glutamine. CO60 cells 
(SV40-transformed chinese hamster embryo cell line) [12] were grown in 
DMEM/10% FCS. For endocytosis experiments, the concentration of NaHCO3 
was reduced from 2.2 g/l to 1.6 g/l to maintain a pH of 7.2 in an atmosphere of 
95% air/5% CO2.  



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

477

Identification of biglycan-binding proteins 
Biglycan was prepared under non-denaturing conditions by ammonium sulfate 
precipitation and anion-exchange chromatography on a Bio-Gel TSK DEAE-
5PW HPLC column (Bio-Rad Laboratories, Munich, Germany) exactly as 
described previously [8]. Biglycan-binding proteins were identified using 
previously described procedures [9, 10].  
 
Endocytosis assay 
The rate of endocytosis of [35S]sulfate-labelled biglycan was measured and 
analyzed exactly as described previously [8, 9]. Briefly, endocytosis is followed 
by the intralysosomal formation of inorganic sulfate, the major part of which is 
released into the culture medium. The level of endocytosis is represented by the 
sum of the level of intracellular radioactivity and the level of extracellular 
ethanol-soluble radioactivity. The rate of endocytosis is expressed as clearance 
rate, giving the volume of the incubation medium (in µl) cleared from labelled 
biglycan per h and mg of cell protein [9]. For inhibitor studies, the respective 
inhibitors were used during a 1-h preincubation period, followed by a 3-h 
incubation with biglycan in the presence of the drug at the following 
concentrations [13]: Chlorpromazine (Sigma, Deisenhofen, Germany): 10µg/ml; 
filipin (Sigma): 3µg/ml; Tyrphostin AG1478 (Calbiochem, Darmstadt, 
Germany): 10µM. The results are expressed as the mean +/- SD (n=4). The data 
was analyzed using the paired Student’s t-test. Differences were considered 
statistically significant at P < 0.005. 
 
RESULTS AND DISCUSSION 
 
Biglycan is efficiently endocytosed by human skin fibroblasts, articular 
chondrocytes and rat mesangial cells [8, 9]. Biglycan purified from the 
secretions of osteosarcoma cells interacts with putative receptor proteins of 51 
and 26 kDa [9], which are found both at the cell surface and in endosomes. 
These proteins are also recognized by the SLRP decorin, which can compete for 
biglycan receptor binding [8, 9]. In this study, we used biglycan purified from 
transfected human embryonic kidney 293 cells [8]. To confirm the binding of 
this recombinant biglycan to the putative receptor proteins, we incubated 
[35S]sulfate-labelled biglycan with blots of whole-cell extracts of human skin 
fibroblasts, as previously described for biglycan from osteosarcoma cells [9] and 
for decorin [10]. Since biglycan expression is differentially regulated in a variety 
of tumors [5-7], we also tested biglycan binding to cell extracts of two 
transformed cell lines, HBL-100 [11] and CO60 [12], including CHO-K1 cells 
as a control cell line (Fig. 1). Like biglycan from osteosarcoma cells [9], 
recombinant biglycan binds to fibroblast proteins of 51 and 26 kDa. A similar 
binding pattern is seen in the case of CHO-K1, CO60, and HBL-100 cells; 
however, the transformed cell lines have a higher capacity for biglycan binding. 
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Fig. 1. Biglycan-binding proteins in cell extracts of normal and transformed cell lines. 
Whole cell extracts (15 µg or 30 µg of protein, respectively) of human skin fibroblasts, 
transformed human HBL-100 mammary epithelial cells, the SV40-transformed chinese 
hamster embryo cell line CO60 and chinese hamster ovary cells (CHO-K1) were 
separated by SDS-PAGE. After blotting and incubation with 650,000 cpm/ml 
[35S]sulfate-labelled biglycan, the bound ligand was visualized via autoradiography. The 
migration distance of Mr standards (given as 10-3 x Mr) is shown in the left margin. 
Arrows indicate the previously described 51- and 26-kDa proteins [9], respectively. 
 
In addition to the endocytosis receptor proteins, several additional biglycan-
binding proteins could be detected in the whole-cell extracts. These proteins, 
including the most prominent species of about 30 and 14 kDa, had been 
described before [9]; however, they were not sensitive to trypsin treatment of 
intact cells and were not considered receptor proteins at the cell membrane.  
We next used an established in vitro-system [9] to study the endocytosis of 
[35S]sulfate-labelled biglycan in human skin fibroblasts in the presence of 
inhibitors of selective endocytic routes (Fig. 2). Chlorpromazine, a cationic 
amphiphilic drug that inhibits the assembly of the clathrin adapter protein AP2 
on clathrin-coated pits [14], inhibited the endocytosis of biglycan in human skin 
fibroblasts by 40% (Fig. 2A). In addition, the degradation of biglycan was 
reduced by 66% in chlorpromazine-treated cells (Fig. 2B). This observation 
would be in accordance with an inhibition of receptor recycling by 
chlorpromazine, which was previously demonstrated for the LDL-receptor [14]. 
We recently observed a similar inhibition of decorin endocytosis by 
chlorpromazine under identical experimental conditions [13]. In addition, 
decorin endocytosis was significantly decreased by Tyrphostin AG1478,  
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a specific inhibitor of EGF-receptor phosphorylation [13]. However, this drug 
did not influence biglycan endocytosis (Fig. 2). We also tested filipin’s effect on 
biglycan uptake and degradation; this cholesterol-depleting drug is commonly 
used to block endocytosis through caveolae [15] and had previously been shown 
to partially inhibit decorin uptake [13].  

 

 
 
Fig. 2. The inhibition of biglycan endocytosis and degradation by chlorpromazine. 
Human skin fibroblasts in monolayer culture were preincubated for 1 h with or without 
10 µg/ml chlorpromazine, 10 µM tyrphostin AG1478, or 3µg/ml filipin, followed by  
a 3h incubation with 250,000 cpm/ml of [35S]sulfate-labelled biglycan in the presence of 
the drugs. Chlorpromazine treatment affects both clearance (A) and degradation (B) of  
biglycan endocytosed by skin fibroblasts. 
 
However, under identical experimental conditions, filipin had no effect on 
biglycan uptake and degradation (Fig. 2). Our data indicates that a major part of 
biglycan is endocytosed via the classical clathrin-coated pit mediated pathway. 
Both biglycan and the structurally highly related SLRP decorin are recognized 
by the same receptor proteins [9, 10]. However, it appears that biglycan 
endocytosis is at least in part mechanistically different from decorin uptake, 
based on the differential susceptibility to pharmacological inhibition of 
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endocytosis. Our study is a first step towards the mechanistic understanding of 
biglycan endocytosis, and paves the way for a pharmacological approach to 
pathological conditions involving biglycan disregulation, such as osteoporosis, 
glomerulonephritis, mesothelioma and pancreatic cancer. 
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