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1. ABSTRACT

M echan i cal st rai n ap p l i ed to bon e l ¹ ² to bo n e

m m ´ d i ng - In th e o r a l Ø v i ty , i t i s u n c l ear h o w su ch

m m hm i ca l h m e ap p l ied to m o v e t eet h od zo d o nt i ca l ly

in du eÊ al v eo l ar b £ n e rem od e l i n g - I t i s M o w n É at

o gtÞ c l asts are the o n ly c e l l s that ar e r esp o nstb le fb r bo n e

m m µ Hon . w h i l e the f b r n m u o n and ac u v it y o f o steo c l Ã ts

® e m g d ated b y o steob last s. So i t i s be l i ev ed that

¶ tm b l» ts p l ay m i m p o , tan t m le no t o n ly in b o n e

h rTM Uo n b u t i n b on e m m o d e l i n g as w e l l . m er- h m , th e

R BÒ Ø e o f É i s stud y w as t o ex am i n e t he ef ree t o f

m m tu n ic al fb ree o n h u m an p er io do n ta l l i g am ent ( PD L )

cel ls an d w het her th ey ex p m ss o steo b l ast ic c har ac Ç r s i n
vUFO- M ethÉ ó .¤ H um an PD L ce l l s cu l tu r ed i n v i t r o w em

lo ad ed w i t h i n terzz1i m n t ly É e t c h i n g fb m e h r M ho w 3.

Ò 2e ex p m sSi o n o f a l k a l i n e p h o sp h a tase ( A L P) , o st Þ c a lc i n

(® N ) ÷ Ø ta m Ç gm n (o m ) w m de¤ M at m R N A

and F Ø d n lev e l s at 0 , 2n d , 4 × , 6ú , 12t k 24É tEOtm an er
inm n i t Ç ZEt h EØ 1£ " i n s . R M Ul u -- W Eú £ u t m y m nu laUon ,

A L P mEd O PG ETER N A exp zÄ si on s w em d etec ted i n huzm n
PD L ce l l s by i n - si tu hy bri d i zat i o n - bu t n ot É at o f O C N

m R N A - A L P m R N A si p d w Ø tp m P Alated and that o f

o m w Ä do w nÊ Á l atd by m ec ham ¶ l f o zu e w i th i n 2 4

h om - O C N m R N A ex p m sSi o n w as ind uced by m ec h an ica l

f o rÄ in th e l ate p hase o f th e 2 4 hou r3 lo ad i ng cy c le . T he

chan g es m Ä Cre ted p ro tei n s sh o w ed sim i lar r esu l ts w i th
th o se m en at t he m R N A lev e l . Co nc l u si o n -- H Ä n mz PD L

Þ l l s ex pm ¿ ¶ Å £ b la s´ c p h en o w p es u n d er i n ter m i t ten t

fb rc e lo ad i ng mzd p l ay a ro l e i n a l v m lar b on e m no d c l i n g -

2. ENTRODUC H ON

Ortb´ ontic Ø£É
Î qum m i bone m nodd ing

'

m echan i cal sm ss ( l ) . I t i s m ed i atd by b one m so rp t io n o n

the co m p m SSi o n si d e o f th e pe r iod o n ta l l i p m m t (PD I J an d

by b on e dew si u o n o n th e ten si o n sid e o f the PD L ( 2 ) .

H o w ev er , th e m m han i sm by w h i ch t he sign al su n s M m

m m ode l in g i s n o t y et k n ow n . O SÚ £ c lasts am th e on ly cel l s

m µ on si b l e fo r b on e m so rpt i o n - T hey d er i v e h m

h em ato p o i et i c c el l s o f th e m o n oc y te -m ac r op hage l i n eag e

( 3 , 4 ) . O steo b l asts o r sm m a l c e l l s i n bon e am essent i a l h r

o stm c l ast o g enesi s ( 3 . 4 ) , m ak i n g t tw m a k ey p lay ® in

st ud y i ng o st Ô ß last o gertÊ is as w e l l as b one rem od el i n g -

M m hm i cal stm ss loaded onto a tÞ th is
um1sduced to É e PDU then, cel ls in É e PDL msF md Ø
th mechanical st Ä s to mp late É e rem rption and
h rrnation of bone maut x by signal ing É e surm mding cel ls
(5). Generally, " ´  y losed teeth" , in w hich the cemm tum

of the root is h sed w iÉ alvÞ lar bone, Ø nnot be movd by
É ® apeuuc mm hm iØ l w ess because o f lack of PD L (6) .
T h® eh m, i t i s suggested É at PD L cells am l ikely to play a
pivotal ru le in bone mmodeling dum g OEt hØ on´ tÞ É
Ô1oven1ent .

PD L c el l s ar e a m i x tu m o f m esend zy EZEal ce l l s

É at hav e d i ü em ru iat i o n po tent i a l . I n ear l i er ex per i m en ts. i t

W± fb u n d É at PD L ce l l s ex p r Ê S P® t o f t fm p hm ov p tc

char ac ters o f o steo b lasts i n ví £ ( 7 . Ä . A lm , by i nd uct ion

o f 1 a lp ha , 2 5 4 i hy dro x y v i tam i n D 3 ( 10 ,2 5( O H h v i tD Í , m

o stm d m to g m Ê i s SUIn td ato r, É e o stm b l ast - l i k e chE ac ters

i n h um an PD L ce l l s am ex PEt ssed m o m m ad i l y ( Á , × ½

su g g est in g É at su ch ce l l s have t he p o ten t i a l to d i f k r en t i ate

i n to o st eob lasts an d/ o r cem ento b lasts .

Þ cum during
by thempeutic

n1oven3ent
induced £ stm£ l asto g enesi s-Rmently, two key fhctom for
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pm dum d by © ©£bl¡ ts or st omal cel l s, have k en
ident i fied Ø k impor tant- O ne is osteopm tee m (OPG also
cal led ost´ EClastogenesi s i± EibiØ ry ² ctOR OCIF), w hich
id Eibits Ø teoclØ t fbr nmuon- m e other is É e rÃceptor
m 6vaØ r ntmlÊ r fhd or kapps B l igand ÚRA N K L Ú. w hich
Sµ pom ev® y stµ of osÇ£clastogenesis ( 10, 10 . It is
Eµ on ed É at O PG and RA N K L am ex pmssed in PDL cell s
and am mgulated by l Á,25(O H h vi tD 3 ( 12. 13. 14) , w hich
m Egests É at PD L cel l s u n be induced to di f mm m te into
ostm blast -l ike Þ l ls × ,d ad Ø a k ind o f ostÞ blast -l i ke

cel ls dur ing alveok bone metabol i sm -

In th i s stud y , w e i n v Ê t i g ated w h eth er i n vt tm

m ech an ica l sti m u l at i on a lon e c an i n d u ce the d i E bren t i at i 0 11
0 f PD L ce l l s to o st eo b last - l i k e ce l l s. A lk a l i n e p h o sp M u se

( A L P ) i s c i o Þ ly m lated w i É bo n e m in erBl i n t i on , w h i le

© teØ a ld n k MCN ) i s regazÉ d as a m ar k er o f d i a bren t i at ed

Ø tm b l Ä - l i k e Ø l l s. O PG i s ex F essed b y o stÄ b lasts- an d

id Eib i ts Ø ta pcl ± Ø gmw si s- T h u s, A L R O C N an d O PG

w ere Ø l eet ed Ø ind i ces m test É e h y p ot h ü " É a t PD L

Þ l l s p lay t he ro le o f o st Þ b l¿ ts d m n g Ê v m l M b on e

m m ´ e l i ng i nd u ced by o n ho do nUc º ½ .

3. MATERIALS AND M ETHODS

under force

In order to m ni -qM M fy É e expm Sion of OPG
mRN A clear ly , op´ Ø l dm si ty of the in-si m hybd dim u on

staining in p lasm a w as analyzed. For each sample of the
PDL cel ls undeT h m e loading f or Ok , 2hr3, 4ô », 6hm,
12hm, 24hm mzd É c negative contro l. two sl i cÊ were
cbosen mspm t ively . A H the sl ices chosen wem stained by
the same ë ® ator at the same time. For each sl i ce- 120
cel ls in É rm di fyemnt v isual fK Ids were impor ted into the
L EICA Q 550IW Image-analy sis System (made in
Gem any ) by microcamem (20OX) to measure the opt ical

densit y in plasma.

3A . A ssay d sm m t " pm tetn pm d ud m
TEe cel l s were sÞ dcd onto the si l icone

membmnes at 3x l d cel ls/membmna The test s oup of

hum an PDL cel l s was loaded w i th intermi ttently sm tching
fbree- whi le the contro l group w as not- Each s oup
conMined three smnp les. T he culture medium w±
hM vestd at 2± , 4É , 6th, 12th u zd 24th hmu s- culum fbr

the test p up and the conm l g oup ¡ well .
Radioimmunoassay (RIA ) measurÐ the amount of Ú cmted
OCN , and biochemistry ô sted É at of m u eted A L P- 112e
u nom t of OPG released into the cultum medium w í
ö tem ined w iÉ moØ e mortod orLal antibody against
human OK 3 by means of a sandw ich enzyrm -l inked

immunØ dØ í ent aSM y (EL ISA ) k it (Cosmo Bio INC --
Toky o- Japm ) m cord ing to the mm ufhcturef s pm Ø col .

35 . Stattst ical analysts
V alues were expmssed as the mean¾ tartdazzi

dev iat ion- W e analyzed t he data fbr su t im e´ di Rmm cÊ
using one-w ay u mlysis o f var iance fbl low ed by Bm º Ðm i

compad m ns and Dunnett T 3 Ø mpad m ns w iÉ SPSS 10.0
Ø nw ® C. Data w ith a P-value ´ 0.05 wem Ø nsiderd
SU Hsuu lly sip i Eü nt T he rm Alts of in-situ hybridim uon

W® e analy zed ñ m iq um tiEØ 6onal ly -

4. RESULTS

41 . EEpression of AL E-L OCN and OPG mRNA in PDL
ceus under inter mittently stretching force (Table 1,
Figure 1 and Figure n

Befbm mechanical h me loading, A LP and OPG
mRN A expressions w ® e detected in human PDL cel ls,
w hi le that of OCN mRN A wØ not- A Rer mechm ical h rÊ
loading, human PDL cel l s exhibitd a sm Eger siS Eal h r
A L P mRN A - w hich show ed the A L P mRN A was up
mÁ latd by intem itÜnt Iy stmtChing º ¡ , CSF ß id ly at
the late phase o f the 24¤hour3 loading cycle. In Þ num L
O PG mRNA w as dow n-regu lated, w hich decreased shazp ly

at the beginning of mechanical h me loading, mzd leveled oR
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mechanical form loading tÊ ted by in-si tu hybridization.
B lue g m ulÊ (display ed by N BT-B CIP) in cell p lÊ ma

showed posit i ve mSUIt s, w hi le no coloured g m ules
aw ± mnÊ m¹ Et nep tIve m uIts- ( 1. Non-m be conm l
fbr A L P and OCN , 1́ MDX; 2 . A L R no Fbree l´ Ming ,
l © mx i 3. A L R 6 botm fbme loading , 1õ ô ø 4 . A L R l 2
boun h m lo- a ns , 1́ m x ; 5. OCN , m fbrce loM ins-
1© mx ; 6. OCN , 6 hom3 º rse loading- 100OX; 7. OC N, 24
hmm Ebree loM ing, 1́ m x ). Scale bar s: 4»AZEE- B efbre

mechanical fbree 1£" ing, A L P mRN A exF Ø Sion wu
detected in human PD L cel l s, w hi le É at of OCN mRNA
W¡ not- A Rer mechanical fbme loading. human PDL Ø l ls
exh ibiÜd a s» £ng® signal for A L P m RN A - w hich show ed
the A L P mRN A w as up-regulated by interzz1i t tent ly
su etching h me, e" £cial ly at the late phase of dw 24¤ho® S

loading cycle- It exhibit´ a modemtely intense pogiuve
sig ml fbr OCN m RN A at the late ph» e o f the 24¤hours

loading cycle- SUSF SUng OC N mRN A w as up mF lated m
hm m PDL cel ls by m m tzarti cal fbm . Exp® imenu w ere
mpeated three times w i th si mi lar mSUIts (nz 3).

by the end of a 24¤hours ped od . It exhib ited a m odemtely

intense posi t i ve sig ml fbr O CN mRN A at the late phÊ e
of É e 24¤hours lo- di ng cy c le, suggest ing O CN m RN A

WM up regulated in hum an PD L cel l s by mechanical
fbme. Ò 2e non-probe contro l exc luded the non-speci f Ic

stam -

4.2. s een t ton of A L R O C N and O PG pm tetns by PDL
ceh under int er m it t entty st n t chtng fom e (F ip ar e 3)

Wi thout outer stimul i , A L P protein in the culture
medium remained at a low level and t he sm muon amount
changed li ttle dur ing 24 hourB, w hi le OCN pm tein even
low® . A Rer mm tu nical fbree loading , É e Ê cmuon of A L P
pm tcin into culture medium w ¡ inu e" £d, m d exhibi ted
two R ak s, one at the beginning of f ome loading and the
other at the late phase of the load ing cycle. W hi le in the
late of the 24 hours loading per iod. the expmsSion £f OCN
in culture medium w as incrm m d . On the conUï y , the OPG

pm tei IE Sä mt" WM dm rm sed by the indueUon of
mm tu nical fome. m e change ô IEds of A L R OCN and
O PG at pm td n level wem in coincidence w ith those at
mRN A level .

5. DISCUSSEON

I n t h e p m sen t stud y w e hav e ex » ä ted hm n m

PD L ce l l s ×£ m p m m o l E s m m o v ed f or o rt hod orEUc

p® PÙ ö . × mm f bm i t o R em m op p om m i ty m sM dy É e

eR m t o f fb m e aw l i u t i o n o n hu m an PD L c el l s. m e resu l t s
sho w t hat m ec h an i c a l sü " st i m u l ates PD L Þ l l s '

d i E hrSEEm t i o n in to o steob l ast - l i k e ce l l s as w el l Ã i n h i b i t s

t he ex p m SSi o n o f O PG , a f hc to r t hat i n h i b i t s o sÚ £c h sts

h Ún at i o n - t hem b y en tzar ICÊ bo ne m m × t i o n - R m er-t ly , £®

un pu b l i shed data fb un d t hat m m tu n ic a l f o rce aw l iØ Uon

led to a si p i f i can t i n c m ase in t he ex pr em m o f R A N K L

w h ic h i s essent i a l h r ´ tm c l aS¹ h m au on o n day 3 aRer

f b m e app HØ " o n . Th u s sho w É at m ec h an i ca l f b m e l¹ ² t o

b one rem od el i n g É r Ø g h th e in ter act i on o f m Á l ator y

f ¡ to m su ch ¡ O PG an d R A N K L and o therz ex p m s´ by

PD L Ê l l s. B o m rem ´ e l i n g i s b on e fo rm at i o n and bo ne

m Ø m u o n - I n th e p m × n t sM d y , w e f b How ed ¤ e õ ô m o f

ex p ressio n o f a l ka l i m p ho sp M U se ( A L Ã " m i nd i cat io n

o f o stm g en Ê is. A L P i s an enz y m e c l o Ø l y asso c iated w i th

É e m i nera l iz at i o n p EW e ss ( 16 ) . I t i s t he m ark er o f

o st eo b l ast p hen ow m m d É e m ar k er o f osteob l asti c

d i f rm m t im o n . C l i n i ca l ly , m m erea® i n A L P w as detö ted

i n g ins v a l crw i ctAl ar fh i d w iÉ o zt fM on t i c tÞ t h

m o v em ent ( l 7 ) . I n ea r l i er stu d i es- i t w as h ½ Ð ö at A L P

ac u v i ty i n PD L w as h ig her than that i n al v eo lar bo ne on the

ten si o n sid e at É e Ø r l y p haÊ o f o d h odm k tÞ É

m o v em en t H o w ev er , M pcau se o f co m p lex in tern a l

en v i ro nm ent , tn v i vo stu d iÊ d o n ot p r ov id e an i ² a l m o de l

fb r ex am i n i ng th e eR bets o f m ee tzm ic a l f or ce . In th e

p m æ ± stud y , A L P ac " v i t y i n hum an PD L ce l l s sh ow d

si g zi f i can t i n cm ase ÷ × m m hm i ca l ö Ô s as show n i n
n g zr e l m d Õ¼ U13 3 ¤A I TEese m SEAl ts p o i n t ou t to É e

ex p m SSi o n o f o steob l ast i c c ham eter z b y the PD L Ê l l s É at
m-e U Eom I to hav e a h i g h d i f ybm n ti ati o n pot em al -

Furthem om w e choose to examine the levels of
oÃ¿ Mealcin (OCN ) and osteopm teserin (OPG) " markers
fbr osteoblast ic chMBCtem as well as ostmß lastogenesis mEd
subsÇ uerat boEEe mmodeling- OCN is one of dm
m m cellu lar maM X F Oteins. w hich has k m implicatM to
have a ro le in cal ci f Icat ion ( 18}. I t i s a nonco llagenous
pm tein of bone relÊ sed by ostm blasts, and is mgaÐ " Î
the marker o f d iRerenti ated oÃ¿ µblasts- £ ® data
demonsuï ´ that OCN wm tp mp lat´ under mm tu nical
h m loeding Ô show n in ng z e l mzd EF m 3¤B. T hus

indicating that in m ponõ ô mm harti cal sm in pm ú ´ d
by appHed tension , bone fbrynat ion w è ´ gg® ± Ê shown
by the signi n cant increase in OCN . T hus ¤ , w e
demom m tØ bone f onnation by show ing a signi Rcant
incmase in both A L P and OCN .

A s menô Ö ¡ rl i® , Ð ne mzzmdbling is a
combinati on of bone fbnnation and bom mô Ð ´ on-
T11erefbm, m the pm Ø nt sô dy , w e f ol low ed the level of
expm Sion of ü " ä " ² F r in (o m ). Om is b mwn ¿ a
fM Mr Ø iÉ ibit m Ñ" la° ö ,m is. It is a × × ï £d À Þ F Þ izz
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FØÄ ¢e 3. sm eM A LR OCN mM1 OR 3 Á Øekzs m culaze
zzmdhnzz of M m PDL Ê lls tuU® mô Øô Ð y sÀþ Mng
¤ Ä . × × Üa g mp of hm m 1 PDL Þ l ls wØ ô ¡ Ô wè E
mô mitï Ç ¡ Þ ô zg fÉ × , whih dm ö Ôd g mp wØ Imt
Eä tz g u p Ø m iI± ² me m p h m a llam n± iwn wö
1Ø ì ù ô i at h Ð, 4ú , " L 12ÀEUM1 2¯ E M ® ' Ádune b r dm

mst g mp a m1· Ee Á mzuul g ot, as wen. (A ) A L P Á Ø em m · Be
Ø 1M e md hmL Wd m a a ô ¤ ð m Ø , A IP F Ø m m ¤

Á ª m EIma m 1 m m hmd a a low levei mBd dME mm Ä Þ
a m ó cha ª ½d li tde a m 18 24 M n A ¤ mÐ ï øü l b Ø
lu d zz»L aBe mu Ä Þ of A L P F Ø d n mØ Á ú ØÃ EImdilnn wò
km m ï i a d m MMM tõ ô ab , Þ e a k k g m× ç of b Ø
lú ¿EÉg u d ¤ d w m k h Ü å Im of ô 2È m m l¢ h g
m k . (B) OCN F U ein in k ÁdMm md m . w lÉ a a Øô ¤

± mulL OCN F Þ m m ô Á ª m md im m m med at m eÛ 1
b wer level u U ¤ ØÁÄ Þ mm mt d m gM liu le d mù 24
M R W hile m am laÅ of a e 24¤k xm b u h g pm Ð , ô

m F Õ m of ® N M Ø h m mM im wØ izm Ø ô i (£ o m
F W in m ¤ Ádam md mn. × Ee o m F Ø m m rUM W¿
² ÁØ md by ô M m m of nô hm m l fmm wtud E lmõ ô ±
ô n dBe k g m ins of f® õ ô ¤ 45 A n  ô ² k (¤} I÷ × a zs

s§ iS¹ × CM 18p em 1× ¹ Im l vd m (P C0.05K E ô mm zts
wm tÉ ma ed É m É ym wé sim ilar ma ds (F 3).

pm a seed by ogteoblasts- and h ncti ons ç É e dm oy
mcµ tor of RA N K L £ " £gite Ø the h nd iorB of RA NK L
of support ing ostmmlastogenÊ is, OPG m ppm¿ ¿ bone
mm m uon by negat i vely mgulating ´ ¼Ê lm t maM ® OIL
activ i ty- and survival ( 10, 11). Results of tk curm t sMdy
showed É at mm hm ical sm in produced by tmzSion m ultØ
in dow n-regulat ion of O PG as shown in Hgum 2 and ngum
3.c . Ç m s incmasing ost¢ ß lastogenesi s and subsequent

bone rØ 0× Uon . TEm dau cleariy dmm nsm ted É at h m
applicaUon leM S ô ö e expmsSion of mg AlaØ É factom É at
m mµ onsible for bone fbrznation m d m o× ´ on, i .e. bone
mm£deling .

A l though the mechanical fbme induces bone
msoµ ´ on, i t i s w ith in phy siological l im it Þ mp® ed to b
pattem of expression w hen the u me cel l s were exposed
to l Á,25 (O H b v itD 3 ( 14 ). l Á,25 (OH b v i tD 3 is a ki nd o f
Ø m mon bom mso× tion promoter - In our prev ious work
( 14}, O PG mRN A ex pm SSion w as found to k dow n-
mgtElated by l Á,25(O H h v itD3 in a " me dependent
manner and decreased cont inuously up t0 6 days of
exposum to l Á,25(OH b vitD L T his indicates that bone
m m m uon COM num fbr a si g zm eant ped od of t ime
demonstrated by the high level of osteØ lasti c act ivi ty -
W hi le result s o f the pm à nt study showed É at OPG
expression leveled o fT by the end of a 24¤houm per iod -
T he di fTeTent pat tem of OPG expression w hen PDL Ø l ls
wem exposed to mechanical forw and 1Á,25 (OHb v i tD3
suggested the di fTErence of phy siological SUM s and
patho logical status. In phy sio log ical condi tions, bone
fbrznat ion and bone reØ µ t ion am balanced under the
inf ILEerIce of the fhctom mentioned above. W hi le in
pathological condit ions such ² periodonti ti s or
per iodontal d isease, t he rate bone resom t ion is much
higher than bone formation .

6. CO N C Edt JSEO N

M echanical stress M u m di fYEmntiat ion of PD L
m l ls w iÉ high di fybmntiation potm 6´ ô expmss
osteobla´ c chamcteri st ics Ô well as osteoc l" " c ad v ity -
m e PDL cell s could possib ly be a main m mÄ of
ostm®m genitor cel ls required h r É e a stest rÄ " m e
mm imd fbr bone mmodel ing dur ing ort hodontic moth
n1ovenIent
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