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FFZER OB (F230) : The aims of this study were to investigate the mechanical-stress-induced gene
expression patterns by gene profiling using microarray analysis in the cells of periodontal tissue, and to
select the functionally effective molecules to regulate the bone remodeling, and then to establish the
transfer method of selected gene into the periodontal tissue. The expression pattern analysis suggested
that both properties common among cells and cell-specific properties affect the remodeling mechanism
of periodontal tissues in response to mechanical stress. Moreover several signal pathways were
identified as candidates. A non-viral gene delivery approach with nano/microbubbles and ultrasound
were established for targeting soft tissues.

AR ERA
(EHHAL : 1)
I EEE N

2010 4F 2, 200, 000 [ 660, 000 [ 2, 860, 000 [
2011 4F 800, 000 [ 240, 000 4 1, 040, 000 [
2012 4 500, 000 [ 150, 000 [ 650, 000 [

FHE

R
&t 3,500, 000 1, 050, 000 4, 550, 000 1]

WEEsY R R

P& DR - M - 85 - FRIE - NIRRT

X—U— N Bdus, 7 TVRE EEMRE A 27a7 bAoA, S AAD=2 A, HREHRE, B
SEHRE, A

1. WFFERRME LD 5 oo b LB E SN2 iRt ER
HERME EE 7ot OB BIREIZIX, B & HE L. = ORI LTl & didEBis
HBRICZRER A I = VA R U ADMEA L, ZEEL, MR LTHEOBIINKZ S,
JOFTIZAEME 72 /XA A A T3 = J7 )V 72 Rl A %8 D EHE 72 SOEHERE 2 0 1 L UL B X OV
K95, ORI HE Ll E I HEE LUV THBMNCT D 2 &k, EHRNRIEIE
SHVIEHL LT Fid, RFTICARRGFIEL T FHHE OBE & R/ANBORMER D HIZE




FHETH D,

T ETH LI, in vitro OAFEICEBWT,
18 JE DO FFCIEAE /153 Caspase-8 #4119 %%
\Z &V Caspase-3 ZiE AL L, EHAIZE I
DT R =V AEHERTDHZENASL
e L7z (JDR 2006), F7=—HREBRENZ
EAT, AR RETHE I L D FRERY A ) (2%t
L CHRPiEEZA LTRBY ., Aff LIz JHKTE
(B L C RANKL O3& 514 Ba58 L CHlE #l
fafe Rk % 2 L (IBMR 2002), {# 8 126
L C Osteoprotegerin M 3EHL % He58 L CTHl i i
R Tk % il L 7=,

S OICHRIEAIIIE, A L7z AT
Bt U C I & BrA= K1 VEGF DA & i L
(IDR 2009), Z=MHEARE P~ D ML TR & 1.
WEI Lo R btz 8B L, Bk
BV EEN O OMERIER L, U E
TV TICBWTEERERZ R LTW
HEBEZOND, LLEOHTERE LY, Ml
NAF = AT =7 ANZHKT DINEIT LD 3
B8ty rEMiaoxry hU—2 v
AT DO—HMHA LN E 72T,

W, Fex 13T v F o invivo EBR T, Eix
T A D ik L LT, HVI-Envelop 7% (J Period
Res 2008, Gene Ther 2006, JDR 2006), =1 7
feRL— g 9E T/ TSGR

(JDR2009) DBAFEIZEN L., HORBE) % il
WMULYBZLER LT, AR D
HNIAD=H VANV AZFES L LE
2 b5 IRER 2k - 3 EARE S E k
L. AARIC RANKL J8H AR L, &%
ELTCHloBEN EE A~ 2 L7, (AJODO
2008),

Ll b, ZhE TOHFx OWFFIEEE
DLy DFFNTICE £ > TBY . RMD5y1
RABEN D F TR B KA TR, F
o AN LT H XD VT R ERE
OB HR S D, ZOMEERRT 5720
\ZIE, MR A I CTH Y | BT ORI
BN LT~ 7T LA &L F A
T —=~T 4 7 AR EHAWDS Z 2L,
IEHE T RAMED @ W EEM 22 fiF AT 23 7T e &
bivs,

2. WHEOHM

AR TIE, £9 (1) AH=DLA L
AZRICEVEBEFEIND N TRELE T
FV T T E~A 70T LAIZL D EiE
FINCRRNT L, BB T2 L, iy 7
IBERK S T2 RIET 5, feT, (2)
BRI 2488 L7 VB ORI,
g X OZF oMM, BEEA (O
FAMFERITE) B X OHRIEE (WA
B ZHOCTHIES 7278 L, FEeRriCiX
BIER DN e W N A HEME Y =7 U v 7
AR E O 2 BT,

3. WD Ik
(1) invitro IZHBITF DA H=H NV A LRI
£V JE AR AR A RS X D D
fiE T
O
R IIX. ~ U A B 3 M AR ik
(MC3T3-E1ffifd) . & L < it hE Mgk
AR MG-63 £ 7213 b sl kR IESHE L &
A L7z, AT 10% 405 V2 i i (fetal
bovine serum:FBS), 100U/ml penicillin-G, 3 X
Y 100pg/ml  streptomycin  sulfate & A
alpha-minimum essential medium (eMEM)% H
WT 37°C, 5%CO, % fH T ChE L7-.
QAT =HIA L ADAR T
AH=JVA NV AEERME ), R £ 7
IR A . ARSI X 72, E7o. HEEEM
fadEEh Rl A B - B L. 2hE v
TR BB A N % 72
@it
1) total RNA ZffitH L., ~A 77 LA IZ Xk
DR BT T D, Y 7 b
GeneSpring™ ¥ X O Ingenuity™ Pathway
Analysis W T, BBIEbD 7 F ALY
T EATVN, T H 0 IALTE,
2) U7 LHA L RT-PCR IEIZE Y mRNA %
H L ~UL & 327, Runx2, Ostelix 72 & D#EE.
K DB A R LT,
3) [AIRRICHIE Lz fia 2 EE S L < i3
BHZAR L L, FRWRE 7 rt—ft
TERWT, Rt Frs LTy =2
Zo7nayT 4y 7IEIZE D ERK, INK, p38
728 MAPK 77 X U —<°NF kB DEHDH
BV U b O A BN NERE LT, T
W N = ABE A DO FBLE T,
4) FIRALEE 2 O 7 AR I AR, TV
HVRAT 7 X —BiLtEEEE LT,

(2) ETAEYIBTDX—F v baFD
in vivo i& {5 7 E AL
6 WIRHENEZ » M2, A Y 7T AR
TWTTJ «~A 7 a XTI EBELRE RN
T, Ay 7 =27 —BBIET27 v AR
BN L, BRI, A=V TIETEEBT
AR L OB ORI Z BT L
776

4. WFFERUR

(1) FreerOIEME ISR T 2 b b B AR S A
b L <IEE MO B ST FBUSE

bt R R S L < X E R A o
Ty hOIRBBICHE L, TOR, HS %
FEI Lo 7 AMFEZ I L CRERIERE /)
wESBEAA LT, R, M2 5 total RNA
ZiH L. BioAnalyzer 4347 Tl L. RIN
(RNA integrity number) =10 % s~ 3 3E43fi# total
RNA ZHIWT. .~ A 7 a7 LAIZ X2 HEHER
FBURHT 21T > 72,




PEAREARAE X, SRR b L TR
EHLTWz, BFEMETIE, 7R =X
<2 DNA BEIZBHR T 5 > 7 F VR R O
B G- 2R &tz BRI L, Freend A
JIOARHIZ LY | BB EF T 28E 178, %
BT 5 BE 8. ANEOBRREDR
SNz, S OICEBFHEI NS — RITIZ X
D | HIF-1a <> NFxB %419 5 v 7 F VAR ER
BnfE/ME L CThHN T,

ARRRRFPE DEWAS, HJERRRO Y ET U
THEREIC B W TEERER A R L, B
HINLBLREN, MY €TV 70N
TURAEHHE L TV D ARENER S B,

(2) JE A R0 o3 2 B 2R o i
B HBUGE

BIHEMEAE 2 7T N OREE B3
L. =Dk, JEEE RN 2 Aff L, Al
%, FFAN G total RNA ZHhiH L. FE5 R
total RNA Z AW C~A 27 a7 L A2k 5
HERIREBURIT 21T > T2,

JEER R OARNIC X Y BB ERT
LB TRE, BB T 2 BE TR, AED
BIEFRESRIE SNz, S5 I0EE BN
A —MEMIZE Y MAPK 77 2 U —%4r4
DT FIMRERE IR S, W OhD v TS
IARTER B MER & L THN -T2,

F o, JEMERNE & AR OE NI XY
FINERE B R BL A3 2385 7THE, 8B
V& LBIETRE, AEDOBEEBETFRIRE S
770

(3) REhAIFE x5 B ML OB s 1%
BULE
PREHEES - BB IR - /R E) SR
& Ee Yy K Fr—UT7 IR HRE
MM AT 2B LN T y— A —%
HTHVATARlIHa Ly Ea—4Y 7 by
TT7 H W, B e~ O IEE L E &

BEYE L7z, SEE O PERESTARIL N 0-10 m/s?,

JE W% 0-60 Hz DRI T TA LA 7 —
EERAWN T T T2,

AR A~ O HRE I L, JEE I 25 Type | collagen
a—hkL7zv U aroewel 71—k

(Flexcell International Corp., NC, USA) @ well
O TR BRI AR 2 v RE2 L TITo 7,
BRI A~ D HR B B AR SR AR 1IN S O,
1.0 m/s®> £ 7213 5.0 m/s?, JE % 60 Hz, =)
AR 10 min & 1 [8] & U7z, Ml sS4
\Z#£1T 72 )2 7=, Real-time PCR 12 X ¥ Runx2
B L O Ostelix mRNA # 5L EH- Nl s ni-,

(4) Photolithography £74i7 2 Il H L 7= 8Nz
M558 R O MRS

JEMIZAR v 7 AZ A T OWUNER~A 7
o — 2 EfrE LT 24well 7 L — k& A
VY, FMAREEFETE M. Real-time PCR 12X %

MRNA FEBLD & B, Al O T RSP ) 14
B IO B DB 21T 70, BRI
Bl 22 NEBR & 2 B b A R
BRBR 2 iR U 7 B AR SR TR TR L
IS E G 2 2o T2, B~k
AMEME S H. actin filament 2338 L. a4
#4571 Integrin a2 & B3 mRNA FELA A EIZ
R L7c. F7o. B LB EEs 1A
DA BB EH L,

AR OHEGE - b S HICHERIER (F4)
WFRIZR VT, HIRRAEEE & o e R fik
HTE AD=INVA N L ADIRIR ST, H
AOE) X T THIREN TEIK A =TV A
NUANEEIZRDZ ENHERIESND,

(5) BFEANE

Z v FOWEMBI BT AEANT DS
B LT, BEREF IO ARAT AL LTS
fRAEANEEMENL LT, & OB s 8B
G FMEA 72 < IR LGN EET, JE
REMISEE T2 RFTICEATE D2 &
#;\@ﬂﬁﬁﬁibﬁémm%fééﬁ&
Thb,

BAA~DOBGEFE AT TE 7208, il
B, EARBEIZOW T, BAR LU AL
W23 U7 A & S ITHFE. EANLETH
b,

5. FleRFinLE
(BFgEf . WITRs 38 R OB 724 1
X THR)

UdEssamsc)  &F (9)
OTHEEE. KAE. WIGE - FifihEfE
x5 B MR 3 L OVE 2EMa

B fn 7R BUGE, Clinical Calcium 2 23 %4 4
5 599 K, 2013. (il
Q@EIIRIr, THEELRE, WEH, By
1l % i3 2 fc s N 22 i o e, Clinical
Calcium, No.21, No.5, p.116, 2011. (& #i4E)
OBt E, THEH. swAEF, M EA
PribgeE s, IHHEES, LR, B B
HE AT+ AR F— K [4-(methylthio)
phenylthio] methanebisphosphonate] @anabolic
721EH, Clinical Calcium #521%55116-117H,
2011. (#FiHE)
@THERE, HEHEIT, WEH  HEREM
MRS O MIFERK, H AR EL ) 7257
#, No.11, 146-147,2011. (FHilE)
OTHEERE, EHEIT, WEFH, b MR
MIREL L F6 1T 2 BRI S E S B AR+ D
BT, HAREG ) F27 am X2, No.10,
68-69, 2010. (FHiieE)

®R. Chen, M. Chiba, S. Mori : In vivo detection
of cancer metastases at an early stage by vessel
density with ultrasound and nano/microbubbles, J
Oral Biosci. 52, Suppl., p96, 2010. (£ Fi%E) .
@EHBIT, THEELRE. HinFk: BUhERB



http://jglobal.jst.go.jp/detail.php?JGLOBAL_ID=201002245901261640&q=%E5%8D%83%E8%91%89%E7%BE%8E%E9%BA%97&t=0
http://jglobal.jst.go.jp/detail.php?JGLOBAL_ID=201002245901261640&q=%E5%8D%83%E8%91%89%E7%BE%8E%E9%BA%97&t=0
http://jglobal.jst.go.jp/detail.php?JGLOBAL_ID=201002245901261640&q=%E5%8D%83%E8%91%89%E7%BE%8E%E9%BA%97&t=0

BREEIC 1T B M 0 HEFH K OV fkic o
\"C, J.Oral Biosci. 52, Suppl., 157, 2010. (&
it 1)

OETEMA. THELE. sShARET. A B,
rribfE, DHER, fREE. EHE
AnabolicZ2 EM % & D E AR A 7 + R —
I [4-(methylthio) phenylthio] methanebisphos
phonate] @ {Ef#F¥, J.0ral Biosci. 52, Suppl.,
112,2010. (f#iiE)

O THELEE: B ARIEI R 2 & D
SR BT A R il & o A A o
I OWTC—, 7, 510 &,
No.3:100-103, 2010. (f ¢

(FRFER] G 211F)
(DT. Ota, M. Chiba, and H. Hayashi, Responses
of Osteoblasts to Vibrational Stimulation,
IADR/AADR/CADR 91* General Session and
Exhibition, March 20-23, 2013, The Washington
State Convention Center, Seattle, Wash., USA.
(@M. Chiba, R. Miyai, T. Ota, H. Hayashi, The
effects of micro-spatial environment for
osteoblast osteogenesis, The American Society
for Bone and Mineral Research (ASBMR) 2012
Annual Meeting, October 12-15, 2012,
Minneapolis Convention Center, Minneapolis,
Minnesota, USA.
(®R. Miyai, M. Chiba, H. Hayashi, Gene
Expression Related to Osteoblast Differentiation
in Mouse Calvaria-Derived MC3T3-E1 Cells
Cultured in Micro-Space, 6th International
Symposium on Advanced Science and Technology
in Experimental Mechanics (6th ISEM
'11-Sendai/Kansai), 3-5 November, 2011, Kansai
Airport Conference Halls, Osaka, Japan.
@M. Chiba and H. Hayashi, The Role of
Mechanical Stretching During Skeletal Muscle
Organogenesis, 6th International Symposium on
Advanced Science and Technology in
Experimental Mechanics (6th
ISEM'11-Sendai/Kansai), 3-5 November, 2011,
Kansai Airport Conference Halls, Osaka, Japan
(®M. Chiba, R. Miyai and H. Hayashi,
Micro-spatial environment for osteoblast
osteogenesis, The 4th International Symposium
for Interface Oral Health Science, 7-8 March,
2011, Sendai Plaza Hotel, Sendai, Japan
®M. Chiba, R. Miyai and H. Hayashi, The
effects of compressive force on gene expression
in human osteoblasts and periodontal ligament
cells, The 4th International Symposium for
Interface Oral Health Science, 7-8 March, 2011,
Sendai Plaza Hotel, Sendai, Japan
(DM. Chiba, R. Miyai, and H. Hayashi,
Micro-spatial environment for osteoblast
osteogenesis studied using a photolithographic
technique, IADR/AADR/CADR 89th General

Session and Exhibition, 16-19 March, 2011, San
Diego Convention Center, San Diego, CA, USA
(®M. Chiba, R. Miyai, H. Hayashi, Compressive
force induced gene expression of human
periodontal ligament cells, 5th International
Symposium on Advanced Science and Technology
in Experimental Mechanics (5th ISEM'10-Kyoto),
4-7 November, 2010, Ryukoku University,
Omiya Campus, Kyoto, Japan
(@M. Chiba, and H. Hayashi, Mechanical-stress-
induced gene expression profiling of psteoblasts
and periodontal ligament cells, IADR/AADR 88th
General Session and Exhibition, 14-17 July, 2010,
Centre Convencions Internacional Barcelona,
Barcelona, Spain.
OTHEE. HAKBR, SiGE. s8ABE,
R, D, EEEET. RFHRE, @
AR EHE, hEH A2 VT E N
BRUgR O FRAT, 5 55 [A] H ABU e B 2
£,2012 49 A 6-8 H. HALKRF)INAEF
¥ URA A,
OTHEERE, HEHET, KBE, HEH: ~
A 7 afUNZERR] 3RO R R IR DB 3
HIRoOHE3E & %), The 11th Conference on
Biomechanics in Niigata, 2012 4% 4 H 28 H,
29 H, FriEKT, Hris.
@THEERE, BRI, W, HEREK
MR OMILFER, HARFEER ) ¥4 2011 4
FEFRGET <, 2011 4F 8 H30 H-9 H 1 H, &
BIRbRE, RR.
OEHRIr, THELE, WEH, §May
b7 HE 3 2 FdE i NE R oG, 5 32 [H
FACE R IEs, 201142 A 5 H, 1LY
Z U RETL, lf.
OEIIRI, THEELE, WEH, mbEn%
RO RRE-RE B MR O /b & ZZMIZOu
C-, The 10th Conference on Biomechanics in
Sendai, 2010 4= 11 A 20-21 H, ik SE
PG, G,
OTHEERE. =R, KRS, R
D FEAMERIENT kT 2 5 EHEA#, The 10th
Conference on Biomechanics in Sendai, 2010 4+
11 A 20-21 H, fliE gk sqE BEt g, ila
@Bfigh, THEEFE, AT, Invivo detection of
cancer metastases at an early stage by vessel
density with ultrasound and nano/microbubbles,
55 52 Bl B} SRR R 2 A K22, 2010 429 A
20-22 H, & U —FR—/VidH, HOR.
@RI, THEELE, WEH, EREH
A2 SR B D R N2 RO BR BELZ 38 1
% B FMIE O & OBz D T-, 2 52
] R LB R S A K2, 2010 429 A 20-22
H, #U—Fr—/UiE, HER.
O, THEERE, AR F, B2
PrigaE, IIHER], L HEE EEE
Anabolic 72 EH & & DBl E AR A7 45—
I [4-(methylthio) phenylthio]



http://jglobal.jst.go.jp/detail.php?JGLOBAL_ID=201202298839122191&q=%E5%8D%83%E8%91%89%E7%BE%8E%E9%BA%97&t=2
http://jglobal.jst.go.jp/detail.php?JGLOBAL_ID=201202298839122191&q=%E5%8D%83%E8%91%89%E7%BE%8E%E9%BA%97&t=2

methanebisphosphonate] @ 1F 7. £ 52 [F]
RS R RSN RS, 2010429 A 20 H
~22 H, ZU—hR—/ /L, B

QT ZEEEE, THE, WEFH, b MR
HERRIZ 3 1T 5 HABUR A B S LB 7
AT, HASFEBR /1774 2010 4 ARG TH S,
2010 4 8 H 17-19 H, EIF K=, Eik
COBRER, AR TBH, THEEH, AT, NEHHh.
AR OB B IRIEDT= DT ) «~A 78
TV L BEW 2 T2 45 8N EDORG.
55 34 [A] H RBHSEH 74, 2010 42 6 H 10-11
H, MEFIWFRT I, HI.

(E] Gt 4 1)
OTHEERE TBARA RN 3 2 Ml 2 5
BR—{e IR & JERE R SV T —], AA
EEI) e [ & < oo FZEBREAR - i
AR RS BB B YR R T — Akt
p48-51, 2012.
(@M. Chiba, R. Miyai and H. Hayashi;
Micro-spatial environment and osteoblast
osteogenesis, Interface Oral Health Science 2011,
110-111, 2012. (#&FefE) DOL:
10.1007/978-4-431-54070-0_23
(®M. Chiba, R. Miyai and H. Hayashi; Gene
Expression in Human Osteoblasts and
Periodontal Ligament Cells under Compressive
Force, Interface Oral Health Science 2011,
112-113, 2012. (& Fe%E) DOL:
10.1007/978-4-431-54070-0_24
@Chiba M, Miyagawa A, Igarashi K, Hayashi H.
Mechanical-stress-induced apoptosis and
angiogenesis in periodontal tissue. In: Interface
Oral Health Science 2009, Sasano T, Suzuki O,
editors, Tokyo: Springer, pp. 145-147, 2010. (4
i) DOI: 10.1007/978-4-431-99644-6_27

(PESEIA PEHE]
ORI (G0 )

A TR
LR
HEFIZ -
FEAH
&
HEEHA B -
EPS DR

OBAHRIL (G0 1)

L
LR
HEFIZ -
F¥A -

HH
BASFH B
ERSDHI

(& Dfh]

R— b=
@ nhttp://www.iadr.com/i4a/pages/index.cfm?pa
geid=3429#.UcapjeBC9io
@ nhttp://www.tohoku.ac.jp/japanese/2011/03/aw
ard20110329-01.html
@ https://www.tohoku.ac.jp/japanese/newimg/a
wardimg/prizeimg/award20110329_01.pdf

6. HFZEiRE

() AFTef s

T#  2£BE (CHIBA MIREI)

ALK « KEEBLH SR - GEAT
g %5 10236820

(2) B ge oy i

JEK B (SHIMIZU YOSHINAKA)
BALKT: « KFPPEo 2 seet - Bh#
geE %5 30302152

T B3 (KUDO TADA-AKI)

BALKT: « KFPPEo FafseRtl - Bh#
9 E %5 : 50431606

&M = (SHINODA HISASHI)

BALKT: « KFPEs FafseRt - KFpidE
AT

g8 %5 : 80014025

# 87 (HAYASHI HARUHIDE)
BALKT: « KFPEs FafseRt - KFpidE
AT

ge 8 %5 © 90107293

(3) EHEMFFEE


http://www.iadr.com/i4a/pages/index.cfm?pageid=3429#.UcapjeBC9io
http://www.iadr.com/i4a/pages/index.cfm?pageid=3429#.UcapjeBC9io
http://www.tohoku.ac.jp/japanese/2011/03/award20110329-01.html
http://www.tohoku.ac.jp/japanese/2011/03/award20110329-01.html
https://www.tohoku.ac.jp/japanese/newimg/awardimg/prizeimg/award20110329_01.pdf
https://www.tohoku.ac.jp/japanese/newimg/awardimg/prizeimg/award20110329_01.pdf

