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WREERL, F

M, %& .53 i GPR48 — RANKL il BE 520 2 FU8E R 9% /N LU B 40 g 204k

(G R B2 72 RO FAE R R 25 5%, H A 4%
T35 A B R s AR P RCR AR T 1) 422 07 2l
W, BRI, HETA J%E S T2DM /ML OC 4
A RT3~ PRI AR HIL R 0 AR DG AE 58 1 AT il
TFLL b, ARWFFE 84T T2DM /)N B A5, 1 FH ok An
T3 3 AL ] 4 R L g RO FL AT T
T, 3 2 KGO G B F 9 mRNA FZE 4 £ ik OC
AL bR, SR IE N [ D) 2E s T2DM /B OC
AR e S LA IR BLA

1 BRI L

4 JAUE HETE CSTBL/6 /NER 40 H [ AR 77 iR
SYXX(7)2015 —0011 ], 3 W P 37 1 & )5 B HLBE
W30 HEAT T2DM 3EA (1 6 Jd sl B, 45 R =S
1 12h J5 2 80mg/ Kg 14 5 A 1 — U1 1 5 4 iR 1
T# % (Streptozotocin, STZ) ,2 J& J& &I Mp , ik =
8mmol/L 7 T2DM /MY 27 HERiaksh) |, # 4 10

1.1

x1 Sl¥F

Table 1

Primer sequence list

HORIE# X B2 (2C) o 4 T2DM /s BBl BL 23
T2DM X HRZH (TC, n=9) . T2DM J#ik 4L (TS, n =
9) A1 T2DM FIHILH (TD, n=9), T2DM /NRAKZE
AT RIERE R, ZC /N LSRR, A oK, B
KOCIERTE] 12h, (Bhfe P45 : M20150311)
1.2 BEHHAER

FI AN T 33 20 43 550 %F TS 2 A0 TD 47N BR
WATIBEN T, BT R Uik KR (32 £ 1)
°C.50min/K 1 W/ K. 6 K/ 38 J&; T,
50min/ K BEJE —9°C ,1 W/ K 6 K/JE 28 JH,
1.3 $EtRA&
1.3.1 FP¥4%HE-F mRNA k&0 G 1K
YIZREE R 240 J5 , Wr STHEAL FE /N B, BB/ BRUA ol e
B, Omni 2JRHUFES f5 |, Hebn i 20 BRPEH RNA Jf4%
% cDNA , F-48 5 o 1271 6 A0 R 0T AH 5C i 3
mRNA FRIK TR, A Primer premer 4K {4
BOTAHICH YIS (3R 1) 3 BigA T4 TRA
BN AT 6
F—R S~

Primer 24 FK FE(5 E3)

Primer %4 F§ FH)(5°%3)

GPR48 — Forward 5’ - CTGGGTCTCTGGCAGTCTTC -3’

GPR48 — Reverse 5’ — TATTGCCCTCCGTGAAAAAG -3’

OPG - Forward 5’ —TACAGACTAGAGGAGCTCTACAGG -3’
OPG - Reverse 5’ —~TAAAAGTGGTTATTCAGTCAGTAGC -3’
RANKL - Forward 5’ - GATGCCCCAGCAGGCTTT -3’

RANKL - Reverse 5’ - GAAACTGTTGTGGAGGGGCT -3’
RANK - Forward 5’ - GTGAGGTTCCTTTCCCGCC -3’

RANK - Reverse 5’ — CCCGTCACTTGGCATGAGTA -3’
NFATc2 — Forward 5’ — CAACGCCCTGACCACCGATAG -3’
NFATc2 — Reverse 5’ — GGCTGCCTTCCGTCTCATAGT -3’
CTSK - Forward 5’ - CAGCTTCCCCAAGATGTGAT -3’
CTSK - Reverse 5’ — AAGCACCAACGAGAGGAGAA -3’
B —actin — Forward 5° — ACCCAGAAGACTGTGGATGG -3’
B —actin — Reverse 5’ — TTCAGCTCAGGGATGACCTT -3’

&2 B33 2DM /MNRBEHEXEF mRNA RIAZM (v +5, n=6)
Table 2 Effects of exercise on mRNA expression of bone related factors in T2DM mice (x s, n =6)
Rl 2 7C 4 TC 41 TS 41 TD 41
GPR48 3.49 £0.49 1.04+0.17" 7 1.84+0.20** 1.84 £0.21**
OPG 6.65 +0.55 2.72£0.27" " 3.78 £0.63* * 4.67£0.65****
RANKL 4.87 £1.49 3.13+0.46" 3.79 +0.39* 4.63 £1.08**
RANK 0.98 £0.21 1.68 £0.25" * 1.37 £0.40 1.24 £0.22**
NFATc2 0.89 £0.11 2.01£0.37" " 1.55+0.28* 1.37 £0.29*
CTSK 0.72 £0.09 1.42+£0.23" " 1.16 £0.13* 0.99+0.11**°

T 5 ZC HAML, " FR P <0.05," " FR P<0.01;5 TC HM L, * F£R P <0.05,* * &R P<0.01;5 TS HAHLL,®* R P <

0.05,°® %% P<0.01, FIAl,

1.3.2 BPHAXEFESEREEMN  0RE 0
R 5 SR 1 9F H BCA LI HM R . FIH PBS Hf
EHFEP G — W B 5, N4 & Loading buffer Jf T
95°C #4T Smin AR P ( [] s L 1] 43+ 25 S RN 46 1)
45905 ,12 000g x 2min B0 JRA], HEE 1K, N
FEFE TR, 455 , PVDF 5 H B2 i) , AT
BRI BT 0.2% W AFLTH 50s J5, ddH, O PR,
BT 5% IR W B 1 —2h, AR50 1 0 (R ke

1000 f7%) H 4°C i %, TBST ¥E M, 10min/iKk, 3t 4
W, W% 1 $t 2h, TBST P& 4 K, 10min/IK, H
PVDF & T i 52 W I F Alpha B i 1% 2 S it
17 A IO T B A A A TR 53 T

1.3.3 BMM &4t = & OC #ml W S5HE &b 5E /)N
B, b BRI BMM 4% S oc 43ED
IS 5 K, R 4% PRA [fl & OC J, #E4T
TRAP Je67) FIH Canon AHHLAN Leica & HE 1T
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A IH-F H Blindness o474k,
1.3.4 BREBER &R BUNEA RS IEF]
FHEAR R RO HIE 8 K/ bR A il i
1.4 HUESDH

FIF Excel ,GraphPad Prism 5 il SPSS18. 0 X} 5L
B AGI ARBCHE HEAT 40 B (ZC 20 TC 2 B 470 ST A
AT K56, TC 21 TS 40 A1 TD 4347 B IR & 7 2243
M) ,P <0.05 Fl P <0.01 435 3/R 25 5 HA i 21k
2R BAIER BE N,

2 R4 R

2.1 AEAZFRHEX 2DM /NRBEFHBEEEF
mRNA FRi%k B30

JrMTEE 2 I 5 ZC A, TC 4 GPR48
OPG ,RANKL ,RANK .NFATc2 F1 CTSK f) mRNA %
A EAEE(P <0.05 8 P <0.01), 5 TC 404
I, TS 240 GPR48 .OPG .RANKL NFATc2 F1 CTSK
mRNA ik 5 &84k (P <0.05 5 P <0.01) ;TD

20 GPR48 . OPG , RANKL , RANK , NFATc2 HI CTSK
B mRNA k¥ % Bk (P <0.05 8¢ P <0.01),
5 TS ¢HAH L, TD 4H OPG A1 CTSK A mRNA ik
FARE(P <0.05)

2.2 AEAHFREI T2DM MRBPHEEEFE
BARIEHR N

ZC TC s TD

GPR:S [ — -
Practin WG ———

GAPDH [ S S S

B 1 FEEZHE DM /MREXEFEARETEE
Graph 1

different exercise

Expression of related factors in T2DM mice with

®3 ARAFRFHX 2DM NRBHEXEFEBREZM (v 25, n=6)

Table 3  Effects of mechanical stimulion on the expression of related factors in T2DM mices (x £5, n=6)
R i A 4l TC 41 TS 41 TD 41

GPR43 1.59 £0.14 0.71£0.22" "~ 1.04 £0.28* 1.46 £0.25**®

RANKL 1.01 £0.39 0.61+0.11" 0.84 +0.19* 0.85+0.19*

RANK 0.66 £0.17 1.25+0.31" 7 1.14 £0.1022 0.89+0.14*®°
HIE 1 A& 3 AT, 5 2C 4HAHE, TC 41 GPR48 4 OC Hikt @50/,

A1 RANKL 5 FHEIE T (P <0.05 5 P <0.01),
RANK ML FIH(P <0.01), 5 TC 4141k, TS
2 GPR48 il RANKL £ [ ik i (P <0.05) ;TD
2 GPR48 il RANKL £ 13835 L (P <0.05 5 P
<0.01), 1M RANK £ [F15Rik & T (P <0.05)
5 TS 44 M 1, TD 4 GPR48 #E 135 FH (P <
0.05) ,RANK ZHFRIL T (P <0.01)
2.3 ABRAZFREX T2DM /MR 0C 4L B9S2
2 i, 5 ZC AL, TC 4 OC s B %
W% 5 TC AL, TS 4 0C $rat W Wb,
TD 2 OC iRt 3 i />, 5 TS dA4H Lk, D

2 FAEAZERET T2DM /MR 0C L=
Graph 2 Effect of mechanics stimulation on OC differenti-

ation in T2DM mice

2.4 FAENFERHX T2DM NMNREBEEEKRNM
Al

F4 REAFRFEF T2DM NREBEBHEKNFN (2 £5, n=6)

Table 4 Effects of mechanical stimulation tibial morphological size in T2DM mice(x +5, n =6)

A5 (mm) ZC 2H TC 2H TS ¢4 TD 4H

BN =8 N5 18.69 +0.72 17.14 +2.42 17.99 +0.65 18.43 +0.36*
3763 PR T T B 1.29 £0.31 1.23 +0.08 1.22£0.12 1.21 £0.13
ISR NI A 2.01+0.32 1.42+£0.21° 1.61 £0.24 1.64 +0.21
F ) 2 R T 1.55+0.16 1.48 £0.34 1.39+£0.13 1.34 £0.16**
LRI PR NI S 1.49 £0.30 1.39+0.21 1.57 £0.18 1.5+0.30
3T i SR 1T T B 2.39£0.19 2.59 £0.23 2.34£0.19 2.40 £0.29
3T vt e PR TR T B 2.16 £0.27 1.83+0.28" 2.13 £0.37 2.06 £0.39
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Graph 3  Effect of mechanical stimulation on tibial mor-

phology in T2DM mice (1 x )

3 fg 4 v, 5 zC H/hEARH, TC 4%
B2 ity e PR T B R AR A0 iy e R T B I AR
/NP <0.05), 5 TC AL, TD 41128 K B fil
[ Z% bR A 5\ 2 /> (P < 0. 05 B P <0.01) ,,

3 e

T2DM 19 OC 434k 5% Th i, 5 S50E o g
HEMEEEINTRES " il 2 A Z K5y
TSRS, GPRAS 1E MK | 7 s sz k0,
i GPR48 BUHE A FHE , /NEL OC 231k K2 B i
WeRE Sy, A B IS KNT R 0 OPG -
RANKL - RANK 73RN 45 OC 73 iy 2 %
18, R PR L G AL T A% R F 2 (Nuclear fac-
tor of activated T cells , NFATc2) . 42 &E H ¥ K
(Cathepsin K, CTSK) AP — 1 %k i, { #k
T2DM f) OC 434k =41  Fe il i 55 % i, GPR4S
& RANKL 1) 55 — B I 32 {4, HL 3l 2o i A 45 #4357
(ECD) [F] RANKL &4+ 5 RANK 454, % Gaq
M GSK - 3B {5 5 i #% K T U7 4 56 ) NFATC2 |
CTSK 010 A7 1% 1% P4 5 W2 I ( Tartrate — resistant acid
phosphatase, TRAP) &35 {2 oC 4-k" , HAl
X T2DM /MR o GPR48 — RANKL 34 12 %k 11 il
JE AR E RANK S0 , b 8 G0 5 PR 3 58 1 A DR AiF 58
BUDIRGE . AT, TC 240 GPR48SmRNA F1ZE 3%
ik K OPG il RANKLmRNA AR, i RANK
NFATc2 1 CTSK FZik L, 5] T2DM i i GPR48
- RANKL #&4%, i RANK & FUFfR R £k, X
5 T2DM /B i i ZAEAE K T (Tnsulin - like
growth factors, IGFs) {55 & il A ¢, M58 &
B,IGF — 1 ik FIH &Ml GPR48 Fik!" |

OPG - RANKL - RANK 4 F i 7E 12 3 M 3% OC
M B W PR A SR, T2DM i i
0C 434k, i iz gh ] Ml T2DM B oC 434k, H

HIA &Iz Bl T2DM B A o5 4 i fe i 3R
b, B Ay R HLE AT M, K58 GPR48 -
RANKL j#i B& 75 3z zh i ) T2DM /N B OC 434k v i
AR5 RS, 5 TC AAHLL, TS 4
GPR48 ,OPG ,RANKL NFATc2 1 CTSKmRNA %% ik
A, {5 RANK ) mRNA R (1 #ak 8 Ak, &
Y vk AT 300 GPR4S, B 3 R fE 4 ] OPG -
RANKL - RANK 43 il S FC R e S 9, 98 s
, SFUFTKAT T2DM /IS B 7 AR 04 () H2 A FH 0 4 i)
OC 7 fE I /E F R AS 2. 3%, GPR48/RANKL . {H
ik, RANKL {5 7] # 7 RANK £ 5, 1fi TD 4
GPR48 .OPG .RANKL .RANK .NFATc2 F CTSK ik
PR H S TS 41, TD 4 OPG F1 CTSKmR-
NA F35 T, i GPR48 1 RANK #E H # iAo %
Aefl, R _F R T2DM /N FUE H GPR48 -
RANKL il % 5 T Wi JE PR ek . o0 B B iz 3 45
R2EF 5 T2DM /N EUE 32 B0 ) 2 01505 AR TR
FYIFER! . T Y XT T2DM /N BUE 72 4 1 1 3
J12FRBT R AE J GPR48 BUAA Y R — Spondinl/
2/5 Fe3k iEITVEF T GPR48 JUAh ik N st o B
BOE S OPG — RANKL — RANK 431 Jz 4
FEH NFATC2 (CTSK 351" 138 5 H #1240
B L H WG A S 4 (Activating transcriptional
factord , ATF4) "7 LS M4 P B2 40 A K X 752
& 2 ( Vascular endothelial growth factor receptor 2,
VEGFR2) - RAS 5 53l i * A &, ATF4 5 GPR48
HAGAEEH B ATF 3k FJH 00 GPR4S -
RANKL #4271 VEGFR2 AJjifi i+ MEK — ERK/
JNK i FVE T Ras 25 (1 HET_ 1 T2DM /B
GPR48 — RANKL i 4% K R (R ik 0,

T2DM /ML BMM [5] OC F43 b S8 Thes 2 i
A T2DM {2 OC /b s e £ 2 A £
Bk, AWUFFER,TC 4 OC B B EW L X 5
AW G RA—2, X5 T2DM /NEUE ' GPR48 -
RANKL 18 B9 5 , RANK B H i 3L ] 0k
IREYIADE B SR s O A R T B
HXF T2DM /ML OC 2361 T A g2 ASBF S
o, 5 TC ZHAH G, TS 1 TD 20 OC %1 g 2/
1M TD 4 OC Him /b BaH, T 3% Bafm il T2DM /)
B OC b fE FRCR L FliEvk . T3 Xt T2DM
JINER AR Y L D0 2F RO 0T GPR48 — RANKL
i 0 RANK S R EE ] NFATC2 il CTSK
IR, A ) 1l AH A B ) TRAP B LA TT OC
ML OC [ Z4% OC RlA% > B8 1200
f23E T2DM /)AL E 41 ( Osteoblast, OB) 43k, OB
At % [ RANKL %35, FiiF PI3K/Akt A1 ERK
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EE N I AL DAP12 k2% i T2DM /)
R oC e,

HIEE LW VPN B A 2 4545, T2DM
AINREAC AL R B AS BE FEY Cameri-
no C ST B, T2DM /N BUR A KRB I 25
LY 2 B A%, Burkemper KM ZE7% fiff 55 7R &
I, T2DM /NS 1 -5 MEHERY B S B B AIK . AR
FEHY, TC 21 375/ 30 i et PR TH 5 34 b 3 B A, U W
T2DM /] BRI s R T 5 B ik 0 b . X 5 T2DM
NG AR AR OC B 3 2 B W W R A
K2V HE 5 3T T2DM /N BRS04 B R
TR AT NI L0 B BT A
T2DM K9 BMD B A9 J1 #5535 457 AR geh,
TS H45-Fabr T RS AR A B2 1 TD 4%
ER NG IL G PN i A e | B I o 3
AL T2DM /N BUE TR 28 KN, T e ik VR 5%
MB35 AT BT, I o e 7 A Y B T
ST A T2DM ZNER OC 434k, 45 B IRl
REAR Sy 5 R0 T B 1 AR
T2DM /N EUE T R, B Coll ,OCN  BSP %54 #L 5
W FIT85 B S0 P B, A5 BB A K/
B

4 &g
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Abstract

Objective; To investigate the change of OC differentiation in T2DM mice and effect of different mechanical
stimulation on OC differentiation by GPR48 — RANKL pathway in T2DM mice. Methods: Forty four — week old
C57BL/6 male mice were randomly divided into normal control group (ZC) and T2DM group. Use the method
of high — fat diet and STZ to build the model of T2DM mice, and the T2DM mice were randomly divided into
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the mRNA expression in the left tibia. Use the WB to test the protein expression in right femur. Take the BMM

and induced it differentiation into osteoclast, use the TRAP solution to dye the osteoclasts. Use the vernier cali-

per to test the shape size of right tibia. Results: Compared to ZC group, the mRNA expression of GPR48 ,OPG |
RANKL RANK, NFAT¢2, CTSK and protein expression of GPR48 . RANKL RANK of TC group were all sig-
nificantly changed (P <0.05 or P <0.01), the number of OC was significantly increased, the width of distal

coronary surface and the surface of the proximal coronary was significantly reduced (P <0.05). Compared to
TC group, the mRNA expression of GPR48, OPG, RANKL, NFATc2, CTSK and the protein expression of
GPR48 and RANKLof TS group were significantly changed (P <0.05 or P <0.01). The number of osteoclast
was significantly reduced. The mRNA expression of GPR48, OPG, RANKL, RANK, NFATc2, CTSK and the
protein expression of GPR48, RANKL, RANK were all significantly changed (P <0.05 or P <0.01). The

number of osteoclast was significantly reduced, the length of tibia and width of the middle sagittal axis were sig-

nificantly increased( P <0.05). Compared to TS group, the mRNA expression of OPG, CTSK and the protein
expression of GPR48, RANK, RANKL of TD group were significantly changed (P <0.05 or P <0.01), OC

number were drastically reduced. Conclusion; The osteoclast differentiation of type 2 diabetic mice was signifi-

cantly increased. The direct mechanical stimulation activited the GPR48 — RANKL pathway, which inhibited

the RANK and their target gene expression, and then inhibited the osteoclast differentiation of type 2 diabetic

mice. The effect of direct mechanical stimulation was better than that of indirect one.
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