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Effect of Low-Level Laser Irradiation on Macrophage Inhibitory Factor

Gene Expression in Osteoblasts

KAWAHARA Mitsuaki?, HAMAJIMA Susumu?, OHTA Mitsuhiro®?,
SASAHARA Hiroshige?? and ABIKO Yoshimitsu!¥
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The low-level laser irradiation (LLLI) therapy for bone
healing has attracted strong interest in the field of clinical
implantology. It has been reported that LLLI on bony im-
plant sites might have positive effects on the integration
of implants. The biostimulatory effect of bone formation
by LLLI has been investigated, however, very little is
known about the molecular basis of biostimulatory
mechanisms. Since LLLI will be useful to support implant
therapy, it is important to elucidate the mechanism of bi-
ostimulatory effect of LLLI on bone formation.

We previously constructed a cDNA library of mouse os-
teoblastic cells (MC3T3-E1), which enhanced gene ex-
pression by LLLI using a subtracted gene cloning
technology. In the present study, we analyzed the DNA
nucleotide sequence of gene clones MCL-176. The nu-
cleotide sequence of MCL-176 DNA insert was deter-
in the standard nucleotide-

mined and assessed

— A DR

Vg e

%
ST AR

nucleotide BLAST homology — search using NCBI DNA
databases. DNA nucleotide sequences of clone MCL-
176 cloned DNA exhibited high homology with macro-
Re-
verse—transcription real-time PCR analysis showed that
MIF mRNA level was enhanced by LLLL. MIF is known

as a cytokine that mediates inflammatory processes in a

phage (migration) inhibitory factor (MIF) gene.

variety of tissues. Since it has been reported that MIF is
also presented in osteoblasts and MIF modulates the pro-
liferation of osteoblasts, MIF is involved in the growth of
osteoblasts and bone tissue remodeling. Our findings
suggest that LLLI may enhance MIF mRNA transcrip-
tion of osteoblasts and play a role in the osseous
metabolism.

Key words ' osteoblast, low-level laser irradiation, macro-

phage migration inhibitory factor, gene expression
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Introduction

Various biostimulatory effects of low-energy laser
irradiation (LLLI) have been reported for wound
healing?, cell proliferation of fibroblasts? and chon-
drocytes?, collagen synthesis? and nerve regenera-
tion®. Of particular interest for implant research is
the acceleration of bone regeneration by laser

treatmentt=9,

Further, the recent advent of im-
proved laser delivery systems has attracted interest
in the application of lasers in implantology!?.
DORTBUDAK et al'V reported that LLLI stimu-
lated osteocyte wviability in bony implant sites after
drilling and implant insertion in baboons, and sug-
gested the positive effect of LLLI on the integration
of implants. However, the lack of knowledge of the
biological mechanism triggered by LLLI may delay
the clinical use of laser therapy including clinical
implantology. In order to develop LLLI therapy for
dental implants, it is important and necessary to eluci-
date the mechanism of its biostimulatory effect on
bone formation.

We previously reported that LLLI stimulated cellu-
lar proliferation, bone nodule formation, alkaline phos-
phatase activity, and osteocalcin gene expression in
early-stage cultures of rat calvaria-derived osteo-
blasts!?). Those findings suggested that laser irradia-
tion may play two principal roles, stimulation of
proliferation of bone nodule forming cells of osteo-
blast lineage and cellular differentiation. However,
the molecular bases of these mechanisms leading to
those findings have not been elucidated.

The MC3T3-E1 cell line, one of the most represen-
tative osteoblastic cell lines, satisfies the most impor-
tant criterion for osteoblasts, because it forms
mineralized nodules in vitro through a process analo-
gous to bone formation in vivo!®. We previously con-
structed a ¢DNA library of MC3T3-El, which
showed an enhanced gene expression by LLLI using
a subtracted gene cloning procedure!”. Among sub-

tractive gene clones, we found a gene clone that ex-

hibited a high homology nucleotide sequence with
DNA replication licensing factors genes!>18, ATP
biosynthesis involving the mitochondrial enzyme
FOA1-ATPase gene!”, and annexin gene I ¥

Differentially expressed genes between the corre-
sponding treatments with and without LLLI in osteo-
blasts can help us understand the molecular basis of
the biostimulatory effect of LLLI. The identification
and characterization of genes expressed exclusively
or preferentially in osteoblasts will shed light on the
mechanisms. In the present study, we further charac-
terized a novel gene clone, MCL-176 from the sub-
tracted gene library, by the homology search of
nucleotide sequence technology using NCBI DNA
databases.

Materials and Methods

1. Cell culture and laser irradiation

MC3T3-E1 cells established from newborn mouse
calvaria by KODAMA et al.'®, were cultured in mini-
mal essential medium (a -MEM ; Gibco BRL, USA)
containing 10% fetal calf serum, 100 xg/m/ of penicil-
lin G (Sigma Chemical Co. USA), and 50 uxg/m! of
gentamicin sulfate (Sigma). The cultures were kept
at 37C in a humidified incubator (Forma COz incuba-
tor MIP-3326, Sanyo Electric Medica System Co., To-
kyo. Japan) in the presence of 95% air and 5% CQx.

LLLI was carried out according to a previous
report!?. Briefly, a Ga-Al-As diode laser device
(Model ZH-M143D]P ; Matsushita Industrial Equip-
ment Inc., Osaka, Japan) was used to irradiate cells
plated in 100-mm tissue culture dishes at a density of
4% 10° cells/dish at a wavelength of 805 nm. The la-
ser beam was delivered by optical fibers and was irra-
diated uniformly in a circular area, 130 mm in
diameter, 30 cm above the cell layer. We used 1 Hz
pulsed irradiation with equal exposure and rest
times. The experimental procedure allowed uniform
irradiation of all the cells on the tissue culture dish.
The actual total energy corresponding to an expo-
sure of 5 minutes was 1.5 J/cm? Laser irradiation
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was carried out in a COz incubator.

2. Restriction endonuclease analysis

Plasmid DNA from subtracted gene clone was iso-
lated and digested with Miz I and Nor T , and DNA
fragments were run on 1% agarose gel-electro-
phoresis. The gel was stained with ethidium bromide
under UV irradiation.

3. DNA nucleotide sequencing homology search

Dideoxy-chain termination sequencing?® was per-
formed with fluorescent dye-labeled T7 universal
primers (Aloka Co. Ltd., Japan) and Sequi Therm™
Long—Read™ cycle sequencing kits for Li—Cor ® Se-
quencing (Epicentre Technologies, USA). The reac-
tion products were analyzed using a 4000LS Long
ReadIR™ DNA sequencing system (LI-Cor, USA),
Plasmid DNA of the MCL~-176 clone was purified and
the 5-portion of the DNA insert was nucleotide
sequenced. A homology-search of the DNA sequence
was carried out by a standard nucleotide-nucleotide
BLAST (blastn) homology-search using NCBI DNA
databases.

4. Reverse transcription polymerase chain reaction
(RT-PCR)

Total cellular RNA was extracted from MC3T3 —
El cells with or without LLLI by acid guanidium
cDNA
synthesis and amplification by reverse transcription-

thiocyanate-phenol-chloroform extraction2!.

polymerase chain reaction (RT-PCR) were carried
out using a GeneAmp RNA PCR kit (Perkin-Elmer,
Norwalk, CT, USA). The design of the oligonucleo-
tide primers for the MIF gene was evaluated using
Primer 3 software (http ! //www-genome.wimit,
edu/cgi-bin/primer/primer3_www.cgi). The PCR
DNA primers were as follows : 5-AAG CCC GCA
CAG TAC ATC G-3(the forward primer for mouse
MIF) ; 5-CAG GCC ACA CAG CAG CTT AC-3(the
reverse primer for mouse MIF), with an expected
product size of 153 bp; 5-ATC ACC ATC TTC
CAG GAG-3(the forward primer for mouse

MIF Expression by Lazer 5-5

GAPDH) ; 5-ATG GAC TGT GGT CAT GAG-3'(the
reverse primer for mouse GAPDH) ; with an ex-
pected product size of 318 bp. PCR products were
electrophoresed on 1.5% agarose gel and subse-
quently stained with ethidium bromide under UV
irradiation. The relative fluorescence intensity of the
PCR amplified DNA band was semi-quantified using
an image analyzer (ATTO Densitograph, ATTO
Corp., Tokyo, Japan).

5.  Real-time PCR analysis

Two-step quantitative detection of the MIF gene
was performed as follows. Twenty micrograms of to-
tal RNAs was reverse-transcribed using Superscript
I and Random Primer (Gibco BRL, Gaithershurg,
MD, USA). PCR was performed using the Quan-
tiTect SYBR Green PCR Kit (Qiagen, Chatsworth,
CA, USA). The amplification reactions were per-
formed in a final volume of 20 u/ containing 10 /! of
2xQuantiTect SYBR Green PCR Master Mix, 0.25
uM of MIF-specific primers, and 5 u! of 500-fold di-
luted ¢cDNA solution. To reduce variability between
the replicates, PCR premixes, which contained all rea-
gents except for cDNA, were prepared and aliquoted
into 0.2 u! thin-wall strip tubes (M] Research Inc.,
MA, USA). The thermal cycling conditions com-
prised an initial denaturation step at 95C for 15 min-
utes and 40 cycles at 94C for 15 seconds, 60°C for 30
seconds, and 72C for 30 seconds. Experiments were
performed in triplicate for each data point. All PCR
reactions were performed using the OPTICONTM
DNA Engine (M] Research Inc, MA, USA).

Results

Figure 1 summarizes the results of identification of
the MCL-176 clone gene. The agarose electrophore-
sis pattern used for analyzing the DNA insert size is
shown in Fig. 1A. Plasmid DNA from the MCL-176
clone was digested with restriction endonucleases
Mlu 1 and Notr 1, and the DNA fragments were run
on agarose gel-electrophoresis. The MCL-176 clone
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A
= Vector DNA
— DNA insert
B Color Key for fAlignnent Scores
1_24622
0 100 200 300 400 500
c Gene ID Description
AKO013328 mouse macrophage migration inhibitory factor
AK008939 mouse macrophage migration inhibitory factor
BC024895 mouse macrophage migration inhibitory factor
NM_010798 mouse macrophage migration inhibitory factor
L10613 mouse glycosylation-inhibiting factor

Fig. 1 Identification of MCL-176 gene. A, Endonuclease digestion pattern of plas-
mid DNA from MCL-176. S, Size marker of A EceR T14 I digestion ; 1, vec-
tor plasmid pAP3neo ; 2, plasmid DNA from MCL-176. B, Homology-
search of nucleotide sequences of DNA insert in MCL-176, Distribution of

blastin homology-search hits on the query sequence. C, Genes identified by

blastin homology-search. D, Comparison of DNA sequences between MCL-
176 cloned gene (Shjct) and AKO013328 mouse MIF gene (Query). E,
Amino acid sequence of MIF from 100% match nucleotide sequence from

MCL-176. *, stop codon.

has an approximate insert size of 0.5 kb, based on cal-
culation of DNA size standards. Next, the nucleotide
sequence of DNA insert in MCL-176 was analyzed.
Then, a blastin search for the 511 bp nucleotide se-
quences from MCL-176 was carried out using the
NCBI database. Many blast hits on the query se-
quence with a high homology were found, and the
top 5 genes are shown in Fig. 1B. The top 4 genes
had a greater than 99% homology with the nucleotide
sequence of the MCL-176 DNA insert, and they were
identical with mouse MIF genes (Fig. 1C). Fig. 1D
showed a 100% match of nucleotide sequences be-
tween the MCL-176 insert and AK013328 mouse MIF
gene, and the amino acid sequence of mouse MIF is

shown in Fig. 1E.

To confirm the enhanced mRNA level of the MIF
gene in irradiated cells, RT-PCR analysis was
performed. Figure 2 shows that higher levels of MIF
RT-PCR products were detected 6 and 24 hours af-
ter LLLI, while mRNA levels of GAPDH, the house-
keeping control, showed almost no change regardless
of irradiation. Further, the PCR endproducts of MIF
and GAPDH showed the expected sizes of 153 bp and
318 bp, respectively, suggesting that both PCR end-
products were correctly amplified by the designed
DNA primers. In addition, a semi-quantitative assay
using fluorescence intensity scanning demonstrated
that MIF mRNA levels in irradiated cells were 2.0-
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D Score = 1013 bits (511), Expect = 0.@ : Identities = 511/511 (100%)

Query: 10

Sbjct: 2
Query: 70

Sbjct: 62

agctcaggtccctggettgggtcacaccgegetttgtaccgtocteccggtccacgetege 69
FEETEEE e e e e e e e e e e et e e e e e e e e e et
agctcaggtccctggettgggteacacegegetttgtaccgtectecggtecacgetege 61

agtctctccgeccaccatgectatgttcatcgtgaacaccaatgtteeccegegecteegtg 129
FEEERRETEE et e e et b e e e r e e e e e e e e e e et
agtctctccegecaccatgectatgttcatcgtgaacaccaatgttecccegegectecgtg 121

Query: 138 ccagaggggtttctgtcggagctcacccagcagctggegcaggeccaccggcaagcccgea 189

CELEELECEE Rt e r e e e e e e e e e e e e e i e el

Sbjct: 122 ccagaggggtttctgtcggagctcacccagecagetggegcaggecaccggcaageccgea 181

Query: 19@ cagtacatcgcagtgcacgtggtcccggaccagctcatgacttttageggeacgaacgat 249

PEPERTREEREE R e e e e e b e e e e e e e b e e v e e v e e et

Sbjct: 182 cagtacatcgcagtgcacgtggtcccggaccagctcatgacttttagcggcacgaacgat 241

Query: 250 ccctgcgecctetgecagectgeacageateggeaagatcggtggtgcccagaaccgeaac 309

PEREREEEEET e e e e r e e e r e e e e e e e e

Sbjct: 242 ccctgegecctetgeagectgeacageatcggeaagatcggtggtgcccagaaccgcaac 301

Query: 310 tacagtaagctgctgtgtggcctgetgtccgatcgectgecacatcagececggaccgggte 369

RN R R R RN AR R R RN AN R AR R RRRRRRRNARE

Sbjct: 302 tacagtacgctgctgtgtggcctgetgtecgatcgectgeacatcageceggaccgggte 361

Query: 370 tacatcaactattacgacatgaacgctgccaacgtgggctggaacggttccacctteget 429

R R R R NN AR AR AN R AR RN RRRRRRANARE

Sbjct: 362 tacatcaactattacgacatgaacgctgecaacgtgggctggaacggttccacctteget 421

Query: 430 tgagtcctggccccacttacctgecaccgetgttetttgagectegetcecacgtagtgtte 489

RN R R RN RN AN RN REARRARARRARN

Sbjct: 422 tgagtcctggccccacttacctgeaccgetgttetttgagectegeteccacgtagtgtte 481

Query: 490 tgtgtttatccaccggtagcgatgcccacct 520

AR RN

Sbjct: 482 tgtgtttatccaccggtagcgatgecccacct 512

E MCL-176

AK013328 1 GGGTCACGTAGCTCAGGTCCCTGGCTTGGGTCACACCGCGCTTTGTACCGTCCTCCGGTC 60
Amino acid 1 1
MCL-176 ————— AGTCTCTCCGCCACCATGCCTATGTTCATCGTGAACACCAATGTTCCCLGE
AKO13328 61 CACGCTCGCAGTCTCTCCGCCACCATGCCTATGTTCATCGTGAACACCAATGTTCCCCGE 120
Aminoacid 1 M PMFTIUVNTNVYVPR R 12
MCL-176 GCCTCCGTGCCAGAGGGGTTTCTGTCGGAGCTCACCCAGCAGCTGGCGCAGGCCACCGGC
AK013328 121 GCCTCCGTGCCAGAGGGGTTTCTGTCGGAGCTCACCCAGCAGCTGGCGCAGGCCACCGGT 180
Aminoacid 12 A S V P E G F L S E L T Q QL AQATG 32
MCL-176 AAGCCCGCACAGTACATCGCAGTGCACGTGGTCCCGGACCAGCTCATGACTTTTAGCGGC
AKO13328 181 AAGCCCGCACAGTACATCGCAGTGCACGTGGTCCCGGACCAGCTCATGACTTTTAGCGGC 240
Aminoacid 32 K P A Q Y I AV HV VPDOQLMTTEFEFSG 52
MCL-176 ACGAACGATCCCTGCGCCCTCTGCAGCCTGCACAGCATCGGCAAGATCGGTGGTGCCCAG
AKO013328 241 ACGAACGATCCCTGCGCCCTCTGCAGCCTGCACAGCATCGGCAAGATCGGTGGTGCCCAG 300
Aminoacid 52 T N D P C A L C S LHSTIGE KTITG GG GAQ 72
MCL-176 AACCGCAACTACAGTAAGCTGCTGTGTGGCCTGCTGTCCGATCGCCTGCACATCAGCCCG
AKO013328 301 AACCGCAACTACAGTAAGCTGCTGTGTGGCCTGCTGTCCGATCGCCTGCACATCAGCCCG 360
Aminoacid 72 N R N Y § K L L C G L L SDU RTLUHTITSTP 92
MCL-176 GACCGGGTCTACATCAACTATTACGACAT GAACGCTGCCAACGTGGGCTGGAACGGTTCC
AKO13328 361 GACCGGGTCTACATCAACTATTACGACATGAACGCTGCCAACGTGGGCTGGAACGGTTCC 420
Aminoacid 92 D R V Y I N Y Y D M N A A NV GWNG S 112
MCL-176 ACCTTCGCTTGAGT CCTGGLCCCACTTACCTGCACCGCTGTTCTTTGAGCCTCGCTCCAC
AKO013328 421 ACCTTCGCTIGAGTCCTGGCCCCACTTACCTGCACCGCTGTTCTTTGAGCCTCGCTCCAC 480
Aminoacid 112 T F A * 116
MCL-176 GTAGTGTTCTGTGTTTATCCACCGGTAGCGATGCCCACCT

AKO013328 481 GTAGTGTTCTGTGTTTATCCACCGGTAGCGATGCCCACCT 520
Amincacid 116 116

Fig. 1 Continued.
and 2.5—fold higher after 6 and 24 hours, respectively, sis accumulation of the PCR product is measured and

than those without LLLIL

reported during each amplification cycle, making the

Endpoint RT-PCR analysis can only provide semi- analysis quantitative and more accurate. Next, we re-
quantitative results, while with real-time PCR analy- confirmed the mRNA levels for MIF and GAPDH us-
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Fig. 2 RT-PCR analysis of MIF mRNA level. Ethidium
bromide staining pattern of amplified PCR end-

products on agarose gel electrophoresis and fluo-
rescence intensity scanning. S, size standard ;
LV, luminescence value of the DNA band in gel.
1, LLLI (=) after 6 hours ; 2, LLLI (+) after 6
hours ; 3, LLLI (—)after 24 hours ; 4, LLLI (+)
after 24 hours.

ing real-time PCR analysis with the same DNA
primers used in the endpoint RT-PCR experiments.
Figure 3 shows the results of real-time PCR, includ-
ing the exponential curves at the initial reaction
(Fig. 3A), the standard curve with high linearity
(Fig. 3B), and the melting curve profiles of the PCR
endproducts (Fig. 3C). The melting curve profiles of
the PCR endproducts of the MIF samples all showed
the same characteristic curves with fluorescence ac-
quisition in each cycle at 86°C during the amplifica-
tion program, which eliminated the nonspecific
fluorescence signal and ensured accurate quantifica-
tion of the desired gene product. These results sug-
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Fig. 3 Real-time RT-PCR analysis of MIF mRNA level. A,
Exponential curves of the initial PCR reaction. 1,
LLLI (=)after 6 hours ; 2, LLLI (+)after 6 hours ;
3. LLLI (—) after 24 hours ; 4, LLLI (+) after 24
hours. B, Standard curve of fluorescence intensity de-
tected during the PCR cycle. Four standard dilutions
of the copy number standard (0.01, 0.1, 1, 10 pg)
were compared with the template samples of ampli-
fied MIF DNA. C, Melting curves of the PCR-ampli-
fied MIFDNA show the extinction of fluorescence
intensity. Tm values were determined by calculating
the negative first derivative of the fluorescence inten-
sity divided by temperature (dL/dT).
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gested that the real-time PCR experiments provided
reliable quantification results.

MIF mRNA transcripts introduced at the start of
the reaction were calculated by plotting the cycle
threshold on the standard curve. The final result was
then normalized, and expressed as the amount of am-
plified DNA (Fig. 4). Twenty-four hours later after
MC3T3 E1 cells were treated with LLLI, the MIF
mRNA level was higher (832+10fg/ ul, n=4) than
in the case without LLLI as a control level (47.3+9.3
fg/ul, n=4). LLLI had a significant effect on the ex-
pression of MIF mRNA of MC3T3-El cells (p<<0.05),
as the expression of MIF mRNA in the cells 24 hours
following irradiation was 1.8—fold higher than in the
control.

Discussion

Osteogenesis and the process of bone healing fol-
lowing dental implant therapy are very important for
a good prognosis. Thus, the most important biostimu-
latory effect of LLLI for implant therapy is likely to
be the acceleration of bone formation. In an in vivo
study, SILVA et al?? reported that Ga—Al-As laser
irradiation stimulated femur bone repair in a rat ex-
perimental model, and their computerized mor-
phometric results showed a significant increase in
areas of newly mineralized bone in the LLLI groups.
More recently, GUZZARDELLA et al® reported
that Ga—Al-As LLLI enhanced the healing rate of de-
fect areas in the epiphysis femora explanted from
rats in an organ culture experimental system, and
they also showed that alkaline phosphatase and Ca
content were significantly increased in LLLI groups.

In vivo animal experimental studies are considered
reliable to show the stimulation of bone repair due to
LLLI However, in vivo results sometimes cannot eas-
ily prove actual evidence at the molecular level, be-
cause of the great variety of cell populations and
biochemical factors involved. Although results from
in vitro studies cannot entirely be extrapolated to in
vivo conditions, in vitro cell experiments have a

MIF Expression by Lazer 9-9

fg/ul — 1
120

100

80

60

40

20

lI]llIIIII]III!IlIIIII]

0 T |
6h 6h 24h 24h

LLLI - + - +

Fig. 4 Comparison of MIF mRNA levels from
real-time PCR analysis by Box and
Whiker plots. Results represent the
means (solid square) = SEE. (outer box)
of the relative expression of the MIF
DNA obtained in 4 experiments. LLLI sig-
nificantly enhanced MIF mRNA level at
24 hours (*p<<0.05).

much greater level of control in the absence of nerve
and vascular systems and the environmental extra-
cellular matrix, and can highlight the sequence of
events and parameters involved with tissue healing.
In the present study, we found that the coding
DNA nucleotide sequence in a gene clone, MCL-176
from a subtractive gene library in which gene expres-
sion was enhanced by LLLI, had a high homology to
mouse MIF. RT-PCR analysis demonstrated elevated
mRMA levels in irradiated MC3T3-El cells. These
findings suggest that LLLI enhanced the transcrip-
tion of MIF in the osteoblastic cell line MC3T3-EL
There are some problems underlying the endpoint
PCR method for measurement of mRNA levels, as
such analysis can only provide semi-quantitative re-
sults, and differences between varying concentra-
tions of PCR reaction components are difficult to
discern due to reagents that may be limiting as the
reaction progresses. During real-time PCR analysis,
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the accumulation of PCR products is measured and
reported during each amplification cycle, making
quantitative analysis of data possible. We examined
MIF mRNA levels in cells with and without LLLI us-
ing real-time quantitative RT - PCR analysis and con-
firmed the enhancement of MIF mRNA levels by
LLLL

MIF is a lymphokine that was first reported to pre-
vent random migration of macrophages out of blood
vessels®, It was long believed to be exclusively se-
creted by T-lymphocytes, however, MIF was re-
cently shown to exist in a variety of inflammatory
tissues and cells including macrophages, and is now
considered to be a major mediator of inflammation
and immunological reactions®. In addition, high MIF
expression has been identified in non-inflammatory,
highly proliferative tissues, and its involvement in
physiological cellular proliferation is also strongly
suggested® *”, ONODERA et al.?® first reported the
presence of MIF protein and mRNA in MC3T3-E1
cells and mouse calvarial osteoblasts.

Osteoblasts proliferation is promoted by various
growth factors such as transforming growth factor—
f . basic fibroblast growth factor, insulin-like growth
factor-1I, and fetal calf serum, which also were
shown to remarkably up-regulate MIF gene expres-
sions in MC3T3-E1*. Furthermore, after the cells in
that study were synchronized in the GO phase by
serum-starvation, MIF mRNA expression gradually
increased from GO to reach its maximum at the S
phase when genes are duplicated by DNA synthesis.
In addition, recombinant MIF upregulated the ex-
pression of urokinase plasminogen activator inhibi-
tor-1 (PAI-1) mRNA in human osteoblastic cells.
Since plasminogen activator (PA) is known to play
an important role in bone metabolism, such as activa-
tion of pro-collagenase or growth factors, and in the
mitogenic activity for osteoblastic cells, these find-
ings suggest that MIF is associated with the prolifera-
tion of osteoblasts and bone tissue remodeling
through the PA and plasmin systems.

Recently, the effects of LLLI on the mitochondria,

CEAVE I

nucleus, and cytoskeleton of CHO K-1 cells were in-
vestigated by the use of specific fluorescent probes,
and it was found that LLLI was capable of providing
positive biomodulation, and prevented apoptosis3?.
Furthermore, LLLI increased the mitochondrial activ-
ity and promoted a bio-stimulation effect on the early
stages of liver regeneration without any detectable
damage of the cells3!,

The present study is the first to demonstrate that
LLLI enhanced the expression of MIF mRNA in a
mouse osteoblastic cell line, MC3T3-E1. Since MIF
modulates osteoblasts proliferation and hone remodel-
ing, LLLI may have positive effects on the integra-
tion of implants and may be useful to reduce healing
times and speed up osseointegration of dental im-
plants through enhancement of M} gene expression.

Conclusion

The DNA nucleotide sequence of MCL-176, a sub-
tracted gene clone, the gene expression of which in
mouse osteoblastic cell MC3T3-El was enhanced by
LLLI was analyzed and its DNA sequence assessed
by homology-search using NCBI DNA databases.
DNA nucleotide sequences of MCL-176 cloned DNA
exhibited high homology with mouse MIF gene. The
enhanced MIF mRNA levels in MC3T3-E1 cells by
LLLI were also confirmed by endpoint RT-PCR and
real-time PCR. Since MIF modulates the proliferation
of osteoblasts and bone tissue remodeling, LLLI may
enhance MIF mRNA transcription of osteoblasts and

play a role in the osseous metabolism.
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Abstract Many studies have attempted to elucidate the
mechanism of the biostimulatory effects of low-level
laser irradiation (LLLI), but the molecular basis of these
effects remains obscure. We investigated the stimulatory
effect of LLLI on bone formation during the early
proliferation stage of cultured ostedblastic cells. A
mouse calvaria-derived osteoblastic cell line, MC3T3-
El, was utilised to perform a cDNA microarray
hybridisation to identify genes that induced expression
by LLLI at the early stage. Among those genes that
showed at least a twofold increased expression, the
osteoglycin/mimecan gene was upregulated 2.3-fold
at 2 h after LLLI. Osteoglycin is a small leucine-rich
proteoglycan (SLRP) of the extracellular matrix which
was previously called the osteoinductive factor. SLRP
are abundantly contained in the bone matrix, cartilage
cells and connective tissues, and are thought to regulate
cell proliferation, differentiation and adhesion in close
association with collagen and many other growth
factors. We investigated the time-related expression of
this gene by LLLI using a reverse transcription poly-
merase chain reaction (RT-PCR) method, and more
precisely with a real-time PCR method, and found
increases of 1.5-2-fold at 2-4 h after LLLI compared
with the non-irradiated controls. These results suggest
that the increased expression of the osteoglycin gene
by LLLI in the early proliferation stage of cultured
osteoblastic cells may play an important role in the
stimulation of bone formation in concert with matrix
proteins and growth factors.
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Introduction

Several biostimulatory effects of LLLI have been de-
scribed, but the precise mechanism and molecular basis
of such effects remain unclear. In this study we
attempted to elucidate the effect of LLLI on bone for-
mation. Previously, the effects of LLLI at various
growth stages of cultured osteoblastic cells were inves-
tigated and cellular proliferation, bone nodule forma-
tion, alkaline phosphatase activity and osteocalcin gene
expression were found to be enhanced only at the early
proliferation stage [1]. A cloned mouse calvaria-derived
osteoblastic cell line, MC3T3-El, was used to construct
a subtracted cDNA library by LLLI. The gene coding
for minichromosome maintenance (MCM)-3, which is
thought to function as a licensing factor for initiation of
replication, exhibited an increased expression level [2].
We also found an enhanced expression of the annexin
IIT gene in an early growth stage of MC3T3-E1 cells [3].
Following that study, we utilised a newly introduced
cDNA microarray hybridisation technology to investi-
gate the expression rates of other genes influenced by
LLLI at the early growth stage of MC3T3-E1 cells [4].
More than 3800 genes were screened, and among those
that showed an increased expression of at least twofold
at 2 h after LLLI, the osteoglycin/mimecan gene was
found to be upregulated 2.3 times more than in the non-
irradiated controls. Osteoglycin is a member of the class
III type of SLRP found in the extracellular matrix,
which was previously called the osteomnductive factor [5].
SLRP have been shown to interact with collagen and
regulate collagen fibrillogenesis, an essential process for
growth, development, tissue repair and metastasis [6].
SLRP have also been reported to interact with many
growth factors by proteoglycan chains and modulate
those biological activities [7]. We attempted to determine
time-related changes for the emhanced expression of



the osteoglycin/mimecan gene caused by LLLI using
RT-PCR and, more precisely, with a real-time PCR
method.

Materials and methods

Cell culture and laser irradiation

MC3T3-El cells, established from newborn mouse calvaria [8],
were cultured in minimum essential medium (a-MEM; Invitrogen
Corporation, USA) containing 10% fetal calf serum and antibiotics
comprising 100 pg/ml penicillin G (Sigma Chemical Co., USA) and
50 pg/ml gentamicin sulfate (Sigma) in multiwell plates. The cul-
tures were kept at 37 °C in a humidified incubator (Forma CO,
incubator MIP-3326, Sanyo Electric Medica System Co., Japan) in
the presence of 95% air and 5% CO,.

LLLI was carried out according to a previous report [1]. A
gallium—aluminium-arsenide (Ga-Al-As) diode laser device (Model
Panalas 1000; Matsushita Industrial Equipment Inc., Japan) was
used as a low-power laser source. This laser therapy system utilises
a wavelength of 830 nm and output power of 100-700 mW, which
is variable in a continuous wave (c/w). In the present study, an
output power in a c¢/w of 500 mW was selected. The probe was
fixed at 550 mm from the cells to be irradiated, giving a spot size of
78.5 cm” and an incident power density of approximately 6.4 mW/
cm®. The irradiation time was 20 min, which equalled an incident
energy density of 7.64 Jjem?, and was performed on a clean bench.
After irradiation, the cells were maintained in a CO, incubator. The
control cells were also placed on a clean bench for the same period
without any irradiation.

RNA preparation and RT-PCR

Total cellular RNA was isolated from the MC3T3-El cells with or
without LLLI by an acid guanidinium thiocyanate—phenol—chlo-
roform extraction method [9]. ¢cDNA synthesis was carried out
using a Superscript II RNaseH(-) reverse transcriptase system
(Invitrogen) with oligo d(T);,.1g primer at 42 °C for 1 h.

PCR was carried out using a Gene Amp PCR reagent kit
(Applied Biosystems, USA) as instructed by the manufacturer
under the following conditions: 94 °C for 30 s, 55 °C for 30 s and
72 °C for 30 s, for 30 cycles. The primers for PCR amplification
were designed by referring to the cDNA sequences reported for
mouse osteoglycin [10] to produce a 347 bp fragment (forward
primer 5-TGA TGC TGT ACC ACC ATT GC -¥; reverse primer:
5-ATT CCA GGT CGT TAT GGT CC -3, and for mouse
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an
internal standard housekeeping gene to produce a 318 bp fragment
(forward primer: 5-ATC ACC ATC TTC CAG GAG -3'; reverse
primer: 5-ATG GAC TGT GGT CAT GAG -3'), respectively.
PCR-amplified DNA fragments were checked by electrophoresis
on a 1.5% agarose gel and subsequently stained with ethidium
bromide.

Real-time PCR

Real-time PCR reactions were carried out using a DNA Engine
Opticon system (MJ Research Inc., USA) with a QuantiTect SYBR
Green PCR kit (Qiagen GmbH, Germany). PCR was started with
an initial incubation at 95 °C for 15 min to activate the Tag DNA
polymerase, then set at 94 °C for 15 s, 56 °C for 30 s and 72 °C for
30 s, for 40 cycles. The fluorescent signals were measured at the end
of each elongation step and the start points of their exponential
curves were determined for conversion of the cycle number into the
amount of PCR products using standard purified cDNA to make
the standard curves. The PCR efficiency of the primer sets was
checked to confirm that the dilution rate of the samples was not
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affected. First, the annealing temperature of the eight wells of the
PCR reaction plate on the apparatus was changed gradiently from
55 °C to 65 °C to determine the optimal annealing temperature
between the two sets of PCR primers, after which 56 °C was
decided on. After the final PCR step, the temperature was gradi-
ently elevated to 95 °C while monitoring the fluorescent signals to
form the melting curves in order to check the specificity of the PCR
amplification. Values were calculated as means + standard devi-
ation (SD). Comparisons between groups were made using Stu-
dent’s t-test. Differences were accepted as significant when
p < 0.01.

Results

To elucidate the effect of LLLI on the expression profile
of the gene during the early proliferation stage of
developing osteoblastic MC3T3-El cells, total RNA
were prepared after 0, 2, 4 and 8 hours with or without
LLLI. ¢cDNA were also prepared and the expression
profile was searched. In the cDNA microarray experi-
ment the osteoglycin/mimecan gene was found to be
have enhanced expression, which increased 2.3-fold at
2 h after LLLIL

To determine the enhanced mRNA level of the os-
teoglycin gene by LLLI, RT-PCR was carried out.
Figure 1 shows that higher levels of osteoglycin mRNA
were detected after 2 h and were maintained for 4-8 h
after LLLI in MC3T3-El cells compared to the non-
LLLI cells, whereas mRNA levels of GAPDH, the
housekeeping control, showed almost no change
regardless of LLLI or incubation time.

Further experiments to determine the exact rates of
enhancement of the osteoglycin gene by LLLI were
performed using real-time PCR. The PCR exponential
curves of the osteoglycin gene are shown in Fig. 2a, and
around the detection points are expanded and shown in
Fig. 2b. The same reaction was performed for the
GAPDH gene, after which the data were converted to
relative mRNA amounts and the ratio of osteoglycin/
GAPDH was calculated for standardisation (see Mate-
rials and methods) and is described in Table 1. A sig-
nificant increase of osteoglycin gene expression occurred
at 2 and 4 h after LLLI (p < 0.01). The elevated
expression of the osteoglycin gene returned to a normal
range in the non-irradiated control at 8 h after LLLI.

The specificity and accuracy of these PCR amplifi-
cations were also tested to draw their melting curves, one
of which about the osteoglycin gene is shown in Fig. 2c.

Discussion

Osteoglycin/mimecan is a member of the SLRP family
and found in many connective tissues. It was originally
isolated as an osteoinductive factor from the organic
matrix of bovine bone [6], and was later shown to induce
ectopic bone formation [11]. A cDNA analysis showed
that bovine osteoglycin is synthesised as a larger 299 aa
precursor, which exhibits a 94% identity to that of
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Fig. 1 RT-PCR analysis of
osteoglycin mRNA levels.
Osteoglycin mRNA was
highly expressed at each time
point following LLLI com-
pared to the non-irradiated
groups. The ethidium bro-
mide staining pattern of
amplified PCR products on
agarose gel electrophoresis is
shown. The RT-PCR meth-
od and DNA primers used
are described in Materials
and methods. The GAPDH
gene was used as a control

347bp =

GAPDH
318bp =

LLLI

times (h)
after LLLI

humans and an 86% identity to its mouse counterparts
[10]. Bovine osteoglycin is a single copy gene which can
be transcribed into eight different mRNA by differential
splicing and alternative transcription initiation [12];
however, they all encode the same protein [13].

The bovine cornea contains three unique keratan
sulphate proteoglycans (KSPG), one of which, the
25-kDa protein (KSPG 25), has been determined to be
the same gene product of osteoglycin [14]. KSPG 25
protein comprises 223 aa with keratan sulphate chains,
whereas osteoglycin only makes up the c-terminal 105 aa
that exists in KSPG 25 protein. Because of the difference
between osteoglycin and KSPG 25 with regard to tissue
expression, the molecular mass and the existence of
keratan sulphate, KSPG 25 was named as a mimecan for
its gene and its products [14]. Osteoglycin/mimecan-
related proteins not modified with keratan sulphate have
also been detected in several connective tissues [14].

The SLRP gene family is comprised of three classes
by their structural resemblance to the number of leucine-
rich repeats (LRR) and genomic organisation. They are
synthesised as ecither glycoproteins or proteoglycans
containing chondroitin/dermatan sulphate or keratan
sulphate chains. LRR are thought to be structural
modules used in molecular recognition processes for cell
adhesion, signal transduction, DNA repair and RNA
processing [7], and the SLRP family shares common
physiological roles.

Osteoglycin/mimecan is a member of the class III
type of SLRP with epiphycan/PG-Lb, a 42.5% identity
existing in the aa sequences between mouse PG-Lb and
mouse osteoglycin/mimecan [15]. Epiphycan/PG-Lb is
largely expressed in chick embryo cartilage and mam-
malian epiphyseal cartilage, and is thought to regulate
chondrocyte differentiation and osteogenesis [15,16].
The class 11 group includes fibromodulin, lumican,

Osteoglycin

0 2 4 8

keratocan, PRELP and osteoadherin, and especially
lumican and keratocan form the major parts of KSPG
with mimecan in the bovine cornea, which are consid-
ered to function for the maintenance of corneal trans-
parency [l4]. Lumican is also a major proteoglycan
component of bone matrix [17], though it has been re-
ported to be expressed mainly during the mineralisation
and differentiation stages of MC3T3-El development,
and not during the proliferation stage [18]. The class I
group includes decorin and biglycan, and decorin is
reported to interact with collagen and regulate collagen
fibre formation [19]. In a targeted disruption of the
biglycan gene the experimental animals showed reduced
bone mass, hence biglycan is thought to act as a positive
regulator of the cellular processes of bone formation
[20].

SLRP are abundant in the bone matrix, cartilage cells
and connective tissues, and thought to play an impor-
tant role in the regulation of cell proliferation, differ-
entiation, adhesion and, especially, mineralisation of
bone in a close association with collagen and many other
growth factors [15]. SLRP have also been shown to
interact with transforming growth factor (TGF)-§ to
modulate its activity [6]. The synthesis of bone maftrix
components by osteoblasts is an essential process for the
formation of mineralised bone, and stimulation of this
synthesis of decorin and biglycan by TGF-§ treatment
by MC3T3-E1 cells has been reported [21].

In recent studies, analysis of the promoter region of
the human osteoglycin/mimecan gene revealed the exis-
tence of many potential transcription factor-binding
sites, besides enhancer and silencer elements, such as
p53, a metal response element, and NF-kB recognition
sites [22, 23]. These regulatory elements may be
responsible for cell type-specific regulation of osteogly-
cin/mimecan gene transcription [23]. In the present



Fig. 2 (a) Real-time PCR
detection of osteoglycin gene
amplification. The PCR
method is described in
Materials and methods. One
of three experiments regard-
ing real-time PCR amplifi-
cation of osteoglycin genes
expressed after 0, 2, 4 and

8 h of incubation with (+)
or without (~) LLLI is
shown. Times (h) after (+)
or (—) LLLI are shown as
follows: 1); 0 h—, 2); 2 h—,
3,2h+,4);4h-,5);4h+,
6); 8 h—,and 7); § h+,
Exponential curves of fluo-
rescence intensity detected at
the end of each elongation
step during the cycle are
shown by a logarithmic scale
on a vertical axis. The hor-
izontal broken line shows
the cycle threshold line for
converting the crossing
points to the PCR exponen-
tial curves to the starting
cycle numbers of the curves
described in (b). Detection
points at the beginning of
the exponential curves are
shown magnified. PCR
samples containing a higher
level of osteoglycin cDNA
entered the logarithmic
growth phase first. (¢) Melt-
ing curves of the PCR-
amplified osteoglycin gene
are shown as the extinction
of fluorescence intensity. Tm
values were determined by
calculating the negative first
derivative of the fluorescence
intensity divided by temper-
ature (dI/dT). Nearly identi-
cal curves were obtained
from the PCR products of
this gene, which demon-
strated the specificity and
accuracy of the PCR ampli-
fication. Tm values were in a
range of 77.2-77.6 °C
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study, a significant increase of osteoglycin/mimecan
gene expression was seen after 2 and 4h of LLLI
. (Figs. 1 and 2, Table 1). The increased expression of the

osteoglycin/mimecan gene by LLLI may occur tran-
siently only in the early proliferation stage of MC3T3-
E1 cells, or also biphasically in other stages. It would be
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Table 1 Expression of the osteoglycin gene as determined by real-
time PCR data, which are shown as normalised values divided
by results of GAPDH (osteoglycin/GAPDH). Significant increases
(* p < 0.01, n = 3) of osteoglycin gene expression were seen at
2 and 4 h after LLLI

Times after Osteoglycin/GAPDH Rate of
LLLI (£) (£8.D.) increase
0Oh 1.889 (£0.5390)

2 h— 1.6742 (£0.1638)

2h+ 3.2196 (£0.3515) x1.923*
4 h- 2.3296 (+0.1311)

4 h+ 3.6912 (£0.2318) x1.584*
8 h— 1.4622 (£0.2038)

8h+ 1.4949 (£0.1539) x1.022

interesting to know whether this increased expression
was a direct or secondary effect of LLLI.

In conclusion, the increased expression of osteoglycin
may be associated with other effectors or extracellular
matrix molecules that have an important effect for the
proliferation and differentiation of MC3T3-E1 cells.
Further studies are necessary to clarify the effect of
LLLI on the expression of SLRP during the early stage
of bone formation.
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Table 1 Time course of IL-8 levels in the conditioned medium from
TM]J synovial cell treated with IL-1 8

(ng/10° cells)

Time (hours)

3

9 24

Control 3.724+0.77
IL-15 24.751+1.84*

5.46+1.11
26.23+£2.00*

5.78+0.36
35.01£2.78*

7.421+1.92
54.33+3.64*

Mean£S.D. (n=4), *:p<0.001
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Table 2 Time course of MCP-1 levels in the conditioned medium from
TM]J synovial cell treated with 1L-1 g
(ng/10° cells)
Time (hours)
3 9 24

Control 10.82+1.56 11:75=+1 .52 12.56+1.68 19.26+£2.78

IL-1 8 35.424+3.15* 42.1845.78* 52.45+£3.19* 73.89+5,26%

Mean£S.D. (n=4), *:p<0.001
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Fig. 2 Effects of LLLI on 1L-8 production in TM] synovial
cells
Results are expressed as mean=5.D. (n=3}.
*p<0.01, and was compared to the medium treated with
IL-1 g without irradiation.
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Fig. 3 Effects of LLLI on MCP-1 production in TM] synovial
cells
Results are expressed as mean+S.D. (n=3).
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Effects of Near-Infrared Irradiation in Cultured
Synovial Cells from Human TMJ
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Abstract : Biostimulatory effects of near-infrared irradiation, such as anti-inflammation and relieving pain
have been reported. However, the molecular based mechanisms are not elucidated yet.

Human synovial tissues were obtained from the patient with a condylar process fracture of the TMJ
undergoing extraction of the mandibular head and arthroplasty. The cells were isolated from TMJ synovial
tissues and primary cultured using outgrowth method. The confluent-stage cells were treated with IL-13, as
the same time, near-infrared irradiation was treated to the cells. Three levels of band pass filtering were set
at the 700-800 nm, 800-900 nm, and 900-1000 nm wavelengths and irradiation was conducted. The amounts of
chemokines in conditioned medium were measured by ELISA kit.

After synovial cells were exposed to IL-172, the production of IL-8 and MCP-1 was elevated, though the
amounts of increase were reduced at early time after irradiation as compared to without irradiation. The

T271-8587 T3V A TSI E 2-870-1 TEL 047-360-9423 FAX 047-360-9426
2-870-1 Sakaecho-Nishi, Matsudo, Chiba 271-8587, Japan. TEL +81-47-360-9423 FAX +81-47-360-9426
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production of IL-8 were significantly reduced at the 300-1000 nm wavelength, and the production of MCP-1 were
significantly reduced at the 700-800 nm, 800-900 nm, and 900-1000 nm wavelengths.
These findings suggest that near-infrared irradiation may have anti-inflammatory effect on TMJ disorder

through the reduction of chemokines production. And the results at each filter waveband were different, which

suggested that a difference in potency may be likely.

(J. Jpn. Soc. Laser Dent. 14 : 18~24, 2003 Reprint requests to Dr. OHTA)

Key words=Synovial cells, Near-infrared, Chemokine
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Enhanced Gene Expression by Low-Level Laser Irradiation

in Osteoblast

—Identification of Annexin Il Gene by Subtractive Gene Cloning

Masahisa Yamamoto", Mitsuaki Kawahara" and Yoshimitsu Abiko!?
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(NI 378

The recent advent of improved low-level laser
irradiation (LLLI) therapy has promoted interest
in clinical implantology. It has been reported that
LLLI on bony implant sites might have positive
The bio-

stimulatory effect of cell proliferation and bone

effects on the integration of implants.

formation by LLLI has been investigated, but little
molecular basis of bio-

Since LLLI will be useful
to support implant therapy, it is important to eluci-

is known about the

stimulatory mechanisms.

date the mechanism of the biostimulatory effect of
LLLI on bone formation.

We previously constructed the ¢cDNA library of
mouse osteoblastic cells (MC 3 T 3-E 1), which en-
hanced gene expression by LLLI using a subtracted
gene cloning technology. In the present study, we
further analyzed the DNA nucleotide sequence of
gene clones, and focused on a gene clone designated

MCL-174. The nucleotide sequence of MCL-174

I

=g

BHFE A

insert was determined and assessed in the standard
nucleotide-nucleotide BLAST (blastn) homology-
search using NCBI DNA databases. DNA
cleotide sequences of clone MCL-174 inserted DNA

nu-

exhibited 99% homology with Mus musculus an-
nexin Il gene. Reverse-transcription PCR analysis
showed that the mRNA level was enhanced by
LLLI

enhance mRNA transcription and play a role in

These findings suggest that LLLI may

stimulating proliferation of osteoblasts through the
An-
nexin [l was detected in secretory ameloblasts and

enhancement of annexin Il gene expression.

odontoblasts, and it was thought to be involved in
the regulation of cell calcium. These findings sug-
gest that the biostimulatory effect of LLLI on bone
formation may relate through gene expression of
annexin III.

Key words . osteoblast, low-level laser, nucleotide

sequence, annexin I, gene expression
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Introduction

Various biostimulatory effects of low-energy
laser irradiation (LLLI) have been reported that
included wound healing?, cell proliferation of fibro-
blasts® and chondrocytes®, collagen synthesis®, and
nerve regeneration®. Of particular interest for
implant research, the acceleration of bone regenera-
tion by laser treatment has been investigated®—?.
The recent advent of improved laser delivery sys-
tems promoted interest in the application of lasers
in implantology'®, DGRTBUDAK et al.'V reported
that LLLI on bony implant sites, after drilling and
implant insertion in baboons, stimulated osteocyte
viability, and suggested a positive effect on the
integration of implants. Since LLLI will be useful
to support implant therapy, it is important to eluci-
date the mechanism of the biostimulatory effect of
LLLI on bone formation.

We studied the effects of LLLI at various cell
culture stages of osteoblast cells, and found that
cellular proliferation, bone nodule formation, alka-
line phosphatase activity, and osteocalcin gene
expression were only enhanced at the early stage'®.
These findings suggest that laser irradiation may
principally play two roles in cell proliferation of
bone nodule-forming cells of osteoblast lineage, and
stimulation of cellular differentiation. However,
the molecular bases of mechanisms leading to these
findings are not elucidated.

To accomplish this, we previously constructed the
cDNA library of MC 3 T 3-E 1, a clonal osteoblastic
cell line, which enhanced gene expression by LLLI
using a subtracted gene cloning procedure!™.
Among subtractive genes, we found a gene clone,
exhibited a high homology nucleotide sequence with
DNA replication licensing factors MCM 3'" and
MCM 5'% genes, and ATP bhiosynthesis involving
mitochondrial enzyme FOA 1-ATPase gene'®.

In the present study, we further characterized the
gene library by the DNA nucleotide sequence of
gene clones, and focused on a gene clone encoding a
high homology nucleotide sequence with Mus mus-
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crefus annexin I gene.
Materials and Methods

1. Cell culture and laser irradiation

MC3 T3 E1 cells, established from newborn
mouse calvaria by KopaMa et al.!?, were cultured
in minimal essential medium (@-MEM ; Gibco
BRL, USA) containing 10% fetal calf serum, 100
wg/m{ of penicillin G (Sigma Chemical Co., USA),
and 50 ug/m/{ of gentamicin sulfate (Sigma). The
cultures were kept at 37°C in a humidified incubator
(Forma CO, incubator MIP-3326, Sanyo Electric
Medica System Co., Tokyo, Japan) in the presence
of 959% air and 5% CO..

The LLLI was carried out according to a previous
report'?.  Briefly, a Ga-Al-As diode laser device
(Model Panalas® 1000 ; Matsushima Industrial
Equipment Inc., Osaka, Japan) was used. Laser
irradiation was performed so that the axis of the
three beams met at right angles to the cell
monolayer. The specification of this laser device
was wavelength 830 nm and output power 100~700
mW variable. Laser irradiation was performed at
a distance of 550 mm (area of spot size : 78.5 cm?)
from the probe to the cell layer. Continuous wave,
at 500 mW output power for 20 min (power den-
sity 1 7.64 J/cm?®), was used.

2. Restriction endonuclease analysis

Plasmid DNA from subtracted gene clones was
isolated and digested with Miu I and Nof 1. DNA
fragments were run on 19 agarose gel-
electrophoresis. The gel was stained with ethidium
bromide under UV irradiation.

3. DNA nucleotide sequencing homology
search
Dideoxy-chain termination sequencing'® was per-
formed with fluorescent dye-labeled T 7 universal
primers (Aloka, Japan) and Sequi Therm™ Long-
Read™ cycle sequencing kits for Li-Cor® Sequenc-
ing (Epicentre Technologies, USA). The reaction
products were analyzed by a 4000LS Long
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ReadIR™ DNA sequencing system (LI-Cor, USA).
Representative clones were randomly selected from
a subtracted cDNA library, and a 5 -portion of each
insert was nucleotide-sequenced.

The homology-search of the DNA sequence of
cloned DNA was carried out by the standard
nucleotide-nuclectide BLAST (blastn) homology-
search, using NCBI DNA databases.

4. Reverse transcription polymerase chain
reaction

Total cellular RNA was extracted from
MC3T3-E1 cells with or without LLLI by acid
guanidium thiocyanate-phenol-choloroform extrac-
tion'”. c¢DNA synthesis and amplification by
reverse transcription-polymerase chain reaction
(RT-PCR) were carried out, using a GeneAmp
RNA PCR kit (Perkin-Elmer, Norwalk, CT, USA).
The PCR DNA primers were as follows ! 5-TCT
ATC TGG GTT GGA CCT CGA GGA-3" (the for-
ward primer for mouse annexin III) ; 5-CTT CTA
CCA TCT GCC AGA GTC AGC-3' (the reverse
primer for mouse annexin III) ; 5'-ATC ACC ATC
TTC CAG GAG-3 (the forward primer for mouse
GAPDI) ; ¥-ATG GAC TGT GGT CAT GAG-¥
(the reverse primer for mouse GAPDH) PCR prod-
ucts were electrophoresed on 1.5% agarose gel and
subsequently stained with ethidium bromide.

Fig. 1 Agarose gel electrophoresis pattern for the screen-

ing of DNA insert size from a subtracted gene
library

V, Vector plasmid pAP 3 neo DNA | 5, Size marker
of 2 DNA Hind 11l digestion : other lanes, subtract-
ed gene clone plasmid DNA

Gene Expression by Laser Irradiation in Osteoblast
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Results

Figure 1 shows the agarose electrophoresis pat-
tern for the screening of DNA insert size from
subtracted gene clones. Plasmid DNAs with differ-
ent sizes of inserts were selected and nucleotide
sequenced.

The endonuclease digestion pattern of plasmid
DNA from MCL-174 is shown in Fig. 2. The result
suggests that MCL-174 clone has a 1.5 kb-size
insert.

Then, nucleotide sequence homology of MCL-174
insert was examined. A blastin search showed
many blast hits on the query sequence, with a vari-
ety of homology, as shown in Fig. 3.

Among hit genes, MCL-174 DNA exhibited with
annexin Il genes of Mus mauscilus (99%), Raitus
norvegicus (899%), and Homo sapiens (85%), as
shown in Table 1. Figure 4 showed the identifica-
tion of nucleotide sequences between MCL-174 and
Mus musculus annexin [l gene.

To confirm the enhanced mRNA level of annexin
III gene in LLLI cells, RT-PCR analysis was carried
out. Figure 5 showed higher levels of annexin Il
mRNA level in LLLI MC3 T 3-E 1 cells compared
with non-LLLI, while mRNA levels of GAPDH, as
a house keeping control, were the same between
with or without LLLI cells.

Fig. 2 The endonuclease digestion pattern of
plasmid DNA from MCL-174
S, Size marker A Hind 11T digestion ;
1, Vector plasmid pAP 3neo ; 2, plas-
mid DNA from MCL-174
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Fig. 3 Distribution of Blastin search hits on the Query sequence

Number showed nucleotide bp. Lines showed the identical DNA sequences region.

Discussion

In this study, we found the annexin IIl gene in a
subtractive gene library, which enhanced its gene
expression by LLLI. The nucleotide sequence of
DNA insert of MCL-174 had high homology with
[lI. Further, RT-PCR analysis
results confirmed an elevated mRMA level in LLLI
These findings suggested that LLLI enhan-

mouse annexin

cells.
ced the transcription of annexin Il in the osteoblas-
tic cell line MC3 T 3-E 1.

Mouse annexin III ¢cDNA was first characterized
as expressed sequence tag clones by molecular se-
quencing, chromosomal mapping, and systematic
analysis. cDNA sequences extended the location
of intron 7, with respect to the human gene, and
mapped to the middle of mouse chromosome 5.
Our gene clone MCL-174 has a high nucleotide
sequence homology with mouse annexin III reported
in this literature.

Annexins are soluble proteins capable of hinding
to phospholipid membranes in a calcium-dependent
manner in neutrophils®”. By immunofluorescence

microscopy observation, annexin Il was more likely

to be associated with specific granules in neutro-
phils, suggesting annexins could be implicated in
processes of granule fusion.

Study of the annexin protein family on hard tis-
sues, immunoblot analyses, and ultrastructural im-
munogold experiments have been conducted on
secretory ameloblasts and odontoblasts of rat inci-
GOLDRBERG et al.?? found that annexins I and
II were seen in soluble and particulate fractions of

SOr.

enamel-related portion, but not in dentin-related
portion, and annexins III, IV and V were detected in
both soluble and particulate fractions of enamel-
and dentin-related portions. They speculated that
annexins are implied in the regulation of cell cal-
cium. These findings suggest that the mechanism
of the biostimulatory effect by LLLI on bone forma-
tion may relate through annexin Il gene expression
in osteoblasts.

While laser treatment has been utilized in oral
surgery for many years, the recent advent of im-
proved laser delivery systems has promoted interest
in the application of lasers in implantology.
WALSH'® reviewed the use of lasers in laboratory
and clinical techniques used in implantology, and

provided useful information with particular refer-
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ence to carbon dioxide, Nd : YAG, argon, and er-
bium : YAG lasers. It is of interest to determine
whether screws were able to osseointegrate in a
laser-prepared bone defect, and to compare the

LLLI

pattern of bone healing around these screws. Os- annexin lll — 485 bp
seointegration of titanium screws can be achieved
using an erbium : Y AG laser to prepare the implant
Table 1 Result of Blastin search GAPDH el — 318 bp
Homologous G paien Gene ID Similarity  Identity
gene (%) {(bp)

- Fig. 5 RT-PCR analysis of the annexin lIl mRNA level
Annexin Il mouse NM 013470 99 514/518 T Ty s it

X = Ethidium bromide staining pattern of amplified
Annexin I mouse  AJ 001633 99 514/518 . .

i PCR products on agarose gel electrophoresis.
Annexin III rat NM 012823 89 394/440 ~ e "

: i - N RT-PCR method and DNA primers used were
Annexin [II  human BC 000871 85 345/405

Score = 979 bits (494), Expect =

Identities = 514/518 (992) Baps = 2#513 (3]
5trand = Plus / Plus
Query:

Shjct:
Query:
Shjct:
Query:
Shjct:
Query:
Sbjct:
Query:
Shjct:
Query:
Shjct:
Query:
Sbjct:
Query:

Sbjct:

uery:
Sbjct:
Fig. 4

3 gggagetacggecggecgaqqe tgate tticace tteqotgage tictgec tgggetteg 62
TR T E R e e e e e e e e et
87 ggoagetacgoecggecgagge toate ttteace tteactgage te tgec togoettog 146

63 coctocgoggoccoaaggattge tgtgate togge t tgagagaaagg tagac tg teatgas 122
I LPEEEEEE R TR LT e e e e e e e e eved
147 c-tcegeggecccaagga ttge tgtga te tegge ttgagagesagg tggac tgteatgge 205

123 ctctatctgggttggaceteqaggaaccatasaagattatocagge tttageccegtogg 162
PCELCEETT T e e e e e e e e e e e e Tt
286 ctctatctgggttogacctcgaggaaccataaaagattatccaggetttageec—gtegy 264

183 tggatgcogaage tatooggaaagoyga toagaggact igggac igacyagaasaccctea 242
FECCECEEE R E PR T R e e e e e e e e e e
265 tggataccgaage tatccggaaagogateagaggact tgagac tgacgagassaccctca 324

243 tcaacattctgacggagoggtcgeacgogeagegacage tgat tg toaagcagtaccaag 382
RRR RN RN RN NN aRraaaaamAmmmm
525 tcaacattctgacggageggtcgaacgogeagegacage tgattgtcaageagtaceaag 584

303 cagegtatgaacaggage tgaaagatgact tgaagggtgatetctctggocacticgage 562
PERETERETERE TR R e EER TR i
385 cagegtatgaacaggage tgaaagatgact tgaagggtgatetototggecac ticgage 444

363 acgicatggiggotctigttac tgeaccagooctgt ttgatgegaagoaac tgaagasat 422
PECEERERTE R E T e e e e e e e e e e net Ceeereernrng
445 acqtcatggtggctet tgttactgeaccageec tgt ttgatgeqaacqaac tgaagasat S84

42

o

cca tgaagggaac tggcacaga tgaaga tgecc tga ttgasa toc teacaaccaggicas 482
FOEEEEEEEER PR EE R R T e e e r e e e e
585 ccatgaagggaac tggcacagatgaagatgece tgattgaaa toe taacaaccaggtcaa 564

43

]

qcaggcaga tgaaggaaatc tegeaggec tattataca 528
TECEECRTEEE R R e e e ree
565 gcaggcagatgasggasatctcgeaggectattataca 662
Identification of nucleotide sequences between MCL-174 and
mouse annexin Il genes
Query, MCL-174 ; Shict, mouse annexin III

described in Materials and Methods.
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hed?®*, genes, which involve bone formation, are progress

Among the many physiological effects of low-
energy laser irradiation, anti-inflammatory func-
tions have also been reported. HONMURA et al.?®
reported the therapeutic effect of Ga-Al-As laser
irradiation on experimental carrageenin-induced
inflammation. We previously reported that Ga-
Al-As diode LLLI caused inhibition of prostaglan-
din E2 (PGE2) and IL-1p8%*, as well as plas-
minogen activator production® in mechanically
stressed human periodontal ligament cells.

Osteogenesis and the bone healing process follow-
ing implant therapy are very important to lead
successful result. Thus, the most important bio-
stimulatory effect of LLLI for implant therapy
should be the acceleration of bone formation.
DORTBUDAK et al.'" examined the effects of LLLI
on osteocytes and bone resorption at bony implant
sites in iliac crest of baboon. Holes for accommo-
dating implants were drilled and irradiated with
LLLIL then immediately inserted implants. Histo-
chemical studies showed that osteocyte viability
was significantly higher in LLLI subjects. In con-
trast, the bone resorption rate was not affected by
LLLI. These findings suggest that more vital bone
tissue is present in the LLLI area compared with
control sites. Tissue engineering can be defined as
one of the most challenging fields in medicine.
Bone tissue engineering, using bone marrow derived
mesenchymal cells, has been heralded as an alterna-
tive strategy to regenerate bone. It has been re-
ported that LLLI stimulated bone matrix formation
in osteoblasts derived from bone marrow cells®™,

Taken together of these investigations, the biolog-
ical effects of bone formation and anti-
inflammation, the utilizing of LLLI can be expected
to reduce healing times and speed up osseointegra-
tion of implants.

The lack of knowledge of the biological mecha-
nism about LLLI may bring a delay in clinical use of
laser therapy, including clinical implantology. The
findings presented here clearly provide evidence
that LLLI alters the transcription level in osteo-
blasts. Further studies for another candidate

in our laboratory.
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Elucidation of Mechanisms for the Biostimulatory Effect of Low Level
Laser Irradiation on Osteoblasts by Subtractive Gene Cloning

Yoshimitsu ABIKO

Department of Biochemistry and Oral Science Research Institute,
Nihon University School of Dentistry at Matsudo
(Chief : Prof. Yoshimitsu ABIKO)

(Accepted for Publication : July 15, 2002)

Abstract : Various biostimulatory effects of low-energy laser irradiation (LLLI) have been reported that
involve the acceleration of bone regeneration. We reported that LLLI stimulated cellular proliferation, bone
nodule formation, alkaline phosphatase activity, and osteocalcin expression. However, the molecular basis of
the mechanisms leading to these findings has not been elucidated. To accomplish this, we constructed the
¢DNA library of MC3T3-El, a clonal osteoblastic cell line, which enhanced gene expressions by LLLI using a
subtracted gene cloning procedure. In the present study, we further characterized gene library by DNA
nucleotide sequence and homology-search with a DNA database. Among 88 subtractive genes, several clones
exhibited high homology with mitochondrial protein genes, signal transduction-related genes, and EST genes.
These findings may help to elucidate the molecular-based mechanisms for the biostimulatory effect of LLLI on
osteoblasts.

(J. Jpn. Soc. Laser Dent. 13 : 79~88, 2002 Reprint requests to Dr. ABIKO)
Key words=Low-energy laser irradiation, Osteoblast, Gene expression
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DE L —F—IB O, BihErmETLIE LI,
MR R P A AP AR L T W BN R B LB
hib,

WRDGT LN TOWIET 70 —Fi%, HHHFEDH
DFR S —BHET 2 0 — = » 7R — % >3y
B RBEOMITYIThINTE . LL, TALOWE
HETIE, §TICECAMONRTVAEEMHEWED LT
FE, HRICHI LASTLPRABZIEIITER Y, Y
Riehsh, BMET2HEGHREIEDL L RMOBEETIZD
WIS T A 2 LI ARETH B,

WA, 7 At L AW OB BRI, e
FEEUHEADOEYDOS ) LFTEPFED LR TWEY, 7
LTI R=ADFTEIES T, MENTERST 5 HEE
FONF A7) T — AL, EGBREEEETLZ
LIZZDEREGZA/LEHFEN TS,

BIZFRHAOEBRRZ 5 FiL LT, ®BETNY 2%
fERE L, MHRDO mRNA T L&A 75733~
BIZF7 0= FEPHEINTWSY, L—H -4
L7487 mRNA % 4% L T cDNA #{zF/N> 7 %
WL, FEL — W —HEHIED mRNA 2VWCR—0#
EFEELFIW (E5L) %Y OREETFRHE, L—H—
BAFICL o TRIZFRAIWRLBETF LI 2 Lich
bo COEMEELZT A7) —%1ER L, BohiE
BF 70— OEENEFEGZLTY ) AF =¥ N=2D
BIZFEIEFREO Y —RBET LI LI Lo THST 58
EFEREEL, FORETFORETEDOHEESHS M
TAHAIENTREERS,

AR T, BFMRCEL DL - B L TESME
BEFIATT) — 2L THAIE- 88 #HEFrO—
PIOWTHRERYIZFMEL, KL - —Rytndly
ZHZROVEMEF OFIH % A&7z,

XBHE

1. #mBasEE

FHEMRE LT, vYAHEFOBEESH BT SN,
BRI AT D MC3TS-E19% H 272, g,
10% 4FRBIBIMmHE, 100#g/ml_=1 > G, 50xg/ml%
YETA L UmMEEERRML 72 o -MEM KT, 95% air-
5% CO., 37C D&MHAL, CO: M »Fax—% —TEHL
7oo BT 4 T2 (T5em®) (ZHEFFET 10ml O BE 22 AN
ATHEERITo72,

2, L—¥-&FE

EH AL —H —RETEE L, Ga-Al-As JilfkL —H—
# 18 (€ 7 )V Panalas-1000, #%& 830nm, /K77 500
mW; BTER) AV, MRETEAS 5cm OEEEIC

MO8 & 552 L, S500mW THHET 1 & 2 T5em® 423 L T
20 MBS L7z, COOBEIENT, AN —FHEIXT6
J/em* iZh B, BEEEOTET B L CIEFEELTL —F—
WY 4T TR E A, MEGETHOIF NV F—RI0E
BEH NG Tz, TOT EDGIEREPOREEEIC
& AMIZER L & 2 b, BREEICESER T By
EBE{Tolc, ¥/, TOBHEN CREROEEOEL
WEEERED LN W,

3. ¢DNA 414751 —DOfRK

REBTIE, MBRMBE~OEELRHNL D12,
MC3T3-Elffaxt I g7y FECEREL, L—
W—MEHE, 1, 6, 12, 24 BFRIEICHIIE D 54 RNA % [
WLz, # RNA 2/R& LT, mRNA 255 L, cDNA
FGATI)—FEE L, B g DEY) ARNA R 77
L—MZLT, 1.6 g NotI ¥4 b% b2 oligo dT % 7
FAX—II, AFMETFXF T X7 LAF FEHG TR
EEEF (Superseript 1) FIBIZ & > T cDNAZ & L7,
AHEFD S RNA % RNase H 2 HWTHLY fpva7- 42,
Bgll-Smal 7# 7% —%MMLTNI ¥y —FF 23 Fi
—HRITHATEL L FIZL 7, 300bp LA @8V DNA
TGTALNRAE AT LTRE, "FF—FTFRIF
pAPneo IZIFAL, T4 U H—¥THF AT T T A3 FuRlE
BeL7z® (B 1)

4. EHMbEEFI/O-=>7

¥ AT 75 A3 FEiE3:MA Escherichia coli DH5 « F
M7 bafR—-Lb—2 3 »ETEEERL, R408
77— VRS TRPEEL TEINL 22 KN T, L—
HF—FER MC3T3-EL &5 AUY, #58 L7z mRNA 2 ¥4
FUoEHRL, REEFAFITIAIFN SA4TF)—&
NATYFALXERE, EHLIZAMLTITEY U &EEES
i, HiBTEmRNABEF AT TIAIFE 72/ —
WHETEBREL, BotF AT TIAIF, bbbl —H—
BT mRNA LARUA LR LEBETEELF AT TS
AIFrEU L7z, ZOHRET ZERYIELL, E25bF
AZ 7T A3 FIZBcaBEST DNA RV 25— & HwT
TAHREE DNA T I A FIZL7#%, E. coli MCL061A 1272
Eigif L CEMLRETF 70— 54 75) —%ERL
72 ([ 2),

5. IBEEFIORES

H—OUO=—-DEFE coiffzFru—r %5 %4120
Wik, A8 77 2 3 FIEREE (Kurabo, PI-100) TF
FAIFNZEIL, R, EF 257723 FOFEA
DNA Bl IR EERLY) D fi#Fiid, dideoxy chain termina-
tion $E7THT o 7z, HRHLEH) O 55 13406 B B DNA & —
4 »# — (LiCor, Epicenter Technolgy #t), @ik
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MC3TE-1 RyH—F5R3 K

¥ m AAAAA
‘- Linker Primer
hgodT+Noﬁ

EEARE,

RNase H, DNA ;R A S5 —+ | +NTP
 J4DNARY 25—+

C}ECHJCH}

; BamH1(Bgll)-Smal7 8 74 —
T4 DNA‘I’ UAS—H

o B O Not 1 site

| T4DNAUH—t¥

Ap,ngGCGGCDGC
= TTTTT B COCCGECE My,

*;'Il/ﬁ fOoR—L—3»
Eﬁiﬁﬂ

BEFSATS5U—

1 gL - BEEHILEE T > 7 R O
HIRREERE Y > A —FMOITRIZE - T cDNA R OFAF L —E L 2 0, Ea{bT ook L — ¥ — it
#MIZ mMRNA W27 F 2 AA 7523 FDNAO—&EEL LTES,
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L —4 —BEMC3T3E-1 L —4 —JERREIMC3T3E1

cDNAS A 751 — mRNA
R4087 7 — * BT
—A g
SloNr

OO

# 2T RFES E &
7 /=) .

‘ bRV N 4

QQ D

AERE Y
(L—¥— stf’ﬁi'cii?,ﬁﬁbt (HETZEEFIO—-)
BEEFI/O—)

BcaBEST DNAKRY A5 —+
© b -1

EMMLBREFSATSV—

BRERIER. REOD—8F
2 #ZASLEETFS A 75 ) — ER o8
TIAIFREFN 7O —KBELENIDNA Y FF P EH LY — W — BT M
mRNAARET S, EAFVICA LM TESURESLATIAI Rl 72/ — L

WY B, LHEEMT->777 23 F DNA £ ZABICR LT AR 1B AR L
TESMBET T4 75— 5185,
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DNA 75 A4 <% —, Sequi therm Long-Read cycle se-
quencing kit {LiCor, Epicenter Technolgy #) # H \»
TiT=27,

6. T—E&N—ZfEHR

National Center for Biotechnology Information
(NCBI) @ BLAST (Basic Local Alignment Search Tool)
cMBELT, HEERVOFAED Y —RE (Nucleotide
BLAST ; blastn) #1T-72, # 520bp OIEELERF| D kT
OV —MEOHRTHEABET & —HOMFAEINE SN
bD% Known gene 70—, T /25— 3 »iin
EST (Expression Sequence Tag) gene & &F-E T % — A%
Ron/do% EST 70—, 30bp LLEMREEMR S
2% Unknown gene 7 20— & |72,

& R

O bBET 4 75— 5677 A3 FDNA i,
FEEL L HIPREESE CHIBT L C 7 7 0 — R VEBESKENF 70,
HANTH 287, K3 WF0—8%2RT,

300bp LA EDIEAMTR % & 6, »ofIREEMN L/ Sy —
YRS EEF IO — %R, 75 A3 FDNA
ZIEEL, FRFENOIA DNA Wi OB 12 owT
520bp MEF L7z, ONIEERFIFEH % NCBl @
BLAST 70 75 A THRERFIOFEQ Y —BEEIT- 72,
41, No. 1-178 70— % ik LTRELALD T,
B 4A HERELT], RABATDNA F— % N— A L DK E
OYV—BRRETHAMDH - BT EDTIA AL FAT
T—, HACHFED Y —RETHREOED TEH W b v
TAEEBETFOT /- F—ayERThr, FLTC, H
4D &, No. 1-178 DIFHEY) (Query) & NM02553.1
f=T (Sbjet) @ DNA MMM A E0 Y —MREETH
b, HEMEOE -7 4 BEZEFDT / —F— 3 »iE, W
FTHLTTAOITI L FITO) RS —LF w2 E
L1l THh o7z,

BEETFI/O—YIZoWTOFREO Y —REOERE
KUIE ED, 22 72— H Known BT, 38 71—
¥HEST 70—, 30 # T — >S5 Unknown #EFTH -
oo 72, R 70— L OBENEEFIIOVWTOT
ST —aviEE R L,

£ =

BHDL —F—BREOEYENTIRE LT, REDH,
HRY, BUBERIRE, BITHEERER SOHESLT
Vb, L LEeNE, —ATiRL—H—BHEOMEIZoW
TLEMLG T IR BARE T LEREN RS
Bl LAMRICIIZ O THLET2ERLD L,

EHblEETrO— =78 3

B IR~ DRI L — 4F — B4 o A B 2 0 0 5 o0 B i B 83

S

K3 EZpfblEfsfFro—rois)—=r4
EGLEETF T4 79 ) —ORBE 70— 553,
£HE, 7RI FDNATOMT A, BERES
Notl, BgllI THIFL, 7#H0—AES KT .
300bp LEDIFEADNA # b2 70— 2R3,
S, HAXAF Y ¥—FDNA;, V, Ny ¥ —7F 23
K DNA WiF

DL BEROLPT, EHEE~OEENL - -
AR 2 IGH % S O 23, BRI L-0CI3EINF3
W HETHER A 71 = X A% HW 5 0SS TH
LHEEZLNG,

bivbiud, L—W—BEOEREIREA & = XL 5
HE B2 0n vitro EERRZFLE LB 21T T w5,
7 v M T OEFEE D ST L A2 G R A L — -
M 21TV, EREEHIREEI B L TERL, TP
VERAT 75 —BENE, 35— rEEsREshazk
TRWIZLTWSY, 2612, BB DL —+ — BEH)s
L DROCEEREENREZGTLIIEEHME LTV 5HY,
CORERIE, L= R ATR b 1 R e o B B &
FH~DS LR RET 2 2 L FRET 5,

WE, 7 AR T A REATINER L, £
LIERETRTEFRTLY / A702 27 FOBBEEED
JSHIZ & o THREMBFESITHON TV 5, il - s
HEmRNAZHE LT, % a754<v—%HNT
mRNA OBZFIEIRF 4T - TEETHRBE L XV 0E % [H
ETBTFT 7Ly v b FAATL 4 ERBREFN 2
R L THEBO mRNA TELSIKY 7523 a v ®
BFI/R—or FEh EFEEER TS, FLT, B5
NIRRT ORERTIERE 7/ A7~ FN—RA L BET
52 ET, TOEGHARIIAG T HEET HEE S RELHE
FLEOTFAET LI LHTERTH D,
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TACATCATGTCCAAGCTAAGCCGGGCCACTCGGACCCTCAAGAAGCCCGAGGCCGGCGGCGTGATCCGGTCCATCG
TGCGAGCAGGCCAAGCTATTCCTGGGCCTCCACTAGGTCCCATCTTGGGTCAGCGAGGTGTCTCTATCAACCAGTT
CTGCAAAGAGTTCAACGAGAAGACAAAGGACATCAAAGAAGGCATTCCCCTGCCTACAAAAATTTTTATAAAGCCC
GACAGGACATTTGAGCTCAAGATTGGGCAGCCCACTGTTTCTTACTTTTTGAAGGCAGCTGCTGGGATCGAGAAGG
GGGCCCGGCATACAGGGAAAGAGGTGGCAGGCCTGGTGAGTTTGAAGCACGTATATGAGATTGCCTGTGTCAAAGC
TAAGGATGATGCTTTTACCATGCAAGATGTGCCCCTGTCTTCTGTGGTCCGTTCCATCATTGGCTCTGCCCGTTCC
CTGGGCATTCGAGTGGTGAAGGACCTCAGTGCAGAAGAACTGGAGGCTTTCCAGAAGGAACGAG

B REOS—RETEY FLIEETF

i 40-50

Color Key for ﬂ}ignnent Scores

1_25503 T 5 S
] 100 200

(1)

300

400 500

(2)

(3)

(4)

C REAS—OFVWAEEFOFT/ T—ay
(1) gil13384979|ref|NM_025553.1]

Mus musculus mitochondrial ribosomal protein L11
(2) g11128456901dbj|AK@R10329.1]AK@10329

Mus musculus ES cells, mitochondrial ribosomal protein L11

(3) gil128330441dbj|AK@@2797.1|AK@O2797

Mus musculus kidney, mitochondrial ribosomalprotein L11

(4) gi113559368|db7j|AB@49639. 11 ABO49639

Mus musculus MRPL11, mitochondrial ribosomal protein L11

Identities = 519/520 (99%)

Identities = 519/520 (99%)

Identities = 519/520 (99%)

Identities = 519/520 (99%)
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(1) gil133849791ref|NM_025553.1

Query: 1 tacatcatgtccaagctaagecgggecactcggaccctcaagaagcccgaggecggegge 60
PLEETCET R P ER T e R e b b e v e e bbb e e

Sbjct: 74 tacatcatgtccaagctangccgggecactcggaccctcaagaageccgaggacggegge 133

Query: 61 gtgatccggtccatcgtgcgageaggccaagetattectgggectccactaggtceccatc 120
RN RN RN RN RN R RN RN R R RN R RN RN RRNRRRRRRE Y
Sbjct: 134 gtgatccggtccatcgtgcgagcaggccaagctattcctgggcctccactaggtcccatc 193

Query: 121 ttgggtcagcgaggtgtctctatcaaccagttctgcanagagttcaacgagaagacaaag 130
RN RN RN RN R AR R AR NN AR A RN RN RN AR
Sbjct: 194 ttgggtcagcgaggtgtctctatcaaccagttctgcaaagagttcaacgagaagacaaag 253

Query: 181 gacatcaangaaggcattcccctgectacaaaaatttttataaagcccgacaggacattt 240
AU RN RN E AR RN RN RN R RN R RN R AR RRNRRRRRERRY
Sbjct: 254 gacatcaaagaaggcattcccctgcctacaaaaatttttataaagcccgacaggucattt 313

Query: 241 gagctcaagattgggcagcccactgtttcttactttttgaaggeagetgctgggatcgag 300
RN R RN RN RN A R AR R R RN RN R AR RRRRRRNRRRRRRNY
Sbjct: 314 gagctcaagattgggcagcccactgtttcttactttttgaaggcagetgetgggatcgag 373

Query: 301 aagggggcccggeatacagggaaagaggtggcaggcctggtgagtttgaageacgtatat 360
CELECL LT ERT LR b et e el
Sbjct: 374 aagggggcccggeatacagggaaagaggtggcaggectggtgagtttgaagcacgtatat 433

Query: 361 gagattgcctgtgtcaaagctaaggatgatgcttttaccatgecaagatgtgeccctgtct 426
RN R RN RN AR RN R RN R A R RN R RN R A NN RN
Sbjct: 434 gagattgcctgtgtcaaagctaaggatgatgcttttgecatgeaagatgtgeccctgtct 493

Query: 421 tctgtggtccgttccatcattggetctgecegttccctgggeattcgagtggtgaaggac 480
RN RN RN R R R NN AR RN R RRRRR AR RRRRNRY
Sbjct: 494 tctgtggtccgttccatcattggetctgeccgttccctgggeattegagtggtgaaggac 553

Query: 481 ctcagtgcagaagaactggaggctttccagaaggaacgag 520
RN R RN R AR R RN R RRRN AR
Sbjct: 554 ctcagtgcagaagaactggaggctttccagaaggaacgag 593
M4 #pfbEEFZ7o—- ok —HEO—F

lﬂmk%ﬁﬁtﬁﬁﬁﬁﬁ?ﬁﬂ—ymm%MW%Nﬁﬂ@BMﬁTﬁﬁ%%ﬁotﬁ%,Vﬁzwi%ijU
FTOVFES =LY A7 E LI BETFEEOHEEE S SN, A, No. 1-178 7 o — ¥ OIREARFIFE R - B,
BLAST 47 L8 ROFER VY — % 3 D@BETFOT T4 A ¥ MER : C, HRAMEOHBDH TH by T4 #EIEFOT /) —
F—3 a3 ERD, WEHENOR T Y —{HH
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#F 1 BWEFru—rokEDS—HRERKRE

Unknown EST Known
1-87 1-79 332/332 (100%) 1-81 /32kDa
1-93 1-83 129/130 (99%) 1-84 /Thirod reductase
1-97 1-102 35/37 (94%) 1-85 /Myosin
1-100 1-112 291/306 (95%) 1-95 /TF
1-109 1-114 30/31 (96%) 1-104 /ESNRA
1-113 1-116 71/76 (93%) 1-122 /Msx Zn finger
1-121 1-125 239/254 (94%) 1-126 /sn RNA
1-143 1-127 54/54 (100%) 1-133 /galactin
1-149 1-128 297/300 (99%) 1-155 /c-jun
1-152 1-131 509/512 (99%) 1-164 /hydrolase
1-160 1-132 431/442 (97%) 1-167 /Centromere
1-163 1-136 199/218 (91%) 1-174 /Annexin II
1-165 1-147 233/251 (92%) 1-178 /Mt rRNA protein
1-168 1-150 237/240 (98%)  1-191 /hydrolase
1-169 1-151 494/516 (95%) 1-198 /EST.~MHC
1-171 1-157 181/192 (94%) 1-199 /G protein
1-172 1-161 507/521 (97%)  2p-12 /phosphatase
1-173 1-162 156/171 (91%) 2p-16 /GDP./disof.
1-180 1-176 518/518 (100%) 2b-59 /Tyr-phosphatase
1-182 1-177 487/494 (98%) 2b-46 /silence Med-EST
1-183 1-194 519/520 (99%)
1-187 1-195  473/473 (100%)
1-192 1-197 413/420 (98%)
2b-45 2b-51 82/82 (100%)
2b-47 2b-52 418/466 (89% }
2b-50 2h-54 520/520 (100%)
2b-55 2b-56 83/85 (97%)
2b-57 2b-58 410/453 (90%)
2b-58 2p-1 516/518 (99%)
9p-20 2p-2  517/517 (100%)
2p-6 517/518 (99%)
2p-7 182/191 (95%)
2p-8 516/517 (99%)
2p-10 127/134 (94%)
2p-11 509/516 (989%)
2p-13 418/425 (98%)
2p-18 301/304 (99%)
2p-1% 515/515 (100%)
30 clones 38 clones 20 clones
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# 2 22-Known # 0 — X OBRIZTOT /7 — 3 3 V1E#H

Gene ID No. Description Identities

AB049639 Mus musculus MRPL 11 mRNA for mitochondrial ribosomal protein L11 515/516 (99%)
A A285552 Mus musculus GDP-dissociation inhibitor 513/518 (99%)
AJ001633 Mus musculus mRNA for annexin Il 513/517 (99%)
AI006497 Human protein phosphatase PP2A, 65kD regulatory subunit 511/518 (98%)
AF039567 Mus musculus Msx-interacting-zinc finger protein 1 (Miz1) 492/494 (99%)
AF112439 Mus musculus Fanconi anemia group G protein 465/472 (98%)
A AB56395 Mus musculus Hypotical 32.8kD pritein in PDE1-CSEl interigenic region 363/375 (96%)
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Stimulation of MCM3 Gene Expression in Osteoblast
by Low Level Laser Irradiation

M. Yamamoto, K. Tamura, K. Hiratsuka and Y. Abiko
Department of Biochemistry, Nihon University School of Dentistry at Matsudo, Matsudo, Chiba, Japan

Abstract. Biostimulatory effect of cell proliferation and hone formation by laser irradiation has been
reported, however, very little is known about the molecular basis of mechanisms. We previously constructed
the ¢cDNA library of mouse osteoblastic cells (MC3T3-E1) which enhanced gene expression by laser irradiation
using a subtracted gene cloning procedure. In the present study, we focused on a gene clone, designated as
MCL-140, which exhibited the high homology of DNA sequence with mouse minichromosome maintenance
(MCM) 3 gene. MCM3 is involved in the initiation of DNA replication as licensing factor in eukaryotic cells.
Nucleotide sequence of MCL-140 insert was determined and assessed in the nucleic acid databases. The
transcription level of MCL-140 was examined by Northern blot analysis. The DNA sequences of clone MCL-140
insert exhibited 96.2% homology with MCM 3 gene coding P1 protein. Higher MCM3 mRNA levels were
observed in laser-irradiated cells compared to the levels in non-irradiated cells; furthermore, radiolabelled
thymidine incorporation was increased by laser irradiation. These findings suggest that low-level laser
irradiation may enhance DNA replication and play a role in stimulating proliferation of osteoblast through

the enhancement of the MCMS3 gene expression.

Keywords: DNA replication; Ga-Al-As diode laser; MCM3; Osteoblast; Proliferation

INTRODUCTION

Various biostimulatory effects of low-
level laser irradiation have been reported
that involve wound healing [1,2], chondral
proliferation [3], collagen synthesis [4], anti-
inflammation [4,5] and nerve regeneration [6].
In particular, the acceleration of bone regen-
eration by laser treatment has been investi-
gated by in vivo study [7-11]. In vitro study,
cell growth, DNA synthesis [12] and bone nod-
ule formation [13] were significantly stimu-
lated by low-level laser irradiation. However,
the molecular basis mechanisms of laser effects
on osteoblast cells are not fully elucidated and
clinical laser therapy may not be efficiently
applied. Therefore, it is important to clarify
the mechanism of the biostimulatory effects of
laser irradiation.

We investigated the effects of low-level laser
irradiation at various cell culture stages of
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osteoblast cells and found cellular prolifer-
ation, bone nodule formation, alkaline
phosphatase activity and osteocalcin gene
expression were only enhanced at an early
stage [14]. These findings suggest that laser
irradiation may principally play two roles in
cell proliferation of nodule-forming cells of
osteoblast lineage and stimulation of cellular
differentiation, especially to committed pre-
cursors, resulting in an increase in bone for-
mation. However, the molecular bases of
mechanisms leading to these findings have not
vet been elucidated. To accomplish this, we
previously constructed the cDNA library of
MC3T3-E1, a clonal osteoblast cell line, which
enhanced gene expression by low-level laser
irradiation using a subtracted gene cloning
procedure [15]. Among subtractive genes, we
found a gene clone, designated as MCL-140,
which exhibited the high homology DNA
sequence with minichromase maintenance
(MCM)3 gene. The replication of the whole
genome could occur only once in each
eukaryotic cell cycle. No genome DNA is
re-replicated until passage through G1 phase
into the next S-phase. MCM3 has been
identified as a licensing factor involved in the
initiation of replication [16].
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In the present study, to understand the
mechanism of biostimulatory effect of cell pro-
liferation by laser, we further characterised
the MCL-140 clone by partial nucleotide
sequencing. Furthermore, Northern blot
analysis of MCM3 mRNA level and [*H]thymi-
dine incorporation in laser irradiated
MC3T3-E1 cells were examined.

MATERIALS AND METHODS
Cell Culture

MC3T3-E1 cells, established from newborn
mouse calvaria by Kodama et al. [17], were
cultured in minimal essential medium
(0-MEM; Gibco BRL, USA) containing 10%
fetal calf serum and antibiotics comprising
100 pg/ml penicillin G (Sigma Chemical Co.
USA) and 50pg/ml gentamicin sulphate
(Sigma) in multiwell plates. The cultures were
kept at 37°C in a humidified incubator (Forma
CO, incubator MIP-3326, Sanyo Electric
Medica System Co., Tokyo, Japan) in the pres-
ence of 95% air and 5% CO,. When the cells
that grew out from the explants reached con-
fluence, they were detached with 0.05% trypsin
(Gibco) in phosphate-buffered saline (PBS) and
subcultured in flasks.

Laser Irradiation

As the low-power laser source, a Ga-Al-As
diode laser device (Model Panalas™ 1000;
Matsushima Industrial Equipment Inc., Osaka,
Japan) was used. This laser apparatus has
three beam elements gathered at the tip of the
probe and expanded to the outside. Laser
irradiation was performed so that the axis of
the three beams met at right angles to the cell
layer and the centre of the well. The technical
specification of this laser device was as
follows: wave length, 830 nm; output power,
100-700 mW, variable. Laser irradiation was
performed at a distance of 550 mm (area of spot
size: 78.5 cm?) from the probe to the cell layer.
Continuous wave at 500 mW output power for
20 min (power density: 7.64 J/cm?) was used.

DNA Sequencing

Dideoxy-chain termination sequencing [18]
was performed with fluorescent dye-labelled T7
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universal primers (Aloka, Japan) and Sequi
Therm®™ Long-Read™ cycle sequencing kits for
Li-Cor" Sequencing (Epicentre Technologies,
USA). The reaction products were analysed
by a 4000LS Long ReadIlR® DNA sequencing
system (LI-Cor, USA).

Northern Blot Analysis

Total cellular RNA was extracted from
MC3T3-E1  cells wusing acid guanidium
thiocyanate-phenol-chloroform [19]. Guanidi-
num thiocyanate (4M) containing 0.1 M
2-mercaptoethanol was added to the cells
exposed or not to laser irradiation. The final
RNA precipitate was stored in ethanol at
—135°C. Total RNA samples obtained were
denatured with 1 M glyoxal in 50% dimethyl
sulphoxide (Sigma) in 10 mM phosphate buffer
(pH 7.0) at 50°C for 60 min. The total RNA was
then electrophoresed on 0.8% agarose gel con-
taining 10 mM phosphate buffer (pH 7.0) and
then transferred to Hybond-N+ nylon mem-
branes (Amersham). The membranes were pre-
hybridised for 2h at 45°C in hybridisation
buffer containing 50% formamide, 5 x saline—
sodium  phosphate-EDTA  buffer (SSPE)
(20 x SSPE=0.2 M sodium phosphate, 3.6 M
NaCl, 0.02M EDTA-Na, pH7.7), 100 mg/ml
sonicated salmon sperm DNA (Takara Shuzou
Co. Ltd, Japan), 0.1% sodium dodecyl sulphate
(SDS), and 5 % Denhardt’s solution. Hybridis-
ation proceeded overnight with 5-[o-"P]-
dCTP (Amersham) for MCIL-140 inserted DNA
and glyceraldehydephosphate dehydrogenase
(GAPDH). The membranes were then washed
at 65°C in 2 x SSPE and 0.1% SDS (15 min x 2),
at 65°C in 1 x SSPE and 0.1% SDS (30 min x 2),
and at room temperature in 0.1 x SSPE and
0.1% SDS (15 min x 2), and they were then
exposed to X-ray film with an Intensifying
screen at — 20°C.

Assay of DNA Synthesis

DNA synthesis was determined by incor-
poration of [*H]thymidine (47 Ci/mmol,
Amersham). Following laser irradiation, the
cells were further cultured for 6 h with [*H]thy-
midine (0.5 pCi/ml). At the end of the period,
the cultured medium was removed and the
cells were washed twice with PBS and ice-cold
10% (w/v) tricitrate solution and subsequently
with ethanol-ether (3:1, v/v). The cells were
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10 20 30 40 50
MCL-140 1 RGGGATGG}R GCTGATGGTG AGALFATCAG GACTTGGTGE BAGCTTTIGIG 50
P1 (mouse) 1 AGGGATGGAA GCTGATGGTG AGATGATCAG GACTTGGTGE AAGCTTTGTG 50
60 79 80 20 100
MCL-140 51 TATGACTTCT GCCTTGGGGC AAGAGCTGGA GGGAGGGCCA GGACTCAGGC 100
P1 (mouse) 51 TATGACTTCT GCCTTGGGGC AAGAGCTGGA GGGAGGGCCA GGACTCAGGC 10@
110 120 130 140 150
MCL-140 101 AGAARLCCTG CCTCACAAGE ECCASTCCTA AACATGGGGA GTCTTCATGA 150
P1 (mouse) 101 AGAATECCTG CCTCACAAGE [CCAATCCTA AACATGGGGA GTCTTCATGA 150
160 170 180 190 200
MCL-140 151 TIFGAGCTGT GTTTCTGGGC ACAGCTGTGT CCTGCGIITG TTACTTGTGT 200
P1 (mouse) 151 TRAJTGAGCTGT GTTTCTGGGC ACAGCTGTGT CCTGCGFITG TTACTTGTGT 200
210 220 230 240 250
MCL-140 201 TTTTACCCCC AL{CCCAGGC ACTTTAGTCC AGGAAGCTTT| .......... 250
P1 (mouse) 201 TTTTACCCCC AF{CCCAGGC ACTTTAGTCC AGGAAGCTTT|.......... 250

Fig. 1. Homology search of the nucleotide sequences of the cDNA inserted in MCL-140. Sequence similarity was examined by
using the GenBank and EMBL nucleic acid databases and compared with mouse MCM3. Square boxes indicate perfect match

sequences.

dissolved in 0.5 M NaOH-10% SDS solution.
The radioactivity was measured using a
scintillation counter (Aloka, Japan).

RESULTS
Sequencing of cDNA Insert

Figure 1 shows DNA sequence data of inserted
DNA from MCL-140. Square boxes indicate
identical nucleotide. There is high homology
(96.2%) with MCMS3 gene encoding mouse P1
protein.

Northern Blot Hybridisation

To confirm whether the transcription level of
the MCM3 gene was enhanced by low-level
laser irradiation, the total RNA was isolated
from both laser-irradiated and non-irradiated
MC3T3-E1 cells, and examined mRNA level
by Northern blot hybridisation using radio-
labelled DNA insert in MCL-140.

As shown in Fig. 2, control housekeeping
gene B-actin mRNA level in MC3T3-E1 cells
showed a change with or without laser
irradiation. It is apparent that the MCMS3 gene
expression was higher in laser-irradiated cells
than in non-irradiated cells.

DNA Synthesis

The effect of laser irradiation on DNA repli-
cation in MC3T3-E1 cells was examined by

Laser

+

MCM-3

B-actin

Fig. 2. Northern blot analysis of MCM3 gene expression.
Each lane contained 4 g of total RNA from MC3T3-E1 cells
with or without laser-irradiation. The probes used were MCL-
140 insert DNA, and B-actin gene was used as control.

incorporation rate of radiolabelled thymidine.
Table 1 shows that [*H]thymidine incorpor-
ation into MC3T3-E1 cells was markedly
stimulated by laser irradiation.

DISCUSSION

The biostimulatory mechanisms of laser
irradiation are not fully understood. As a
result, this lack of knowledge may bring about
a delay in the application of laser therapy in
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Table 1. Effect of laser irradiation on DNA
synthesis

[PH]Thymidine incorporation
(dpm/10® cells)

Control 420.65 & 123.95
Laser 2208.87 + 269.95*

Values are mean + SD for three cultures.
*Significant difference from non-irradiation control
p<0.001.

clinical application. Therefore, it is important
to clarify the mechanism of the biostimulatory
effects of laser irradiation by molecular and
cell biologically based studies in order to
provide new approaches using laser therapy.
Low-level laser irradiation has several bio-
stimulatory effects, the principal of which is
promotion of cell proliferation [20,21]. Several
studies on osteoblasts showed that DNA syn-
thesis was stimulated by low-power laser
irradiation [12,22].

In this study, subtractive gene cloning
strategy, one of the powerful genome science
technologies, was used for the identification of
genes that are expressed preferentially by laser
irradiation. Here we report the results of
this molecular approach, focusing on the
characterisation of one of the novel genes
identified by the subtraction. The nucleotide
sequence of 240 bp DNA insert of MCL-140 had
highly homology with mouse MCM3 gene
(Fig. 1). Northern blot hybridisation analysis
using radiolabelled DNA insert of MCL-140
confirmed that MCM3 gene was highly
expressed in laser irradiated cells when com-
pared with that of non-irradiated cells (Fig. 2).
Furthermore, stimulation of DNA synthesis by
laser irradiation was also confirmed by the
thymidine incorporation experiment (Table 1).
These findings strongly indicate that mouse
MCM3 gene expression was enhanced by
low-level laser irradiation.

The MCM gene family is conserved from
veast to mammals and consists of at least six
members [23-27]. Six MCM proteins (MCM2-7)
play a distinct role in DNA replication. This
gene family is known as ‘licensing factor’ [28],
and plays important roles in the once-per-cell-
cycle DNA replication. Replication licensing
factor ensures that eukaryotic chromosomal
DNA is replicated exactly once in each cell
cycle. On exit from metaphase, replication-
licensing factor is activated and binds to or
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modifies chromatin. This modification is re-
quired for subsequent DNA replication; the
license is also inactivated in the process of
replication. Active replication licensing factor
1s not imported into the nucleus, so further
DNA replication cannot occur until the DNA
is relicensed by passage throughout mitosis. A
number of proteins implicated in the licensing
reaction have been identified including the
MCMZ2-7 protein complex, one of which is a
Xenopus homologue of the yeast MCMS3 pro-
tein. Xenopus MCM3 associates with chroma-
tin in G1 and is removed during replication,
consistent with its being a component of
the replication licensing factor system [29,30].
A soluble heterohexameric MCM complex
appears to be made by association of two dis-
tinct subcomplexes: one containing MCM3 and
MCMS5 proteins that are in tight association
with each other and another containing
MCM4, -6 and -7 with which MCM2 is weakly
associated [31].

These findings suggested that MCM proteins
have an important role in the regulation of
DNA replication during the S phase. Our
previous study demonstrated that mRNA level
of a MCM family member, MCM5 was
enhanced by laser irradiation [32]. Further-
more, Karu et al. [33] reported that low power
laser irradiation promoted the shift of the cell
cycle from G1 to the S phase. As a result, the
proportion of S phase cells occurring in whole
cells increased. Thus, laser irradiation may
play an important role in stimulating cell pro-
liferation of osteoblasts through enhancement
of MCM family gene expression. Since several
MCM proteins make a large complex and play
a role in the initiation of DNA replication, it
would be of interest to study the effect of laser
irradiation on the gene expression of other
MCM family genes.
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Inhibition of Interleukin-1p Production and Gene
Expression in Human Gingival Fibroblasts by
Low-energy Laser Irradiation

K. Nomura®, M. Yamaguchi'? and Y. Abiko'
Departments of 'Biochemistry and 2Orthodontics, Nihon University School of Dentistry at Matsudo, Matsudo, Chiba, Japan

Abstract. Human gingival fibroblast (hGF) cells reside in gingival tissues which are challenged frequently
by oral bacteria. Lipopolysaccharide (ILPS) from periodontal pathogens can penetrate gingival tissues and
stimulate the production of interleukin-1p (IL-1B), which has been implicated in inflammation and bone
resorption. The anti-inflammatory effects of low-energy laser irradiation have been reported, but the
mechanisms of this biostimulatory effect have not been fully elucidated. Primary cultured hGF cells were
challenged with LPS isolated from Campylobacter recius, a known periodontal disease-associated pathogen,
and irradiated by a Ga-Al-As diode low-energy laser (830 nm, 3.95-7.90 J/em?). The hGF cells cultured medium
showed a marked elevation of IL-1p production by LPS, which was significantly inhibited by laser irradiation
in a dose-dependent manner. By reverse transcription-polymerase chain reaction (RT-PCR) analysis, this
inhibitory effect was involved in the reduction of IL-1p mRNA levels but not that of the IL-1p converting
enzyme.

Keywords: Ga-Al-As diode laser; Gene expression; Gingival fibroblast; Interleukin-1B; Lipopolysaccharide;
Periodontal disease

INTRODUCTION Among the many physiological effects
of low-energy laser irradiation, anti-
inflammatory functions have been reported.

The main causative factor of tooth loss is Honmura et al. [6] reported the therapeutic
periodontitis associated with bacterial infec- effect of Ga-Al-As laser irradiation on exper-
tion, and one of the characteristics of this imental carrageenin-induced inflammation.
disease is alveolar bone loss. Interleukin (I1.)-1 Histological evaluations of the effect of laser
is a key mediator involved in a variety of irradiation on rheumatoid arthritis have also
activities in immune and acute-phase inflam- been described [7]. Furthermore, Kana et al. [8]
matory responses [1], one of which is known to reported the enhancement of wound healing by
stimulate bone resorption [2]. Recently, high laser irradiation using an in vivo experimental
levels of IL-1P were identified in the gingiva [3] system. In an in vitro experimental system, we
and crevicular fluid [4] of periodontitis previously reported that laser irradiation
patients, implicating this potent eytokine in caused the inhibition of prostaglandin E,
the disease process. Using a cell culture sys- (PGE,) and IL-1p [9], as well as plasminogen
tem, Sismey-Durrant and Hopps [5] demon- activator production [10] in mechanically
strated that lipopolysaccharide (LPS) from stressed human periodontal ligament cells.
periodontal  disease-associated pathogens Recently, we found that Ga-Al-As diode
stimulated IL-1p production in human gingival laser irradiation reduced Campylobacter rectus
fibroblast (hGF) cells. LPS stimulated PGE, [11] and plasminogen

activator [12] production in hGF cells.
Little 1s known regarding the biological
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PGE, [13] and plasminogen activator [14] pro-
duction in hGF cells. In the present study, we
attempted to clarify the effects of laser
irradiation on IL-1B production and gene
expression levels stimulated by C. rectus LPS
in hGF cells. Since the IL-1p converting
enzyme (ICE) is known to cleave the IL-1j
precursor to mature IL-1 and because IL-1p
is capable of extracellular secretion [15],
the effect of laser irradiation on ICE gene
expression was also examined.

MATERIALS AND METHODS
Bacterial Culture and LPS Preparation

C. rectus was grown Iin Todd-Hewitt broth
supplemented with 0.5% yeast extract (BBL;
Becton Dickinson Microbiology Systems,
Cockeysville, MD, USA), 0.2% ammonium for-
mate, and 0.3% sodium fumarate at pH 7. The
bacterium was grown at 37°C in an anaerobic
chamber containing 80% N,, 10% H, and 10%
CO,. LPS was extracted and partially purified
from C. rectus cells as previously described by
Koga et al. [16].

hGF Cell Preparation and Culture

hGF cells were established from the cellular
outgrowth of healthy papillary gingival
tissue explants removed from patients under-
going routine dental surgery (hGF1, female,
age 11; hGF2, male, age 10; hGF3, female, age
14; hGF4, male, age 12; hGF5, male, age 13)
according to the method of Somerman et al.
[17]. Informed consent was obtained from all
patients before beginning the study. Gingival
epithelium was removed, and the tissue was
washed twice in phosphate-buffered saline
(PBS). The tissue was dissected into approxi-
mately 1 mm cubes and transferred to 35 mm
tissue-culture dishes containing o-MEM
(Gibco, Grand Island, NY, USA) supplemented
with 100 ug/ml penicillin G (Sigma Chemical
Co, St Louis, MO, USA), 50 ug/ml gentamicin
sulphate (Sigma), 0.3 pg/ml amphotericin B
(Flow Laboratories, Mclean, VA, TUSA),
and 10% fetal calf serum (FCS, Cell Culture
Laboratories, Cleveland, OH, USA). The cul-
tures were kept at 37°C in a humidified incu-
bator (Forma CO, incubator MIP-3326, Sanyo
Electric Medica System Co, Tokyo, Japan) in
the presence of 95% air and 5% CO,. When the
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cells that grew out from the explants reached
confluence, they were detached with 0.05%
trypsin (580 BAEE U mg ', Gibco) in PBS for
10 min and subcultured in flasks.

hGF cells were seeded at 5 x 10% per well in
24-well culture plates (well size: 1 cm diameter,
3.14 cm? Corning Glass Works, Corning, NY,
USA) and cultured for 3 days until reaching
confluence. The confluent-stage cells were
incubated for 24h in medium containing
2% FCS, after which they were treated with
the LPS and incubated at 37°C, under an
atmosphere of 5% CO, and 95% air.

Cell Counting

hGF cells were detached with 0.025% (w/v)
trypsin (Gibco) containing 0.02% (w/v) EDTA,
and the number of cells per well was
counted with a Coulter Counter (Model 2M,
Electronics Ltd, Luton, Beds, UK).

Laser Irradiation

A Ga-Al-As  diode laser (Panalas-1000,
Matsushita, Inc., Tokyo, Japan), which has a
continuous wavelength of 830 nm and a maxi-
mum power output of 700 mW, was used in this
study. The laser beam was delivered by an
optical fibre 0.6 mm in diameter that had been
expanded at the tip of the fibre to irradiate a
circular area 130 mm in diameter at the cell-
layer level. The power density in the central
area (65mm in diameter) of the irradiation
circle was uniformly measured with a laser
power meter. In this manner, four wells of
each six-well plate were simultaneously and
uniformly irradiated within the central area.
The exposure time was 10 min, and the total
energy expended corresponded to 7.90 J/cm?
(19.4 J/well). After irradiation, the cells were
washed twice with PBS and detached with
trypsin (Gibco). The cell numbers per well
were then counted with a Coulter Counter
(Model ZM, Electronics).

Assay for IL-1p Production

The concentration of [L-1B was determined in
duplicate with a '*I.labelled IL-1p assay sys-
tem, which used the anti-human IL-1p specific
antibody (Amersham). This assay is based on
the competition between unlabelled IL-1B and
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Table 1. DNA primers used in PCR analysis

K. Nomura et al.

Target gene Direction Sequence ﬁglgprifrftd s

1L-1B Forward 5-GAT CAC TGA ACT GCA CGC-3' 369 bp
Reverse 5-CAT CAG CAC CTC CAA GC-&

ICE Forward 5-ACA ACC CAG CTA TGC CCA CA-3' 815 bp
Reverse 5-TTC AGT GGT GGG CAT CTG CG-3'

GAPDH Forward 5-ATC ACC ATC TTC CAG GAG-3' 318 bp

Reverse

5-ATG GAC TGT GGT CAT GAG-3’

a fixed quantity of **I-labelled IL-1p for a
limited number of binding sites on IL-1jB-
specific antibodies. The test sample was mixed
in a tube with antiserum and incubated for 4 h
at room temperature. '*I-labelled IL-1p was
then added into the tube and the mixture was
incubated for 24 h at 4°C. After a 10 min incu-
bation with the secondary antibody reagent,
the antibody-bound fraction was separated by
magnetic separation. The radioactivity in
each tube was then determined with a gamma
scintillation counter (Aloka).

RNA Preparation and Reverse
Transcription-Polymerase Chain Reaction
(RT-PCR) Analysis

Total RNA was isolated by an acid guanidin-
ium thiocyanate—phenol-chloroform extrac-
tion method [18]. The final RNA precipitate
was stored in ethanol at —135°C. cDNA
synthesis and amplification by RT-PCR was
carried out using a GeneAmp RNA kit (Perkin-
Elmer, New Jersey, USA). Briefly, cDNA syn-
thesis was carried out at 42°C for 15 min in a
final volume of 20 ul containing 4 pl of MgCl,
solution (256 mM), 2pl of 10 x PCR buffer II
(500 mM KCl, 100 mM Tris-HC], pH 8.3), 2 ul of
dNTP (10 mM each), 1 pul of RNase inhibitor
(20 U/ml), 1 pl of MullV reverse transcriptase
(25 U/ml), 1 ul of random hexamer (25 mM), 1 ul
of oligo d(T)16 (25 mM), and 2 ul of total RNA
(1 mg/ml). The PCR mixture contained 20 ul of
the ¢cDNA solution, 4 ul of 256 mM MgCl,, 8 ul
of 10 x buffer II, 1 ul of forward and reverse
primers, 65.5 pl of distilled H,0, and 0.5 pl of
AmpliTaqg DNA polymerase. The mixture was
subjected to amplification using a GeneAmp
PCR system 9600 (Perkin-Elmer) set at 94°C for
1min, 55°C for 2 min, and 72°C for 2 min, for
27-33 cycles.

The primers for PCR amplification were
designed by referring to the sequences of
cDNA reported for IL-1p [19], ICE [15], and
the internal standard housekeeping gene,
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) [20], as shown in Table 1. PCR-
amplified DNA fragments were analysed by
electrophoresis on a 1.5% agarose gel stained
with ethidium bromide.

Statistical Methods

Values were calculated as the mean + standard
deviation (SD) from six cultures. Where com-
parisons were made between two groups,
Student’s t-test was used. The data were sub-
jected to an one-way analysis of variance
(ANOVA). Differences were considered as
significant when p<0.05.

RESULTS

The effects of .LPS on IL-1p production and
different irradiation doses on IL-1P production
in hGF cells were examined using hGF cells
from hGF1. As shown in Fig. 1, hGF cells
without LPS challenge constitutively synthe-
sised some IL-1B, whereas hGF1 with the LPS
treatment showed a significant increase in
IL-1f production (p<0.001). LPS-challenged
hGF cells were laser-irradiated for 3, 6, 10 or
20 min. Irradiation for 3 min inhibited PA
activity (p<0.01) and irradiation for more than
6 min significantly inhibited IL-1p production
(p<0.001) when compared to the non-
irradiation group. Irradiation for 20 min
reduced IL-1B production to the control level.
The inhibitory effect was dependent on laser
dose as determined by one-way ANOVA
(p<0.01).
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Fig. 1. Effects of laser irradiation time on the inhibition of
IL-1B production. Values are mean+SD for six cell cultures.
Significantly different from corresponding without LPS treat-
ment (tp<0.001), non-laser irradiation as control (*p<0.01,
*#p<0.001). Laser irradiaion inhibited LPS-stimulated IL-1B
production in a laser irradiated time dependent manner (cne
way ANOVA, p<0.01).
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Fig. 2. Reproducibility of IL-1p production and inhibition by
laser irradiation. Five different hGF cells from different indi-
vidual donors (hGF 1-5) were described in Materials and
Methods. Values are mean+SD for six cell cultures. Signifi-
cantly different from corresponding without LPS treatment
(*p<0.01), non-laser irradiation as control (1p<0.01).

We examined the inhibitory effect of laser
irradiation on LPS-stimulated IL-1B produc-
tion using only one hGF sample (hGF1), as
shown in Fig. 1. Next, we attempted to confirm
the reproducibility in other hGF cells from
different donors. Figure 2 shows that a 10-min
laser irradiation inhibited LPS-stimulated
IL-1p production in the five hGF samples
(hGF1-hGFb5), which were obtained from five
different donors.

Since ICE is required for IL-1p processing, to
elucidate the mechanism by which IL-1} pro-
duction 1s altered by laser irradiation, we
examined the effect of laser irradiation on
IL-1B and ICE mRNA levels in LPS-challenged
hGF cells by RT-PCR analysis. Figure 3 repre-
sents the results from at least two similar
experiments using two different hGF cells.
Neither LPS challenge nor laser irradiation to
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Fig. 3. Ethidium bromide staining pattern of simultaneously
amplified PCR products on agarose-gel electrophoresis.
Total RNA was extracted from each cell culture, and 2 pg of
total RNA was reverse transcripted and the cDNA cobtained
was amplified.

the cells affected the bands for ICE or the
internal standard GAPDH. The DNA bands
corresponding to IL-13 mRNA were visible,
and the DNA bands of the LPS-challenged
cells were more intense than those for the
corresponding controls. Further, the IL-1B
DNA band was significantly reduced in the
laser-irradiated hGF cells.

DISCUSSION

The biostimulatory mechanisms of laser
irradiation are not fully understood. As a
result, this lack of knowledge may bring about
a delay in the application of laser therapy in
clinical application. Therefore, it is important
to clarify the mechanism of the biostimulatory
effects of laser irradiation by molecular and
cell biologically based studies in order to
provide new approaches using laser therapy.
In the present study using a cell culture
system, low-level laser irradiation significantly
inhibited LPS stimulated IL-1} production in
hGF cells. This inhibitory effect was dependent
on irradiation time, with an almost complete
inhibition seen for 20-min. RT-PCR results
demonstrated that IL-1p mRNA was consti-
tutively expressed in hGF cells and further
enhanced the gene expression level in response
to LPS, whereas ICE mRNA was unchanged in
hGF cells with or without LPS. Although ICE
is known to cleave the IL-1p precursor to
mature IL-1B, the reduction of in IL-1§ produc-
tion by laser irradiation was not responsible
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for the augmentation of ICE mRNA, though it
was for that of T1-1f mRNA.

The anti-inflammatory effects of low-level
laser irradiation in in vivo experimental mod-
els have been previously reported. Honmura
et al. [6] demonstrated that Ga-Al-As diode
laser irradiation, as used in the present study,
inhibited carrageenin-induced inflammation in
rats. Furthermore, low-level laser therapy is
widely used clinically for rheumatoid arthritis
with satisfactory results [6,7]. These findings
suggest that the inhibitory effect of low-energy
laser irradiation on IL-1p production pre-
sented in the present study can be considered
as an anti-inflammatory action reflecting an in
vivo event.

We recently reported that laser irradiation
reduced LPS-stimulated PGE, [11] produec-
tion through an inducible reduction of
cyvclooxygenase-2, which is an inducible and
key enzyme for PGE, synthesis [21]. It has also
been shown that the plasminogen activator
has important roles in metalloprotease acti-
vation [22] and kinin production [23]. Laser
irradiation inhibited the production of plas-
minogen activator in hGF cells through a
reduction of the transcription level event.
IL-1B induces signalling pathways, which lead
to a transient expression of the transcription
factors of inflammatory mediators. Matrix
metalloproteinases have been detected in cre-
vicular fluids and inflamed gingival tissues
along with IL-1B, and it is believed that IL-1j3
regulates the transcription of metalloprotein-
ases [24]. These findings suggest that the
ability of laser irradiation to reduce the pro-
duction of mediators in inflammatory and
tissue destruction events contributes to the
inhibition of IL-1B expression.

In conclusion, low-energy laser irradiation
significantly inhibited IL-1B production that
was stimulated by LPS in hGF cells through a
reduction of IL-1B gene expression. Our results
suggest that low-level laser irradiation may be
of therapeutic benefit against the aggrava-
tion of gingivitis and periodontitis that
accompanies bacterial infection.
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It has been reported that lipopolysaccharide (LPS) from periodontal pathogens
can penetrate gingival tissues and stimulate the production of prostaglandin

E» (PGE,), which is known as a potent stimulator of inflammation and bone
resorption. Although biostimulatory effects of low-level laser irradiation such as
anti-inflammatory results have been reported, the physiclogical mechanism is not
yet clarified. The purpose of the present study was to determine the effect of laser
irradiation on PGE, production and cyclooxygenase (COX)-1 and COX-2 gene
expression in LPS-challenged human gingival fibroblast (hGF) cells ir vitro. hGF
cells were prepared from healthy gingival tissues and challenged with LPS, and
Ga-Al-As diode laser was irradiated to the hGF cells. The amount of PGE, released
in the culture medium was measured by radioimmunoassay, and mRNA levels were
analyzed by reverse transcriptase-polymerase chain reaction (RT-PCR).
Irradiation with Ga-Al-As diode low-level laser significantly inhibited PGE,
production in a dose-dependent manner, which led to a reduction of COX-2 mRNA
levels. In conclusion, low-level laser irradiation inhibited PGE, by LPS in hGF cells
through a reduction of COX-2 mRNA level. The findings suggest that low-level
laser irradiation may be of therapeutic benefit against the aggravation of gingivitis
and periodontitis by bacterial infection.
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There is a possibility that prostaglandins (PGs) play
a role in bone metabolism (1) and inflammation (2).
KLeEIN & Raisz (3) found that PGE, is a potent
stimulator of bone resorption. The relationship
between PGE, and the progression of periodontal
diseases has been intensively studied. PGE, con-
centration increases in the periodontal connective
tissues of adult periodontitis lesions (4-7). Further,
PGE; levels in the crevicular fluid can serve as a
static assessment of ongoing disease activity (8, 9).

The bacterial products themselves as well as the
by-products of the host defense system both
contribute to alveolar bone loss. Gram-negative

species possess lipopolysaccharide (LPS) as a cell
wall constituent, which is generally believed to be
one of the virulence factors. In fact, bacterial LPS
possesses significant bone resorptive-activity in the
pathogenesis of several forms of periodontitis (10).
Early studies indicated that LPS can penetrate
gingival tissues (11, 12). Moreover, the LPS levels
in gingival crevicular fluid have been positively
correlated with clinical and histologic signs of
gingival inflammation (13, 14). Unstimulated
human gingival fibroblasts (hGF) were found to
produce low levels of PGE, (15), while LPS from
periodontal pathogens stimulated PGE, production
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from hGF (16). Campylobacter rectus (formerly
Wolinella recta) 1s a Gram-negative, strictly anaer-
obic rod that is associated with adult periodontitis
(17), and it was demonstrated to be the most potent
enhancer of PGE, production by hGF (18).

Among the many physiological effects of low-
level laser irradiation, anti-inflammation and stimu-
lation of wound healing have been reported (19).
However, little is known about the biological
mechanism of the anti-inflammatory effect of laser
irradiation in oral diseases. This lack of knowledge
may cause a delay in the active application of laser
therapy. Therefore, the purpose of the present
study was to examine the effects of low-level laser
irradiation on the PGE, production from C. rectus
LPS-challenged hGF in vitro.

Cyclooxygenase (COX) is known as a key
enzyme of PGE, production (20). Two forms of
COX exist, a constitutively expressed COX-1 (21)
and an inducible COX-2 (22). COX-2 is induced by
lipopolysaccaride (23) and cytokine (24) The effect-
iveness of cyclooxygenase-2 inhibitors in the treat-
ment of rheumatoid arthritis has been reported
(25). We also reported that selective COX-2 inhib-
itors, NS-398, inhibited the PGE, production from
periodontal ligament cells by tension force (26).
Since the prevention of COX-2 would provide a
rationale for the effectiveness of laser irradiation on
the reduction of PGE; production, effect of laser
irradiation on COX-2 gene expression was also
examined.

Material and methods

Bacterial culture and LPS preparation

C. rectus ATCC 33238 was grown in Todd-Hewitt
broth supplemented with 0.5% yeast extract
(BBL; Becton Dickinson Microbiology Systems,
Cockeysville, MD, USA), 0.2% ammonium for-
mate, and 0.3% sodium fumarate at pH 7.6. The
bacterium was grown at 37°C in an anaerobic
chamber containing 80% N,, 10% H,, and 10%
CO,. LPS was extracted and partially purified from
C. rectus as described by Koga et al. (27).

hGF separation and cell culture

hGF cells were established by cellular outgrowth
from explants of healthy papillary gingival tissues
removed from patients aged 10-12 yr who were
undergoing routine dental surgery according to the
procedure described by SoMERMAN et al. (28).
Informed consent was obtained from all patients.
The gingival epithelium was removed with a
surgical scalpel, and the tissue was washed twice
in phosphate-buffered saline (PBS). It was dissected

into approximately 2- to 3-mm cubes and trans-
ferred to 35-mm tissue-culture dishes containing
o-MEM (Gibco, Grand Island, NY, USA) sup-
plemented with 100 pg/ml penicillin G (Sigma,
St. Louis, MO, USA), 50 ug/ml gentamicin sulphate
(Sigma), 0.3 pg/ml amphotericin B (Flow Labor-
atories, Mclean, VA, USA), and 10% fetal calf
serum (FCS; Cell Culture Laboratories, Cleveland,
OH, USA). The cultures were kept at 37°C in
a humidified incubator (Forma COQO, incubator
MIP-3326; Sanyo Electric Medica System, Tokyo,
Japan) in the presence of 95% air and 5% CO..
When the cells that had grown out from the
explants reached confluence, they were detached
with 0.05% trypsin (580 BAEE U/mg, Gibco) in
PBS and then subcultured in flasks. We prepared
hGF cells from 5 donors [A (cell A), age 12, male;
B (cell B), age 10, male; C (cell C), age 11, female;
D (cell D), age 11, male; E (ceil E), age 12, female].

hGFs were seedcd at 5x 10 per well in 24-well
culture plates (Corning Glass Works, Corning, NY,
USA) and cultured for 3 d until reaching con-
fluence. The confluent stage cells were incubated for
24 h in medium containing 2% FCS, followed by
treatment with the LPS (1.0 ug/ml), and then
incubated at 37°C for 8 h in an atmosphere of
5% CO; and 95% air.

Laser irradiation

A Ga-Al-As diode laser (model Panalas-1000;
Matsushita, Tokyo, Japan), which has a continu-
ous wavelength of 830 nm and a maximum power
output of 700 mW, was used in this study. The laser
beam was delivered by an optical fiber 0.6 mm in
diameter that was expanded at the tip of the fiber
and irradiated a circular area 130 mm in diameter
at the cell layer level. The power density of the
laser beam in the center area (65 mm in diameter)
of the irradiation circle was uniform as measured
by a laser power meter. Laser irradiation was
applied just after the addition of LPS in the culture
medium. In this manner, 6 wells out of 24 were
simultaneously and uniformly irradiated within
the center area of the 24-well plates. The time
of exposure was 3-20 min. The total energy cor-
responding to 3-20 min exposures varied from
0.95-6.32 Jjem? (1.9-12.6 J/well).

Assay of PGE,

The amount of PGE, released from the hGF cells
into the culture medium was measured by radio-
immunoassay, using a commercially available kit
containing ['*’I-PGE, as a tracer (Amersham,
Arlington Heights, 1L, USA). Radioactivity levels
were determined with a gamma-well counter



(Aloka, Tokyo, Japan). The amount of PGE;
production in the absence of LPS was subtracted
from that in the presence of LPS to give the amount
of LPS-stimulated PGE; production.

Cell number

hGF cells were detached with 0.025% (w/v) trypsin
(Gibco) containing 0.02% (w/v) EDTA, and the
number of cells per well was counted with a
coulter counter (Model 2M; Electronics, Luton,
Beds, UK).

RNA preparation and reverse transcriptase-polymerase
chain reaction (RT-PCR) analysis

The total RNA of hGF cells subjected to LPS
challenge with or without laser irradiation was
isolated by acid guanidinium thiocyanate-phenol-
chloroform extraction (29). The final RNA pre-
cipitate was stored in ethanol at —135°C. cDNA
synthesis and amplification by RT-PCR were
carried out using a GeneAmp RNA kit (Perkin-
Elmer, NJ, USA). The PCR mixture was subjected
to amplification using a Gene Amp PCR system
9600 (Perkin-Elmer) set at 94°C for 1 min, 55°C for
2 min and 72°C for 2 min.

The primers for PCR amplification were
designed referring to the sequences of cDNA
reported for COX-1 (30), COX-2 (31) and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH)
(32). The primers designed are shown in Table 1.
PCR fragments were resolved by electrophoresis
on a 1.5% agarose gel and stained with ethidium
bromide. To evaluate saturated or incomplete reac-
tion of PCR, three gene fragments were amplified
simultaneously every 3 cycles from the 21st to 33rd
cycle.

Statistical methods

Values were calculated as the mean+standard
deviation (SD) from 6 cultures. Where compar-
isons were made between two groups, Student’s
-test was used. The data were subjected to a

Reduction of PGE, production by laser 31

one-way analysis of variance (ANOVA). Differ-
ences were accepted as significant when P <0.05.

Results

The production of PGE, from hGF A cells in
response to LPS and the inhibitory effects of laser
irradiation are shown in Fig. 1. Control hGF cells
constitutively synthesized a low amount of PGE,,
while LPS significantly increased PGE; produc-
tion. Laser irradiation significantly inhibited PGE,
production in a dose-dependent manner; 10 min of
irradiation inhibited 90% of the LPS-stimulated
PGE; production, and 20 min of irradiation reduced
PGE,; production to control level.

Since we examined the inhibitory effect of laser
irradiation on LPS-stimulated PGE, production
using only one hGF cell sample (cell A), as shown
in Fig. 1, we attempted to confirm the reprodu-
cibility in other hGF cells from different donors. As
shown in Fig. 2, a 10-min laser irradiation inhibited

0.5

PGE; production (ng/ 105 cells)

LPS
Laser (min)

0O 0 3 6 10 20

Fig. I. Effects of LPS and laser irradiation time on PGE;
production in hGF cells. hGF from doner A was challenged by
1.0 pg/ml LPS for 8 h with laser irradiation for different time.
Values are mean+SD for 6 cultures. Significantly different
from corresponding without LPS challenge (1P <0.001), non-
laser irradiation as control (*P<0.05, **P<0.001). Laser
irradiation inhibited LPS-stimulated PGE; production in a
laser-irradiated time-dependent manner (one-way ANOVA,
P<0.01).

Table 1

DNA primers used in PCR analysis

Amplified
Target gene Direction Sequence fragment size
COX-1 Forward 5-TGC CCA GCT CCT GGC CCG CCG CTT-3 303 bp
Reverse 5-GTG CAT CAA CAC AGG CGC CTC TTC-¥
COX-2 Forward 5-TTC AAA TGA GAT TGT GGG AAA ATT GCT-¥ 305 bp
Reverse 5-AGA TCA TCT CTG CCT GAG TAT CTT-3
GAPDH Forward 5-ATC ACC ATC TTC CAG GAG-%¥ 318 bp
Reverse 5-ATG GAC TGT GGT CAT GAG-3
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Fig. 2. Reproducibility of the inhibitory effect of PGE; pro-
duction by laser irradiation in hGF cells . Five different hGF
samples from individual donors (A-E) were challenged
by 1.0 ug/ml LPS for 8 h with laser irradiation (10 min).
Values are mean+SD for 6 cultures. Significantly different
from corresponding without LPS challenge (*P<0.001) and
non-laser irradiation as control (1P<0.001).

LPS-stimulated PGE, production in all five hGF
cell samples obtained from 5 different donors.

To elucidate the mechanism by which PGE,
production is altered by laser irradiation, COX-1
and COX-2 mRNA levels in both the control and
laser-irradiated cells were examined by RT-PCR
analysis. As shown in Fig. 3, each DNA band of the
three gene fragments was amplified simultaneously
every 3 cycles, constantly increasing as the number
of cycles increased, suggesting that the PCR
reactions were neither saturated nor incomplete.
The figures represent the results from at least two
similar experiments from two different hGF cells.
Neither LPS challenge nor laser irradiation to the
cells affected the bands for COX-1 or the internal
standard GAPDH. The DNA bands corresponding
to COX-2 mRNA were visible, and the bands of
the LPS-challenged hGF cells were clearly more
intense than those for the corresponding controls.
The COX-2 band was significantly reduced in the
hGF cells that had been laser irradiated.

Discussion

In the present study, low-level laser irradiation
significantly inhibited the increased PGE, produc-
tion by LPS in hGF cells. The inhibitory effects on
PGE, production were laser irradiation time
dependent with almost complete inhibition found
after the 10-min irradiation.

COX is the rate-limiting enzyme which catalyzes
the conversion of arachidonic acid to PG endoper-
oxide and is involved in PGE, production. Recent
studies have indicated that at least two forms of
COX exist, a constitutively expressed COX-1 (21)
and an inducible COX-2 (22). NoGucHI et al. (33)

27 30 33 Cycle

cox-1  IINNEEEEEEENEEEE ot
-++ -+ 4+ -+ 4+ LB

- - + - = 4 - = 4+ Laser

27 30 33 Cycle

cox2 SRR st
-+ + -+ + -+ 4+ Lps

- - + - = 4 - = 4 Laser

21 24 27 Cycle
-+ + -+ 4+ -+ + b

- - 4 - = 4+ - = &+ Laser

Fig. 3. Semiquantitative analysis of COX-1, COX-2 and
GAPDH mRNA levels by RT-PCR. hGF from donor A was
challenged by 1.0 pg/ml LPS for 8 h with laser irradiation
(10 min). Total RNA was extracted from each cultured cells,
and 2 ug of total RNA was reverse transcripted and cDNA
obtained was amplified by PCR. Each mRNA to obtain DNA
fragments of the size indicated as bp.

reported that LPS from a periodontopathogenic
bacterium, Porphyromonas gingivalis, stimulated
PGE; production through induction of COX-2
gene expression. We previously demonstrated that
laser irradiation significantly inhibited PGE, pro-
duction from human periodontal ligament derived
cells subjected to mechanical stress (34), however
the effect of laser irradiation on COX gene
expression was not defined. Therefore, we exam-
ined the COX-1 and COX-2 mRNA levels in laser
irradiated hGF cells challenged by LPS by RT-PCR.
Results showed that the COX-2 mRNA levels
in hGF cells were increased by LPS and reduced
by laser irradiation, COX-1 mRNA remained
unchanged. These results suggest that laser irradi-
ation may enhance gene expression of or stabilize
mRNA level of COX-2.

The anti-inflammatory effects of low-level laser
irradiation in an in vivo experimental model have
been previously reported. HonmMURA et al. (35, 36)
demonstrated that a Ga-Al-As diode laser, the
same as in the present study, inhibitied carrageenin-
induced inflammation in rats. Furthermore, low-
level laser therapy is widely used clinically for
rheumatoid arthritis (37), and PGE, in synovial
fluid of a patient was found to be decreased after
laser treatment (38). These findings suggest that the
inhibitory effects of low-energy laser irradiation on
PGE, production presented here can be considered
as an anti-inflammatory action reflecting an in vivo
event.



In conclusion, low-energy laser irradiation sig-

nificantly inhibited PGE, production that was
stimulated by LPS in hGF cells through a reduc-
tion of COX-2 gene expression. These results sug-
gest that low-level laser irradiation may be of
therapeutic benefit against the aggravation of
gingivitis and periodontitis that accompanies the
bacterial infection.
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Effect of Low-Level Laser Irradiation on FOF1-ATPase and COX-2 Gene Expressions
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F=5C ¢ Inhibitory effect of low-level laser irradiation on LPS-stimulated prostaglandin E2 production and
cyclooxygenase-2 in human gingival fibroblasts. Eur J Oral Sci, 108:29-34, 2000.

HIlF# - C: Low level laser irradiation enhances expression of FoF1-ATPase subunit-b gene in osteoblastic cells. Laser
Therapy, 10: 107-116, 1998.



Effect of hydroxy radical treated fibronectin and laser irradiation on gene expressions in osteoblast
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5@« Stimulation of MCM3 gene expressionin  osteoblast by low level laser irradiation. Lasers Med Sci, 16:
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ZE 5 3C : HpOp-derived free radicals treated fibronectin substratum reduces  the bone nodule formation of rat calvarial
osteoblast. Mech Ageing Dev, 98: 113-125, 1997.



Subtractive Gene Cloning from Osteoblast and Effect of IL-1p Production in Gingival Fibroblasts by Laser
Irradiation

(LB & D BRI RIE T =2 7 & B HIGHHEERITOD L1 pPE R

HAK AR A e
BPAS e
(F5E : LFRrEDE #d2)

5 G L— P —RADAIECEREMERII B o 5 & SR S TLUK, SIEHf, i,
BIEIRIEIRE, BEIEE R E LGRS SIVTW D, L LR H—HTld, L—Y
DRI TUEI2 7 T B RN K ENTH A ) LT HERS0, WA R TRE FRFC X
% W7 5 MRS R T A 5 LT im D SIVT0 D, 2D X 5 ety mn b L—F— 42w
HEIROVERETOMIIA 0 TH Y | EHE PRI EmHZASHAEF SL TV DT, L—
—ERAE & BICHEET 57201203, AAMOEO L——MREOMdE, RENEZBIRT D & L bic, As
HhRA FERERMFAN AR L QWO R B 5 L b b,

ARE T, LR O TR E FEERFHNCGE L, 2D A I = XL E T 272012, b
— WP —HHNZ L > THIFIE COBR FREMIEET DA A RR T D 12Ol =GR T4 77 U —
AR LT, ZORR, I har RUTEURVE, T4 VIR, SR 72 EORET7 v—
MR BT,

—J7. A L — PR SR O BRASRAE 25 Z & AN SAIVTW A A, EOMERBEFIZ O
TG>TV, IL-1BIE, BWRIRER T, RIEDAT 4 ==& —L LT TEY , tEw
BEOWERIR RO IL-1BEDMEFE AR THEREITHR LT D Z LB HEROFIE - RIS B
HLTWDZ EIVRBII TN D, MIEONESR THD Y REZHE (lipopolysaccharide; LPS) 1d, EARWE, &
WK F- & U THRIEIRORIRIAF- & 72D, 97T, ARAPEREROBIEE Campylobacter rectus O LPS 73, &

I Bl A FH SIRRHESERII D TL- 1 BPEE AT 2 Z MRS SV QD £ 2 CAIGE T, Al SIeiEs
HNELZ C. rectus O LPS ZAER S, IRH) L—F—RURIZ X 5 IL-1BEEE DN -2 2 58 % fit LTz,
ZORER. C. rectus LPS ZAFH SHT2 b P HBIEHEEFMIaOR KT IL-133& 28K L7, £L T, b
— BRI L C 2O IL-1BENE LT, S 51T, b MERBSIESEER RO L——HGHZ X
% LPS {Aeh: IL-1BREA O FEWE AT LT- & 24 5 A0 RF— D155 7= P B SRR HESEa Clalkk
OFERDR BTz, Fiz, L——MREINE T3PS 2 2 B E T LT fER, LPS THEK L7- IL-1B
mRNA LU L—HF—BEIZ > Tl LT,

UL EDFERDN G, L—F—RNOBTERIEE R, SRR, BIGIRIEIER 7R & DAY F R O
L LT, b, BERROBE B L~V 22 bS5 2 & b MERHSIERHERRIEO IL-18
PEAEREZ TR RBAOIIH &I LT S 85 Z LAV STz,

=@ Inhibition of interleukin 1B production expression in gingival fibroblasts by low-energy laser irradiation. Lasers
Med Sci,16: 218-223.2001.

2354 3C : Construction of subtracted osteoblast cDNA library with laser-irradiation-enhanced transcription. Laser
Therapy, 9: 107-114, 1997.



Enhancement of Macrophage Inhibitory Factor Gene Expression in Osteoblasts by Low Level Laser Irradiation
(EH ) ——FRSHZ L 25 2Rl 0> Macrophage Inhibitory Factor 18z 1-55E1DHER)

HARFAL A s
. =
(8 2R #d%)

HE K] LB SHTE BRSO O R S e Efx T A P B R A 5 Z NS
WTWD, FRTEMRRICISO TR, BEERIRO /b - HFEOMEE, B OMREEHZNER SivTnsd, i
KR L—P RS OB EAIEEERIZER LT, 7T o MEEAD L— 5RO I Bk
MHTAVTND, LN LA b L—F—REHIZI51T D B TERRE O B OB AT DU IR SAZ L
& TR 7205 L~ UL TOMEINIIHEA TRV, FHE DOBERTIL, ~ U AR
MC3T3-E1 #ilffei~0 L —HF—HREN T Lo TR FRBDMEET D185 1% cDNA v A 7 17 LA ZIGH LT
BB EE R - OffT 238 QN D, F72, FERSO mRNA 2 AW CESME LTIEBB T4 7T U — 2484
LT, AN ——IIZ X > CRBMERT D85 T O 2375 A,

I CIL, 2 EEEFAAIZ LY annexin I i85 1%, F72, cDNA <A 2717 LA{EIZE Y osteogl y
cin 5 FAMEH ) L—H—HHHZ L > T mRNA L-ULasEk$ 5 = & &2 R L. & 512, REPCR, real-time
PCR &2 W THEE L7z, Annexin [T I, =7 VARG RV 2 S, Ml v Lol
HIZBIG9 % LVl T d, E72, osteogl y cin 1IHEK, BFFERT- & U OB S TARSL ORI T
L7 TA T IThD,

Flo, AW CIIHBTA M ERIE -7 A 77 U — 5 MCL-176 8517 v — 280N fiH 28 s 1
A DNA OHHFSZfFE L. NCBIDNA 7 — % ~—2 & U CHEEFS | DO R E v o— T 21T o 72,
ZOREF, MCL-176 i8{5 {13~ 7 A macrophage inhibitory factor (MIF) {5 7L 99% LLEDERER
V=% b O ENHLNNI ST, IRWT L—H—5, FEL—I—HD MC3T3-E1 #ilf>5 mRNA %
[EIY LT cDNA %%k L. reverse transcription-polymerase chain reaction (RT-PCR) i&{x= FHIEE CTHOtT L7z &
A L—Y W% 6, 24 FEETTMIF mRNA LYLAMERT 5 2 & & B2 Lz, & HIC real- time PCR
BV THER LT & 2 A, R b— Y —HGN T 2500 MIF {5 F mRNA OFBAERSELH 2 &
DR SATZ, MIF (X, Tk, Flix O CrEAE SIS A A T, RIET v AZBGT 5 Z &0
HIVTWER, Holf, BRI B EAESIN T Y | A2HlaORECE Yo 2 i oie s o2 &
TESIUTND,

ABFFEORERE, AKH) L——HEFHZ > TEZFMIEO annexin 111, osteo- gl y cin, MIF {5 {-DOFEAME
HSNDZ ENPLNNIRD . TS DBG N L——REHZ L 2 F A 1 = X LB G35
ATREMEAVNIZ S D,

=53 : Enhanced Gene Expression by Low-Level Laser Irradiation in Osteoblast -Identification of Annexin I1I Gene by
Subtractive Gene Cloning. J Jap Soc. Oral Implantol, 17: 3-12, 2004.

255 3C . Enhanced Gene Expression by Low-Level Laser Irradiation in Osteoblast - Identification od annexin ITT
Gene by Subtractive Gene cloning-", J Jap Soc. Oral Implantol, 15:323-329, 2002

Effect of Low-Level Laser Irradiation onOsteoglycin Gene Expression in Osteoblasts™ Lasers in Medical Science
18:78-82,2003.



ERRBOTRE
Annual Meeting of International Socoety for Laser in Dentistry:Laser in Dentistry,: Revolution of Dental Treatment in the

new millennium
Genome Science-Based Gene Expression Monitoring in Osteoblasts Altered by Low-Level Laser Irradiation

Y. Abiko, K. Hiratsuka, *M. Ohta, *K. Ide and *H. Sasahara.
Department of Biochemistry and *Oral Diagnostics, and Research Institute of Oral Science, Nihon University School of
Dentistry at Matsudo, Chiba, Japan.

Although the acceleration of bone regeneration by low-level laser irradiation (LLLI) has been reported, the molecular
based mechanisms are not well elucidated. Advances in the technology for assaying transcription levels, in a highly
parallel fashion coupled with the completion of genome projects, make possible a complete description of gene regulatory
systems. The transcription profile analysis such as gene subtraction and DNA microarray technology make possible to
discover large number of genes altered their transcription levels by LLLIL

In this study, we have focussed on the characterization of genes altered in osteoblast cells by LLLI and attempted to
elucidate the mechanism of biostimulatory effects on bone regeneration using the subtractive gene cloning and cDNA
microarray-based expression monitoring system. Subtractive cDNA library of MC3T3-E1, a clonal osteoblast cell line,
was constructed using a stepwise subtraction procedure. Nucleotide sequencing of each gene clone was carried out and
assessed by homology search in DNA databases. To find transcriptional profiling, we also examined mRNA levels of
3,800 genes using the gene expression cDNA microarray (Atlas™ Glass Mouse 3.8. Clonetech). Total RNAs were
isolated and synthesized to cDNAs, and then labeled with fluorescence dye cy3 or cyS. After hybridization with the
microarray, signals of fluorescently-labeled cDNAs were followed by computer analysis to derive relative changes in
expression level of the genes.

Many genes altered their expression levels by LLLI were identified including ATP synthesis, DNA replication,
transcription and translation, growth factor, and other unknown function genes including ESTs. These findings suggest that
LLLI may demonstrate biostimulatory effects on osteoblasts through expression of many gene, and cDNA subtraction and
DNA microarray technology will provide unprecedented access to elucidate the mechanism of bone regeneration
stimulated by LLLI.

Effect of Low-Level Laser Irradiation on IL-8 Production in Synovial Cells from Human Temporomandibular

Joint

M. Ohta', K, K. 1de'* N. Ogura3 4 M. Tobe’, H. Sakamaki**, H. Sasahara'* and Y. Abiko™,
Department of 'Oral Diagnostics, “Biochemistry, *Oral Surgery, and “Research Institute of Oral Science, Nihon University
School of Dentistry at Matsudo, Chiba, Japan

Biostimulatory effects of low-level laser irradiation (LLLI), such as anti-inflammation ad relieving pain against
temporomandibular joint (TMJ) disorders, have been reported. However, the molecular based mechanisms are not
elucidated yet. Synovial cells are believed to play pathological roles in the development and continuation of inflammation
via the release of proteases and oxidative products. Infiltrating cells recruited from blood are mediated by chemotactic
factors released by activated synovial cells. IL-8, a member of a chemokine superfamily, has been found in synovial fluid
as well as IL-1P from patients with TMJ synovitis.



The purpose of this study is examined the effect of LLLI on the IL-8 production stimulated by IL-1[ in human
synovial fibroblasts. The cells were isolated from TMJ synovial tissues and primary cultured using outgrowth method. The
confluent-stage cells were treated with IL-1[3as the same time, LLLI (Linear polarized near infra-red laser; Super Lizer,
Tokyo Iken; 645-1,050 nm range) was treated to the cells. The amounts of IL-8 in conditioned medium were measured by
ELISA kit. IL-1p induced IL-8 production from synovial fibroblasts in a time- and dose-dependent manner. LLLI
significantly reduced IL-8 production in early time. The LLLI did not destroy IL-1fand IL-8 directly in the experimental
condition. These findings suggest that LLLI may have anti-inflammatory effect on TMJ disorder through the reduction of
IL-8 production.

This study was supported in part by A Grants from the Ministry of Education, Culture, Sports, Science, and Technology
of Japan to promote Multidisciplinary Research Projects.
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