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1. 8GN (OVXO FARGEMERMFE S = & B i/ AL, A microCT
AN LA B o =8 s 20 RSP ReE 7, R o 3R 2L g BRI B
FrEFE N Realtime RT-PCR &3l B #f OVX /N R K5 BMSCs i -4k fig J1ek28; 3.
A ELISA far il B TNF-a /£ OVX AR J5 H)7K-FA24K; 4. 41 F] Western blot £ Il TNF-a
NS S S8 5. FIH SiRNA BRI 1S5 70 T T HR TR 7L 64
I mIRNA Sl &5 F 7 2 348 7E OVX & SHAM BMSCs H 2% 5 1 R 1A 1) miRNA;
7. FIFHFEE miRNA mimics A1 inhibitor % Y47 R4/ R DI RESESS, I LA &
miR-3077-5p Al miR-705 7£ BMSCs H'(¥{EH; 8. FIHAYME B 570 548 miRNA
PERIREEIEER; 9. KA Western blot il 45 & G R T RS0 UE miRNA X #E 5
R EEAE R s 10 I FH ME R A P9 33 S AR AR AL ER B #f miR-3077-5p AT miR-705
e 15 LR S MEBR A% 11 R FE 4L TNF-o fll TNF-o0 R4 A VE 5 B TNF-a
XF miR-3077-5p 1 miR-705 ik f A4 H A HBaE S @ is; 12, FIAH TNF-a
AN EE, BT TNF-o #84% miR-3077-5p il miR-705 KA K> T& S HLA]; 13, F
F DCFH #ric Al BMSCs 9 ROS /K~F; 14, FIHFTEAAT] NAC Biffi ROS X} T
BMSCs B /LRI 15, I S 2 4L A I B R A J5 FA BB FOXOL %R
i%: 16, HMH FOXO1 siRNA FHAME R #id Rk HR, WIHi FOXO1 7£ BMSCs #i
AP ER; 17, @i antogomir 44 Py VESHA P NI miR-705 L, DMAN
ISAIE miR-705 FIThAE M HAFFHERRE; 18, FIH CHIP R BIHI NF-kB 15 5 il i 2
75 E B miR-705 f#E% .
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Je )28 TNF-o 55 miR-3077-5p 1% . tb4h, miR-3077-5p 7E & 441 2 m Rk,
k8 BMSCs B /b i FE 225 R B, DhAg 2w S UESE miR-3077-5p #1i] BMSCs B &
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Abstract

[Background]

Postmenopausal osteoporosis (PMOP) is one of the most common type of osteoporosis.
The pathological characteristics of PMOP includes low bone mass, damage of
micro-structure and decrease of mechanical property, resulting in high incidence of
non-stress fracture. PMOP is becoming the major degenerative disease threatening the
healthy and life of aged females. The basic mechanism of osteoporosis is the imbalance
between osteoclast-mediated bone resorption and osteoblast-mediated bone formation.
Bone marrow-derived mesenchymal stem cells (BMSCs), the origin of osteoblast
pregenitors, play crucial role in bone development, remodeling and regeneration. Previous
studies have confirmed that osteogenic differentiation capacity of BMSCs is decreased
during osteoporosis, resulting in defect of bone formation. However, the mechanism of the
decreased BMSC osteogenic differentiation remains elusive.

Recent studies have shown that estrogen dose no direct function in BMSCs. Elevated
inflammatory factors secreted by T cells after estrogen-deficiency are important
etiological factors of osteoporosis. As the major inflammatory factor, tumor necrosis
factor-alpha (TNF-a) has been proved to inhibit BMSC osteogenic differentiation.
Inhibition of TNF-o by gene knock-out or specific antibody efficiently prevent
estrogen-deficiency-mediated osteoporosis. Since the function and downstream signaling
of TNF-a is complicated, the molecular mechanism of TNF-a to inhbit differentiation of
BMSCs remains unknown.

As important regulator of gene expression, microRNA (miRNA) are recently found to

play important role in differentiation of BMSCs. A number of miRNAs could control
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osteogenic differentiation of BMSCs by targeting master transcription factors and
signaling molecules. Moreover, differential expression of miRNAs has been observed in
numbers of age-related degenerative diseases including tumor, cardiovascular diseases and
nerve degenerative diseases. Specific miRNAs might take part in the pathogenesis and
development of diseases. But whether miRNA expression in BMSCs is affected during
osteoporosis and whether the change of miRNA expression is related with osteoporosis are
needed to be answered.

[Purpose]

Our study aims to take advantage of technologies of miRNA micro-array, molecular
biology and cell biology to explore the molecular mechanism of TNF-a to inhibit BMSC
osteogenic differentiation and confirm the function and mechanism of specific miRNAs.
This study would provide experimental evidence to improve our understanding of etiology
of postmenopausal osteoporosis and to explore novel targets of osteoporosis treatment.
[Methods]

1, Postmenpausal osteoporosis mice model was established by ovariectomy (OVX), and
microCT and histology assay were used to determine the change of bone mass. 2, Based
on in vitro osteogenic differentiation assay, the osteogenic differentiation capacity of OVX
BMSCs was determined by alizarin red staining and realtime RT-PCR analysis of
osteogenesis makers. 3, TNF-a levels of OVX mice were determined by ELISA analysis.
4, Downstrem signaling pathways activated by TNF-a were determined by Western blot
assay. 5, sSiRNA was used to knockdown specific signaling molecules in loss-of-function
assays. 6, miRNA micro-array analysis was used to screen differentially expressed
miRNAs between OV X and Sham surgery (SHAM) BMSCs. 7, Gain- and loss-of-function
analysis based on miRNA mimics and inhibitor were performed to dtermin the function of
miR-3077-5p and miR-705 in BMSCs. 8, Bioinformatic analysis was performed to find
the candidate target gene of miRNA. 9, Western blot assay and luciferase reporter assay
were used to determine whether miRNA directly bind on target mRNAs. 10, In vivo
estrodiol injection and in vitro estrogen treatment were used to explore whether

miR-3077-5p and miR-705 are directly regulated by estrogen. 11, Recombinant TNF-a
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and TNF-a antibody in vivo injection were used to determine the function of TNF-a on
miR-3077-5p and miR-705 expression and the downstream signaling pathway. 12, TNF-a
in vitro treatment assay was used to investigate molecular signaling of TNF-a to regulate
miR-3077-5p and miR-705. 13, DCFH assay was used to label ROS in BMSCs. 14,
Antioxidant NAC was used to determine the effect of ROS on BMSCs osteogenic
differentiation. 15, Immunochemistury was performed to determine the levels of FOXO1
in osteoporotic bone. 16, sSiRNA and overexpression lenti-virus were used to determine the
function of FOXOL1 in antioxidant defense of BMSCs. 17, Angomir was injected in vivo to
knockdown miR-705 expression and determine the function and target gene of miR-705 in
vivo. 18, CHIP assay was used to determine whether NF-«xB signaling pathway directly
regulate transcription of miR-705.

[Results]

1, TNF-a inhibits osteogenic differentiation of BMSCs during osteoporosis.

Three month after OVX, osteogenic differentiation capacity of BMSCs was decreased
compared with Sham surgery group. TNF-a levels in serum was significantly increased
after OVX. In vitro assay confirmed that redundant TNF-o inhibit BMSCs osteogenic
differentiation. Further signaling pathway analysis confirmed that TNF-o did not trigger
apoptosis pathway, while activate NF-kB pathway. Inhibition of NF-«xB by IKK siRNA
effectively rescue osteogenic differentiation of OVX BMSCs, and block the inhibitory
function of TNF-a on BMSC differentiation.

2, TNF-a inhibits osteogenic differentiation of BMSCs by up-regualting miR-3077-5p.
MIRNA micro-array screening found 10 miRNAs were differentially expressed between
SHAM and OVX BMSCs. Among them, the difference of miR-3077-5p5-p and miR-705
expression were the most siganificant. Futher analysis found that miR-3077-5p expression
was increased in OVX BMSCs and bone tissue, which could be recoved by estradiol in
vivo injection. But estradiol in vitro treatment promote the expression of miR-3077-5p.
TNF-a robustly enhanced miR-3077-5p expression, suggesting that estrogen indirectly
regulates miR-3077-5p expression through TNF-a. Moreover, miR-3077-5p are highly

expressed in boe tissue and significantly decreased during BMSCs osteogenic
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differentiation. Functional analysis showed that miR-3077-5p inhibited osteogenic
differentiation of BMSCs by directly bind the 3’ untraslated region (UTR) of the mRNA of
Runx2, a master transcription factor of osteogenesis. Knockdown of miR-3077-5p
efficiently improved the osteogenic differentiaton defect of OVX BMSCs, while partly
prevent the function of TNF-a. on BMSC differentiation.

3, TNF-a indirectly inhibits osteogenic differentiation of BMSCs through suppressing
FOXO-mediated antioxidant defense.

In vitro and in vivo analysis confirme that elevated TNF-a during osteoporosis enhanced
ROS levels in BMSCs, leading to inhibition of BMSCs osteogenic differentiation.
Oxidative stress was resulted from decreased of SOD2 and CAT and defect of antioxidant
defense. FOXOL1, a key regulator of antioxidant defense, was decreased in osteoporotic
bone and BMSCs. Gain and loss of function analysis confirm that FOXO1 promoted
expression of SOD2 and CAT to suppress oxidative stress. TNF-o inhibited the protein
levels of FOXOL1, leading to oxidative damage in OVX BMSCs. Overexpression of
FOXO1 significantly alleviated oxidative damage caused by OVX and TNF-a, and
recovered osteogenic differentiation capacity of BMSCs.

4, TNF-a leads to persistent oxidative damage by decreasing miR-705 expression through
NF-xB pathway

TNF-a did not directly regulate transcription of FOXO mRNA. Based on bioinformatics
analysis, gain-and-loss-of function assay and luciferase reporter system, miR-705 was
proved to directly target 3’UTR of FOXO1 mRNA to suppression its expression. In vivo
and in vitro experiemnts confirmed that TNF-o increased miR-705 expression.
Knockdown of miR-705 increased FOXOL1 protein levels, SOD2 and CAT mRNA levels
and suppressed oxidative damage. Signalying pathways analysis showed that TNF-a
activated NF-xB pathway to promote nuclear translocation of P65 to activate miR-705
transcription. Moreover, ROS also activated NF-xB to promote miR-705 expression.
Long-term  TNF-o  treatment  activated a  feed-forward  stemloop  of
NF-kB-miR-705-FOX01-R0OS, resulting in persistent ROS damage and osteogenic
differentiation defect of BMSCs.

710,
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[Conclusion]

1, TNF-a plays important role in osteoporosis after estrogen deficiency.

2, TNF-a lead to abnormal expression of miRNA by activating NF-xB pathway.

3, TNF-a enhances miR-3077-5p expression, which inhbiting key transcription factor
Runx2, to directly inhibit osteogenic differentiation of MSCs.

4, TNF-a enhances miR-705 expression to inhibit antioxidant defense regulator FOXO1,
resulting in oxidative damge and BMSCs differentiation defect.

5, Inflammatory factors and intracullar oxidative stress synergistically inhibit the function

of BMSCs to decrease bone formation after estrogen deficiency.
Key words:

Osteoporosis, MicroRNA, Bone-marrow derived mesenchymals tem cells, Tumor necrosis

factor-alpha, cell differentiation, oxidative stress
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T 40% 48 2% 5 Lo e A B AT, BRI B H LRI Z . B
AR FIE B Rk B B M R AN A S R T A, 2008 AR AT A
I E Lk b AT 5410 5 B A E G . L1310 R, 3 p™ 5l e b Al 5
Rtk Gt antl, 42 58 BB AL BB - B T8 OB R T 380 BUARIRIR
LOH ZRE A BUERICZ), H M TCERAR R T R E YT T

BB 78 5 402 (bone marrow-derived mesenchymal stem cells, BMSCs) J2&4
FEE TR R RS 4H S, 17 BMSCs [RBCH 7L ThRe T Bt 2 A S 3UE s
FA R B e ) S R L, A A Skl (R BMSC 1 434 LR T
B RBANA, (HJE B 2 R R 8 BMSC Thae T RERINLEIAT, SR
ERURE I TR . FTUARR B E % BMSC THEERH I THLE], TN R s
W FRIR ST U B A

g RGN R AR, DURBIE T 41 (T helper) A= 11 22 b 6 1% 41 i bl ik
W SEE RN T RE BT, R EE R MR, Horh, MEIRSEE T o

(tumor necrosis factor-alpha, TNF-a) 7EHE B K55 WIRZE 4555 2 Fig kiR

AT VB (0 R A R R AR R A AR RS [ B b e BT TR S8 S AR RS, B B A
1 TNF-o (R IAE I 235 T3t BMSCs [ RUE /G ThRE, S H A S T8 sl 15,
1B FLHAR B FIAL AN 48

microRNA (MiRNA) & 28] 2 AAE T i Bk . dEgmfid N RNADE, 7
BMSC Jli 7t i R 3 B 4 AR 728, B R A miRNA #IE S5@ i 1 # 5%
PSRN T BUE 50 F, B0 BMSCs [kt fE . A BN Z, HokEZ K
WEFLARIL, mIiRNA K&K A vl S BT Dh REGRRE, 512 Fhe 2 RIRAT
P I & A8, (HR BRBAA H . BMSC BCH BRI 2 75 5 miRNA Rk 78 A KT
EnELD, EERBEAS 16 TR U A BURALE]FIR A LR,

AREFF P RAMER R B PGS A RAEE T TNF-o I 50 miRNA Rk 7
i BMSC BUE /b i, il A SRE T, G R R E R . Sl
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FEE mIRNA 8 IR A Bk B 7R R 5iAs MSC A2 7 RIAR miRNA, i 7R H7E
BMSC b I/ER, R TNF-a 520 miRNA ik mpLH], A InRERRA T T 5
JRRAA K T AU OB AE, OB RSN VR I7 S4B IR 7 ¥ E AR .
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Sk =] e

$B—#4 BMSCs 544 58 RGiin

1 BEJEBERGEMRER

Y625 I TR A A B I SRR VB JUBRAS ,  AE — Bh DR 8 A L 1t DR S T e R [
SR EIBATIERRY, EERIE HL DG R TR T S LA
MBI B R BN RO, 3 B MR A T R T et 4
Giih, K2 A0%MAL G LA B RGN, SEOLT 500083 KA ZRD 1 IKAEN
Ttk HE, 2008 A4 CHFERIARER A P E A ) fe, REZEDH 6944 A
BAERER, o2t 5410 F A 21 NEEIEC, Hdh et b 1.13 2B,

B BEAS BRI fE T A i AR N Y E AT . B BB 2 e
5094 KAEZD 1 RAER AT Hoh, B TEMESE AL B T B R
e, B R FASE T CRN R L SR, SRR B 2 D, ™
HRE R A BRI A 2 F . BTEL, & g b O3k [ 51 08 3 AR TR Y
=S REFMWBHRZ —,
2 BEBE RERE RGN RENRERE

B RGAGELTEH ST, WMAERFERTR. D i ae. &
SO () FE Rt 2 B 22 4 A 7T (bone multicellular units, BMUs), T EAELETHAFRE £
[ ) Howship [ & AR 5B oh RS (R #6 FC 248 (haversian system) P01, 5 gz ist
PR B FTR, 56 G AT AR A0 MO0, 1 B A s BRCRA R R B 4 JPR
Wor T, TERCE R e s WO S, B AR TR R R TR Clining cells) fir7d
Wis E TR RO AR A0 A R R RS R R R 1 BT R 4R, BMSC i ik
NECHE BTRGINL, BE— DRSS E UL, PO R B R G N e A B T
R, O E AR T T, e BRI R,



FoFEXFHETFLEAL

Hematopoietic __Mesenchymal
stem cell 4 \ stem cell

-

h - = //“ /‘
| | / |
1 §

i ,
: o —@
T lymphocyte N
ymp Msteoblasﬂc Osteoblast
stromal cell precursor
Lining cells (\

& > ) > 4 v "\ > _—C - < ) "'\ > > ‘,\ 9 2
Osteocytes «"'@Osteoclast ( = OSteOb'%fStS{”‘ V_
S, “\ i _ ‘ >
o= "% () @ (@

wm

B 1 BERNEATE
(518 JCI, 2005)(%

TEAFIG UL, i H 4 M 3 5 00 WSO A R A 4 i 2 5 P i T o PR 5
E—ANENEPHERE, HFERFFE EAE TR E R (H 23X AP 17 B
Ji RS, R R SOE AR Y U A, R U IR T R B A AR A
JIFHERROR, B 5] E AR,

3 B TR ERGNRENERER

RESRIUESE, EMEMEIRZ G, Rl BB, B 4 i n 8o K D aes
A RESE, GRS AR AHRL, B R — e s, (TG e AR
AR E IR . BT DAIE 25 1 O ASA A B TSR S 0 i BRI A 1
B R R,

2, BRI PRVE ST s . Bl i B A p A S I e ise,  BARPT BAYRSZ
B EJGER, HARMIRA B G IEH W RSP RE J)# rEael. [, 72Kk
B I R AR SR I SR IR, R TE RS B T AT T 4 R O . TR
Ol A B TR S ECR T AA T, BIRIUE T R R S BRIk
MR N o BT LASORT AN BVARTE 028 I B T A S 30 B FE B BRI, (HLS
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B b AN SRS, FE 3R 1 M R B = B TR R 3 1 2,

A SR TS I R B = P S ISR NI AT, IR SR T MR Sk = A SR TR
HHBEANF BT R BIER I BT SO, R MR B = A A AR R
HHRECER — RN, B SRR R RS, B A RS R RS,
AR IR . & DGR J5 31 0 B8 3R A5 1 B A0 1 T J e 0 B A T IR
o TMipCHEAMINRE S SECE SR E RIS, R R B BT R R 1
TR, X AL AT TR M R B 1 T R R 7 TR AS AR B, I
¥ B OGRS B e AH G R B 7T
4 BMSCs FE B K B SR KiER#EH
4.1 BMSCs #ik

BMSC 2 A77E T B i 6 — TR 78 IR T4, REE RS REA: K, 3R i& CD29,
CD73, CD90, CD105 %%[a)7e /it T4HfRiibr & . HAMRMEM e i ae 71 & H
TERe Sy, RN R Z o ERe, BeiE v mear aiie. NEDTARi . sURE da i
TR A S5 2% Fi 40 0 2541231, 1980 4 BMSCs il 1 X Freidenstain #i&, FiiJ& (07T
FE A BT HAR AN AR R PRI TE Fi A2 B2 2 U 32 o« KW FUIUESE, BMSCs
FAE ] LS SR T T, FF B AT DA U i 4 8 & A R

VEA R BT ARG AR A — K, BMSCs B35 3 A 76 B R RO b & 4 o
TEH, HE bR R EbR &, BMSCs (44 Py ThREAR A [A] N # A A3 BHIESE . B
B JLE, BER YR EPSC RBURERS AR K LR, BMSCs 768 4141+
REfr. Dhae & HAEE K E S b i B A 75 2 e B
4.2 BMSCs 25 &2

BMSC il s (b s RN, R R E . i, BE AR
TERIRA, 53 AMH T2l BMSCs 78— BiF il N T#1RE . (ER e E
FAFT, EAA55 ML JE 5 BMSCs I [ F1 2 (B R 5 MRS 40, @i B R HT, IR
R R B RO RCE RN . 8 Rainbow /N, o AR /DN BB R BT X
SN [ B R A Y 9 Rl — 2 SehRic, EEE R B — A BMSC ¥k B i)
SRR AER 5Bk BMSCs, K-S 350 R 4 i ) 9500 A0 T BRI o E B T S0 B SRR
A J5, BMSC Ref 4R id 3 3 9 ) Jm S AL 40T A%, itk 2R A B 120,

FE B A, BMSCs s 4ERF R 008 . HRISOT 46 5, BMSCs 1 52 2
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a

0 S 5 SO AR B TGF-B, IGF-1 25 B T Hatk, xT#% 28 Wik & )=
W, FE R AT ARG, e R EE R, k4, BMSCs R4l RANKL 1 OPG
SR A R R, SR I 5 WA R Y R A R A PR A R A 128 AR
FEHIBAIE KL BMSCs o] it B BBl i S0 B 4 A T, HERERLE 40 A
5 BMSCs & R Eia R A& HIER
5.1 BRHAF BMSCs FHERE

B TR PR SO () B - ST TR, AR A B R B T BTG Y M AL
AT ] BMSCs AT B NS 5 T4 3E I RS, Ao SR BT R GIA,  ATTT 4
P B AP o 1 O T A RER B BMSCs A5 [ T T B B B A A7 7
o

BMSCs )5 % £ 2R IMALEN /I RE N T . A FIRIE BMSCs
BOEAE R T EUE G T B 2 TR, H0E T RE B BMSCs i T3 in sl | F
HR/D BT SRR, (R I IR T K B BMSCs BB AE B R giha h H E 3 . A
BMSCs fA N EEM /D> RS IR TR EAE, 75 B0 5 4% 10 44 P 5256 74 RE B
B R T BMSCs (%R k38 . BMSCs 78 JF s FA i A8 o 19 70 A ThiBE 5 % )
BOAWIH . 2T AN USRI B TR I 2P 3 AR ADRIE Y BMSCs 1%
HaWEE TSI . EREEMCE BT, BMSC JE /L AE 7T H L B R
T RUNBCE ARG, TSR T R AR Ak, A R S B A AR
Wit %, i T RE S, R MR TSR R B A T, BMSCs IR SE G RE T 2
BH0H ;. FEREBER S SR E TE A T, B TR RO N 51 R AR RN,
BMSCs ity 7 b Be A B EFts (HZIEF S, BMSCs U 7 fe ) B R B
G NP FUMAESE, WAL J5 B R BAA H i P 23 25 H (1 BMSC A7) B I BE A
AN Z oM GRE 7). (H2 5 1EH B BEKIUEIK BMSC AHEL, & BB K IE BMSC
(IR 23 A0 RE T B SRS, 50 AU 5% 81 ) 5 2R 3 IO A B 2 5 A R v 7 120.25:311
5.2 BMSCs ThgeR % 7] B E H i

K175 BMSCs & il 5 4R e — R, AT AR : BMSCs KL RE R H R
T RO SO 0 o XA HEIR AR B T OB 2 IR RS . o, R TR TR R
/NI TR T BMSCs ThRESBRRA T S 30 Fsn b P23, filtn, 76 5 1 1) 78 5 1
2 M R bR ATFA R, ¥ S8R R B W M Bk . HR, B IEH BMSCs

IO
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R RASCE B RGRA REAR o S R 5 SR AR SR 4% BMSC Rl A7 R M 1 T IR
(341, 1y 1) OVX K A 78 1E# BMSC AT 235 B0G5 BUi - 0 P47 . ok 4 RBIIX R W]
BMSC ZhRER) iR it i B 223 H BB S FAERE 0 R BB, R -l i 2R FEAE:
ENZS PR, SECE FGRA AR SR B o TRk BMSC i e R b 75 B BB AL K A
B EEE .

B3, B A RE o S 20 BMSC Thfg s # 10 R X i A W, 58 BMSC s
Ir AR 73 13 T R A B B, RO B RS T R BUAR VR T IRt R o DR L S
BMSC & # /- LREI 170 AL, AR ER BMSC fIEEREE ST, TN E AL
T FEATUR ) — A A

SB35y TNF-o BB RBFA KA T RIERBR

1 4258 RGBT R

MEPER SR 4E AR B MR, EEE SO T K E R EIATEN .
BMSCs. B 4Hfl. a4, B aRsEs 5 g Mg g s MR 24, It
ZHAEEEN, EREENE, MEMERIETER T 2 M i, 8w g gni
WA JORE B R IR U 2RI 5 AR I R B8, A8 I B R A R AR AL o
MERCER B Z P00 T %O A P R Bk = 1T AR B T B IR 4 M (1 B E R T
REC, BRE AP (2, BT HEMAMRARESZ . B85 2. a2,
Fit AL 4 FATLAIAT 1 AN 2
1.1 MEBERZAEERABREK

ME R B S N R 2RSS, BRAEE R 2 MR TIgE. — 7,
I 50 2 52 A M I S A ML T BB R R R R S R R R R,
UESEHER R 5 2 A o 256, AR A I RRIL FasL, BUESMNEERTE S
S, SEWCEAIRET, AR RY, PO, MR 2R AT DA T K
PRI 78 R MESE R TT AR S A A T, EREEAEE s OB ORI, AR
ZAN AN R B PR ERa, MESRRIAN R RILE R . 76 5 W10 78 5 T4 M AP ERa &
HUYTRE BT N, AR R BB A A R Era WITEIH B9, HERMER
FAEAR A RIEARFIhEE E R, B RN R R M R bR M 3 2
RHAA L FEH B E B . X 5IERWER B WAL 5 AR . 24 HEM
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BTN T T B B A R AT AN B e
1.2 EAMN B

FAALNI (oxidative stress, OS) i UF S T EUH R B AA (1 B Rl 38 2 — P04,
FEAFDRET, AN EAL OO PR T IR Ya L A sma 4 i i) 1 Thae .
B2, EEERZ B E S, FHANZ AT ROS AR, i ROS
T B I, A AP T A, BRI Manolagas A 78 HIRA ] — R 51
SERAIESE: AR FERIEK, BARANZMENNEIRREEE BT, 5EER D
RIEARSRIA, 522 R, B TIIR YT AT RO MR R B = BT O B R EAA .
1l 0 K F AR BT S8 A 0 o] LA R TR OVX BT 85 25 2 1451 L aa Ab )i 56 AT 2 42
mRERE T EHLAMBE HERT), (RIFERAEE; W RE G BT AT
OVX FIIE 2 FTEUR i 25 k1748, IF B AR A0 S JOPE 1 o A IR A v 11 2 224

Table 1. Relationships between oxidative stress and the development of bone disease
Bone pathology Observations ROS involvement
Osteoporosis + | Bone formation rate + | ROS production [18]
+ | Thiol antioxidant defences [18,23]

« | Bone mineral density « | Total plasma oxidant status [16,80]
« | Plasma lipid oxidation [17,20,21]
« | Catalase and glutathione peroxidase activity [20,21]
« 7 Plasma level and activity of super oxide dismutase [20,24,25]

« | Serum osteocalcin level « Catalase gene polymorphism [81]
Bone tumours « Advanced prostate cancer « | Oxidant status [26]
« Ewing’s sarcoma « GSH depletion sensitises tumour cells to fenretinide-induced
cell death [27]
Diabetes + Streptozotocin-induced osteopenia « 1 Oxidant status [30]
Joint inflammatory diseases + Rheumatoid arthritis « 7 ROS in synovial cells [32,33]
« 7 ROS in senescent chondrocytes [34]
« Ankylosing spondylitis - | Total oxidant status [36-38]

2 AL NI B N A A TR AR SR
(51 | B Endocrine Rev, 2010)(

— R HIMA P AMIFFEIESE ROS X T BMSCs B 43 b A A S - T BGE 30 1)
o B REFAH ROS KT+ m ] S5 BMSCs B 0 LREST R % bt a3 n]
ARIKEFEZ BMSC HIBCE MEBE ), ZefisE2 st a & M. Bk, ROS 5
1) BMSC 5B Nt 3 TR sk 5 B 22 R 1490, ROS kil
TERIIHLEIE %, BEARBUAHOE A : ROS [T ] S Wt {5 S B EX BT, 0]
BMSCs H & B A40 M1 g 70 RIS, S0 SR el i ok i4 5] & BMSC 1)
WIS T I&4%, S8 BMSC TR, a7 g isifs it f2d, 53 BMSC
OS Jt e i) J5 B B LA 5 5 Ll i AN A2
1.3 RAERH T

MEBER X TR R A R E . AFE T 40/, B 404, DC A5 7E N 1)
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Z R SR IA MR R Ak, B RS TR B D — AN KT R A
24, S5%ERG. MRRGHFEEYIEER. Hd, B T 40858 e
RICNEE . Pacifici %R, WEMEGRZ G T 400074 TNF-a F1 1L-6 5540
RF, SECE RGN, —ANAB TR T ARRREHE T E'EAS T,
HATSES N IER T M5, MRS R SRR RE & TR R, Rk
TNF-o. 1L-6 “540 R 7 J5 7T A R MEcE B8 s falal. pril, MEMEsh=
JER S T AR R iE, SEURA 2 FME % AT R SRR, A E
SO MSCL BCE AN BHC 4 S5 A DA B A ) I B AR PR T RE .

Estrogen

J- Peripheral T cell pool
I Estrogen
I
IL-7 IL-7 f
- |
< l" 1
| increased - Y A
thymic output o ml TGF-B
Thymus l
T cell activation and expansion
% -« 4
(DD (D
TNF-« TNF-a TNF-o
e
D)
Increased ‘
lymphoid progenitors
b ﬁoqe TNF-ct
-1
hematog:igi?:s:tdem cells J c-Fms M-CSF
A . Ostecogst ) D ___|
>
RANK RANKL

Bone marrow

Estrogen

K 3 MERL R B = 5] AR K4
(5] @ J Clin Invest, 2006)
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REFFFUESE, TNF-o & FHUE BRI R AR I EERIER T2 —. TNF-a
KV BB T EWRGE AT DC 20 B R 20 380 T 20 1 5 A A T )
IR, TS 535 TNF-o (19 T SHARECE I 2, i T 4 fid vy id i 40 IFNr, 1L-7
DR (] e AR S TNF-a 17K, SRORFEAR B BBAR IAE T« i 3R1K TNF-o [ #6 2
RN BRI RGeS & R R R b, FLJE AR T B RSO A B T B
B . TNF-o il /1N BR A TNF-a0 24K p55 /N BRTE L AF ARG A M ILE Fsifa e,
T Ik PV TNF-o0 52 44 AT TNF-o0 i 52 104 5 DA /N BT AR 26 34 B S 1 O
Bk, TVES TNF-o 0157 B A0 R EER U R B, 25 F, TNF-o 28R
2 A R IO R R, R A TR T — AN AT R AT
2 RIEHFFER S BMSCs e RFLMEEFR

280 L 1 12 S AN 4 A ARG T T Ak 1R e P AR SR O) . T P A AR
BHE T BT B R AU sy, ErARUT I 40N | AT T A R ST
T R Th BB PR U 52 /2 4 R5 40 M Th A% T 4 75 - BMSCs b T — AN URR (R A B2 7
HAIASE F EAREHA EEHBR S, — R E B HLS A /MR . R A
JR = 53 BMSCs ({1 Zh g i B8 Jlid i gt = (AL MO sE, et e i+
M RCE A RE B, [ BT A A E 1 TGF-B. BMP, IGF-1 %54t i [
T, TEH R R, 55 BMSCs 2 WWSGRAL, ek g mleo; — i il
B 15 4 22 B = 30 R AT VA PR R

A EE B RIS S I R, 5 S BRI B R A AL, 51 R RhE
TR o 2 b IRAT PR I R P AT B A o 1 R SRE DRl O, T I
RYERT, AR PR T4 A S I A S A S0, P 90 20 W R A 1) 18 1 8 RE A
155 B PR A A ZH 23 T 40 M (RS SR IE R e ), SIS 5O 4 L PN 7E 43 R
AL FABE IR, FRE, SE5EREAT TNF-o. IL-1 25K AER
AT A BMSCs AEE S s ke /1, 380 BMSCs A 3B T BT
(65661, {HE, FEH B R, S0 % MRS T3 BMSCs A0 2:47 AR I oy
T A A
3 TNF-a %t BMSCs ZhE HIR

TNF-o S EE M RAER T2 —. FERaMEREY, EEM TNF-o BRI IE R
ZH 2R EE A, (H 2 0 TNF-o0 KIS TR]RIERE 58 51 AR 22 Fof 9 PR 187
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[FIF, TNF-oo 5218 980 I 72 v S 35T 4H M T e e o 1 DG B DR 1881, 30 S 76 Ok
L, TNF-o X TASFERIE ) MSCs A5 AT A FEN . TNF-a RETS 2 3 52 i i b
i MSCs [ BILA L AT 35 37, S8 MSCs A SR ZH A (g 1 F %5 TNF-o A
I A 2R MSCs (W IE 8 2 18] 404k, I o 2 & 98 BT 55000 2F R sk 45t
[3LE9701, gk Ak, TNF-o 7] LS ECFER MSCs Fid FBES8 A, ik 28 5 1 o dRasg A= T,
TNF-o Xf T MSCs {13 L5 F 5 F AT S S50 e PR 22 71 A 20 200 B 0 AH — 3
PR TNF-o 381 50 MSCs AP AT NI S BUSEH L R IEH TSR, 51w
SHIEIG
TNF-o X TE#E MSC I REEZREEM, FERMAEILNH: 1D TNF-a

A BMSCs i 704k 2) TNF-o0 B] 8 0% T T 2% 155 BMSCs 725 3) TNF-a

FIRZI BMSCs [U395H . BARIX =R ERIFERSMS BNESE, (HREARN TNF-o X
BMSCs A:#574T J9 A RE i 1 AN B
4 TNF-o BI1E R 4 F AL

TNF-o 8 5 H A2k TNFR1 FI/8E TNFR2 454, 0 — &5 N s 5@,

Horh— 4 E @R T B . TNF-o REWEL IS NiFISET LA FADD &,
WAL FADD Refigidid — REVMEH&R 2 ff Caspase3 Wi, fHEMk, I T
Caspase8 [ 1L, 5304 S 40 B R Tk 72 . TNF-o R 55— 2% 25 Bl % & NF-KB

@, B TRAF2 RIP FITEAGATA T o DA% 00 6 B8 VA 2 2 A4 FRR 40 i A= A7 J2: R 1)
3, FTULEARFETIER, 5 FADD /M S:TE {5 SA#5$i. FADD 1 NF-«B i@
& AR HL EL P w52 T TNF-o0 40 B A vz B 1 A
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S

‘006

\ TRADD
FADD Mitochondria __ { TRAF2
(ROS) J RIP
| | ‘
MEKK1
Caspase-8 Caspase-9 '
| [ }
@ IKKB

ey

> MKK7 MKK3/6
L J | Y

Caspase-3 INK p38a ERK

] 4 TNF-o 0 (S 5 il 2 A2 ]
(518 blood, 2012) [

4.2 TNF-a % BMSCs 14T

TNF-o JOE 46 R iEE M 15 5 BMSCs [IDhRESE 1A ICUA, (R ohs286 8K, 8
RFAIER) TNF-o FIBEEESS 7 T R 400 & BMSCs HE 1208, 44 py F 78 B E s ik
B E /K5 TNF-a A S, T A TNF-o V697 7T RAD Bl 4B F R T
[FFE, TNF-o Z2ARMER G, BCE dHI R TR .

NF-«B @85 58 KRG MR B ARSI A EZIEH . 5 40 A Py e 5 P4
il NF-xB 15 5 B/ BAE A 5 TG BARTE, (H3E NAEIAG, /NRE 2R T
WT /Mo BHEHER)Z, EHJEH ob-/-/MNE EIFAKERZR TR, UEH T NF-«B
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13

15 S 1E B BB R A A R OGS FE UL, 20 i o e AU S FL i 8 B 1 SR i Tk
H A SECE TR R TS #E— PRI TTIESE, NF-«B {55 H#%H
% Smad7 FER B sR, T BCE 70 AN, NF-xB I i i ) i i 441
Wnt4 {55, WA . U8 NF-«B 38 2% 32 B0 B A AL, T i 8
BiEESUN S

I

B

B=HBr mRNAsTEEFRE  BUR KR K ThRERT T

AR, I SN KR ESEAEN Y LR TB, 8K E E S it 7
9V ERBERE, — RYNERCE 7046 o R 5 B I PR H RS = 38 B R O B e s IR 1
PRDL. Wnt, BMP Z:(5 51 2 RUNX2, Osterix, ATF4 Z:# 3% KT HI1EFI1S 2]
BEH, U0 R AR — AN B AR E SRR AR . mARGRAD /N RNA BT/ S 1%
KIFEEMAEY, 2565 HENAMUGRE S5 TAEFE T, miRNA &4
Hrp R EETER, DRSS S RIS 5 R,

1 miRNA #ER

MIRNA J&— 28 FEIRSF B I AFAE T 2 A At 40 i b (1 588 L ARG/ RNA,

—MREH 22-24 MZHRIY, W ER K S5EEFE mRNA 1) 3 IERIIEX

(untranslated region, UTR) L #h&h & #MHI L R R GE, R 4 i 2L R g D 2R 1 11

k. B miRNAs KRBV, (HITJLAEXS T miRNAs DhRE R 5T — B S g i
Ky, FLAEGH M ThRe P b 0 B SRR 2 B AN LI A . KA FEE
52, miRNA J& 28 R ) = R AL 2 — U7, — AN A A E L e Bl T
MIiRNA, 11— miRNA 7] 584 AN A58 2 HAMBAS & T 21 mRNA ) 3UTR
X, WIEHRIL. FOAHAERR) 20 &, EEid 70% 10 7L 3 5L R #T fe
5] miRNA Ji#% .

TAMRA LD FAT AR Z ] miRNA IR FRE . B REY], miRNA 72
S5 T TN, H. o, RS0 EE, EH R REREERIE,
P2 miRNA [T REATE FATLR A OB T 20 M AT 7 PR 4% o i) R
2 miRNAs %tF BMSCs 2L HIEE /e F R 5

WK, miRNAs 257 BMSC BT H. Z Wb, s, TReIT(E
RN HA miRNA X BMSC [IBCHE AT SRR o i i &
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O Fr IR AR P 2 T B, BRI T — RIUME MSC i 43 72 v 0k & A R M i s
[ miRNA, R L E#S 5 7 o0k e . CaE s H it 10 4~ miRNAs 25 7 BMSC
IR . g miR-210. miR-20a. miR-2861 £ iR iE AEWS L3 BMSC 1
B AE; T miR-29a,b. miR-335. miR-637 Z:AE 5] BMSC HIRcHE L%, &
S 2 M IFUE Y] miR-17 J miR-26a .2 5 | BMSCs 40K i#%. Hr, miR-17 i@
L E A T WNT S8 (4 8 2245 5 40 7 TCF-3 1 & %/ 1Y, i miR-26a 7 BMSCs
R R Rk B, IR R Wint {5 Sl R T BMSCs B 6

[83]

Let7, miR-23a~27a~24-2
miR-30c, miR-199a, miR-138,
miR-204, miR-206, miR-335

% Adipocytes

Neurons

Mesenchymal
stem cells

Wnt

TGF/BMPs  © miR-130
miR-27a,b

?
5?\“6“62 g
Myoblasts miR-133 - rctes
miR-1 ¥
miR-27b )

Runx2 \ <4
MyoD - Multiple
miR-125b miRNAs

Osterix miR-138

—\/—-\/—\—‘ .
—~ miR-637
Runx2 .

Myotubés Osteoblasts Osteocytes
- - ATF4 > Hypertrophic
R sATB2 ﬁ‘@ chondrocyte
~_Osteoid Bone
miR-23a~27a~24-2

5 miRNA i i 1% S e =5 [K] 552 BMSCs 734tk Re
(51 H Nat Rev Endocrinol, 2012)
3 MIRNA RiER% 55 R E VIR
3.1 B REAATEF mIRNA RikZ
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BOT I T I, mIRNA R /K 1 8 m] S 30 DS 1 R A2, AT AR
PR it FEAR A T T IR D8, fEE a2l A, B ZUA & BMSC 1 miRNA £
ERE LT R A BT A B, miR-214 AR NIEE AT B E T,
W) TCF4 SECE T RAE /1 FBERY; miR-188 TEREE /MR A1) BMSC Hi#ik
FHigs, T BMSC 40 ALBRIAIE, ke PRSI HIX A miRNA a8 80k 2 &
HETHB TR let-7 £ BMSCs 70 R #ECEEME T, let-7f g m] DU 41
il axin2 T {2 34t BMSC R 7 A0 T 2 AR R AL i miRNA &5 7 i 25 A I, let-7
FWRHIFRIELEN /N BMSC s 7 5 /- i A vh 38 25 B o878, R 5 )i
Biks BMSCs 40657 H A K
3.2 RIEF T HAIZE miRNA F£iE

BORT FUAR H,  SORE R AT DL I R 8 1015 5@ BRI ZH 2R miRNA R
k. A, Llipoulos 254i&, {EMET-40MIF, SRR T-#0% NF-xB &35, T
let-7a [FIEZRIHH], A IL-6 1IFiE BTF, ZRMBAL BRI R — AN IE e 2%
AU o 0 PR S A B AR 19,

X LG FF S0P I TR - MIRNA R IL 579 /& 5 30 BMSC 434k SR I Y S HE R 3%,
RAEF T TNF-a 7] LU 2034 2 miRNAs %35, TS EF40 M Thas 5w, 3l
A AR S . B2, EF BN BMSCs H& S 71ERE 5 1) miRNAS
B, H miRNAs B4 /& 75 52 BMSCs FI I RESE B 208, &4 M oA CHuE, o
JSA M BATTR AN AN B BA SR I3 AL [ R B
4 MiRNA RIRTT IR BRI R R

R RS B EARET TB. 6 PR F R F 0 DL i RSO
FWFERRTT, AR FOE IO IR AR A R, R TTRE SR
HIRFEE ™ E I RIE P, B TR SRR N, R 2 (1 N\ R US40 M T R
JA 2 IR IR TT R AR, R AR S50 BMSC 1 Ty 2 HL R AR — RO
[90]

oA miRNA fREME, Arat N A miRNAs BRI B 30 4 B 3 R 1R
MiRNA [RIE, BAEGRES . BHemTE. Frrthlr. etmSin, #15
T I A miIRNA A B W A B D e (R 25 Pk B RO 7T BE, IX 2 24 miRNAS
BT RS — B0 R R VRIT OB R S miR-214 F K
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TN, ANIRE miR-214 11RE, KR 7 NIRTERSCE A R e 7T, SEEL T
BB RARE A ZeR 7B T #id] miR-188a R R BMSC MU 7L AE T,
oA T TR B BB AA ). ASIG AT LR R S A kU BMSCs
1 omiR-17 MRE &, A PSR A0 bRE 7T, 1L TNF-o T 801 &% BMSCs i
oA miR-26a R LAt BMSCs & A A 101 B AR X ML FEAE Dhfg, it
BMSCs 4 M 5 FAI B 45145715 52 R0 ik e i O PRI 72 34987 1 38 5 1 4% miRNA
REEFPERIME A T T4, AT st mom BURS MmO e Eae s, HE
ELEIGITHN, 9 miRNA AR T RE T 207 (T 50 (B2 O I ey 2 d
AR E mIRNA BEAT B 322 Sl AR YT, 1 JC W B IE R 7538 T e gt g
MIRNA [RZRIE R BEAT | UG KR TT o

B4
2i b, BMSC TEH LR B S ik EZRIEIEM . BMSC B 70 Gae
N FFREFHEEE R E R Ef R g gl i, RIERT
SRR R R AT 5 miRNA [RIA IR, W R T3 BMSC SuE 706 TR &
LRER . I FE B R R E KX BMSC o miRNA /i 34 5 f5 %
DRI AR, A B T BRATEE— 25 A TR AA RS, 42 H Bl miRNA 1E
DR RURTETIR ST LS, RO BB AL B (IR T N
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E X

g —3n FRHEAF TNF-a 3 BMSCs ‘B
MG VE A 5

BIRAE 2 Ja i FUGAR  AOR ML T S A, (HE R Rt 20 AR T4
RO D M M ——R i AN A . s BMSCs W 7T e B e, HoAe i
KB ~ BOEABRE H B AR AT B AR AT AR - AT T2 BMSCs A1 R
PRV SRR B T R B PR A ZE ML, DA R 78 AERE A IR T8 s AR AR

MEER B = 5 4K R IR TNF-o0 55 2 10 R 77K F B T2 3 350E BT i R 1) 22 22 [
# o TNF-o AMYAEBS e BER B 1AL 51 kS B WS N, B0 AT #i BMSCs K&
JH A T B IR RN R EER R VER T, TNF-o fEH@EESR. 7
RN Z . ORI ILAERE 7T BMSCs 4T 52 M 4T i 3 5 A0 1 B 7>
o N 7 IR g AT TNF-o EE 50 BMSCs fItHAThfe, PASHARRIR) 2
R TEAE, AW FURE D EBOEE I G KR BMSCs FAEMZEAT N, 4iG
PR Hh TNF-oo /I SEANE S8 B FCEAT IR R

1 w1

1.1 {UEEFiRE

1.1.1 Realtime & & PCR 1% Bio-Rad, [
1.1.2 PCR 1% Thermo, %[
1.1.3 FhriX Bio-tek, &
1.1.4 microCT Siemens, 1% [E]
1.1.5 Jn 4 pa % Beckman, [
1.1.6 {5 B B Olympus, H#Z&
1.1.7 H kA Bio-Rad, [
1.1.8 BER AR T R4t Kig, i

1.1.9 AL Leica, 7&[E
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1.2 LT
C57BL6/J /N,

1.3 EFERF

1.3.1 a-MEM 5357k

1.3.2 PBS

133 HER

1.34 5B &R

1.3.5 64+ i -

1.3.6 V4L O 4k}

1.3.7 P Gkl

1.3.8 F A

1.3.9 F2EfZE

1.3.10 RNA S sl 7 &
1.3.11 Realtime PCR i)t 71 &
1.3.12 Trizol

1.3.13 /MR TNF-a
1.3.14 /MR 19G

1.3.15 Him BN

1.3.16 i % C

1.3.17 HuZE KA

1.3.18 =X

1.3.19 3-55 T J&-1-F AL g
1.3.20 4L

1.3.21 HHARE

1.3.22 B-actin Hifk

1.3.23 P65 ik

1.3.24 =¥

1.3.25 B EE A 22 R OB TR
1.3.26 40 i T AR B
1.3.27 17p M —F%

1.3.28 /N TNF-a ELISA #t7) &r

2 7%

21 EHBERBEMRBRET

55 VU ZE B2 K s Se B s ot

Gibco, F[H
Gibco, F[H
Sigma, £H
Sigma, £H
mé%z’ *J{_LJ‘I‘I
Sigma, £H
Sigma, £H
B, ki
Sigma, £[H
Takara, HZA
Takara, HZA
Invitrogen, £/
Peprotech, [
Millipore, 2%
Sigma, £H
Sigma, £[H
Sigma, £[H
Sigma, £H
Sigma, E[H
Sigma, E[H
Sigma, E[H
Cell Signaling, [
Cell Signaling, %[
A, Y
LigEER, ki
LR, Ll
Sigma, E[H
Rt E, R

1) £ 8 A KUEEE C5TBL6/ N, BEHLA AEFARLL (Sham surgery, SHAM) i
%34 (Ovariectomy, OVX);
2) FEES 1% E RIS, S HLI0, 55E A BEUUGIH: OVX 4UNR
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e VIR BN L, 177 SHAM 4/ BRA D) R/ & BN S [ IR T 20 2 48500 11
3) ARJEHTA/NRILEIET SPF ( specific pathogen—free) R scih =, THIET 22T
50%-55%#E /% 12 h Jefit/12 h FBEEAEE, B R MUOK, 4REiAse 12 w jEit
17 R B30
4) BT S S5 35 58 4 M O SRAG B BOR S . SR BN IR SIS SR A R T B L K
(SEREN P B o

2.2 HHAERM

1) JEHSHAM J OVX ARJ5 12 w/NER, 1 B 2 9 BRI 5 S9UHE i F AR BE, i 43
BB, ERRIE LA,

2) RH 4% ZEHBENMEE 24h 5, BT 10% EDTA (pH 7.0)F 45 2w, & 2d #
W

3) WU E I, WAKMYE 8h, LUPASHEATHE MK, AT Al e

4) WURE AR, HERVR, JEEE S um;

5) H3Mk HE 4eto. JefE T Bl (ZHZK, 10 minx ), LEEEK (100%,
100%, 85%, 70%, 50%, 30%Z. [, H20, % 2min), FFAKESt 15min, 0.1%
HCI 434k 2sec, M7k (H20, 30%, 50%, 70%, 85%Z.M#, 4% 2min), 0.5%f}
LB Y% 10min, ZEEME K B H ORI S T R R

6) TESRIAEE FREAT AR, 5B e i A KA O v YR R 4 X AT HEAH RO A54L
20)

7)  XFRER AR SR X 3 AR Image Pro Software #4720 M iH R

2. 3 microCT #&3

1) SHAM 2 OVX AJ5 12w, /NERHBGE 2k, e TEme 2L,
Xof 2 M B BEAT I AR microCT 4514

2) microCT F4ifi: & UM RIARERE xS B HEAT 360 [E4Tf, HiZHC0N: Wk
160kv, FLI 500 mA, 43#E% 10.44 um

3) XM HF Inveon Research Workplace 2.2 % & 4347 3D B4 5 &

4) BGHHr: SEBURE A KOS 1 mim BLE 0.5mm X3, HEATRA B EE /D
BRI = AE BRI IURCE B Imm 8 FEIEAT KB B T A A AR

NN
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5)

G
R SRS TR TR NRIA S BT A RGO
AT

2. 4BMSC 5%

1)

2)

3)

4)
5)

SHAM & OVX ARJ5 12 w /N ERSUHENE FAALFE, Bl 5 B Ui B S IR i, (A 1
ml £ EC o-MEM 5359 (& 20% PBS, 100 U/mL 58 E M 100pg/mL 455
R) A E R 3-5 R, KAEE BB

MU, B 107 B EEA MM 10 ml o-MEM 57231 9 cm K=+,
BT 37 'C, 5% CO2 & 75%if® & 4 i 1% 77 48 P kAT AR S %

M5 IE 48 h S LA PBS B2t 2 4k, ZmURNGEEGNM, SEHERIRM: LS
3d #ei;

£ BMSC A K ZE~80%% )5, KA 1%EEHHEIL 3-5 min, DL 1: 2 BILLBIFEAR;
BREFERULEH AN, AW 7T 2R 2-3 1K) BMSC #4755 55

2.5 BB HREMHST

1)
2)
3)

4)

)77k 2.4 BERh A, K597 3-4d;

R a-MEM, #OyRCE 7SS IR, B 3d #l, 4kSEEE IR 11d;

PRI YLt FEBERTIRME, PBS fEVE 3min>3 Ik;  60% 5 A EE[E & 60s, PBS /K
1 2 min; 10%7E & ZL 44 (7 3 min;

PBS & ¥t 3minx3 U5, Wik, B 5 AH

26 HRAXBRER

1)

2)

3)

BCE S R BMSCs T 12 LI, M4 15 % 80% N e F R 75 Stk 47
SR, B 3 R (BB RWIC )T : o-MEM 15323, 10% FBS, 100pug/ml
PUAMER, 2mM B-H M BERL AN 10nM L ZEKHR)

PRt EHT 14 d 5, FFEEEFRE, PBS IEYE 3min>3 K 60%5: A
fi [ 5 60s, PBS /KL 2 min; 10%7%E R4 4 3 min; PBS JE¥E 3min >3 X,
WA, REAH

PR ALEE: B Iml 2% T NkeREnbnE, SRR % 10min el gekl, mE
200ul i 96 FLAR T, 40 BE TR 540nm AbI A o
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2.7 M3E TNF-o ELISA #51
ELISA A0 A% 2 B R 77 G bR E R 20 IR E . ik 1 -

1)
2)

3)
4)

5)

6)

7)

8)
9)

MiEREE: 2/ BIRBR A ILE KA, B SREEIL S 5000r/min &0 77 85 1L ;

IS INARTEE S - 7E 96 LR H 4 FL I\ 1000. 500. 250. 125. 62.5.31.2 A1 15.6 pg/ml
(/N B TNF-a AR 7R 25 100pd; 25 I FLIIN 100p] AEAS S B

IIFEA: BZSU 0 100pd 7N RIS 5

B, 37T CHFE 90min: F1F &+, BIHEAE, B8 T4 ERR5kRE
YN

FEFLINA 0.1ml AP ZARIC I/ TNF-a Hi4k, 37°CH¥ & 60min; 0.01 M TBS &
bE 3 1K

REFLIDN TR AT B TAEWR 100ul, 37°CHEE 30min; 0.01 M TBS j&E¥E 5 ¥ 3l
Wk, (518 FAUD R

BALIIA 90ul BB, 37CHEOGIEE 25 min;

BESLINN 100 ul by, A B € D %) S 30 85

FIFH 2 e BE e % 450 nm AbME S ;

10) THE: AXEOEE =5 FLBOGE -2 AR GAR s A Ao ot RO AR 22 il o o4 A 25

PR YR IR 2T AR TNF-o IR

2.8 RNA 125

1)
2)

3)
4)
5)
6)

PA Trizol (1x10%mb) #fEAMM, YWHENTC RNA B EP &,

N 115 RFRE AT, RIZIRES 45s, FE Smin RS E)E, 4T~ 12000 #/
4850 15min;

W EIEW, ISR SR AIRE, TR2) 30s J5, -20C JiE 2h;

4C K 12000 /4y 550> 10min, WL Fi;

I 1ml DEPC Ab¥E 75% 7, BEid e —i8, 7500 /4 850 5min, R FiF;
A& S (20-50u1) DEPC 7K RNA, & Bl fr 77 T-80<C.
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2.9 MRNA ¥R RN
1) Bt 1mg st RNA, f#F] PrimeScript RT reagent kit 3% %% S5 6 Bt B SN R -
# LRT PR E
%l i & LIRS

5>PrimeScript® Buffer (for Real Time) 2ul 1x
PrimeScript® RT Enzyme Mix | 0.5 ul
Oligo dT Primer (50 uM) 0.5 ul 25 pmol
Random 6 mers (100 uM) 0.5 ul 50 pmol
Total RNA 1mg
RNase Free dH20 up to 10 pl

2) BTN, 31T cDNA
RBLZEATINTR: 37°C 15 min *3 (LR MN); 85°C 5sec (SfkskMgitkifik
J¥)

3) %75 cDNA {£17T1-80°C.

2.10 Realtime PCR #&i
1) Bl E SYBR GreenPCR S MR &

PCR [ M e &
) fli & ZWRE
SYBR® Premix Ex TaqgTMII (2x) 10 ul 1x
PCR Forward Primer (10 uM) 0.8 ul 0.4 uM
PCR Reverse Primer (10 uM) 0.8 ul 0.4 uM
RT &Mk (cDNA ¥ 2ul
dH20 K78 17K) 6.4 ul

2) CRHASRER =0T, wEfRT R
#* Realtime PCR &5 % &
EE2N 7 B ingja) P2
1X AR 1 95°C 20 sec AL AR BAR AL
AR 95°C 10 sec PCR MR AL 14

40X Bk 60°C 20 sec 1Bk
HEA 70°C 1~10 sec FEAH

3) p-actin A1 U6 4> 7I1EN mRNA F1 miRNA NS T & & .
4) SIS FTAE A S50

Skl
Primer Sequence
Gene
Forward Reverse
B-actin 5'-CTGGCACCACACCTTCTACA-3' 5'-GGTACGACCAGAGGCATACA-3'
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OCN 5-CTGACAAAGCCTTCATGTCCAA-3' 5-GCGCCGGAGTCTGTTCACTA-3'
RUNX2  5-GACTGTGGTTACCGTCATGGC-3' 5-ACTTGGTTTTTCATAACAGCGGA-3'
IKKa GTGAACATCCTCTGACATGTGTGGT  5-GCAACACAAGGAGGCTGGGCT-3'

2.11 Western blot &3

1) AR B RKEARMEREA AN PMSF (49K 100pg/mD J&, SCZIHIIAA
MuBsFE A (1ml/><108 cell); H42iE241 2-3 min J&, B T-80°CH4fr; REWR 3
W AEVK ERER i

2) EAER: EATEEMKILE BCA & A E NG BT, Rk,
A, BINbRAES: 7E 96 FLARAIARESL 20 in A 20, 19, 18, 16, 12, 8, 4, 0
ul MR, BES AN E AbsdEs 0, 1, 2, 4, 8, 16, 20ul.
B, WINFEA: RALINAFRER 18ul, BHJE 7 BIINAFEAR S 2 ul;
C, BC#E BCA KCMlA: DL 1. 20 LLEinA BCA RF, JEA], #E Smin;
D, #ALIIA 200 ul BCA iy, i 75 30°CHEE 30min £ &7
E, XOEHEETHALII 546nm AWK S AE
Fo WREEVES: ARAEFRE IR BT e hl b th 28, AR bR th 2201 B4
AR VR BE

3) HE R MRAEEEAFEAE AR, 2 N N IE R AR AR (A AR ],
PL1: 4 BB 5xloading buffer, JE%41J5 95°C/K#s 281 5min;

4) TE 12% 5 BB 4% IRG6 18
£ 4B ORI G B i

12%7) 25 1 A% R4
B2k 3.3ml 1.4 ml
3090 A #5 ok frix 4ml 0.33ml
1.5 mol/L Tris HCI (pH8.8) 2.5ml -
0.1 mol/L Tris HCI (pH6.8) — 0.25 ml
10%SDS 100 pl 20 pl
10% JLHR L% 100 pl 20 pl
TEMED 4l 2l

5) SDS-PAGE Hijk: MIAEMARES 20-30ul J5, #H4T SDS-PAGE Hijk: 80v 40min,
120 v, 90 min; CHLVKZE MR & : H20 1L; Tris 3.03g; H %8 14.4g; SDS 1g)
6) HLME: RHERAT4E R (PVDR) I, 200mA #4JE 90min (& 2% phifi Fic & : H20 800ml;

734,



FoFEXFHETFLEAL

Tris base 5.8g9; HZ#& 2.99; HEE 200ml)

7) EHP: 10%NEMEAEA 37TCHM 2 hry GRERECE: Tris 2429 ; H20
800ml; Nacl 8.8g; Tween 20 1ml, Hcl % PH % 7.6, &% 1L)

8) —HlACHENA: Hrh p-actin HifALL 1. 10000 #iks, HARFUABHLL 1. 1000
iR o

9) WRBLEIEDE 10 min, 39K MMAZHL, =EWE 2 hr;

10) M TERLUR G T RSt , I G BN i 5 6, F)% 120-300sec, it
KEIA;

11) =5 4r: KH IMAGE J software (http:/rsb.info.nih.gov/ij/) , X} &G A (T ENIZE )
IR BEAE AT € B, AR A R AR @S S AR B-actin K PEEARRR,
ATIH— AL

2.12 HRRATH M

ST 9 s 4% B Annexin VP SSUGS244H 3 1 Rs  XR) 6 B P bR v D BRI AT

fa R a0 T -

1) BMSCs #E47 B WAL 5, 800 #/min B0 Smin, #£ Fif,

2) PBS EHEAM, THE, TRELSX10° 4, &, 7RI

3) N\ 400ul Binding £ i 25 2 41 i ;

4) i\ 5ul Annexin V-FITC, JEZ&)JG#G =R T 15min

5) JAA 10 ul PI B3, UK¥# 5min

6) WAL . Hrb, Annexin V-IPI-NIEZHM, Annexin V+PI- AE T 5340
il Annexin V+/PI+ATET-IG 40, Annexin V-/Pl+ AYRIE 241 .

2.13 IKKa SiRNA F3t

1) 2x10° BMSCs LA & 10%IL15 Y a-MEM 35 37 %A T 6 FLA 1, 7597 %5 70%
HE

2) UL 250ul TEXPTLIMLIFE a-MEM H8 10ul siRNA, =IEHCE 5min;

3) LA 250ul TEXPTLIMIE a-MEM ## 10ul lipofectamine 2000, % iR i & 5min;

4) ¥ EIRHMRRR R RIRA G =R E 15min;

5) MHRAWINAE 1500ul F5FRH 6 FLARH, SFAEEEFR 24hr JE e, AT S S
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IV o

2.14 43t
THEHHE Ui HE 2= (mean £ SD) FoRk. WALEE 2 RILLHBCR A student’s
t-test; 2 ZH ¥ A] LLECR FH 52K 5 77 240 (one-way ANOVA) . P < 0.05 #% ik
HAEREMEZER.

3 &R

3.1 OVX B R BifA/ MK BMSC BuE 74k T b
N TR RAAE JE B R ELAA  BMSCs [IThREAE AL, FRATE Jadd o U1 F A&
SE/NERE RS o RS 3mon, T8 I A A DI SRHIE i i R 1 25 3 B R AA AR A
microCT 5 R E7~: RJ5 3 /MH, OVX/NRBE KE /N SHAM /N R T
60% (P<0.01) (K] 1-1A, B); H&E Gt [EAEIESE OVX /N BRUBCE A ot 19 25 2%

(] 1-1C, D), TEWIE R BGAAE AL R -

A SHAM OVX

BV/TV (%)

Sham OVX

o
[&;]

A
o

*%

Trabecular Bone(%)
(8]

o

N\
® 3

1-1 SHAM & OVX /B microCT J% 447 24
GF AT COVX) BT AR (SHAM) AR JE 3 mon, X7 BRI Bz s s 5t B T4 AR R H#E4T microCT

Kl (A, B) KL (C, D). Scale bar, 200um; BV/TV, FEAFEAER. n=3;
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** P<0.01.

N T AL B G T MSCs BB 73 RE 712 15 508, B 56 A A SHAM
S OVX /INERJBE 73 85 1) BMSCs HEAT Je B JE L (CFU-F) 2l e B T /% (CFU-Ob)
LK. AR ER OVX BMSCs JE R4 4 7% B 5. SHAM BMSCs Ji7 28%
(P<0.05) (Kl 1-2A), {HZMHHEREARE D 1 65% (P<0.001) (& 1-2B). %1
K, AT AR R R AR AP IR I SHAM HIT OVX BMSCs #EAT 5 S 5256, v R4
Pt 7R OVX BMSCs I scE 4016 g /11K T SHAM BMSCs (P<0.05) (] 1-2C). A
T BHIEA R BMSCs i e I 2, A8 realtime RT-PCR kil 1 i
IR EMEREE Runx2 & OCN HIZRIA, [FAFE A I OVX BMSCs 1 il kR R IA I T
IEH X (Runx2, P<0.05; OCN, P<0.01) ([ 1-2D). FiRgsHHIEsSE |44 55 G
FAH BMSCs [ i 701 Re /) 22 T .
A sHaM  ovx g7

-
(8]

umbe

€30

-
o

(4
[

Absorbance (5670nm)

o
o

Sham OVX

N
(&)

1.0

o
&)

0.5 * %

=)
L
<
Z
4
E
2
3
]

0.0
Sham OVX Sham OVX

K] 1-2 SHAM }2 OVX BMSCs 8 4L HE J7ka il

RUNX2 mRNA (fold)

=
=]

(A) SHAM K OVX ' fEdi s 7% 14d J5 17T R IRIE e t0, IRt EAEERS=E; (B) SHAM
Je OVX ‘B BEZH M B 17 SIS 77 14d JoAT v R4 yeth, JHit B 4R 42 V% $E . (C, D)SHAM
M OVX BMSCs {515 S 14 d J5iTvi RLL G Mg =81 (C), FFIH Realtime RT-PCR 4l

bR EFER L (D). n=3; *P<0.05, **P<0.01, ***P<0.001.

3.2 BEEEBLZ 5 TNF-o BT EITH] BMSCs iRBE 44k
AT BAHf TNF-a £ OVX BMSCs i H 46 555 R IAE . B 26k A ELISA A
AN RIS o TNF-o & &, FSE TNF-o L5 W EE B f2 R 3 T 5 20 30%
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(P<0.01) (K 1-3A), HUMECERIRIEA —2. B/, FRATELARSN TNF-o R
R PR Yt IR, TNF-a 14 d 5 BMSCs JE 8 H 85 4k 2515 i /b #E i 50% (P<0.001)

(K 1-3B), 1fi Realtime RT-PCR il /x TNF-o ALFHiE R Runx2 FIAFEAS 50%

(P<0.05), ifii OCN ik &kt 90% (P<0.001) ([ 1-3C). ERH TNF-o [T
A4 BMSCs 8 7ML .

>

120+

-
[¢,]

904

-
o

60

ol
o

30+

TNF-a (pg/ml)
Absorbance (540nm)

A,
S
Q

o
o
\ .

-
[6)]

-
o
=
o

=
13

Runx2 mRNA (
*
OCN mRNA (fold)
o
o

e
o
o
o

> S
<b A
< ,\g<
K 1-3 TNF-o, 203 J5 BMSCs B 4540 B k6l
(A) FIH ELISA %l SHAM 2 OVX /NRIMTEH TNF-o FIE; (B, C) BMSC i i Fid
FEA I 20ng/ml TNF-o %13, 14d J547 96 R4 44 (B) ¢ realtime RT-PCR ¥l (C). n=3;

*P<0.05, **P<0.01, ***P<0.001.

3.3 TNF-o 3BT #0E NF-«B 1558 B 3% BMSC B2k

TNF-o A 5 245G W0E 2 5 TS SR,  Horvds 32 2002 U8 T i 2
NF-«kB i, 17 HIH TNF-o F/EHERE, B TNF-o 2 530S T
Annexin V/Pl JT- 3t Bor, TNF-a (20ng/mD) HCAE SAMET (& 1-4), #
AN IR TR .
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TNF-a (20ng/ml)

PBS

, 12hr ) 48hr
BT B2 -1 z BT B2
Jo2% [o08% 0.8% Jos% [os% 0.8% Joaw 10w 1.0%
10°| X 102 10°
o o o
10" 10" 10
B3 P4 _ L B
3 Al : 0.7% 0.5% | 0.6%
[T TR PR T e 1o PR TR TR TR
Annexin V Annexin V Annexin V

1-4 FCM &1 TNF-o H3 12hr £ 48hr 5 BMSCs [T

B2 ROk, 0T NF-xB A5 538 B N il B % K 1 P65 I RIE 7K~ 2E AT Kl - Western
blot 1 Realtime RT-PCR faillliEsk, P65 & H (B 1-4A) Hl mRNA (K] 1-4D) 7K
SFAE TNF-o FIBUG 28 27 & P65 @R 1L /2 NF-«B (E 5 S EE R E 2 —, &
TR BBERR 1L P65 £E TNF-o RIBEUS A T THm (Bl 1-4A). AR, FATHIESE OVX
MSCs H P65 [1)s 8 [ AR Ab 2 /KPR 3 =T Sham BMSCs (] 1-4C). ik
RULH TNF-o B0E 7 NF-xB 15 581 .

A o& Bu . C
P65 | emp| 65kD gzg P65 | s | 65KD
p-PE5 [— — —65kD & *° P-PE5[ e e 65KD

2.0

GAPDH E 38kD 00 PBS TNF-a GAPDHESBI(D

1-5 P65 PCR J% western & ill NF-xB 13 5 i %
(A)Western blot il 20ng/ml TNF-o %34 12hr 5 P65 Al p-P65 ()5 A1k ; GAPDH 1 AN 55
(B) Realtime RT-PCR #&:ll TNF-o H¥4 5 P65 mRNA [f1%iA5. n=3; *P<0.05; (C) Western blot

¥l SHAM 1 OVX BMSCs H P65 Fll p-P65 )8 £ 1%

N TIESE TNF-o i@ NF-«B 15 S i@ g 4H] BMSCs gl sk, FRATRH IKKa
SIRNA JTER IKKa %1%, K IKKa Z#0E P65 1) FiFEE (I S RM SR, ]
IKKo 7] 75 2% 1E P65 {13514 - Realtime RT-PCR ilE 52 FHf siRNA (#1371 2R 2 % 14 51 60%
DAt (B 1-5A), T Western blot A& Il 1ESE T JTER SIRNA 7] 2030 P65 HIERR 1L

(K 1-5B) . 5 N RIBATHIIER T IKKa ) BMSC Bl 75 3 i F2 AT TNF-o 20 2E,
P 2R LT Yt Ko i 3 RS U IE 52, 470 NF-xcB 3 B35 14 35 25 BT 1 TNF-o0 %} BMSCs
BB A AIEIER (B 1-5D), #iBH TNF-o 2@ NF-«B 15 5@ B K EEH
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el 2.0 B QV’
€15 & &
< & &
Z 10 cull
' 65kD
et 43kD
g’ - acin m—

=) 8
* g 6
s
xr 4
£
% 2
S
X 0.0 ©y
S \ad S \g
& &S
<& &
& &
S S
& X

1-6 #0%H| NF-kB J& Z2fi# TNF-a % BMSCs BB 24k i1
(A) BMSCs #:#¢ IKKa siRNA J5, K] realtime RT-PCR %} IKKo mRNA ik T8
(B) Western blot 1l IKKa siRNA % 44)5 p-P65 HIFik; (C, D) #%¢ IKKa siRNA ] BMSCs
TERCE T FH T TNF-o 03, 14d J5 AT R A 44 (C) K realtime RT-PCR £l (D). n=3;

*P<0.05, **P<0.01, ***P<0.001.

4 Vg

B R ERA 2 A 2 R R A A S G RS T R A A
IR TGS, SR B . A R R R — MR BB A R 7E IR
BRRA LI, AR A AR, B R T e T T R 2 T T
NERBARAE IS, WE BB, BRI B B . B 9IESE,
I e 2 LB P T T RS B R R B PEARE  T BAE R
AL S B AR A 50 DR 20 TR T BRI St — PR b S T R B
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1 BMSCs AEW) AT NI TS 2 0 JE 455 . N 7 BifMERER B = 5 %5 T BMSCs 1)
BEVISENA, AT I8 S AR AL ERURE IRF 8] 25 413 BEE AR JS 3mon, BI-E S s A 1 AR 1
TP B B R A R R RSOSSN P R B, R AR R AR, DU AT R I R B R
XFF BMSCs S5 1 B id B R 50 o

K BMSCs & Ui il R 2H M SRR, 728 B RO A2 R 4236 28 0 S B
BMSCs &A% IEH hREI e F WA HERR L. — R AR IR R EH, K YERr 140
Mt b g, JF BREE B B AR, G H 28 E ) BMSCs: 2 fg
% 1) B BT AR A 73 A . BMSCs BEBEXI WA S EAT R, T 7E i ) I [ 2
(15344, SRAMFT 5 00 0B AH M o 5 SR )49 ol A i PR A i T AR 2 R
J TGF-b ZE4H A [A 5, BMSCs Bl mi N TGF-b M A A% B WU 7 SRS, I sk
AT, BRI E . ST UL A, W BMSCs (¥ H 3 HT e 1k Ag
RAEMA, BHEESIREHRGE T . OF S, 5 Z A S R 0
BMSCs A2 AT e A HEAT AL, IR EEE FE BMSCs 1 5 3 E 8T S8 A
IIACRE ST T R FRATHIBE T A I ME R sk = BT BUHE kA, BMSCs HISCE 704k
BE A1t R A SR T . X et LR BMSCs ThfE 58 R B A & 4 10 B B4 i
=R

H T BMSCs IR N BIF FATI A AE G Z K5 e Al T B BUE /D ZEWAE, BRI
J7i5 R JE S BRIk N B REEYE . H AT BMSCs b WF 785 22 FO s T4 41
RS S . RSB S T SR R A AR B 2 R . A SEEG T, — 7T
R FH R A0 M S VR T sk 5 (CFU-Ob), IESEAE OVX ‘B R BikAH, BMSCs K%
A BORZES:, R BA KA /HMLEE /I8 BMSCs Hes /bW e 5—J7m, FH
RO P Y RIE AR I, IE] OVX BMSCs MR 0L /1 FBE. _Eiksh
BIJESL T OVX BMSCs W E 704 3

AHFF LI, OVX A J& 3mon /i BMSCs [ B /L BE 11 23 T M. S
o, e BB IA R, B R PRSI B R S BRI N, R U A A
G2 (HBEAE H TUB A IR, R SRR Y Re 70 Z M T B 1 OVX R JE 1mon,
5 SHAM ZH TR 7250 o U B BB A R B bs A 0 B R WAL AR BEAEG, BMISCs
AN FARAE R R SR TS, BT I 1 B0 R 3o HETh BRI B Se R A o BT DAFRATT
MgEe 5 O R HFATIE
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MR 2R A T 2Rt . SRR, T4, MR, B
WESHHL . AR IA M = 2 A, B2 PSR 1A . . AhE
A ThRECCE, AT ARSI BB . 2T FOIESE, MR Z (R T 4
1k RANKL & TNF-o, IL-6 SRR, BEmfe st iash, MslpeaiEs), =
SECH RGN EIEFE N b, BFRRITER SR 20 200 B P e M R
W ZR 2 R AT 3 B R N . X U ST AR SR ME R FLA R 4 0 TR AR A
AT R R AR o X MRt — 2PN OR ISR TR P AR B S AR K
MERE o PRA BT AE SE 56 5 BT AR 70 CUESE, AR IR TNF-o HRORILAAR AT G R0 T8
WBIT OVX FREUH RS, IERBLPA TNF-o G HRAER—EWE. A K3
T TNF-o TEAAL 55 RBA A OAE o BT AT Hh 32 B0 TSR s = )5
FHEH) TNF-a % T BMSCs [1EH

NF-«xB 1E8 TNF-o (I EZ FiF, RIEEHEFFAMIAELNIIEE, N S5RETES
MIE BT BATREER TIPS TNF-o (20ng/ml) F3545 15 5 W S22 1K) 40 i
T, $&7s NF-kB il B £ BMSCs H1 & # 58 S8 1 H o SR 11T, NF-B i % 52 % BMSCs
1 5 e — W TI 8. NF-xB {5558 Ol S EmE RGin. L. MI/R%
VEEERIE W PRI 5 2 AR IR AT MR AE DG IO34)  ARR I R I I A7 S A E i /N BRI
AR, AR P SCERUESE NF-xB B B0 BB A 0 7k, T4 0wl A 4
FEAFRIGHEE. WP R, AR 7d, BRATHAESE T TNF-o @il
I NF-kB {5 5l B, 01 BMSCs [ BCE 7048, 45 57 11 BE I 230 6 7T LA 25 BH T TNF-a
A RAEF, FIRE & FBiAL BMSCs FISE 73k I6Ah, RAEFF. AN, &
FEPIEAR R R NF-«B {5 588, SEOLR L, #R8 NF-«B il A8 2 FhE
TN R SR, (EE RS PR IE BN S A . (B NF-«B 7EAE %R
Gt R E B AEBER, G R 2o B 3 B0 E I EIER, BT NF-xB
B E LA R AA TR T R . TSR NF-xB JEEE 5] BMSCs BUH 7461
R IE RS 507, B2 T T AT IR SRR
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% =39 TNF-o i#iid miR-3077-5p 3941
BMSCs #& & 44t

WS —, RS R B Z 5 TNF-o AP _ETF, Rt B0 NF-«B 38 540 )
BMSCs HIECH 7046 NF-«B (& 5@ AIEH 0T 2. HEas e E 2 (2t pes
TN TN, RN, SCRAIMA TR . ILORBUKEEER Y2 E] P65
(A%, (ERILELN BMSCs i 7 b A SCHL 4756 B

MIRNA X T 20 73 A4 (R VR 42 AF B OR R Z B 2 AT E . Bt AR, £
A~ miRNA £ BMSCs 73t R ¥ B R EAE A mrefg 4, kI NF-«B 556
BEWOEREE mIRNA 1Rk, (H2H BBk BMSCs b Dhe T 25 5 miRNA A
5y TNF-o A2 IR FE M miRNA 205 1 12 41 oA 55 3 22 () 0 JE R . BT LA
IrSRI R, AR miRNA SR ISR, K5 TNF-o /2 7l 4% miRNA 11

il BMSCs HiE 704k o

1 #%

11 U/ E

1.1.1 E& PCRAX Bio-Rad, [
1.1.2 PCR 1% Thermo, 3
1.1.3 FEbrix Bio-tek, 3%
1.1.4 microCT Siemens, 1% %
1.1.5 N4t A Beckman, Z£[H
1.1.6 {5 B B Olympus, H#A
1.1.7 kAL Bio-Rad, J[H
1.1.8 B ME 0 R4t Kie, bilg
1.2 FERFH

1.3.1 RNA S sl & Takara, HA
1.3.2 Realtime PCR &7 & Takara, HZA
1.3.3 Trizol Invitrogen, [
1.3.4 miR-3077-5p mimics, inhibitor BLrEL, M
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1.3.5 miRNA PCR #& | £ 2 B, M

1.3.6 RUNX2 #ifk Cell Signaling, [
1.3.7 EH/N TNF-a Peprotech, [
1.3.8 miRNA =i &t BAEY, B

2 ik

2.1 miRNA B %k

1)
2)

3)

4)

5)

2.2
1)

2)

3)

HRJE 12w OVX f SHAM /NREE % 9 R, 73 B85 5% BMSCs:

RRE ARG, RABAEDAIH RNA SRR AR (500ul/110° celD, F
UKURAT, BRI A AF

PRI | A4 2 JEAT RN T RE 5 RNA SB, BRGS0 » 24 3 MFEAS RNA
HEIRA, T 6 MRAFEA;

MIRNA & F KA pParaflo®4E 46 Fr, 5 FiRAH Sanger 17.05 &EiK S A 43
HIFRIC Cy3 Al Cy5 Fric SHAM F1 OVX JREEbRAS, FLEAT 3 5kt Fr Al ;
ORI S5 S B ) A A B TR TR BT .

TEILHEA RNA REY

B RNA REUG % /ANRIBCE MR B A4, A R PBS S B e & i
Vg, ZEREBEAnNL, MBI AR 7E DEPC AL TS IR 5 &
MR, REWFTEZEAK: I Trizol (Iml/100mg), 4k4EHTEE S Trizol 1EMF, 45
— 5 A RNA S B VBT HREL

Oy FFL L AEMG. WG WLPY. A RNA BREUT R /NBRSUHER FI4b3E S, o7
ZIEVK b4y B SE, P iy PIE 100mg 204, N Iml Trizol v, 213 a8¥
HYERNIHK, Ja R R RS — 5

M0 RNA $EEU % 4 I FR KM EL 0.5ml MR, A0 & MU ER Bt Pt e
H1, 5000rpm 5.0 10min, ZBRIMHEEMA Iml Trizol, HEIRE] . 5L EUT
[ =115
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23 HRARBRER

1) H 1mg 5 RNA, f# [ PrimeScript RT reagent kit i %% 5% 57 S e B S B -
mMIRNART 5981 RNA R4 &

R EHE BIRE
RNA Template 2ug
RT 5I¥)TAE# (500 nM) 2ul 40 nM
RNase-free H20 ZE 1lpl

2) R2)J5 70°C/K¥ 10 min, ¢K¥ 2 min
3) MCE RT M

miRNA RT 2 Ry &

58l EHE BIRE
5>PrimeScripte Buffer (for Real Time) 2 ul 1x
PrimeScripte RT Enzyme Mix | 0.5 ul
RT 514-RNA {R A 11l
RNase Free dH20 up to 25 ul

MIRNART f<v: 42°C 60 min; 70°C 10 min;

2.4 miRNA Realtime PCR #&31

MiRNA realtime PCR #a: il /73 5 58— & A 5 VA AR R Firfe H miRNA 5140 B 4t
&, U6 fENAZ 31T miRNA HE &1

2.5 miRNA mimic & inhibitor ¥

1) 2x10° BMSCs AT 6 fLiRk, RATH ARG IRIER IR & 70%% 2

2) K 10ul miR-3077-5p mimic TAEVR(ZHEE 50nM). 20ul (4 EE 100nM)F1 10ul
negative control (ZKkFE 50nM)43Jil5 250ul EIMLiE o-MEM 59838 E, B E
5min;

3) ¥ 5ul lipofectamineTM 2000 5 250ul TCIfLiF a-MEM 153%3E5R 4, ## & 5min

4) F ERWARRRIR S, EiREE 20min J5, IMARFESRCT, BREIR:

5) BT 37T WAL 8hr Ja EHONHE M o-MEM B537 58, 4RBiR5TR 24-48h JE AT

2.6 miRNA $EEE T
1) J#IE miRNA B K T 2o 2 %5 miR-3077-5p Al fe 4t A (1) mRNA
(RNA22: http://cbcsrv.watson.ibm.com/rna22.html)
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2) AETI AT REVEHESIFE AT (AL A, ARIEEL CRIAEY A TRE, Bhiki S BMSCs
ST REAR R A I $EHE [

2.7 RAFERESEEKMN

) M EMWE R WMWL& <, Wit PCR 51 # (Forward:
5’-GGACTAGTGCCAATCCCAGCATTCCT-3’; Rverse:
5’-CGACGCGTTGGTGTGCTTCAAGCTAC-3"), ifiid PCR 7 B $ B Runx2 mRNA
3‘UTR F B

2) W3R B N pMIR-Report # /& 1) Hindlll A1 Spel 47 £, #J## Runx2
pMIR-Report %14 ;

3) K BMSCs LALEPUAE R T RELRNIT 96 FL, AR E 7T0%%E;

4) ¥ Runx2 pMIR-Report. pMIR-Report (pMIR-Cont) 7S &£ £ pMIR-B-gal #4443 5
RAT LM o-MEM £33 (KR

5) FERRER T2 N miR-3077-5p mimic, inhibitor F1 negative control (£ JE
100nM)

6) % 0.5 ul lipofectamineTM 2000 5 25 ul TIMLiE o-MEM 5537 3EE 5, & E Smin

7) B FIRWARBRRRS G, EiREE 20min J5, IMARFERY, BRIRES; &
FEARE 2 NEIL.

8) HE T 37T MAHEEFE 8hr Ja N a-MEM Ri 722k, 4h&ERE5% 48h;

9) H B OG FRBEAS M ) G AR AR, R DA IACHEAT 2 't 5 A

10) I B-gal o il 1271 & or AR L E1 AL B-gal ik

11) S JeHRFERS MR BR LA B-gal A IUEUE, 4T IH—1LAb B

2.8 Western blot #&3
Western blot #5755 5 26 57 M R . SR Runx2 ik (1: 1000) 6 &5
EE S

2.9 ZRRRIETEAI

1) miR-3077-5p mimic. inhibitor. negative control ##%% BMSCs: J5i:Z#*q 2.1;
2) H:e A8hr 5 EEEH L BMSCs, SREUANMEWR, Z0MiT%

3) UL 6000 NMFLE AT 96 Uik, RFAHBEE 7 K]S, REASE RS 5 ANEIFL,
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TR 1A X

4) AR [E—HHEREAT MTT R0: L0 20ul 50ug/ml MTT &, 37°CEE 4h;
WORSEFR , BALIN 150ul DMSO fE% 10min, AFEEE; BEAR AR 490nm
WAL A -

5) JELLAI 6 K, el iz,

210 MEHREERZES
/N OVX AR5 2mon, BRI ES S0pg/kg R E ) 17B HE 1, X FALAE
SRR o RERR— RVES — K, 1SS Aweek.

2.11 &t
THEHHE A i 2% (mean £ SD) FoRk. WALEHE 2 RILLHBCR A student’s
t-test; 2 41 A H] LU SR B R 32 5 2240 # Cone-way ANOVA) . P < 0.05 #IA N
HARENER

3 &R
3.1 TNF-a A 3| #& BMSCs § miRNA Rk 75
T EREECR = 2 2B BMSCs H miRNA RiEH IR, AT SHAM

S OVX BMSCs ' miRNA Sk AT | il 5t 1 i 25 o 2200 PR A0 i Bl 47 4t
AT, 45 R E7R: 1. OVX B Sham BMSCs & miRNA Rk i & % 57 , 7£ SHAM
BMSCs il OVX BMSCs F1&KIA M miIRNA JEAMF; 2. 4K 2% miRNA Fik /K-
7E OVX BMSCs Jz Sham BMSCs 2 [0 JE it 3 7 7« 3. 10 1> miRNA FIRIARTE OVX
BMSCs & Sham BMSCs X [HIfF7E %5 (% 2-1). 4. miR-705 (P<0.033), miR-20a

(P <0.033), miR-3077-5p (P <0.034) #£ SHAM & OVX BMSCs H 31k % SF 5 N i
# (£ 2-D. HFEF] miR-20a HIA {5 5 E1E SHAM BMSCs 1 524, OVX BMSCs
ok 372, BT A ) B AR P SR A5 S5 {H (5000, ULHAHLTE BMSCs 3R EE K.
il MiR-705 KIS 5L 481t 8200, miR-3077-5p K= SHMI{E 5T 4300, Frblik
B miR-705 & miR-3077-5p #47 J& £G4 5T o

% 1-1 SHAM 2 OVX miRNA & B iE B4t 41t (n=3)
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Reporter Name SHAM ovX Log2 p-value
(OVX/ISHAM)
mmu-miR-705 8,212 11,684 0.51 0.033
mmu-miR-20a 524 372 -0.5 0.033
mmu-miR-3077-5p 4,392 7,148 0.7 0.034
mmu-miR-21 37,705 27,752 -0.44 0.067
mmu-miR-149* 21,102 33,468 0.67 0.072
mmu-miR-146a 8,679 4,847 -0.84 0.075
mmu-miR-680 460 784 0.77 0.088
mmu-miR-181c 55 29 -0.9 0.078
mmu-miR-181b 247 125 -0.98 0.079
mmu-miR-451 24 4 -2.46 0.088

B4, i1 realtime RT-PCR JiEA&S i &E 455, 1IEsE OVX BMSCs ! miR-705
TILKFH SHAM - BMSCs JHEniEid 1 £ (P<0.05), 11 miR-3077-5p 21k ) Tt &
TiE 2 f% (P<0.05) (K 2-1A). T B —F 544 J5 B G ia A AR e, 3%
AR T HEB AT B E 4 miRNA I3k, R BIUMES 244 Py v 5 A BRIk
miR-705 Al miR-3077-5p K ik/K T (P<0.05) (|4 2-1B), Sz o= Jo M3 (1)
FKiE EFHA—E. A7 B miR-705 A1 miR-3077-5p (13RI & 75 HAZZ MM & A=,
A4S BMSCs BEATAS R M 2= A0 EE, (HJR RIS T 46 S IR AP M I, ME
FAEMRANF EAZHE miR-705 Al miR-3077-5p (IR IL, JFEFIEMKI M (K 2-1C). i
WA N FIARSME 22 51, SRR MBI A A R TRl 24 FH A miR-705 A1

miR-3077-5p &ik.
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§ 4+ [ Sham —
S |m ovx 15 5 15
o 34 S =
© L 101 T Q 10 T
> = 1. S
Q2 21 = F:IZ t
~
2. ¢ 05 T 805
il sl BRI E
20 0.0 € 00
miR-705 miR-3077- 5p OVX OVX+E2 OVX OVX+E2
C o 5 107
D 8 £ 8
fa Q
w61 QB
R ~
4 4
Q_I:_ 2 % 2
o ﬁ =l ﬁﬁ
Jol [] E ol
0 100 10° 102 107 10° 0 10 1g° 108 107 10°

2-1 MR 1F] 21 4% miR-705 A1 miR-3077-5p ik
(A) Realtime RT-PCR #&:illl SHAM & OVX BMSCs #' miR-705 1 miR-3077-5p fj3kik; (B) OVX
/NEREEAT E2 JESHHAYT 20d Ji5, realtime RT-PCR Al i 1 7 miR-705 F1 miR-3077-5p {131k ; (C)
Realtime RT-PCR # il f& /A Rl & E2 4b#E 5 BMSCs A1 miR-705 Al miR-3077-5p 1A . n=3;

*P<0.05.

#£T TNF-o 7£ OVX BMSC 7 Ab5H P E AR, AT ZR OVX BMSCs 1
7 e PEFRIE ) miRNA & 75 B TNF-o ZK-F 7 & BT 338 2853 20ng/ml TNF-o #4411
2 hr J5 , Realtime RT-PCR £l &7 BMSCs H' miR-705 1A T+ 7 £ 6 fi5(P<0.01),
ifii miR-3077-5p ML THE 7 0.7 /% (P<0.05) (& 2-2), iESZ TNF-o {41 & 2t
miR-3077-5p [ miR-705 [f)&ik, 5 #HEE Eiis BMSCs A& HAH—F

DAL AT I T 435 SR ELE SE TNF-o il NF-xB B0 BMSCs i 401k, T 2&FA]
Rl TNF-o A2 753838 NF-xB 15 5@ B 812 miR-705 & miR-3077-5p HIKIE. siRNA
1 NF-xB @5, TNF-o 315 miR-705 K& miR-3077-5p ik (R #EF F i 2 %
fik (P<0.05) ([ 2-2), i8] TNF-a 128 NF-xB i B H$21X 0 miRNA FRIL.
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* % NS
* *

8 *k T 1 —~ % 1 [J Control
. I 520 = TNFa
i=} £ B3 TNF-a+IKKa SIRNA
g 61 o 1.5
3 4 g
= N 01
1
x 24 0.5
E x

0 €00

K 2-2 TNF-a il NF-xB il 2§ f2#F miR-705 J miR-3077-5p ik
BMSCs 43l 4% IKKo siRNA F1 negative control siRNA j5H 20ng TNF-a 4b# 2hr, Realtime

RT-PCR #&] miR-705 A miR-3077-5p fJ3Ri5. n=3; *P<0.05, ** P<0.01.

[FAFE, ] IKKa Z 5, OVX BMSCs ' miR-705 & miR-3077-5p R IARFL T
50% (P<0.01) (K 2-3), &K 2-2 FI4EH, #n NF«xB B3 IS S8 T OVX
BMSCs #* miRNA £ik FH# .

15 T 15
5 e
210 810
3 ~
S
N N~
o 0.5 ** (C\P)l 0.5 *k
5 x
0.0 €00 :
Control KK Si Control IKK Si

K 2-3 Realtime RT-PCR £l OVX BMSCs #% 4% IKK asiRNA J& miR-705 1 miR-3077-5p 31X . n=3;

** P<0.01.

3.2 miR-3077-5p %} MSCs 434k )ik 2 4E

i IR SR, i AN EEREER B2 BB A 52 TNF-o P4 1K miRNA.
P9I A miIRNA 35523 NF-«B {5 5B 1) B4R, 1 NF-xB 2401 BMSCs
IS S, FrUATRA TR R ¥ : miRNA TTAES 5 NF-xB 15 5% BMSCs B
AR . Jd i A SR, RIS miIRNA B2 7E 2011 47471l miRNA
AR TE A I, AR, HAE BMSCs BUH o 5 KRR F AT
i 4RIE . 73— R R A A BMSCs Thae R k3 —EEH, Al
X /E SHAM Al OVX BMSCs H 1A 2 573 B K miR-3077-5p (% 2-1) #H47 &4t
e, BTSRRI A R i RIA AR . X BMSCs I D)fE. R EEE A
SE— R I L

#r miRNA R IE B ALV TR, IF HIRE S A 5 L ThREAH — 5L
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N TIRZE miR-3077-5p IZhRE, B ekl 1 miR-3077-5p fEA R ZH LA B H i RIA,
RIAENR AN ERERF, miR-3077-5p fEE AR hRIA KA, HEHLARLEN
FENLA Ml BT O B Bl JEORD M4 M R IE =3 w1 A5 R (B 2-4).
P HEA —Ema S R, TReE S R a AR R .

—_ 15'

]

S 17

(2} i

i 1.0

>

Q

2 05

R

2 Wﬂﬁﬂ ﬂﬂ
0.0t+"= r T

@ fz'>‘

\@

] 2-4 Realtime RT-PCR #4ill miR-3077-5p 7EAN A 4% B AR ik . n=3.

N7 A miR-3077-5p /2152 5 7 BMSCs il 7k ifTs, X HAE BMSCs {£4h
JSE A AN T R AR AT R . I miR-3077-5p ik 7E BMSCs 4 {Lid 7%
i RHAE AR, Bl BEERCE G, HRBEEE T, RRRIERE R 7
RN TFREsARE (B 2-5), #paHATfrE BMSCs 7 R AT R 3 — e fEH .

- -
o an

miR-3077-5p (fold)
o
[6)]

o
o

10(d)

o
\V]
g
(0]
oo
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2-5 Realtime RT-PCR £l miR-3077-5p £E MSCs j&H /- it FE i€k . n=3.,

AT EEEWI miR-3077-5p 7£ BMSCs i 4L KTE A, JFJE 1 3RAF /B R 1 1h
RESZEG . AN LA miR-3077-5p HE4 (mimic) FHMHIF Cinhibitor) 4354 %%
el BMSCs 1, BL BB T FRIA/KF. Realtime RT-PCR AMIESE T mimic 7]
1/ miR-3077-5p Fiki#Hid 36 £5(P<0.01), inhibitor 7] i miR-3077-5p ik £ 50%
et (P<0.05) (] 2-6), Wi R AN miR-3077-5p FKiA K AR 2

*
T 90 [ x ] Control
O —x* B Mimics
~— 40 i Inhibitor
Q.
0
N 304
NG
(-
™
1 1- —_
o <
S

2-6 Realtime RT-PCR #lll miR-3077-5p mimic. inhibitor 1 negative control #%#4%J5 miR-3077-5p

136k, n=3; *P<0.05, **P<0.01.

XY f5 BMSCs #HTHCE 2 LiE S, 14 d JFE#RA YA KIL miR-3077-5p
mimic %% 4%, a8/ BMSCs £ 4k 25715 T il 1 60%(P<0.01), 1fii miR-3077-5p inhibitor
L) AH 242 5 BMSCs F51L 45 H 50 70% (P<0.01) (] 2-7A, B). XfE < Ebx
BHE Runx2 Fi1 OCN A I 8 & I i it 1 2678 miR-3077-5p 1] & & 471 BMSCs H
Runx2 1 OCN i (P<0.05), 1fj i miR-3077-5p Ml {£ i Runx2 #1 OCN f &
% (P<0.05) (& 2-7C), iESZ T miR-3077-5p £ BMSCs BB 7k f ik R =54
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Ml Mimics/miR-3077-5p
Inhibitor/miR-3077-5p
*%

A control Mimics Inhibitor B I contol

N
o
;
*
*

_‘
&

o
il

Absorbance (570 nm)
o

0.0-
C s = 1 Control
B 1.59 * 2.0+ ontro!
L > ST B Mimics/miR-3077-5p
=~ | Xk Inhibitor/miR-3077-5p
< 1.5
x
c 1.01
N 0.54
X 54
% 0.5
& 0.0- 0.0-

K& 2-7 miR-3077-5p X} BMSCs .1 734k [ 1
BMSCs # % miR-3077-5p mimic. inhibitor }% negative control j5 3T E S, 14d G TH &
LI (A FEE T (B), LK Realtime RT-PCR Al i i b i 3 K %34 (C). n=3; *P<0.05,

** P<0.01.

AT HERR miR-3077-5p HILEAN BMSCs JFEXS o ALY IR, X e
BMSCs K IEE AT T HE . MTT B/nid 318 & R miR-3077-5p %f BMSCs 4%
ViR EEm (& 2-8).

g
o

1 = mimics
- inhibitor
1.54 = control

Absorbance (490nm)
o o

o
o

tll 5 é(day)

o
-
N 4
w

2-8 miR-3077-5p % BMSCs 45 1)1
BMSCs #%4#4t miR-3077-5p mimic. inhibitor % negative control J5, FITH5EsLss, @it MTT &

M 6d H BMSCs 38 FEE L. n=5.

_53_
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3.3 miR-3077-5p HI/EH 7> LI 52

MIRNA 328 55 e 2L mRNA 1) 3°UTR X 254, M mRNA
FIER L FE . O miRNA B4 63 T-Fh 17 %1 (seed region) A1 3°UTR X JF 1) H.
A, BB S B N T3 miIRNA 7R 3L 4 20242 . A miR-3077-5p
HF 2011 FAEE miRNA WP T BUg R BLIREIA, K2 B8R E IE RSN
miR-3077-5p, WAt IS RNA22 %42 & (http://chesrv.watson.ibm.com/rna22.html) X}
miR-3077-5p A REMILE & mRNA #H47 o dr. @IS AME E% 08, FATKIL Runx2

refri iR 2 — (18 2-9).

seed
3’ CCGGACGGGCGGGTGGGCAGGCGTC 5 mmu-miR-3077-5p
[P = el
809: 5 GGCCCTCCCTGAAC - TCTGCAC 3 Runx2

2-9 miR-3077-5p 5 Runx2 mRNA 3> UTR 45 &7 15

Runx2 #& BMSCs i 7 b i B Z %011 F T, Runx2 R8T S 3URE 7
158 2 FHIBT, FRiBR Runx2 /)N BROGIE Y BGR#8  B 4 . [R1F Western blot {22 7% OVX
BMSCs ' Runx2 #ik/KF¥ 8 EKF SHAM BMSCs. ft L FATEE— 5 #F 58
miR-3077-5p AEH TS Runx2. %6, AT miR-3077-5p SRAGF/GRIIELLS, [H
BRI Runx2 mRNA J 8 AR IE K. RILE FRiE miR-3077-5p §3 Runx2 FEH#E
X FBET 50%, 1 R miR-3077-5p FIA T H AN Runx2 & F3RIA K (K 2-10).

A B &\0\ ¢ @

RO LIPS
Sham  OVX SR
RUNX2 s i’ 57KD  RUNXD e s ses 57KD
BACn emmmw e 42KD  BActn =" e wp 42KD
2-10 Western blot #3ll Runx2 7& SHAM Jz OVX BMSCs H 1A (A), AR HEY T

miR-3077-5p mimic. inhibitor. negative control J5 )& A #iE (B).

N T B miR-3077-5p A& 75 HA%45 A T Runx2 mRNA 3‘UTR KAEIHIEH, &
MR EA S S M AK 3UTR A B, 46 AN pMIR-report J5i Hi
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(Runx2-pMIR-report) . iR & RO RBERE N, F5 G N1 IS vl IR RO R,
HE X E RN TG R G AT R, i miR-3077-5p A EL4E4E & T Fr
SERE 3CUTR Fr B, TUIAH S (1 RE 8 FEAR PRI 28 ' B g (1 Rk

¢ FEAGIIIE 5, miR-3077-5p mimic A 55 AT #l il #% 4% Runx2-pMIR-report j5 BMSCs
i REFRIE (P<0.01), [AI miR-3077-5p inhibitor AE{EIHEHFE 4t 5 BMSCs H14% )t
EiiFRiA (P<0.05) (& 2-11). IFSZ T miR-3077-5p &l it B #2454 T Runx2 3°'UTR
RAEFERUTBRAE -

2.01 .
— < - X ] Control
o — Inhibitor
O 1.51 - B Mimics
= 10{ T
w
c
2 0.5- [
k=

0.0

K] 2-11 5 ZR B S A I
Runx2-pMIR-report 437l 5 miR-3077-5p mimics. inhibitor. negative control J:#4 %% BMSCs 1,

A8Nr JEAT WG RBENG TERI . n=5; *P<0.05, ** P<0.01.

3.4 TNF-o j&id miR-3077-5p #l#] BMSCs & 731k

AT FIRAFE, ESE T miR-3077-5p fE BMSCs B 43tk i R HE Stk R4 EH
M AT H LR T . FLRIA S W] B 3 B0 BUEA BMSCs BUE 7L BRI . D 1 12X
AN, FATTHRIH miR-3077-5p inhibitor #1i] OVX BMSCs H#' miR-3077-5p HJ3iX,
13 AR B IE 5 KT G 3T B 9256 . 14d S5 98 A YUk B, R i miR-3077-5p
YA T OVX BMSCs HIRCE 704t (P<0.05) (& 2-12A, B). Realtime RT-PCR
R & BN miR-3077-5p A OVX BMSCs 1 Runx2 ff] mRNA ik, {HiEH
SR T Runx2 EARE (K 2-12C, D), #2758 miR-3077-5p il #5¢ J5 s Kk
AR
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A B ] Sham/Control

Il OVX/Control
OVX/miR-3077-5p Inhibitor

N
[6)]

Sham/Control OVX/ControI

OV)(/[nhibitor

2

-
o

.‘3
3

Absorbance (570 nm)

o
o

© @ sV
00(\ ()0(\‘6 \Q<
?"& ot 0¢}5“

RUNX2 gl wesm amB 7\,

2-12 4 miR-3077-5p &4 ¥k . OVX MSCs [ 41k e /)
SHAM & OVX BMSCs 437 #% 4% negative control A1 miR-3077-5p inhibitor J5#HT M H %S, 14d
JEATH RS (A KER (B), Realtime RT-PCR kil B #r &3 ik (C), Western blot

K RUNX2 S 3KiE (D). B:n=4;C:n=3; *P<0.05, **P<0.01, NS, no significance.

K25 TNF-a 7] _Ei miR-3077-5p [3RIA, N 1 i3 — 2\ miR-3077-5p /& TNF-a
il BMSCs /b iyocte R, FRATRHA miR-3077-5p inhibitor 1] BMSCs H
miR-3077-5p ME&A G, AP HAE TNF-o JC N )0 LEET). 5 OVX BMSCs k4
SR —2, T miR-3077-5p A RUKIE T TNF-o X BMSCs i 744 i il 1 H
(P<0.001) (}&2-13). ¥ -1 miR-3077-5p & TNF-a ] BMSCs B 7L i &
TLRIR

E1s x
[ PBS+Control

(] HB TNF-a+Control

TNF-a+Inhibitor
*kk

PBS+Control TNF-a+Control TNF-a+Inhibitor

1.0

o
o

Absorbance (570

=
(=}

K] 2-13 T i miR-3077-5p A #43BHWT TNF-o [ s & #14F H
BMSCs 43 7% 4% negative control i1 miR-3077-5p inhibitor & #H4T &% S, RN TNF-o )

B, 14d AT R A EAE &P, n=3; ***P<0.001.

_56_
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4 g

I miRNA A6, JATRIMZ D miRNA FIFRIETE Sham & OVX MSCs H
AAEZE S, ULBIMERCR B = v f2mn 2400 A miRNA [3RIE . M4 K% miRNA 115
ECHTEE, PR AEEN B mIRNA B9, 55 A A b A% O R T
L [FR AR, T AL I LR A A e B R P 4 T mIRNA B3, %45 R e —
SEFREE e miIRNA FRIA R 1) 5 4= 1% .

SR NEENER, CHRIET AR miRNA Rk, Hh—DiF e ko, i
B AT ELEMH] miRNA A R A, TR — R 5 miRNA fIRiE . (H2 a5
ASLIG A N IR 22 T 70 MR T (2 2 RE 2 miRNA [R5, 1 B MER = A H
BB — 2 WM B R R e . AR I HCER = S 3U0E 241 BMSCs
H miR-3077-5p & miR-705 [JRiATF i, MERCERIE S AT 44 Py ) B 300 —F 1K
F, ABARSMHERER X EiR miIRNA FEE - E 56N AR, alEaEs sk = 5 IEE
i E S miR-3077-5p M miR-705 k. FATHISE Bt — B £ W
miR-3077-5p &% miR-705 [ Ft & & T TNF-a Fr5l#e, 380 TNF-a F 8 1E 25
TMEBE B Z RN o 1255 SRS K TNF-o ZE48 4 J5 5 B KA o 4% S48 F (W
o

miRNA £ BMSCs /b kiEEEEEH . —RVH#E BMSCs FE 7L
miRNA C# k18, FH5 miR-34s, miR-335, miR-26a, miR-204/211 28095961 fH
B R A U PR S Sl S miIRNA S NS S 70 MARTE 28 . IR
BMSCs H' miR-3077-5p 7EH isifa G Rk BT, AT RGBT G RIE T %, &
NIXFAS mIRNA 58 g AR UM . (HAE miR-3077-5p E £ 2010 &4 i8 it
MIRNA P E ARG K . AV ZDhRe ok . 24 7 18 8] miR-3077-5p 7 BMSCs
HRIThRE, RATMALERs M. 5E b IS . FRAS IO ThRESLI0 X =4
JEHAT TR, RIL miR-3077-5p 7E-H AL RiA &I a1 HARRS B A2,
TERCE IS R R IE B T, FEUERH T BMSCs Bl A K5 th 1t i a4
Fo iXeegh BI85 1B 7 miR-3077-5p J& SC Al E 704k A — AN B B ) i i 4% [ 1
BAHEF R IL T —AN8H BMSCs 1% R 04 B3R+, NiE—20iH miRNA /&
T4 i Ay iz e HR I AR TSI AR

RUNX2 A& BB 73 o B S () 2 e IR, 70 v 400 S 1) R 38 b R 4 O B
Runx2 [k 2% Dy e RAZ B 2R 35 2 EUE & R S R B B2 5 - Runx2 [0S 32 24K
4E Osterix AT M FIED . HRIEHNZ IR, £24 miRNA ¥R
Runx2 & A RIEMThAE, TEHIXEE miRNA T A2 4EfF BMSCs KRR
—o A, AR GOV mIRNA RIA 2336, AP E S 3 Runx2 13
IEIhRE K%, HESHA ML R0 . miR-3077-5p 1R A] A /2 iX BT <15 4] miRNA
R — . [EAVERRARE, mIRNA T DLE I 2 2 N80 5, 3 S0 25 R 1 4 2
AN H K B AT RESZ miR-3077-5p A4S I REIE A . BEARTRATUESE T Runx2 &5
B B NE R, (EREIR AN miR-3077-5p MThAE, b7 — B IRE
M HEFE LR . 4k, miR-3077-5p J it i AN [ R B BE LR AT BE R FEASF I ThRE . B4R
TEARHEFEH, OVX BMSCs BB E 73 7 B w2, B AR IFE & s i 32 B Pk
7 BMSCs U bz UM S FIHEIE R, (HAREHERR miR-3077-5p ik fE 4%
BMSCs [HAB A ZAT . LIRS FTA miRNA DIRERT A M A, 78K
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SERHERTF B T RE M

GO PR AR, AT T TNF-o X7 F#i%E miRNA RiEFREER, K
I miR-705 & 3077-5p 345 2| TNF-a (4%, #&7~ TNF-o 7] il 42 miRNA &
VEVER . i — 4 S28E 52 miR-705 &z 3077 #2523 NF-xB i@ igiH1s, 5 TNF-o i#
i NF-«B i 8] plE /0 — 2. i ##) miR-3077-5p M &Kk, AR E
OVX BMSCs W LaeSs, 3550 TNF-a FFHCE1E R . #2785 miR-3077-5p
#& TNF-a FT3— & %1 BMSCs W35 5 B8 W EEIATT . BmAAC A SLIUESE TNF-a
i BMSCs i 704k, {H 2 TNF-a REBEE 42 miRNA 515 5% 5 1252
BMSCs ZhAE M LR IE « FATHIWTFEHEH T TNF-o 6] BE 2046 T S 850E BR B A 1) 42
AL

{EASVERNAZ, ] miR-3077-5p FRiAJ&, BEWE 0K E OVX BMSCs & TNF-a
Wb fE BMSCs HIRH e 71, I & TNF-o FUHER M E P —%&%. 1M
HIm 438 7 2 ANEE A IR A R IA 7 = B miRNA, 32782 miRNA 17
FiETHE TR — N HAE 2%, RIEDME N, 1 TNF-o A] St s £
> MIRNA KIEINRE . IXLe Rt 75 Bt — 20 S2 06 HIESE

NF-«B @i itk P65 NA#%, Hgetafk F4REE B NF-KB A s &, KAEE il
HREE FE R RIAIVEH . mIRNA B5E 3 5 R R FHL IR, FEERRET4E )8
s 2 ., FATXRE pri-miR-705 A1 pri-miR-3077-5p ()8 5h 1 X 34T 7 % Eb 204
KIFAN G B F XA NF-«xB 256407 5, W REE 2 P65 1% . KA NF-«B i#E
YERT 2, HXF miR-3077-5p MRS T SE8UE G K44, HETTE
FHAEHE W IIERE . (H2& T A7 R0 50 B\ JE ik 35 RS 6 T B 406 a8 40 i A
NF-kB {55, EHKEMBOFARWE R T E U, mMAMMERZ 8 #EH wE N
TR, HEEEH B E T, HEon Al g NF-xB %t BMSCs A] fE 35 3207 A4 7 80N
W5 miR-3077-5p XfF BMSCs 1 £ B R4 SAE S, BUA AT BERCN — Rl 22 41 .

BIE B B 38 T2 B T TREE &5 . 7 0 BT R HE— 2B i 0E 50 ok BE B 40 )

miR-3077-5p & &= FEHABEIEH

758,
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=35

TEH G T, ROS 514 ol K EH 7T RS2 3 BU— G (1 BB R 3= 2
—o HH ROS FI/KPRfA BN A SRR WG I, [FIEF, ROS #4752 & i Bika
BMSCs g T B& I B 5 2 B2 A & . ROS A4 BMSCs [1)4304k, %5 BMSCs
TS, A BT . EENR, 2 70 ISR SN SO A (] I
FALE, IFHARTARIE, RT e AE R 2 AH DGR AT MR T R HE B IR A FH

TR, AR TNF-o vl 23 miR-3077-5p (¥ % 55 BMSCs
(IR E /S, IEW] T TNF-o Al miRNA B0 BMSCs 04k . (E &5
FERI, TNF-o BREEREARIIEESS, En 51k — R0, REET
HMIThEE. CAT I FEHE TNF-o 0] 5] 28 R, SR 7E 8 FBiiAH TNF-o
A B 5] R AU B B BER BMSCs ThfiE. {H 2 TNF-o 2 7538 5d 542 BMSCs
PSR SE T S 0 B A AN R, SR AR o s R WA R . N
TR AR TNF-o PE ML, FRATEE— D IF R, B8 TNF-o fig
R A BMSCs BeH 74k, FHRZR LT

1 &8

1.1 {LEEMgH

1.1.1 %EH PCR X Bio-Rad, %[
1.1.2 PCR 1% Thermo, 3

1.1.3 BEARAX Bio-tek, %[

1.1.4 microCT Siemens, 7% %

1.1.5 A A Beckman, [H
1.1.6 {5 B B Olympus, H#Z&
1.1.7 KA Bio-Rad, [
1.1.8 B MER 0 R4 Kie, bl

1.1.9 WO IR B Olympus, H#

759,
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1.2 EERH

1.3.1 RNA S sl &

1.3.2 Realtime PCR #& JU-7 &
1.3.3 Trizol

1.3.4 SYBR Premix Ex Taq Il kit
1.3.5 miRNAPCR A&l £ %

1.3.6 Foxol siRNA

1.3.7 APC-conjugated Sca-1 antibody
1.3.8 PE-conjugated CD45 antibody
1.3.9 DAB A E &l &

1.3.10 anti-FoxO1

1.3.11 anti-Fox0O3

1.3.12 Anti-p-P65

1.3.13 EDTA

1.3.14 blood cell lysis buffer

1.3.15 DCFH-DA #& il 7] &

2 7%

21 BREHALFERN

1) 10% EDTA (pH 7.0)4 i 45 2 w 1)/ SRR E , $458 — 34 J7 ik

i s S kAL 5

Takara, HA
Takara, HA
Invitrogen, 3£[H
Takara, HA

B, M

B, M
eBioscience, 3 [H
BD Pharmingen, 3
g, s

Cell Signaling, 3£
Cell Signaling, 3%
Cell Signaling, 3£
Sigma, £ [E
Invitrogen, 32
GENMED, *%[H

2)  0.3% H202 %4 30min, Z&1E/KPE 5min, PBS j&E¥E 5min>3 IK;
3) 0.1%JfEHIR1EE 20min, PBS j&¥E 5min>3 X
4) Sl B RIS AE G G 37 CHFE 1h, By kIR Re 7R

5) MIA—#L (1: 100) WH, 4CHK;

6) PBS % 5min X3 IK;

7) AEWEAL—Hi 37°CHER 60min; PBS i 5minX3 IK;

8) VUl E A DAB K+ 5-10min 2 & fA;

A, U A,
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9) Vi/KP¥E 10min, 7&K 3min

10) 75 Az & 4% 30sec

11) AEERR /A 5, RAK 4k S04k

12) 70%, 80%, 90%, 95%, 100%l, 100%I1 ¥ i /K %% 5min
13) ZHREW S, BRE .

2.2 YA ETER N

1) BMSC R F s, AKZE 55%-60%; PBS 3t 10min>3 IK;

2) 4% ZFEHEEEIRE & 20-30 min; PBS ¥ 10min>3 X ;

3) 0.2%Triton X-100 &1k 2-5min; PBS ¥t 10min>3 X ;

4) 5%BSA =3 30 434

5) Wn—¥t (F 1%BSA #iks, 1: 100), &N 4CikR; PBS ¥ 10min>3 IK;
6) MMFOEH (FH 1%BSA Mk FIEIEE 30 404 PBS ¥k 10min>3 iX;

7) 95% HihE Fr

2.3 AR BMSCs ROS 7K 443

1) PBS #¥e3RTS /N BRI A B B840 M B, 1000 %%/4 250 5min, 7 1i;

2) TN 2ml ZLAHMZR ARV, HEOE SR E Smin;

3) 1000 #%/45y &0 5min, FF 1iF; PBS &, AT EOR T4

4) B 1108 BE4NM, B0 5 PBS;

5) JIA 25mM DCFH-DA 1ml EE41fl, 37T E 20 min;

6) TH¥ PBS i ¥E Sminx2 X B0 5 FE i

7) APC-frid Sca-1 Fitfk (1:500) F11 PE-f5ic CD45 HifA % 500ul, HE A4, 4T ¥
H 30 min;

8) Ti¥e PBS iFEHE 5min>2 IX;

9) VA YHMIKE I Sca-1+CDA5-4H i 488nm K GIRSE ;

10) f# F FlowJo A5 A& 46 F kAT 1H 5

761,
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2.4 {&4h BMSCs ROS 7Kk 43

1) BMSCs T 6 LR INE; 772 80% A 47, MR BiE, 1ETEME 3min;

2) JMA\ DCFH-DA (25mM) 1ml, 37<C §i# & 30min;

3) T PBS i ¥E 5min>R IK;

4) S RAEIN: BT OO B T UK 488nm WIEE; FENLIEEL 5 ANAEIX
kAT HEAR

5) ROS A : 0.25%fEH L Smin, 800 #//) B0y, F¢ L% 5 H 500ul FivA i)
PRAFE R BIZIAT R, 5% 488nm WUk G

2.5 Realtime RT-PCR #:illl
TIER S PRAE I 5 R .
Foxol (F: ACGAGTGGA TGGTGAAGAGC; R: TGCTGTGAAGGGACAGATTG),
B-actin (F: CTGGCACCACACCTTCTACA; R: GGTACGACCAGAGGCATACA),
Runx2 (F: GACTGTGGTTACCGTCATGGC; R:
ACTTGGTTTTTCATAACAGCGGA),
OCN (F: CTGACAAAGCCTTCATGTCCAA; R: GCGCCGGAGTCTGTTCACTA),
P65 (F: GAGTCGCGCACCTGCTCTCG; R: TCGCCAGAGGCGGAAATGCG),
IKKo (F: GTGAACATCCTCTGACATGTGTGGT; R:
GCAACACAAGGAGGCTGGGCT),
Sod2 (F: CAGACCTGCCTTACGACTATGG; R: CTCGGTGGCGTTGAGATTGTT),
Cat (F: AGCGACCAGATGAAGCAGTG; R: TCCGCTCTCTGTCAAAGTGTG)

2.6 TNF-a {&R3E ST

1) ¥ 8 3 3 Hid/ N BN 453 P4

2) TNF-o AbFRLIEN B FF GRS Tug FT 250u1 PBS) B4/ TNF-o; X8
HAVESF 25001 PBS;

3) HERE 1 RIES LIk, FREE4IK;

4) e —RESIE 2 h, AEFE/N RS BRI AT S S

2.7 TNF-o FRFISELE
1) ARSI AIIMLE G TNF-a: % 100pg/mL TNF-a FAIHA IS OVX K SHAM /)

762,
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BRI OB 727, DATR RIS T i) TNF-a; 2583838/ B 19G /e R P xt R
2) PRAHRAIMEH TNF-a: /MR OVX RJE 8w, KM 100pg/kg TNF-a H FIfifAZ
RS, &R 2K, ESES 4w EEH

2.8 FOXO1 @RIXBRBHAFDE

1) ¥ Genbank 3K 73/ B FOXO01 % N /& %), % it 51 % X H Forward:
CTCGAGCTCAAGCTTCGAATTCTGATGGCCGAAGCGCCCCAG; reverse:
CATGGTGGCGACCGGTGGATCCCGGCCTGACACCCAGCTGTGTGTT.

2) KJH Transcriptor First Strand cDNA Synthesis Kit (Roche) 7z % B 4 %4 /)N i, Foxol 2%
Rl % U0 bt dE, Tk T

3) 1st-Strand cDNA & %S M :

B 5 IR AR B

Reagent Volume (uL)
Anchored-oligo(dT)1sPrimer 1l
Total RNA 4 g
RNAase Free dH20 uptol11.4
65°C NAZYE 10 min, K _EAAT
S SR
Reagent Volume (pL)
Reverse Transcriptase Reaction Buffer 4.0 L
Protecor Rnase Inhibitor 0.5
Deoxynucleotide Mix 2.0 LL
DTT 1pL
Transcriptor High Fidelity Reverse Transcriptase 1.1
B 51 iR A R 11.4 bl
RNAase Free dH20 Up to 20 L
S S A 55 C, 30min; 85 ‘C, 5mins
PCR [ JVi:
PCR My C &
Reagent Volume (uL)
Template 1
primer-F 0.5
primer-R 0.5
dNTP 2
2>GC buffer 12.5
PrimerSTAR 0.25
ddH20 8.25
Total 25 uL
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N 98°C, 10sec; 58°C, 5sec; 72°C, 1kb/min: 30 cycles
4) BEHRMN:

HH KA E
ddH20 Up to 20 pl
5>CE Il Buffer 4 ul
2 ML seRE 24 (190 ng) 0.6 ul
AR By 187 4)(80ng) 7 ul
Exnase® Il 2 ul

37°C M 30 mine fERMTERG, LRI N A BT UKoK I 74 E) 5 min

5) IMFENEEAL . BRAR: 20 pl A EUR BRI 100 pl B2, IRE R UKIG
30 min.42°C ##% 45~90 #, UK 2 min. N 900 ul LB 15775, 37°CHF & 10 min;
37°CHH 45 min; 4000rpm/min 250 4min, 325 900ul b3, HEEK, B 30ul
AT, 37 CIERIEFR

6) TTHESRE
7) REBURKEEV)EE 5, EEATAY (Rl MR, RIE FoxOl frBU& &Ll
N
8) &3 B UKL H AL 2«
RN &REE
R LR R AFR(H)
Pentr2B (150ng/jd) 1
pLenti6/\VV5- DEST (150ng/d) 1
TE buffer(pH8.0) 6
LR Clonase™II enzyme mix 2

25°C M 1h, I\ 1 Proteinase K solution 37°CH%# & 10min; B 2 [ B4 4L E.coli
DH-5a; #k1E, 37 CHEIKKGFE 16h, FEHUTTFRL;

9) %595 ff F Lipofectamine 2000 #4#5 %k 14 5 9 A~ 2% Ji K (psPAX2 1 pMD2.G)
FLIRIEE L N 293T 4AJfl; 24hr JSUSEER#:;

10) Mg RABERI ARG, ImEE g BMSC; 4 8hr 5, &
BIEH R IR A8hr JEEAT JE 4 se i .

2.9 4it

THE R B HRHEZ (mean £SD) FRon. PIZHEE 2 (A LLECR A student’s t-test;
% B0 1] B SR B R K7 25091 (one-way ANOVA). P < 0.05 #iA v Bf 5.3
WES.
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3 &R

3.1 OVX BMSC Hr i3 4k By 71 6k b 5 B AL LI

N T BAE ROS 7EH Bk BMSCs 70 IfEH, B9 OVX BMSCs
P ROS /K2 75 T 5 o 38 R Fif DCFH-DA J Bt ROS ()& &, i WA & B OVX
NERE BELII P 1 ROS 7KFim T SHAM /N REfEAIE (P<0.05) (K 3-1A). AT
Kl BMSCs H ROS 7K1/ 5t i, A Sca-1 F1 CD45 ZuHifx) & fb4H i gk 47
Prid. BN Sca-1 /& BMSCs W%y MR HARIC, 1 CDA5 2 i Il 5 G4 il i 7k
Frid, FrEARAy Sca-1*CDAS HI4H it i 1AE BMSCs. iUkl 27~ 1 OVX /M
HHEN BMSCs 4l ROS /K-Fth [ # T sham 41 60% (P<0.05) ([ 3-1B). 3K
AR I8 I 5% A W SR AT FCM Rr T R b4l 3 38 3843 1) OVX & SHAM BMSCs
1 ROS &, SREENKNME—Z (K 3-1C, D).

A —— SHAM /\[\ 5 B [—sHam =
' S 2.57 S 2.0 *
s [~ OVX n =y x o OVX 8
2 ] | =7 g M, >1.51
= \ \ A 1.54 £ I D
= | ‘ c
£ oy [0} 3 il & 1.01
‘ < 1.0 c \ 2
% Q/ T AR = 05
o /% \ §0-5' of J 1] S
73 \ 0.0 / = 0.0-
o b \ = N Gk , \ & g+
YT T T \a \Y 0 T T T & A
10° 10" 102 10° 10* %\2\ © 10 10' 102 10 10 2 e
D ~
OVX 9 1.51 *
5 -
E 210
: g
T £ 05
O (o
3
0.0-
=
10 {b<(\ A—\-
>N O

3-1 ‘BREF G BMSCs H ROS /K FFF i
(AL AN SHAM F1 OVX /N BB BB F ROS & &; (B) AN SHAM A1 OVX %
‘B Sca-1+CD45-5 a4 AL+ ROS & & ; (C)¥ 6 BB A A S S 321 SHAM 2 OVX BMSCs

1 ROS & &; (D) MAKMASMEFEN SHAM & OVX BMSCs #1 ROS & n=3; *P<0.05.
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N T AT R ROS J& 15 580 BMSCs e b i, BATME FH BT NAC
JHFR BMSCs Wid Z () ROS (1 3-2A). RAMSE 7L SEE K IL, NAC AbFE ] 4 2%
P2 OVX BMSCs 1B 4tk fit 71 (P<0.001) (K& 3-2B), iIESZ OVX BMSCs H 4L
ISR S e A A L R A B R A

>

Mean Intensity (fold)
o

O PBS
Hl NAC —

N
2

-
aris

0'5- [
0.0 7
&
B
— ~ _ [PBS
B E 15 W NAC
: g | -
o © 1.0 P
[}
O
&
o Sos
< 2
z <00 .

SHAM OoVX

3-2 PréEtbFF NAC 4L HE AT 3% OVX BMSCs Ul 70k,
(A)FCM #5:ill 10mM NAC 4bFE 2h J5 SHAM & OVX H ROS 7K*F; (B)SHAM £ OVX BMSCs
EREHSEEPFENMA 10mM NAC, 14d JGiTH &L, n=3; *P<0.05, ** P<0.01,

***P<0.001.

AL RIFUK T B ROS P2 AR bR (R (P D . O W 048 H i S T 3
W T BEAFAE BRI . 9 T B OVX BMSCs HLE LB 75 IE%, IRA17E SHAM
A OVX BMSCs H A H202 LLKEIN4H /il N ROS . 240t B WL ZE A1 FCM A5l 43 {2
7~ OVX BMSCs MIASMNEM: H202 f5, H ROS & &5 & 5T SHAM BMSCs (]
3-3), &7 OVX BMSCs ifFRAMEM: ROS HIRE 1A i [ .
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A OVX B
)
—= 257 [ SHAM *
Eg = M OVX
o 220 e,
% 1.51
~ £ 1.0
8 & 051
T 2 00 .
> 9%
5 O
% N

P 3-3 OVX BMSCs Hi 5k HE 11 A
SHAM J2 OVX BMSCs H1ii A\ 100uM H202 4bFE 2h J5, 85t R/ (A) F1FCM (B) #

Ml ROS 7K~f-, Scale bar, 20um. n=3; *P<0.05, **P<0.01,

[F S, FATTX SOD2 Al CAT X AN F E (I P E A B F R IEHEATAI, & BE i
Bk Jo B 41 2R Je BMSCs H1 SOD2 il CAT ik F &I & (P<0.05) (& 3-5). ik
25 LU E A BMSCs F i S8 AL Bl A7 7 B

A £ SHAM B

1.51 mm ovx * " 15, %% —* E 3'3?“"'
=) x T
£ 1.0 2 1.0
3 3
Z 0.5 £ 05
- - B

0.0 T T 0.0 -. r

Sod2 Cat Sod2 Caf

K 3-5 H B G B 4238 BMSCs Hf SOD2 Fll CAT Fik T[4
Realtime RT-PCR #&ill SHAM £ OVX /I RIEBE 448 (A) & BMSCs (B) ' Sod2 F1 Cat ]

Fik. n=3; *P<0.05, **P<0.01.

N THRZE OVX BMSCs APt~ F2 5 5 H e 7 s A oG, RATHE
SHAM & OVX BMSCs i ¥ Fid B2 I SMEME H202. 76 4L 444 A1 Realtime
RT-PCR il B /id & ROS &2 4l SHAM 2 OVX BMSCs fIRCE 731k (H1F7E
IR, H202 4b¥ 5 SHAM BMSCs 8540457 & B/ 4 45% (P<0.05), RHUE
FRFIE T 40% 44 (P<0.05); {HiE H202 AbHEHIE B OVX BMSCs £51L45 15 1
B> I 65% (P<0.01), misF:RIZRIA R EiEEE 70% (P<0.01) (] 3-6A, B),
VLI OVX BMSCs 2 5 T 52 ROS #i17
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A SHAM OovX
7)) &) T 1.5, [ Control
M S W H202
o >
L0
Q
(8]
! oo
‘é’ 0.5
[\ S o Fok
QW § 0.0
£\ SHAM  OVX
B = [ Control
B 15 = 1.5 [ Control
L W H202 = W H202
<10 g 1.0
= z i
0.5 ;
x k= 02
% O
% 0.0 S 0 ' _xk

SHAM OvX SHAM

OvX

3-6 #MNEME H202 XtF OVX BMSCs & 7L i #4E F KT SHAM BMSCs

SHAM J OVX BMSCs i S FE i\ 100uM H202 4b#E, 14d J51T8 R4t (A) K

Realtime RT-PCR &l (B), n=3; *P<0.05, **P<0.01.

3.2 TNF-o B #H|HiE LB 8- 52 BMSCs S AL MK

BRI A &7 TNF-0 $:30 7 BMSCs /1 ROS K FEFH5E . B, HAIDE
7 SHAM J OVX /)R IMLiE T BMSCs 5557, K I OVX [MLiE B %) BMSCs I ROS
SEE T SHAM MER TR, A A 508 TNF-o Lk A1 OVX IML7E F ) TNF-a

ZJa, NWIAFSE BMSCs 41 ROS /KT (& 3-7),

J SHAM Serum
Bl OVX Serum

N
£

—_—
£l

NS

—

Mean Intensity (fold)
o o

o
o

Control anti-TNF-a

K 3-7 F A1 SHAM F1 OVX /MR IMLIE A TNF-a J5 BMSCs A1 ROS /KP4l . n=4

no significance.
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B R R, AN TNF-o 4B BMSCs H ROS [F7KF. FCM 5 IHIE S
TNF-o {4 GE 534 0 BMSCs A ROS i, FFEfEKHiME (B 3-8A) NT
A TNF-o 2 3 0 B S A B 1 3 SR AR, FRAT 0T 4Ly SOD2 K& CAT #
IEHHATREI, KB TNF-a GBERZHNH] Sod2 AT Cat fUFEKERIE (P<0.05) (& 3-8B).

3 PBS
ER TNF-a

w
mRNA (fold)
o 5 @

0.0
= 0

0
20 Sod2

50 (ng/ml)

Caft

K] 3-8 TNF-a f&#Miii| BMSCs $i 48 405
(A) FCM #:31l 0. 20. 50ng/ml TNF-o 4 ¥E 12hr 5 BMSCs # ROS 7K°F:; (B) Realtime RT-PCR

K 20ng/ml TNF-a #4b 3 12hr J5 Sod2 1 Cat ()15, n=3; *P<0.05.

N T BE— AR NAESE TNF-a S50 BMSCs LR, FA 1A NS TNF-o J5H
& #EH BMSCs N ROS 7K-F. FCM &5 R 27k TNF-a 715 2 EE BG40 ROS /K-F
T 45% (P<0.05) (P 3-9A), Scal*CD45 BMSCs H#' ROS /K-F-Ft & 20% (P<0.05)

(K 3-9B). [Af, TNF-o V522 A&+ Sod2 (P<0.001) A Cat (P<0.01)
MiE (B 3-9C). FIREEIR Y TNF-o (RS 45 RAH— 2, B8] TNF-o @i #4)
U1 S5 BMSCs T AL .

A pBs v —
_ T 20
o —TNF-a || = *
E=] ‘ 1.5
£ 1 ‘? :
= o 2]
= At g 10
3 / \ =
] \ c 05
U/t 11 3]
~ <
ol ‘ = 00 -
10° 10! 102 102 ; Q& Q‘o
DCFH-DA S
B —PBS 15 c1 5
. I (=] " .
@ o |1 = —_ *% [ PBS
2 'NF"f-‘\ 240 ke e W TNF-a
5 @ - 210
£ 2 <
T Il £ 05
3 ¢ = Zos
7 = 00 £
0 /-"TJ T2 3 4 . e & 0.0
10 10 10 10 0 < «V\Q Sod2 Caf
DCFH-DA
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& 3-9 TNF-a {4 Py #11 BMSCs [ 3T AL B 1 5 S AL R 3
Ipg TNF-a FEkVES 1w f5, FCM &N EE4M (A), Sca-1+CD45- BMSCs(B)H' ROS /K-,

Realtime RT-PCR 5l i & 21 24N Sod2 Al Cat £ik. n=3; *P<0.05, **P<0.01, ***P<0.001.

AT B TNF-o 2 7538 3 i 1 S A B A 520 BMSCs JiE 704, FAT17E BMSCs
AP AR S AR H [F I N H202 Fi TNF-a B8k, 75 247 444 F1 Realtime RT-PCR
K A2 B TNF-o0 e85 2 18958 H202 Xt BMSCs i /A i ddl/E R (18] 3-10A,
B).

A pBs H202  H202+TNF-a

i

Absorbance (540nm)

S1s 515

< e

210 <10

o =

3 £

N 05 05

S

s s

% 00 © o0 s

RO oL
s ¥ &
o
IS
Y

3-10 TNF-o N ROS %} BMSCs Ji& & 734k [ #fil]
BMSCs B i S A2 H [F N 100uM H202 1 20ng/ml TNF-o 428, 14d J5 4796 R Gt (A)

J% Realtime RT-PCR #ll (B). n=3; *P<0.05, **P<0.01, ***P<0.001.
FATEFIH NAC 1] TNF-o FER AN, RBHL T AAREEDT TNF-a Xf

BMSCs i E /e 3mdER (& 3-11A, B). G4 FikgEE, Vi TNF-o 7] @40
il BMSCs fIt B A1 T 2 A AL S, T H ) Bl 44k
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A PBs TNF-a

Absorbance (540nm)

=
=)

o
o
OCN mRNA (fold)

RUNX2 mRNA (fold)

3-11 TNF-o @it _Eifff ROS #1 BMSC i 704k
BMSCs B E 7 S B i 20ng/ml TNF-a #11 NAC 4b3E, 14d J5AT 3R 40445 (A) J% Realtime

RT-PCR &l (B). n=3; *P<0.05, **P<0.01.

3.3 TNF-o 383t T i FOXO1 H#ifkl B &b fa

BRR, BATHRZR TNF-a ff] BMSCs Fréa kB mpLal. Jrakimigish
YT 58 K FOXOL 7E 40 S i il b R 3 H s AR T g, FOXO1 =Bl b v]
FECAAN PR K E B R . BB SRR, TNF-o BEE40H] FOXOL [ FRIE R
1k, $E78 TNF-a 1] RSB HIH] FOXO1 53 BMSCs f4E Ak B -

FITCABATT 8 el FOXOL IR I & 75 71 BB FA Jo A2 15 24078 o G2 AR A I 5
7~ FOXOL 7E OVX /)N BB B fis P IR I8 BT TR, o /N 2 Jo) Bl 2 4 i v 11
E.SUNE (2N

SHAM  OVX
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3-12 G AN FOXOL /£ SHAM 2 OVX /NI H IR IA . Scale bar, 100um.

N T iU B E BB )G BMSCs i FOXOL FIRIAAEAL, FRATRE Ao 5E 9%
BMSCs H' FOXO1 & AKF. KI OVX BMSCs #1 FOXO1 Kik & #(KT SHAM
BMSCs ([ 3-13A), S54kP4E R M. KN FOXOL fE#% W A+ 1 5 A s
T HIRe, AT S 4 i eS¢ T BMSCs 1 FOXO1 434, K3 OVX
BMSCs FJ A% N FOXOL IRIEY N % (B 3-13B).

A B FoxO1/Hoechst

SHAM

SHAM OVX

B-actin [e—— 4 3kD

FoxO1/Hoechst

ovX

K 3-13 FOXO1 78 i i ks BMSCs 13k ik T [%

(A) Western blot #:ill SHAM A OVX BMSCs H' FOXO1 [ [ #RiE; (B) Fus 4 i ¢ Yets il

SHAM J2 OVX BMSCs H' FOXO1 31k} 43 4ii. Scale bar, 20um.

RN FOXO Kt &2 pibt, Hrh FOX03 Wil ikiE 5 vl 40 i it E4b B i
M. FrLAFRATTXT FOXO3 #hATHa, KRINELAE SHAM K OVX BMSCs F3KiA T
BZER (K 3-14). M FOX03 §5 OVX BMSCs fitd b 7 Al fE .

SHAM OVX
FOXO3 |@== wmms 90kD

GAPDH E 38kD

3-14 Western blot #5:3ll SHAM £ OVX BMSCs #' FOX03 [ ik

N T IAE FOXO1 s& 578 BMSCs Hifl i Bl Ll RS0, FATRE T SRAF/ B R
Daeikde. BELIUE 7 FOXO1 siRNA A R~ i FOXO1 fiE H KL (K 3-15A).
i@ SiRNA T3 H AR 04 FOXO1 Ji5, BMSCs P SOD2 il CAT #1534 T 4 (P<0.01)
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(K 3-15B), ROS KT+ (P<0.05) (K 3-15C). AT #fixg FOXOL1 & REWTE
BMSCs iy 74 PR Bt AL 45145, JA IR Rk FOXO1 ) BMSC #EAT B 75 3 [FJ IS
HBEATAMIEYE H202 b2, 14 d J5 vt 3 40 4 £ ) Realtime RT-PCR il & 7 #1 il FOXO1
B BRK H202 il 5 BMSCs BIRCHE 7t (B 3-15D).

\y [ Control
%\Q‘e .51 m siRNA .
A & =) ok
Ooo\" ((o"" S 10
¥ = <
FOXO1 emm = 78kD =z
— or 05
B-aCHN | qguue s [43kD =
0.0
Soa?2 Cat
C Control SiRNA 350
15
(2]
§ 1.0
E
~ 05
8 0.0
S 00—
0°°\@ 6@&
3 Control
1.5 .
D control SIRNA 2, E. |™W
’ ; 5 el
g1 =
. 2
Sos nc
S =
£00 0
& Runx2 ~ OCN

3-15 il FOXO1 501 BMSC ] ROS 7K & B 501k
(A-C) Yt FOXO1 siRNA #il control siRNA 48hr J&, &Il BMSCs 1 FOXO1 [ H&IE (A,
Sod2 1 CAT #[KF%Ki& (B) LK ROS 7K°F (C). (D, E) BMSCs ##4t FOXO1 siRNA F1 control
SIRNA JG 17 UE 15 S, 14d J51T 96 R 40440 (D) J Realtime RT-PCR &l (E). Scale bar, 50pum;

n=3; *P<0.05, **P<0.01.

RIS, FRATME T FOXOL i 31k M8 5 A HEAT SRAF T RESE 50 . 1%k
Western blot Al ik sLid R iA 8 i 5] B 242 5 BMSCs ' FOXO1 fkis (&
3-16A). AHRIKY, i FAIGHEEFEG:, KR L FOXO1 7] B &7t SOD2
(P<0.05) A1 CAT #it (P<0.001) (& 3-16C) J[#{k ROS /K°F (P<0.05) ([
3-16B). i E SKEGHIESE [l RIA SN 5 T 2 fe i/ OVX BMSCs HIRUE 7L fE
71 (& 3-16D). &5 ERMESLIR ARG IE LR 45 3, B FOXO1 &imid (24t
SEACBETE BMSCs [ 73 i R G BEF
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A . B C.
o° ke | &= control
& = ke 6 Hl Overexpression
o ‘0*9 = 1:0 Ke]
& ) c % =
¢ o L < 4
£05
——————— ® 4
bracin o0 200 3 -
S 0-
& &
S Sod? Cat
o*?’@

Control Overexpression

Absorbance (540nm)

K 3-16 Kk FOXOL FIE B FFiis BMSC f#) ROS 7K-F &l # 71k
(A-C) ¥4 FOX01 IFIiAMEHEE 48hr J5, il BMSCs # FOXO1 & FR1A (A). Sod2 Fl
CAT [ FiE (B) LI ROS /K (C)s (D, E) BMSCs #4s FOXO1 it Fik 1895 5 5 1T ik

HiES, 14d FITHELA Y (D) K Realtime RT-PCR ¥l (E). n=3; *P<0.05, ***P<0.001.

N T UIHG TNF-a 2 il FOXOL Ml HieulgRis, BE5EX TNF-o /4 4b 3
J&i FOXO1 HAKTFHEATHM o Sl 410 SRR Py TNF-o 3 54081 A5 B P4 B R T
YA+ FOXOL MiFRik ( 3-17A), S TNF-a HUAAT ] B4 m OVX /N EAA 5
B FOXO1 HiEkis (& 3-17B).
A

a
i

iz

B 3-17 TNF-o {7 Py 41%] FOXO01 Fix
(AR HIKITES 1ug TNF-a 1w J&, T4 FOXO1 ZEBCE h i Z#ik; (B) OVX /h
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SRS TNF-o FPAIHLAR Imon J&, S Ak kil FOXOL £EJi & 335 . Scale bar, 100pm.

H K, TNF-a 4M1# 12 hr J5, BMSCs FF FOXO1 /KB & R %, - HiZ 4]
VE F Bt R B T i AR () S TNk, S B 5 R B A R (i tE (11 3-18A, B).

A 0 10 50 100 (ng/m) B 0 2 4 8 12¢(r)
FoxO1 [ == 78D Foxo1 |mme == [7a0

B-actin . mwewwame® 43D  GAPDH | == == === =—|38kD
[&] 3-18 TNF-o, #£5H ] FOXO1 f3&IA

(A)Wester blot far il A [7]94< 5 TNF-o 3 12hr 5 BMSCs 1 FOXO1 £ [ %1% ; (B)20ng/ml TNF-o

REFEAS R A] J5, Western blot #5:ll FOXO1 [ ik .

[, Western blot Fl40 28 41 i ¢ YA B 7~ ,  TNF-o ARARALER 12 hr J5 7] [A] B
b S A A% Y FOXO1 B /K (B 3-19A, B), #iA] TNF-a £ 220 FOXO01
0 1 2 12 (hr)

B A A EAR K AE .40 fo e A .
n FOXO1/Hoechst
Nuclear FoxO1 [ - 5.  |78kD
n FOXO1/Hoechst
T - --

& 3-19 TNF-o [AJ I 41 f s N A% A FOXO1 &Ik
(A) Western blot £l 20ng/ml TNF-o $ll AN [F 0 (8] 5, B A1 iR b FOXO1 I#%ik; (B) %

R MR 20ng/ml TNF-o0 )34 12hr J5 FOXO1 f1#iA. Scale bar, 20um.

.0 1 2 12¢(hr)
Cytoplasmic - =
FoxO1 | e e | 78kD

B-actin P-- | 43kD

pes W

TNF-a

4 Vg

AWK TNF-a 5 ROS HIEAFEREVICR . — /7, ROS Aefgfest T 41
M. BT, EREANASE W TNF-a, FEHAZHE TNF-o 55 F40 B TS5 m AR
Mo 51—77H, TNF-o 8RR 7t AEHE 3 E e OS. i 7T FEH 3=
TLE W S KR B R IE R RRAE, SRR THS N PR E S . i
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B FTEE Y, TNF-o IERERS BHEAE A T 400, B in AT ROS 1/~ 4 . ©2%1 TNF-a
FIE L 2 28410 ROS P24, 15, TNF-o AERE N5 5 B M2 ik 1)
BE, B ROS F=AERT; HIK, TNF-a A2 24 NADPH & LEF4L B IR R IX,
B3 512 NADPH LB 175 (L1798, (HJ2 TNF-o & 5 7EH T I e b ik & w0
RIE AEAHT T, AT I TNF-o 38 BER A HIAL BT 45 2R 48 . TNF-o 32 #1141 FOXO1
MThfe, T4 Cat Al Sod2 [k, XUFHERI, TNF-o £ BMSCs FlE AL 437
i i T EEAERH . PIULAHE T B IRFEH T TNF-o 8 #1H] FOXO1 /S it
AL TS BB R 4%, I 7% TNF-o BURHLEIIAR . BN TNF-a (07 & B
1E 22 FlRAT M P gl g2 2090, BT DA 6 B — S0 7T TNF-a A2 35 78 Ho A e s o
AR 40 1) 0 AL B T 5 B A5 A

BT, AN ROS AR 4ERF RIS T ROS = AEANE R K- FA5100, fE4%
J B TR B HH S BT AR A B AL 1) B R 0102 (B LML AN 2 o AR 5T
Hr, FATKIN FOXOL AF Jy & 8 e T4 g S8 A6 B A o 1 SGBE 5 18 7, LR B akikoK
PIEAL f5 5 TRBLA BMSCs W3 R . HRIABM ST Cat M Sod2 HRILTF
B, 3R T U ER G . I B ROS x4l BMSC A SR B TERL, Bl
I T FoxOL R RETELRLE J5 B BB AA AL i T A% OVE R . [RIRT, Jlid
iR IE FoxO1 A 21 OVX BMSCs e 74k ie 11, #7 Foxol ] BER N H i
BAA TR 56T 1) — A B R AT

Foxol # W\ NTEE K B MCCE & HE 1 B EAEH o H 2 LI T 25 A1 N 2 A
F BN BB EY (R BF 72 2045 31 T 4 N R R IR 45 5L . Rached F 7t FIBAYE Col 2.3" 1) i 4
P A R R Foxol, R BL/INEE R T, 32 Foxol R i 2 R 4H B GE A
PUEA TR B I RS, (2, Lyer S5 AFEFRIE Osx1 FI Al #A 4 Al r i b4z
Foxol, H1 B Wt 15538 I 45 W0 A T At 2 Je 104 PE AR 5246, 3RATTHIE B Foxol
#7301 BMSCs B0 -4 FepleE 704k, 3B Foxol ££ BMSCs K731k
AR AR AT D o X LSS U, Foxol 1R AT RELE B 41 2 A6 AN R
BORFEAR R RAEAE R, (B o T HLHIA 75 2 — PR R .

AW & B TNF-o 7] P45 & 2 4% Foxol IThEE. 56—, iid 4% Foxol
FE ARSI . a0 TNF-a 7] F5 50 Akt (KR Foxol Bk, Mm{Est Foxol )
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1% A Iz 0508l o = 3@ A Foxol FERIFEsE . TNF-a m] H2 LA A OVRN 4
APy Foxol fFRIL, T Al Z kT LA A Foxol f2ia0ol, A siig
ATHEH T — 28111 TNF-o 1845 Foxol (i1 : miRNA /51055 G . Xk
UL T TNF-o {5576 Foxol DhRETHT i & Atk . BUTE 1 ANIE 28 9 T ZE AN [R 240 ffd
H1, TNF-o JBIAH K RS 585 FOX0L, HEEARRPER. HEE—F
I FE AR A0 P9 TNF-o RiE(E 5 20 FIRIA HEAT LU 78, DT BA 86 23T AL

BMSCs [¥13l R /032 B E 2 004> T M4 4% i R0 70 1 B4 o FH s K T
BRI 5w 7 M0, X SRR SRR, S O S R T S5 3l BMSCs b R
P ARG L AR I ROS A LLEYE BMSCs I 2404k, — 71,
ROS % BMSCs H' NF-kB 15 5%, 1 NF-xB 3 2% n] 8 555 T2 il O M e 5 A
T Fra-1 08, 5—J51, ROS Al S5 DNA. Jig )5t FlaR (1 (Bl AL 4547 1 40 L4 i
TS P2, B ROS MFERIALED, A IR AWEFL ROS IR A& &Kk T3¢
M %% S Rl 1 D e o
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#9345 TNF-o @ iE-miR-705 A~F 49 iE R
) #4442 M BRI

F=EB AT ATUESE T TNF-o 7] LA 530 BMSCs AL R, T TA) 432 1)
bR A . FF R B TNF-a 52385 1] FOXOL, B 4HM A Hra b B Ll . i
it #ik FOXO1 T A& OVX BMSCs It A b fE 1 S i At iR 53387
FOXO1 & TNF-a fEH I —MZ 0L . BT, #1598 TNF-a 4% FOXO1 7)1 HL]
TR BRAR ST B 1) A AL 22 00 EE 2L

FOXO1 1E N B RS 5 0 T AL E B T, ZRIR RN
SRR . DA RFAIEH, FOXOL MThRE 3 B2 B R AL AB TRl S A AB i 4,
R N AZ AN AL D R LA A P e A R RE . (E R AT SE G 45 B RN TNF-o JF

“EUIE FOXOL M e L, T2 PR B ARIAK . B 7R, FOXOL 1)
FILZBEFEE, 24 miRNA CHHELRES 456 T FOXO1 mRNA 3°UTR, #I
M FRE . KON 85 CIESE TNF-o i 32 miRNA RE R, FrLEAR
A LI T, FA K FAURD TNF-o /2 i miRNA /13 1 #3555 TR 4% 40| FOXO1

Rik.

1 w1

1.1 {UEEFiRE

1.1.1 &= PCR X Bio-Rad, [
1.1.2 PCR 1% Thermo, 3E[H

1.1.3 BEARAX Bio-tek, [

1.1.4 microCT Siemens, 7% [F

1.1.5 Jn 4 p % Beckman, [
1.1.6 {5 B B Olympus, H#Z&
1.1.7 H kA Bio-Rad, [

1.1.8 B AE T R 4 Keg, Lig
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1.1.9 HotILRE RS Olympus, HZA

1.2 EERH

1.3.1 RNA 35635070 & Takara, H7&

1.3.2 Realtime PCR #: ik 71 £ Takara, H7A
1.3.3 Trizol Invitrogen, 3&[H
1.3.4 SYBR Premix Ex Taq Il kit TaKaRa, HA&
1.3.5 miRNA 5| E% B, M

1.3.6 Foxol siRNA Bt TN

1.3.7 miR-705 mimics B, M

1.3.8 miR-705 inhibitor RiboBio. B, T

1.3.9 anti-FoxO1 Cell Signaling, [
1.3.10 DCFH-DA #&3 i 1] £ GENMED, *%I[H

1.3.11 pLVX-EF1a-DsRed-monomer-N1 vector Clontech, [H
1.3.12 Transcriptor First Strand cDNA Synthesis Kit Roche, %L

1.3.13 Calcium Phosphate Transfection System Promega, Madison, £[E

1.3.14 Chromatin Immunoprecipitation Kit Millipore, 3[H
2 Bk

2.1 miR-705 L5 &0 ER T

1) JEid miRNA S8R FIN AR B 6 miR-705 A BE4E & () mMRNA

(PicTar: http://pictar.mdc-berlin.de/;
microRNA: http://www.microrna.org/microrna’home.do;
RNA22: http://cbcsrv.watson.ibm.com/rna22.html;
DIANAMT: http://diana.cslab.ece.ntua.gr/microT/microT.php)
2) Phik = 3 HE RS R T S A
3) IRHRHIEH T ATEE, Phik 5 BMSCs 401k D% UIAH G I SR AL R
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2.2 MiR-705 Antagomir SBEREAE5)

1) /NERIEZ OVX ARG 4 F, 1% 2 EL 240 R ;

2) UMM, kR M A v G T 5

3) BT LA E T S SN BE i Y Smm, 2218 7EST 1ng miR-705 antagomir (V& T
20ul PBS H1); X FRZHAN I 55 5 (1) PBS;

4) HISEHESL, RS

5) A LR, HEH 3K

6) KAEJEH M B, TS SR A

2.3 RARMRETE
WG R MR T S0 T VA F S —#7r . UfE Foxol 3°UTR S5& i v B 514
N Forward: 5°- ACCTGAAATCCTGCCAGACCA-3’; Reverse: 5’-
ACTGTGCCCCAGACAACTGC-3,

2.4 miR-705 BahF p65 L&A= TR

1) @ik miRBase Al NCBI M3 A miR-705 Yt iR fr, KIL miR-705 K T
Rab11fip5 F& X P ;

2) FIH NCBI Wl x4 Rab11fip5 FE£ K 5 307 %1,

3) FIH Genomatix Mk Chttp://www.genomatix.de/cgi-bin/eldorado/main.pl), FijllAf
Re4t AT Rab11fips 3£ [H G 307 (-500 £ 2000bp [X8) F#E SR 1 M 45 A 1 s

4) PRk NF-«B FIATRESE A0 .

2.5 Chromatin Immunoprecipitation
G e e T SRR R EA T, R R

1) 2x10°BMSC #8110 cm K5 R 1L, K5 75 2 85%% % J5 LA 20ng/ml E4H /N R TNF-a,
3 Ak 1h 1 4h;

2) B0 270ul37%% KW, BRRIRS)JE=iRE 10 min;

3) HOA 1ml10x<AE AT 2 2 K. =iRHCE 5min;

4) (EVK EIRJRRAR, N 10ml A ) PBS 1§ Ve 2 U

5) I Iml & 5ul 2 [ EENHIF PBS, 4 55 B4 4°C K 700> &0 5min;

6) 2 biE, N Iml S & AR H15] ) SDS Lysis Buffer Z# 40 ;
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7) fEUK FEAE RN 4°C T 12000>g &0 10 min, BRHC I

8) #F 100ul &0 900ul & HBEIH57 K Dilution buffer, I 60ul Protein G

9) Agarose; 4°C ek & 1hr;

10) 4000>g #-C» 1min; W EIEABTEOE . SKIRAINA Sug P65 Hifk: FHYEX MR
H A 1lug anti-RNA Polymerase; BHMEXTHEZH NN 1ug IEH /MR 19G; 4°C Fiek
EASBUR(E

11) fm\ 60ul Protein G Agarose, 4°C T e & 1 hr; 4000>g &0 Imin, Z:f& Eif;

12) K%K A Low Salt Immune Complex Wash Buffer (1 ¢X). High Salt Immune
Complex Wash Buffer(1 &) LiCl Immune Complex Wash Buffer (1 /X). TE Buffer(2
R)iE T Protein G Agarose-antibody/chromatin & &47); &ELE 4min J5 4000>g
B0 1min, #_EiE,

13) A 100ul Elution Buffer, *23fgg.0oB RS =IRMFF 15min; 4000>g &0
Imin; WEC EIE;

14) HE FRPIR, Krfs LIGR G

15) S\ 8ul 5M NaCl, 65°CHiF & 4 it % LAfE R DNA- HAZHK;

16) MM 1ul RNase A, 37°CH% & 30min;

17) B 4ul 0.5M EDTA, 8ul 1M Tris-HCI 1 1ul Proteinase K, 45CH% & 2hr

18) 4F 200ul DNA ¥EA<d1 i\ 1ml Binding Reagent A, V2%4); A Jfeis iy,
10000>qg 5.0 30sec; {31 H A H B Ak

19) /i 500ul Wash Reagent B Z i ji€4E, 10000 5.0 30sec; {3 H US4 & rhliiA Jo
PR 10000>qg 50> 30sec;

20) KL Jert E T Hr R EE R, I 10ul Elution Buffer, 10000>qg &0 30sec;

21) B TR R N A4 DNA,  F T 5221 PCR Al

22) realtime RT-PCR fuill 775 [FHT, FrH 514%4: miR-705 promoter (forward: 5°-
TGGCCGACTCTTGCTGAAAT -3’ and reverse: 5-
ACAAACAAGGCAAACAGGGC -37%),

2.9 it
T EHIE IS MEZE (mean £SD) Fon. A LR < B LEECR A student’s t-test;
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2 A1 BOHE 1) LU RCR B R K 7 227041 (one-way ANOVA) . P < 0.05 #il v B i 3%
MR,

3 HR
3.1 TNF-a j83E miR-705 #i#] FOXO1

TNF-o #lifil] FOXO1 SR E F/K -, W REMNFE KA R 57K K DIRE . N
T HIH TNF-o 2 15 B3R+ FOXO1 s, AT FOXO1 i) mRNA Kk HEATRI .
PCR il & Bl OVX BMSCs H FOXO1 mRNA 5 Sham BMSCs ¢ & % % 7 (& 4-1A);
TNF-o ARAMHIEHHFAHIE] FOXO1 mRNA FIRiE (& 4-1B). R4 KA TNF-a
A BT FOXOL #3%, 1] Gl id % 5 J5 1B 12 % FOXO1 Kk

A S5 B 251
) 5 2.0 #
S10| = < 15
[ < .
= % 1.0
80,5 c
é — 0.54
L. 0.0 Qoo
S S 0 1 5 10 20 50
X O (g
)

K 4-1 TNF-o %} FOXO1 mRNA ik 17EH
Realtime RT-PCR £&ll SHAM 2 OVX BMSCs H1 (A FIAS[E)3K & TNF-a 203 ji5 (BOFOXO01 mRNA

Ko #, 5 OHMILELEZER. n=3.

SeIh—. TAESZ: EREFAIEFEH TNF-o 512 BMSCs miRNA Rk 75, M5
HFRILH) miIRNA B 5 R, s e SRR I & K, il BMSCs 1 IE
WIIRE. BUEEATZEIRE TNF-o 25185 miRNA #f] FOXO1 & HKF. KA
MIRNA F B FEFERANHIER, AT miRNA & 7 ik H #7£ OVX BMSCs
FIETHE) mMIRNA TS 28501 FIH 24K BT 30, RIAE 5 A
miRNA ™, R4 miR-705 [F]I 4 22 > Hodfa e 00 vl Be 45 & 1 FOXO1 1) 3<UTR X35

(K 4-2A) . FTUASRATE e gttt , #t— P IRE miR-705 & BRI Z KM,
25 TNF-a X T ROS i #%.

BT ORBATTERUE miR-705 52 75 H 445G T FOXO1. it miR-705 3R 14 K ik

RAETHREIRIG R, 1K IE miR-705 ] ] 40| FOXOL & [k, 1MiH miR-705
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Al 1s BMSCs H FOXO1 8 FH /K, #iBH miR-705 i [n]iff#s FOXO1 i HRiA

(E 4-2B); wWIHHEEEIRE I B R FRIE miR-705 aJ#fifi] FOXO1-pMIR-report H
WNCEIEHIRIE (P<0.01), T F{E miR-705 gk & 84k ¢ s R liEFR % (P<0.05),
IESZ 7 miR-705 H 454 T FOXO1 i 3UTR (& 4-2C), #68] miR-705 J& i id # 5%
e AT R FEE R

seed
A 3 aoggguggggl_J(IB(_BT(IB(is(IB%J(IB 5 mmu-miR-705
1909: 5 uuugucauagGCUUCCCACe 3 FoxOf1

B ©

S
o W

FOXO1 | @ =  ssm | 78KD

.\‘_0‘ c L

o«

B-actin iy —— o 43kD

Reporter activity (fold)
O 0 = = MmN
o o [S I = T &) |
o

| *

& 4-2 miR-705 L[4 FOXO1
(A) miR-705 5 FOXO1 mRNA 3UTR X345 & A s 518 s (B)F 4 miR-705 mimics. inhibitor
negative control 48h /5, western blot #5ll FOXO1 & H#i%; (C) Foxol p-miR-reporter 7375
miR-705 mimics. inhibitor. negative control J£4% 4% 48h J&, ¢ ZE M E M. n=5; *P<0.05,

** P<0.01.

N T B miR-705 g7 ##] FOXOL §2md BMSCs fiiéa b, RATt—%
il i Fe b /RUIE miR-705 FRIA 5T EEI R IAF ROS /KF. 45K E/R, miR-705
mimic #£ 4« AT 1% BMSCs 1 Sod2 (P<0.05) Al CAT (P<0.01) #it (& 4-3A), if
R ROS 7KF (P<0.001) (1 4-3B); 1fii miR-705 inhibitor #% 4% /5 /EF 5 mimic
HIE AR (B 4-3B). SN T BEHf miR-705 /2 @i ] FOXO1 &% LibfEH, A
{E#5 4% miR-705 mimics (1 [F]F 4% 4% Foxol it RiAEH 7, KL RKIL FOXOL mTLL
SEAFEHL miR-705 mimics S &AL (& 4-3C).
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A T 2.04

g —~ 2.0 L
9 — 2 e
=15 — € 1.5 =
! _*x o < ok
2 10{r= £ 1.0] =
£
Q05 ~ 05
S 3 ]
“ 0.0 00— -
. § ) Nea )
& & &
00{\ \X\\é\ \Q‘{\‘\Q < & \<‘\Q

= * NS
T 2.59 e
B o e c 37 ww

Mean Intensity (

O o = =N

SO RS
i

Mean Intensity (fold)

S Y

4-3 miR-705 N fI470 U LB 7
(A, B) #JL miR-705 mimics. inhibitor. negative control 545l BMSCs ' Sod2. Cat )34
(A) PLK ROS /KF (B); (C) #4t miR-705 mimics f Rl #£ 4 FOXO01 1T #&iA18H#, FCM

K BMSCs ROS 7K~f-. n=3; *P<0.05, **P<0.01, ***P<0.001, NS, no significance.

N T AR AIESE miR-705 XF FOXO1 (i EH, K miR-705 antagomir
(—FAE MR mIRNA #6140 2475 B8RS 7SS . Realtime RT-PCR HlE Sk
miR-705 antagomir 4 &[R4 B 24 miR-705 [3RiL5 (P<0.05) (& 4-4A). HujE
ZHALA I 7R miR-705 antagomir HJ YK &2 OVX /NERJBE H FOXO1 HIFR L (K 4-4B),
FHRL B & BMSCs 1) ROS 7K-F- B [#(IX 1 30% (P<0.001) ([&] 4-4C).

A Antagomir  ©
15 =3
o S
(o]
€ 1.0 210
) * 2
E CIC) Fkk
% 05 -8 o Zo0s5
R Ay &
.-r-';.? o) ©
0.0 AR g
S S BAoMl SR e whis bl &
¥ AT e Sen PN X tas e Touger % &

-

4-4 TNF-o, /& N I $% miR-705
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OVX /NG B 6 N4 miR-705 antagomir (1ng) 3 w. (A) Realtime RT-PCR #2023
H miR-705 33k ; (B) G2 2 AL KGN B i #A J5 i HH FOXO1 3R 1A s (COFCM & ll# &%+ Sca-1+CD45-

BMSCs 4l i) ROS 7KF-. Scale bar, 100pm. n=3; *P<0.05, **P<0.01, ***P<0.001.

A THE— 2 W) TNF-o /& 75845 miR-705 Fik. TR MEREECE Rk
faH BMSCs M HZ1H miR-705 ik .3 FF+ (P<0.01) (& 4-5A). &4+ TNF-a
AbFRRT i H BMSCs 1 miR-705 ik /K1, J 2 FIEMAE (& 4-5A). AN TNF-a
SR AL miR-705 Rk 1 5L | (P<0.05) (& 4-5C); 1+ F1 OVX /MR
P TNF-a 7] B 4 23H miR-705 7K°T- 40% (P<0.05) (& 4-5D). iR SKEeiF sk
TNF-o 1& A &SN 2232 miR-705 BRIk .

A 107 O sHam B
T g| M oW Axk T 35 -
o S 30
= 5 2 M
*%* p]
< 8 2
= 44 N~
o x 3 -
£ 29 g 2
ol 1, 1 ol
BMMSCs Bone 0 5 10 20 50
o D 15
‘_-2.5 * §
8 20 €40
o 1.5 9 .
F 10 w05
o o Y
‘E 05 £
0.0 0.0
> &
") & \SO &
* &\ﬁ OO{\ &

<
4-5 TNF-a &4 ke ik A fig i3t miR-705 ik
(A) Realtime RT-PCR #iill SHAM J OVX /Mt BMSCs Al 41437 miR-705 f#Kik; (B)
ANFJAEE TNF-o 2b ¥ BMSCs 2h J& miR-705 {1334 (C) AR NS/ R H L TNF-a J& A 444
H1 miR-705 [FKi%; (D) OVX /NRARP ST TNF-o AP SS, B 4400 miR-705 [IRIX.

n=3; *P<0.05, **P<0.01, ***P<0.001.

AT B miR-705 768 Ji B s BMSCs i 7346 57 R /R L, AT 1R B inhibitor
1% OVX BMSCs H miR-705 FI3R1E, FFHEATARAM R E SEI6 .. 76 2 40 Ye i 5o 4
miR-705 fEfE—EFLE K E OVX BMSCs i E 2 4bfe /1 (P<0.01) (& 4-6A).
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Western blot il i3t — 25 AIE Sz 4] miR-705 v B E % & OVX BMSCs H' FOXO1 f 2
F/KF (B 4-6B), #2 @il FOX01 FikMkE OVX BMSCs HIH 71k«
AT T RAF T TNF-0 & 75385 miR-705 JE BMSCs AL ELFiE/
% miR-705 Kik ) BMSCs #HATHCEH S, FFFEI A TNF-a fl H202 403, &
P miR-705 mimics # YL INE TNF-a 7ERCE 70 FEH 2201 BMSCs A4
(P<0.01), T miR-705 inhibitor #4ml — @ JE LI TNF-o FBUA L0
(P<0.01) (/& 4-6C). Western blot A& llidE— ksS4 miR-705 GE R i TNF-a
T FOXO1 KB % (& 4-6D).

e

15 “\ \“‘;p\‘o
KKk *
e \a 0\\* 0\‘*

€

S

3

® *%

8 FOXO1 | e s | 78KD
So.

o

2 B-actin -ﬁ%kD

A  sham OVX  OVX+Inhibitor

Control Mimics o \c® 3
S L o oM
oot W

e | P

B-actin | e - S 13KD

TNF-a+H202 €

4-6 TNF-o J@3L miR-705 ifi#% FOXO1 [k
(A, B)SHAM [ OVX 437l %% negative control 1 miR-705 inhibitor J547HUE 5%, 14d J51T ¥4
RAY (A, FHRN FOXO1 MR FEEL (B); (C, D) MSC # %t miR-705 mimics.  inhibitor
F1 negative control J517T AH 155, FIRIIA TNF-o. (20ng/ml) F1 H202 (100uM) Ab#E, 14d J5

TR RLAYt (C), I FOXO1 EHAEE (D). n=3; *P<0.05, **P<0.01, ***P<0.001.

3.2 TNF-a i@id NF-kB JEEE#E miR-705 Rik

FRATEL T RAHFE TNF-o 142 miR-705 512 BMSCs MM HIE Siktt. KA
SR IR TNF-o 32 28 IS NF-«B 15 5@ 5| BMSCs BuE 701k,
T 5 8B A 7 R B TNF-o0 dl ik NF-xB I8 2% 1% miR-705 3R1A, BT DA 56 75 20
B2 5 T NF-xB @ B4 BMSCs it ki . it IKKa siRNA #i] NF-xB
), TNF-o X%t Foxol & HRE (K 4-7A) Ml Sod2. Cat mRNA %Kik (F 4-7B)
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(I A 2 B 2Rk 55 (P<0.05), [Ny 3 B AL R th AT Firiiids (P<0.01) ([
4-7C),

e?’
A '60\ 66\ B 2.5 [ Control
Q .
0° (l‘+ % 201 —E Il siRNA
FOXO1 | e @ | 78kD ':(\'-'/1.5- —
Z 1.01
h'd
0.0 : .
Soa2 Cat

-
o

()

Control IKKa SiRNA

4-7 TNF-a @it NF-xB 4% FOXO01

%
o

TNF-a
Mean Intensity (fold)

L IKKasiRNA F negative control siRNA ) BMSCs H il X 20ng/ml TNF-a 42 12h, #:3l] FOXO1

HHARIE (A), Sod2 fil Cat mRNA FiA (B), LA ROS /K*F (C). n=3; *P<0.05, **P<0.01.

R 7 S L AIE S NF-xB 3@ 8 5, OVX BMSCs HIHiE i fsife /18] &
T (K 4-8).

n:
o

3
SHAM OvX OVX+IKK SiRNA 5§ —_
< %
8
N c
Q So05
8
< 0.0
%‘(b& 04‘*' \QS\?“
J;O
F
R

4-8 IKKa #4245 H202 %t OVX BMSCs i 244 AR FH A6
SHAM }2 OVX BMSCs 435l #% 4% negative control siRNA 1 IKKa siRNA J& 47 HeE %S, BRI

100uM H202 kb3, 14d 54T R 4. n=3; *P<0.05, **P<0.01, ***P<0.001.

B 53— R R NF-xB B miR-705 Fik () EAANLE] . #1H] NF-xB J&5,
TNF-o % miR-705 [ 15 /EFHES (P<0.01) (& 4-9A,). A P65 & NF-xB iH %
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N OB SR N T, T AEIE B T K ILTE miR-705 JH 31X ~500bp A FH P65
M5 3h 7 X3, FrCARRATE S s P65 AEls B4 AT miR-705 Hzh X k. @il
CHIP SEIGIESE, P65 RE4E AT miR-705 B3l T IX, HIHLLATE TNF-o 4B 5 3%
W2 . Ui TNF-o B#EGEE NF-xB Tl s+ P65 JH 3 miR-705 3% .

A B NF-kB Chromatin Immunoprecipitation
. 1.5 _E 60+ . |:| Ohr
% 2. 7 ER
1.0
9 £ 401 .
5 # 2
x 0.5 c
= s 5 201

t —_ *
O [—
00{\\«‘} é@v it N NS
& miR-705  Negative control

4-9 TNF-a 383t NF-xB 4% miR-705
(A)¥: % IKKasiRNA Fl negative control siRNA ) BMSCs il A 20ng/ml TNF-a. 4b 2 12h, Realtime
RT-PCR il miR-705 ik; (B) 20ng/ml TNF-a 43 1. 4h J51T P65 %% 5 miR-705 2 51X

B % ILPTHEAR I . n=3; *P<0.05, **P<0.01, NS, no significance.

3.3 RABtHE S8 BMSCs Rttt b Hiti

S HT AR 7T, FRATRIN BMSCs 1l B AL 5, F£28 2 AL RS 98 4k
FRHIhRESRIE . RNy, FATTS I 1A SMEAIEFEF OVX BMSCs i ROS &8, KL
FOKSPAE I & SORE RIS G & - th4h, FOXO1 Al SOD2 Al CAT 13RIk thiF4:
KT BB OVX BMSCs H i b LRy HL IR 2L 52 S 4011 .

N T AR AR R 2 S TNF-o 558, ARSI BMSCs #H47 3d 1)
TNF-o KHATIEE, B oK 40 M A AR R4 FH I 55 7R B 4k 45 7% 48h, RIL TNF-o il
AbFEZH BMSCs #1 ROS 134 Ft % (P<0.01) (/& 4-10A). FOXO1. SOD2 1 CAT %
EFFEAET (] 4-10B, C). 5 OVX BMSCs H M & I HL 5 40— 5.
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220
y—
A control Pretreated >15
k7]
$1.0
=
¢ O
o
s0 S
&
&«
@) &
3 Control
B > c 15, R Pretreated
(9 —
'60\ \«06\ © —F *k
000 Q& 8 1.04
<
Foot (B [0 2
o 0.54
B-ACHN| e S— 431D E
0.0

Sod?  Cat
4-10 TNF-o FF214: S5 BMSCs &AL N
TNF-o kb #E 3d j5, BMSCs #£{UE: 3% 48hr, #llHH ROS /K°F (A). FOXO1 EH#FL (B)

1 Sod2 & Cat mMRNA 3RiA (C). Scale bar, 50pum; n=3; *P<0.05, **P<0.01.

52 MR, TNF-o AL EE 1 w] 1Rk BMSCs 19 8CE 046, IFInE il e
H ROS S M (Bl 4-11),

PBS H202 £E15 O3 Control
. = e M Pretreated

’ 10
g (0]
& (]
g

\ S 05
o
"\‘\‘ > ¢ i) . 5 _8

Control Pretreated Control Pretreated < °° PBS H202

4-11 TNF-a Tiib# 5 BMSCs 434k & ROS
TNF-a fiiAb# 3d J5, BMSCs LA FRIFIEAT CE %, [FINEEAT H202 (100uM) AbEE, 14d

JEATH R Gt n=3; *P<0.05, ***P<0.001.

HITTH] S50 25 SRAUE W] TNF-a % T BMSCs 734k J¢ FOXO1 (il 4/ H Be g £ — & i
I HELE, X B TNF-a FEA 6] B AR 52 5 5244 F 5 B0 T IS 5 R s 1 i1
RIEAERT, T2 v] BE TR s it el i, A LM 48

WG CA W IRE, ROS thAEWSIIE NF-xB {5 5. Western &% PCR il 4
FUIESE, ROS MRS H0E NF-xB 5 5@ EE (& 4-12A, B). HHEZENZ, ROS HE
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M3 TNF-a % T NF-«xB BGEIERH (& 4-12A, B). MR, ROS tAEHE i
miR-705 [{3RiE (K 4-12C), FEh0E TNF-a 755 #) miR-705 &i& L+ (& 4-12D)
Fl FOXO1 H /K N (Kl 4-12E). K24 miR-705 i & &A1 FOXO1 M & FK
S, AT FOXOL1 2 A BEAR T ik — 0 3R A S Mt S8 i ik & . B
NF-kB-miR-705-FOXO01-ROS Z [AIJE R T — 2% IE R 15t 5] 6

2]

miR-705 (fold)
o

A 0 8 o ~80
o &« O
& L& @

P65 | et e P 65D

* %

o
[=)

= 2

P65 mRNA (fold
N »
o

p-pssl.. - —‘ssm 10
0.0
YN0 PR ——— ) 0.0 TR
E 5
&
‘<’° o":‘
> O
QQ Qﬂl &é Qﬂf
FoO! g gme = |78KD
p-actin b‘—-‘ 43kD

O G O 0
& FE S
A

QGI
] 4-12 ROS &3k NF-kB 38 % i 0
H202 (100uM) BE/F1 TNF-o. (20ng/ml) kb3 2h J5, #:ill MSC P65, p-P65 EHEIE (A).
P65 mRNA #i£ (B). miR-705 %£is (D) LK Foxol AKX (E). (C) AREKE H202 Hli

J& 2h J5, realtime RT-PCR £l BMSCs # miR-705 [#]3#i% . n=3; *P<0.05, ** P<0.01, ***P<0.001.

Xt TNF-a AL HE 5 ) BMSCs A P65 J3E 15 0 Fll miR-705 FZRIEFEATAM, AIF
S TNF-a KB 8] B S REfs 5 B2 NF-xB 13 5@ B I aiE (| 4-13A) Al
mMiR-705 L FiE (P<0.001) (& 4-13B). M S HFIRATHE B 19 1F I ik 1m] B AR

#.
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L
> B
A & & B ¢
(&3 Q& =] i

o
P65 “\ 65kD = 2]

R

E

O.

P 4-13 TNF-o AL HE RF 224 305 NF-xB 18 A1 miR-705 &1k

TNF-o TiALEE 3d 5, BMSCs f£4%H557% 48hr, i P65, p-P65 & [13iE (A) Fl miR-705
#iL (B). n=3; ***P<0.001.

BRI, @AW FE, UFSE T TNF-o K 8] 1S 7T BRI — 4% I i 70
TESEE, MmMEZEMR 5] E BMSCs N EALN B, F5: A BMSCs )l
o (K 4-14).

Menopause
1‘ Osteogenic

Differentiation
Defect

TNF-a
Receptor
- -
-
7 .
{ mIiR-705
m
o A
. P65 ) | mRNA Translation
) ) _ = — ~_
Pre-miR-705
\ [ 4

o
( o \‘if.oiwmn |
L Y )

4-14 FEAE: TNF-o 3@id miR-705 #lifi] FOXO1, I3 ERFak it i S
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4 $1ig

ARSI, BMSCs [ RUH 5 FEAR SN IR R R AT SR 44, R IE I AR /%
RIGEAREETE ., R ROFAAE €W FE: —J7H, BRI
BMSCs 7E [FIFE [ S G 56 AF R AR I B ARG, $&s 2 e B £ 1% Ccell
autonomous) FJHLHI; A3—7J71H, BMSCs H)4 b 55 /& M R B = 51 K B — &
FUSMER TR B S T 35, SR AME 52 BMSCs 00 S I B 2R 3. 3RATTiE
AR SRBI TSR BT, R IIX AN I R AFAE T IR AT VRN SO RE MR R . il 5%
RETER AR A P] LTS S 20 M H BB A, R — MM R R 5 R B A
MECCAR (o 12 1k RE 2 B8 1 22 BT 40 i (R0 AR A b o AL SO RE TS SR A7 AE S5, AT
A DU R SN 2 SRR AOE M BUm L . BRIk, FRATUCAE BB 4
ISR, FIRES:E BMSCs N HE 5 N AN AT s, 7= A 0] 4 i ) R PO 455
B . IZAR AR RO T IRAT S SR U — AN AR R AR SR T A

B, A B R RSN IR ST R AR, R B TNF-o K [A]
HIRE AN 30 )40 BMSCs (12 1) 734k g 77, HDyRe o T 2 AR B A E R85
2 P ABIL JG BT, $27R TNF-a KIHVE T it ) BMSCs R DI fE 53 1R
A RESE 1 SOREAE AR R OGBS R . W DAHENT, TER TR AA KRS RS, TNF-o
A RE A RO R B R, A T RINSOROE T R St [l 2, AT i il e 48
PR A1 BMSCs AW HAT N84 . IR AIETE, BATKIL T —2%H NF-«B -
MiR-705 - FOXO1 - ROS Z Ry IE S it [l i, M g 1 i I s 36 A ILE) OVX
BMSCs Jli 2544 P 5 RETER 58 J5 5 AR AE SR R ORI R R 25 SRS B R s
IR S IR e B AT 1 IR e B — (YR T BT R OV A UK 24 BMSCs (1)
The, FTEESEAX L FEORE R, 755 BRI [ U W7 CoE 4 1E R 15
B o QARBCRALIE, KA B T R AA R T R

RIZIA R FT, FOXOL KR FEA =Mikie: mIEEWRITFEIRANZE
F B R AL & LB, FOXOL R b f B mT LA Bl HNAZ , I T 3
SR B S H A SR TE R I Re . B AR A, RIS FOXOL (2 & i 42 i
B 552 miRNA S5 B . BRI 2 BT 5T & miRNA /& FOXO1
HARIEKEE R T . MiR-27a, miR-233, miR-96, miR-107, miR-182, miR-9,
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miR-153, miR-183, and miR-186 44 % 1 7F il J 4 ffd o #1] Foxol Fjkts115],
miR-139 714 fd H #1 Foxol fThEEMe); miR-182 il it #ifi Foxol 44 pe - 41 i
AR A 5T UGIE SE miR-705 RERSIEIL 454 T FOXO1 3°UTR X 4] FOXO1
W AERE. BHERERRZ, miR-705 /% 1 TNF-a X} FOXO1 [Hifi#=/EH, TNF-o
i miR-705 32 BMSCs P BRI, AT S H 1 #E B 2614 F 520 FOXO1
FIRBVH > THLR . EAEENRE, RSB HIRIE R4 Foxol A RE3Z 2
AFH miRNA . ERMTPT AR S, miR-705 7R BLEiAL o B 44U
BMSCs # 2 m Kk, JF22%] TNF-a FIHE . A 66 FIR A& T 785 b ok 72
miR-705 2 1% Foxol KX HEZ miRNA.

PUAMTIE OB TR YT B 3 2 AR 1818 LA 5 3t R 1 e 28 752
SEAE FHTEA T, BRI R T SRR S OR B[R BT SR E T 2R 3 T iR
RN R P R, SRR NG ) R E A BCR IR, 15—
B ERRHIHIRTRCR . F4% OS 1 R IR T sl v] e g o5 — Pl AR 4E . miRNA 7]
WA T A S R A R AT RS, HOrk B W (EA R EIE
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FARTT e R0 A5 . (B AE Tt 4] miR-3077-5p SKIGIT gk, it —H
(UNRES TS

793,



FoFEXFHETFLEAL

I\ 3

AR I T SRR K FAEE LA 5 B LA R AE T I CBER], &R T miRNA
SR JE AR AR AT RE, @ mE RS R R R, R T A TNF-o
PAEE MIRNA, FIH— R 512 g L0 UE B H 7 BMSCs B 404k 473 i L B A 1,
HIFRAS 5 @B T, [ T TNF-a S E miIRNA 55 RIEMES8%E, #2H 7 TNF-a
S50 BMSCs HeH ThfE N R ROMLE . tAh, SEIERE K R S E miIRNA )53
FIE A B EE LY BMSCs BIRUE ZrBRE YT, #2278 miRNA W] BE & iU 18T
WSS R, TR AL TR B BBRRA T B T U B S o

ARSI S BR BRI SE 8 AN I T -

(1) TNF-o {EMEBR G = J5 B T ik = P8 7 RBEER . — 77T, TNF-a B
FE40H] BMSCs IR 803 40K 55— 75T, TNF-o 7] 5 308Uk ROSER 5 , (AR BMSCs
(R T A

(2) MIRNA /S35 RIS 7E BMSCs ThAEL4ERr il 5 EBAE ], MEBE bt
= Ji miRNA [ L7 & T8 BMSCs Bt b B IE oS R &

(3) TNF-o 3305 NF-xB 15 Sl B € i miR-3077-5p ik, i BMSCs
Runx2 & H/K, HEIZMH BMSCs ) eE 704k

(4) FOXOL1 (1) FF# 512 Sod2 F1 CAT &HiaflgRiAn, 235 BMSCs #i
SEAL BT A A P B R 3R

(5) TNF-o 3@ #0E P65, EIE4ET miR-705 Jaz)+ HRdi %, F5
FOXO1 EHAFIEW D, i BMSCs A 1515 A p i Th A FEA .

(6) T~ 200 M GEA A5 v 14 8 R R -1 5 40 L PRy S I 380 o ) LA A [ 2, et
— RHNE RS 5 153 W 2 AR ELAE R AN o, 6 R 5 80T 40 i h g 1

794,



FoFEXFHETFLEAL

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

S0k

Pietschmann P, Rauner M, Sipos W, Kerschan-Schindl K. Osteoporosis: an age-related and
gender-specific disease--a mini-review. Gerontology. 2009;55(1):3-12.

Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and the future. Lancet.
2011;377(9773):1276-87.

o i R AL ik < i AR B e B B R PR 2. B e T E B A e
FREHL22 %8 2009;3(3):148-54.

Kanis JA, McCloskey EV, Johansson H, Oden A. Approaches to the targeting of treatment for
osteoporosis. Nature reviews. 2009;5(8):425-31.

Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells in health and disease. Nat Rev
Immunol. 2008;8(9):726-36.

Bernardo ME, Locatelli F, Fibbe WE. Mesenchymal stromal cells. Annals of the New York
Academy of Sciences. 2009;1176:101-17.

Zhou S, Greenberger JS, Epperly MW, et al. Age-related intrinsic changes in human
bone-marrow-derived mesenchymal stem cells and their differentiation to osteoblasts. Aging
Cell. 2008;7(3):335-43.

Yu JM, Wu X, Gimble JM, Guan X, Freitas MA, Bunnell BA. Age-related changes in
mesenchymal stem cells derived from rhesus macaque bone marrow. Aging Cell.
2011;10(1):66-79.

Liao L, Su X, Yang X, et al. TNF-alpha Inhibits FoxO1 by Up-regulating MiR-705 to
Aggravate Oxidative Damage in Bone Marrow-Derived Mesenchymal Stem Cells during
Osteoporosis. Stem Cells. 2015.

Jing H, Liao L, An Y, et al. Suppression of EZH2 Prevents the Shift of Osteoporotic MSC Fate
to Adipocyte and Enhances Bone Formation During Osteoporosis. Molecular therapy : the
journal of the American Society of Gene Therapy. 2016;24(2):217-29.

Li Y, Fan L, Hu J, et al. MiR-26a Rescues Bone Regeneration Deficiency of Mesenchymal
Stem Cells Derived From Osteoporotic Mice. Mol Ther. 2015;23(8):1349-57.

Yamaza T, Miura Y, Bi Y, et al. Pharmacologic stem cell based intervention as a new approach
to osteoporosis treatment in rodents. PloS one. 2008;3(7):e2615.

Lepperdinger G. Inflammation and mesenchymal stem cell aging. Current opinion in
immunology. 2011;23(4):518-24.

Liu Y, Wang L, Kikuiri T, et al. Mesenchymal stem cell-based tissue regeneration is governed
by recipient T lymphocytes via IFN-gamma and TNF-alpha. Nat Med. 2011;17(12):1594-601.
Liao L, Yang X, Su X, et al. Redundant miR-3077-5p and miR-705 mediate the shift of
mesenchymal stem cell lineage commitment to adipocyte in osteoporosis bone marrow. Cell
death & disease. 2013;4:e600.

Carthew RW, Sontheimer EJ. Origins and Mechanisms of miRNAs and siRNAs. Cell.
2009;136(4):642-55.

Li H, Xie H, Liu W, et al. A novel microRNA targeting HDACS5 regulates osteoblast
_95_



FoFEXFHETFLEAL

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

differentiation in mice and contributes to primary osteoporosis in humans. The Journal of
clinical investigation. 2009;119(12):3666-77.

Inui M, Martello G, Piccolo S. MicroRNA control of signal transduction. Nature
reviews.11(4):252-63.

Sambrook P, Cooper C. Osteoporosis. Lancet. 2006;367(9527):2010-8.

Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts, and prospects. The Journal of
clinical investigation. 2005;115(12):3318-25.

Khosla S, Oursler MJ, Monroe DG. Estrogen and the skeleton. Trends in endocrinology and
metabolism: TEM. 2012;23(11):576-81.

Riggs BL, Khosla S, Melton LJ, 3rd. Sex steroids and the construction and conservation of the
adult skeleton. Endocrine reviews. 2002;23(3):279-302.

Bianco P, Robey PG, Simmons PJ. Mesenchymal stem cells: revisiting history, concepts, and
assays. Cell Stem Cell. 2008;2(4):313-9.

Park D, Spencer JA, Koh BI, et al. Endogenous bone marrow MSCs are dynamic,
fate-restricted participants in bone maintenance and regeneration. Cell Stem Cell.
2012;10(3):259-72.

Chan CK, Seo EY, Chen JY, et al. Identification and specification of the mouse skeletal stem
cell. Cell. 2015;160(1-2):285-98.

Miller FD, Kaplan DR. Mobilizing endogenous stem cells for repair and regeneration: are we
there yet? Cell Stem Cell. 2012;10(6):650-2.

Teitelbaum SL. Stem cells and osteoporosis therapy. Cell stem cell. 2010;7(5):553-4.
Leibbrandt A, Penninger JM. RANK/RANKL.: regulators of immune responses and bone
physiology. Annals of the New York Academy of Sciences. 2008;1143:123-50.

Sethe S, Scutt A, Stolzing A. Aging of mesenchymal stem cells. Ageing research reviews.
2006;5(1):91-116.

Verma S, Rajaratnam JH, Denton J, Hoyland JA, Byers RJ. Adipocytic proportion of bone
marrow is inversely related to bone formation in osteoporosis. Journal of clinical pathology.
2002;55(9):693-8.

Yang N, Wang G, Hu C, et al. Tumor necrosis factor alpha suppresses the mesenchymal stem
cell osteogenesis promoter miR-21 in estrogen deficiency-induced osteoporosis. J Bone Miner
Res. 2013;28(3):559-73.

Wallace JM, Rajachar RM, Chen XD, et al. The mechanical phenotype of biglycan-deficient
mice is bone- and gender-specific. Bone. 2006;39(1):106-16.

Miura M, Chen XD, Allen MR, et al. A crucial role of caspase-3 in osteogenic differentiation
of bone marrow stromal stem cells. The Journal of clinical investigation.
2004;114(12):1704-13.

Takada K, Inaba M, Ichioka N, et al. Treatment of senile osteoporosis in SAMP6 mice by
intra-bone marrow injection of allogeneic bone marrow cells. Stem cells (Dayton, Ohio).
2006;24(2):399-405.

Bellantuono I, Aldahmash A, Kassem M. Aging of marrow stromal (skeletal) stem cells and
their contribution to age-related bone loss. Biochimica et biophysica acta.
2009;1792(4):364-70.

Hadjidakis DJ, Androulakis, Il. Bone remodeling. Annals of the New York Academy of

_96_



FoFEXFHETFLEAL

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Sciences. 2006;1092:385-96.

Simpson ER, Misso M, Hewitt KN, et al. Estrogen--the good, the bad, and the unexpected.
Endocrine reviews. 2005;26(3):322-30.

Carlsten H. Immune responses and bone loss: the estrogen connection. Immunological reviews.
2005;208:194-206.

Nakamura T, Imai Y, Matsumoto T, et al. Estrogen prevents bone loss via estrogen receptor
alpha and induction of Fas ligand in osteoclasts. Cell. 2007;130(5):811-23.

Kasper G, Mao L, Geissler S, et al. Insights into mesenchymal stem cell aging: involvement of
antioxidant defense and actin cytoskeleton. Stem cells (Dayton, Ohio). 2009;27(6):1288-97.
Wauquier F, Leotoing L, Coxam V, Guicheux J, Wittrant Y. Oxidative stress in bone
remodelling and disease. Trends Mol Med. 2009;15(10):468-77.

Giorgio M, Trinei M, Migliaccio E, Pelicci PG. Hydrogen peroxide: a metabolic by-product or
a common mediator of ageing signals? Nat Rev Mol Cell Biol. 2007;8(9):722-8.

Almeida M, Ambrogini E, Han L, Manolagas SC, Jilka RL. Increased lipid oxidation causes
oxidative stress, increased peroxisome proliferator-activated receptor-gamma expression, and
diminished pro-osteogenic Wnt signaling in the skeleton. The Journal of biological chemistry.
2009;284(40):27438-48.

Almeida M, Han L, Martin-Millan M, et al. Skeletal involution by age-associated oxidative
stress and its acceleration by loss of sex steroids. The Journal of biological chemistry.
2007;282(37):27285-97.

Lean JM, Davies JT, Fuller K, et al. A crucial role for thiol antioxidants in estrogen-deficiency
bone loss. The Journal of clinical investigation. 2003;112(6):915-23.

Jamal SA, Cummings SR, Hawker GA. Isosorbide mononitrate increases bone formation and
decreases bone resorption in postmenopausal women: a randomized trial. J Bone Miner Res.
2004;19(9):1512-7.

Dai DF, Chen T, Wanagat J, et al. Age-dependent cardiomyopathy in mitochondrial mutator
mice is attenuated by overexpression of catalase targeted to mitochondria. Aging Cell.
2010;9(4):536-44.

Lustgarten MS, Jang YC, Liu Y, et al. MnSOD deficiency results in elevated oxidative stress
and decreased mitochondrial function but does not lead to muscle atrophy during aging. Aging
Cell. 2011;10(3):493-505.

Manolagas SC. From estrogen-centric to aging and oxidative stress: a revised perspective of
the pathogenesis of osteoporosis. Endocrine reviews. 2010;31(3):266-300.

Raftopoulou M. Mitochondrial wrinkles: the first signs of ageing? Nat Cell Biol.
2005;7(9):853.

Cenci S, Weitzmann MN, Roggia C, et al. Estrogen deficiency induces bone loss by enhancing
T-cell production of TNF-alpha. The Journal of clinical investigation. 2000;106(10):1229-37.
Roggia C, Gao Y, Cenci S, et al. Up-regulation of TNF-producing T cells in the bone marrow:
a key mechanism by which estrogen deficiency induces bone loss in vivo. Proceedings of the
National Academy of Sciences of the United States of America. 2001;98(24):13960-5.
Pfeilschifter J, Koditz R, Pfohl M, Schatz H. Changes in proinflammatory cytokine activity
after menopause. Endocrine reviews. 2002;23(1):90-119.

Kimble RB, Bain S, Pacifici R. The functional block of TNF but not of IL-6 prevents bone loss

_97_



FoFEXFHETFLEAL

[55]
[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

in ovariectomized mice. J Bone Miner Res. 1997;12(6):935-41.

Li L, Xie T. Stem cell niche: structure and function. Annu Rev Cell Dev Biol. 2005;21:605-31.
Kolf CM, Cho E, Tuan RS. Mesenchymal stromal cells. Biology of adult mesenchymal stem
cells: regulation of niche, self-renewal and differentiation. Arthritis Res Ther. 2007;9(1):204.
Scadden DT. The stem-cell niche as an entity of action. Nature. 2006;441(7097):1075-9.

Chen XD, Shi S, Xu T, Robey PG, Young MF. Age-related osteoporosis in biglycan-deficient
mice is related to defects in bone marrow stromal cells. J Bone Miner Res. 2002;17(2):331-40.
Zhang Y, Li L, Zhu J, et al. In vitro observations of self-assembled ECM-mimetic bioceramic
nanoreservoir  delivering rFN/CDH to  modulate  osteogenesis.  Biomaterials.
2012;33(30):7468-77.

Tang Y, Wu X, Lei W, et al. TGF-betal-induced migration of bone mesenchymal stem cells
couples bone resorption with formation. Nature medicine. 2009;15(7):757-65.

Xie T, Li L. Stem cells and their niche: an inseparable relationship. Development.
2007;134(11):2001-6.

Armaka M, Apostolaki M, Jacques P, Kontoyiannis DL, Elewaut D, Kollias G. Mesenchymal
cell targeting by TNF as a common pathogenic principle in chronic inflammatory joint and
intestinal diseases. J Exp Med. 2008;205(2):331-7.

Baldridge MT, King KY, Goodell MA. Inflammatory signals regulate hematopoietic stem cells.
Trends Immunol. 2011;32(2):57-65.

Li J, Tang Y, Cai D. IKKbeta/NF-kappaB disrupts adult hypothalamic neural stem cells to
mediate a neurodegenerative mechanism of dietary obesity and pre-diabetes. Nat Cell Biol.
2012;14(10):999-1012.

Weitzmann MN, Pacifici R. Estrogen deficiency and bone loss: an inflammatory tale. The
Journal of clinical investigation. 2006;116(5):1186-94.

Wang L, Zhao Y, Liu Y, et al. IFN-gamma and TNF-alpha synergistically induce mesenchymal
stem cell impairment and tumorigenesis via NFkappaB signaling. Stem Cells.
2013;31(7):1383-95.

Ware CF. The TNF receptor super family in immune regulation. Immunological reviews.
2011;244(1):5-8.

Pronk CJ, Veiby OP, Bryder D, Jacobsen SE. Tumor necrosis factor restricts hematopoietic
stem cell activity in mice: involvement of two distinct receptors. J Exp Med.
2011;208(8):1563-70.

Chen X, Hu C, Wang G, et al. Nuclear factor-kappaB modulates osteogenesis of periodontal
ligament stem cells through competition with beta-catenin signaling in inflammatory
microenvironments. Cell death & disease. 2013;4:e510.

Zhang Q, Wang HY, Liu X, Bhutani G, Kantekure K, Wasik M. IL-2R common gamma-chain
is epigenetically silenced by nucleophosphin-anaplastic lymphoma kinase (NPM-ALK) and
acts as a tumor suppressor by targeting NPM-ALK. Proceedings of the National Academy of
Sciences of the United States of America. 2011;108(29):11977-82.

Tang L, Li N, Xie H, Jin Y. Characterization of mesenchymal stem cells from human normal
and hyperplastic gingiva. Journal of cellular physiology. 2011;226(3):832-42.

Aggarwal BB. Signalling pathways of the TNF superfamily: a double-edged sword. Nat Rev
Immunol. 2003;3(9):745-56.

_98_



FoFEXFHETFLEAL

[73]

[74]

[75]

[76]

[77]

[78]

[79]
[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]
[91]

Aggarwal BB, Gupta SC, Kim JH. Historical perspectives on tumor necrosis factor and its
superfamily: 25 years later, a golden journey. Blood. 2012;119(3):651-65.

Kotake S, Nanke Y. Effect of TNFalpha on osteoblastogenesis from mesenchymal stem cells.
Biochimica et biophysica acta. 2014;1840(3):1209-13.

Ghali O, Chauveau C, Hardouin P, Broux O, Devedjian JC. TNF-alpha's effects on
proliferation and apoptosis in human mesenchymal stem cells depend on RUNX2 expression. J
Bone Miner Res. 2010;25(7):1616-26.

Chang J, Wang Z, Tang E, et al. Inhibition of osteoblastic bone formation by nuclear
factor-kappaB. Nature medicine. 2009;15(6):682-9.

Kahai S, Lee SC, Lee DY, et al. MicroRNA miR-378 regulates nephronectin expression
modulating osteoblast differentiation by targeting GalINT-7. PloS one. 2009;4(10):e7535.
Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell.
2004;116(2):281-97.

Dirks PB. MicroRNAs and parallel stem cell lives. Cell. 2009;138(3):423-4.

Lian JB, Stein GS, van Wijnen AJ, et al. MicroRNA control of bone formation and
homeostasis. Nat Rev Endocrinol. 2012;8(4):212-27.

Liu W, Liu Y, Guo T, et al. TCF3, a novel positive regulator of osteogenesis, plays a crucial
role in miR-17 modulating the diverse effect of canonical Wnt signaling in different
microenvironments. Cell death & disease. 2013;4:e539.

Li Y, Fan L, Liu S, et al. The promotion of bone regeneration through positive regulation of
angiogenic-osteogenic coupling using microRNA-26a. Biomaterials. 2013;34(21):5048-58.

Su X, Liao L, Shuai Y, et al. MiR-26a functions oppositely in osteogenic differentiation of
BMSCs and ADSCs depending on distinct activation and roles of Wnt and BMP signaling
pathway. Cell Death Dis. 2015;6:e1851.

Wang X, Guo B, Li Q, et al. miR-214 targets ATF4 to inhibit bone formation. Nature medicine.
2013;19(1):93-100.

Li CJ, Cheng P, Liang MK, et al. MicroRNA-188 regulates age-related switch between
osteoblast and adipocyte differentiation. The Journal of clinical investigation.
2015;125(4):1509-22.

Egea V, Zahler S, Rieth N, et al. Tissue inhibitor of metalloproteinase-1 (TIMP-1) regulates
mesenchymal stem cells through let-7f microRNA and Wnt/beta-catenin signaling.
Proceedings of the National Academy of Sciences of the United States of America.
2012;109(6):E309-16.

Li Z, Hassan MQ, Jafferji M, et al. Biological functions of miR-29b contribute to positive
regulation of osteoblast differentiation. The Journal of biological chemistry.
2009;284(23):15676-84.

Eskildsen T, Taipaleenmaki H, Stenvang J, et al. MicroRNA-138 regulates osteogenic
differentiation of human stromal (mesenchymal) stem cells in vivo. Proc Natl Acad Sci U S A.
2011.

lliopoulos D, Hirsch HA, Struhl K. An epigenetic switch involving NF-kappaB, Lin28, Let-7
MicroRNA, and IL6 links inflammation to cell transformation. Cell. 2009;139(4):693-706.
Caplan Al, Correa D. The MSC: an injury drugstore. Cell Stem Cell. 2011;9(1):11-5.

Dangwal S, Thum T. microRNA therapeutics in cardiovascular disease models. Annual review

_99_



FoFEXFHETFLEAL

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

of pharmacology and toxicology. 2014;54:185-203.

Liu Y, Liu W, Hu C, et al. MiR-17 modulates osteogenic differentiation through a coherent
feed-forward loop in mesenchymal stem cells isolated from periodontal ligaments of patients
with periodontitis. Stem Cells. 2011;29(11):1804-16.

Krum SA, Chang J, Miranda-Carboni G, Wang CY. Novel functions for NFkappaB: inhibition
of bone formation. Nature reviews. 2010;6(10):607-11.

Granic I, Dolga AM, Nijholt IM, van Dijk G, Eisel UL. Inflammation and NF-kappaB in
Alzheimer's disease and diabetes. J Alzheimers Dis. 2009;16(4):809-21.

Wei J, Shi Y, Zheng L, et al. miR-34s inhibit osteoblast proliferation and differentiation in the
mouse by targeting SATB2. The Journal of cell biology. 2012;197(4):509-21.

Zhang L, Liu Y, Song F, et al. Functional SNP in the microRNA-367 binding site in the 3UTR
of the calcium channel ryanodine receptor gene 3 (RYR3) affects breast cancer risk and
calcification. Proceedings of the National Academy of Sciences of the United States of
America. 2011;108(33):13653-8.

Morgan MJ, Liu ZG. Reactive oxygen species in TNFalpha-induced signaling and cell death.
Mol Cells. 2010;30(1):1-12.

Li Q, Ye Z, Wen J, et al. Gelsolin, but not its cleavage, is required for TNF-induced ROS
generation and apoptosis in MCF-7 cells. Biochemical and biophysical research
communications. 2009;385(2):284-9.

Bruunsgaard H, Pedersen BK. Age-related inflammatory cytokines and disease. Immunology
and allergy clinics of North America. 2003;23(1):15-39.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and antioxidants
in normal physiological functions and human disease. The international journal of
biochemistry & cell biology. 2007;39(1):44-84.

Sendur OF, Turan Y, Tastaban E, Serter M. Antioxidant status in patients with osteoporosis: a
controlled study. Joint Bone Spine. 2009;76(5):514-8.

Muthusami S, Ramachandran 1, Muthusamy B, et al. Ovariectomy induces oxidative stress and
impairs bone antioxidant system in adult rats. Clinica chimica acta; international journal of
clinical chemistry. 2005;360(1-2):81-6.

Rached MT, Kode A, Xu L, et al. FoxO1 is a positive regulator of bone formation by favoring
protein synthesis and resistance to oxidative stress in osteoblasts. Cell metabolism.
2010;11(2):147-60.

lyer S, Ambrogini E, Bartell SM, et al. FOXOs attenuate bone formation by suppressing Wnt
signaling. J Clin Invest. 2013;123(8):3409-109.

Alikhani M, Roy S, Graves DT. FOXO1 plays an essential role in apoptosis of retinal pericytes.
Molecular vision. 2010;16:408-15.

Ito Y, Daitoku H, Fukamizu A. Foxol increases pro-inflammatory gene expression by inducing
C/EBPbeta in TNF-alpha-treated adipocytes. Biochemical and biophysical research
communications. 2009;378(2):290-5.

Wang DT, Yin Y, Yang YJ, et al. Resveratrol prevents TNF-alpha-induced muscle atrophy via
regulation of Akt/mTOR/FoxOl1l signaling in C2C12 myotubes. International
immunopharmacology. 2014;19(2):206-13.

Kayal RA, Siqueira M, Alblowi J, et al. TNF-alpha mediates diabetes-enhanced chondrocyte

-100-



FoFEXFHETFLEAL

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

apoptosis during fracture healing and stimulates chondrocyte apoptosis through FOXO1. J
Bone Miner Res. 2010;25(7):1604-15.

Savai R, Al-Tamari HM, Sedding D, et al. Pro-proliferative and inflammatory signaling
converge on FoxO1 transcription factor in pulmonary hypertension. Nat Med.
2014;20(11):1289-300.

Karsenty G, Kronenberg HM, Settembre C. Genetic control of bone formation. Annu Rev Cell
Dev Biol. 2009;25:629-48.

Karsenty G. Transcriptional control of skeletogenesis. Annual review of genomics and human
genetics. 2008;9:183-96.

Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature.
2000;408(6809):239-47.

Guttilla IK, White BA. Coordinate regulation of FOXO1 by miR-27a, miR-96, and miR-182 in
breast cancer cells. The Journal of biological chemistry. 2009;284(35):23204-16.

Wu L, Li H, Jia CY, et al. MicroRNA-223 regulates FOXO1 expression and cell proliferation.
FEBS letters. 2012;586(7):1038-43.

Myatt SS, Wang J, Monteiro LJ, et al. Definition of microRNAs that repress expression of the
tumor suppressor gene FOXO1 in endometrial cancer. Cancer research. 2010;70(1):367-77.
Hasseine LK, Hinault C, Lebrun P, Gautier N, Paul-Bellon R, Van Obberghen E. miR-139
impacts FoxO1 action by decreasing FoxO1 protein in mouse hepatocytes. Biochemical and
biophysical research communications. 2009;390(4):1278-82.

Kim KM, Park SJ, Jung SH, et al. miR-182 is a negative regulator of osteoblast proliferation,
differentiation, and skeletogenesis through targeting FoxOl. J Bone Miner Res.
2012;27(8):1669-79.

Finkel T. Radical medicine: treating ageing to cure disease. Nat Rev Mol Cell Biol.
2005;6(12):971-6.

Mares J. Food antioxidants to prevent cataract. JAMA. 2015;313(10):1048-9.

-101-



FoFEXFHETFLEAL

M R

-102-



FoFEXFHETFLEAL

WN 7RSS

NP
BN, 5, 1982 4F 3 A4 TN, S, H3tar i

ZHEELN
2009/09 &4, HEIUFEE KT, HEEERE, WELER et
2000/09-2005/06, SHEUYZEEE K27, CRSEE2ERL, 2F0R

RRFEARR :

S — M ILFSE—1E# SCI 3 #H

[1] Liao L, Su X, Yang X, Hu C, Li B, Lv Y, et al. TNF-alpha Inhibits FoxO1 by
Up-regulating MiR-705 to Aggravate Oxidative Damage in Bone Marrow-Derived
Mesenchymal Stem Cells during Osteoporosis. Stem Cells. 2015.

[2] Liao L, Yang X, Su X, Hu C, Zhu X, Yang N, et al. Redundant miR-3077-5p and
miR-705 mediate the shift of mesenchymal stem cell lineage commitment to adipocyte in
osteoporosis bone marrow. Cell death & disease. 2013;4:e600.

[3] Jing H, Liao L, AnY, Su X, Liu S, Shuai Y, et al. Suppression of EZH2 Prevents the
Shift of Osteoporotic MSC Fate to Adipocyte and Enhances Bone Formation During
Osteoporosis. Molecular therapy : the journal of the American Society of Gene Therapy.
2016;24:217-29.

[4] Su X, Liao L, Shuai Y, Jing H, Liu S, Zhou H, et al. MiR-26a functions oppositely in
osteogenic differentiation of BMSCs and ADSCs depending on distinct activation and
roles of Wnt and BMP signaling pathway. Cell death & disease. 2015;6:e1851.

[5] Shao B, Liao L, Yu Y, Shuai Y, Su X, Jing H, et al. Estrogen preserves Fas ligand
levels by inhibiting microRNA-181a in bone marrow-derived mesenchymal stem cells to

maintain bone remodeling balance. FASEB J. 2015;29:3935-44.

-103-



FoFEXFHETFLEAL

HFEEH SCI &

[1JLiY, Fan L, HuJ, Zhang L, Liao L, Liu S, et al. MiR-26a Rescues Bone Regeneration
Deficiency of Mesenchymal Stem Cells Derived From Osteoporotic Mice. Molecular
therapy : the journal of the American Society of Gene Therapy. 2015;23:1349-57.

[2] Yang N, Wang G, Hu C, Shi Y, Liao L, Shi S, et al. Tumor necrosis factor alpha
suppresses the mesenchymal stem cell osteogenesis promoter miR-21 in estrogen
deficiency-induced osteoporosis. J Bone Miner Res. 2013;28:559-73.

[3] He X, Zhang W, Liao L, Fu X, Yu Q, Jin Y. Identification and characterization of
microRNAs by high through-put sequencing in mesenchymal stem cells and bone tissue
from mice of age-related osteoporosis. PloS one. 2013;8:e71895.

[4] Li C, Li B, Dong Z, Gao L, He X, Liao L, et al. Lipopolysaccharide differentially
affects the osteogenic differentiation of periodontal ligament stem cells and bone marrow
mesenchymal stem cells through Toll-like receptor 4 mediated nuclear factor kappaB
pathway. Stem cell research & therapy. 2014;5:67.

[5] Chen X, Hu C, Wang G, Li L, Kong X, Ding Y, et al. Nuclear factor-kappaB modulates
osteogenesis of periodontal ligament stem cells through competition with beta-catenin

signaling in inflammatory microenvironments. Cell death & disease. 2013;4:e510.

BEAEE P XE

[1E57, FRe s, &5 . LA R4 570 5 802 2 BE 1R 78 50 140 M 09 5B 7 AL R
JIFFE[]. PEAIEE%2,2015,03:113-118.

[21 AL W /INEL A . P ) 70 o1 200 L 00 e S o A IE DR 3% I S8 o B s R0 T 1
TERB ] 4Rk £,2012,01:61-65.

[BIESL M/INAL . B TR R 2o it 8 v i i 1) 70 o T4 i 22 S M3k microRNA
FA) i 308 e A T4 i 22 [R) 20 AL A T BE[I]. WD K 2241 (%5 2 Ai),2012,01.: 75-80.

ShwEE
e, HATRSHARS, ANREA ML 100 57, 2014, 2%

-104-

\



FoFEXFHETFLEAL

FEARKR

2013 FIREFEHA LIS HAEEFREFFEMAEMFA L OHEFRX
2013 FERH I FE R A O EF AR FE S FR

2014 FFEFRIE S INEEEM B 1 WURRIRGE R

2015 FAR RV LBV A0S B EM iR =55 R

-105-



FoFEXFHETFLEAL

B W

IS TR R 28 SO B MRAR I A ST R, BARIEIR ML AR N AR IE I R 1 5
AN CE BN SRAEN 7. JEEMKNER, NEAMEED, 8T 7
TFEAR LR . X —8% b, SORZIFI TR K e —hrhr 2 i, — o A
—ALALRE S AL, AEFRA B EREE AT RS L AR T RO B, AT
LAt WAHERX—U), mlia R ERE, WEH 7@ 4asem .

H5E, BRI PIM e a2, BIMMEIR. WFEIEE, R itd
Rk L R RS TE, FOURHE, NIRRT R BON B
—AETHT, bR BFEL EE S, BRRITE . BRER, R ARET
B SRS EIFHEIT . NS, 1E3REAE T RENTE . AR
I, EREBANERF S S AR E . NEEY TIReREET,
HNEAEPIB BN AR, B2 M T, 8 Rk, BR824,
R — L HEIE.

S i A 20 B 22 HOT = I IR . SR AR XIREER, RENNE
BB H. 0T, HHEABIZE A, FRILEH LR R .

A TR ORK BRI, e, £ REZIM. FIMRENN, B
VeI, BRI, XISCEZ I, BAEZN, sKEHEEIM. HREZEM. FHRZIM,
AR AN, 3RAT DARER B R A ORI B, UM SRBN— B TE PN e o [ A J A
I B R EOR 2 I FEIE T, EREEZM. RN,

R A A TR O — Rt b R 1 sPgeteili 4. R il
oy ot XSCEEE A R BRh . LR BEE
SRAZSERA L AN R, R R T O KK E, AR
37l B, IS B SRR .

A H L TR O T S =2 R4 — A 52 X TAR S A 4 1 1
i, FORE L, ARSE R, TVERL, BRHEIEMTL, EEREE, koL
770 o 1/ w5 2 | g 2 P = 5 1 P N N3 /0 P ) 2

-106-



FoFEXFHETFLEAL

FE AT B AN SRR AEAS AT TSR RE 6 IR 24T

IR Rk 2 AR, BRI L, W L, &L, WL, A
TR ZIRA Bl 53R, RATRES SIRBUE IR ZAE

ST 26 59 o B= e i) e 4 AHIBOIA A AR N 51, R AT A /) AL
XA NI I8 R 25 R L BRTUM AN 22 I 153 5¢ il Sl o

I BRI SCRE XS BRI FC IR A SCFF, BRERIAE BRI A - 598, B, e
W=ARE, WAHROHEIN, BT BEHAEA TR AR .

BeJa s BRI AR A IR EE, ANDURIT I BENS 2 AR IR R ROy — 4
FENIZE T, 3R A ar i R SRR AT PRIR, S ER b AE B T eI T
HfE, S0, M, FREFIETH QA ReBl AR R & ARE R T
VERIZE ST I 8], BRBRAAKIE 148K 7

-107-



