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Introduction: Cytokines are not only produced by activated lymphocytes but also
interact with a number of cell-surface molecules on the same cells. Syndecan-1 is one
such cell-surface molecule, which has the capacity to bind a variety of growth factors as
well as cytokines. The aim of this study was to examine the effects of transforming
growth factor B (TGF-p), interleukin-1 (IL-1), IL-2, IL-4, lipopolysaccharide (LPS) from
Porphyromonas gingivalis and tetanus toxoid on syndecan-1 expression by B and T
lymphocytes.

Methods: B and T lymphocytes were obtained from the peripheral blood of healthy
donors. Following exposure to the above growth factors, cytokines and antigens,
syndecan-1 expression was determined by flow cytometry.

Results: Subjects could be categorized as high or low expressors of syndecan-1. In the
high-responder group TGF-B1 alone resulted in a significant increase in syndecan-1
expression by both B and T cells. None of the other cytokines and antigens produced a
significant response. When analysed in combination, TGF-B1 in combination with IL-2,
IL-4, P. gingivalis LPS and tetanus toxoid all produced significant increases in syndecan-
1 expression by B cells. For T cells, combinations of TGF-B1 with IL-2 and tetanus
toxoid resulted in increased syndecan-1 expression.

Conclusions: Both B and T lymphocytes synthesize the cell-surface proteoglycan
syndecan-1 and its expression can be modulated by TGF-B1, either alone or in
combination with IL-2, IL-4 and LPS from P. gingivalis and tetanus toxoid. While these
may reflect general responses under inflammatory conditions their biological significance
requires further investigation.
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It has been recognized for some time
that biosynthesis of proteoglycans by T
lymphocytes can be increased following
mitogenic stimulation (3, 17, 29). In
addition, more recent studies have sugges-
ted that cytokines secreted by T lympho-
cytes, either alone or as a result of direct
contact between T and B lymphocytes,
might regulate expression of the
B-lymphocyte cell-surface proteoglycan

syndecan-1 in periodontal inflammation
(34).

Cytokines are produced by activated
lymphocytes, monocytes and fibroblasts.
They are released at sites of inflammation,
act at short distances and can further induce
inflammatory leukocyte infiltration (22, 23,
39, 44, 51). Many cytokines and growth
factors possess proteoglycan-binding sites.
Cytokines bound to proteoglycans on

one cell can be presented to another cell
in a paracrine fashion (19). Alternatively,
cell-surface proteoglycans may capture
cytokines and facilitate intracellular signal-
ling, and modification of cell behaviour
(21). In particular, syndecan-1 has been
implicated as a regulator of cytokine
function (14, 15).

Tetanus toxoid and lipopolysaccharide
(LPS) extracted from Porphyromonas



gingivalis are well-recognized antigenic
stimulants for T lymphocytes and B
lymphocytes, respectively (31, 48). Both
interleukin-2 (IL-2) and IL-4 are growth-
mediating cytokines for T and B lympho-
cytes that signal through a receptor
composed of specific o and P units and a
common chain (5, 6, 13, 20, 27, 45, 50).
IL-2 acts as a co-signalling factor, which
supports initiation of cellular proliferation
in non-activated lymphocytes, while in
pre-activated T lymphocytes it is a potent
survival factor, preventing apoptosis-faci-
litating action and sustained growth of T
lymphocytes in an autocrine fashion (2,
33, 41). IL-4 is associated with T helper
type 2 activation and with the growth and
differentiation of activated B lymphocytes
(35, 37, 42, 43, 47). Transforming growth
factor-f1 (TGF-B1) is another important
immunoregulator of cytokines in inflam-
mation and tissue repair (36, 38). IL-1 is a
pro-inflammatory cytokine produced at the
site of inflammation (9, 10, 25, 30, 40).
In light of our previous observation that
syndecan-1 expression is modulated under
inflammatory conditions (34), the aim of
the present study was to examine, in more
detail, the effect of selected cytokines and
antigens on syndecan-1 expression by
peripheral blood lymphocytes in vitro.

Materials and methods
Subjects

Healthy volunteers aged 30 to 50 years
(eight females and seven males) from the
staff of the Dental School of the University
of Queensland, were included in the study
group. Ethics Committee approval and
informed consent from all subjects parti-
cipating in the study were obtained. A
medical history and oral examination were
conducted to rule out periodontal and
systemic disease activity or medication
use, which are known to influence the
results of in vitro immunological exami-
nations (11, 16).

Isolation of peripheral blood mononuclear
cells

Under aseptic conditions, peripheral blood
was taken by venepuncture from the
median cephalic vein in the antecubital
fossa. The blood was collected into 10-ml
preservative-free Vacutainer tubes contain-
ing 143 USP units of lithium heparin
(Becton Dickinson, North Ryde, Austra-
lia). All blood samples were collected as
close as possible to 09.00 h to control for
circadian variations in endogenous cortisol
levels (16, 18). Within 30-60 min the

samples were transported to the laboratory
where all subsequent procedures were
performed under aseptic conditions in a
laminar flow bio-safety cabinet. Peripheral
blood mononuclear cells (PBMC) were
isolated from heparinized whole blood by
density-gradient centrifugation (4). Finally,
the PBMC were suspended in AIM-V
serum-free medium (Gibco BRL, Life
Technologies, Grand Island, NY).

PBMC stimulation

The PBMC were adjusted to 1 x 10° cells/
ml and 2 ml aliquots were placed into
six-well plates (Nunclon, Raskilde, Den-
mark). The PBMC were unstimulated or
were stimulated with IL-2 (50 or 500 U/
ml); IL-4 (5 or 50 ng/ml); P. gingivalis LPS
(5 or 10 pg/ml); recombinant human TGF-
B1 (1, 2 or 4 ng/ml); thymol-free tetanus
toxoid (TT) (10 or 20 pg/ml); IL-1o (15 or
30 pg/ml); IL-1B (1 ng/ml); TGF-B1 (4 ng/
ml) plus IL-2 (50 U/ml); TGF-B1 (4 ng/ml)
plus IL-4 (50 ng/ml); TGF-B1 (4 ng/ml)
plus P. gingivalis LPS (5 pg/ml); or TGF-
Bl (4 ng/ml) plus TT (20 pg/ml). The
PBMC were cultured for 7 days at 37°C
in a humidified atmosphere of 5% carbon
dioxide. In parallel, PBMC were cultured
for4 days in the presence of TGF-f1 (4 ng/
ml), TGF-B1 (2 ng/ml), or IL-18 (30 pg/
ml) or for 24 h in the presence of TGF-B1
(4 ng/ml). The time and concentration were
optimized based on the study (data not
shown) conducted on peripheral blood
lymphocyte samples taken from healthy
individuals on day zero, unstimulated
(control) and stimulated on days 3, 5 and 7.

Flow cytometry

At the end of the culture period, the cells
were washed twice with cold phosphate-
buffered saline containing 0.1% sodium
azide. Non-specific antibody binding was
blocked with 10% mouse serum for 30 min.
Cells were incubated for 30 min at 40°C in
the dark with a 1 : 50 dilution of monoclo-
nal anti-CD3 conjugated with peridinin—
chlorophyll protein complex (PerCP)
(Pharmingen, San Diego, CA) specific for
T lymphocytes, fluorescein isothiocyanate-
conjugated anti-CD19 (Dako, Botany,
Australia) specific for B lymphocytes and
anti-CD138-R-Phycoerythrin  (RPE) or
phycoerythrin-conjugated MCA-681
(Serotech Inc., Oxford, UK) specific for
syndecan-1. For the negative controls, equal
numbers of cells were incubated with
PerCP, fluorescein isothiocyanate and RPE
mouse immunoglobulin G1 (Pharmingen).
Cells were washed twice with cold
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phosphate-buffered saline containing 0.1%
sodium azide and suspended in 100 pl
fixative containing 1% sodium azide and
10% formaldehyde (Becton Dickinson,
North Ryde, Australia). Flow cytometric
analysis was undertaken on the same day
(FACScaliber, Becton Dickinson, San Jose,
CA). Data were collected for a minimum of
10,000 cells gated on forward and side
scatters and analyzed using CELLQUEST
software (Becton Dickinson). Markers were
positioned to include 95% of the isotype
control cells in the negative control
quadrant.

Statistical analyses

Analysis of variance and multiple regres-
sion analysis were undertaken using
GRAPH PAD INSTAT and MICROSOFT
EXCEL. Results were considered signifi-
cant at P < 0.05.

Results
TGF-p1 stimulation

Subjects were divided arbitrarily into those
showing relatively high syndecan-1 expres-
sion on stimulation and those showing
relatively low syndecan-1 expression with
TGF-B1 at different concentrations for
7 days (Table 1). The relative increase or
decrease in syndecan-1 expression follow-
ing stimulation was calculated based on the
difference from the respective unstimulated
(control) percentage of peripheral blood
lymphocyte syndecan-1 expression. The
subjects were grouped, based on the results,
as high responders or low responders.
Following stimulation with TGF-B1 at a
concentration of 4 ng/ml, 78.9% were high
responders while 21.1% were low respond-
ers. There was a highly significant increase
in syndecan-1 expression in positive
responders following stimulation with
TGF-B1 (4 ng/ml) for both the peripheral
blood Tand B lymphocytes (P = 0.009 and
P = 0.0005, respectively). In relation to
stimulation with TGF-B1 at a concentration
of 2 ng/ml, 62.5% of'the subjects were high
responders and 37.5% were low responders.
Unlike the higher concentrations, following
stimulation with TGF-B1 at a concentration
of 1 ng/ml, 54% of subjects showed
decreased syndecan-1 expression in the
peripheral blood T and B lymphocytes in
relation to the controls (P = 0.07 and
P = 0.04, respectively).

Following stimulation with TGF-B1
(4 and 2 ng/ml) for 4 days, PBMC showed
a marginal, but insignificant, increase
in syndecan-1 expression (Fig. 1). Even
when cultured for shorter time periods



274 Manakil et al.

Table 1. The percentage of T and B lymphocytes expressing syndecan-1 at various concentrations of

transforming growth factor-B1 (TGF-B1)

High responders

Low responders

T cells B cells T cells B cells
Unstimulated 84 +£48 32.8+4.6 10.41 £ 3.3 30 +£3.8
TGF-B1 (4 ng/ml) 1438 £ 5.4 61.43 £ 3.6 7.5+0.5 24 £5.1
Unstimulated 9.31 £3.12 34.69 +£ 7.3 59+39 248 £7.6
TGF-B1 (2 ng/ml) 18.99 + 3.9 53.21 £6.7 7.9 £4.01 21.8+£4.7
Unstimulated 835+49 43.69 + 5.6 10.9 £ 6.06 50.36 £ 4.9
TGF-B1 (1 ng/ml) 10.61 + 3.8 56.7 £ 13.5 6.1 +43 33 £5.8

Data are presented as the means and standard deviations of the mean for triplicate samples. The TGF-
Bl concentrations (4, 2 and 1 ng/ml) of 7-day duration, based on the increase or decrease in the
percentage lymphocyte syndecan-1 expression from the baseline (unstimulated) have been grouped

as high responders and low responders.
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Fig. 1. Percentage of peripheral blood T and B
lymphocytes expressing syndecan-1, following
stimulation of peripheral blood mononuclear
cells with transforming growth factor-p1 (TGF-
Bl; 4 and 2 ng/ml) for 4 days. Data are
presented as the means and standard deviations.

such as 24 h in the presence of TGF-B1
(4 ng/ml), PBMC showed no increase in
syndecan-1 expression in relation to the
control cultures (Fig. 2).

Other cytokine stimulation

Stimulation with the individual cytokines
IL-2, IL-4, IL-10, and IL-1p resulted in a
trend towards decreased syndecan-1
expression by peripheral blood T and B
lymphocytes. However, the values failed
to reach statistical significance compared
to the controls because of wide individual
variations (Table 2).

Antigen stimulation

Following stimulation with tetanus toxoid
(TT) and P, gingivalis LPS, 26.6% and 35%
of'the subjects, respectively, were identified
as positive responders. The expression of
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Fig. 2. Percentage of peripheral blood T and B
lymphocytes expressing syndecan-1, following
stimulation of peripheral blood mononuclear
cells with transforming growth factor-p1 (TGF-
Bl; 4 ng/ml) for 24 h. Data are presented as
means and standard deviations.

syndecan-1 by B and T lymphocytes
exposed to the antigens for 7 days is
presented in Table 3. Stimulation with TT
and LPS resulted in a general increase in
syndecan-1 expression by both subsets of
lymphocytes. However, this was significant
only for the high responder B cells.

TGF-p1 combined, cytokine/antigen
stimulation

An investigation using combinations of
cytokines and antigens on the percentage
of peripheral blood B lymphocytes expres-
sing syndecan-1 indicated an increase in
syndecan-1 expression following stimula-
tion with various combinations of growth
factor and cytokines/antigens. Compared
to the unstimulated controls, TGF-B1 in
combination with IL-2, IL-4, P. gingivalis

LPS and TT all showed significant increa-
ses in syndecan-1 synthesis (P < 0.05)
(Fig. 3). However, for the peripheral blood
T lymphocytes expressing syndecan-1,
statistical significance was observed only
for combinations of TGF-f1 with IL-2 and
TT compared with control (unstimulated)
(Fig. 4). For both T and B cells the
addition of cytokines to TGF-B1 appeared
to have an additive effect.

Discussion

From this study we have determined that
both B and T lymphocytes synthesize the
cell surface proteoglycan syndecan-1
in vitro and that its expression can be
modulated by TGF-B1, either alone or in
combination with IL-2, IL-4 and specific
antigens such as LPS from P gingivalis
and TT. Stimulation of syndecan-1 expres-
sion by B and T lymphocytes may have
some beneficial effects in immune regula-
tion through the binding of cytokines and
growth factors and in the control of
lymphocyte migration. One cytokine that
significantly affects lymphocyte function
is TGF-B1 (24, 36).

With regards to B lymphocytes, TGF-$1
is an important autocrine immunoregulato-
ry molecule limiting clonal expansion and
differentiation of normal B lymphocytes,
regulating the development from the pre-B-
cell stage through to immunoglobulin-

Table 2. The percentage of T and B lymphocytes expressing syndecan-1 following cytokine

stimulation of peripheral blood mononuclear cells

T lymphocytes

B lymphocytes

7 days unstimulated 8.391 + 3.71 3324 + 11.65
IL-2 (50 U/ml) 7.81 +£2.81 23.04 £7.17
IL-2 (500 U/ml) 8.54 £ 3.15 2351 £1.29
IL-4 (5 ng/ml) 9.03 £ 3.94 27.81 £ 10.87
IL-4 (50 ng/ml) 7.75 +4.21 25.85 +4.31
IL-1o (1 ng/ml) 5.67 +2.46 27.81 + 18.64
IL-1B (30 pg/ml) 5.48 £ 1.64 21.52 £ 1.41
IL-1B (15 pg/ml) 581 +3.13 31.88 + 10.05
4 days unstimulated 15.02 + 4.886 34.02 £ 1.91
IL-1B (30 pg/ml) 13.39 £2.19 3519 £12.32

Data are presented as the means and standard deviations of the mean for triplicate samples.

Table 3. The percentage of T and B lymphocytes expressing syndecan-1, following tetanus toxoid
(TT) and Porphyromonas gingivalis lipopolysaccharide (LPS) stimulation of peripheral blood
mononuclear cells in positive and negative responders

Positive responders

Negative responders

T lymphocytes

B lymphocytes

T lymphocytes B lymphocytes

Unstimulated 4.583 +2.42 36.38 £ 14.82 10.12 + 3.81 52.19 + 5.38
TT (10 pg/ml) 753 £5.1 4529 + 16.2 6.36 £ 2.12 34.01 = 14.01
TT (20 pg/ml) 10.34 £ 7.03 3738 £3.98 nd. nd.
Unstimulated 713 £3.7 56.73 £ 12.82 10.96 + 4.3 47.61  13.72
LPS (5 pg/ml) 12.48 + 5.6 73.64 + 13.63 8.87 £ 5.98 38.39 + 15.38
LPS (10 pg/ml)  n.d. nd. 11.8 + 3.48 49.26 = 20.68

Data are presented as the means and standard deviations of the mean for triplicate samples.

n.d., not determined.
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Fig. 3. Percentage  of  peripheral  blood
B-lymphocytes expressing syndecan-1, follow-
ing stimulation of peripheral blood mononuclear
cells for 7 days (A) unstimulated or control; (B)
TGE-B1 (4 ng/ml) + IL-2 (50 U); (C) TGF-Bl
(4 ng/ml) + IL-4 (5 ng/ml), *P = 0.03; (D)
TGF-B1 (4 ng/ml) + Porphyromonas gingivalis
LPS (5 pg/ml), ***P = 0.0008; (E) TGF-f1
(4 ng/ml) + TT (10 pg/ml), *P = 0.03. Data
are presented as the means and standard devi-
ations. Abbreviations: interleukin-2 (IL-2), lipo-
polysaccharide (LPS), tetanus toxoid (TT),
transforming growth factor-B1 (TGF-B1).
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Fig. 4. Percentage of peripheral blood T
lymphocytes expressing syndecan-1, following
stimulation of peripheral blood mononuclear
cells for 7 days (A) unstimulated or control; (B)
TGF-B1 (4 ng/ml) + IL-2 (50 U); (C) TGF-B1
(4 ng/ml) + IL-4 (5 ng/ml), *P = 0.05; (D)
TGF-B1 (4 ng/ml) + Porphyromonas gingivalis
LPS (5 pg/ml); (E) TGF-Bl (4 ng/ml) + TT
(10 pg/ml). Data are presented as the means
and standard deviations. Abbreviations: inter-
leukin-2 (IL-2), lipopolysaccharide (LPS), tet-
anus toxoid (TT), transforming growth factor-p1
(TGF-B1).

secreting plasma cells and apoptosis (8, 22,
28, 32, 49). Since TGF-P1 affects synde-
can-1 synthesis, this may imply that
syndecan-1 is associated with B-lympho-
cyte differentiation and maturation (46).
In general, the effects of TGF-f1 on T
lymphocyte populations are indirect, rather
than direct, via altered expression of cell
surface receptors or secretion of various
cytokines (7). Thus, cell differentiation
and isotype switching of activated cells
may be associated with variable expression
of cell surface molecules such as synde-
can-1 (1, 46, 52, 53). However, in the
present study, IL-2 and IL-4, (known
lymphocyte growth factor cytokines)
failed to cause any significant increase in
syndecan-1 expression. While this may
have been the result of individual varia-
tions, IL-2 and IL-4 are recognized to
result in both synergy and antagonism of
cellular signalling processes in both T and

B lymphocytes (5). As for IL-2 and IL-4,
short-term exposure of peripheral blood B
and T lymphocytes to IL-1p also failed to
affect syndecan-1 expression. However,
following 7 days of stimulation, IL-1B
tended to cause a decrease in syndecan-1
expression in both the T-lymphocyte and
B-lymphocyte populations, although this
did not reach significance compared to the
control.

Stimulation with LPS from P. gingivalis
and TT resulted in peripheral blood B and
T lymphocytes showing a variable increase
in syndecan-1 expression, compared to the
controls. The wvariation in syndecan-1
expression was more prominent for B
lymphocytes following antigen stimulation
than for T lymphocytes. This may reflect
differences in antigen presentation to B
and T lymphocytes, respectively. The
increase in syndecan-1 expression follow-
ing exposure to LPS in B lymphocytes
may correspond with the observations of
syndecan-1 expression in advanced perio-
dontitis (34).

When cytokines and antigens were
combined with TGF-f, the percentage of
peripheral blood B lymphocytes expres-
sing syndecan-1 increased significantly.
Although there was an increased synde-
can-1 expression by peripheral blood T
lymphocytes following stimulation with
TGF-B1 and IL-4, but not LPS, the B
lymphocytes showed an increase in syn-
decan-1 for TGF-B1 with both LPS and
IL-4. TGF-Bl may act as a synergistic
factor in combination with IL-4, and may
result in IL-4-triggered antigen activation,
up-regulated syndecan-1 expression and
B-lymphocyte activation. In the case of B
lymphocytes, TGF-B1 and IL-4 have been
shown to have a synergistic effect, as they
may be acting through selectively inhibit-
ing the growth of immunoglobulin
M-positive B lymphocytes, which allows
immunoglobulin A-positive cells to out-
grow (26). This leads to the question of
whether syndecan-1 expression is related
to subset variations and/or differentiation
of lymphocytes independent of cell prolif-
eration, as alluded to in some studies (3).

Increased syndecan-1 expression by
peripheral blood B lymphocytes following
stimulation with combinations of TGF-BI,
IL-4 and P. gingivalis LPS may mimic, in
part, the inflammatory reactions seen in
periodontitis. The combination of TGF-B1
and P. gingivalis LPS led to an increase in
syndecan-1 expression by peripheral blood
B lymphocytes but no significant variation
in syndecan-1 expression by peripheral
blood T lymphocytes. This may be asso-
ciated with changes in T lymphocytes to a

Lymphocyte syndecan-1 expression 275
T helper type 2 subtype, which in turn may
lead to B-lymphocyte activation as seen in
chronic periodontitis. TGF-B1 appears to
enhance LPS-stimulated isotype switching
in B lymphocytes and results in a signifi-
cant increase in immunoglobulin A secre-
tion (26). TGF-B1 and TT also showed an
increased percentage of peripheral blood B
lymphocytes positive for syndecan-1
expression. This suggests that specific
T-lymphocyte subsets may influence acti-
vation of B lymphocytes because the TT is
a T-lymphocyte-specific antigen. Alternat-
ively, TT may have enhanced a suppres-
sive function of TGF-B1 on specific
T-lymphocyte subsets, favouring B-lym-
phocyte activation (12). The significance
of subset variation in relation to the
cytokine-influenced syndecan-1 up-regula-
tion should be explored to investigate its
relationship to pathogenic profiles as has
been suggested by other reports concern-
ing the role of syndecan-1 in inflammatory
conditions (14, 15).

In conclusion, this study has shown that
TGF-B alone and/or in combination with
other cytokines and antigens enhances
syndecan expression. This is a necessary
starting point; further studies are now
needed to determine the mechanism of
this enhancement. In addition, the biolo-
gical significance of this remains specula-
tive and requires further investigation.
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