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Abstract: The purpose of this study was to investigate the influencing mechanism of Porphyromonas gingivalis extra-
cellular vesicles on human periodontal ligament fibroblasts to better understand the pathogenesis of periodontitis,
the major cause of adult tooth loss. Human periodontal ligament fibroblasts were cultured and randomly assigned
to a control group and an extracellular vesicles (ECV) group. The ECV group was exposed to isolated Porphyromonas
gingivalis extracellular vesicles; the control group was not exposed. Western blotting was used to detect expression
of matrix metalloproteinase 1 (MMP-1) and tissue inhibitor of metalloproteinase-1 (TIMP-1), and RT-PCR was used
to detect mRNA expression of alkaline phosphatase (ALP). When human periodontal ligament fibroblasts were
processed by Porphyromonas gingivalis extracellular vesicles (ECV), protein expression levels of both MMP-1 and
TIMP-1 were significantly higher than that of the control group (P<0.05). In contrast, ALP mRNA expression in human
periodontal ligament fibroblasts processed by ECV was significantly lower than that of the control group (P<0.05).
Porphyromonas gingivalis extracellular vesicles can up-regulate expression of MMP-1 and TIMP-1 protein and ALP
mRNA of human periodontal fibroblasts.
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Introduction

Periodontitis is a chronic inflammation of the
gingival and periodontal tissues and is mainly
characterized by formation of inflammation of
the pocket wall [1, 2]. Additionally, periodontitis
causes alveolar bone resorption and gradually
loosened teeth, which is the major cause of
adult tooth loss [1, 2]. Current research shows
that an anaerobe, Porphyromonas gingivalis
(Pg), is a major pathogen causing periodontitis
[3, 4]. The extracellular vesicle (ECV) of Pg is an
outer membrane sprouting body, which is
formed as follows: the bacterial outer mem-
brane bulges outward, gradually becomes an
independent component, and freely enters into
the surrounding microenvironment. ECV has an
integrated outer membrane, similar to its par-
ent thallus in toxicology and immunology [5];
extracellular vesicles can reach deep periodon-
tium due to their small size, to cause local peri-

odontal tissue destruction. Interestingly, 80%
of the major toxic substances of Pg are believed
to locate in extracellular vesicles [6]. In this
study, human periodontal ligament fibroblasts
were exposed to Pg extracellular vesicles to
investigate mechanism of their effects on this
tissue and the pathogenesis of periodontitis.

Materials and methods
Materials and equipment

Porphyromonas gingivalis (China Microbiologi-
cal Culture Collection Center), GAM Blood-
Agar-Medium (Invitrogen, Shanghai, China),
CDC medium (Invitrogen), DMEM cell culture
medium (Invitrogen), fetal calf serum (FCS,
Invitrogen), 2.5 mg/L trypsin (Biochemistry
Preparation Plant, Shanghai), anaerobic jar
(800 ml/L N,, 100 mi/L H,, 100 mi/L CO,),
37°C incubator, YJ-874 Clean Bench (Suzhou
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Purification Equipment Factory), low-tempera-
ture ultracentrifuge, freeze drying machine, CO,
incubator (Hereaus, Germany), inverted phase-
contrast microscope (Olympus, Japan), goat
anti-human matrix metalloproteinase 1 (MMP-
1) polyclonal antibody (Upstate Biology, USA),
goat anti-human tissue inhibitor of metallopro-
teinase-1 (TIMP-1) polyclonal antibody (Up-
state), rabbit anti-human B-actin polyclonal
antibody (Sigma, USA), rabbit anti-goat second-
ary antibody (Sigma), goat anti-rabbit second-
ary antibody (Sigma), and Chemiluminescent
Substrate Kit (GE, USA).

Porphyromonas gingivalis culture

Bacteria were inoculated on GAM blood-agar-
medium placed in an anaerobic jar (800 ml/L
N,, 100 mi/L H,, 100 mi/L CO,) for culture at
37°C for 48 hours. Bacteria were then inocu-
lated in CDC medium placed in an anaerobic jar
and cultured at 37°C for 72 hours.

Extraction of Porphyromonas gingivalis mem-
brane vesicle

Bacteria were transferred into physiological
saline, washed 2 times, and centrifuged at
3000 rpm for 15 min. After discarding the
supernatant, bacteria were centrifuged at 4°C
at 1500 rpm for 15 min. Supernatant was con-
centrated 40-fold in a Minitan ultrafiltration
system (molecular weight cutoff: 5000) and
centrifuged at 4°C at 11000 rpm for 15 min.
Supernatant was centrifuged again at 4°C and
80000 rpm for 30 min. Finally, the supernatant
was discarded and the precipitate was retained.

Culturing and processing human periodontal
ligament fibroblasts

Dentes premolares that were free of dental car-
ies or periodontal disease but extracted due to
orthodontic treatment were collected. Perio-
dontal tissues of the dentes premolares were
scraped under sterile conditions, then cultured
and passaged via trypsin digestion. Confluent
cells of the 6" generation were digested with
2.5 mg/L trypsin. Cells were counted and sus-
pensions were diluted to 2x10* cells/mL. 100
uL were added to each well of a 96-well culture
plate. Following 24 hours in culture, Supernatant
and non-adherent cells were discarded. Wells
were randomized into blank control group and
ECV group. Porphyromonas gingivalis extract
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was added to wells of the ECV group until the
concentration reached 50 pg/mL; plates were
cultured for 48 hours.

Western blotting

100 pL protein lysate were added to each well
and incubated at room temp for 10 min.
Proteins were loaded onto a polyacrylamide gel
and electrophoresed for 2 hours, then trans-
ferred to a nitrocellulose membrane. Membrane
was washed with PBST then sealed with 5%
PBSTM for 2 hours. Primary antibody was
added (1:400) and incubated overnight.
Membrane was washed with 5% PBST before
addition of horseradish peroxidase-labeled
secondary antibody (1:2000) at room tempera-
ture for 2 hours. Membrane was again washed
with PBST for 15 min. 300 pL of each of
Chemiluminescent Substrate Kit A solution and
B solution were mixed and added for 1 min,
then membrane was exposed, developed, and
photographed. Integral optical density values
of the bands were computed compared with
B-actin.

RT-PCR

Total RNA was extracted from cells using Trizol
reagent (TakaRa Biotech, Dalian, China) for
conventional reverse transcription. RT-PCR was
used to detect the expression level of alkaline
phosphatase (ALP) of human periodontal liga-
ment fibroblasts. Forward primer sequence
was as follows: 5’-CTT GCT GGT GGA AGG ATT
CAG-3’; reverse primer sequence was as fol-
lows: 5-GGA GCA CAG GAA GTG GCC AC-3’; the
expected product was 342 bp. For B-actin, the
forward primer sequence was: 5-CAA GTA CCA
GCG AGC AGC TT-3; the reverse primer
sequence was: 5-AAA GCC GAG CTG CCA GAG
TT-3’; the expected product was 216 bp. cDNA
was amplified by a Mycycler PCR instrument
(Sweden BIO-RED). Products were separated
on 2% agarose gel. Integral optical density val-
ues of the bands were analyzed and compared
with B-actin.

Statistical methods

Statistical analysis of all the results was per-
formed using the SPSS 12.0 statistical soft-
ware; all the statistical data were analyzed by t
test, with P<0.05 as statistically significant.
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Figure 1. Effect of ECV on MMP-1 and TIMP-1 protein expression in human periodontal ligament fibroblasts. A:
Western blot bands in ECV group and the control group; B: Comparison of relative integral optical density values of
MMP-1 protein expression; C: Comparison of relative integral optical density values of TIMP-1 protein expression

(***: P<0.01).

Results

Effect of ECV on protein expression of MMP-1
and TIMP-1 of human periodontal ligament
fibroblasts

Western blotting was used to detect protein
expression levels of MMP-1 and TIMP-1
in human periodontal ligament fibroblasts
exposed to ECV (Figure 1A). Relative expres-
sion of MMP-1 in ECV-processed human peri-
odontal ligament fibroblasts was significantly
higher compared to the control fibroblasts
(P<0.05) (Figure 1B). Similarly, relative expres-
sion of TIMP-1 in ECV-exposed human peri-
odontal ligament fibroblasts was significantly
higher compared to the control group (P<0.05)
(Figure 1C).

Effect of ECV on mRNA expression of ALP in
human periodontal ligament fibroblasts

To further investigate the effect of ECV on
human periodontal ligament fibroblasts, we
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used RT-PCR to determine mRNA expression
ALP in human periodontal ligament fibroblasts
(Figure 2A). Relative ALP mRNA expression lev-
els in ECV-processed human periodontal liga-
ment fibroblasts were significantly lower com-
pared to the control group (P<0.05) (Figure 2B).

Discussion

The main pathological changes in periodontal
disease are destruction of the periodontal liga-
ment, alveolar bone, and periodontal support-
ing tissues caused by external pathogenic fac-
tors [7]. Periodontal ligament fibroblasts are
the main mesenchymal cells of the periodontal
ligament, playing an important role in metabo-
lism of the periodontal ligament and synthesis
of collagen fibers. Recently, studies on peri-
odontitis pathogens have shown that the main
bacteria of the subgingival plaque include
Porphyromonas gingivalis, Prevotella interme-
dia, Spirochetes, and other anaerobic bacteria
[8, 9].
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Figure 2. Effect of ECV on ALP mRNA expression in human periodontal ligament
fibroblasts. A: RT-PCR bands in ECV group and the control group; B: Comparison
of relative integral optical density values of ALP mRNA expression (***: P<0.01).

Our study shows that Porphyromonas gingivalis
extracellular vesicles can significantly up-regu-
late MMP-1 and TIMP-1 protein expression in
human periodontal ligament fibroblasts. Matrix
metalloproteinases are a group of zinc-depen-
dent polypeptide enzymes, currently including
24 types, which effectively degrade the extra-
cellular matrix (ECM) [10]. Studies have found
that MMP-1, MMP-2, and MMP-3 can effective-
ly degrade I~lll and VII fiber glue [11]. Lipopo-
lysaccharide (LPS) of Pg can cause increased
protein expression of MMP-1 of gum tissues of
periodontal patients and increased concentra-
tion of gingival crevicular fluid inflammatory
cytokines such as IL-6 and IL-8. Further, peri-
odontal tissue damage caused by LPS is
believed to be related to over-expression of
MMP-1 [12]. TIMP-1 is a natural inhibitor of
MMP, reducing biological activity of MMP-1 and
its ability to degrade extracellular matrix (such
as collagen fiber); this maintains the metabolic
balance of the extracellular matrix [13]. Our
study shows that ECV can up-regulate MMP-1
expression and down-regulate TIMP-1 expres-
sion of human periodontal fibroblasts, thus dis-
rupting the balance of MMP-1 and TIMP-1,
which leads to excessive degradation of extra-
cellular matrix. Similarly, one study has shown
that LPS also can alter the balance of MMP-1
and TIMP-1 in human periodontal fibroblasts
[14].

Recent work shows that periodontal ligament fi-
broblasts are pluripotent stem cells, mainly in-
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volved in metabolism of
the periodontal ligame-
nt, synthesis of collagen
fibers, and other extra-
cellular matrix. The bio-
logical activity of peri-
odontal ligament fibro-
blasts is similar to osteo-
blasts in many respects,
such as high expression
of alkaline phosphatase
and osteocalcin [15].
Thus, periodontal liga-
ment fibroblasts can be
differentiated into osteo-
blasts; these findings

indicate that periodontal
ligament fibroblasts may
be closely involved in
the metabolism of peri-
odontal bone tissue
[16]. We found that ALP
MmRNA expression was reduced in ECV-
processed human periodontal ligament fibro-
blasts, indicating that ECV can inhibit ALP
synthesis in periodontal fibroblasts, thus pre-
venting fibroblasts from differentiating into
osteoblasts.

Our study has shown that Porphyromonas gin-
givalis extracellular vesicles can accelerate
degradation of extracellular matrix through up-
regulating MMP-1 and TIMP-1 protein expres-
sion in human periodontal fibroblasts. Add-
itionally, by down-regulating expression of ALP
MRNA, Pg ECV may prevent periodontal fibro-
blasts from differentiating into osteoblasts.
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