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A SR AT JE R M B & (R SR AR E I R 5E)

R IRR IR LA B P A T IR OB %

FREZ LD HE
(ERk 2344 A1 B~ 7 A 31 H)
WD B
CEpk 238 A1 B~k 2443 A 31 H)
MANTATECEN ENLEFEFEME 2 — 5

MAEEE

miRNAIE, 21-25 ntD—ASRNATHY, ZOMRELL THFEDOmMRNANDZ L 2~
DR O], mMRNAO Y EFHERBIUOBERHTLMONTE., SOICHKE, =7V
Ve MO FIZmIRNADSTETE T BN Do TE. ZRETITE MRS LD~ —h—,
BEBEETF, MR F AN RESNTEER, ZNOE T 2miRNAIZ DO W TOFHIE

IR, AR TIE, BRI mIRNAT VAR 2B 4528128 -C, BHliEE
FOBFR TR DmIRNAR A B & — 2L, FHEE R BB E T A R miRN
AZHIHL, B LR T OBbUE R fERELT, FEEREF, Mo
Bk, oY = R T 7 AR KT AR 520 T RIS D mIRNADVE HIIE 43 (ki
B ORBEETAZENHOLNERY, 6D mIRNAZ ostemiR (FATIT) &4 LTz,

AR CRIELT. OstemiR BL Y anti-ostemiR |

HAHEFERIZ, #EREEHE
VL2095,

A.HHEE®
) BN DEREREM DL, HED
2T I, =T SRS LD, ENHDD

HUN D)3 microRNA BTER{K (primary miRNA,

pri-miRNA) 2733, W ELEH TIL, RNaselll TH
% Drosha #2327 L3280z X - T, pri-
miRNA 23D IV B AT bV L — T4
&Y D premiRNA BHRAETH. T0#%
Exportin=5 (2L > THIRE ~LHxIn5
(Grimm and Streetz, 2006; Diederichs and Jung,
2008). X512 pre-miRNA X, 1%V RNaselll T
5 Dicer BAEMKIZLo T —TE 0 038R
RENBIET A RNA HESERINDS.
T A miRNA OF T e b — A8 mature
miRNA H5W T siRNA 1E, BX%Z 20-30 X7

3, RN ERBOEMITHERT

ﬁ@K)Lﬁ}in\{A%UDK&) HERRHLVERBLIT

FFRO-—AE RNA THY, Argonaute #2737
7 L RNA-induced silencing complex (RISC)& 7
EZL (Siomi H and Siomi MC, 2009), 47 ®
mRNA LD NATIVE AL =m0,
B ED mRNA NHEL 7B ~OFEROIH]
(Olsen and Ambros, 1999), mRNA D4y fEEE
(Hatvagner and Zamore, 2002; Llave and Xie,
2002) Z4TH. MA T, =7V Y —LDHITH
miRNA BEETHIENEON TE (Hu and
Drescher, 2012).
FAEBBICBITAEEMRBLURIEIZ
BIFAERENCEST, BEMEBIOEME
EEEAKREEPHESMETHDS. FIFHEIL,
ZaeErEb ORI ERBHARICHEETS
(Harada and Rodan, 2003). ‘B ZHHIMANL, &HiT



AL LB BE T H D E IR~ AL, B~
w7 ADFTHE & OFMMINEZ 7 FEFIZ NS ]
{ZFF1E 7 % (Aarden and Burger, 1994). Zm4y
LT, BFMES LD~ 2F — TR F
ELTIZALETIZ Runx?2/Chfal, Sp7/Osterix,
beta—catenin 7% 41 & 1 T & 7= (Karsenty and
Kronenberg, 2009; Komori T, 2006). ¥7/-F %
MRS Lz RET D ER LT BMP 773
J—= CCN 77V —2M5 T3 (Perbal
and Takigawa, 2005; Kubota and Takigawa,
2011). 2N FETIZ, Runx2 (Zhang and Xie, 2011),
FAK (Eskildsen and Taipaleenmaki, 2011),
Connexind3 (Inose and Ochi, 2009)D#1LFh
? mRNA ZEHRMT5ZLICL> TR M
b & HIE9 25 miRNA 2VREN T,
MR S L ORFFEI 1L, MC3T3-EL
(MC3T3), C3H10T1/2, ST2, C2C12, KUSA-
Al (KUSA) BLUERBYBI RS0 TS5
A=V—MAIPHVENTEE. ZhbDHL
KUSA #BAE(TH538 L CREBS IZHETE L, B/
ALP &M, ‘B 754230 (bglap/osteocalcin)
DPEA, ARIEERL, Sca-1, CD44, Ly-6C,
CD140 tWolcfifa R ~— " — 2B 5
(Ochi and Chen, 2002; Kawashima and Shindo,
2005) . E51T, KUSA #ifaZ -~ Af FIZiEs
TOERFMEBLEFHE L. £/, B0
BELIERDIREETHDZ LB 722 E ke
WD, A —MBEAF RS TR

(Kato and Windle, 1997; Kamioka and Honjo,
2001) . BEm OBl ~—5—& L TiZ, DMP1,
FGF-23, Sclerositin 2% #1 & 1 T v 5 (Franz—
Odendaal and Hall, 2006; lkeda, 2008). 43¥4%
YRTETHD DMP1 BEYNCRES NI
Ml~—J1—"C®H5(Toyosawa and Shintani, 2001).
FGF-23 1%, BI85V 08ty #30 D
DIEMALERETHIETERDIZTIALDIE
YRR T ALV EE AL
(Lorenz-Depiereux and Bastephe, 2006; Feng
and Ward, 2006;) . A# &ML IE (Sclerosteosis)
DFEKFREBEFTHD sost IZa—F&Ehb
Sclerostin b £ F MM ~—H —Tdh 5
(Bezooijen and Roelen, 2004: Winkler and
Sutherland, 2003).

AHFFETIE, FMEEEE72 miRNA Array fRAT %
BT HIE1255T, KUSA #iHa o> B Hifa 4y
{LIBFRIZIITSH miRNA FEHLE &7 — 2 % B
LINT D, ZIHD miRNA O E R H 72 3 Bl
&% miRNA ZHIHL, B HiS (LR
A+ LD EEE-T-.

B. #F3E H i

MRkl LHEE

~ U AE B B sE KUSA-A1 (KUSA) # jja &
~ U ABHE R HE MC3T3-E1 (MC3T3) i,
B R N 7 Lt B %% 1) 7= (Ochi and
Chen, 2002). ZALHOMIERIL 10% 0075525 To
DMEM 1T, 5% _ER LIk BIRE THREIN.

Mgl 7V NETERESN, L 7XaL
BV, TR VA, R—F Y knT R
=— A2 B BEICEMES .

ANTY LILEDGA
TUFI Ly RYET, BBV ERSR -
(Kawata and Eguchi, 2006) .

RNA o FF &

/NE72 RNA Z & h—%/L RNA ORI,
miRNeasy mini kit (74 2) % H\, DNase 4L
BEEHI T,

miRNA qPCR 7V A

TETE—%ER L= cDNA AFkiE RT2 first
strand kit (SABiosciences) & Fl W\ THT - 7.

miRNA gPCR 7L 1%, miFinder miRNA PCR
array % F V) TAT o 7= . miScript array data
analysis Z VT, 7 — T N7 &=,

T —DF AL qRT-PCR

cDNA 13 ERHTEH DL All-in-One miRNA
gRT-PCR kit (Gene Copoeia)® AW NTE KL=,
% mature miRNA |[ZHF R MR TS50~ —1T,

miRBase (28175 — kKK O ZREEIZE S
Ti% #t L 7= (Griffiths—Jones and Saini, 2008).

miRNA ZE & 57-% D gPCR i, SYBR
Premix Ex Taq (TaKaRa)% H\ CTfTo7=. qRT-
PCR {Z&% mRNA OFEBITEIEICHEVITo7
(Eguchi and Kubota, 2008) .

miRNA O F— % v Tl
TargetScan %8 i L7- (Lewis and Burge, 2005).

weEt

WAL, T a7V — AWM T —R T
BEINEBRIZHOWONE. U7 L ZA12 PCR
XNV — R, EHENE SR
WO, EERET, WL EELO T —
ZrEbEIZE HENTE.



C. a3 BHMBESIEOFEFTLLL T, KUSA §ijaL
KUSA #i Fa o & #i B 45 1k MC3T3 fifa O HEEfRa L7 (K1),

A

KUSA-A1

MC3T3-E1

Oday 2wks 3wks

X1. KUSA-A1 (MBI T MC3T3 (B)D & FH s (LIBERIZB T AT VHF Y Loy R,

ZA dmp1 c cent/
o] ‘ cyr61
j’ & T Fem . o il
L B _ 0
ccn2/
B bglap/ »| ctgf
70 osteocalcin s

i 15
w‘ 0.
sof 2
o) ¢ —
mg- E
201 .
10} ) cen3/
o il o .

4hrs 2days 1wk 2wks

Relative expression levels, / gapdh

w/o induction .
B with induction :

4hrs 2days 1wk  2wks

X2, KUSA-AL MR O {LBRRIZEB T DB FREBEZEL. Dmpl (A) & O bglap/osteocalcin (B)
@ mRNA X E Mg~ — 7 — LU TERENTZ. Cyr61/cenl (C), ctgf/cen2 (D) BTN nov/cen3
(E) ® mRNAs (%, B HFHaLRFHEO~——LL TERSNI-.
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Time after Induction
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Threshold cycle value range

X3, & B G TO miRNA B E M OHE.

LB EY TIVAVRIRMT 5212k - T,
KLJSA A TIXRINO4ARF %62 & 12

T TR N ST LOEFELRD, AJK
fEMRSEEEENT (1A). ZOH NI LD EFE
% KUSA Ml W T2 @M% ICBEE Th-
7223, MC3T3 R TII REERL TH o7 (K
1B).

HIB O LB SO W T ORERER B D201
Slb~——DEEER T, Biila~—7—
TH5 Dmpl 1%, KUSA HEME D B2 5 TR AL
Oz, EFEICHEINZ (K2A). HH)—20D
“ﬁ%ﬁiﬂ@x’“—ﬁ Té% Bglap/FAFTH N
IALEEE R 4D 2B MR I E SRS
f_(u2B) Bz T, CTGF, Cyr61, Nov &V vo7=
CCN 77\) 0))‘//\~7J>£&?ﬂ0) ﬂ:ﬂ@%‘l

o, KUSA ?ﬁfﬂﬁ@ﬁ’%’ﬁ’ﬁﬁ‘» ﬂSTDEF @‘Efjﬂ/c‘:t
T THBI LB BRI,

miRNA 7L A DHEE

BRI o3 &AM BE DB (stemness) % il {3
A O miRNA OEEZ D=7, QRT-PCR %
FEARELT- miR\’A TUARGERLE. IELLT,
B L E 2B T miRNA REHL UL
i, tOEBRFM GFERTRB IR RER) Lk
L TR -7 (K3A) . BIOERB A4
&, 1EFEAE D miRNA 13, KUSA HIRL D R FR
TR BEBEL L TR L T2 B MR 0 BEBEIZ 380 T

‘RS EIEL TV (T —H1E) . BFED2H
FBIZRBUETL miRNA 21T let-Ta 773 —

BEO miR-30 773IVU— (miR-30a/d/e) & F
NN (T —FE%) .

WIZEEL-E miRNA 275 RF TS5 KL
THEHT Lt([x 13B). 75 RAZT T LDHERIZES
-'ér miRNA Z8FEIRIZ /LI (F—71%) . &b

7 miRNA BT, B8l 02 MEE#EI1Z
Lo THEBEN EH L miRNA BETH 7=,

FATITIZOWTEVERTH7-01Z, 2250
EERTERNZIBITS miRNA DFEHL ~L A LS
Lizb—h~y 7 Z2/ER L. miR-30d DKL
VT, dh-D R LTSS, 4ht, 2w,
2wtV T NORFIZB W THED -T2 (K4A-
C). BFEEDO-ODO—EDRIKIZE-T, miR-
30d 721 T72< miR-155 b E SN (K4A).

miR-16 DOFHL ~)L X, [FAEO BRIz E-
T L7 (B4A) . BHEORERRIZEST,
miR-30d & miR-30c 23 FHE X1, miR-503, miR-
322, miR-125-3p ORELL ~L T b IfSi
7- (4B) . miR-30d & miR-150 1%, flLo> miRNA
&{‘Hﬁi ZﬂFﬁmﬁfﬁﬁiui iﬁf%)%iﬁﬁfﬁ
Sz (K4C) . miR-503 BLV miR-744 11E&
R I > TR LY.

miRNA BEOEE/LIhTZEE

KUSA OB HIBASLIZETS miRNA E&ED
T2 DONEIELELE R ET HT-HIZ, Snord8s,
Snord66, Rnu6, miRTC, PPC DIEH ¥ — %
miRNA 7L AD#ERNLHHLZ (K5A). Fh
HDHH Snordéb & PPC DI NF—NIKE
Br iz WTETB%J'L’C?JV) Rnu6 &
Snord85 DFEIR NNZ—ANIRTEL TUVVRDaoT-.
#-7T, Snord66 & PPC %Z@ﬁ;a) KUSA & #f
R4y b ZBRIZE 1S miRNA EEDONEEYEL
LCEALE.



A (ah ] 4h-)

Waipdtsade of oy 2 {Fobt {harmpe)

B (2w+ / 4h-)

Magriisde of gt 1if 048 {hange )

C (2w- ! 4h-)

Wagesiate of boo ! (Fulet Thasnge s

UpP UP UpP

B05: miR-30d B05: miR-30d B05: miR-30d

B08: miR-155 E02: miR-34c D06: miR-150

DOWN DOWN DOWN

A02: miR-16 E03: miR-503 E03: miR-503
B11: miR-322 HO02: miR-744

G04:miR-125b-3p

4. miRNA 7L A Kk (Ne— R 7 HENT. %5 E5

A), 2D
LREX S LTz

IZ, miRNA 7L ADFERDEBMEIZOWT
MR B0, & miRNA ICR T35 R75
A~ —%Zi&arL, TALEHWT gqRT-PCR %17
-7=. miR-21 BEO miR-155 OFHIL, qRT-
PCR 1ZX£->T% miRNA TI//f ZEoTHHEFID
FIIZE>TEHLEZLDOD, HE#&HO(LEEREIZ
BUOCEI#I s Z. miR-322 ([ZoW T [FHE
D FFETHEIL, qRT-PCR BLTX miRNA 7L
ADTFIZEBNT, BHEO 2B % O T
REDOIKTEZRLE (T —FB%) . miR-16 23F
HAAT —JI2B VTSl Ens LDt
qRT-PCR {ZX>T% miRNA 7L AIZE>THHE
WENT-(F—FWE) . miRNA 7L AD5EE,
miR-30d BRI, BEEfE, BHitEEO W
TNTLHFEINDIEOEREZBZLOD,
qRT-PCR OFERTIZHEFIEO AL > TiHE
SNBEDRERE/T- (T —FHE).

ZF AT I7 (ostemiR) DF —F o b B L UH
BEDTH

B A AR 43 b o i R ?E% IHBEEHL-
miRNA OEEEL X — 7 o MOV T, F#ll KR8
HEEITo7- (£2). _;rLF>0>7r7\-*f:7’4i, "
EROLINTHE OB EbIBIEF2 57—
FohbThETFHIEN:. 2P RT 472
HEBEEFLEEAATITOI = ThHHETF

TR, BIBE PSR, BHEO4EM% (4h,
FHE (2wt), 2B O EHIEEE 2Qw-) D% miRNA R &3, BHBO miRNA 33 E (4h-)

HEnf. BHEMEOMIZEHFLE—Fo
miRNA, 372> % miR-30d, miR-155, miR-21,
miR-16 & ¢ miRNA #£1L, B K~—H—T
HHERIEFIZ, & MR O EME O 2] 3
% A[RETED &)Zﬁ miR-34c & miR-16 XV
BMAREAT—YTH2 2w+TERLET-D, B
M~ — 0 —CHHEREIZ, &Mt &
B E2IHIT D RN DD,

BEHEEFEF—F YT 5 miRNA OF
Bl

BHEREFEE—7 b5 miRNA DTl
IZE>T, FHEEWE CREINT, WLED
HTHRAFS T, &;Zab\ TERTHEVRESN
TRV miRNA BRGHAL23E 37 IEFIER sE R
FlzFRIESN. L CIEFHEY R CRES
Nz, HHNTHILE TRFESNZ miRNA 120
HIZOWVWTwmT s BMila~— b —Th5s
Dmpl @ 3’ JEFHFREIRAZ R 5 miRNA &L
T, let=-7/miR-98 23 IS (7 —FBE) . let—
T 77V —OEA =X, BHESoERE
THEIMHINZEDD, let-T 773V —DK
P& dmpl EEFOREBEIH 2RI HILEN
MBI, S, BEREFTHS
ctgf/cen2 @ 3’ FERUEREIME R T DL FHIE
717~ miRNA O 1T, miR-18ab & miR-19 |35



A C miR-21/ snord66
[ Snordes <-Snorde - Rnus mRTC — PPC] B[RS omEETRG L
; o
g e
‘ 5om |
, £ | e
& = B i_.:. ==
4h(-) 2w() 4h(+) 2w(+)
D  mir-155/snorass
k-
8
g £
- - W
4h(-) 2w(-) 4h(+) 2w(+) PR | .
4h()  2w() 4h(+)  2w(+) “n) 2w} 4n() 2wes)
XI5, Bl {LiERIZI TS miRNA OFBER. (A) miRNA BREBO-DOWNEEEORE . (B)

miRNA 7L A 1255 miR-21 KO miR-155 ORIEH). (C, D) V7 /VEZ AL PCRIZED miR-21 K miR-
155 OFEHAH). NEMERELL T Snord66 & V7=,

M b OBET EATEAATIT THH
e

BFEMRREECEETER T
BRI BT Runx2 =2 Osterix 7544
HOBEEZHS>TNWAI LT T TICHLNIC 2>
TWBH, B O (BHE~D RS2
DWTIERMTH D, £ T, MC3T3 DEHIE
BIZBWTRAFEINLIBERN TOREL
iTo7=, B S b~ —H—&L T sost,
phex, mepe D EE T H B A HEIZL T,
MC3T3 Mz 7 B EEEEL, ZHHDRIE
FHERB AR LT, ZOWFE T, dix3, meflc,
tef7 SV RER FREORBTLENEE TH
BLEEB RN L, LT, INLORE R FEE
LIRS AN OIS/ Ay AN Y 1 =

g
—

-
Ko

HE JL I
SRR I LA B MRS kDT a Ty
AV T EATHTEZ A, DIx3 FEHIFEH 7 THM
Fa o3 b3 TeEL . F-. Mef2e & Tef? D&%
BCIEE ozt L=, —J%, DIx3,
Mef2c, Tefl DWTND /770 ThE M
fa s &bzl s, ‘& FEMEsETo
MBI ENZ DWW TEERITHD Runx2, Osterix
O FRE FE BB TIE, Runx? (3B 814 4
BT, Osterix (XTCHELZ, ZhbH
DIy 7T ALEE L FMRO S L EER
KTFL, ZHICENBREI S EBIR T L,

D. &£
AHFZETIE, $9° KUSA MIla%EAL T, B
EMI B HIAIC AT D ER R AT LT,

Osteocytogenesis (233175 miRNA O -HE7#EHY
TR BLEATIC L - T, Osteocytogenesis (ZfE U
FrEAIC R AB T4 —FED miRNA 23852
L720ENLE OstemiR &M% LTz, TO— %,
&5 DE & PCR THEHTL, miRNA PCR Array
LIERID PCR LM THEIL R RE BT

OstemiR DO F—5 v bPRIOFER, B FAIZNL
HDIERF THD Runx2 /3% — L RkIZ
VD RERTF Wnt family 72883 FHESHT-.

FLxTE VR TA7ACEDLLIBETD
OstemiR D& —4 v L TFHRINTZ. BFEK
IZB83>% dmpl, ctgf, runx2 8L osterix D 3’
FEFHRR IR PR SR D #E 2R, miRNA Array THHHL
7= OstemiR 7% dmp1, ctgf, runx2 LN osterix
EIERETAIER RIS,

BHIESEFERIZEBITS KUSA Mg f
P

BEMALET L EL T KUSA Mkl
MC3T3 iz mmaflz (X1). TRk R,
KUSA M CIXBEZE NS BB A IR L
Y dmpl & bglap/ocn ORI FRZRD-. -
Sk EE BRI CTGF/CCN2, Cyr61/CCNI,
Nov/CCN3 & 7= CCN EmF 77U —D§E
ERBE RO ZRIIKL, MC3T3 T
IXEN 2B IRAELDERD I o7, ZOLITE
BERIE MR THD KUSA ffass, 4 aE vz
TVAVNZE - TRIBIZE MR ETOLFEL
TeDIZHL, HEBFHKTHS MC3T3 1Z45H
O bFE L~ F Lo TmeEZ BN, =
NHOFERMNMG, KUSA Bfifamb 2%, B
FDT=DIZHEHTHAZENIh -],



. Results in Results in " N Possible target . . .
miRNA arrays qRT-PCR (M) Possible actions " ‘TargetScan, bone- and stem-related TargetScan, epigenetic and others
S— TTGA4, MLL, SNAI1, JMJDTA, TTGB3, SIRT,
. Repressing stemness | "% FOF. RUNX2, SOX9, LRP6, SMADZ, SMADY,  |HDACS, ITGAS, NCOA1, HOXBB,IGF.
miR-30d | Lowindh- | Highin2h+ [ [ /0 0 lioct factors Torb RUMZ. INOTCHI, NOV TETATETS, FOXO3, SENPS, MBDS, IGF2R, IGFIR,
KLFS, KLF 11, ZEB2, BDNF, HSPAS,
miR-455 | Highinahs, | o L Repressing stemness ;"G";':i‘: ol ! ILRP1B, TCF4, SP1, SMAD2,GDF6, FGF7, | JHDM1D, TPS3INP1, JARIDAB, SIRTH,
Low in 4h- or osteablastfactor | 707 RU™2I£GS, SMAD1, SP3, TGFBR2, ACVRZB,  |SMARCADY, KLF3, DNAJEY, Claudin 1,
High in 4h+, Repressing stemness | 1t FOF, BMP/ {BMPR2, ACVR1C, SKI, LIFR, TGFBI, SOXS, |oeey 1apg, KUF3, JHDMID, TIMP3,
miR-21 | [SLART | simitar | ROPTSSIIO SOTOSSS TGED, Runxz,  |FGF1, SWADT, LRPG, KLFS, SOX2, Koris
Osx TGFBRZ, MSX1, TET1. "
miR.3dc | Highin2ws, Repressing stemness _"["é‘;fiﬁni;‘” MYCN, FGF23, NOTGH1/2, ACVR2B, HSPA1B, CTNND2, BCL2, JHOM1D, ITGBS,
low in 4h- or osteoblast factor Osx s RURXL, SMAD4, FOSB AGA10, TGIF2, PDGFRA,
miRAgs | I AR in 2w INSR, ACVR28, SMURF1, FGF7 LRP2/6,  |MYB, GFAP, SIRT4, MYBL1, VEGFA, RECK,
harzwe " ’ Wnt, FGF, BMP/ |FGFR1, SMAD7, WNT3A, NOTCH2, SMADS, |BONF, HSPG2, SUMO3, TGA0,LITAF,
or osteobiost factors | TGFD Runx2, | SMAD3, IHH, WNT4, TGFBR3, LRP1B,  |FOXOY,CREBZF, CTNNBIP1, FOSLY, TET,
miR- | Highin4h- | Highin 4h+, Osx, CCN TCF3, SMURF2, BMPR1A, IGFZR, WNT7A, |IGFIR, IGF1, GHR, RICTOR, CLDNZ,
322/424* | Lowin2w+ | Low in 2w+ BMPSA, WISP1, SOX5, WNTSB, ACVR2A  |DNAJBA4, PTH,
miR-503 | Highin an- Roprassing stemness Do CTD: | SMIRTL DGPTSR, ACVRZE, BMPRIA. IRECK, JARID2, VEGFA, MYBLY, FOSLY,
Low in 2w or osteoblast factors CZN » W% o ’ g ¢ " |HSPGZ, IGF1, IGF1R,
miR-541
R High in 2wl Repressing stemness
miR-744 | HiIn 0 2w apres JUNB, TGFB1 LRP3

1. AATIT (OstemiR) DFH S —2 F OF—7 9 FHl. miRNA DI Z— L bR EEE 7 — 4ok
mRNA 23 FRE N, e MIBITFSZ—4 v mRNA (%, TargetScan 5.2 % VTR RILE. B, #EBI Rz

Ve RXT 47 AEDDE—4 v F mRNA #FIZE LT, miR-16 K TN miR-322/424 13 % — 4 v " e 55,

miRNA Array BXUEE PCR i2k54 =%
FIT7TOHH
WRIZ, miRNA Array (28> CEBROETE

TolefR, ETBHRSIMCAT—VTHD
2wHTIE, fLDERBREMLILBEL TTLEALED
miRNA OFREPZE TFL, #F5ITiE Let-7
family 3L miR-30a/d/e B3 Fh T = (K3,

F1). #E-T, miRNA OBREN %’%M@’C‘iiﬁc

TTREEZLND. ZOZEE, F—IZ, 2D
BT ORFINGI ORI L2 ERT
5.

LT =y TR AT vy X —T ay MR
Hrizk->7T, OstemiR ZHI L7z (K14) . miRNA
PCR Array {Z&»> CTHH & 7= OstemiR (220
T, fERDEE PCRICE S TH I F—
WraqTo7=. £ miRNA Array Of £ 5, ;N
AR EEZRET U725 5, Snord66 3 ich SR
DD oo lod Zivk KUSA ‘B flfE sy b %
IZRITANEMEREL LT, (BRI EE PCR O
B miR-21, miR-155, miR-322/424 12>\ T,
2ODERZRDOE T, IHFREROFERLELN,
T —H DI AN E Fo72. miR-16, miR-30d
IZ2OWTE, 22D FKBRADM T, L@Len
WohiboTo. EBRFHEBFZ TELRT AL,
miRNA PCR Array |ZAZY—= 27" L U CHBEERY
FRATIZ AN T AL DD, Ml SRR E R
,d VLIEDM 2, {EBID miRNA DEEDT-D
\._ j:, J:D%j]‘f—éﬁfvw7f£t%'pmﬁ %wuf%éﬂg
BIDOVT VB AL PCR DBEIVTWA, LT3,

BAAIIZY T v H A L PCR DOF —ZDIFHH
BHEERE.
FARATFTITOE—5 T
INETORBRNZ—FRITIZE ST, RN
RFEHEENZ R LT miRNA 1220\ T, Z0kE
RETREF—F Y NP ’i’ﬁof_ (&D.&2—7y
MFHENZE - T, OstemiR 1B LB L OVER
JBFEICEOAIERTEY— T eTHIEN
FREN. FExE PR T4 RICEETS
BEFH OstemiR OF—F R THRIENTE.
OstemiR OIHL 3 bFEIZE VB LR 55
miR-30d, miR-155, miR-21, miR-16 %, B 3FHH
BoHsilbk~—H—THY, R KR
Osteoprogenitor % #EFF 3B K &2 H 35 7
REMED B, BB THD 2wt TR LS
9% miR-16, 34c IL, ‘BHE~—1—TdHY, &
ARB S L E OB 2 Ao fx‘sﬁk_{a%‘%}fﬂﬂ
THRREMENHB.

FHRSEEHBEREFE2EZ—FvhET 5
miRNA D# 5%

B b~—h—%iERET5 miRNA %
FHRILCEZA, BFHBIWH CLEERFEINE

miRNA FEFGEHRAL, ML BE TOAEESINTZ
miRNA FBFERAL, FRIFEE DRV miRNA ER3%
FEBFNENFRISNE. 22T, BHEIYH

BT CTHRAFEINT miRNA BLOZFD
BRI DI DONWTEET S, B~ —7
—ToHod dmpl O 3’ FEFRBEIHMERF TS
miRNA &L C let=7/98 A FHlENT-. S EIDE



BT, let—7 family DAL AR—3WFnb BRIl
DAL TRBALT L8, let-7 family OIFEH
K TFIZL->T Dmpl OFEBMFIMERI R -7z
LEZEND.

CCN2/CTGF ® mRNA #i4

B IR B L OCE AR O (bR E R 5T
»H5D ctgf/cen2 @ 3-UTR mbF RS-
miRNA ®9%, miR-18ab, miR-19 iZ OstemiR T
HY, fthlZ miR-26ab/1297, miR-132/212, miR-
133 PRSI, cen2/ctef mRNA @ 3° 3EE]
EREEIR 1T CAESAR &V)3E {158 BN 68
#2139 (Kubota and Kondo, 2000; Eguchi and
Kubota, 2001), F/=<7 A (Kondo and Kubota,
2000) BL WP =T Y (Mukudai and Kubota,
2005; 2008) @ ccn2/ctef IChBIEFRELH
RS TAEBB RENTE, KIFED
OstemiR &L T miR-18ab 23 &N 7=43, miR-
18a JZBEIZEMZIB W T ctgf/cen2 mRNA [ZE#E
TEA T 52 L0 & X TV 5 (Ohgawara and
Kubota, 2009). ¥7= ctgf/ccn2 OBIET-RIERIL,
TXYP A AL THEINDLZENR LN T
VWA (Dammeier and Beer, 1998; Kubota and
Moritani, 2003), K#FFETOFFHFHIZLD
ctgf/ccn2 DR RE EALFEICHEFLE XD
N5 FETFTEFRAEY LD ctgf/cen2 FEL
FHEBIOWENL, BE¥M O miR-18a BLUA
W TN E 2R o T2 AR DHEEL D miRNA O
TERIZEDLDEE Z LS.

Runx2 ##l# 45 miRNA

BHEMEASILO~YAZ—EERKFThb
Runx2 1X, /0 b#FE% 4h, 2d, 1w OB TH
BIZIR, 2w TEEEN FHLE. Runx2 @ 37
FEFMERMEIEZIZ2 AT miR-30a/d/e ERERAD
B, BLO—HFTO miR-23ab FRFRECHIH T8
Eh, TS5 EOERTEELEFH L
OstemiR TH5. 12 miR-205, miR-218, miR-
338, miR-106/302, miR-203, miR-217, miR-
204/211 BMFHIEN7=. €& PCR TiX miR-30d
M A+ TR ERETALOD 2w+ TlIar ba—
VERKEDRBBL ~ )V ThoTz. >, miR-
30d 1 Runx2 OFEBZIHIT 525, miR-30d D
FHIME T 452 T Runx?2 OREEINEI OARRR
NEZHEE 2 BND. miR-30a/e b Runx?2 ZHE
BETHETRIEN, ZRBIE 2w-CHRBIE T
AZED, miR-30 family 13 Runx2 2#E5E LT
BOMBESCIZBEE T 5B 2615,

Runx2 %45 miRNA &L T miR-30c,
miR-135a, miR-204, miR-133a, miR-217, miR-

205, miR-34, miR-23a, miR-338 MILEESNT
V5 (Zhang and Xie, 2011). F15H0 miRNA 1%
Runx2 OF ™\ EORBEZ G270 TRL,
3’ ~UTR DL R —Z—BL O ALP {&MHEES HH]
L, &BIZF 50 Anti-miRNA 1Z, Runx2 3°-
UTR DL AR—Z—&{EMHRL LT, Box DERRIZ
BT miR-30a/d/e , miR-34c DIEIANLE)
L7c7-®, Zhang O HE THLNTZ LI
Runx2 ORBEMEITHEEZ LN,

Osterix Z#If#9% miRNA

L) —ODFIFEMIA S LD~ AE —EE KT
Sp7/Osterix OFBIL, 1w+ TELLIMFESNT
V=, Osterix ZIEMETHEF R miRNA
® %%, miR-96/1271, miR-125, miR-27ab 1%
OstemiR T#®»Y, #1112 miR-383, miR-145 3T if
37z, miR-27ab, miR-96, miR-125 % 2w-T
FH EFHL, B2 miR-125 1T 2w+ THREIME
TL7-. Osterix OFEREEZ— 21T RN wF—
TIEH B, miR-96, 125, 27ab, miR-383, miR-
145 IZ LA FEBLINHI LARER DS HEER X NS,

ZOMIZ, e NE R B ok MR

fanbd FEMA~DO b EH#H35 miRNA &
LT miR-138 A ¥E I TV 5 (Eskildsen and
Taipaleenmaki, 2011). miR-138 % FAK D}
BN LUCEIFEMIE S LE 5.

FHRESICICBDLLEER 7B

B IEMB 47T Runx2 726 TN Osterix 2344
FETHOHIENRENTEREN, O, B
FRALIZ E DB THRE 3 DI 5 I T BE 1340
HIVTWARW, RBFZE CH721Z3 2 DR E N F
REIELZ, FDHH Mef2e 1XEFEOMEEIC
5 sost OBEEFRENCEDAIER ML
TWb, — 5. ZNHORER 73T OB 4
DREERF LILT &7 | ORI TH %
BLTRBY, FFEME B obicE LT
WAHEE ZHN5, — 5, Runx?2 X% 85kt
LTI B2V Tnd, 2R ETIE Runx2 @
BHFMETOBRHER TV ATIE, ZOMER
FHENCHLEDLLT, BEOK FEEHEDIEL
BHEINTWA (Liu et al, 2001), £7=.
Osterix T BMAETORBEANEL, 2T 43
TNy I T ORI AT, B DR H %
BB TOETHREZEINTWA (Zhou et al,
2010) , ‘B MBI E OEE ST, B
BRI T HAZ R ORL y N E RS THND
IEMEZ LN TWBENS (Watanabe and
lkeda, 2010), B2 E K 1 OE AL LD 5
{ETTHE T3, B E (S {bREH0MR ) 70 R E



HEN, DROLNVEOBEA BN CHLEREE
Bbhbd, 208128V TEH miRNA O H s
NTHDHEEZLND,

ARAFFETRASNIZENT OstemiR 1%, &% O
FEREMEATIZL o C, % miRNA HB T
anti-miRNA, H LITEH OB L EHLEIZE- T,
B L2 ERICHE TALELZLNS.
miRNA [ZZ o RI7ERFURE L A_RD L/ Ny F T
HH-0, LBIEENSRMICERBLOE
B TE5. £7- miRNA BHfasMcpmEshse
VOEFRIBIOEFOICEERREE X
TW5 (Hu and Drescher, 2012). ft->T, A/
ZECTRIZELT- OstemiR 3BL T anti-ostemiR 13,
AP E RE OB IZE A Tho LRI,
W R EEHBRIEOZE B L OEED DI
HRBZHFLUNMEEBI Y — 272095,
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Summary

LRP1 is known to be a receptor for signal transmission and endocytosis. We formerly
reported that LRP1 regulates WNT/B-catenin and protein kinase C signaling in
chondrocytes and represses the hypertrophy of chondrocytes during endochondral
ossification, and that LRP1 is co-localized with a ligand, CCN2, which conducts
endochondral ossification, on chondrocytes. However, the role of LRP1 in endocytotic
transport of CCN2 in chondrocytes is not yet understood. In the present study, we
investigated the interaction between LRP1 and CCN2 during endocytotic trafficking.
RNAi-mediated knockdown of LRPI in chondrocytic HCS-2/8 cells showed that the
amount of exogenous CCN2 binding/incorporation was decreased in the LRPI
down-regulated cells.  Importantly, we observed that CCN2 internalization in
chondrocytes was dependent on clathrin and internalizated CCN2 was co-localized with
an early or recycling endosome marker. Transcytosis of CCN2 through HCS-2/8 cells
was confirmed by performing experiments with a trans-well apparatus, and the amount
of transcytosed CCN2 was decreased by an LRP1 antagonist. These findings rule out
possible leakage and confirm the critical involvement of LRP1 during experimental
transcytosis. Moreover, under the hypoxic condition mimicking the cartilaginous
microenvironment, the production level of LRP1 and the amount of transcytosed CCN2
were increased, which increases were neutralized by the LRP1 antagonist. The
distribution of LRP1 and its antagonist in the growth plate in vivo was consistent with
that of CCN2 therein, which was produced by and transported from the chondrocytes in
the prehypertrophic layer.

These findings suggest that LRP1 mediates the transcytosis of CCN2, which may be a

critical event that determines the distribution of CCN2 in cartilage.

Keywords: low-density lipoprotein receptor-related protein 1 (LRP1), chondrocytes,

CCN2/connective tissue growth factor (CTGF), endocytosis, transcytosis
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Introduction
The low-density lipoprotein receptor (LDLR)-related protein-1 (LRP1), is a 600-kDa
type I membrane protein and a member of the LDLR family (Herz and Strickland,
2001). By interacting with over 40 distinct ligands, LRP1 is thought to regulate lipid
homeostasis, extracellular proteolysis, growth factor/cytokine activity, composition of
the extracellular matrix (ECM), and even immune responses (Herz, 2001; Herz and
Strickland, 2001; Lillis et al., 2008). A significant part of these LRPI1 functions is
thought to be related to clathrin-dependent endocytosis (Hussain, 2001) and cellular
signal transduction pathways (Herz, 2001; Herz and Strickland, 2001 ; Lillis et al., 2008),
such as protein kinase C (PKC) cascades (Hayashi et al., 2007). Recently, LRP1 was
shown to interact with human frizzled-1 to down-regulate the canonical WNT/B-catenin
signaling pathway (Zilberberg et al., 2004). Consistent with its functional diversity,
LRP1 is essential for embryonic development. It was reported that conventional
Lrpl-deficient animals failed to develop normally and died during early to
mid-gestation (Herz et al., 1992). Of note, the involvement of LRP1 in the prevention
of atherosclerosis was also indicated by utilizing conditional gene targeting technology
(Boucher et al., 2003). Also, the expression and function of LRP1 in the central
nervous system (May and Herz, 2003), vascular smooth muscle cells (Boucher et al.,
2003), and macrophages (Gardai et al., 2003) have been relatively well characterized.
We formerly demonstrated the distribution of LRP1 in normal cartilage (Kawata et al.,
2006) and reported that LRPI initiates the hypertrophy of chondrocytes during
endochondral ossification through the WNT/B-catenin and PKC signaling (Kawata et al.,
2010). Vertebrate cartilage is of two distinct types, permanent cartilage represented by
articular cartilage, and temporary cartilage represented by the growth plate cartilage
where endochondral ossification occurs. During endochondral ossification,
chondrocytes first proliferate, and then become mature cells that produce abundant

ECM components such as type Il collagen. Thereafter, the cells eventually



