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Fig 1. Regulation of osteoclastogenesis by the interaction of RANKL and OPG in the bone marrow
microenvironment (A). Control of osteoclast function by RANKL and OPG (B). (Reprinted from Hofbauer

LC, Heufelder AE. J Mol Med 2001;79:243-53).
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Fig 2. Biomechanical signals are transformed into
biological responses within the PDL space (A). As
the tooth moves, regulation factors of osteoclasto-
genesis in the compression site are expressed into
the PDL space and gingival sulcus (B).
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Fig 3. Base with 6-spheroidal convex templates (A) and template base assembled with a 6-well Petriperm

dish (B).
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Fig 4. Method used to apply tensile force. Precultured PDL cells are continuously stretched by using a gra-
dually weighted water container. A flow regulator controls the velocity of water flow from the upper water
container to the lower one (A); The resuited biaxial tension in the flexible membrane creates a state of

uniform biaxial strain in PDL cells (B).
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Table 1. Difference of PGE, synthesis between the control and test group according to different water
container

g/min 22 111 56 04
g/min cm’ 0.385 0.192 0.0% 0.048
A PGE; (pg/ml) -973 -340 78 -300

The test for optimal range of tensile effect was carried out by using a water container gradually weighted. The applied water
weight per minute and surface area according to different water container emptying times. The negative values of & PGEz

shows that PGE; synthesis of PDL cells is reduced by tensile force.
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30237 283 EE0 4056 moA vl §REE &
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eotide mix: Germany) % 1 1 oligo (dT)s primer&
E3ete] 70ToAA 58 vhgA]FI 2 40 ul reaction
buffer, 0.5 ¢ Recombinant RNase inhibitor, 1.0 4
dNTP mix, 1.0 ¢4 MMLV reverse transcriptase®
&3t} 42Tl A 1A ¥Hg-A121 T 100TolA 5
27t Fo] ukg-2 AR A7) DEPC-treated water
& #7hsted -20 COIW BREAT SHEL At
2 H8iA FAE cDNA 5 pel] 5 AlEA g} 37 A
WAE 20 puod B £5813, 5 e PCR buffer (100
mM Tris-HCl, 500 mM KCl, 15 mM MgCly, pH 8.3)
o} Z+zte) 0.2 mM# 9] dATP, dTTP, dGTP, dCTP
2 =3t o7l 259919 Tag DNA poly-
meraseE Esle] FuhEAE 50 wE UE T
Gene Cyclerd]l A AT 30%, 55T 60%, 72T 3022
S A e FAV §loA7] A
o] F71& AFsa 72CoA 587 vHeAZ ) B
-actin, OPG, RANKL, Ml\/[P 1, -8 -9 -13 ¥
TIMP-1& Zt7}t 35 712 ¥3AA d58 537



Vol 35, No. 4. 2005. Korean J Orthod 7|1AE R0l Ci$t XIFOIC A 2L BHE

Table 2. Primers for RT-PCR

B-actin sense 5 ~ACACCACTGTGTTGGCGTACAGGTCTTTGC- 3

anti-sense 5 -ATGAGGATCCTCACCGAGCGCGGCTACAGC- 37
OPG sense 5 ~AGAATGCCTCCTCACACAGG- 3
anti-sense 5 -TCAAGCAGGAGTGCAATCG- 3
RANKL sense 5 -GGGTATGAGAACTTGGGATT- 3
anti-sense 5 -AGCAGAGAAAGCGATGGT- 3
MMP-1 sense 5 -AAGGTTAGCTTACTGTCACACGCTT- 3
anti-sense 5 -CGACTCTAGAAACACAAGAGCAAGA- 3
MMP-8 sense 5 -TGGAGAATTGTCACCGTGATCTCTT- 3’
anti-sense 5 -CCAAGTGGGAACGCACTAACTTGA- ¥
MMP-9 sense 5 -GACGCGCCTGTGTACACCCACA- 3
anti-sense 5 -GCGGAGATTGGGAACCAGCTGTA-
MMP-13 sense 5 -TGGGATAACCTTCCAGAATGTCATAA- 3
anti-sense 5 -ATGATCTTTAAAGACAGATTCTTCTGG- ¥
TIMP-1 sense 5 -TGCTGGGTGGTAACTCTTTATTTCA- 3

anti-sense 5 -ATCCTGTTGTTGCTGTGGCTGATAG- 3

o |7 e 5
g ] T :
Z w0 <
9 20 7
<

lor / 3he 6 hr 12 hr .
20 / 14 -
AN / - *—*  Control

40 x —e  Conrol 12 - ®--®  Experimental

60 7 Y ®---®  Eyperimental T

-50 — 1hr 3hr 6 hr 12 b
Fig 5. Effects of tensile force on PGE, synthesis of Fig 6. Effects of tensile force on ALP synthesis of
PDL cells. * p < 0.05 versus controls. Data are PDL cells. Data are expressed as Mean + SE.

expressed as Mean + SE.

oz Z7targnh X%l ¢148(0.38% g/min cm’)
Bt F¥EA AHNSAES Rod 15% & 3AZF B9t 7He AFFol M APGE= 1A &
agarose gelold A719%5& 39 th Gel2 ethidium 48 + 102 pg/me- & PGE; 571 HA%E HolH
bromide® @431, =247 GFEA7E © xRt 24890 (p < 005). 223 3, 6, 124]
gata] B gEA ok 7} 3 APGE, %7} 27 29 + 115 pg/ml, 52 *

147 pg/ml, 68 + 122 pg/mlez it F7hatvt

A=A (Fig 5).

OIX0| OJat RIZ=CITHMIEZOl PGEQ| AAd OIZI2{0ll CHSH RIZ=CICH MIZLO| Z3dA FHA! QIXIC!

ALPO| AlAd
PGE:9] 7} Azt AAAREE A 04317
sl APGE:Z £33t th txFodlA APGE; U274 ALPE AL FE 159 + 1.2 U/LAA
= 1A7E T 8 + 62 pg/ml, 3% ¥ 57 + 6.7 pg/ml, A7 =187 + 1.0 U/L, 3417 182 £ 1.1 U/L, 6
6217t & 75 £ 52 pg/ml, 12417 3 71 £ 13.0 pg/ml A7F 3193 + 14 U/Le 2 Z7}18led 124)3F 3 203
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Fig 7. Expression of RANKL and OPG mRNA (A). Densitometric analysis of RT-PCR product for RANKL
and OPG (B). Tensile stress was applied to the cells for 12 hours. E, tensile stress: C, control.
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Fig 8. Densitometric analysis of relative RT-PCR
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was applied to the cells for 12 hours.
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Fig 9. Expression of TIMP-1, MMP-1, MMP-8, MMP-9, and MMP-13 mRNA (A). Densitometric analysis of
RT-PCR product for TIMP-1, MMP-1, MMP-8, MMP-9, and MMP-13 (B). Tensile stress was applied to the

cells for 12 hours. E, tensile stress; C, control.
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PDL Cell
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oPG increased 4 OPG decreased ¥

OPG / RANKL increased 4 OPG / RANKL decreased ¥

! !
, Bone Resorption WJ

A B

‘ Bone Resorption 44 l

Fig 10. The response of PDL cells according to the
type of mechanical strain. Tensile effect (A) and
compressive effect (B).
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- ORIGINAL ARTICLE -

The effect of progressive tensional force on mRNA expression of
osteoprotegerin and receptor activator of nuclear factor
kB ligand in the human periodontal ligament cell

Kie-Joo Lee, DDS, MSD.? Syng-Ill Lee, DDS, MSD, PhD.? Chung-Ju Hwang, DDS, MSD, PhD.°
Seung-Ho Ohk, PhD.® Yu-Shin Tian, DDS, MSD®

Tooth movement is a result of mutual physiolegic responses between the periodontal figament and
alveolar bone stimulated by mechanical strain. The PDL cell and osteoblast are known to have an
influence on bone formation by controlling collagen synthesis and alkaline phosphatase activation.
Moreover, recent studies have shown that the PDL cell and osteoblast release osteoprotegerin
(OPG) and the receptor activator of nuclear factor B ligand (RANKL) to control the level of
osteoclast dlfferentiation and activation which in turn influences bone resorption. In this study,
progressively increased, continuous tensional force was applied to PDL cells. The objective was to
find out which kind of biochemical reactions occur after tensional force application and to illuminate
the alveolar bone resorption and apposition mechanism. Continuous and progressively increased
tensile force was applied to PDL cells cultured on a petriperm dish with a flexible membrane. The
amount of PGEs and ALP synthesis were measured after 1, 3, 8 and 12 hours of force application.
Secondly, RT-PCR analysis was carried out for OPG and RANKL which control osteoclast
differentiation and MMP-1, -8, -9, -13 and TIMP-1 which regulate the resolution of collagen and
resorption of the osteoid layer. According to the results, we concluded that progressively increased,
continuous force application to human PDL cells reduces PGE2 synthesis, and increases OPG mRNA
expression.
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#% Key words: Mechanical strain, Periodontal ligament cell, Osteoprotegerin, Receptor activator
of nuclear factor #B ligand
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