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Abstract
Evidence for a functional role for extracellular matrix
(ECM) proteins in adipose tissue is demonstrated in
dynamic changes in expression of ECM genes during
adipocyte differentiation and in obesity. Components
of the ECM may regulate adipose cell number expan-
sion by restricting pre-adipocyte proliferation,
regulating apoptosis and inhibiting adipogenesis.
Although pre-adipocytes express multiple proteogly-
cans, their role in pre-adipocyte proliferation up to
now has remained unknown. The study described
here was conducted to characterize roles of small leu-
cine-rich proteoglycans (SLRPs) in adipocyte prolif-
eration. Pre-adipocytes were seeded on plates coated
with biglycan and decorin and were allowed to dif-
ferentiate. In addition, pre-adipocytes were incubated
on plates coated with biglycan, decorin, or fibronec-
tin and measurements were made of cell proliferation
and apoptosis. We are able to report that SLRPs
decorin and biglycan did not affect differentiation of
our 3T3-L1 cells; however, biglycan and decorin did
reduce proliferation of pre-adipocytes, partly by
induction of apoptosis. Furthermore, anti-prolifera-
tive capabilities of decorin and biglycan were nulli-
fied with removal of GAG side-chains suggesting
that the chains played key roles in anti-proliferative
effects of the SLRPs. We also found that co-treat-
ment of decorin or biglycan with the proteoglycan
fibronectin restored normal proliferation, an indica-
tion that multiple ECM proteins may act in concert
to regulate overall proliferation rates of pre-
adipocytes. These studies indicate that SLRPs may

compose a regulatory factor in adipose tissue expan-
sion, through hyperplasia.

Introduction

During periods of adipose tissue expansion, the tissue
undergoes remodelling to accommodate physiological
changes, such as angiogenesis and macrophage infiltration
(1,2); these changes require adaptation of the extracellular
matrix (ECM). Microarray studies show that expression of
ECM genes in adipose tissue is modulated by changes in
energy balance, such as occurs in obesity and weight loss
(3,4). ECM proteins are mainly recognized for their struc-
tural roles, however, their components might also regulate
function of adipose tissue. Evidence for functional roles
of ECM proteins in adipose tissue has been demonstrated
in collagen 6 null ob ⁄ob mice, which have lower numbers
of inflammatory markers and improved glucose clearance
(5). These studies highlight an emerging role of ECM in
adipose tissue in obesity.

One hypothesis associated with adipose derived ECM
is that improper ECM remodelling may inhibit adipose
tissue expansion, leading to increased inflammation and
inhibition of lipid storage (6). While ECM rigidity may
inhibit adipose expansion by restricting adipocyte lipid
storage, another possibility is that ECM components may
affect other parameters of adipose tissue expansion, such
as pre-adipocyte proliferation, apoptosis and adipogene-
sis. In the current study, we have examined effects of bi-
glycan and decorin on pre-adipocyte proliferation and
differentiation. Biglycan and decorin are members of the
small leucine-rich proteoglycan (SLRP) family, which are
a group of ECM proteins characterized by leucine-rich
repeats and glycosaminoglycan (GAG) side-chains (7);
biglycan and decorin are known to impact cell prolifera-
tion in multiple cell types. Decorin influences cell prolifer-
ation in human airway smooth muscle cells and induces
apoptosis in squamous carcinoma cells and renal proximal
tubular epithelial cells (8–10). Biglycan influences
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proliferation of renal mesangial cells (11). Levels of adi-
pose tissue biglycan and decorin are altered in obesity and
elevated expression levels of biglycan are found in obese
mice compared to lean ones (12). Decorin is highly
expressed in adipose tissue of Psammomys obesus, with
stromal vascular cells contributing more to decorin secre-
tion (13). Although expression of SLRPs is elevated in
obesity, the impact of these SLRPs on expansion of the
pre-adipocyte pool in adipose tissue has remained
unknown. In addition, it has remained unknown whether
biglycan or decorin impact adipocyte differentiation.
Thus, we have investigated roles of SLRPs in regulation
of proliferation and apoptosis of pre-adipocytes, as well as
effects of SLRPs on adipocyte differentiation. We report
herein that SLRPs reduce proliferation of the pre-adipo-
cyte cell pool, partly through induction of apoptosis.

Materials and methods

Adipose tissue samples

Human adipose tissue biopsy samples were collected from
omental adipose tissue depots of lean (BMI <25, n = 5)
and obese (BMI >25, n = 5) patients undergoing elec-
tive bariatric surgery. All samples were collected after
informed consent of the individuals and were approved by
the institutional review board on human subject research.
Samples were processed for RNA extraction.

Biglycan knockout mice

Biglycan knockout mice on a C3H background were pro-
vided by Marian Young at the National Institute of Dental
and Craniofacial Research, NIH. Wild-type (n = 4) and
knockout mice (n = 4) were fed high-fat diet (60% fat;
Research Diets, New Brunswick, NJ, USA) ad libitum for
9 weeks. They were then were killed and mesenteric
adipose tissue was harvested for RNA extraction.

3T3-L1 pre-adipocyte differentiation

3T3-L1 pre-adipocytes (ATCC, Manassas, VA, USA)
were differentiated as previously described by Ajuwon
et al. (14). Briefly, cells were grown in 5% CO2 at 37 �C
in DMEM with 10% bovine calf serum supplemented
with 1% penicillin-streptomycin mixture. At 2 days post-
confluence (day 0), cells were differentiated in DMEM
with 10% foetal bovine serum containing 1.7 lM insulin,
1 lM dexamethasone and 0.5 mM isobutylmethylxanthine
for 48 h. Cells were then treated with 10% foetal bovine
serum in DMEM containing insulin, for of 48 h more,
only. From this point onwards, cells were treated with
DMEM containing 10% foetal bovine serum alone.

To study expression pattern of SLRPs, 3T3-L1 cells were
collected at 0, 2, 4 and 8 days post-differentiation, for
RNA isolation and western blotting. To study effects of
SLRPs on adipocyte differentiation, 3T3-L1 cells were
seeded at confluence, on to plates previously coated with
biglycan and decorin at 0.007 lg ⁄mm2 (2.5 lg ⁄ml) den-
sity, and were harvested at 8 days post-differentiation.

Proliferation assay

First, 96-well plates were coated with biglycan, decorin
and fibronectin dissolved in PBS at the following
concentrations: 1, 2.5 and 5 lg ⁄ml (corresponding plat-
ing densities: 1 lg ⁄ml = 0.003 lg ⁄mm2, 2.5 lg ⁄ml =
0.007 lg ⁄mm2 and 5 lg ⁄ml = 0.014 lg ⁄mm2). Biglycan,
decorin and fibronectin were of bovine origin and were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
For those used for interaction assays, 96-well plates were
coated with biglycan + decorin, decorin + fibronectin,
biglycan + fibronectin and biglycan + decorin + fibro-
nectin in equal concentrations of 2.5 lg ⁄ml. Samples
were incubated for 8 h at 37 �C in 5% CO2 and wells
were then incubated in 0.1% BSA in PBS for 30 min.
3T3-L1 mouse pre-adipocytes were plated at 13 888
cells ⁄ cm2 (5000 cells ⁄well) density and incubated at
37 �C in 5% CO2 for 24 or 48 h. Cell proliferation was
determined using CellTiter 96 Aqueous One Solution
(Promega, Madison, WI, USA) according to manufac-
turer’s protocols and as published (15). We validated this
assay in our laboratory and found strong positive correla-
tion (R2 = 0.983, P < 0.05) between cell count data
obtained using the CellTiter 96 Aqueous One and direct
cell counts obtained using a haemocytometer.

Apoptosis assay

Levels of apoptosis were measured using the Apo-
StrandTM apoptosis detection kit by Enzo Life Sciences,
Inc. (Farmingdale, NY, USA) and ELISAs were
performed according to the manufacturer’s instructions.
Apoptosis data from pre-adipocytes plated on biglycan,
decorin, fibronectin and BSA were normalized to positive
control of single-stranded DNA (ELISAs detect single-
stranded DNA as a marker of apoptosis) and viable cell
number.

Chondroitinase reaction

We used chondroitinase (Sigma-Aldrich) to remove GAG
side-chains from SLRPs. 96-well plates were coated as
described above. Chondroitinase treatment was performed
as previously described (8). Briefly, chondroitinase-treated
wells were incubated in treatment buffer (50 mM Tris,

� 2011 Blackwell Publishing Ltd, Cell Proliferation, 44, 343–351.

344 M. Ward and K. M. Ajuwon



60 mM sodium acetate, 0.02% BSA, pH 8) with 50 mU of
chondroitinase ABC per well, at 37 �C in 5% CO2 for
4 h. Chondroitinase reaction buffer was aspirated and
wells were washed in PBS. Samples were blocked with
0.1% BSA in PBS for 30 min, as described above for
plate coating.

Immunoblotting

Sample proteins were separated through SDS–PAGE on
10% resolving gel and transferred to nitrocellulose mem-
branes. Proteins were detected by incubating membranes
in primary antibody according to manufacturers’ instruc-
tions at 4 �C overnight with gentle shaking. Following
primary antibodies were used: anti-biglycan (Abcam,
Cambridge, MA, USA), anti-decorin (LF-113, National
Institutes of Health, Bethesda, MD, USA), anti-ran, anti-
b-actin and anti-PPARc (Cell Signalling Technology,
Danvers, MA, USA). Following primary antibody incuba-
tion, membranes were incubated with secondary antibod-
ies linked to horseradish peroxidase at 1:30 000 dilution.
Visualization was captured through chemiluminescent
HRP substrate (Millipore, Billerica, MA, USA) on autora-
diographic film (Santa Cruz Biotechnology, Santa Cruz,
CA, USA).

Gene expression analysis

Total RNA was extracted from adipocytes using Trizol
(Invitrogen, Carlsbad, CA, USA) according to manufac-
turer’s instructions. RNA samples were dissolved in Tris ⁄
EDTA pH 8 and concentrations were determined using a
Nanodrop reader (Thermo Scientific, Waltham, MA,
USA). RNA samples were subjected to gel electrophoresis
on 0.8% agarose gel to check for degradation and genomic
DNA contamination. We assessed expression of selected
genes through RT-PCR. RNA samples were reverse tran-
scribed using Reverse Transcription system of Promega.
PCR was performed on the Bio-Rad iCycler. PCR reaction
mix consisted of 0.5 lg of cDNA, 0.075 nmol of each of

the forward and reverse primers, and Faststart SYBR
Green Master (Roche, Basel, Switzerland); DEPC-treated
water was added to reach a total reaction volume of 20 ll.
Reactions were incubated at 95 �C for 5 min. Afterwards,
reactions were cycled 40 times using the following proto-
col: 10 s at 95 �C, 20 s at 55 �C, 72 �C. Primers used for
real time PCR are listed in Table 1.

Statistics

Statistical analysis was carried out using analysis of vari-
ance (ANOVA) and was followed by means separation by
Tukey analysis. All analyses were performed using the
general linear model on SAS software (SAS Institute,
Cary, NC, USA).

Results

Expression levels of biglycan in the obese

It has been previously established that decorin levels are
increased in visceral adipose tissue of type 2 diabetics
(13). To substantiate a link between biglycan expression
and obesity, we measured transcript levels of biglycan
from lean and obese individuals. Biglycan expression was
higher (3-fold) in omental adipose tissue of obese individ-
uals (P < 0.05) when compared to those of lean subjects
(Fig. 1a). As obesity is also associated with increased lev-
els of inflammation, which may lead to pathologies such
as type 2 diabetes (16), and due to importance of tumour
necrosis factor a (TNFa) a major inflammatory cytokine
implicated in type 2 diabetes, we examined whether bigly-
can expression would be correlated to that of TNFa. We
found that TNFa levels were higher, by approximately 3
fold, in the obese individuals (Fig. 1b), and biglycan tran-
script levels correlated positively to those of TNFa
(r = 0.37; P < 0.058), suggesting that they may be co-reg-
ulated. For reasons of this possible relationship between
biglycan and inflammation in adipose tissue, we examined
whether biglycan knockout mice would exhibit lower

Table 1. Primers

Gene Forward Reverse

18S 5¢-ATC CCT GAG AAG TTC CAG CA-3¢ 5¢-CCT CCT GGT GAG GTC GAT GT-3¢
Biglycan 5¢-GAC AAC CGTATC CGC AAA GT-3¢ 5¢-GTG GTC CAG GTG AAG TTC GT-3¢
Decorin 5¢-TGA GCT TCA ACA GCATCA CC-3¢ 5¢-AAG TCATTT TGC CCA ACT GC-3¢
PREF1 5¢-CTA ACC CAT GCG AGA ACG AT-3¢ 5¢-GCT TGC ACA GAC ACT CGA AG-3¢
PPARc2 5¢-TTG ACC CAG AGC ATG GTG C-3¢ 5¢-GAA GTT GGT GGG CCA GAATG-3¢
C ⁄ EBPa 5¢-GCA GTG TGC ACG TCTATG CT-3¢ 5¢-AGC CCA CTT CAT TTC ATT GG-3¢
Cyclin D1 5¢-GCG TAC CCT GAC ACC AAT CT-3¢ 5¢- ATC TCC TTC TGC ACG CAC TT-3¢
p21 5¢-CGG TGG AAC TTT GAC TTC GT-3¢ 5¢-CAG AGA GGA AGTACT GG-3¢
NFjB 5¢-GCG TAC ACATTC TGG GGA GT-3¢ 5¢-GTTAAT GCT CCT GCG AAA GC-3¢
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TNFa expression levels, and we found them to be reduced
(57% lower) in mesenteric fat of biglycan knockout mice
(Fig. 1c) versus wild type. This may suggest a role for
biglycan in regulation of adipose tissue inflammation.

Expression profile of biglycan and decorin during
differentiation of 3T3-L1 cells

Levels of ECM components can fluctuate during 3T3-L1
differentiation (17). Therefore, we measured biglycan and
decorin following 3T3-L1 differentiation, at mRNA and
protein levels. We observed high transcript levels of bigly-

can and decorin in the pre-adipocytes, which was fol-
lowed by sharp drops (approx. 90%) in transcript level
post-differentiation (Fig. 2a,b). Protein levels of biglycan
and decorin also dropped after differentiation (Fig. 2c).

Effects of biglycan and decorin on adipocyte
differentiation

To test whether exogenous biglycan or decorin would
affect 3T3-L1 differentiation, cells were plated at conflu-
ence on to wells coated with either biglycan or decorin.
Levels of markers associated with either pre-adipocytes
or mature adipocytes were also measured. Pre-adipocyte
factor 1 (Pref-1) is highly expressed in pre-adipocytes,
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Figure 1. Obesity increases biglycan expression in adipose tissue.
Transcript levels of biglycan (a) and TNFa (b) were measured in tissues
from lean (BMI <25) and obese (BMI >25) patients. n = 5, *P < 0.05,
(b) Expression level of TNFa was measured (c) in biglycan knockout
(KO) and wild-type (WT) mice, n = 4. Bars represent means and SE of
treatments. *Significant differences (P < 0.05).
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Figure 2. Expression levels of biglycan and decorin during 3T3-L1
differentiation. Expression levels of biglycan (a) and decorin (b) were
measured using RT-PCR on 3T3-L1 cells at 0, 2, 4 and 8 days post-differ-
entiation. Significant difference from day 0 (n = 3, P < 0.05). Represen-
tative western blot analyses of biglycan and decorin, normalized, during
differentiation (c).
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whereas peroxisome proliferator-activated receptor c
(PPARc) and CCAAT-enhancer-binding protein a
(C ⁄EBPa) are transcription factors associated with mature
adipocytes (18,19). We saw no effect of biglycan or deco-
rin on Pref-1 (Fig. 3a), C ⁄EBPa (Fig. 3b) or PPARc, at
either transcript (Fig. 3c) or protein levels (Fig. 3d),
perhaps suggesting only a limited role, if any, for SLRPs
in regulation of adipocyte differentiation.

Effects of SLRPs on pre-adipocyte proliferation

Pre-adipocytes were seeded into wells coated with deco-
rin, biglycan and ECM glycoprotein fibronectin. Cells
plated on plastic coated with BSA only served as controls.
Both decorin and biglycan led to lower cell proliferation
(approx. 70–90%) at 24 and 48 h timepoints (Fig. 4a,b),
whereas fibronectin stimulated pre-adipocyte proliferation
(Fig. 4c).

Effects of SLRPs on expression of p21, cyclin D1 and
NFjB

From our initial proliferation assay, we observed that
SLRPs decorin and biglycan, reduced proliferation of
pre-adipocytes. Next, we examined whether decorin and
biglycan would affect pre-adipocyte proliferation by halt-
ing the cell cycle. Thus, we measured transcript levels
of proteins involved in cell cycle progression. p21 is
under transcriptional control of p53 (20). It inhibits
cyclin ⁄CDK2 complexes, and overall impacts cell cycle
progression negatively (21). Cyclin D promotes cell cycle
progression, and knockdown of cyclin D inhibits pre-
adipocyte proliferation (22,23). We did not observe any
statistically significant differences in p21 expression due
to our treatments (Fig. 5a). Fibronectin significantly
increased expression of cyclin D1 (Fig. 5b), which is in
agreement with previous findings (23), and supports its
proliferative effects. NFjBp65 is a transcription factor
involved in inflammation that can inhibit cell death (24).
None of the treatments we tested changed NFjB expres-
sion from the BSA control levels (Fig. 5c).

SLRPs induced apoptosis in pre-adipocytes

To observe whether anti-proliferative effects of biglycan
and decorin involved induction of apoptosis, a quantita-
tive apoptosis assay was conducted to determine their
effects plus effects of fibronectin on apoptosis. Both deco-
rin and biglycan induced (2- to 8-fold) increase in pre-
adipocyte apoptosis compared to fibronectin (Fig. 6).
Thus, biglycan and decorin may suppress pre-adipocyte
proliferation through a mechanism that includes induction
of apoptosis.
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Figure 3. Effects of SLRPs on 3T3-L1 differentiation. (a) 3T3-L1
cells were seeded at confluence on to wells that were either coated with
biglycan or decorin, or were uncoated. BSA was used to block all wells.
Cells were differentiated and harvested at day 8 post-differentiation.
Undifferentiated 3T3-L1 cells (fibroblasts) served as controls. Transcript
levels of Pref-1 (a), C ⁄ EBPa (b) and PPARc (c) were used to assess dif-
ferentiation. n = 3, *P < 0.05. Representative western blot analysis of
PPARc (d).
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Effects of glycosaminoglycan side-chain removal

To determine contribution of GAG side-chains on sup-
pressive effects of biglycan and decorin (both SLRPs)

on pre-adipocyte proliferation, their GAG chains were
removed by chondroitinase enzyme digestion. This
treatment does not affect fibronectin, which is not an
SLRP. Chondroitinase treatment on decorin restored
proliferation to levels comparable to pre-adipocytes
plated on plastic only (Fig. 7). Chondroitinase digestion
of biglycan reversed its inhibitory effect on pre-adipo-
cyte proliferation, but levels of proliferation were still
significantly lower compared to controls.
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Effects of SLRP interactions

To determine whether SLRPs, biglycan and decorin could
antagonize proliferative effects of fibronectin, pre-adipo-
cytes were seeded in wells coated with biglycan + deco-
rin, biglycan + fibronectin and decorin + fibronectin.
Plating pre-adipocytes on biglycan + decorin did not
reduce proliferation to levels lower than pre-adipocytes
plated on either biglycan or decorin alone (Fig. 8). How-

ever, pre-adipocytes plated on biglycan + fibronectin and
decorin + fibronectin restored proliferation to levels simi-
lar to pre-adipocytes plated on plastic alone (Fig. 8a), and
addition of both biglycan and decorin to fibronectin did
not result in any additive suppression of fibronectin-
induced proliferation beyond that exerted by either deco-
rin or biglycan alone (Fig. 8b).

Discussion

In this investigation we have shown that biglycan and
decorin negatively impacted pre-adipocyte proliferation
by increasing their apoptosis in the pre-adipocyte pool.
These results indicate that biglycan and decorin may affect
adipose tissue expansion, which may be a determining
factor in development of insulin resistance. Availability of
sufficient adipose tissue is critical for maintenance of
energy homoeostasis. In support of this, adipose tissue
transplants reduce circulating levels of glucose and insulin
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biglycan and decorin suppressed fibronectin’s proliferative effect. Bars
represent means ± SE (n = 5). Superscript letters indicate differences in
treatments as determined by ANOVA followed by Tukey means separa-
tion (P < 0.05).
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in mice lacking adipose tissue, clear evidence of a major
role for adipose tissue availability in regulating insulin
resistance (25,26). Therefore, any impairment in prolifera-
tion and differentiation of pre-adipocytes may limit ability
of adipose tissue to store lipids, possibly leading to ectopic
storage of fat (27). There are varied sources of biglycan
and decorin in adipose tissue. Biglycan has been shown to
be expressed by adipocytes and stem cells of adipose tis-
sue, while decorin is strongly associated with vascular cells
(13,17,28), and expression of both proteins is increased in
obesity. We also show that biglycan may have a role
in inflammation of adipose tissue, as absence of biglycan
in knockout mice reduces TNFa in adipose tissue.

Our results show that biglycan and decorin expression
levels decreased immediately after induction of differenti-
ation of 3T3-L1 cells, at both protein and transcript levels.
These data indicate that expression of these SLRPs may
be biphasic, a pattern which is observed in other ECM
components during 3T3-L1 differentiation (29). As bigly-
can and decorin expression decrease shortly after differen-
tiation, it is unlikely that these SLRPs play a significant
role in adipocyte differentiation. Indeed, we observed no
effect of biglycan or decorin on markers of adipocyte
differentiation.

Our results indicate that biglycan and decorin may
influence pre-adipocyte number more prominently. Coat-
ing of plastic plates with biglycan and decorin, as per-
formed for this report, stimulated ECM rigidity or else a
fibrotic state in adipose tissue characterized by overex-
pression of ECM proteins (3). As a signalling molecule,
biglycan may have differing bioactivity depending on
whether it is soluble or attached (30). Indeed, addition of
SLRPs to cell culture media to simulate free forms of the
proteins did not affect cell proliferation (data not shown).
Therefore, proliferative and apoptotic effects of biglycan
and decorin may be dependent on their available form.

Biglycan and decorin are recognized as proteins that
can effect cell proliferation. Biglycan treatment reduces
proliferation, but not apoptosis in renal mesangial cells
(11). Cells made to express high levels of decorin display
increased expression of p21 at both protein and transcript
levels, thus halting cell cycle progression (31,32). We saw
no increase in p21 expression levels in decorin-treated
pre-adipocytes that could show reduced cell number. Our
results instead indicate that biglycan and decorin lowered
cell number by increasing apoptosis, not by population
growth arrest. Precise mechanisms of apoptotic effects of
these SLPRs in adipocytes are still unclear, but in squa-
mous carcinoma cells, decorin targets epidermal growth
factor receptor to activate caspase-3 (10). It is possible that
our SLRPs induced apoptosis in pre-adipocytes through a
similar mechanism. Additionally, effects of the SLPRs
on proliferation or apoptosis may be cell type-specific.

Decorin is reported to have differing effects on apoptosis,
depending on cell type. In diabetic mice, decorin inhibits
apoptosis in proximal tubular epithelial cells (10). How-
ever, decorin treatment prompts apoptosis in mouse
tumour xenografts and A431 human squamous carcinoma
cells (10). Biglycan, on the other hand, has a protective
effect against apoptosis in mesangial cells (11). To the best
of our knowledge, we are not aware of any studies that
show biglycan promotes apoptosis.

Fibronectin increases proliferation in pre-adipocytes
and prevents adipogenesis (23,33). Our results show that
the proliferative action of fibronectin can be negated by
biglycan or decorin. A previous study showed that pre-
adipocytes from obese individuals express more fibronectin
(23). The same study showed that culture media from acti-
vated macrophages increased biglycan and fibronectin
expression in human pre-adipocytes; however, the net
result was increased pre-adipocyte proliferation. It is possi-
ble that in obesity, inflammation increases fibronectin levels
in pre-adipocytes to levels not checked by other ECM com-
ponents. It is also possible that when SLRPs negate prolifer-
ative effects of fibronectin, adipogenesis is favoured.

Anti-proliferative capability of biglycan and decorin
was reduced when their GAG chains were removed
through chondroitinase digestion. GAG chain removal
leads to increased pre-adipocyte cell numbers. However,
chondroitinase digestion of biglycan was not sufficient to
completely reverse its inhibitory effect on pre-adipocyte
proliferation. This raises the possibility that the core pro-
tein of biglycan is also able to inhibit cell proliferation.
Overall, our results show that GAG side-chains inhibit
pre-adipocyte proliferation. Chondroitin and dermatan
sulphate side-chains can be further modified by appropri-
ate cell processes (34), and it is possible that anti-prolifer-
ative capacity of biglycan and decorin is modified by
side-chain modifications.

In summary, here we have shown that biglycan and
decorin are capable of inhibiting proliferation of 3T3-L1
pre-adipocytes by activating apoptosis and GAG side-
chains appear very critical for induction of apoptosis by
the SLPS. In addition, strong association between bigly-
can and inflammation in adipose tissue suggests possible
involvement of biglycan in regulation of adipose tissue
inflammation, and adipose tissue perturbation observed in
obesity. Further studies are needed to elucidate mecha-
nisms of apoptosis induction and to determine whether
this phenomenon occurs in vivo.
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