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ABSTRACT

ARTICLE HISTORY

Purpose of the study: Follicular dendritic cell-secreted protein (FDC-SP) has been found to be
expressed in periodontal ligament (PDL), a layer of soft connective tissue between tooth root and
alveolar bone, and involved in immunoreaction. This study was performed to explore the potential role of FDC-SP in periodontal disease. Materials and Methods: The human periodontal ligament
cells (hPDLCs) were stimulated with Porphyromonas gingivalis (P. gingivalis) lipopolysaccharide
(LPS) and FDC-SP expression was examined by real-time PCR and western blot. Then this molecule
was overexpressed or silenced in hPDLCs by transfection of FDC-SP expression plasmids or its
small-interfering (si) RNA, respectively, and the effects of FDC-SP on expression of osteogenesisand osteoclastogenesis-related genes in hPDLCs were analyzed by real-time PCR and western blot.
Results: Our results showed that P. gingivalis LPS upregulated FDC-SP expression in hPDLCs.
Overexpression of FDC-SP could decrease the expression of osteogenesis-related genes, increase
the expression of osteoclastogenesis-related genes and RANKL/OPG ratio in hPDLCs. Meanwhile,
silence of FDC-SP expression in hPDLCs remarkably inversed the above results. Conclusions:
LPS-induced upregulation of FDC-SP expression in hPDLCs may enhance osteoclastogenesis in
periodontal disease.
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Introduction
Periodontitis is an inflammatory disease of periodontal
connective tissue (1). It is of microbial origin and is
characterized by destruction of attachment apparatus
of tooth, involving alveolar bone resorption (2,3). In
healthy people, alveolar bone is in a remodeling balance, which means that osteoclasts-mediated alveolar
bone resorption is in balance with osteoblasts-mediated
osteogenesis (4). However, in periodontitis, the integrated cellular systems are interfered by many factors
which lead to the dysregulation of remodeling and the
consequent loss of bone matrix (4,5).
Alveolar bone and tooth root are separated by periodontal ligament (PDL), a layer of soft connective
tissue which is composed of collagen fiber bundles
and various cells (6). As the most common cell type
in PDL, periodontal ligament cells (PDLCs) act as
fibroblasts by secreting extracellular matrix and organizing themselves into collagen ﬁber bundles. In addition, they also serve as mesenchymal stem cells, which
have a potential to differentiate into osteoblasts/cementoblasts (7,8).
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Follicular dendritic cell-secreted protein (FDC-SP) is
an 85-amino acid peptide secreted from primary follicular
dendritic cells in human tonsils (9). Since it was discovered, this protein has been considered to be an immune
molecule which regulates follicular dendritic cell–B cell
interaction. Recently, FDC-SP was found to be expressed
in PDL (10). Several studies show that overexpression of
FDC-SP in PDLCs in vitro can keep the fibroblastic characteristics and inhibit the osteogenic differentiation as well
as the following mineralization of these cells (11,12).
However, whether FDC-SP is involved in alveolar bone
remodeling in periodontal disease remains unknown.
In this study, we used lipopolysaccharide (LPS), one
of the most important virulence factors of periodontal
pathogens during the development and progression of
periodontitis (13,14), to stimulate human PDLCs
(hPDLCs) in vitro and evaluated the expression of
FDC-SP. Furthermore, we overexpressed and silenced
FDC-SP in hPDLCs, respectively, and then examined
the influence of FDC-SP on expression of osteogenesisand osteoclastogenesis-related genes to evaluate the
potential role of FDC-SP in periodontitis.
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Materials and methods
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Cell culture and stimulation
hPDLCs were obtained from the mid-one-third of
root surfaces of healthy individuals (age range from
20 to 30 years old) who underwent the third molar
extraction at the Department of Oral and Maxillofacial
Surgery in Peking University School and Hospital of
Stomatology. The study was approved by the Medical
Ethical Committee of this hospital (Ethics Approval
No. PKUSSIRB-2012017), and written informed consents were obtained from all the donors before tooth
extraction. The middle-third-of-root PDL tissues were
cut into small fragments (1 mm3) in Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Paisley,
Scotland, UK), containing 10% fetal bovine serum
(FBS; HyClone, Logan, UT), and were cultured in
35-mm dishes. The cultured PDLCs were identified
as vimentin-positive and pan-CK-negative fibroblastic
cells using immunocytochemistry, which indicated
that the PDLCs were without epithelial original cell
contamination (data not shown). To eliminate any
potential bias of PDLCs from different donors, the
third passage PDLCs from the four donors were
mixed together and the cells at fourth to eighth passages were used in all the following experiments. For
LPS treatment experiments, 2 × 105 hPDLCs were
cultured in 6-well plates with 2 mL complete DMEM
medium containing 1 μg/mL or 10 μg/mL
Porphyromonas gingivalis (P. gingivalis) LPS (Catalog
number: tltl-pglps, Invivogen, San Diego, CA) for 12 h
and 24 h and harvested to subject to real-time PCR
and western blot analysis. All cultures were maintained at 37°C with a humidified gas mixture of 5%
CO2/95% air.
Transfection of FDC-SP expression plasmids
hPDLCs were seeded at 2 × 105/well into 6-well plates
and cultured in 2 mL DMEM supplemented with 10%
FBS for overnight. Then, the cells were transfected
with pCDNA3.1-myc vector or pcDNA3.1-hFDC-SP
plasmid with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) following the manufacturer’s instructions. At 24 h and 48 h post-transfection, the cells
were harvested for real-time PCR and western blot
analysis, respectively.
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(control)
(Guangzhou
RiboBio
Co.,
Ltd.,
Guangzhou, China). The human FDC-SP-specific
siRNA
sequence
is
5′-TCCATGGTTTAGAC
GTAAT-3′. Transfection of siRNA was performed
using Lipofectamine 2000, according to the manufacturer’s instructions. The cell viability after transfection was also detected using Trypan blue
exclusion tests. At 24 h post-transfection, some of
the cells were harvested and subjected to real-time
PCR and at 48 h post-transfection the others were
harvested for western blot.

Real-time polymerase chain reaction
Total RNA was extracted from cells by using the
TRIzol reagent (Invitrogen), and then treated with
DNase I for 30 min, reversely transcribed into singlestranded cDNA using M-MLV reverse transcriptase
(Promega, Madison, WI) according to the manufacturer’s protocol. Real-time PCR was performed in an
ABI Prism 7000 Sequence Detection System (Applied
Biosystems, Life Technologies, Warrington, UK) using
SYBR green reagent (Roche, Indianapolis, IN). β-actin
was used as the endogenous control. The primers for
each gene were listed in Table 1 as follows: FDC-SP,
runt-related transcription factor 2 (RUNX2), bone
sialoprotein (BSP), alkaline phosphatase (ALP), osteocalcin (OCN), receptor activator of nuclear factor
kappa-B ligand (RANKL), osteoprotegerin (OPG),
and β-actin. The standard PCR conditions were 10
min at 95°C, followed by 40 cycles of 95°C for 15 s
and 60°C for 1 min. All reactions were performed in
triplicate. The expression levels of the target transcripts in each sample were calculated by the comparative 2−ΔΔCt method after normalization to the
expression of β-actin.

Table 1. Real-time PCR primers used in this study.
Target gene
FDC-SP
RUNX2
BSP
ALP
OCN
OPG

RNA interference

RANKL

hPDLCs were transfected with 100 pM FDC-SP
small-interfering (si) RNA or scramble siRNA

β-actin

Sequence (5′–3′)
AGTGGCTGTTGGTTTCCCAG
GGCGAAATGGATATGGGTAAGG
TCCTATGACCAGTCTTACCCCT
GGCTCTTCTTACTGAGAGTGGAA
GAACCTCGTGGGGACAATTAC
CATCATAGCCATCGTAGCCTTG
ATGGGATGGGTGTaCTCCACA
CCACGAAGGGGAACTTGTC
CACTCCTCGCCCTATTGGC
CCCTCCTGCTTGGACACAAAG
GGAACCCCAGAGCGAAATACA
CCTGAAGAATGCCTCCTCACA
ACATATCGTTGGATCACAGCACAT
CAAAAGGCTGAGCTTCAAGCTT
CATGTACGTTGCTATCCAGGC
CTCCTTAATGTCACGCACGAT

Product size (bp)
117
193
81
108
112
226
101
280
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Western blot
The cells were harvested and lysed in RIPA buffer
(Applygen, Beijing, China) containing proteinase inhibitors and phosphatase inhibitors. After measuring the
protein concentration by BCA kit (Thermo, Rockford,
IL), equal amounts (30 μg) of protein samples were separated by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to poly-vinylidenedifluoride membranes by wet blotting. The membranes were
blocked in 10% non-fat dry milk for 1 h and probed
with antibodies against FDC-SP (1:300 dilution; Santa
Cruz Biotechnology, Santa Cruz, CA), BSP (1:300 dilution; Santa Cruz Biotechnology), OPG (1:300 dilution;
Santa Cruz Biotechnology), RANKL (1:300 dilution;
Santa Cruz Biotechnology), RUNX2 (1:300 dilution;
Santa Cruz Biotechnology), or β-actin (1:1000 dilution;
Santa Cruz Biotechnology) separately at 4°C overnight.
After incubation with peroxidase-linked secondary antibodies for 1 h at room temperature, the ECL reagent
(Thermo) was used to visualize the immunoreactive proteins. Then, we analyzed the results with densitometric
analysis software Quantity One v4.6.2 (Bio-Rad, Hercules,
CA). β-actin was used as a loading control and relative
optical density of each protein band was calculated.
Statistical analysis
All experiments were performed three times. Data are
expressed as the means ± SD. Differences between
means were assessed by independent sample t-test of
SPSS. The level of significance (p) was set as <0.05.

Results
P. gingivalis LPS increased the expression of FDCSP in hPDLCs
In order to investigate whether the expression of
FDC-SP in hPDLCs could be affected by periodontal

pathogens during the development and progression
of periodontitis, hPDLCs were stimulated with
P. gingivalis LPS in vitro for 12 h and 24 h and then
harvested RNA or protein to detect FDC-SP expression
through real-time PCR and western blot. As expected,
P. gingivalis LPS increased FDC-SP expressions in
hPDLCs in time- and dose-dependent manners. The
expression of FDC-SP at mRNA level increased 1.57 ±
0.55-fold (p > 0.05) at 12 h and 2.35 ± 0.41-fold (p <
0.05) at 24 h post-stimulation in 1 μg/mL P. gingivalis
LPS–treated hPDLCs, and 1.86 ± 0.50-fold (p > 0.05) at
12 h and 2.84 ± 0.63-fold (p < 0.05) at 24 h poststimulation in 10 μg/mL P. gingivalis LPS–treated
hPDLCs compared to their corresponding untreated
controls (Figure 1A). This result was consistent with
western blot analysis, which showed that FDC-SP
expression at protein level increased to 1.65 ± 0.04fold when hPDLCs was stimulated with 1 μg/mL
P. gingivalis LPS for 24 h (p < 0.01, Figure 1B and C).
p < 0.05 and p < 0.01 represent a significant difference
and highly significant difference, respectively, in these
comparisons.

Overexpression and silence of FDC-SP modulated
the expression of osteogenesis- and
osteoclastogenesis-related genes in hPDLCs
FDC-SP was overexpressed or silenced in hPDLCs by
transfection of FDC-SP expression plasmids or its si
RNA, respectively, to explore the effect of FDC-SP on
osteogenesis- and osteoclastogenesis-related gene
expression in hPDLCs. Real-time PCR results
demonstrated that the expression of FDC-SP was
significantly upregulated 9.33-fold (p < 0.01) at
mRNA level and 1.76-fold (p < 0.01) at protein
level after transfection of FDC-SP expression plasmids (Figure 2A), while it was markedly downregulated 76.3% (p < 0.01) at mRNA level and 37.2% (p <
0.01) at protein level after transfection of siFDC-SP

Figure 1. Effect of P. gingivalis LPS on the expression of follicular dendritic cell-secreted protein (FDC-SP) in hPDLCs was examined
with real-time PCR at 12 h and 24 h after 1 μg/mL and 10 μg/mL P. gingivalis LPS treatment and western blot at 24 h after 1 μg/mL
P. gingivalis LPS stimulation. (A) Relative expression of FDC-SP at mRNA level. (B) Representative western blot bands and (C) the
corresponding densitometric analysis of FDC-SP protein expression. *p < 0.05; **p < 0.01.
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Figure 2. Effect of FDC-SP overexpression on osteogenesis-related biomarkers and osteoclastogenesis-related biomarker RANKL
expression in hPDLCs. FDC-SP was overexpressed in hPDLCs by transfection of FDC-SP expression plasmids, and the expression of
osteogenic and osteoclastogenic biomarkers was examined by real-time PCR at 24 h after transfection and western blot at 48 h after
transfection. (A) Relative mRNA expression of FDC-SP, RUNX2, BSP, ALP, OCN, OPG, and RANKL, and the ratio of RANKL/OPG in
hPDLCs transfected with empty vector or FDC-SP expression plasmids. (B) FDC-SP, RUNX2, BSP, OPG, RANKL, and β-actin protein
bands were detected by western blot in hPDLCs transfected with empty vector or FDC-SP expression plasmids and (C) densitometric
analysis of each band of the western blots. *p < 0.05; **p < 0.01.

(Figure 3A). Moreover, overexpression of FDC-SP
significantly downregulated all the examined osteogenesis-related
biomarkers
including
RUNX2
(reduced 56%, p < 0.05), BSP (reduced 34%, p <
0.05), ALP (reduced 56%, p < 0.01), OCN (reduced
71%, p < 0.05), and OPG (reduced 86%, p < 0.01)
and upregulated an osteoclastogenesis-related gene
RANKL (increased 2.57-fold, p < 0.01) at 24 h after
transfection. Moreover, the ratio of RANKL/OPG, an
index of osteoclastogenesis, increased 23.6-fold (p <
0.01) in FDC-SP transfected hPDLCs (Figure 2A).
Western blot results showed the same expression
pattern of the examined genes as the real-time PCR
results except for RANKL, which was not markedly

changed at protein level in FDC-SP overexpressed
hPDLCs and empty vector-transfected control cells.
However, the ratio of RANKL/OPG was still
increased 1.4-fold (p < 0.01) in FDC-SP overexpressed hPDLCs (Figure 2B and C). Conversely,
downregulation of FDC-SP by siFDC-SP significantly
increased RUNX2 (2.13-fold, p < 0.05), BSP (2.11fold, p < 0.01), ALP (2.39-fold, p < 0.01), OCN (2.07fold, p < 0.05), and OPG (1.68-fold, p < 0.05) expression and downregulated RANKL (2.4-fold, p < 0.01)
expression in hPDLCs at mRNA levels. The ratio
of RANKL/OPG decreased 3.89-fold (p < 0.05), compared to that in control hPDLCs which were transfected with scramble siRNA (Figure 3A). These

Figure 3. FDC-SP was silenced in hPDLCs by transfecting the FDC-SP siRNA, and the osteogenic and osteoclastogenic biomarkers
were examined by real-time PCR at 24 h after transfection and western blot at 48 h after transfection. (A) Relative mRNA expression
of FDC-SP, RUNX2, BSP, ALP, OCN, OPG, and RANKL, and ratio of RANKL/OPG in hPDLCs transfected with scramble siRNA or FDC-SP
siRNA. (B) FDC-SP, RUNX2, BSP, OPG, RANKL, and β-actin protein bands were detected by western blot in hPDLCs transfected with
scramble siRNA or FDC-SP siRNA and (C) densitometric analysis of each band of the western blots. *p < 0.05; **p < 0.01.
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results were further confirmed by western blot
analysis (Figure 3B and C).
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Discussion
Clinical attachment loss and alveolar bone resorption are
characteristics of periodontitis and they are the direct
reasons for gomphiasis and tooth loss. Bacterial plaque
that contains various periodontal pathogens is the initiating factor for periodontitis (15). LPS has been considered to be one of the most important virulence factors of
periodontal pathogens (16). Previous studies reported
that LPS derived from Gram-negative bacteria can penetrate into periodontal tissues; recruit and activate
immune cells; improve the production of pro-inflammatory mediators such as interleukins-1β (IL-1β), tumor
necrosis factor-α (TNF-α), and interleukin-6 (IL-6), and
induce the alveolar bone destruction (17–19).
PDL is a unique thin, soft connective tissue between
the two different mineralized tissues, alveolar bone and
cementum, in the whole body. PDLCs are the basic
cellular component of PDL. These heterogeneous cell
populations possess the property of multipotential differentiation (20) and may play a pivotal role in alveolar
bone remodeling by secreting proteins with osteoblastic
or osteoclastic functions (21,22).
In this study, we found that P. gingivalis LPS can
upregulate the expression of FDC-SP in hPDLCs in
vitro, which indicates that FDC-SP can be involved in
periodontal pathogen-induced periodontitis. Therefore,
we overexpressed and silenced FDC-SP, respectively, in
hPDLCs, then examined the osteogenesis-related genes
including RUNX2, BSP, ALP, OCN, OPG, and osteoclastogenesis-related gene RANKL to investigate the
role of FDC-SP in the regulation of the osteogenesis–
osteoclastogenesis balance. ALP is recognized as an
early biomarker of osteogenic differentiation (23), and
it is associated with mineral formation in calcified
tissues (24). BSP is reported to play a pivotal role in
the hydroxyapatite deposition and matrix mineralization (25), whereas OCN serves as a biomarker of latestage osteoblastic differentiation (26). RUNX2 is the
master gene of osteodifferentiation (27). This study
reported all of these genes were downregulated by
FDC-SP overexpression, and these effects could be
reversed by silence of FDC-SP expression in hPDLCs,
indicating that FDC-SP has a potential to inhibit osteoblastic differentiation of hPDLCs. This result was consistent with previous studies (11,12).
RANKL is a ligand for receptor activator of nuclear
factor kappa-B (RANK), which provides osteoclastspecific differentiation signals, while OPG is a soluble
decoy RANKL receptor that inhibits osteoclastic

differentiation. RANKL/OPG ratio is responsible for
determining the bone mass and strength. A high ratio
of RANKL/OPG is associated with osteoclast development and bone loss (28,29). In the present study, FDCSP upregulated RANKL expression and simultaneously
attenuated OPG expression in hPDLCs, which indicated that overexpression of FDC-SP promoted osteoclastogenic differentiation. This ﬁnding suggests a
possible role of FDC-SP in alveolar bone resorption in
periodontitis: altering the balance of osteogenesis–
osteoclastogenesis through regulating the RANKL/
OPG ratio in PDL.
Taken together, in this study, we demonstrated that
LPS stimulation could improve the expression of FDC-SP
in hPDLCs and the overexpressed FDC-SP could push the
osteogenesis–osteoclastogenesis balance toward osteoclastogenesis. It is, for the first time, to provide an alternative explanation for periodontitis in a LPS-FDC-SPalveolar bone resorption manner. Further researches,
especially in vivo studies, are needed to explore the precise
role of FDC-SP expressed by PDLCs in the progression of
periodontitis and alveolar bone loss.
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