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Incremental Load Treadmill Exercise Promotes Bone Formation by

Inhibiting miR-214 Expression in Osteoporosis Mice
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(‘Department of Kinesiology, School of Sport science, Shanghai University of Sport, Shanghai 200438, China;
2School of Sports Science, Wenzhou Medical University, Wenzhou 325035, China)

Abstract Accumulating evidence showed that appropriate exercise can promote bone formation and in-
hibit bone resorption to increase bone density and bone strength, thus playing a role in the prevention and treatment
of osteoporosis. However, the specific mechanism has not been fully understood. miR-214 has been shown to be
involved in the regulation of bone metabolism. However, whether miR-214 mediates the process of preventing and
treating osteoporosis has not been revealed. In this study, the osteoporosis mouse model was established by ovari-

ectomy. Twelve-week-old female C57BL/6 mice were randomly divided into four groups: ovariectomized group
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(OVX, n=6), ovariectomized+exercise group (OVX+EX, n=6), sham operation group (SHAM, n=6) and sham
operationtexercise group (SHAM+EX, n=6). The two exercise groups were performed 9 weeks of treadmill run-
ning exercise after four weeks of operation. All the mice were sacrificed 48 h after the end of the last intervention.
The results showed that both bone density and bone strength decreased after ovariectomy in mice. The expression
of miR-214 was significantly increased, while the expression of Runx2, B-catenin, and ATF4 were significantly
decreased in OVX mice when compared to the SHAM mice. And treadmill exercise can increase the bone mineral
density (BMD) and bone strength of the OVX and SHAM mice. We also found that treadmill exercise can signifi-
cantly inhibit the expression of miR-214 in OVX mice, and the protein expression of its downstream target genes

ATF4 and B-catenin were significantly increased. In conclusion, exercise may increase bone formation in osteopo-

rotic mice and partially reverse the estrogen defect induced bone loss by inhibiting the expression of miR-214.

Keywords

BB A2 — DL B R H LS
TR R AE ) B AR o B A R ML I
o £ R 58 R 30 2 B S, i i KRS R R .
PragmaalIN R4, 51RIEMEE, FICEH T
AETEED. B R A RCONEE N i L
)i —, JCHR L2 Ja it AR [ bR o
BRFAREFE 2R Ak Th, A O K408 A
P DR BT B TRBT AIVE T A 4 BR ik
REfRDL ) A Hed fE ) f . & BRI 3l Al LA N & T
BB B WO, B A NI R R . R R
=BT RY, 123 m] LLE HLN ) gE e 1
B ARHHE 5 18 26 5 s i AU, (2 H AnE s b e
Ji s BIVE AL v R 52 A B AR SR I,
miR-214A] 38 ik 145 B AU 0 SC B DR 7 0 1 T
[) I LA R B A B8 3 AN S B As sh ) A 2 3
MR RIE I G, A THED, miR-2147] G2
L1230 AaIT B B EAS . R AS I S d i 25 O
HEP ARG BUBAS A BB RY, I xof gk AT 33 1 11
fof 1 532 2T T, W18 B0 B TR A /)N B R
miR-2145 3K FI52 0 .

1 MREREE
1.1 FZRF

mRNA ¥ % 55 {77 & (Code No.RR0O37A, Ta-
KaRa). microRNAY ¥ 5% 175 & (Code No.638315,
Clontech). microRNAE &7 & (Code No.RR820A,
TaKaRa). RNAiso Plus(Code No0.9108, TaKaRa)%%
W =AY TREA R A A BCAS HE &7 &%
H ElE S REMHAREGR A ; SYBR greenlld H
Roche /s 7]; ATF44T1AN F Abcam A 7]; B-actin {41

osteoporosis; bone mineral density; miR-214; B-catenin; ATF4

H R AR AR A ] ; B-cateninf iR I H L
IS AEMBH AR AT ; 51906 8 £ TAY TR
(R ARAF .

1.2 PMREFSHEETFH

24 e PESPFZRCSTBL/6/IN BRI H N - S0
LI AR AT, R T EigARE 5 Bt SPF )
Yl BERE N, BT 5 R0/ BROSE 36 315 8 Rl
LBEREE A BT st FORATER2 h
B, IR (22+2) °C, B 40%~T70%, B f— Ik
B}, B3R RACFIERL, 458 A — FRE

/N BRI 5 2 12 A B, R EE AR A A = B AL 7
ZONEHAOVX). 2N EMIZFHOVXHEX). &
FARHASHAM)HHE T AR hniz 5) 4 (SHAM+EX),
o, /NR T BR20 pl/g A B 1 ey 5 Bl 30 T PR,
BN K R, [ HT75%0 BT W R, 25
THKT =02 —, FHEFIF1 cmib I 155451 5,
SHAMV/N B 75 AR [R] (3802 B 11, BY bk 55 99 5 [F) 25K
INHIREE, 2 )5 8 & s g2 A0 1, IR 5

T 3 A B SCHR I 45 A AT RT T R, R
RIG4JE R IE 3 /N B AT 9 9 1) B 5 18 3 T
W, MRANESK, IKE2KR. F— N E BUE R,
T N6 m/min. BEE25° . BHEISA30 min, 55 A,
G 20/ BROEATS minff) # B 12 3) G B2 96 m/min.
W EE259 155 minf 1E RN ZRGEE A8 m/min. i
259, 1E YNGR P A A S N1 m/min.

1.3 BMDS &A1&

WA Z I TR P N ZE T4 °C
AFEER K H AR, S AUEE T MEE DAR i I R
THI P 52 B, HF7EXURE X 28 KB % &£ (bone min-
eral density, BMD). #uill5¢ BMDJ5 , ¥/ & & T/



2118

REMPRHAIS WL 2R b, APRSL R e 5 i e fi
JEJMEFES T NOUR, Z S5 83K BA 1 mm/min 38 5 &
W, T S5 4k 4R 42 mmJs 45 1b . A bR R R
DU R W N ELAR , SRNEIR R, T
TSR . ORI AT E MR

1.4 microCT#M

SR RN R AR, 3 SKYSCAN 1172
AXEE, 729 um 153 HEFF120~100 KV 264+ 474
i, FH 2 JE B 705K A T-AE AROL, FI FHAH S A4
AT = 4EFE AT, 438 BV/TV. Tb.Th. Tb.N.
Tb.SpPY I -

1.5 Western blot#&;

B2 BT NS TN B 1.5 mLIY EPEE H
FEAMA 100 pLEE H LA (RIPAZLfR W A1 PMSF1%
100: 1L BESD), ARG B R3THE, B Tk E3
fi#30 min. 2 J5 4 °CCE.OHLLLT12 000 r/minff %
B0 15 min, FIERRCNEEA. ATH BCARTI&
R AR (IR FE AT . KR4 5 SDS-PAGE _E
SRR (5X)F% 4:13 4, #E100 °C R & i#5 10 min. {4 ]
10%(1) SDS-Z& NI B it 7y S 82 1, BA250 mATH
L 100 min, B, B—$i. W HUEHEHECL
RICHR R, 18 Tmage A X 25415 I BE AR 3047 4%
T o

1.6 RT-PCR#&

1 FH] Trizol$2 BUIR B S RNA, I 5E ¥ FE Ji5 43 51
1% FEmRNA FlmicroRNA W % 553875 &5 1 B k47
Wil s, 2 Ja AT o e EY G, DKL I B #miR -
214F1 Runx21] F¢ 15 (miR-214F W 51 W0 il % 5 18
FIE PR, S HI LR, RAW SR 4,
LLUGHIB-actin AN 2, fi 270 F 558 DR IR AR N 2%
K,
1.7 BIESIT 5

B 45 S F 38 s o 22 (ts) 3o, {4 I SPSS
20.05K A 33E AT 43 T Ab 38 . i FH KUK 36 7 22 0 AT o
FRPLRIAZ BN, 2 J5 R BRI R T 2 50 i, H
LSDVZEHEAT 2 0] 5 L3R, LAP<0.05% R4 R AH
REER.

2 HR
2.1 MEENEENRAEENF

FHER2 7T LA Y, 25 2H /0N BRI A 0 350 20 4 18
HAOVXA/NRAAEIGINA L. fEH6ROVXA
/NER IR EITF I8 5OVX+EXH FISHAM/M B H 30 &
EER, ZINRFFEREY) TR, HIPSHAM
AN AR B AR H & I 255 F2 P R 5 SHAMHEX
AR IR E ES .

F1 FEESIMFT

Table 1 Primer sequences used in this study

519 FHI(5'—3")

Primer

Sequence (5'—3")

Forward primer for miR-214
Forward primer for U6
Reverse primer for U6
Forward primer for Runx2
Reverse primer for Runx2
Forward primer for f-actin

Reverse primer for f-actin

ACA GCAGGCACAGACAGGC
CTC GCTTCG GCA GCACA

AAC GCT TCA CGAATT TGC GT
GGT GAA CCT CTT GCCTCG TC
AGT CCGAACTTCCTGTGCT
CAG CCTTCC TTC TTG GGT ATG
AGC TCA GTAACA GTC CGCCT

R BENRHEKE/g
Table 2 The weekly weight of mice /g

A

Weeks 1 2 3 4 5 6 7 8 9
OovVX 22.65+1.61  22.90+1.70  23.30+2.19  23.7242.02  24.32+2.43  24.77£2.97  25.95+2.55  26.35+£3.32  27.73%£2.98
OVX+EX 22.03+1.98  21.82+1.64  22.65%1.39  22.67+2.04  23.11+1.82  23.57=1.75* 23.58+1.98* 23.53+].88%* 24.08+1.85%*
SHAM 22.12+0.63  22.22+0.56  22.53£1.05  23.67£1.64  23.73£1.58  23.03£1.11* 24.07£1.48  24.80£2.11* 24.41£2.21%**
SHAM+EX  21.87+0.78 22.07+1.01  21.87+1.13  23.01+1.02  23.06+0.76 ~ 23.29+1.33  23.54+1.44  24.39+1.09  23.95+1.08

*P<0.05, ¥*P<0.01, 5OVXAHAMLL .

*P<0.05, **P<0.01 compared with OVX.



A B Y A L 5 2 S A A /) B miR-2 1450 ki e 2k 2B BRI FH 9F IS 2119

22 MAEEEmMmERER/NERHEZEMNEE  SHAMDRBRHEL . 25 MisnEE . FRrEsiiy d g

LY/ pBleE =t BT Ss, (H R % 2 S (K1B~E D).

2 U0 H )5 /N B BMD# SHAM A 3 2% BE A 2.3 microCTH5#xR
S M G285, OVX4L /N R BMDH L% # 248 ForTsn, NRIE LRIV G e R, o
R (B 1A), R G2 3h ] LA & BT /N R /J\ PRHUER B PR, BN B AR, X R
I BMD. 20055/ R B R8T 25 o JR R AR R T . I8 3T U 25 00 H N R

SHAMZL /I B 25 R AIG, SRR R BT Fka 35 ﬁgﬁ%iﬂﬂ (el A 25 B S5 /0 B /N 2 A B Y
HEEZEZER. WAARLHEEZTH)E OV EIH&aH, B/ Ry @RIl T iEas, HIRE%E

(A) (B)
0107 "t
—— . 20 s ———1  OsHAM
0.08{ —= mm SHAM+EX (S s—
S OVX z = SHAM+EX
g — = S 151 T B 0VX
5 0.067 m OVX+EX g mm OVX+EX
= <10 —
% 0.04 £ =
= 0.021 £ 5 =
=)
0 T 0 T
© (D)
25, 2501 *
3 O SHAM «, + b——— [ SHAM
£204 m SHAM+EX E 200f FM———— mm SHAM+EX
< B 0VX R £ 0VX
515| T m OVX+EX 2150{ L =/ @ OVX+EX
= =
; 10 é 100+ —
.;:) 54 2 501 =
0 ; E 0 -

A: F AN BMDRIARAL; B 32 0] % 4/ BB S KR IR C: 38 sl &2 B 2 s FE A S D: 1 sloek &2 R SR I ISR )
M, *P<0.05, **P<0.01.
A: bone mineral density(BMD) of mice in each group; B: effect of exercise on the bone ultimate force; C: effect of exercise on bone yield stress; D:
effect of exercise on bone elastic modulus. *P<0.05, **P<0.01.

Bl NEBMD. s|AHM. BEEEMTHEENTN

Fig.1 The BMD, ultimate force, elastic modulus and yield stress of mice
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Az /MU E microCT 3DHE MUK K] B: BALU/NRE NRARIE 3 L C: B AN RE/NREEEE D: B 41N A /NREECER:; B B3l S 4Nl &
/NGBS LS. *P<0.05, **P<0.01,
A: representative microCT images show three-dimensional trabecular architecture in muse femur; B: trabecular bone mass of mouse in different
groups; C: trabecular thickness of mouse in different groups; D: trabecular number of mouse in different groups; E: effect of exercise on the trabecular
separation of mouse in different groups. *P<0.05, **P<0.01.
&2 microCTHM|ZER
Fig.2 The results of microCT
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A: RT-PCRAG IS ZI%0 /) il miR-2 14H0 S5 BRI B 1B SR/ B Runx2 mRNAMIX RIE R K. *P<0.05, **P<0.01.
A: RT-PCR analysis for relative expression of the miR-214 in mice bone; B: effect of exercise on the relative expression of Runx2 in the bone of mice.

*P<0.05, **P<0.01.

B3 ZEEh3d R B miR-214FRIE N
Fig.3 Effect of exercise on the expression of miR-214 in bone of mice
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Az /NI E MR A B-cateninf1 ATF4 Western blotfCFR & ; B, C: M 51281l )5 /N BB ATF4 R B-catenin 5 A R IA KP4, *P<0.05,

**P<0.01.

A: representative images of Western blot for total B-catenin and ATF4 from tibia; B,C: effect of exercise on the expression of protein ATF4 and B-catenin

in bone of mice, *P<0.05, **P<0.01.
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Fig.4 The expression of bone related proteins in mice after exercise
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