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Cell surface proteoglycans are known to be involved in many functions including inter-
actions with components of the extracellular microenvironment and serve to influence cell
shape, adhesion, proliferation, and differentiation. They also can act as co-receptors, to
help bind and modify the action of various growth factors and cytokines. Despite their
strategic location and relevance to cell function, few studies have considered the nature of
the cell surface proteoglycans associated with cells of the periodontium. Due to the struc-
tural complexity and multiplicity of cell types in the periodontium, we have selected three
different cell lines (gingival connective tissue fibroblast, periodontal ligament fibroblast,
and osteoblast) which each represent the unique functions within the periodontium to study
the expression of cell surface proteoglycans. We hypothesized that a number of cell surface
proteoglycans will be expressed by human periodontal cells and these may be related to
the source and function of the cell. Western blotting and RT-PCR methods were used to
study the expression of five cell surface proteoglycans (syndecan-1, -2, -4, glypican and
betaglycan) in three cell lines of human periodontal cells in vitro. Our results demonstrated
the expression of protein cores for syndecan-1 (43 kDa), syndecan-2 (48 kDa), syndecan-4
(35kDa), glypican (64 kDa), and betaglycan (100—110 kDa). RT-PCR results confirmed
that all of these cells produced mRNA for the cell surface proteoglycans under study, of
which syndecan-2 showed a significant difference in expression between the periodontal
ligament fibroblasts, gingival fibroblasts and osteoblasts. We conclude that the presence of
specific cell surface proteoglycans on periodontal cells implies a likely role for these mole-
cules in cell-cell, cell-matrix interactions involved in periodontal disease and/or regen-
eration of the periodontium, of which they may have distinctive functions related to the
source and function of these cells.
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INTRODUCTION

Cell surface proteoglycans are emerging as impor-
tant molecules that mediate cell interactions with
components of the extracellular microenvironment
and serve to control cell shape, adhesion, prolifera-
tion, and differentiation.!’ "* With regard to their
domain structure, cell surface proteoglycans are
divided into two major groups. The first includes
the syndecans (syndecan 1—4) and betaglycan, all of
which are transmembrane proteins with an amino-
terminal extracellular domain containing clustered
sites for the potential attachment of GAG chains.
a potential protease cleavage site near the single
transmembrane domain, and a short cytoplasmic
tail'" ¥ The other type of cell surface proteogly-
can, glypican, is linked to the cell surface via a
glycosyl phosphatidylinositol anchor 1-1°)

The periodontium 1s a dynamic supporting sys-
tem that links teeth to the surrounding bone. It is
composed of a number of discrete connective tissues
(gingiva, periodontal ligament (PDL), cementum
and alveolar bone), each with a unique archi-
tecture. composition and function. Destruction of
these tissues during inflammatory periodontal dis-
ease involves loss of fibrous attachment, destruc-
tion of connective tissue matrix and resorption of
alveolar bone and tooth roots, can lead to increased
mobility of the tooth and may ultimately lead to
tooth loss. Thus, the goal of periodontal therapy is
to achieve regeneration of a healthy connective
tissue new attachment. with PDL fibroblasts being
suggested to play the most crucial role in these
processes. The application of growth factors and
chemotactic factors to PDL cells has suggested that
the use of these factors for periodontal regenera-
tion may be useful in periodontal therapy. In addi-
tion, PDL fibroblasts are a unique highly specialized
connective tissue cell type with various character-
istics important in periodontal regeneration, and
different from gingival connective tissue fibroblasts
(GF) and fibroblasts from other connective tis-
13 The regeneration of damaged peri-
odontal tissues involves a large array of cell types
and several interdependent biological processes.

SUcCs.

It has been proposed that the outcome of healing
is determined to a large extent by the phenotypes
of the cells that repopulate the healing site. How-
ever, phenotypic expression is also dependent on
environmental factors such as matrix ligands that
are known to regulate not only the intrinsic cel-
lular program but also to modulate incoming
signals.l'

Since cell surface proteoglycans are well recog-
nized for their ability to interact with a range of
matrix proteins and growth factors, both as bind-
ing proteins and signalling mediators, we have
hypothesized that a number of cell surface proteo-
glycans will be expressed by human periodontal
cells and these may be related to the source and
function of the cells. Indeed, despite their strate-
gic location and relevance to cell function, to date,
few studies have considered the nature of the cell
surface proteoglycans associated with cells of the
periodontium. Due to the structural complexity
and multiplicity of cell types in the periodontium,
we have selected three different cell lines (GF, PDL
and osteoblast (OB)) which each represent the
unique functions within the periodontium to study
the expression of cell surface proteoglycans. The
aim of the present study was to investigate the
expression of five cell surface proteoglycans
(syndecan-1, -2, -4, glypican and betaglycan) ex-
pressed by human periodontal cells and determine
whether this may be related to the source and
function of the cells.

MATERIALS AND METHODS

Cell Culture and Labelling

Normal human periodontal fibroblasts (GF, PDL
and OB) were obtained from explant cultures of
human gingiva, PDL and alveolar bone using
methods described previously.'™!'”! The cells were
maintained in culture in 75c¢m? flasks containing
Dulbecco’s modified Eagle’s medium supple-
mented with 10% (v/v) heat inactivated fetal-calf
serum, 1% penicillin;/streptomycin and 1% non-
essential amino acids. Subconfluent (80--90%)
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monolayers between passages 5-- 10 were incubated
for 48 h with medium containing 30 puCi of carrier-
free >°SO,/ml (Amersham. Life Science, England)
for these studies.

Proteoglycan Extraction and Purification

After labelling for 48 h. confluent fibroblast mono-
layer cells were rinsed twice with 10ml of cold
PBS and scraped with a rubber policeman in cold
extraction buffer containing 0.5% (v/v) Triton
X-100, 1mM EDTA, 2.5mM EGTA, 10mM
HEPES, 50 mM NaCl, 0.5M sucrose, 0.05% (v/v)
mercaptoethanol, 60 mM spermidine and a cock-
tail of protease inhibitors including, 1 mM phenyl-
methylsulphonyl fluoride (PMSF). 0.1% aprotinin,
0.1% pepstatin A, and 0.05% leupeptin. The sus-
pension was rapidly cooled to 4°C and was cleared
by centrifugation (10.000x g. 4°C for 30 min). The
extract was further puritied by adsorption onto a
15ml DEAE-Sepharose (Pharmacia Fine Chemi-
cals, Uppsala, Sweden) equilibrated with 7M
urea, 0.1 M NaCl and 50 mM Tris—HCI (pH 7).
Bound materials were eluted using a linear NaCl
gradient (from 0.1 M NaCl) in urea buffer, at
a flow rate of lml'min at room temperature.
Aliquots (100 ul) from each fraction were added
to liquid scintillation cocktail (Beckman, USA)
and assessed for *°SO, activity in a scintillation
counter (Beckman LS 6000 SC., USA). The fractions
representing the peaks of SO, peaks were pooled.,
dialyzed against deionized water and concentrated
by using Ultrafree” Centrifugal Filter (10kDa
molecular weight cutoff, Millipore., USA using
2000% g centrifugation). The *°SO4-labelled mole-
cules recovered at this stage represented more than
95% of the extracted radiolabelled material. The
concentrated (500 pl) purified extract was then
lyophilized.

Enzymatic Deglycosylation

After solubilization in 50mM HEPES pH 7.
100 mM NaCl, | mM CacCl-, 0.1% Triton X-100,
50 mM 6-aminohexanoic acid. 1 mM PMSF, 0.1%

aprotinin, 0.1% pepstatin A, 0.05% leupeptin, the
samples were digested with I mU/ml heparitinase
(Seikagaku Kogyo Ltd, Japan) and/or 100 mU/ml
chondroitinase ABC (Seikagaku Kogyo Ltd,
Japan) overnight at 37°C. Controls consisted of
undigested samples incubated in the same buffer
without enzyme.

SDS-Polyacrylamide Gel Electrophoresis
and Western Blotting

SDS-PAGE was carried out using a 7.5% or
10% resolving polyacrylamide gell'™ with a BioRad
mini-Protean apparatus. Samples were boiled for
6 min either with or without 10% (v/v) 2-mercap-
toethanol. After electrophoresis for 1.5h at 100V,
the gels were electroblotted for 4h at 60V onto
nitrocellulose membrane.!'” After electroblotting,
membranes were stained with Ponceau S to ensure
that cach lane received equal amounts of protein.
Each lane received cell extract obtained from half
of a 75em” flask, however the quantity of **SOy
present in each of these lanes differed slightly due
to the different fraction of proteoglycans present
in the three cell lines. Membranes were then sub-
jected to Western blotting. The membranes were
blocked in 5% non-fat dried milk in TBST (TBST;
Tris-buffered saline with 0.1% Tween-20) for 1 h,
then rinsed twice and washed with TBST. The mem-
branes were then incubated with primary anti-
body diluted in 5% non-fat dried milk;TBST.
Antibodies used were as follows: syndecan-1
(0.5 pg;ml rat monoclonal anti-mouse clone 281-2,
Seikagaku, Japan). mouse monoclonal antibodies
10H4 for syndecan-2, Ab8G3 for syndecan-4,
and AbS1 for glypican were kindly provided by
Dr G. David (Center for Human Genetics, Uni-
versity of Leuven, Belgium) and were used at a con-
centration of 1 pg/ml. A polyclonal rabbit anti-rat
betaglycan (Upstate Biotech Inc., USA) was used
at a concentration of 1.2 pg/ml All incubations
were performed at 4°C overnight. Membranes were
then rinsed twice and washed as described above.
Secondary antibodies were prepared in 5% non-fat
milk, TBST as follows: 1:18,000 for syndecan-1I
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(sheep anti-rat, HRP-linked F(ab’) fragment,
Amersham Life Science, England), 1:15,000 for
syndecan-2, -4 and glypican (sheep anti-mouse,
HRP-linked F(ab’) fragment, Amersham, Life
Science, England), 1:20,000 for betaglycan (swine
anti-rabbit 1lg -HRP, Dako, USA). Membranes
were incubated in secondary antibody for 1h at
room temperature followed by rinsing and washing
as described above. Chemiluminescence (ECL,
Amersham, Life Science, England) was used to
detect the signals by exposing the membranes on
Fuji Medical X-RAY films.

Immunoprecipitation

Immunoprecipitation was performed to confirm the
syndecan-1 results obtained using Western blotting.
A monoclonal antibody for syndecan-1 (12.5 pg/ml)
was incubated with Protein G-Sepharose (Pharma-
cia Biotech, Uppsala, Sweden) in PBS containing
0.5% Triton X-100 (pH 8) for 4h at room tem-
perature. After washing with TBS, immunopreci-
pitation was performed by incubating the Protein
G-Sepharose with cell extract at 4°C overnight.
After washing and centrifugation, the pellet was
suspended in Laemml loading buffer and boiled
for 6min prior to electrophoresis using SDS-
PAGE. "8 The proteins were then transferred onto
nitroceliulose membrane as described above and
examined by Western blotting.

RT-PCR

Total RNA was isolated from confluent human peri-
odontal fibroblasts using RNA Isolation reagent
(Advanced Biotechnology, USA). The RNA con-
centration of all samples was determined spectro-
photometrically and RNA quality was checked by
agarose gel electrophoresis.

First strand cDNA was synthesized from | pg of
total RNA using oligo-dT as primer and M-MLV
reverse transcriptase (Promega, USA) in a reac-
tion volume of 20 ul. PCR conditions for amplifi-
cation of the different members of the syndecan
family, glypican and betaglycan, were optimized
using the PTC-100™ Programmable Thermal Con-
troller (MJ Research Inc., USA). Separate PCR
reactions of 2 ul of synthesized cDNA (except 3 ul
for syndecan-2) in PCR buffer comprising 1.5mM
MgCl,, 400 nM mixed dNTP and 10 pmol of gene
specific primers were carried out using 0.5U of
Red Hot Taq polymerase (Advanced Biotechnol-
ogies Ltd., UK) in a final volume of 20 ul. All pri-
mer pairs were from previously published PCR
primers except for syndecan-4 which was designed
using published ¢cDNA sequence and confirmed
by PCR product sequencing. The sequences for all
the primers and the number of cycles performed
are shown in Table 1, the number of cycles being
selected for the region where increase in product
1s linear with cycle number.

TABLE 1 Priner sequence and number of cycles used for PCR reactions

Primers bp Cycles References

i3»-Micro For CCCCCACTGAAAAAGATGAG 102 25 [37]

Globulin Revy TCACTC AAT CCA AATGCG GC

Syndecan-1 For AGCCAAGCTTACCTT CACAC 416 25 [38]
Rey TAGAATTCCTCCTGTTIGGTG G

Syndecan-2 For GGGAGCTGATGA GGATGTAG 394 35 [39]
Rev CACTGGATGGTTTGCGTITCT

Syndecan-4 For ACCAGA CGATGAGGATGTAG 380 25 See Methods
Rev CTTCCTGATCCTACTGCTCA

Glypican For ATCACCGACAAGTTCTGGGGTA 317 25 [39]
Rer CATCTTCTCACTGCACAGTGTC

Betaglycan For GACAGTAGT GGTTGG CCA GA 542 30 [40]

Rev AGCTGA CGCTGT GTACGA AG

For = 5'--3' forward primer: Rev =3 -5 reverse primer.
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For PCR amplification, denaturation was carried
out at 94°C for 1 min, annealing at 57°C (except
syndecan-2 which required 49°C) for 30s and
extension at 72°C for 80s. The PCR products were
analyzed on a 2% (w/v) agarose gel and visualized
by ethidium bromide staining. The relative inten-
sity of each band was determined using the NIH
Image analysis program (National Institutes of
Health, USA). PCR for the housckeeping gene
A>-microglobulin (5,M) was used as a control for
equal loading of RNA into the RT-PCR reaction
tubes. Obtaining bands of consistent intensity for
3.M allowed comparison of the amount of PCR
products produced between different samples.

RESULTS

Isolation and Purification of Proteoglycans
from Human Periodontal Fibroblasts

During the 48 h of metabolic labelling of the cells,
the incorporation of SO, into cell layer asso-
ciated proteoglycan occurred rapidly during the first
8h and continued to increase up to 30 h before a
relatively steady state was reached by 48 h (results
not shown). Proteoglycans were extracted using
a Triton X-100 extraction buffer containing pro-
tease inhibitors. Following ion-exchange chroma-
tography on DEAE-Sephacel, a single peak of
3580),-labelled material was eluted from the col-
umn at 0.6-0.65M NaCl (Fig. 1).

Expression of Syndecan-1, -2, -4, Glypican
and Betaglycan Core Proteins by Human
Periodontal Cells

To characterize the core protein moiety of the cell
surface proteoglycans, samples obtained following
ion-exchange chromatography were treated with
chondroitinase ABC andjor heparitinase. Undi-
gested (control) and treated samples were analyzed
by SDS-PAGE and cell extracted proteoglycans
were detected using specific antibodies against
syndecan-1, -2, -4, glypican and betaglycan. All of

800 1.0
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FIGURE 1| Purification of the cell surface protcoglycans by
ion-exchange chromatography on DEAE-Sephacel. Bound
material was eluted with a lincar NaCl gradient from 0.1-1M
NaCl in urea buffer using a flow rate of 1 ml/min. After ion-
exchange chromatography. the fractions containing cell
extracted proteoglycans were pooled as indicated by the 15ml
bar (F—1): PDL = periodontal ligament fibroblasts: OB =
osteoblasts; GF = gingival connective tissue fibroblasts.

these antibodies react with their respective core
proteins and recognize both the glycanated and non-
glycanated (precursor, processed or degraded)
forms of the proteoglycans.”® The results of such
Western blots (Figs. 2—5) show specific bands at
43kDa for syndecan-1, 48kDa for syndecan-2,
35kDa for syndecan-4, 64kDa for glypican and
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FIGURE 2 Western blot analysis of the core proteins {rom
human periodontal fibroblasts. Cell extracts [rom human per-
iodontal fibroblasts were digested with chondroitinase ABC
and. or heparitinase and electrophoresed in 7.5% or 10% poly-
acrylamide SDS-PAGE. transferred onto nitrocellulose mem-
branes and incubated with specilic antibodies. Panel A shows
a 43kDa syndecan-1 band obtained under reducing condi-
tions (samples in lanes 1. 3 and § arc undigested. while samples
in lanes 2. 4 and 6 are digested with both enzymes). Pancl B
shows the same pattern of samples under non-reducing condi-
tions and digestion with both cnzymes. Panel C shows a
43kDa band (lanc 2) obtained using immunoprecipitation.
The control lane (lane 1) contained only protein G and pri-
mary antibody but no cell extract. PDL = periodontal liga-
ment fibroblasts: OB = osteoblasts: GF = gingival connective
tissue fibroblasts.

100 -110kDa for betaglycan. Syndecan-1 under
reduced conditions and in control samples (primary
antibody omitted, both undigested and digested
with chondroitinase ABC and heparitinase) gave
non-specific bands at high molecular weight (not
shown). After treatment with 0.3% or 3% H-O-, the
intensity of both the non-specific and specific bands
was reduced in intensity. Furthermore enzyme
digestion did not result in a change in the molecular
weight of the detected bands, however the staining

intensity for each of the molecules under study was
increased (Fig. 2A, lanes 2, 4, and 6). The molecular
weight and staining intensity of syndecan-1 under
non-reduced conditions was similar to that found
in the reduced conditions (Fig. 2B, lanes 1, 2.
and 3 in comparison with Fig. 2A, lanes 2, 4, and
6 respectively). Furthermore, immunoprecipitation
demonstrated the presence of a 43 kDa syndecan-1
core protein (Fig. 2C, lane 2). Syndecan-2 core
protein (Fig. 3) was detected as a protein band
around 48 kDa in all cell extracts which did not
change in molecular size following enzymatic diges-
tion. A minor band was also noted at around 50 kDa
forall samples. The syndecan-2 signal in OB and GF
samples was very weak despite the amount of pro-
tein used for the detection being double that used for
the other proteoglycans. Syndecan-4 and glypican
showed 35 and 64 kDa bands respectively (Fig. 4)
under reduced conditions. Control sample (primary
antibody omitted. lane I: undigested, lane 2:
digested with chondroitinase ABC and hepariti-
nase) showed two non-specific band doublets from
secondary antibody around 50--60 kDa. Similar to
syndecan-1, bands of similar molecular weight for
syndecan-4 and glypican appeared in both undi-
gested and digested samples (Fig. 4, lanes 3 and 4 for
glypican and 5 and 6 for syndecan-4.) Betaglycan
showed double bands around 100--110kDa in all
three cell lines, (Fig. SA and B), however the inten-
sity was lower in undigested samples (Fig. 5A, lane 3)
compared to samples digested with both enzymes
(Fig. 5A. lane 6, data shown only for OB). We also
analyzed the culture medium tor the presence of the
proteoglycans and found at least two, syndecan-4
and betaglycan. were present. The molecular weight
of syndecan-4 and betaglycan in the culture medium
was slightly less than in the cell extracts, and also
less intense (results not shown).

RT-PCR Analyses of Five Cell Surface
Proteoglycan mRNAs

To compiement the results of the Western blot
analysis, RT-PCR was performed to determine the
presence of mRNA for each of the proteoglycans
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FIGURE 3 Syndecan-2 in PDL, OB and GF cell extracts. Samples in lanes 1. 3. 5 and 7 are undigested. while samples in lancs
2. 4. 6 and 8 have been digested with both chondrointinase ABC and heparitinase. Control samples (lanes 1 and 2} were not
incubated with the primary antibody. A major protein band of around 48 kDa was present in the PDL samples (lanes 3 and 4)
while staining for the OB and GF proteins was weaker (lanes 5-8). Proteins were detected as described in Fig. 2. PDL = per-
iodontal ligament fibroblasts: OB = osteoblasts: GF = gingival connective tissuc fibroblasts.
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FIGURE 4 Syndecan-4 (35kDa) and glypican (64kDa) in
the three cell lines. Lanes 1. 3. and 5 are undigested cell ex-
tracts while samples in lares 2. 4 and 6 have been digested
with both enzymes. Contrel samples (lanes 1 and 2) were not
incubated with primary antibody. Proteins were analysed as
described in Fig. 2. PDL =periodontal ligament fibroblasts:
OB = osteoblasts: GF = gingival connective tissue fibroblasts.

under investigation using specific primer pairs. All
of the proteoglycans were detected in human peri-
odontal fibroblasts using RT-PCR (Fig. 6A).
Because RT-PCR is a very sensitive technique,

each cell line was used to obtain three different pre-
parations of RNA and three RT-PCR were per-
formed for each RNA sample. The relative intensity
of each PCR product was determined using the NIH
Image analysis program and quantitative analyses
between the three cell lines were carried out using
statistical one way ANOVA (Fig. 6B). No statisti-
cally significant differences in the mRNA levels
between the three cells lines were noted except
for syndecan-2 which mRNA levels of PDL fibro-
blasts and OB had significant differences with GF
(Fig. 6B, p < 0.05).

DISCUSSION

To answer the question of whether the proteo-
glycans associated with the cell surfaces of human
periodontal cells are related to known cell surface
proteoglycans, Western blot analyses using a lib-
rary of antibodies to five well characterized cell sur-
face proteoglycans and RT-PCR were carried out.
Our results on cultured human periodontal con-
nective tissue cells demonstrate that they are able
to synthesize, if not all, at least three members of
the syndecan family (syndecan-1, -2, -4), as well as
glypican, and betaglycan. To our knowledge this
is the first report considering the synthesis of these
five proteoglycans, in concert, by individual cell
lines.
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FIGURE 5 Puanel A shows the double bands of betaglycan in osteoblast cell extracts. Samples in lanes 1 and 3 are undigested.
Samples in lanes 2 and 6 are digested with both enzymes. Samples in lanes 4 and 5 are digested with either chondroitinase ABC
or heparitinase respectively. Panel B shows undigested samples in lanes 1. 3. 5, and 7. All other lanes are digested with both
enzymes. Control samples (lanes | and 2) were not incubated with primary antibody. Proteins were analysed as described in
Fig. 2. PDL = periodontal ligament fibroblasts; OB = osteoblasts: GF = gingival connective tissue fibroblasts.

Syndecan-1 and -2 show a remarkable sequence
stmilarity in their transmembrane and cytoplasmic
domains of 52% and 66% respectively. Syndecan-1,
previously shown to have a 53kDa core protein
in mouse mammary epithelial cells®" and 82—
88 kDa core proteins in human mammary epithe-
lial and fibroblast cells.®? appeared as a specific
band around 43kDa in our study both under
reducing and non-reducing conditions. These data
confirm previous statements that structural hetero-
geneity of syndecan varies according to the tissue
of origin, and this variability seems to affect the
potential functions of this proteoglycan ™
Although syndecan-2, which has a 48/90kDa
core protein in human lung fibroblasts, has been
reported to be characteristic for fibroblastic
cells,”** we found considerable variability in the
expression of this proteolgycan in the various peri-
odontal cell lines studied in this investigation. At
the protein expression level, the PDL fibroblasts
showed a strong expression of this proteoglycan.
Gingival fibroblasts appeared to express only minor
amounts of syndecan-2 core protein and OBs

had a moderate expression level which was not as
great as the PDL fibroblasts. Consistent with this
observation was the statistically significant stronger
RT-PCR band obtained from PDL cells compared
to the GF. In addition, a slightly modified PCR
protocol was needed to identify syndecan-2 in
our cells (more cDNA template and higher number
of cycles). These findings suggest that there may
be some variability in transcriptional and post-
transcriptional regulation of syndecan-2 by human
periodontal fibroblasts. The functional significance
of these findings remains to be established.
Syndecan-4 and glypican, which have been
reported in human lung fibroblasts to have 35
and 64kDa core proteins!'™*! appeared at the
expected size locations in our reduced samples.
Identification of betaglycan by Western blot anal-
ysis demonstrated double bands around 100-
110 kDa, close to those present in another cell lines.
The OB appeared to express betaglycan more
strongly than the other two periodontal cell lines
both at the protein and mRNA levels. Such a
ubiquitous distribution of betaglycan would be
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consistent with its recognition as the type I TGF-3  molecular size to those of the digested (chondroi-
26 -29]

receptor,! and the prevalent distribution of  tinase ABC and/or heparitinase) samples was
TGF-3 in both soft and hard connective tissues."! unexpected but not inconsistent with a recent
Our finding that undigested samples of cell sur- report.*'’ These bands may represent ungly-

face proteoglycan extracts gave bands of similar cosylated core protein due to an endogenous
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FIGURE 6B

FIGURE 6 Panel A: Expression of five cell surface proteoglycan mRNAs by human periodontal fibroblasts. RT-PCR analyses

were performed using specific prime pairs for 3>M. syndecan-1. -

. -4, glypican and betaglycan. All PCR products were detected

in these cell lines and all had the expected size and sequence as predicted from known cDNA sequences. Panel B: NIH Image
analysis of cach PCR product band intensity was normalized to the housekeeping gene 3,M mRNA levels. »=p < 0.05. PDL =
periodontal ligament fibroblasts; OB = osteoblasts; GF = gingival connective tissue fibroblasts.

heparitinase, or a related polypeptide. Such a
finding is not inconsistent with the recognized
“shedding™ of these proteoglycans from cell surfaces
and the nced for glycosylation to occur only when
the cells are in a functional relationship with their
matrix. For example, syndecan can be lost from
the cell surface by endocytosis, or by shedding of the
extracellular domain, presumably by cleavage at the
protease susceptible site near the plasma mem-
brane.*>** Thesc findings imply that some protei-
nase activity in our cell cultures may have been
the cause of shedding of syndecan and, perhaps, of
other proteoglycans as well. However, since all
extractions were carried out in a well characterized

cocktail of protease inhibitors it is unlikely that
proteolytic cleavage of the proteogiycans occurred
during, or subsequent to. extraction. Furthermore,
parallel preparation, under identical conditions,
with other proteoglycans such as decorin and
biglycan did not show any evidence of degradation
(results not shown). The small amount, and uniform
distribution of, syndecan-1 on cultured fibroblasts
suggests that matrix interactions in thesc cells do not
lead to its stabilization at the cell surface. Although
fibroblasts do shed the extracellular domain of
syndecan-1, some cycling of this proteoglycan
between the cell surface and intracellular vesicles is
likely."! For glypican. a rapid release from the cell
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membrane into the pericellular matrix has also
been shown!'"! as well as a proteolytic cleavage of
betaglycan by plasmin.#* [n addition to the results
obtained for the cell surface proteoglycan extracts,
additional evidence for cell surface shedding of these
proteoglycans was obtained by the identification of
at least two cell surface proteoglycans, syndecan-4
and betaglycan in the culture medium. Both were
less intensely stained and slightly smaller in size
than their counterparts retained with the cells
and implies that further enzymatic degradation
could have occurred once released into the culture
medium.

Analysis of three cell lines derived from huiman
periodontal connective tissues (GF. PDL, and OB)
has revealed that these cells are able to synthesize
at least five different cell surface proteoglycans.
These cells are of cramal neural crest origin and
undergo progressive specialization to eventually
form tooth supporting tissues and have terminally
different morphologies, tissue distribution and
functions. Therefore we hypothesize that some
differences may cxist in terms of cell surface pro-
teoglycan expression between these three cell lines.
Of the five cell surface proteoglycans studied, only
syndecan-2 showed any significant differences in
expression. In general, the expression of syndecan-2
by the PDL fibroblasts and osteoblasts was higher
than that found in the GF fibroblasts. This finding
would seem to be in line with many of the char-
acteristic differences between GF and PDL cells.
For example, in terms of morphology, DNA con-
tent, proliferation, glycosaminoglycan synthesis, as
well as cAMP production and alkaline phosphatase
activity'"'*) PDL cells have phenotypes more
typical of OB than GF.P¥ Since syndecan-2 may
play a role in osteogenesis, ¥ we propose that the
presence of syndecan-2 on PDL and OB cells sug-
gests a role for this molecule in the mineralization
processes of hard connective tissues of the peri-
odontium. This notion is further supported by
our recent observation that syndecan-2 is specifi-
cally located within the cementum and alveolar
bone matrices of the periodontium (manuscript
submitted).

In conclusion, cell surface proteoglycans have
been thought to play a role in cell—cell and cell-
matrix interactions and may be involved in seve-
ral different functions, such as binding to various
growth factors as co-receptors, Of as reservoirs
of growth factors which enhance growth and
matrix differentiation. Thus, given the important
roles that these cell surface proteoglycans may be
involved in the homeostasis in health, discase and
repair or rcgeneration of the periodontal tissues.
The clarification of specific roles for cell surface
proteoglycans on periodontal cells requires further
investigation.
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