CASE REPORT

significantly improved the percentage of increase in alveolar
bone height compared to the vehicle alone, with an =2 mm
clinical attachment level (CAL) regained.¢ Based on these
results, a randomized, double-masked, placebo-controlled
Phase 2B clinical trial involving 24 dental hospitals was
designed and conducted on 253 periodontitis patients.” In
this clinical trial, 200 pl of the investigational drug
containing 0%, 0.2%, 0.3%, or 0.4% FGF-2 was
administered to the bony defects. Each dose of FGF-2
showed a significant increase in the percentage of increase
in alveolar bone height at 36 weeks after administration,
and the percentage peaked (50.6%) in the 0.3% FGF-2
group. The CAL regained in each group was >2 mm, and
no significant difference was observed between the groups.
Furthermore, no serious adverse effects attributable to the
FGF-2 drug were identified in either clinical trial.

In this case report, we present two cases in which 0.3%
FGF-2 was administered to the vertical bone defects. The
concentration of FGF-2 was revealed when the clinical trial
was completed and the mask was removed.

Clinical Presentation, Management, and
Outcomes

Case 1

The patient was a systemically healthy, 24-year-old male.
After the initial preparation, a 7-mm periodontal pocket

FIGURE 1a Case 1. Standardized dental radiograph before administration.
1b 36 weeks after administration of 0.3% FGF-2.
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FIGURE 2a Case 1. Image during surgery. 2b lllustration of the size and FIGURE 3a Case 1. Preoperative image of the site. 3b Postoperative
shape of the 3-walled bone defect. image of the FGF-2-treated site.
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remained at the mesio-buccal site of the lower left first
molar. The tooth mobility was 0, and the width of the kerati-
nized gingiva was 5 mm. The standardized dental radio-
graph taken before the surgery shows the vertical bony
defect at the mesial site of the tooth (Fig. 1). Because this pa-
tient provided written informed consent for this clinical
trial, we conducted a flap operation at this site in accordance
with the modified Widman procedure.® All granulation tis-
sues associated with the bone defect were removed, and soft
and hard deposits on the root surface were also removed to
ensure thorough degranulation and root planing. Before ap-
plication of 200 PL of the investigational drug (0.3% FGF-2
plus 3% HPC), the sutures were prepared. They were then
closed after the application of the drug to the bone defect.
No specific root conditioning was performed. Figure 2 illus-
trates the size and shape of the 3-walled bone defect that was
confirmed during the surgery. Figure 3 shows the images of
the test site before administration and again 36 weeks after
administration. At 36 weeks after administration, the prob-
ing depth of the test site was 3 mm, and the CAL regained
was 4 mm. The geometric standardized radiography used
photograph indicators. The tooth axis height at the baseline
between the remaining alveolar bone crest and the bottom of

FIGURE 4a Case 2. Standardized dental radiograph before administration.
4b 36 weeks after administration of 0.3% FGF-2.
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FIGURE 5a Case 2. Image during surgery. 8b lHustration of the size and
shape of the 2-walled bone defect.

FIGURE 6a Case 2. Preoperative image of the site. 6b Postoperative
image of the FGF-2-treated site.
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the bone defect was regarded as 100%. Five doctors (Toshi
Furuuchi, Dai Onodera, Naoyuki Kurihara, Yoichi Shimeno,
and Ikuho Kojma, Tohoku University Dental Hospital, Sen-
dai, Japan) specializing in dental radiology independently
measured the percentage of increase in alveolar bone height
using the methods described previously.®” The median of
the five measurements taken from the same image was then
selected. The standardized dental radiograph shows the in-
crease in bone mineral content at the test site (Fig. 1); the rate
of increase in alveolar bone height was 59.7%.

Case 2

The patient was a systemically healthy, 54-year-old female.
After the initial preparation, a 9-mm periodontal pocket re-
mained at the mesio-lingual site of the lower left first molar.
The tooth mobility was 0, and the width of the keratinized
gingiva was 5 mm. The standardized dental radiograph taken
before the surgery shows the vertical bone defect at the mesial
site (Fig. 4). Because this patient also provided written in-
formed consent for this clinical trial, we conducted the same
surgical procedure at this site, and the investigational drug
(0.3% FGF-2 plus 3% HPC) was administered to the bone
defect. Figure 5 illustrates the size and shape of the 2-walled
bone defect that was confirmed during the surgery. Figure 6

Summary
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shows the images of the test site before administration and
36 weeks after administration. At 36 weeks after administra-
tion, the probing depth of the test site was 3 mm, and the CAL
regained was 5 mm. The standardized dental radiograph
shows the increase in bone mineral content at the test site
(Fig. 4); the rate of increase in alveolar bone height was 101%.

Discussion

The results of these clinical trials strongly suggest that top-
ical application of FGF-2 can be efficacious in alveolar
bone height at 2- or 3-walled bone defects and moderate
intraosseous bone defects. HPC is merely a vehicle and does
not function as an osteoconductive material or space
maker. Thus, it is essential in the future to introduce the
concept of a “scaffold” into the carrier of the FGF-2 drug
to treat severe bony defects or horizontal bone destruction
with FGF-2. Interestingly, a recent study using a beagle dog
1-wall defect model indicated the efficacy of concomitant
use of FGF-2 and P-tricalcium phosphate for periodontal
regeneration after severe destruction.” Development of
an FGF-2 drug carrier that could provide a formable and
osteoconductive scaffold for undifferentiated progenitor
cells in the near future would dramatically promote the ap-
plication of the FGF-2 drug. =

"CORRESPONDENCE:

Dr. Shinya Murakami, Department of Periodontology, Graduate School
of Dentistry, Osaka University, 1-8 Yamadaoka, Suita, Osaka, 565-0871,
Japan. E-mail: ipshinya@dent.osaka-u.ac.jp.

98

Clinical Advances in Periodontics, Vol. 1, No. 2, August 2011

60

FGF-2 Stimulates Periodontal Tissue Regeneration



References

1. Seo BM, Miura M, Gronthos S, et al. Investigation of multipotent postnatal
stem cells from human periodontal ligament. Lancet 2004;364:149-155.

2. Kao RT, Murakami S, Beirne OR. The use of biologic mediators and
tissue engineering in dentistry. Periodontol 2000 2009;50:127-153.

3:} Murakami S. Periodontal tissue regeneration by signalling molecule(s):
" What role does fibroblast growth factor (FGF-2) have in periodontal
therapy? Periodontol 2000 2011;56:188-208.

4. Takayama S, Murakami S, Shimabukuro Y, Kitamura M, Okada H.
Periodontal regeneration by FGF-2 (bFGF) in primate models. | Dent
Res 2001;80:2075-2079.

5. Murakami S, Takayama S, Kitamura M, et al. Recombinant human basic
fibroblast growth factor (bFGF) stimulates periodontal regeneration in

'

3

{.,»
\.

i indicates key references.

o

class II furcation defects created in beagle dogs. | Periodontal Res 2003;
38:97-103.

\:g\* Kitamura M, Nakashima K, Kowashi Y, et al. Periodontal tissue
"~ regeneration using fibroblast growth factor-2: Randomized controlled
phase II clinical trial. PLoS One 2008;3:e2611.

x\;\z Kitamura M, Akamatsu M, Machigashira M, et al. FGF-2 stimulates
"""" periodontal regeneration: Results of a multi-center randomized clinical
trial. J Dent Res 2011;90:35-40.

8. Ramfjord SP, Nissle RR. The modified Widman flap. ] Periodontol
1974;45:601-607.

9. Anzai ], Kitamura M, Nozaki T, et al. Effects of concomitant use of
fibroblast growth factor (FGF)-2 with beta-tricalcium phosphate (B-
TCP) on the beagle dog 1-wall periodontal defect model. Biochem
Biophys Res Commun 2010;403:345-350.

CASE REPORT

Murakami, Yamada, Nozaki, Kitamura

61

Clinical Advances in Periodontics, Vol. 1, No. 2, August 2011

98



= &

B2 R IS A FGF-2 %5 O BHIAIR B L Lt oE

b EE*F E W AREE OEHEET R, BB ET,
BAEE*S WHE T O NFEE* MR- FEa T
B AR IR # o BT LA TS, FH L RA R B ooOfe
e AR IR B e EERY BRI RS kmEeETE omm WY
WO B EY BEE SR K ERES R HETM B OmATS
INEERARSC 2 A b ]

* URBR K2R B o ST R 1 437 S e A 2 R B 0 - B 2
BRI I RS TE - ERYR B ANGEE T
e EERA R RS - BRERRELEREE ST
B R R B F IR R R R R ] - AR R
ORI NALH BIES SRR RIS v 5 —
O A B A B o T S R 1 e A ) 2 R ol P B R R 0 B
* TR
8 B AR SRR T S R R U R R
OB ER AR R F IR AR A T ST o R R 0 B
*f?ﬁé?%?%%ﬁ%ﬂ%ﬁ%%i%@
*UBERRAICAREERE - DESREBE
I R R AR B E
*mﬁﬁ@?ki%@@iﬁ?ﬂ%ﬂD%iﬁﬁﬂ#@&ﬂ%iﬁﬁﬁ%ﬂD%ﬁ%iﬁ@
B RFERERE A A AR RSB R EE 2 - FRESE
IO A B B R B R
108 | A2 Bl [ e R R 5 Rl R S 0
FYTRR LA 2K A B B o S A A T 90 RS R IR 27 7 T R A I ol B R R 0 B
TR B R R B AR ST R S I IR B SR R I vl R R R ) B
FIE BREREFEREANIN AN A A T AR A GRS
F2OUH AL KA
FRULPN KR B s A S0 e AR BB AR 27 R o B R 2 0 B
*i?ﬁ%?ﬁ?%ﬁ%ﬂi%@%ﬁ%ﬂiﬁﬁ
e D B R M O B o e o S 2 0
2RI R AR B B AR ST SR R 2 TR B SR R S B B R A 00 B
R B B R ERF R AL ST R e G R o T T SR R R R 7 2 R R B R A 00
TOMETRMRE R - R s R
(%f+H 120114 11 B 14 H =HH 201241 A 28 H)

RS AT R

F 565-0871 ABFIRIE T ILE & 1-8

KR A Z RS b 2R Fe R e 7 SR RS2 e v B - T RE

Shinya Murakami

Department of Periodontology, Division of Oral Biology and Disease Control, Osaka University Graduate School of Dentistry
1-8, Yamadaoka, Suita, Osaka 565-0871, Japan

E-mail : ipshinya @dent.osaka-u.acjp

62



2 BiEEs 54(1) : 000— 000, 2011

Long-term Benefits of Regenerative Therapy Using FGEF-2

Masahiro Kitamura ™!, Yasushi Furuichi*?, Takeo Fujii*®, Masamitsu Kawanami™*,
Kazushi Kunimatsu™®, Hidetoshi Shimauchi™®®, Satoru Yamada™”, Yorimasa Ogata™®
Yuichi Tzumi*®, Koichi Ito™*!°, Taneaki Nakagawa* !, Takashi Arai*',
Kazuhisa Yamazaki*'®, Hiromasa Yoshie *', Toshihide Noguchi™!®, Toshiaki Sibutani ™€,
Syogo Takashiba™!’, Hidemi Kurihara*'® Toshihiko Nagata™®!®, Makoto Yokota™*?%,
Katsumasa Maeda 2!, Takao Hirofuji*?, Ryuji Sakagami*?®, Yoshitaka Hara™?*,
Kazuyuki Noguchi*%, Takefumi Ogasawara™?® and Shinya Murakami ™!

*1Department of Periodontology, Division of Oral Biology and Disease Control, Osaka University Graduate School
of Dentistry, *2Department of Oral Rehabilitation, Division of Periodontology and Endodontology, School of
Dentistry, Health Sciences University of Hokkaido, *®Department of Oral Rehabilitation, Division of Highly-ad-
vanced Conservative Dentistry, School of Dentistry, Health Sciences University of Hokkaido, *?Department of
Periodontology and Endodontology, Division of Oral Health Science, Hokkaido University Graduate School of
Dental Medicine, *® Dental Training Center, Kensei-kai Medical Incorporated Association, *® Division of
Periodontology and Endodontology, Department of Oral Biology, Tohoku University Graduate School of
Dentistry, *"Tokyo Dental College, *8Department of Periodontology, Nihon University School of Dentistry at
Matsudo, *QDepartment Periodontology, Graduate School of Medical and Dental Sciences, Tokyo Medical and
Dental University, *1°Department of Periodontology, Nihon University School of Dentistry, **Department of
Dentistry and Oral Surgery, School of Medicine, Keio University, *'?Department of Periodontics and Endodontics,
Tsurumi University of Dental Medicine, *'®Laboratory of Periodontology and Immunology, Division of Oral
Science for Health Promotion, Niigata University Graduate School of Medical and Dental Sciences, ***Department
of Oral Biological Science, Division of Periodontology, Niigata University Graduate School of Medical and Dental
Sciences, *'®Department of Periodontology, School of Dentistry, Aichi-Gakuin University, *!®Department of
Periodontology, Division of Oral Infections and Health Science, School of Dentistry, Asahi University, *7
Department of Pathophysiology-Periodontal Science, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, *18Department of Periodontal Medicine, Division of Frontier Medical
Science, Hiroshima University Graduate School of Biomedical Sciences, *'°Department of Periodontology and
Endodontology, Institute of Health Biosciences, The University of Tokushima Graduate School, *?°Kyushu Dental
College, *2! Section of Periodontology, Division of Oral Rehabilitation, Faculty of Dental Science, Kyushu
University, *??Section of General Dentistry, Department of General Dentistry, Fukuoka Dental College, *23
Section of Periodontology, Department of Odontology, Fukuoka Dental College, * #Department of Periodontology,
Unit of Translationall Medicine, Graduate School of Biomedical Sciences, Nagasaki University, *%° Division of
Periodontology Department of Oral and Maxillofacial Rehabilitation Course for Developmental Therapeutics
Kagoshima University Graduate School of Medical and Dental Sciences, *#Department of Dentistry and Oral
Surgery, Machida Municipal Hospital and
(Received : November 14, 2011 Accepted : January 28, 2012)

63



HEREBEICHT 3 FGF-2 REDRPIBR & L URLMORE , 3

Abstract : Basic fibroblast growth factor (FGF-2) is one of the major candidates as a periodontal tissue
regenerating agent. A series of animal studies and clinical trials have demonstrated its efficacy and safety. In the
present study, we surveyed the eight-year periodontal treatment and symptom records of 79 patients who had
been administered investigational drugs containing 0% (placebo; vehicle alone), 0.03%, 0.1% or 0.3% human
recombinant FGF-2 (Code No. KCB-1D) in the exploratory phase II clinical trial, to evaluate the long-term
benefits of regenerative therapy using FGF-2. The treatments and symptoms caused by progression of local
periodontitis and those not related to periodontitis were categorized as “events” or “censored”, respectively. The
number of events was 14, and survival analysis (generalized Wilcoxon test) revealed that 0.3% FGF-2
significantly prolonged the time to “event” as compared with vehicle alone (p=10.0345). In this study, no safety
problem was observed

Nihon Shishubyo Gakkai Kaishi (J Jpn Soc Periodontol) 54(1) : @@ - @@®, 2012.

Key words : regenerative therapy, basic fibroblast growth factor, long-term follow up, retrospective study,
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ABSTRACT

Royal jelly (RJ) has been reported to possess several physiological and pharmacological properties
such as the ability to prevent osteoporosis in rats and anti-inflammatory effects. We hypothesized
that RJ could have beneficial effects on the prevention or treatment of periodontal diseases, which
are chronic inflammatory diseases caused by bacterial infection that result in resorption of the
tooth-supporting bone. We assessed the effect of RJ on mineralization in mouse periodontal liga-
ment cell clone 22 (MPDL22 cells), which are of an osteogenic and cementogenic lineage. The
mRNA expression of osteopontin, osteocalcin and osterix, and mineralized nodule formation were
significantly enhanced in Rl-treated MPDL22 cells. In addition, we investigated the effects of RJ
on the production of inflammatory cytokines from MPDL22 cells stimulated with lipopolysaccha-
ride (LPS) of Porphyromonas gingivalis, a periodontopathic bacterium. RJ suppressed LPS-
induced interleukin-6 and CXC chemokine ligand 10 production from MPDL22 cells. Furthermore,
RJ suppressed the expression of CD54 in MPDL22 cells: CD54 is the adhesion molecule involved
in the accumulation of leukocytes in periodontal lesions. These findings suggest that the osteoin-
ductive and anti-inflammatory effects of RJ can provide benefits for the treatment and prevention

of periodontal diseases.

Periodontal disease is a bacterial biofilm-induced
chronic inflammatory disease characterized by the
destruction of periodontal tissues including the peri-
odontal ligament (PDL), cementum, gingiva and al-
veolar bone (10, 24). Among these, PDL. which is
located between the alveolar bone and cementum of
the tooth, plays crucial roles in the homeostasis and
repair/regeneration of periodontal tissues. PDL has
been revealed to possess multipotential mesenchy-
mal stem cells that can differentiate into osteoblasts
and cementoblasts which can create alveolar bone
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and cementum (21), respectively, and to express
bone-related markers (2, 18). Furthermore, several
lines of evidence have shown that PDL cells pro-
duce inflammatory cytokines and chemokines, such
as interleukin (IL)-6 and IL-8 in response to lipo-
polysaccharide (LPS) of Porphyromonas gingivalis
(P gingivalis), one of the causative black-pigmented
Gram-negative anaerobes, responsible for the devel-
opment of chronic inflammation in the periodontium
(27). Thus, PDL cells are involved in the repair and
maintenance of the periodontium, as well as in in-
flammation.

Royal jelly (R]) is produced in the hypopharyngeal
and mandibular glands of worker honeybees (Apis
mellifera) and is a necessary food for the growth of
the queen honeybee. RJ consists of proteins (18%),
sugars (15%), lipids (3-6%) and water (50-60%).
RJ also contains vitamins, amino acids and minerals
(17). Interestingly, RJ has been shown to exhibit
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several biological activities, including anti-hyper-
cholesterolemic (25), anti-tumor (3), anti-microbial
(4), anti-allergic (20), anti-inflammatory properties
(11), and vasodilative and hypotensive activities (22).
Recent studies have shown that RJ has weak estro-
genic effects and prevents osteoporosis in ovariecto-
mized rats (7, 15). Like osteoporosis, periodontal
diseases are typically accompanied by bone resorp-
tion. In fact, the positive association between osteo-
porosis and periodontitis has been suggested (13).
We hypothesized that administration of RJ in the
daily diet or local application of RJ to periodontal
tissue might prevent periodontal disease.

In the present study, we investigated the effects
of RJ on osteogenic mineralized nodule formation
using mouse PDL (MPDL) cells and on the secre-
tion of IL-6 as inflammatory cytokine and CXC
chemokine ligand 10 (CXCL10), chemokine sug-
gested to be involved in alveolar bone destruction in
periodontal diseases lesion (9), from LPS-stimulated
MPDL cells.

MATERIALS AND METHODS

Reagent. Dried powders of raw RJ originating from
China were supplied by Yamada Apiculture Center,
Inc. (Okayama, Japan). LPS of P. gingivalis was
purchased from InvivoGen (San Diego, CA, USA).

Culture of MPDL. In a previous work, we estab-
lished an MPDL clone cell line, MPDL22, isolated
from the PDL tissue of the molar teeth extracted
from 2.5-week-old BALB/c mice (26). MPDL22
cells were maintained in o-MEM (Nikken, Kyoto,
Japan) supplemented with 10% fetal calf serum
(FCS; JRH Biosciences, Lenexa, KS, USA) and
100 ng/mL fibroblast growth factor-2 (FGF-2; Kaken,
Kyoto, Japan) (26). When the cells reached conflu-
ence, we replaced the culture medium (a-MEM sup-
plemented with 10% FCS and FGF-2) with the
mineralization medium (o-MEM supplemented with
10% FCS, 10 mM B-glycerophosphate, and 50 mg/
mL ascorbic acid).

Proliferation assay. MPDL22 cells (5 x 10 cells/
well) were incubated in 96-well plates in a-MEM
containing 1% FCS in the presence of RJ or FGF-2
(100 ng/mL) for 48 h. Cell proliferation was mea-
sured using the nonradioactive colorimetric assay
WST-1 assay (Roche Diagnostics GmbH, Penzberg,
Germany) according to the manufacturer’s instruc-
tions. The OD450/650 was measured after 2h on a
microplate reader (Bio-Rad, Hercules, CA).
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Real-time PCR for osteopontin, osteocalcin and os-
terix mRNA. RNA samples were obtained from
MPDL22 cells cultured in mineralization medium
for 3, 5, and 7 days in the presence or absence of
RJ. Total RNA extract (0.4 mg) was reverse-tran-
scribed using a High Capacity cDNA Reverse Tran-
scriptase kit (Applied Biosystems, Foster City, CA,
USA) to generate single-stranded cDNA. PCR reac-
tions were carried out using the ABI 7300 Fast Re-
al-Time PCR System (Applied Biosystems) with
Power SYBR® Green PCR Master Mix (Applied
Biosystems) according to the manufacturer’s proto-
col. All reactions were run in triplicate. The primer
sequences used for real-time PCR were as follows;
osteopontin, (sense) 5’-TAC GAC CAT GAG AIT
GGC AGT GA-3°, (antisense) 5’-TAT AGG ATC
TGG GTG CAG GCT GTA A-3’; osteocalcin, (sense)
5’-AGC AGC TTG GCC CAG ACC TA-3’, (anti-
sense) 5°-TAG CGC CGG AGT CTG TTC ACT
AC-3’; osterix, (sense) 5’-CGC ATC TGA AAG CCC
ACT TG-3’, (antisense) 5’-CAG CTC GTC AGA
GCG AGT GAA-3’.

Mineralization assay. Calcified nodules were stained
by an alizarin red staining method. Cell layers were
washed twice with phosphate-buffered saline (PBS)
and then fixed in dehydrated ethanol. After fixation,
the cell layers were stained with 1%.alizarin red in
0.1% NH,OH (pH 6.3-6.5) for 5min. The culture
dishes were then washed with water and observed,
digitized and analyzed using WinRoof software
(Mitani Corporation, Fukui, Japan).

Measurement of CXCLI10 and IL-6 production.
MPDL22 cells were seeded in 24-well culture dish-
es with a-MEM supplemented with 10% FCS and
100 ng/mL. FGF-2, When the cells reached 60-70%
confluence, quiescent was induced by replacing the
medium with serum-free a-MEM for 24 h, and then
the medium was replaced with a-MEM supplement-
ed with 1% FCS with or without P. gingivalis LPS
and RJ. The supernatants from the MPDL22 cul-
tures weré collected after 48 h. The concentrations
of CXCL10 and 1L-6 in the supernatants were mea-
sured by ELISA (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions.
In some experiments, MPDL22 cells were cultured
for 1, 2, 4, or 6 h in the presence of RJ prior to LPS
stimulation.

Flow cytometric acquisition. MPDL22 cells were
seeded in 24-well culture dishes with a-MEM sup-
plemented with 10% FCS and 100 ng/mL FGF-2.
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When the cells reached 60-70% confluence, quies-
cent was induced by replacing the medium with se-
rum-free a-MEM for 24 h, and then the medium
was replaced with a-MEM supplemented  with 1%
FCS with or without P. gingivalis LPS and RJ. After
48 h, the cells were washed with PBS harvested by
incubation with Cell Dissociation Solution (Sigma-
Aldrich). Cells were washed with PBS and stained
with phycoerythrin-conjugated rat anti-mouse CD54
antibody (eBiosciences, San Diego, CA, USA) for
30 min. The cells were washed twice and data were
acquired using FACSCalibur (BD Biosciences, San
Jose, CA, USA). Analyses of viable cells were per-
formed using CELLQuestTM software (BD Biosci-
ences). '

Statistical analysis. Results were analyzed for statis-
tical significance using analysis of variance with the
Bonferroni test. Differences were considered signifi-
cant at P values less than 0.05. The mRNA expres-
sion levels were normalized against the expression
levels of hypoxanthine phosphoribosyltransferase 1
(HPRT).

RESULTS

Effect of RJ on MPDL22 proliferation

To investigate the effect of RJ on the proliferation
response of MPDL cells, cells were cultured for
48 h in a medium containing 1% FCS with or with-
out RJ. As previous studies have shown that FGF-2
induced the proliferation of PDL cells (28), FGF-2
at a concentration of 100 ng/mL, which was the
most optimal concentration for MPDL proliferation
in preliminary experiment,. was used as a positive
control of this assay. Exposure to 0.004-0.5 mg/mL
RJ did not induce significant proliferative responses
in MPDL22 cells (Fig. 1). ’

Effects of RJ on osteopontin, osteocalcin and osterix
gene expression in MPDL22 cells

We examined the effects of RJ (0.5 mg/mL) on gene
expression of extracellular matrices such as osteo-
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Fig.1 Effect of RJ on proliferation of MPDL22 cells.
MPDL22 cells were cuitured with various doses of RJ or
FGF-2 (100 ng/mL) for two days. RJ did not induce signifi-

" cant proliferative responses in MPDL22 cells. Values are

pontin and osteocalcin, and osteoblastic transcription

factor, osterix (Fig.2). RJ-treated-MPDL22 cells
showed significantly enhanced mRNA expression of
osteopontin (day 5), osteocalcin (day 3, 7) and os-
terix (day 3, 5, 7). Although RJ enhanced osterix
gene expression at all points we investigated, there
was the difference of gene expression pattern be-
tween osteopontin and osteocalcin. Whereas osteo-
pontin expression was upregulated with peak at day
5, osteocalcin had two peaks of mRNA expression
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the means + SD of four assays. *P < 0.05 compared with
medium only.
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Fig.2 Analysis of mRNA expression of osteopontin, osteo-
calcin and osterix in MPDL22 cells. RNA samples were ob-
tained from MPDL22 cells at 3, 5 and 7 days after RJ
treatment (0.5 mg/mL). The relative expression of each gene
was normalized to the expression levels of HPRT, and the
expression of osteopontin, osteocalcin and osterix in MPDL22
cells without RJ was taken as 1.0. RJ significantly enhanced
mRNA expression of osteopontin, osteocalcin and osteorix in
MPDL22 cells. Values are the means + SD of three or four
assays. “P < 0.05 compared with non-treated cells.

at day 3 and day 7. The mechanism of suppression
of osteocalcin expression at day 5 was unclear, how-
ever enhanced mRNA expression of osteocalcin at
day 7 suggested emerging mature osteoblastic cells
in the presence of RJ.
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Effects of RJ on mineralization in MPDL22 cells expression of CD54 (sample ID. 3). When we eval-
We cultured MPDL22 cells with or without RJ in  uated the expression of CD54 in MPDL22 cells
mineralization medium and then examined mineral-  pretreated with RJ 1h prior to LPS stimulation, pre-
ized nodule formation on day 12. We exposed con-  treatment with RJ reversed the LPS-induced upregu-
fluent MPDL22 cells to RJ at various concentrations.  lation of CD54 (sample ID. 4).
As shown in Fig. 3, RJ significantly enhanced aliza-
rin red staining intensity, and in particular, addition
of 0.1 mg/mL RJ was most effective. DISCUSSION
In the present study, we observed that RJ increased
Effects of RJ on anti-inflammatory responses in  the formation of mineralized nodules in mouse PDL
MPDL22 cells cells by enhancing osteoblastic differentiation. Addi-
To investigate the effects of RJ on the LPS-stimulat-  tionally, RJ significantly suppressed LPS-induced in-
ed CXCL10 production, IL-6 secretion and CD54  flammatory cytokine and chemokine production by
expression, MPDL22 cells were pretreated with the ~ MPDL22 cells.
indicated concentration of RJ for 1 h and stimulated Real-time PCR revealed that RJ enhanced the
with LPS for 48 h. As shown in Fig. 4A, a dose-de- mRNA expression of osteopontin, osteocalcin, and
pendent suppressive effect of RJ on CXCL10 pro-  osterix. Osteopontin is an indicator of bone turn-
duction by MPDL22 cells was observed. Although  over, and osteocalcin is involved in extracellular
more than half of reduction of CXCL10 production  matrix mineralization. Osterix is an osteoblast-spe-
in the prersence of RJ was shown, an approximately  cific transcription factor that plays an important role
30% reduction in IL-6 production was observed at  in modulating bone formation and osteoblastic dif-
each concentration of RJ investigated (Fig. 4B). The  ferentiation. Upregulation of the above-mentioned
most effective dose of RJ for inhibition of IL-6 pro-  mRNAs by RJ correlated with the mineralization of
duction was 0.1 mg/mL. CXCL10 and IL-6 inhibi- MPDL22 cells. A previous study showed that RJ
tion was most efficient when RJ treatment occurred  has estrogenic effects including the prevention of
6 h before LPS stimulation (Fig. 4C and D). osteoporosis in ovariectomized rats (7, 15). Addi-
A previous study demonstrated that bacterial com-  tionally, RJ has been reported to activate bone me-
ponents induced a cell surface molecule CD54 in hu-  tabolism-related genes in the mouse osteoblast-like
man PDL cells (12). As shown in Fig. 5A, MPDL22  cell line, MC3T3-E1 (19). Because RJ comprises
cells without RJ and LPS stimulation expressed low  many components, the effects of RJ on promoting
level of CD54 (sample ID. 1), and treatment with  the expression of osteoblastic markers and mineral-
only RJ had no effect on CD54 expression (sample  ization in MPDL22 cells may be independent of its
ID. 2). MPDL22 cells with LPS strongly enhanced  estrogenic activity. Isolation and characterization of

(A)  RJ(mg/mL) (B)
_—o__—._— s Ratio of Density
0.02
0.1
05 0 002 01 05

RJ ( mg/mL)

Fig.3 Effect of RJ on mineralization of MPDL22 cells. (A) Effect of RJ (0.02, 0.1, 0.5 mg/mL) on mineralization in MPDL22
cells was examined by alizarin red staining after 12 days of culture in mineralization medium. Results show a representa-
tive experiment out of four identical assays. (B) The relative intensity of alizarin red staining was determined by image anal-
ysis. The data shown were quantified and normalized to those of alizarin red staining without RJ. RJ significantly enhanced
mineralized nodule formation in MPDL22 cells. The values are the means = SD of four different experiments. *P < 0.05 and
“*P < 0.01 compared with MPDL22 cells cultured with mineralization medium in the absence of RJ.
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Fig.4 Effect of RJ on CXCL10 and interleukin-6 (IL-6) production in MPDL22 cells. The effect of RJ on CXCL10 (A) and
IL-6 (B) production in MPDL22 cells. MPDL22 cells were pretreated with RJ prior to LPS stimulation, and supernatants
were collected after 24 h. CXCL10 and IL-6 concentrations were determined by ELISA. The results represent the mean val-
ues + SD obtained from triplicate cultures. Next, MPDL22 cells were exposed to 0.5 mg/mL RJ either simultaneously, or up
to 6 h before activation with LPS, and supernatants were collected after 24 h. CXCL10 (C) and IL-6 (D) concentrations were
determined by ELISA. The values represent the means + SD obtained from triplicate cultures. RJ suppressed CXCL10 and
IL-6 production in MPDL22 cells. *P < 0.05 compared with LPS-stimulated MPDL22 cells in the absence of RJ.
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Fig.5 Effect of RJ on CD54 expression in MPDL22 cells. MPDL22 cells were treated with RJ (0.5 mg/mL) and/or LPS
(1 pg/mL). MPDL22 cells were collected after 24 h. The expression levels of CD54 in MPDL22 cells were determined by
flow cytometry. (A) The results are expressed as mean fluorescent intensity (MFI). The data represent the mean + SD ob-
tained from three different experiments. *P < 0.05 compared with LPS-stimulated MPDL22 cells in the absence of RJ. (B)
Fluorescence histogram of CD54 on surface of MPDL22 cells. RJ suppressed CD54 expression in MPDL22 cells stimulated
with LPS. The istgramdata is representative of three different experiments. ID. 1: non-treated MPDL22 cells, ID. 2: RJ-treated
MPDL22 cells, ID. 3: LPS-stimulated MPDL22 cells, ID. 4: LPS-stimulated MPDL22 cells after RJ-treatment.
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the estrogenic compounds in RJ should aid in the
understanding of its involvement in bone metabo-
lism.

P. gingivalis is a black-pigmented Gram-negative
anaerobe and one of the causative microorganisms
for the development of chronic inflammation in the
periodontium (14). This is the first report that LPS
of P. gingivalis can induce secretion of IL-6 and
CXCL10 from mouse PDL cells. In human PDL
cells, some reports have documented that stimula-
tion by LPS derived from P. gingivalis (27) or Esch-
erichia coli (23) induced IL-6, IL-8, IL-1p and
tumor necrosis factor (TNF)-a production. In this
study, we also revealed that RJ possesses inhibitory
effects on LPS-stimulated IL-6 and CXCL10 pro-
duction. IL-6 is a pleiotropic cytokine with a wide
range of biological functions including immune re-
sponses and bone metabolism (1). CXCL10 is a
chemoattractant for T helperl cells, which are sug-
gested to be involved in alveolar bone destruction in
periodontal diseases (9). A previous study reported
that RJ suppressed 1L-6 and TNF-a production by
LPS and interferon-y stimulated mouse macrophages
(11), which is consistent with our observation.

CD54 is a cell surface adhesion molecule whose
expression is increased at inflammatory sites such as
in the periodontal tissues of periodontitis patients
(6). Bacterial components or IL-1p have been re-
ported to upregulate CD54 expression in human
PDL cells (8, 12). Consistently, we found that LPS
of P. gingivalis induced CD54 expression in MPDL22
cells. Furthermore, we revealed that RJ reduced
CD54 expression in LPS-stimulated MPDL22 cells
(Fig. 5). As anti-inflammatory compounds in RJ, we
speculate that adenosine and adenosine derivatives,
which have been identified as active components in
RJ (5), could be candidates for suppressing CD54
expression in MPDL22 cells. Supporting this, our
previous study showed that IL-1B-induced CD54 ex-
pression in human gingival fibroblasts was abrogat-
ed by adenosine (16). Adenosine and/or other anti-
inflammatory compounds in RJ may contribute to
the reduction of inflammatory responses in peri-
odontal lesions.

In summary, our present results showed that RJ
enhanced osteoblastic metabolism and exerted anti-
inflammatory effects. This work suggests that sever-
al constituents in RJ may be of benefit to oral and
periodontal health. Elucidation of the mechanisms
of the effects of RJ in mouse and human PDL cells
requires further investigation.
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ABSTRACT

Objective: Cigarette smoking is an important risk factor for periodontal disease. The aim of
this study is to evaluate the effect of nicotine, a major component of cigarette smoke, on
interleukin-8 (IL-8) production and cellular signalling via nicotinic acetylcholine receptors
(nAChRs) in human gingival epithelial cells (HGECs).
Design: Messenger RNA (mRNA) expression of nAChR subunits in three different HGEC lines
(epi 4, Tfx and E6E7) was assessed using reverse transcription-polymerase chain reaction
(RT-PCR). HGECs were stimulated by 1 x 10~% M nicotine in the presence or absence of IL-18
or Porphyromonas gingivalis lipopolysaccharide (LPS). IL-8 production was then examined
using real-time PCR and enzyme-linked immunosorbent assay. Nicotine-mediated signal-
ling in the epi 4 cell line was also evaluated by Western blotting.
Results: HGECs expressed several nAChR subunits. Nicotine increased the secretion of IL-8
from HGECs that were cultured in the presence of IL-1p or P. gingivalis LPS and also induced
the phosphorylation of extracellular signal-regulated kinase (ERK) in epi 4. Pretreatment
with non-selective nAChR antagonist or intracellular calcium chelator reduced the nicotine-
induced phosphorylation of ERK. Furthermore, nicotine-induced IL-8 secretion was de-
creased by pretreatment with non-selective nAChR antagonist, ERK1/2 inhibitor or intra-
cellular calcium chelator.
Conclusion: These findings indicate that nicotine increases IL-8 production in gingival
epithelial cells via ERK phosphorylation following Ca®* signalling after nAChR activation.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

recruitment of professional immune cells such as macro-
phages, dendritic cells and lymphocytes.* Several lines of
evidence have indicated that bacterial stimulation induces

Gingival epithelial cells play an important role in homeostasis
of periodontal tissue. They prevent entry of periodontopatho-
gen into periodontal tissue by forming a physical barrier and
provide nonspecific, rapid host defence reaction resulting in

* Corresponding author. Tel.: +81 6 6879 2932; fax: +81 6 6879 2934.
E-mail address: yanagita@dent.osaka-u.ac.jp (M. Yanagita).
0003-9969/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.archoralbic.2011.10.007

pro-inflammatory cytokines (interleukin (IL)-1B, IL-6, IL-8 and
tumour necrosis factor-o) in oral and gingival epithelial
cells.*® In addition, we have previously revealed that human
gingival epithelial cells (HGECs) and oral epithelial cell line (KB




