Lan et al., Nano Biomedicine 14(2), 41-50, 2022

ORIGINAL ARTICLE

Surface Pre-reacted Glass-ionomer (S-PRG)
Filler Eluate Suppresses MMP-1 Secretion by
TNF-a-stimulated Human Gingival
Fibroblasts

Lan LAN, Hiroshi INOUE, and Seiji GODA

Department of Physiology, Osaka Dental University, Osaka, Japan

Synopsis

Tumor necrosis factor (TNF)-a is a major inflammatory factor that regulates tissue destruction in
periodontitis and promotes the release of Matrix metalloproteinase (MMP) -1, which breaks down
the gingival extracellular matrix. MMP-1 is one of the proteolytic enzymes that are capable of
cleaving collagen and may play an important role in the destruction of connective tissue. The pre-
sent study investigated the effects of Surface pre-reacted glass-ionomer (S-PRG) filler eluate on the
secretion of MMP-1 by human gingival fibroblast (HGF) stimulated with the inflammatory cyto-
kine TNF-a. S-PRG filler eluate did not alter Akt or nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB) p65 phosphorylation levels in TNF-a-stimulated HGF. In the mito-
gen-activated protein kinase (MAPK) pathway, S-PRG filler eluate did not alter the phosphoryla-
tion level of p38 in TNF-a-stimulated HGF, but decreased that of c-Jun N-terminal kinase (JNK).
These results will facilitate the development of new anti-inflammatory agents for periodontal

disease using materials composed of S-PRG filler eluate.
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Introduction

Periodontal disease is an inflammatory disease
caused by bacteria that results in tissue
destruction and is one of the two main oral
diseases [1, 2]. It is prevalent worldwide,

affecting up to 90% of the world’s population [3].

Periodontitis is a chronic inflammatory disease
that is characterized by the deterioration and
destruction of the tooth-supporting apparatus,
the periodontium [4], and severe periodontitis is
one of the main causes of tooth loss [3]. At sites
infected with bacteria, macrophages produce the
inflammatory cytokines interleukin (IL)-1 and
tumor necrosis factor (TNF). Matrix
metalloproteinases ~ (MMPs)  induced by
inflammatory cytokines play an important role
in periodontal tissue destruction [5].

MMPs are a family of metal-dependent
proteolytic enzymes that degrade the extracellu-
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lar matrix (ECM) and basement membrane[6, 7].
MMP-1 is a major proteolytic enzyme that
cleaves collagen and may be an important en-
zyme in the destruction of connective tissue[8].
The levels of MMPs induced by inflammatory
cytokines were previously shown to be elevated
in the inflammatory gums of periodontal disease
patients and contributed to the destruction of
periodontal tissue [5]. MMP-1 and MMP-2 ac-
tivities were found to be stronger in inflamed
gingiva than in healthy gingiva, and MMP-1 and
MMP-2 levels in gingival crevicular fluid posi-
tively correlated with the severity of periodontal
disease [9, 10].

TNF-a is one of the pro-inflammatory cy-
tokines that play a major role in tissue injury[11,
12]. It is produced by fibroblasts and macro-
phages and exerts a number of effects, such as
the induction of bone resorption [12-14].
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Patients with gingivitis or periodontitis produce
higher levels of inflammatory mediators, in-
cluding TNF-a and IL-6, than healthy individu-
als [15]. The excessive degradation of the ECM
is a characteristic of rheumatoid arthritis, tumor
invasion, and periodontitis because TNF-a pro-
motes the release of MMPs, which destroy the
gingival ECM and induce rapid disease progres-
sion [16-19]. A stimulation with TNF-o was pre-
viously shown to increase the secretion of
MMP-1 by human dermal fibroblasts (HDF)
[11].

Surface pre-reacted glass-ionomer (S-PRG)
filler eluate is prepared by mixing S-PRG filler
with a solvent, such as distilled water or alpha
minimum essential medium (o-MEM) for 24
hours and collecting the supernatant. Na, F, Al,
B, Sr, and Si are released into S-PRG filler
eluate, which has an acid-buffering ability [20].
Recent studies demonstrated that S-PRG filler
eluate suppressed the pathogenicity of oral
bacterial flora [21] and stimulated the migration
of the human gingival fibroblast cell line,
HGF-1 [22]. However, limited information is
currently available on the effects of multiple
ions in S-PRG filler eluate on human gingival
fibroblast (HGF).

Therefore, the present study investigated
the effects of S-PRG filler eluate on the
secretion of MMP-1 by HGF stimulated with the
inflammatory cytokine TNF-a. The effects of
multiple ions in S-PRG filler eluate on signal
transduction pathways were also examined.

Materials and Methods

1.Cell culture

We used unlinkable and anonymized HGF ap-
proved by the Ethical Review Board of Osaka
Dental University (approval number 070716).
HGF were grown from explants obtained from
the healthy marginal gingiva of healthy donors.
Primary cultures were performed as described
previously [23]. Experiments were performed
using HGF between passages 3 and 10. HGF
were maintained in o-MEM (Wako Pure
Chemical Industries, Osaka, Japan) supple-
mented with 2 mM L-glutamine (Wako Pure
Chemical Industries), 100 pg/mL penicillin
(Wako Pure Chemical Industries), 100 pug/mL
streptomycin (Wako Pure Chemical Industries),
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and 10% fetal bovine serum (Biowest, Rue de la
Caille, France). HGF were incubated at 37°C
under 5% CO,. The present study was approved
by the Ethical Review Board of Osaka Dental
University (Approval No.111111).

2. Preparation of S-PRG filler eluate

The multi-ion solution eluted from S-PRG fillers
was provided by SHOFU Inc. (Kyoto, Japan).
S-PRG filler prepared according to the method
of Fujimoto et al. [20] was used for the
preparation of the multi-ion solution. The filler
material was removed by filtration, and the ion
solution was centrifuged to remove any residual
insoluble material. The supernatant collected
was filtered through a chromatodisc (0.45 pm) to
obtain S-PRG filler a-MEM eluate (S-PRG filler
eluate). The clear supernatant was filtered to
remove any residual insoluble material and used
as the S-PRG filler elute. An elemental analysis
of five ions (Na, Al, B, Sr, and Si) released from
S-PRG filler was performed using inductively
coupled plasma atomic emission spectroscopy
(ICPS-8000, Shimadzu Co., Kyoto, Japan). An
elemental analysis of F released from S-PRG
filler was conducted using an ion electrode
method with a fluoride electrode (9609BNWP,
Thermo Fisher Scientific). Ion concentrations in
S-PRG filler eluate were as follows: Al 12.0
ppm, B 1456.0 ppm, Na 3350.6 ppm, Si 7.3 ppm,
Sr 792.8 ppm, and F 54.3 ppm (Table 1). All
experiments used o-MEM medium eluting
S-PRG filler components.

3. Western blotting

HGF were seeded on a 12-well plate at a density
of 1.0x10° cells/well and cultured for 4 days to
90% confluency in a-MEM containing 10%
FBS. HGF were then incubated in serum-free
o-MEM for 1 hour. After the incubation, HGF
were stimulated for 24 hours with various con-
centrations of S-PRG filler eluate (0.1, 0.5. and
1%) and 10 ng/mL of recombinant human
TNF-a (Miltenyi Biotec, Auburn, CA, USA).
After the stimulation, supernatants were concen-
trated up to 10-fold with Amicon Ultra (Milli-
pore, Billerica, MA, USA) and denatured with
sample buffer (containing 0.25 M Tris HCI
pH6.8, 8% SDS, 40% glycerol, 0.02% bromo-
phenol blue, and 4% 2-mercaptoethanol). Equal
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Table 1 Comparison of various ion concentrations between S-PRG filler eluate and a-MEM.

S-PRG filler eluate was prepared using the following method. a-MEM was mixed with S-PRG filler (average filler
diameter of 1 pm) at a weight ratio of 1:1 (1 L:1,000 g), and the supernatant was collected. The supernatant was filtered
to obtain S-PRG filler eluate. S-PRG, Surface pre-reacted glass ionomer.; a-MEM, alpha minimum essential medium.

amounts of each sample were then separated by
10% SDS/PAGE. Proteins were transferred to
polyvinylidene fluoride (PVDF) membranes
(Millipore) and blocked with 20% Blocking One
(Nacalai, Kyoto, Japan) in 50 mM Tris—HCI at
pH 7.5 and 150 mM NaCl overnight. Mem-
branes were treated with an anti-MMP-1 anti-
body (1:1000, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) at room temperature (RT) for 1
hour. Membranes were incubated with the
horseradish peroxidase (HRP)-conjugated sec-
ondary antibody, mouse anti-goat IgG-HRP
(Santa Cruz Biotechnology) at a 1:2000 dilution
at RT for 1 hour. After the incubation, immuno-
reactivity was visualized using the chemilumi-
nescent reagent, Immobilon Western Chemilu-
minescent HRP Substrate (Merck Millipore),
and blot images were acquired using VersaDoc
5000 (Bio-Rad, Hercules, CA, USA). HGF were
also seeded on a 12-well plate and cultured for 4
days. Following serum deprivation for 1 hour,
HGF were pretreated for 30 minutes with S-PRG
filler eluate (0.1%) or were not treated. HGF
were then stimulated with 0.1% S-PRG filler
eluate and 10 ng/mL of recombinant human
TNF-a, and time-dependent changes in the
phosphorylation of various signal transduction
molecules for up to 60 minutes after the stimula-
tion were examined. After the stimulation, total
protein was isolated in sample buffer supple-
mented with Halt protease and phosphatase in-
hibitor cocktail (Thermo Fisher Scientific).
Equal amounts of each sample were then sepa-
rated by 10% SDS/PAGE, transferred to PVDF
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Al B Na Si Sr F Ca P K
o-MEM
S-PRG filler
eluate solution 12.0 1456.0 | 3350.6 7.3 792.8 543 1.9 0.2 42.4
(Lot. 091503)
(ppm)

membranes, and blocked with 20% Blocking
One in 50 mM Tris—HCI at pH 7.5 and 150 mM
NaCl overnight. Membranes were incubated
with 1:1000-diluted primary antibodies against
anti-phospho Akt (Cell Signaling Technology,
Danvers, MA, USA), anti-phospho nuclear fac-
tor kappa-light-chain-enhancer of activated B
cells (NF-xB) p65 (Cell Signaling Technology),
anti-phospho p38 (Santa Cruz Biotechnology),
and anti-phospho c-Jun N-terminal kinase (JNK)
(Thermo Fisher Scientific, Waltham, MA, USA)
at RT for 1 hour. Membranes were then incu-
bated with the matching secondary antibody
(HRP-Iabeled anti-mouse IgG or anti-rabbit IgG;
1:2000) (Jackson ImmunoResearch, West Grove,
PA) at RT for 1 hour. Blot images were visual-
ized using VersaDoc 5000. The same membrane
was stripped and reprobed with the following
antibodies: anti-Akt (1:1,000, Cell Signaling
Technology), anti-NF-kB p65 (1:1,000, Cell
Signaling Technology), anti-p38 (1:1,000, Santa
Cruz Biotechnology), and anti-JNK (1:1,000,
Santa Cruz Biotechnology)).

Results

1. Effects of S-PRG filler eluate on MMP-1
secretion by TNF-a-stimulated HGF

We initially examined the effects of S-PRG filler
eluate on inflammation. The effects of S-PRG
filler eluate (0.1, 0.5, and 1%) on the secretion
of MMP-1 by TMP-a (10 ng/mL)-stimulated
HGF was investigated using Western blotting.
MMP-1 secretion, which was increased by the
TNF-a stimulation, was suppressed by S-PRG
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filler eluate (Fig. 1, upper). The inhibition of
MMP-1 secretion by S-PRG filler eluate was the
strongest at a concentration of 0.1%. No signifi-
cant changes were observed in the amount of
actin in any sample (Fig. 1, lower).

2. Effects of S-PRG filler eluate on Akt activa-
tion in TNF-a-stimulated HGF

Next, we used Western blotting to investigate
whether S-PRG filler eluate was involved in the
activation of Akt in TNF-a-stimulated HGF. The
concentration of S-PRG filler eluate used was
0.1%, which was a concentration at which the

TNF-a

(10ng/mL) () ()

S-PRG (%) ©

amount of MMP-1 secreted was significantly
reduced. Time-dependent changes in Akt phos-
phorylation up to 60 minutes after the stimula-
tion were investigated. Akt was constitutively
phosphorylated without the stimulation, and no
significant changes were observed in Akt phos-
phorylation levels, even following the stimula-
tion with TNF-a (Fig. 2, upper). In addition, no
significant changes were observed in the phos-
phorylation levels of Akt following a
co-stimulation with TNF and S-PRG filler eluate
(Fig. 2, upper). These results indicate that
S-PRG filler eluate did not affect TNF-a-
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Fig. 1 Effects of various concentrations of S-PRG filler eluate on MMP-1 secretion by HGF

HGF were stimulated by various concentrations (0, 0.1, 0.5, and 1%) of S-PRG filler eluate for 24
hours, and the supernatant was collected. Western blotting was used to assess the secretion of MMP-1
(upper) by HGF. To show that supernatants were obtained from equal amounts of cells, the amount of
actin (lower) was evaluated by Western blotting. Data presented are representative of four independent
experiments. HGF, human gingival fibroblasts; MMP, matrix metalloproteinase; S-PRG, surface

pre-reacted glass ionomer
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Fig. 2 Involvement of S-PRG filler eluate in Akt activation in TNF-a-stimulated HGF

HGF were pretreated for 30 minutes with S-PRG filler eluate (0.1%) or were not treated, and were then
stimulated by TNF-a (10 ng/mL) for 0 to 60 minutes. Cell lysate samples were prepared. The phosphoryla-
tion level of Akt was examined by Western blotting (upper). To ensure that equal amounts of Akt were ob-
tained from lysates, the membranes were stripped and reprobed with anti-Akt antibodies (lower). Four sam-
ples were analyzed and a typical image is shown for each. S-PRG, Surface pre-reacted glass ionomer;
TNF-a, tumor necrosis factor-a; HGF, human gingival fibroblasts
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stimulated Akt phosphorylation levels in HGF.
The total amount of the Akt protein was not af-
fected by any of the experimental conditions
used (Fig. 2, lower).

3. Effects of S-PRG filler eluate on NF-kB ac-
tivation in TNF-a-stimulated HGF

NF-«B p65 phosphorylation levels were
investigated to determine if the S-PRG filler
eluate  modulates NF-xB activation in
TNF-a-stimulated HGF. Using the same stimu-
lus as that in Fig. 2, time-dependent changes in
NF-kB p65 phosphorylation levels for up to 60
minutes after the stimulation were investigated.
In the present study, the phosphorylation of
NF-kB p65 was enhanced 5 minutes after the
TNF-a stimulation and detected for up to 60
minutes (Fig. 3, upper). Phosphorylation levels
peaked after 5 to 10 minutes, and then gradually
decreased over time (Fig. 3, upper). However,
the co-stimulation with TNF and S-PRG filler
eluate did not induce any significant changes in
NF-kB p65 phosphorylation levels from those
with the TNF-a stimulation (Fig. 3, upper).
These results indicate that S-PRG filler eluate
did not affect the TNF-a-stimulated NF-xB p65
phosphorylation levels of HGF. The total amount
of the NF-kB p65 protein was not affected by

min 0 0 5 10 15

30 60 5

any of the experimental conditions used (Fig. 3,
lower).

4. Effects of S-PRG filler eluate on mito-
gen-activated protein kinase (MAPK) activation
in TNF-a-stimulated HGF

As shown in Fig. 4 (upper), the phosphorylation
of p38 was enhanced 5 minutes after the TNF-a
stimulation and was detected for up to 60 min-
utes, similar to the phosphorylation of NF-xB
p65. p38 phosphorylation levels peaked 10 min-
utes after the TNF-o stimulation, and then
gradually decreased over time. p38 phosphoryla-
tion levels decreased to the same level as that in
unstimulated HGF (as a control) 30 minutes af-
ter the TNF-a stimulation. The co-stimulation
with TNF-a and S-PRG filler eluate did not sig-
nificantly change p38 phosphorylation levels
from those with the TNF-o stimulation (Fig. 4,
upper). These results indicate that S-PRG filler
eluate did not affect TNF-o-stimulated p38
phosphorylation levels in HGF. The total amount
of the p38 protein was not affected by any of the
experimental conditions used (Fig. 4, lower).

10 15 30 60

TNF-a
(10ngml) ) O HHEHHEHHEH EH ) @
n 4o/, C_ DD I fay Iy Y FY FY foy faey fay fay Fay fad
SRS A O A G A B O B o B O R 0 B G B ey IR R S P A .
Phospho
71 - a= —
_—— -_—— = ~<NF- £ B p65

71 "= e S S e e e | -NF- 1B p65

Fig.3 Involvement of S-PRG filler eluate in NF-kB p65 activation in TNF-a-stimulated HGF

HGF were pretreated for 30 minutes with S-PRG filler eluate (0.1%) or were not treated, and were then stimulated
with TNF-a (10 ng/mL) for 0 to 60 minutes. Cell lysate samples were prepared. The phosphorylation level of NF-xB
p65 was examined by Western blotting (upper). To ensure that equal amounts of NF-kB p65 were obtained from the
lysates, the membranes were stripped and reprobed with anti-NF-kB p65 antibodies (lower). Four samples were
analyzed and a typical image is shown for each. S-PRG, Surface pre-reacted glass ionomer; TNF-a, tumor necrosis

factor-a; HGF, human gingival fibroblasts
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We then examined the JNK pathway using
the same approach. Time-dependent changes in
the phosphorylation of JNK confirmed the in-
volvement of S-PRG filler eluate in its activation
in TNF-a-stimulated HGF. The phosphorylation
of JNK was slightly enhanced 5 minutes after
the TNF-a stimulation and was detected for up
to 60 minutes (Fig. 5, upper). JNK phosphoryla-

tion levels peaked 15 minutes after the TNF-a
stimulation, and then gradually decreased over
time (Fig. 5, upper). INK phosphorylation levels
were maintained at a higher level than in un-
stimulated HGF (as a control) until 60 minutes
after the TNF-a stimulation (Fig. 5, upper). The
co-stimulation with TNF-a and S-PRG filler
eluate decreased JNK phosphorylation levels
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Fig. 4 Involvement of S-PRG filler eluate in p38 activation in TNF-o-stimulated HGF

HGF were pretreated for 30 minutes with S-PRG filler eluate (0.1%) or were not treated, and were then stimulated
with TNF-a (10 ng/mL) for 0 to 60 minutes. Cell lysate samples were prepared. The phosphorylation level of p38
was examined by Western blotting (upper). To ensure that equal amounts of p38 were obtained from lysates, the
membranes were stripped and reprobed with anti-p38 antibodies (lower). Four samples were analyzed and a typical
image is shown for each. S-PRG, Surface pre-reacted glass ionomer; TNF-a, tumor necrosis factor-a; HGF, human

gingival fibroblasts
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Fig. 5 Involvement of S-PRG filler eluate in JNK activation in TNF-a-stimulated HGF

HGF were pretreated for 30 minutes with S-PRG filler eluate (0.1%) or were not treated, and were then stimulated
with TNF-a (10 ng/mL) for 0 to 60 minutes. Cell lysate samples were prepared. The phosphorylation level of JNK
was examined by Western blotting (upper). To ensure that equal amounts of JNK were obtained from lysates, mem-
branes were stripped and reprobed with anti-JNK antibodies (lower). Four samples were analyzed and a typical im-
age is shown for each. S-PRG, Surface pre-reacted glass ionomer; TNF-a, tumor necrosis factor-o; HGF, human

gingival fibroblasts
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more than the TNF-o stimulation. Figure 5
shows that the co-stimulation with TNF-a and
S-PRG filler eluate reduced JNK phosphoryla-
tion levels. The total amount of the JNK protein
was not significantly affected by any of the ex-
perimental conditions used (Fig. 5, lower).

Discussion

The present results revealed that S-PRG filler
eluate containing six types of ions (F, Na, Al, B,
Sr, and Si) inhibited the secretion of MMP-1 by
TNF-a-stimulated HGF. MMP-1 degrades type 1
collagen and is involved in the destruction of
periodontal soft tissue in periodontal lesions [24,
25]. The protein levels and activation of MMP-1
were previously shown to be enhanced in
inflamed gingival tissue [9, 26]. Therefore, the
inhibition of MMP-1 expression in periodontal
lesions is important for preventing the onset and
progression of periodontal disease.
Iwamatsu-Kobayashi et al. reported that S-PRG
filler eluate suppressed the progression of bone
resorption in a mouse model of ligation-induced
periodontal disease [27]. This finding suggests
the potential of S-PRG filler eluate to inhibit
alveolar bone resorption in periodontal lesions.
Based on these findings and the present results,
the topical application of S-PRG filler eluate to
periodontal lesions may help to prevent the
breakdown of both alveolar bone and
periodontal soft tissue.

TNF-a is an inflammatory cytokine pro-
duced by macrophages and HGF during perio-
dontitis [28, 29]. TNF-a promotes the produc-
tion of MMP-1 by HDF and the destruction of
gingival ECM [17, 30]. In the present study, we
investigated the effects of S-PRG filler eluate on
inflammation by co-stimulating HGF with
TNF-a and S-PRG filler eluate. The results ob-
tained showed that the secretion of MMP-1,
which was increased by the TNF-a stimulation,
was suppressed by the co-stimulation with
S-PRG filler eluate. The Akt pathway was pre-
viously reported to play a role in the regulation
of MMP-1 secretion, which was increased by a
TNF-o stimulation, in human dermal fibroblasts
[31]. We herein demonstrated that S-PRG filler
eluate did not modulate Akt activation in
TNF-a-stimulated HGF. AKT was constitutively
phosphorylated without the TNF-a stimulation,
and AKT phosphorylation levels did not signifi-
cantly change with or without the co-stimulation
with TNF-a and S-PRG filler eluate. The ex-
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pression of MMP-1 in response to inflammation
is regulated by the transcription factor NF-xB. In
HDF, the activation of NF-xB is involved in the
regulation of inflammation via various intracel-
lular signaling pathways, including the MAPK
pathway [32]. Previous studies demonstrated
that the NF-kB pathway was involved in the
production of MMP-1 in human periodontal
ligament cells [33, 34]. Based on these findings,
we investigated the possibility that S-PRG filler
eluate modulates NF-kB activation in
TNF-a-stimulated HGF. We showed that S-PRG
filler eluate did not affect NF-kB p65 phos-
phorylation levels in TNF-a-stimulated HGF.
The discrepancies between the present results
and these findings were attributed to differences
in the cells examined. The present results sug-
gested that the Akt-NF-kB pathway was not in-
volved in the inhibitory effects of S-PRG filler
eluate on MMP-1 secretion by TNF-o-stimulated
HGF.

A previous study demonstrated that the ac-
tivation of MAPK (p38, JNK, and ERK) by
TNF-a plays an important role in the secretion
of MMP-1 [30]. MAPKSs constitute a group of
serine/threonine protein kinases that are subdi-
vided into three subfamilies: p38, JNK, and
ERK. MAPKs are activated by various extracel-
lular stimuli and induce the phosphorylation of
important signaling molecules associated with
cell proliferation, inflammation, and apoptosis
[35]. In the present study, the TNF-a stimulation
increased the phosphorylation levels of p38 and
JNK; however, the co-stimulation with S-PRG
filler eluate only induced changes in JNK. We
found that the co-stimulation with TNF-o and
S-PRG filler eluate reduced JNK phosphoryla-
tion levels more than the stimulation with
TNF-a. Regarding p38, the S-PRG filler eluate
did not significantly affect TNF-a-stimulated
p38 phosphorylation levels under these experi-
mental conditions. Consistent with previous
findings, the present results demonstrated that
the activation of MAPK was involved in the se-
cretion of MMP-1. In the present study, the
MAPK pathway (particularly JNK) may have
played a role in the inhibitory effects of S-PRG
filler eluate on MMP-1 secretion by
TNF-o-stimulated HGF. However, the mecha-
nism of decreased phosphorylation levels of
MAP kinase has not been completely elucidated
by this experiment. In addition, further studies
are needed to investigate the effects of MAPK



Lan et al., S-PRG Filler Eluate Suppresses MMP-1, Nano Biomed 14(2), 41-50, 2022

(e.g., ERK) other than p38 and JNK and the
signaling pathways downstream of MAPK, such
as c-Fos and c-Jun.

S-PRG filler eluate contains F, Al, B, Na, Si,
and Sr ions. The present results suggest that the
combination of these ions suppressed MMP-1
secretion by TNF-a-stimulated HGF. S-PRG
extracellular ions markedly affect the
physiological activity of cells [36, 37]. The
effectiveness of individual ions on the biological
activity of cells differs depending on a number
of conditions, such as concentrations and
combinations with other ions. B [38], F [39], Al
[40], and Sr [41] are toxic when used at high
concentrations. We also previously reported that
S-PRG filler eluate exhibited cytotoxicity when
used in culture media at high concentrations [42].
Micromolar concentrations of Al ions have been
shown to directly affect osteoblasts and
stimulate osteoblast proliferation and
differentiation [36]. Lower concentrations of Sr
were also found to facilitate the osteogenic
differentiation of human adipose-derived stem
cells [43]. Therefore, changes in extracellular
ion compositions may have a significant positive
or negative impact on cells. The present study
did not focus on which ions suppressed MMP-1
secretion in TNF-a-stimulated HGF. Therefore,
the functions of individual ions as well as
different combinations of ions warrant further
study.

Conclusion

The present results demonstrated that S-PRG
eluate containing multiple ions suppressed the
secretion of MMP-1 by TNF-a-stimulated HGF.
Therefore, S-PRG filler eluate may suppress
TNF-a-induced inflammation in HGF. We
propose the development of S-PRG filler eluate
as a component of oral rinsing solution, as
previously suggested by Iwamatsu-Kobayashi et
al. [27]. To achieve these goals, future studies
using S-PRG filler eluate are needed to confirm
its anti-inflammatory properties and cytokine
responses and also to elucidate the mechanisms
by which periodontal tissue destruction is
suppressed.
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