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MicroRNA expression analysis and bone formation ability in human dental follicle cells

—Effect of miR-29 during mineralization and evaluation of bone formation in vivo using rat—

Risa Tomoki

Nihon University Graduate School of Dentistry at Matsudo,

Department of Oral and Maxillofacial Surgery

ABSTRACT

The dental follicle is an ectomesenchymal tissue surrounding developing tooth germ, and
contains osteoblastic-lineage-committed stem/progenitor cells.

Micro RNAs are small non-coding RNAs that regulate gene expression during stem cell growth,
proliferation and differentiation. The first, this study is to investigate the key regulators of
microRNA during osteogenic differentiation in hDFC. We analyzed miRNA expression profiles in
hDFC during osteoblastic differentiation. Expression of miR-29a, -29b and -29¢ decreased in hDFC
during osteogenic induction on microarray analysis. Real-time RT-PCR analysis also showed that the
expression of miR-29 family members was significantly decreased in hDFC cultured with osteogenic
induction medium (OIM) compared to that with growth medium (GM). The miR-29 family was
predicted to target o 1 type I collagen and a 2 by in silico analysis. When miR-29s were transfected
into hDFC, type I collagen production decreased. In addition, hDFC transfected with miR-29 mimics
showed delayed mineralization when compared to hDFC transfected with negative control and
nontrasfection culture. Our data suggest that miR-29 negatively regulates the osteogenic
differentiation/mineralization of hDFC by targeting type I collagen.

hDFC subjected to 3D culture OIM without dexamethasone (DEX) or GM were transplanted
onto the calvarias of F344/NJcl-rnu/mu male rats. The next, this study is to evaluate the bone
formation ability in transplantation of dental follicle cells. H-E staining showed newly formed bone
in 3D culture. Immunohistochemistry showed BMP-2, RUNX2, and Osterix staining in areas with
newly formed bone. Furthermore, Micro-CT showed transplanted hDFC promoted better bone
quality bone mineral density (BMD), bone volume (BV).

In conclusion, these data suggest that miR-29 is negative regulator to the osteogenic
differentiation/mineralization of hDFC by targeting type I collagen and hDFC cultured in OIM
without DEX have higher ability for bone formation. Therefore, hDFC may be useful in bone

regeneration .
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T, BAERSBFICBWT, b FEREiaz D808 ER ShTng. BRimk
D ARSI R M (human mesenchymal stem cells from bone marrow: hMSC) 1%, %
ANDENS GERRAARETH 5 2 &, B IFMa-ClEliMias E~opfbia A+ 252 &
NG, fEx R HAERICERICHS TS V2 Ei, BRSNS L B M ROMEEZE R
FB AR 2 DR AHHFRICTEIET 2 2 ERHL N E o2 P 22T, BFEHMA~DRER D
<, TR EE T2 +57 ORI DG B L 2 MR O R DM T LI TN D,

BEEEIT, MRRREE D SMRTEMEFIEAR R ok O &AL T, s RHEE OmR THIEE S S
WTHDLID, HTIAERRELINZ 52 & BAEFRHAOMRZHIT 2 2 & 23 FTHE
ThD. WERIE, ROMEEERBMISFET 2287, & NEEN LML 7- 5
F Sl (human dental follicle cells: hDFC) (%, B EMIHEF5E 55 1 (osteogenic induction
medium: OIM) TH;#T % & AIKILT 5 2 L BRI TWS * Y hDFC %, Notch-1,
STRO-1 72 & O~ — 1 —=°, CD29, CD44 72 & OB R M~ —H — B3 HBL$ 5 2 Lo
5, hMSC SR L= E 2 A4 %Y. & 512, hDFCIZhMSC & kil LT, MIfabttes En
TV EDOWELH D . ZDi=w, hDFC 1%, BEAEROMIKE LTI T, Ak
(LR ZE FH O fn & L CTH A TIZRWnE RSN D.

MicroRNA |3, 20-25 HzHAFREE DOPNIEM: small non-cording RNA T, FHA#: %43 % mRNA
D 3 KBRS T 5 2 LT, FIRROMEISC mRNA ORI S3 5 & nwbhTing ”
Y. F72, microRNA 1F, FAESCHRIERR, MKEOHHEIME &> T AR RE 2 4
5T EBBHGNE o Tz T BT, B S E A IKABIZBI S35 microRNA 0

M3z 4 B B2, MC3T3 <> C3H10T1/2 #ifa % FHV 7= microRNA AFZE23 T T 219,



ABFROFE—D AL LT, hDFC OAIKALIZEI 53 % microRNA O % HIXIZ, hDFC
FIRAGIEFRIZ 31T % microRNA OHEFERIEAR FIBUMMNT 21T > 7=. F£7z, hDFC DA KAk
F£ CTHBIZH) L 72 microRNA 723 hDFC O A IRKAGIZBE 532 DMt L7z
wIZ, T v NEHTEE E~hDFC 284l L, /bS8 WARE & #FAl L 72. hMSC Z 5 3 i ~%>
LFHET A, |35% H1H~ Dexamethasone (DEX)Z I35 . L2, DEX (%45
REWVEHZAET 2 AT A RTHY, BEEFME~OHEITRET 2 2 LRRELNEE
2% . hDFC [, in vitro |23\ C, DEX Z ¥ L 720 OIM [OIM DEX (-)] TH:# L CTH AKXk
T2 ENMESNTNDEA P, AENICET 2B EEEIC OV TOREITE 220
AEFFROE D HKE LT, OIM DEX (-) THi# L7z hDFC % RN~ L 72RO FT A F
TERREZ /a4 5 Z & & L7z, hDFC % GM %7213 OIM DEX (-) Tkt L, 7 v NA
THE LA~ LT, BoAff, RRRER 28T 4B TR & LA A0, Sk b i o Blgs LT,
S BT, Micro-CT & W TIER S V28T AR E O = RouE sl 217 - 7-.

AHFFEIL, hDFC 0 microRNA it 247 5 Z £12 XV, ARIKIZEI S % microRNA % 57

T 5L L BT, hDFC % 7 v NEKRKNA~BHE L 7RO B AT AREE Z it L7z,



MBS X OF
1. hDFC O4BER X OB

+aloA T A= Narty FO/FLNIZEEND THEBRE R ZAEL, £ O
WA ET DR EL BRI L 7. 3% PBS CTUeidr L, MK 2 B0 Bru\cig, A A% H
WCHAY) L, 0.1 U/ml collagenase type 1 & 1 U/ml dispase (Roche) % VT 37°C C 1 e[l
JLER % U, hDFC % 70BfE U7=. 0B U7- 28 JHEFRES i (GM: Mesenchymal stem cell growth
medium, Lonza) % H\, 37 °C, 5% CO, in air 5/ T THIMRI L UHMRES R 21T > 72. GM Of
%1%, Mesenchymal Stem Cell Basal Medium (Lonza) (Z MSCGM SingleQuots® (10% FBS: fetal
bovine serum, L-glutamine, penicillin/streptomycin, Lonza) Z/lx 72t D & Uiz, X3 B Z
LA LT, FEBRITITHEEL 5~6 O hDFC Z M U7z, ARSEERIT A AR AR o 7350 i 2R

ZE S (KiEE 5 EC05-025, EC10-036) DigEHINE~ TIT- 7.

2. BHME~DSHEE

hDFC 1% 3.1 x 10’ cells/em® THERE L, 24 FERIH4 125 ARG E S (OIM: Mesenchymal
stem cell osteogenic induced medium, Lonza) (ZiE#2 L 7=. OIM (%, Osteogenic Basal Medium
(Lonza) (T Osteogenic SingleQuots ® (10% FBS, ascorbate, p-glycerophosphate, DEX,
L-glutamine, penicillin/streptomycin, Lonza) Z#/1Z 726D & L7z, £7-, DEX 2L T\ 5%
B2 Hi 7 OIM DEX (+), ¥R L T e EsHZ OIM DEX (1) & L7=. KHis OIM 2 Z&c#e L7

Az ORR L L, FAZE1IAA L L.



3. Alizarin Red S 3¢5,
hDFC % 10%F 440~ YU > C 30 75 RIEE%, 1% Alizarin #A#% (Kanto chemical) C 10 47

MYt %17 > 7=,

4. Alkaline Phosphatase 5%
Alkaline Phosphatase % %1%, StemTAG™ Alkaline Phosphatase Activity Assay Kit (Cell
Biolabs) % FHV 7=, W7 L 7= p-nitrophenyl % 415 nm CTHIE L, 1 umol @ p-nitrophenyl 73 1

S NCEBES 2% J1fli& 1 unit & L 7=,

5. RNA O
hDFC IZ 100 mm dish {Z 1.5 x 10° cells/dish CHEHE L, 24 B4 12 GM % 721% OIM DEX (+)

(ZEHR L 72. #ERFAYIC miRNeasy Mini Kit (QIAGEN) % FVN T total RNA Z i L7z,

6. microRNA microarray fi##T

microRNA microarray f#HTIZ 1, 553 0 H H ® hDFC & OIM DEX (+) T7 HRJE&E L2
hDFC 7> & i1t L 7= total RNA % F\V 7. Microarray (Z 5 total RNA ORFE RS T OVEL I,
RNA6000 Nano Gel System % U T Agilent 2100 Bioanalyzer (Agilent Technologies) THERS L
72. MicroRNA & Bifi#T1L, Agilent human miRNA Rel. 12.0 arrays (Agilent Technologies) %
VT, Agilent techmologies fED 7 v k =2 —/ L{ZHE-> CTHIE L7=. MicroRNA % & A 72 total
RNA % 100 ng % Agilent Complete Labeling and Hyb Kit (Agilent Technologies) Z H T

Cyanine3 (Cy3) T7 L L7z. Cy3 7L RNA % array (Z¥SHIf%, 55°C (2T 20 WffH



hybridization #17>72. A7 4 NI L, =002 T-72 (3000 rpm, =), A ¥ v ) —
(Agilent Technologies) T % It Y JAZ~, Feature Extraction Software (Agilent Technologies) T
HETRE B L LT, B fs T3 BUIENT I GeneSpring GX software (Agilent Technologies) %

-,

7. microRNA ERELGFOBER
microRNA DRI EA B AR -1, microRNA 7 — & ~X— X (TargetScan, TarBase, miRecords)

ZAWTRE L.

8. Real-time RT-PCR

MicroRNA & El &%, miScript System (QIAGEN) % HW\W T 1 k22— /LZHEWHIE L7z,
%9, miScript Reverse Transcription Kit (QIAGEN) % FV T 100 ng total RNA 7>5 cDNA %
fERE L7=. ¢cDNA |Z Primer Assay (QIAGEN) # X U8 miScript SYBR® Green PCR Kit
(QIAGEN)C PCR [iniik % {EHL L, DNA Engine Opticonl (BioRad) T 95°C 15 43 [ElINEA#L, 94
"C15%,55°C30%, 70°C 30 Fb & 40 1 7 MATW, HOGHE 2 RICE =2 — L7, 77
A ~ — 1%, Primer Assay (hsa-miR-29a forward, 5’-UAGCACCAUCUGAAAUCGGUUA-3’;
hsa-miR-29b forward, 5’-UAGCACCAUUUGAAAUCAGUGUU-3’; hsa-miR-29¢ forward, 5’-
UAGCACCAUUUGAAAUCGGUUA-3’; RNU6 forward primer) ¥ T8 10X miScript Universal
Primer (reverse primer) Z{fifi L7-. = hr—/L L LT RNU6 % /=, B3I &EIT

AACT IETEE LT,



9. MicroRNA transfection

hDFC % 3.1 x 10’ cells/cm® C 24 well plate |Z#EHE L, 24 F§fi]1% |2 OIM DEX (+) |25 L 7-.
MicroRNA transfection ¥A#Z1%, 2 uM miScript miRNA Mimic (QIAGEN) 1.5 pl (3 FE¥H [RIFRFERAN
DA 0.5 pl 37-2), HiPerFect Transfection Reagent (QIAGEN) 3 pl {Z Mesenchymal Stem Cell
Basal Medium Z /12 CT4&% 100 ul & L7=. MicroRNA transfection ¥AE % =E{E T 10 4[]
incubation L T transfection complex % fZik & H7-%%, OIM DEX (+) (2434 L 7= hDFC (Z#shn
L 7-. Negative control & L T, AllStars Negative Control siRNA (QIAGEN) % transfection L 7.

Transfection |Z55# 0 H B, & 3 HEIZ T o7, H5MIAHIE 3 H Z L1772

10. ELISA
MicroRNA 7% transfection L 72 hDFC O35 3~6 0 H D% FiF4 B L. v haTg—F
> %A 7 1 ELISAKit (ACEL) MW\ T, % LFEF O 1R Y r a7 —F B LT e R

ag—rrEENE L.

11. hDFC ® =R The%

B-TCP #ALBIEZ F L AR (HE 3.0 mm x &S 2.0 mm, pore size: 100-300 pm,
MedGel) % A% 74—/ K& LTHWZ. 5.0 x 10° cells/ml [Z754% L 7= hDFC S 25 ul
% 96 well plate N CA X ¥ 7 +—/L FIZ{i I, CO, incubator (37°C, 5% CO, in air {4 ) T1
e E L, A¥ ¥ 7+ —/L NIZ hDFC &4 S ¥ 7. £0%, GM £7212 OIM DEX (-) %

0.2 ml/well Jil 2, CO, incubator H1 T 4 H 1554 L7=.



12. hDFC ® 7 v MNEHIEF E~DBHE

ARWNICET 5 hDFC OF R IREZ G 5720, B a Ve BilEER 21T 72, %
BREVMIL, ‘£ 9 IRl F344/NJcl-ru/mu BEFEZ ~ & (215 + 15 g, AAZ L7 kAt 3F6
V% H 2. GM BE (GM C 3 kocks# L7- hDFC %4l L 7-#%) & OIM DEX (-) # (OIM
DEX (-) T3 &och5# L7- hDFC 2 BMl L7-RE) @ 2 Bf (FEE3 L) ([T 7.

ETOTRIE, > hvre X —LF hU 7 A (25 mgkg) ZEVENEEL L, 2K
THEAT L72. GM 35 L OV OIM DEX (-) #RIFBHTER 2 616 L, SAZE BRI - TREYIR
ZATV, BT ARRR IR 2 MV CRIBE- % L L7, BRC- TRk T OVE IR Z2 % L, 31
FHEMHEFEOMIZAF v 7 +—/V RRNEICHA SN/ PTFE F=—7 ZH AL, FAIL

7o, Fa—7ONEIT3.0mm, SME40mm, &S 2.0mm & L, HARTZ 121°C T 20 43fH D

HH

EEAKIRE 21T o7z, AR, BRE T A v R THRES L, fit\ CRIFTEE & & PG L
7. BIEHIRNE, ST 28 A E Lo, ARFERIT A AR i i@ 2Rz 5

DOIEKFBIAE > THT o T2 (KFEFE 5 AP10-MDO001).

13. FERRFHOBIZE

7w NORHIEIT, L L BAERERRIC RS 21T o 7o, DIRE D~ Y U Ef
AP EIE K 2 HERR, il 701, 10%FER L~ U U IREER 2 D CREBRIE E 2170,
PTFE F = — 7 % B Te8HET & —ICHH L7z, 10% P PEdR /L~ U L KEIRIC 3 AR T
TR L7121, 10% EDTA T2 HHBIK L, KRWHZEIRE, T 7 1 24T, JES 4.0

pm THY) L7z, G I3@IAICfEV H-E Qe & filn L8R L7e.



14. Micro-CT {Z X B @47
GETEY > hDFC ¥ A# % Micro-CT (R-mCT®, Rigaku Corporation) % JHVNTHRR L7~

R, BE

H

0 kv, & EEIE 88 nA, BREMEHE 10 1%, FER 17 7T 360 FLElE Lk
BT RIS 4 BB TITo 72, B DR 7 B VRS EEIE 20 x 20 x 20 pm T, =R
BRG] 7 N TRI/3D-Bon (Ratoc System engineering) % N TULER L, & Ol & 2
BE L. Fa—7NBOFAETEE (TV, em), F& BV, cm’) BLOVEHEE (BMC, mg)
BRI L BRAEEE BV/TV, %) & BHE (BMD, mglem’) 1% BV, TV, BMC 7> 55 H L

776

15. SeEkERRILPRIBIER

EREOFEB U R 126 U CREMBME 2R a5 1T > 72, 1 IRPUAIE, ~ 7 A monoclonal $T
BMP-2 #iff (65529.111; 1:500; Abcam), 7 £+ b polyclonal it RUNX2 Hif& (1:500; Abcam),
Z £ > b polyclonal T Osterix HL{A (1:500; Abcam) 35 L 87 > b polyclonal HT VEGF-A20
(1:50; Santa Cruz) Z#H\\ =, &OIF1E, WXT 7 4 %, 10 mM 7 = T b U 0 ARER
(pH 6.0) Z FHW, IRIRIET95°C, 40 SN er LIRS b S, =R T C 12 R s S H 7z,
1 WHURRE#, NWRPES VA F 2 X —BRISIE DT, 3% Wt KkFEx 2 ) — LI
IR TIC 15 o f)s S 72, PBS T4, 2 IkbtfA& LT, ChemMate ENVISION kit /
HRP (DAB) (Dako) #fifiL, 71 b a—/LZht-> CTUHE L=, &51Z, PBS THFL,
DAB (Merck) (2T A%, ~A Vv —~~ bF U VKIBR TR EZIT), BIE LT, %
PURIZXET % Positive control & LT, 1EH 728 OFAEYI %, Negative control & LT, 1 &t

Bz NI 2 YU E S8 T

10



16. SEFHHIFELT

AT X, t-EZ W TITo 72,

11



j
1. hDFC OARALBEIZE S35 microRNA DR

1) microRNA microarray fi#4T

microarray T 2 FH VT, hDFC O K LIEFE THREZLE T 5 microRNA Z K L7z, HIE
L 72 961 microRNA H, hDFC THILNFRO 5072 D 1% 307 microRNA Th-o7-. H54#% 0 HH
® hDFC & OIM DEX (+) C©7 HI#55# L7- hDFC B T L7z & 2 A, 2 LI B BIAE) L
72 D1% 80 microRNA Th o7z, £D 5 H, OIM T 7 HHEEEIC L > T2 500 EFHN LH L
72 microRNA | 42 microRNA T, 1/2 LLFIZFEBLAN A L 72 microRNA (X 38 microRNA T&

-7 (X 1.

total: 80 genes
up: 42 genes

down: 38 genes

Day 7 OIM DEX (+) (Normalized Intensity)

ENeE eEm
T

Day 0 GM (Normalized Intensity)

1. microRNA microarray fi#HT#E 5
¥4 0 H H® hDFC & OIM DEX (+) TH:# L7z 7 H H ® hDFC [£]"C microRNA microarray

AT AT o T2
2 (F LA BB H) L 7= microRNA @ Scatter plot.

12



2) microRNA-29 family D3 Hi

5, microRNA IFAEMiMEAZ A5 mRNA 225 OFIRAZAICHIET 5 L b TW\Wb. £

N

D 7-%, hDFC % OIM DEX (+) TE:# L7-HHC, BIARSAIRILICE 545 mRNA Z 2R &
35 miRNA [ZFEINEAD T 5 & & 2 7. microarray AT OFE F2 5, 552 0 B B THRIANE
<, OIM DEX (+) TOH:# 7 HH T 1/2 LA FIZHBLDEA L7z microRNA FEIZ, miR-29a,
miR-29b, miR-29¢ 23388 5 V72 (X 1). KIZ, miR-29 family DOREHFA) 72258 (5 1 FE Bl % real-time
RCR {£% HWWTHll~<72. miR-29 family [TV 341 h, H548 1,2, 4,7, 11 H HIZHWT GM TH:

UM L il LT, OIM DEX (+) TH:#E L7-FRIHEAD LTz (K 2).

miR-29%a miR-29b miR-2%¢

5

Relative Gene Expressions
*
*

0 1 L 1 L 1 ﬂ 1 1 1 1 1 n 1 1 1 1 1
0 2 4 6 &8 10 12 0 2 4 6 &8 10 12 0 2 4 6 § 10 12

Time (day) Time (day) Time (day)

B GM @ OIMDEX(H

2. hDFC OARALRFRIZ 351F % miR-29 family O EAR -5 HL

hDFC % GM %7213 OIM DEX (+) TZNZA 1, 2,4, 7, 11 H 5 L72FFD miR-29 family
DHERFH AR T-FE B

(n =3, *p<0.05, ** p <0.01, *** p < 0.005)

13



3) 1M aZ—0 x0T EAIZIIT % miR-29 family O 5%

miR-29 family DIEHYE{R T DR 5E %, TargetScan, TarBase, miRecords # H\V\NTIT > 72. % D
fa e, BB T HEF IZa 1 type L collagen 36 KL Qa2 RO Lz a7 — 57 03, FITH
ZIFX U & LKL D ERAaMias LE TH 5. £ 2T, hDFC IZ miR-29a, -29b, -29¢
mimic ZBEEAL, 58 HEFO IR T rnad—r BRI reRa T EE
HE L7z, ZOfESE, Negative control & Fii L T, miR-29 family % i8{x 18 A L 72 hDFC 55%%

EiEFOa T U BIIMET L (K 3).

sk

type L collagen (mg/well)
=

Negative
control

OIM miR-29abc

3. type I collagen D % /X7 FEAIZF31F D miR-29 family D52 %%

hDFC {Z miR-29 family (miR-29a, -29b, -29¢) mimic Z & {xE A L7=RD 1Rl o Z — 7 #
Ny B REE R

(n=3,*p<0.05,** p<0.01)

14



4) fJKABIZ BT D miR-29 family O 2%

hDFC |Z miR-29 family Z E{n A L7ZREO A KL ~D 5% Alizarin red S Y44 i
Tz, H542 14 B H OB 85 A% LTV 720 OIM B, Negative control #£1E, W9 41 &Y
GG TH 572723, miR-29 family EARHIYEARRETH 72, K58 18 H H TIE, miR-29
family ZARE T H Y@ IGMERT A2 72D 7228, OIM ¥, Negative control B & Filled= % & Yufa i
PO LR SN2, £, GM TOHE T, BiE T EAOF B D LY R

ool (K 4).

Day 14 Day 18

Negative Negative

OIM miR-2%abc OIM miR-29abc

control control

X 4. hDFC O IRALIZH 1T D miR-29 family 055248
hDFC |Z miR-29 family (miR-29a, -29b, -29¢) mimic % s & A L 7= RO A IRILEE R, H52% 14
HHPB LW 18 B HIZ Alizarin red S Y i TR L 7=.

15



KIZ, miR-29 family EIZ 35 1T 5 A PKALHNHIZHER O Hel 217 - 72 miR-29a, -29b, -29¢ mimic
Z 3 AND RF—mnbE5n-Z2nFho hDEC 3 X OVhMSC ([SEFHEA L, §3% 15 A B
|2 Alizarin red S Y& TEFAM 247 - 72. miR-29 family @ 5 5, fx b A RKALINHIZN R 2R LD

1%, miR-29b TH 7= (X 5).

Transfection Negative
OIM Reagent miR-29abc miR-29a miR-29b miR-29¢  control

hMSC

5. miR-29 family 2 51T 5 A RALHNHH 2h F D b
3AND R =066 07=ZZE1d hDFC % 721 hMSC |Z miR-29a, -29b, -29¢ mimic % i&
BN LUT-REDOAIRALEE A B35 15 A HIZ Alizarin red S Y4 CREA L 7=.

16



2. Dexamethasone JEUSINEEE hDFC OAERNIZR T 5 HiE B EE
1) AAMERIPT R

A¥ ¥ 74—V & W T =Roch 48 L7z hDFC % PTFE = — 7 IZffiA L, JHIAE kI
Bl U=, Btk 4 HH, ML ICHEE 23890 575, OIM DEX (-) #EiX, GM #f & bl L
T, A% ¥ 74—V FRIC K W Z L OFEBERARD 2. Fiz, A RO/ Gk
(TARIR U7 B LS ORGSR Ol 238 7o, S B, FiAEE IR IIE 2

oSN <z (K 6).

GM OIM DEX (-)

6. DEX FEIRINES28 hDFC A 14 DRk %
BAft% 4 1 H OFLRE. A, B: x40, Bars = 500 um, C, D: X200, Bars = 100 pm.

NB: new bone, CB: calvaria bone, S: scaffold, T: tube, black arrows: osteoblast.

17



2) Micro-CT {2 & & fihir

Micro-CT Hi{§53 477> & BMD fl % %&bl 77 7 —3D Wi L7z, Wit & b IZHETEEIA 5
DFVEE TR AR O T2 PTFE F 2 — 7 NI W T, GMEECTO B OB A TE 2R D 1273,
OIM DEX (-) HECIZGMBE L i LT, LV Z< OFEBMRZROT (B TA). BRAEE

FHANZFV T OIM DEX (-) BfiX GM #f & thiz L C, BMD, BMC 5 X VBV 72 STzl

THEfEZ R L= (X 7B).

OIM DEX()

g
2

o
©

2
32

BMC (mg)
»

-

BMD (mg/cm?)
BV (X 10 c¢m?)

H
2

—

BMC/TV BV/TV
600 80 %ok D GM

& Il OIM DEX (-)
400 >
S ** P<0,005
200 ** P<0.01
* * P<0.05

%] 7. Micro-CT |Z X 2 fidfrifli 5=

AR 418 H O Micro-CT B 5347 7> 53R S 4172 BMD U0 7 —3D #if%. a: GM, b: OIM
DEX (-).

B AEA% 4 18 H oO/8 LR FH IR R

BMD: bone mineral density, BMC: bone mineral content, BV: bone volume, BMC/TV: BMC/total

BMC/TV (mg/em?)

volume. (* p <0.05, ** p <0.01, *** p <0.005)

18



3) SRR RIPT R

G R L SFEOYL A 12 B8V T, BMP-2, RUNX2 35 L TN Osterix X l#E & 12, fE S H#kN O

AR EFEICES] U2 B SR Tl MESOS B S vz, WifE S $12 VEGF (i N 2

§a X O AER ORI RO L 7= B MR BV CBER S (X 8).

GM OIM DEX (-)
T Y . ; 1A _‘S < _"-\
S '_’_-_ ’ . “‘ -.¥‘I.‘- .\1
BMP-2 NB § ”". x
' ;
“, _ S s K >
RUNX2 B Ty -
s ‘* -
e s - S P
_ A E R =
Osterix | . <3~ -
NB < v
» “.’I"
: NB# S .S 3 -
“a . i . S : :I:'. % '\ : ";‘(‘ *-::_"5
¥ g 7 A 5
VEGF | . ° & VO A
I o o
! AT N

8. e L gty

BAifi% 4  H © BMP-2, RUNX2, Osterix, VEGF D5 klk L F Y a4,

X 400, Bars = 100 pm. NB: new bone, S: scaffold, black arrows: indicate to positive reactions.
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Z %
BIfE, B N microRNA (X 1,000 FEFELL ERIE SN TERY, "V HExa— N1 5

TO8 3 FILLEORBEEZHE L T D E VbR T0 5. B biEfe CRRELRT 5
mictoRNA [ZOWTHWME I N D L2120, BFFEMESLICLEOBEER T Th S
RUNX2 < Osterix Z 42 & 3% microRNA 2888 S Tung > 1),

AHFSE T, hDFC O A R FiEIA o —f & L C, microRNA microarray fi#dT % VT
JRAGIEFE THRBIAEI T D microRNA ORRZ1To72. 554 0 H H ® hDFC & ik LT, OIM
TH;#% L7 7 B H® hDFC T, miR-29 family OB 2788 7=, £ 72, real-time RT-PCR
5% T miR-29 family OB s FREZ 72 L 2 A, GM TOEEITH A, OIM THE L
7= hDFC THHNWBA LT D 2 & DR S 472, HiE T, microRNA OFFERYE{R 112
WTORFFETZ T T/ <, microRNA OFEBLA BT 5K FIZ oW THAIFES N D K DT/ b,
TGF-BIZ & - T miR-29 FEAMH S5 = & NRE ST D 117, Y= T3, hDFC %
OIM TE:#T 5 &, FEEUHMICIHBWT TGF-B DREN ERT5 2L 2MELTWEY). Zo
Z &5, hDFC % OIM TH:# L 72D miR-29 family O3B 1%, TGF-pD 7B L 5-

2k B ATHEEAVRIB ST,

RIZ, miR-29 family 28 £ D KL 9 72BR A AERIIZ L TV D D703, microRNA 7 — & ~_— 2
ZRWTHAZ, ZOREE, EAEMETREF ICal type T collagen (collal) 35 X a2 type 1
collagen (colla2) 23388 HAL7z. & 2 C, miR-29 family 28 1l = 7 — 7 U pEAIC B % AT
M7 7=, hDFC |Z miR-29 family Z {5 &AL, & EEFTO 1R Tnay -7k
Q1A heRaT—7 BEH#H~-E 25, miR-29 family HARE TN S a7 —7  BORE

VAW HAVIZ. NIH3T3 Ml miR-29b 28 s THAT 2 & 12T — 57 o OB
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528 e FTERAMKE T, collal 0 3°-UTR fEIKIC miR-29b 23454 L, 12 5 —4
B HEAZMEIT S EOWELH Y. £, AFIROBHE(LFRZEE TIE miR-29 FEH
A LTWD 2L, DR ZE A FEIE L 72 BEEEEE T b miR-29 FEBIAHA LTV D Z & vk
HENTND 0 2 b0HEND, miR-29 family (% collal ¢ 3’-UTR fEIKIZHEEG LTI
BaZ—57 ORMRERIET 2 2 LIk Y, MIANSEE ORISR Bbo Tnd Z &
NV gV

WIZ, miR-29 family 73 hDFC DA RAGIZ & D & 9 72 B8 % JZ1EF D H>, Alizarin red S Yt %
PN CR7=. miR-29 family % hDFC |28 {5 13 A7 5 &, Negative control % {5 15 A L
TR & U, ARARAMNH S 7z, F 72, miR-29a, -29b, -29¢ & TN EIEIE FEAT S
&, miR-29b 238 b IR ARALINHIZN R 2 7R L7z, BIfED & 2 A, miR-29a, -29b, -29¢ [H] TD
TERDENZ OV TOHE TR <, FMII A TH L. LA L, miR-29a, -29b, -29¢ D seed
IR U Td 5 720, seed T LA DG ELBLFN DEFE WA BIE L TV D ATREMED B 5. — 77,
MC3T3-El Mz A 7-iF5E T, &M 2L T miR-29b OFEBLIN LH35 2 &,
miR-29b %5 H AT D & FIRAEPRET D Z ERBESN TS 2. Z ok RIT
miR-29 1385 M/ (LI FR (2 38V T, TGF-P3 <° histon deacetylase 4 72 & O/ FEMAL L0
KT ZEICT 570 L EBERENTWS 2. £, B LB FEZ S miR-29 (335
EH-L, osteonectin PEAEZINHITH 2 & P, EH ARG EEE BT 58 ML LEET
miR-29 (IHHL LH L C1Ala 7 —F U AR IHT 2 Lo H o D). 4%, B
53 b~D miR-29 family DOV T, MO E HFMIA~DME AT — V7 8%
EE L COFEMARFRNNLEEEZD.

RIZ, hDFC O'F A ERICH ~O ARt 2 1 2 2 & 2 HAYIZ, OIM DEX (1) TH#E L
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7= hDFC % 7 v NHTEE E~FBHf L7-. 1@% DEX 1%, RO(LRIZEREMIILZ 5 MAa~5
EFBET 254, Bl ~Fn+2 . LU, DEX L, 1= 5 —4 U ORBAK T S5
WERRZMHT 5 Z L3 E s, £7RICE TS DEX OEMEGIC X HREIMEM &
LC, BHEERIER D U 27 BNRE ST 5 ), DEX I3 I O S 5EmH1<e, 7 R
M= AOFE, WEMRKAENSES 2 L TRRIREZIRET S EShTns 7 %
DT, HHAERKIZBWT DEX OMHITHEIT S Z EBREELWEEZX LD, LLAR
235 hDFC 1, in vitro \Z8\ T, OIM DEX (1) CE:#E L THAIRILT 5 Z &8RS T
% AR SRR T ® 5 MC3T3-E1 Milllx, DEX 2% £ 720> OIM Thi L T /B2
~HMET B EHE SN TOAZ ED P, hDFC 1213, ROCIEREMIRO &7 5, A/
BB b AR D ARt A R S p P,

AWFFETlE, OIM DEX (-) CHs# L7-hDFC % 7 v NEATAE LIS L, MRS 21T
o7z, ZORER, hDFC Bhififz 4 I8 B2, FrAEE OB 2780, #iEE ik TldE HMiaoid
Fl| 36 X OB AR JE AR IE, R5R U7 B A 28R S vz,

WIZ, Micro-CT K 5B &t i&E a1 21T - 72. OIM DEX (-) TH;:#% L 7= hDFC % %4l L 7= #¥
1%, GM TH7#8 L7- hDFC ##hili L 7 & L L C, BMC, BMD, BV, BMC/TV 35 XU BV/TV
TrEEZR LT, BRI HREEREORFRELZ M T 5 EEL L THLRA TS
BMD /% hDFC # TrafEi 2= L >, BV bz R Lz, Zh5h 5 OIMDEX (-) T L7z
hDFC #4342 &, BENZ L, LORRALIZHAETPRIND Z LW REBINT.

G R L P ABL 22 TlE, BMP2, RUNX2 3 X U8 Osterix 1814 B 0\ AT 2 fIa I By

4*

PEAT R, 238 7. BMP2 13RSV R e 0B F s b 2 e+ % Y RUNX2 &

Osterix |XRTEFMPLDOSIZIBNT, BEDEFERFE LTmbiLTng 3139 F7-,
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RUNX2 £7-1F Osterix / v 7 7 7 b~ 7 AT, A LIZEHFMEAED DN Ehb,
IO DEFRFIIEBEICBO TRLMNARREZ o T s ERESTnD P9 &
S THATBFRIAFAET DM 2R & 2R S 7z, VEGF 138 2R L O N iz
AERLIZ B PERT LA G860 7=, VEGF LM HiA 2T 5 2 & C, ‘BB L OB EREICE S
T2 2 L0 NIEME VEGF DR 2l % LB ERET 5 Z LG Sh g
F 72, BHETIL, invitro |28V T, OIM DEX (-) TH;# L 72 hDFC I, GM TH5# L 72 hDFC
LEE L C, VEGF OB TFHRABIONY VRNV EEANERTHZ L 2ER LTV
(data not shown). Z#L5 D Z & 725 hDFC (X OIM DEX (-) TH:ET 2% &, Bl L&
L, HAEEZIEAT 2 Rt R ST,

LI EOfEE NS, hDFC O£ JRALIZ1E miR-29 family DNZ L5 182 F — 7 v OpfeE E
S LTWD Z LRI T, £70, DEX IEFE F CHIAET 2T 5 WEIL, BH

AERFEOMIEIE LTAHTH L Z &R Sz,
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o am

ARBFZEIE, hDFEC @ microRNA fi#tT 2179 Z LI XV, AIRAIZEI 595 microRNA % fR 3R

T5 L L BIT, hDFC %7 v MERNABAE L 72RO B TARE 2 at L, B A ERIG

M~ Rt 2 fiss L7z,

hDFC O 7 JRAIEFE T 1/2 LU M B3 2 microRNA H1Z miR-29a, miR-29b, miR-29¢
iz,

OIM DEX (+) TH;# L7 hDFC TlX, GM TR & il L T miR-29a, miR-29b,
miR-29¢ DBIRTF-FEL WD LTz,

miR-29 family OFENJE(5 F-1Zal type I collagen 35 & a2 # 787,

hDFC |Z miR-29family % {5 FEANT D &, 18 a T — 7o X L oRy GgREE RN L.
hDFC (2 miR-29 family Z &5 T8 AT 25 &, AR S, FFIZ miR-29b 13k b &

WA RAEI R R A s U

hDFC % 7 v NEHIEE E~BfE% 4 WA, M I\ T, WS bITHAEE %
7273, OIM DEX (-) BT GM BEE HEE LT XLV < OFAET 28D,

hDFC % 7 » NEHTE'E E~FAit 4 B, Micro-CT {34712 T, OIM DEX (-) £ GM
BEL R L C LY &< OFAE 27, BMD, BMC, BV 72 E & TIZB W CEEZ R L=,
hDFC % 7 » NEHIAE E~Bfi% 4 BB, SEERLPRIITRICE T, miEE b

BMP2, RUNX2, Osterix 33 &2 (8 VEGF DG LA 7R 7.

PLEDFER DS, hDFC O A7 JRALIZIE miR-29 family O/ L5 18 2 F — 7 v opEd |

ANEALELTWD Z &R STz, £72, DEX IFEFE F THABT 2B T 2 WEIL, &
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