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[Abstract] Objective To explore the mechanism of extracorporeal shock wave therapy
(ESWT) to improve the distraction osteogenesis of rat femur by activating Wnt5a/Ca®" signal.
Methods Sixty 8-week-old Sprague Dawley male rats were divided into a control group, a

femoral traction model group, and an ESWT group (n=20). Rat gait parameters were measured
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using the CatWalk XT system, and the morphology of rat femur was analyzed through Micro-CT
scanning. The histopathological grading was performed using the Mankin scoring standard, and
the percentage of Wntb5a positive cells in each region of the subchondral bone was analyzed. Real-
time polymerase chain reaction (RT-PCR) was used to analyze type [ collagen and osteopontin
mRNA expression in rat femur. Immunohistochemical staining was used to analyze the expression
of bone morphogenetic protein 2 (BMP2), vascular endothelial growth factor (VEGF), and
proliferating cell nuclear antigen (PCNA). Western blot was used to analyze Wnt5a/Ca*"
signaling pathway protein expression. Results The swing speed, maximum contact area, single
standing posture, duty cycle and stent swing time of rats in the model group were lower than
those in the control group, while the swing speed, maximum contact area, single standing
posture, duty cycle and stent swing time of rats in the ESWT group were higher than those in the
model group (P<C0.05). The trabecular volume fraction, trabecular thickness and bone mineral
density of rats were lower in the model group than in the control group, but higher in the ESWT
group than in the model group (P<C0.05). The Mankin score of the femoral joint in the model
group was higher than that in the control group, while the number of Wnt5a positive cells in the
model group was lower than that in the control group; The Mankin score of the femoral joint in
the ESWT group was lower than that in the model group, while the number of Wnt5a positive
cells in the ESWT group was higher than that in the model group (P <C0. 05). Compared with the
control group. osteocyte lacunae could be seen in the superficial area of subchondral bone plate in
the model group, and the degree of injury on the femoral joint surface in the ESWT group was
significantly reduced (P<C0.05). The Wnt5a marker of ESWT-induced model rats increased
significantly (P <C0. 05). The expression of type [ collagen and osteopontin mRNA was lower in
the model group than in the control group, but higher in the ESWT group than in the model
group (P<C0.05). Compared with the control group. the positive cells of BMP2, VEGF and
PCNA staining in the model group decreased, while the positive cells of BMP2, VEGF and
PCNA staining in the ESWT group increased, as compared with the model group (P<C0. 05).
The expression of CaMK [[ , PLC and Wnt5a protein and the expression of PKC protein in the
model group were higher than those in the control group, while the expression of CaMK I , PLC
and Wnt5a protein and the expression of PKC protein in the ESWT group were lower than those
in the model group (P<C0.05). Conclusion ESWT can promote the formation of angiogenesis,
cell proliferation and the expression of osteoblast growth factors by activating the Wnt5a/Ca®"
signaling pathway, improve the bone mechanical performance and accelerate bone mineralization.

[Key words] Femur; Osteogenesis; Distraction; Extracorporeal shock wave therapy

e 4] .

7z 5k Bl & (distraction osteogenesis) F T il i
BB IE R, LIR YT BB S5 5 R 0 B B 7T LA
JBe B B R A A A Sk e ARG, &l
ARG 2 W A 2 S A B R, BB
KB, EolZl)a, RFFIE R &G, %4
DU, SR B B 96 77 B[] R 58 22 1 0 T 7T g
Hh L2 4 5 B B AT AR S B RS 2 — 25 i PR 102
() 32 LR PR 2R WO A AR R T AR
A Ay, R A W 3 Cextracorporeal shock
wave, ESW)JF 1k i 56 [5 6 i F1 245 ) 48 B ) 41 o 9
— IR N WL B #0147 2 0 2 IS A I A%

FURHEBAMI L8R 5 . ESW [ R J& — Flosh 24 19
TN B IE ST 7 18T B B HUAOR DL E B, DA
T AW ] - o e AR v A% B AN R R R
ST R SRR R AN RN E A
ESW il 2 5 20 A 40 £ 0048 58 % BB S0 1 AR A
YEHIRES) . Wnt/catenin f1 Wnt/45 (Ca®") {5 5
i 7E JH Tl #E ] 52 B T 40 Mg (bone marrow
derived mesenchymal stemcells, BMMSCs) %3 1£ H1
RAEE EAE ], Wntba/Ca®' {5 5 Al 4 il BMMSCs
4 e T ROR R A AR TR HE D ESW
VG JT Cextracorporeal shock-wave therapy, ESWT)



< 42 - Wb R K 2 R

EHEGEC I R

LU T Wnt/Ca®' {5 5l B S E B X R
(osteoarthritis, OA) KA I PRAER . A BF 52 38 1
TTT ST 2 4 4 000 5 | 20 24 15 1) 20 212 TR A R
LB HRA A ESW X OA KEIMIRITAUR

1 M5 7 &
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BB AT R 1 B AR 0.25 mm) . B SRS
F A 0.2 mm [ 1.5 5 e LR AE BT K.
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122 BMCTHIENRETEWE KRHEHS
J& Ad FH micro-CT (micro-CT B CAMS & PUMC
LU S YRS AR AL NS WIS A& PET/CT
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M (pH 7.0 WP BES 3 i, ASP200S 7k
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getn, FEF —ARA R 3 AT R T BEAL I 6 A X I
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(SNAP-Pro c. f. 5083 E ), {# A Image-Pro Plus
6. 0 B’M& 53 B4 (Media Cybernetics) 23X #T&CE
B XA Wntba FHYEANAE H 43 He .
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TRIzol 15 (FEER KRB 2 7], & ED 3 85 40
BORNA, 55— cDNA 1 1 mg & RNA & 5, fff
A ExSeript RT &G 300 & . 3% R F W17 &
., PCR f#i § PCR # 4§ 25 #% Dice (Takara Bio 2%
A, E) P A% Taqg DNA 2 & B (Invitrogen 2%
AL Tl mE 3-8 R Wl UM AE 8 N AR, H
27A0YE TR T AR R L E B B 1 mRNA %
KA,
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LU 3 R & (RED A w35 D UE 98 bR A8 1Y 92
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(calmodulin protein kinase II , CaMK II ). PLC,
Wnt5a A #E  ESWT J5. 14 eI 4 41,
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Wy T EAL, RIARER Y, B EE ] 109+ =
St B T TR A — SR VA s Tk e € J P, Dk 0 5, S B A
fRer 4 Z e b, M 5% MR 4 i 72 & 0.1%
Tween-2011 tris Z¢ v £h 7K v B W7 3E 4 7 M 07 5
% 3 B B (Kodak, Rochester, NY, USA)
Tanon Gis( Fi#§ 3 2= K2\ W) X 5-CaMK I \PLC,
PKC.Wnt5a & 1R B #F TR FE &, — P
% % W5 BE H1 WntSa (abl74100), $ii CaMK [l
(ab19031) . $T PLC(ab185724) ,#i PKC (sc-25778,
1:200,Santa Cruz 22 ), 3¢ E) i B, I #4081 7
UL S S AL AR 4 R AR ILEE . — 318 IRDye 680 1L
FHL KRB (Abcam A FE]L,EE) .,

1.3 itk N SPSS 20.0 GE it #44F  #r
Bl . T OB O BCR T B R R U 22 40 A Al LSD
., P<<0.05 NZERAZRITFEX.
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HEZH L, ESWT 21 K AR 3l o 3 | A R 432 fll 1D AR L B 3l
b S L A SRR it Rl TR, 22 A Seit
B X (P<<0.05), ESWT £ ¢ it 38 45 K Bl Ab 2%
S8, WK 1.1,
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Figure 1 Micro-CT images of rat models

R1 RRIESHSW

Table 1 Analysis of gait parameters in rats
(n=20,7 ts)

24151 W (mm/s) e K il 1 A (mm ?) PRYR I (s) B D AR ()
X B2 1193.26+45.25 52.07+5.88 0.1540.02 64.27+4.19 0.62+0.11
FERIZH 653.29+21.68* 27.46+3.24" 0.07+0.01" 44.2443.66 " 0.2940.07"
ESWT 41 973.44+30.347 47.214£5.017 0.13£0.017 59.30+3.887 0.58+£0.097

F 18 10.662 9.684 13.125 9.052 11.883

P {4 <0.001 <0.001 <0.001 <0.001 <0.001

x P {H<C0.05 5% B4 b
r2 KBRBREESHSH

Table 2 Morphological analysis of rat femur

# P {H<C0.05 SR 4] L4 (LSD-¢ #50)

MR LR PG BT 2 R BRI T B A i 3R X AT L
JRURE S ESWT 4 BE S 1Y i 45 £ 7 JEE 1Y A8 Dl B (P <<

(n=20,7 £ts) W,y
" ’ 0.05), HPEEHLULEIPAL Wntba FRATER T N H
H/NEARFR JNGEJEL i . . . .
415 M;% (”‘ )‘ I M ) A VESWT i SRR B WntSa ric W ik
0 [l.l’n
i 441 39.8845.32 18.2545.33  965.32444.18 BaHN(P<0.05),
BRI 21.3743.25°  36.5243.75°  547.38%24.67" %3 KEAAFESTMG
SWT 4 59+ # +5.79% : + #
ESW? il 34597411 52.775.79 836.74°36.42 Table 3 Pathological evaluation of rat tissue
F 1 12.034 9.668 15.337
P& <0.001 <0.001 <0.001 (n=20,7£s)
* PAH<C0.05 SXT A E £ P {H<0.05 SER A H 4 (LSD+ 2190 Mankin 43 (43) Wnt5a FHYE 4190
g5 X R 2 2.44+0.36 52.84+6.33
2.3 HHLAUEPHAAIEAL BIEIZH K BT Mankin BRI 24 9.71+1.02" 18.63+£4.19"
o ESWT 4 4.5340.66% 56.37+8.25%
I A=} i HE 4] Y ¥ = 7> T HE
P E T X B 4H, Wntba BH M40 i 5 & 2> T X IR I s 10103
41, ESWT 4 & 26 95 Mankin ¥ 20 % T & 8 41, P {H <0.001 <0.001

Wnta FHYE NS = 2 FAORIY , 2R E ST H% 5
X (P<C0.05), W3, HIURH¥0M B, 5%t

* P {H<C0.05 5t B4 L # P H<C0.05 5 R4 b4 (LSD
L)
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2.4 SIS ERAGWEEER N AT KR T BY A
HAFE A mRNA LB T XA ESWT 41 1 7
AN E A & D mRNA Rk TRIAIA, 256
Gl L (P<<0.05), Wk 4.,
%* 4 LR PCR MR
Table 4 Real-time PCR analysis

(n=20,7 +s)
215 1 05 Jit B
Xt HE2 1.8540.12 1.9640.18
LRI 1.1240.03" 1.0340.02"
ESWT 41 1.9140.18% 1.9540.15%
F 1 14.036 9.885
P1i <<0.001 <0.001

* P {H<C0.05 5t B4 L # P H<C0.05 SR 4 b4 (LSD
)

25 GEHA e B4 BMP2, VEGFE Al
PCNA Z o [H % 240 > T X 241, ESWT 4
BMP2 ,VEGF F1 PCNA %t {0 fHPE 41 i 22 FRI R4,
ERHBIH L (P<<0.05) , ESWT &b # {1 3k %
K X B R F A MR (. WL 5,

£5 REBEAALENIN

Table 5 Immunohistochemical analysis

(n=20,7 ts)
21 51 BMP2 VEGF PCNA
Xif B 41 1.934:0.18 1.884:0.15 1.954-0.16
AL 1.04-£0.03" 1.070.04" 1.1240.10"
ESWT 41 1.86+0.127 1.9140.187% 1.9040.15%
F {8 14.812 9.775 12.624
P {H <0.001 <0.001 <0.001

* P{H<C0.05 5XFR4LLLE & P {H<<0.05 S AL L4 (LSD+
K )

2.6 WntSa/Ca®' f5 Sl B & H 20T A4
CaMKIl \PLC, Wnt5a # 1 &k T X M4, PKC
LR T A 4L, ESWT 41 CaMK Il . PLC,
Wnt5a 1Rk @ TR, PKC R KK T8
B, 2 FAH G FE L (P<<0.05, W&k6,.K 2,

* 6 Wntba/Ca’* ESBEEAS M

Table 6 Analysis of Wnt5a/Ca’* signaling pathway proteins

(n=20,7 £s)
20 51 CaMK I PLC PKC Wnt5a
xR 2 1.95+0.13  1.9840.19  1.0440.03 1.8640.16
H R 4 1.14740.07* 1.0540.03* 1.884-0.14* 1.1240.05"

ESWT 4l  1.87£0.15% 1.9140.157 1.13+0.05% 1.90£0.177
F f& 11.250 13.683 10.449 14.264
P g <£0.001 <£0.001 <£0.001 <£0.001

* P{H<C0.05 5XT MR LE £ P {H<C0.05 5HEERA 4 (LSD+
Liod )

CaMK II 'llllllll'}

PLC

PKC o
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B-aCtjn _
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2 EHEHITESH Wntba/Ca’" S BEERRIE

Figure 2 Western blot analysis of Wnt5a/Ca** signaling

pathway protein expression
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CAMK II i i #1 NFAT ¥ 5% HF . Ca®' -CaN il
PR . BRI N RO & F T PCP {7 5
. Wnt5a 76/ BB 28 & A i #2 v PCP Y i
B kA AR E R RT MR . R BRUAR N ICF
ot B B Wntba 2 #E () Ca®' {5 5 il 1% . Wntba-
Ca”" -CaNNFAT 155 W% HCH I WL, 42 3 4 i X5 1
BTN IR EINT & F o B b 42 i 50l o
forp & W] AR 0. 38 R K Ah 48 B B 5 E W)
Wnt5a-Ca®" -CaN-NFAT A2 7F 80 TE

AWFFRUESE ESWT 38 i3 #7% Wnt5a/Ca*" {5 %
XA AR BB IR 9T AR L i ESWT A) LA i
Wnt5a/Ca’" 1§ 5, It 4b, Wnt5a, PKC, PLC Al
CaMK II 454 5 Jk PR R AR 1 38 3K 7K SF- Al 32 31 52
ESWT {2 it 5B T B E ., ESWT A DL 35 4 1
KEAEAR . ESWT A GBS MR 4 F 1Y 3R 36 , 7] fig
LA 5 ) i A 6 8 2T A (% 2 3k L R T 3% B M R
TR B W05 L 30F — 20 4 S 50 P BB £ IE S K — [A]
ESWT A& & 808N B ik 2 X 58 1, DT R fIK
ZH 445 F 95 BE ok 7% B9 Mankin $E4y. B8], ESWT
3 o T PR AR O BRSO T A 5
YERT I T R 40 il 22 5k Bl B i & . ESWT i H 9
SEARHE R M N B E M E # . BMMSCs
(R BB 3 Ak 7 3k S ok AR PR OCHEE . ESWT
A 2 20 A A R L R R A 1 AR IR R
SUBEEEER. BHSP AR TR 5w A
A2 TN 43 gt AR S I 5 DAL X A 0 0 8 ) 38 L DA
S REL A1 SR . S I AR N A B T R )
T B A Y R T AR A A R R
SRR 4 M e, ESWT L T BMP2, VEGF Hl
PCNA f ik, XFEW ESWT 80 1T 5 0 i
A2 R AR AT I 3B L . BMP2 il VEGF
A BEAE A 22 53 22 I sk 27 W 5 | 9 49 5], 4 3 2 5k
DXAE A% 3 B A0 L 38 i A T B, 5 BUBURL 4
BURLAL R B A0 BRI B P aE ek el AR LA £ E
BRI A K PR 5% A 0 B A R R
I ESWT A fil B 2 5 ] 422 0 A8 A Bl A= K R
A & 200 it X - 1) 3R 38 5 3 4 R - 78 4 1000 TR B T
R v £ 5T B R AR AL

ZE L RT iR ESWT i 0% Wnt5a/Ca®' {545
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