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7158w g4, fA € AR ook HololF, YA E, 7154 JuF P AHE 5% BART AFANAE
54 ¥3} g 8% F¥E v, =g 6}9}34—‘,:-01]/\12 71%58 9] Wlo] welr] theFit 5499 W} vehdtt
£ AN E ICR AAE 85 B3 soft-diet} hard-diete] 4]o] 28< 53l 71589 HstE FE3d, 71589 W3}
o} B3 Eo] FARE HZE3}7] A3l subtractive hybridization, northern ¥4 % mRNA in-situ hybidization &
o] AgE At vhed 22 ZHE Aot
1. Soft-diet®¥} hard-dietZ2] subtractive hybridization® £t % 39719] cloned BUR o|FAA 11748 A2
€ hard-diet? §°| $E FAAES 8ot
2. 117/09) £E §AAE FolA homology A4} northern 4% B3t 71583} #e] g& Aoz AAHAY
hard-diet7o]A] mRNA7} A2 o 2 W)= FS-s2, FS-s5, FS-518 ¥ Fs-s22 #AAE Attt
3. Soft-diet?# hard-dietT2] Feheta] EA0A soft-dietT2 hard-dietitol Hl3le FEA X 847 M2 &
AL Aste Aoz Ao st A FE AP 2@ ATEL A&HE 2o ek
4. FS-s2, FS-s5, FS-s18 ¥ Fs-s22 #AAk] cRNA BHAE o] 4% in-situ hybridizationel A 4749) A9l
mRNAEE hard-diet?<] A ESME A A=A soft-dietwe] MEEANA = 2 F&o] n|okslA Y et
WA ks,
oo AnE F§3] FS-s2, FS-s5, FS-518 2 Fs-s22 FAAELS U0l 7]%°] A9 ¢3A A &€ AER
71589 W3 Aoy 23 JES & Ao AAEY do g B AFE Bl 4 7] fAAES] Bt A4 75
< o3gt= Aol B8 & AoE AlFHETH

(]

FQ0] : #5424, Hard-diet, 7159, So] mRNA, 3}t

.M E ol Yelvhe B2 2% nitric oxide(NO)} ¢/AMP7} 121,
o]y A glutamate/aspartate transporter(GLAST), nitrous
71%% $9 (functional stress)< ¥&3 71414 28 (me- oxide synthetase(NOS)$¢} prostaglandin G/H syn-

o™ o

chanical stress)S 29 84, 4 2 = AZ AA ] 9% thetase(PGHS-2) 59 &&7} wddty SHel”. a8y
717 29 Pejot 424 AgA e F8% 98 . = ol#g Aol EAEL VAA $Hd & F HEIAH
&, TN HopiE, AuF, 3A XotolF, AR A doshe FRAES GSHEY 438 2Z Bl
o g XzI, AFAY L /:,<‘=o}°h,}_,._,] -5 F oA AAE 4= glen, J1AA o] &Y w xZ o A9
T oekgt 22¢] Walg Fishe F88 AR FEde A W32 AH FE3R] £8h7] " &l 71AA g2 BT A

o2 vuYT Yo, & B 9179 galo] Basih

AL QT Aol ek FAA go] Be) Adel  AAGNA I BAeE AAH g2e dYH oz AR
ARYH FATS 0|8 AASe] BhA oz BRAES B4 ool WA 24 R AT wlAE U ATeke WPER
3 ABAE 9F F F47} Golbedl®. of FPoIA 271 & AT castel 9% B 240, T8l AW, 7154 24
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A9 ALY w2 distraction osteogenesis®] &7, 4]
o] AW sttt T A& 59 ik whdol ok 18
Y, ol2| g S AAAA Tkt Weko 2 whishe 7]
H &Y< AlgeAY Ads= o) 51'74]7} U et ol 7
Yol &, Ko} & ge}aTol nXe YFE EgH oz o)y
3 ddle B2 FAMS WEsta Job®. A2 Hinton™
< AFE SNEY AE 24 = soft-dietS hard-dietE &
3t oFgel JbiAlE V1A S AAAIAY 9+ A
o ETh. 22y, Smith 5L Ax|Ho) o8 mFeo
60%7}+ &Fstet@dd A7) g ol B Ho|zAd 7%
7 ¥ 24 43L& Jd3x grin 3}9\9\‘:}.

old Ao} TN Aoz T E EFF fAA
€ A&3sk= WEdle differential display, microarray 2
subtractive hybridization 5°] €=& UtH®. Subtractive
hybridization ¥'H-& 5 71X A¥ 22& vl wsle] A3
oz WYy fAx GHES WIE FFANELNS
(PCR)E B3l AZaUl7] wiEol AT} A7t vjAlg
A BR ) 2lo]E A& 58 ot
B dFdAE Aot g 2 steta oA B¢ 23F
o2 f=¥ 71589 AU FHE A3} 715H 23
A BolFog fitEe fAAE B Yo, AHE
soft-dietw™# hard-dietT 2.2 1o} 857 Alg&o =z A
A 7158 A&7 7158 At s fxsia A4 7
8 A&7 7159 At deold st FugFos @
F3ta stehE ) S 53l @A A RNAS 323819 subtrac-
tive hybridization, homology 24 ¥ northern ¥4& %3}
o B3 7158 A& BedM 7% Ast el vleke] So]F
o7 BdsEE So| §344 FS-s(Functional stress-specif-
ic)2, FS-s5, FS-s18, FS-5228 A£3n ZAFE-S THE0]
atetEZ, ot 2 st FoA Eo] fAAES WAL in-
situ-hybridization ¥} 2.2 133},
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1. 88 S8 Fu| L Ao|x

Z4 658 ICR A 2078 g
7 Yol wujAA NE 24P A AAEES BT 2390
A ol f Aol Z 207kl d soft-diet 7 hard-dietw<
2 o] Soft-dietwS EF AF 2¥AIE(Oriental East
Co., LTD., Tokyo Japan)& v|A|g &=z £ 3 & =5
Foll dolA F Peo Al 2 TEo] 857 AH838la hard-
diet& soft-dietollA] AM2-E A3 L& 1IFAEE 8F7
AHEEE Y. Soft-diet T3 hard-diet® 25 2555 43 7)
7 B¢ A3 A Soft-dietT 20| FA T} Aoglo] A
A Fol| o]k wHo] sfetgel| 43t AL AA) At
o 24 FHE Fatet AR X #e] 1/3%9 8 dFUd 23)

B4 A A2 O A
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4 A A 717k Bk AAsET

2. 48 == M U RNA F&

Soft¥} hard-diet AHASS 857 ALS3 3 B3 &2
ol 23t} SAAA Aoph ETFE derEe Aan st

oA Trizol reagent(Life tech,. Rockville, MD, USA)$
mRNA isolation kit(Roche Molecular Biochemicals,
Manheim, Germany)E ©|-83t%] Total RNA®} poly(A)*
RNAE F&3t3itt.

3. Subtractive hybridization, subcloning % homolo-
gy A4

Soft-diet™# hard-dietw2] 3te}ZollA %%ﬂ poly(A)*
RNAE ©]83}9] first strand cDNAE ¥4 & ¥ PCR-se~
lected subtractive hybridization kit(Clontech Lab., Inc,.
Palo Alto, CA, USA)E °|&3td Ax3|Ate] Ao what
subtractive hybridizationg A&ttt a8 FE{FAAL
YAE S subcloningdtil sequencingdted G7IMEE 243
% Blast search program(http://www.ncbi.nlm.nih.gov/)
g7

2.2 homologyE A4

A

=

~ 4. Northern

Soft-diet#} hard-diet7¢] stetZellAl F&3 15ug9] to-
tal RNAS 27 0.8% agarose gelol 7193l nylon
membrane(Hybond N, Amersham Pharmacia Biotech,.
Piscataway, NJ, USA)& ©]&3le blottingstAth. FE
AAE d2AZ (-P?-dCTP (Amersham Pharmacia
Biotech,. Buckinghamshire, UK)$} random priming
kit(Amersham Pharmacia Biotech,. Piscataway, NJ,
USA)E °|& labeling‘??}oq 30% formamide, 4X SSC, 1X
Denhart’s solution 2 SDS7} &++¥ hybridization &%
A 42%¢, 16-20A17t incubationdtil X-ray filmel #433te
mRNA 28 Z#4E gRIstart.

al
ES

Xl

x| M
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5. x & L mRNA in-situ hybridization
857t do] A soft-diet@# hard-diets BHES

Z} 5ule ¥ 4% paraformaldehyde §9% o] &3t #F 1
Aeta, AATFE T sdES FEA. 10 % ED-
TA(ph 7.4) &HolA 23457 &3 F B0l ug}
paraffin Evjated 5um FAZ AXFAFE £AH LR A
olo] Ao 21Zte A ¥ESI ethoxysilran-coated £Eo]
=o| B FgeH oz A& (Hematoxylin-Eosin stain)@
in-situ hybridization®l ©|-§-38c},
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cRNA probeE ©]&& DNAE-2 ¥ 3}s}l1 Proteinase K
A2 ¥ DIG RNA labelling kit(Roche Molecular
Biochemicals, Mannheim, Germany)¢ T3 2 T7 RNA
polymerase (Roche Molecular biochemicals, Mannheim,
Germany)E ©]-83t4 sense$} antisense cRNA probeZ 2
Aottt AL xyleneo® 2 #elA Xsln Ty
AZ &, 4% papaformaldehyde &N oA 1027} A 24 3k
o} Acetylation 89(0.25% acetic anhydride in 0.1M tri-
ethanolamine-HCL, pH 8.0)9] 1087t A3 & g4 4
2L AA F7] FAA AZARBY. 50% formamide,
10mM Tris-Hel, 200#g/ml tRNA, 600mM NaCl, 0.25%
SDS, ImM EDTA, 1X Denhardt’s solution, 10%
Dextran sulfate7} -8 & TH{AAES] cRNA B3
25 504 16A17F hybridization 3}%th. Hybridization
% 1.5% Bloking Reagent(Roche Molecular Biochemicals,
Mannheim, Germany)’} ¥ Dig buffer [(100mM
Tris-HCI, 150mM NaCl)22 A#H3}3 anti-Dig antibody
= Dig buffer Iell #]4(1:88)3t 4CollA 30%3t 28k
t}. Dig buffer II (100mM Tris-HC], 100mM NaCl,
500mM MgCl2) 2 M & 8}aL nitroblue tetrazolium salt and
5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP) 2 &4
8t Dig buffer IV(10mM Tris-HCl, 1mM EDTA) & 383t
AA§ T2 methyl green® 2 tz GAsle] Fedn|go g
s
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1. Soft-diet= 2} 4w
homology ZAH.

8t hard-diet-50| #8Xte] &

5 g

AEH 11F9 hard-diet? Eo] 3B §AAS FollA 3%
(FS-s1, FS-s22, Fs526)2 1 7]%°] 4814 Y& A4S
7 o2 5% (FS-s2, Fss5, FS-s7, Fs-s18, Fs-s530)& 7]

MEe BaHe] glov 0 FEe 7w A A e &
AAET B4 FL homologyE UERATH & O & 3%9
FAAHFS-s31, Fs-s35, FS-s38)E2 databaseo] En¥
A&7 homologyE YERA e vlAle fAAR F34
HAHTable 1).

Soft-dietw 7 hard-dietw9] AF< 8FtY Hojzd F
243 A7 soft-dietToll X & 40.7+3.8g hard-dietioll A
¥ 43.8+4.9g0 2 vElygr},

Soft-diet* 3} hard-diet®] ateb&, o}, AF24 4 &
%47 5FE hematoxylin-eosin G4j3lod #23 A3} T oA
TEgt Fejeka Aloldo] #AHJTE AxEFE TEG et
29 FF9 ¢ soft dlet?°ﬂ H]3}e] hard-dietzolA A
=) F9|utal Fudol Ao FRAE
374 “E?SP hard deitzl 4] %"”’a °ok"}“°— B4
. &3, hard-diet? X Z2F2
Eis “401]/\1 d o—’F SZNEY AEED vt
o}, gt oA soft-dietw®-& H]
E v W ¢l 5} e 7
Al /lgj’—o] 5:]/\45]

o 19z é—r"ﬂ’ﬂ" —'Jrﬂ/‘ﬂiﬁ"ok ATES
(Fig. 3, 4).

ol
HT

SHAEL| northern &4

Homology A4 A3} f2Ae] 7]%50] ¢=iA glor 7158
I #AAGo] AE Aoz ARH 2F9 FH FAAH(FS-s],
Fs-526) € northern #2414 A&ttt U= 979 38
FHAA FAES o] 4319 northern 418 Al3g A3}, FS-
831, FS-s382 mRNAS] odo| ERIFA] ¢kom FS-s7,

FS-s1 450
FS-s2 250
F'S-s5 700
FS-s7 206
FS-s18 1000
FS-s22 500
FS-s26 420
FS-s30 270
FS-s31, 35, 38 260, 420, 540

Mus musculus Pem1 gene
Mus musculus L1Md-Tf30 mRNA
Mus musculus clone RP23-247A1

Homo sapiens DC48 mRNA

Mus musculus mRNA, 3 ends of unknown function protein
Mus musculus progesterone receptor mRNA

Mus muculus T-cell receptor alpha/delta locus

EST

Unknown

* FSs: functional force specific
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FS-s30 3 FS-535 FAAES mRNAY 23 g9l o
Y soft-dietw hard-dietwoll A 2 & ] Aol7} ehta] &
Aot YA 459 3B FAAHFS-s2, FS-s5, FS-s18, Fs-
$22) -2 soft-dietT hard-dietToll4] mRNAS W& o] Ao
7t A=A FS-s29 FS-s58 mRNAY 7|7} 74z
3.8kb & 2.5kbE hard-dietol A 7atAl FAHY soft-
dietTellA = Wdo] FAHA FUtH(Fig.5A, 5B). FS-s18
¢t FS-s22% mRNA9| A7|7} 24+ 7 2.7kb 2 2.8kbE
hard-diet@ol A ZetAl TAEY soft-dietTol = <3 2
o] #EHATHFig. 5C, 5D).

4. mBNA in-situ hybridization

o

i <o o
rlo rfr ot

FS-s2, FS-s5, FS-s18 @ FS-s22 cRNA ©3aAE o]
in-situ hybridization®|A antisense B3 AE o] &3 7
2F 2} 24l mRNA 28 24 & B9 91} sense B}
mRNAS®] &&do| #A= A gkgie},

FS-s2 mRNAE soft-diet#ol A& x2Z9
AE, AFARAE 2 AZAEAA vkt
U hard-diet@el A& 723 2 S 2 A% (Fig. 6, 7, 8). 28
U Xee] ol RA 9L X pule] thE A EECME FS-s2
mRNAS] 2d& A &<l & 4 ¢Irh. FS-s5 mRNAS] ¥
d& hard-diet9] Hol2AE, AFAE, AZ s1tHF A
2 AR & AAEH S5, 2 AN BsA velte
Y soft-dietoll & FS-s5 mRNAS &2 2l & 4 ¢l
H(Fig. 9, 10). FS-s18 mRNA¥ hard-dietZl A& X521
HWAZ, HFEAE olRAE FAE D AZAZAA 7
3 33 2 Yl o soft-diet@oll M E wE o] B R ekt
HFig. 11, 12). AZZ9 IRAZE soft-dietw3 v sl
hard-diet# A FS-s18 mRNAS] &3S &3 3 4 glgle
U 2 34 = vgstdth(Fig. 17). FS-s22 mRNAS @
&L hard-dietT2] XFANA £} FRAF) A 7elA B2
HAT A FA Lo F3t TEo] BEHAYU Y soft-dietT
A& FS-s22 mRNAS] A< A9 &<l & 5 I H(Fig.
14, 15).
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Mz Aol ol 7144 &
g Z2e 594 W3l A Z]QI%eY . & 2o
Takano-Yamamoto 57 = 7§ B A A7} 71AA
S8 & A e Al xzeka 319, Kostenuik 598 7159
3} #A8 parathyroid hormone® insulin-like growth
factor7t ERAE A7 T AAEe] S wiriicta
ETh. 23y 715 Feo) A7 F Az Y zdse
EAREA 7|7 Bslde dAZA BE83] dA U
&t
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Q1 2739
o
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dietE
g Aatg fEdte
2 7HA AAES 28
oA Vet AR F
g, 2 AgdAE o]y
£ wmo] o] FAA|A] ¢
ok 8 A AAE st A 28T AFES
7} soft-deitw ¥ hard-dietTo.& Wro] o] &3t 1, A# 7}
ZA3te] oF 23Y0] A £ A7|I7F B & AIFEFH oln g}
welsle o] WS &) i, B AT 28Uzt
< nEste] 8F B AMSS AZTH E3 B AEe HE 4
HE3 t2A 7158 At A Ao, & E sttHTE
Ao EgE o2 1t AR S4F0lz & &+ gt
Kostenuik 592 HA3A202 758 A3t A& F=st
FRAEY 7} AAdtn F AFHo] FojEH M3 ol
Astetin Fen, Watts} williamse 8hetatF9
Z9] 29 47} ZolEvky 83, Hinton® Carlson'™
Z39] dx9 47lelg abEalgae] E/do] "ol a3t
H5o] FA g Zol7t ZAadtta st3eH, Sasagari 52
soft-dietell &3t 7158 A8t Feh7t A2 disuse atrophy
Bt FAhY 4FY A= AAER 71FEe ] AE
A7NE A 2AeE B & 4 Ydvhn siglen,
< AFAER AZel B3} 53 BAzIA o9} FARE
AIAES By ® . £ A Aoz & Py

Z0} oFo] soft-dietatel

fce §
=

o o o o

=2 ub
- %

=1

o

_°|L'
42
Ul
o ofy o
m

H)3le] hard-dietw ol @A S7He £d2 Blon 29
G} ZuielAe] FRA X T AR P4 E£F hard
deitoll Al 2 FE BAR, AT AFL soft-diet
Tol A Bt AZ3

L.

=
Aol A 4F4e] dEHMES AES
5 gu3t F iz €55 e
UX| SR TP g}
soft-dietT9] dttTFolA A Z FAo] ALHE WA
hard-diet9] detatFold e 58 e So] 449 4
e soft-diet7} A= E38 B & hard-dietw Bt 2# 7]
7t FAANNTE 2 hard-dietTol A F9) Aol o way 2
Hth= Salo 59 A7 Z3HeF LA,
Takano-Yamamoto 57 X|ofo]gol| 23 7]58e| W3}
A A 2 ZF3} K F)ol) A osteopontin, osteocalcin E
osteonectin®] F&o] A th2A vehdtia dhod X))
7} 7158 A oA A2E3H & B4l e AlAks
FEd, E A e geehs FER soft-diet®t hard-diet

AFRIfe] 549 Alolw A2 & 5 gl I Ax29

Wk o
1o

o N o
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F /& o] hard-dietZolH F=HAA JerdS B2st
A3, FS-s2, FS-sb, FS-s18, FS-s22 59| Eo] §AAEL
in-situ hybridization Q7oA soft-diet®} hard-diet= Ate]
o Mz Og Foz TdHE Ao Hol 3% 7%
g A3t AeldA E53F 229 W3l ehlis Aoz 4 &
T itk

£ A@A homology A4 A3 fAAe] 7]%50] L&A
om 758 #igdel A& Ao dvd 2% FH &
ZAA(FS-s1, Fs-s26)8 A8k, YA o7l 1 44}
SHEE o] 8319 northern 42 A3g 23 £ A9 44
AHFS-s31, FS-s38) mRNASY] Tdo] B9HA) @gkon
Al e AR FA(FS-sT, FS-s30, FS-s35) AAAEL
mRNAS] &&H& Fgolgor} soft-diet hard-dietTolA]
1 Fg e Aozt JehA] &gkEdl, ol Al -1}
9] ddo] mn|g Aol A} subtraction 39l v S0l
e AE A9z gzEd.

Soft-dietwell ¥]3led hard-dietTolA HeA o2 L= =
FE FAAZ FS-s2, FSs5, FS-s18 ¥ Fs-s2271 2425

=H FS-s2, FS-s59 FS-518% Genebankol] -G8z} A
FEo] dF & AAF 2 HuEH| gdey, a1 7% #
st BaE Y&o] gle A2 xR g9t} 53
FS-5182 715 4384 A e 292 L codeddta Y&
FRAAZE 71585 BASt 1 98-S 73 WA ol &
Ao g YAt T3 FS-522 FAAHE homology A4 dlA
progesterone receptor®t 24 FAAE FAHUY.
Progesterone receptor®t @3}, Villareal V& Fthz
Z B8R Al estrogen®} progesterone EAAE FojshH F
S 244 37 Jehde | Rabiee 522 vt A& S A
Pt FHFSH AR 27& BEH progesterone® AA
A A9 Zol B 4 glttka 31912, Braun® Horton™
AAelA EFE 3 THAN FFEA YA} A27) dAE
1 esterogen®} progesteronedl] 2J3 A HiAl A 27} 29
ti she 9 progesterone® F L -EE o] ARAS A4}
ste A7 A#E B o*® . th& Aol A progesterone
3 JleEae] FEAS Rl e igley B AN
hard-diet¥°l A progesterone receptor +Azet L&
FS-s22 327} SolapA ZAHE A 2R Rol FS-22% 7]
89 WA Fag 9L e FAAE 44 = 9l
ot

In-situ hybridization Al @4 FS-s2, FS-sb, FSs18 &
Fs-s22 #3271 7158 0] 243l hard-dietTe] FEAE,
HIEAE, FotRAE, XFAN, AFAEL 2 AFAE S
Tl webA O ME T2 BX e Bed, ol 4
Fo FAAL 7158 R BAE A2 gdE 715E T 94
dhs ddjolt}, E3 439 AR 2F hard-dietZe] &
BAFE A FAel A AeH oz LHEE Qo Hol I3}
AFRAN7L 715E ] et Wsls 402 Yehje 280

312

2R E 500

2 AYA AgHoz 71589 At JHE R3] ©f
£ FugA o st o] AHE EUR F3 715Y A%
A7 9] stebEat stetatF AFlA Eoldl 2HE 4719
FAAHFS-s2, FS-s5, FS-s18, Fss22) €& &t 1
AR 2AW EEE Gt ZEHCE FSs2, FS-
s5, FSs18 ¥ Fs-s22 FAAE ] 715383} B3 T8
QEE dhe AEE FFHU, ol BE3] 7] e g2
2 Ml FRAEY] dde 729 94 A bE IASH
o 43 o B3 B AT Fo] 22 Ao AIRHH,
3 AT 2AFAE B 715 AP TARERH 71AS
olgistetl 719 E & & Aot

24

V.28 B
£ dFoAE ICR AFE 8F ¢t soft-diet®} hard-diet

9] o] AL 53 715H 9 HIE F3ld, 715 W

o} #AZ Bol FAAE A&7 Aste] subtractive hy-

bridization, northern ¥4} ¥ mRNA in-situ hybidization

5o A8E APt g 22 HAES AT

1. Soft-diet#} hard-diet2] subtractive hybridizations
S3tol % 39709 clone® WYL o1 FIN 11708 A= o}
2 hard-diet? So] FE fFAAES EEasich

1109 FEAAAE FolA homology H4# northern
A8 53lo 7)5dd #o] IS Aoz AZAHAG
hard-diet¥<lA mRNA7} AR o2 ddEE FS-s2,
FS-s5, FS-s18 ¥ Fs-s22 FAAE Adech.

. FS-s2, FS-s5, FS-s18 ¥ Fss22 F34+9] cRNA &3%}
£ o] &3 in-situ hybridizationolA 4789 H2xte]
mMRNAEL hard-dietTe] AEZENAE ZshA L=
o} soft-dietwe] MEENA= 2 Fdo] neketAY
ERR] okt
ojiel A3E Fghslod FS-s2, FS-sb, FS-518 E Fs-s22

FAREL tFEo] 71%0°] A9 43A UA %= AER 7]

8o W3} HHolA F83 &S & FoF 7Y o

2 B A7 E B3] 44 fAAES B AEE S

olgete Aol o A= AlgdTh

=
T

rQk

i)
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EXPLANATION OF FIGURES

Photomicrograph of mandibular bone in a mouse fed a soft-diet for 8 weeks. alv, alveolar bone. Hematoxylin
and eosin stain. X100,

Photomicrograph of mandibular bone in a mouse fed a hard-diet for 8 weeks. There are many reversal lines
(arrows) and osteoclasts (open arrow), which indicating that the rate of bone remodeling is very active.
Active osteoblastic activity is also observed along the bone trabeculae. Hematoxylin and eosin stain. x 100.
Photomicrograph of mandibular condyle in a mouse fed a soft-diet for 8 weeks. Remnants of calcified carti-
lage (arrows) matrix appear covered by eosinophilic primary bone tissue (open arrows). Calcified cartilage
has no cells, whereas bone matric contains some osteocytes. Hematoxylin and eosin stain. % 100.
Photomicrograph of mandibular condyle in a mouse fed a hard- diet for 8 weeks. Arrows indicate well

formed mature subchondral bone under the hypertrophic chondocyte layer of mandibular condyle.
Hematoxylin and eosin stain. X 100.

. Northern blot analysis of FS-s2(A), FS-s5(B), FS-s18(C), and F3-s22(D) mRNA expression in both soft-

diet and hard-diet group. The total RNA was extracted from mouse mandible. Glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) was used as the control. HD, hard-diet; SD, soft-diet.

Expression of mRNA for FS-s2 in tooth of a mouse fed a soft- diet for 8 weeks. A few cells show a lower lev-
el of FS-s2 expression in the periodontal ligament. The section was counter-stained with methyl green.
%40,

Expression of mRNA for FS-s2 in mandibular bone of a mouse fed a soft-diet for 8 weeks. The weak positive
signals are seen in the osteoblsts lining the bone surface. The section was counter-stained with methyl
green. X40.

Expression of mRNA for FS-s2 in tooth of a mouse fed a hard- diet for 8 weeks. FS-s2 mRNA expression
are observed in the periodontal ligament but not in the tooth pulp. p, tooth pulp: d, dentin: alv, alveolar
bone. The section was counter-stained with methyl green. x100.

Expression of mRNA for FS-sb in tooth of a mouse fed a soft- diet for 8 weeks. The section was counter-
stained with methyl green. X100,

Expression of mRNA for FS-s5 in tooth of a mouse fed a hard- diet for 8 weeks. FS-s5 shows high levels of
mRNA expression in the cells of periodontal ligament and tooth pulp. p, tooth pulp; d, dentin: alv, alveolar
bone. The section was counter- stained with methyl green. x200.

Expression of mRNA for FS-s18 in mandibular bone of a mouse fed a soft-diet for 8 weeks. Low levels of
FS-s18 mRNA expression are detected in the osteoblsts. The section was counter-stained with methyl
green. xX40.

Expression of mRNA for FS-s18 in mandibular bone of a mouse fed a soft-diet for 8 weeks. The strong posi-
tive signals are observed in the osteoblsts lining the bone surface. The section was counter-stained with
methyl green. X40.

Expression of mRNA for FS-s18 in tooth of a mouse fed a hard- diet for 8 weeks. The section was counter-
stained with methyl green. x100.

Expression of mRNA for FS-s22 in tooth of a mouse fed a soft- diet for 8 weeks. There are no FS-s22 tran-
scripts expression in tooth and periontium. The section was counter-stained with methyl green. X 100.
Expression of mRNA for FS-s22 in tooth of a mouse fed a hard- diet for 8 weeks. FS-s22 transcripts are
strongly expressed in the pulp tissue and particularly in periodontal ligament cells. The section was
counter-stained with methyl green. X100.

315



J Korean Acad Pediatr Dent 30(2) 2003

Fig- 2

Fig. 4

A:FS-s2 B:FS-s5 C:FS-s18 D:FS-s22

HD SD

HD SD

HD SD HD SD

3.8 kb - 3.5kb

G3IPDH

Fig.5

316



CHEra-obx|2EkE| K| 30(2) 2003

Fig.9 Fig. 10

317



J Korean Acad Pediatr Dent 30(2) 2003

Fig. 12 Fig. 13

Fig. 14 Fig. 15

318



chgtaolx|mfsts| x| 30(2) 2003

Abstract

THE EFFECT OF ALTERED FUNCTIONAL FORCE ON THE EXPRESSION OF
SPECIFIC MRNAS IN THE DEVELOPING MOUSE MANDIBLE

Hyung-Tae Kim, Joo-Cheol Park*, Chang-Seop Lee,
Heon-Dong Park

Department of Pediatric Dentistry and department of Oral Histology*,
College of Dentistry, Oral Research Institute of Chosun University

Mechanical forces are known to have an effect on bone formation, maintenance and remodeling, and there is
evidence that the development of the mandibular condyle in the rat or mouse is influenced by altered functional
force. However, studies are lacking in molecular-biologic mechanism such as the identification of differentiation
factor induced from functional force. Here a mouse model was used to investigate the functional stress-respon-
sive gene or factors which is related to the altered force by comparing the expression genes of functional state
and hypo-functional state of the mouse mandible.

ICR mice were provisioned with either a soft, mushy diet (soft-diet group) or hard rat pellets (hard-diet
group) beginning at weaning for the alteration of functional force and subsequently sacrificed at 89 days of age.
Incisor of mice in group 1 were trimmed twice a week to reduce occlusal forces. After killing the animals,
mandibular bone including condyle were collected for RNA extraction, subtractive hybridization, northern blot
analysis and mRNA in-situ hybridization.

The results as follows;

1. A total of 39 clones were sequenced, and 11 individual sequence types were subsequently identified by sub-

tractive hybridization, as 28 clones were represented twice in the analyzed sets.

2. Consequently four candidate clones, FS-s (functional stress-specific)2, -5, ~18, and -22 were identified and
characterized by homolgy search and northern analysis. Four of these clones, FS-s2, -5, 18, and -22, were
shown to be expressed differentially in the hard-diet group.

3. Histologic sections showed that osteoblastic activity along the bone trabeculae and active bone remodeling
were significantly lower in soft than in hard diet animals. A soft diet seems to enable a longer period of en-
dochondral ogsification in the mandibular condyle.

4. Although the mRNAs of FS-s2, -5, -18, and -22 were expressed rarely by cells of the soft-diet group, high-
est expression was detected in the cells of the hard-diet group.

Together with the above results, it is suggested that FS-s2, -5, -18, and -22 could act as an important factors

controlling the tissue changes in response to functional stress. The exact functional significance of these findings
remains to be established.

Key words : Soft-diet, Hard-diet, Functional force, Specific mRNA, Mandible
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