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Mechanical loading promotes angiogenesis by up—regulating Piezol in disuse osteoporosis mice
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(1. Department of Anatomy and Histology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin 300070, China; 2.Basic
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Abstract Objective:To explore the effect of mechanical loading on angiogenesis in disuse osteoporosis(DOP) mice by regulating Piezol.
Methods: According to the method of random grouping, sixty—three SPF female C57BI/6 mice were divided into sham operation group(Sh
am group,n=21),disuse osteoporosis group(DOP group,n=21),and disuse osteoporosis mechanical loading group(DOPL group,n=21). The
DOP mouse model was established by tail suspension,and the mechanical loading equipment which designed by our research group
was used to treat the mice for two weeks( 1 N,5 Hz,6 min/d). The bone angiogenesis was observed by ink perfusion and cell
immunofluorescence. The expression of Piezol was detected by immunohistochemical staining and Western blotting in the bone tissue of
DOP mice. The effect of Piezol on H vessels was further verified by silencing intracellular Piezol. Results: Compared with Sham group,
bone mass in DOP group was decreased (¢=9.553,P<0.001 ), while the bone mass of the DOPL group mice was increased (¢t=-9.365,
P<0.001). Compared with Sham group, the blood vessels in bone tissue of DOP group was decreased (¢=9.764,P<0.001 ). Compared with
DOP group, DOPL group improved the decrease of blood vessel increase in hone tissue(z=10.001,9.764 ,both P<0.001 ) ,and increased the
expressions of CD31 and Emen(¢=4.453,9.223 , hoth P<0.01). Compared with the DOP group , immunohistochemistry showed that the
DOPL group enhances Piezol expression(1=6.557 , P<0.01 ). Western blotting analysis showed that, compared with the DOP group, the
DOPL group further validated the increased Piezol expression(1=4.803,P<0.01). Silencing Piezol reduced the promotion of mechanical
loading on the expression of H vascular related factors CD31 and Emen. Conclusion: Mechanical loading can promote angiogenesis and
inhibit bone loss in disuse osteoporosis mice through Piezol.
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Fig1 Mice tail suspension and mechanical loading diagram
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Fig3 The effect of mechanical loading on angiogenesis was detected by ink perfusion experiment in mice(200x, Bar=100 pm )
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Fig4 The effect of mechanical loading on H vessels was detected by fluorescence double staining experiment in mice ( 100x , Bar=200 p.m )



518 AEEPREER

%29

Plezol

Sham 2

e

DOPL 4

0.87 sk sk

0.6 I

0.4

0.2+

B4 Piezol X FEK

0.0

T
Sham £ DOP 2 DOPL 4

L+ *%P<0.01; Sham 21 : {5 F-ARLL; DOP 21 : BE VR B ANl s DOPL 41« B HIVE 13 TRERAN A LI 2R 4L

B 5 GREZEHAFANFERNEZA Piezol KIFKiL(400x,Bar=50 pum)

Fig5 The expression of Piezol in each group was detected by immunohistochemistry (400x,Bar = 50 pum )

0.5+

Piezol X 15

0.0

L]
Sham 21 DOP 241 DOPL 4

T ¥4P<0.01 5 #+4P<0.001 ; Sham 41 : R FARAL; DOP 41 : i F
BN s DOPL 20« R L B An fLB i 2 40
B 6 Western BBl & 28 Piezol FRik7kF
Fig 6 Western blotting was used to detect the expression of Piezol
in each group

2.4 WA BT Piezol Fom H i og 4
R RPEVCEERRY], HARIL YL Piezol siRNA 4
FIEE , Piezol siRNA %% Y J5 m] L i 35 R ALK 40 g v
Piezol F£iA(1=16.203, P<0.001,8 7). Western ERk
HE— P RIE T i — S A5 R (1=14617,P<0001, & 8).
PEDCYL A CD31 Al Emen BYFIA, 4505
7w, SRFEYL Piezol siRNA ZHAH [, Piezol siRNA
LS /NN B AR AL R CD31(1=-7.508 ,-4.809
-13.538, %] P<0.01) 1 Emen(1=4.999.11.319.9.421,
¥ P<0.01) 33k W30/, 9 H CD31 F1 Emen A3
FEIRFEK (1=12.949.2.580.7.727,, ] P<0.05); fi 7E
8L Piezol siRNA J5,DOP 215 DOPL 417E CD31
Fl Emen YRI5 M L FRIR T i geit27 22 5, Al
9 Firn,

NC 41

H
<
Z.
=]
2z
[
DAPI Piezol Merge
L
80, —
S
S 60, [
=
5
3H 404
=
S 201
=
0

T
NC #H  Piezol siRNA 4

FE 4 P<0.001;NC 41 : X HRZL ; Piezol siRNA 4. JTER Piezol 41
7 BEWNENZ A Piezol TEAZLZ(200x,Bar =100 pum )
Fig 7 The silencing efficiency of Piezol in each group was mea—
sured by immunofluorescence (200x, Bar=100 pm )

Piezol |- -_

NC 2H Piezol siRNA 24

B-actin

1.57 s
—

1.0

0.57

Piezol 7E ST2 HAHXS ik

0.0 T
NC 20 Piezol siRNA 4

TE:#4%P<0.001;NC 2H : X} B4 ; Piezol siRNA 41 :ULER Piezol 21
8 Western Eifi4a il Piezol i EXRUR
Fig 8 Westernblotting was used to detect the silencing efficiency of
Piezol



%54 dioe, S AN EL I Piezol Mk FHE B BRI /N B LA A= B 519

Piezol siRNA

S Normal

DAPI

CD31

Emcen

Merge

Sham ZH DOP 2H

| r 1 r 1 m
1007 ns
2 | p— |
= 30
‘ 601
£ % 407

DOPL 2

®Piezol siRNA

pic)
=
=
[=ERS
£ =
=z =
— = 204
o
a 4
Sham 2 DOP 21 DOPL 41
807 | — | — |
\-]y:\é _ ns
s 60]
#Hx
ZE T 401
= =
2R 20
=
G 7
Sham 2 DOP 2 DOPL 4
53k ok * %%k
| | —| |
§ ns
=
s
=
e
2
5
sl
=

Sham 4 DOP 241 DOPL 4

T :#P<0.05;%%#P<0.001 ; Sham 41 - flT-ARLL; DOP 41 B HIWEE BB FAZL s DOPL £ B B B AR LA N 28040
B9 BEIILHEM Piezol siRNA X H I 4 B B9 8508( 100x , Bar = 200 um )
Fig9 The effect of Piezol siRNA on H vessels was detected by fluorescence double staining ( 100x, Bar = 200 pum )

3 iFig

DOP J& i iz 3l fig 1 32 BR 5 ) e B i 11 5 |
D B RS B A — Ak &
BN, BRI B B eGR4
L R RIE U St S B R, B2
JE B A 18 V) B — A G B AN B 3R T T BOK 1B
FNBIT BRI A R

W5 R, B BB A IRYT R — R G R 1Y
R, 4 B RS A is shilll 4505 SR — R AR 2 M
B RN R TR, X RHEE I kT RLg K
A (R PR S8 B 5, IR B N 4% B A H AT,
BUBEIN A S — Fh o] A5 32 50132 3l 1) 9 ) 4 B
SIRYT 72 BRI T AR 400 A B O U % B T
P BB BT, 52 e B B ) 78 o2 T 4 M 404k, 7
M AR, IR BRI 428 5 TR B AA ) B e, A
SEERIREE T DOP FRU s /N U , B4 2 ) ff o
TIREE  BRFTAUSIN 0T 152 P B A /) B
TE R SEN o SE  AIUSON 2 AT e 2 i i s S99
IR T3 2 ORI R 0 AR Ak, 5 | R R B A P R
B NBAR T B 5 o s, N DOP /)N

B TR B S 00 T R MM A AL o % SRR
BT IR S AL 22 T BEAE Sy — oA 30 o PR
SIGYT T SR A 1 FAE B B o

Piezol VER—FPHLAEBUR S FEIEE 1, AEWS
JAZ AR ) 2H A5, EEPERIATT h B AR
FHUS, 5T R 14 35 T, Piezol FILIE
PR AU A A A, IR B SR AA Y H 0L E
IR b A SEESERGE D UMM BRI T Piezol M
IZRIR NG O, il o e E AU 2F Je 5 5 Western B
0 S 56 UE B T AILAR N 2% T DL #E DOP /N B
Piezol F3i5. WFFE R H IMASVE M58 h—245 5%
(LRSI T IMLAE 2B RN R B, R BB VAT B
JEGT P Y T LA 0 T L 2B 2 R RS A BEAIL
WINPT AR F 4 28 F i g /N B HL LA Y
FIR IRENAITE B AN B B AGESl, AR AL
T LMERE DOP /N BB f B IR A2 i, I 38 4
PR B AL 4 L 0 95 % ' S 06 T AL A R el T
DOP /U H LA AH JC -+ CD31 Fl Emen (38
ik, [F B, 2 #F DOP /MR CD31 Fll Emen Ay 33
iKo T HAIE Piezol XF CD31 Fl Emen BUSENA , 225



520 AEEPREER

%29

DUERT P BN Y Piezol , SE Sl o e S04

WELHITTER Piezol #I1H] T CD31 Fll Emen AYZFINFA

IR, UEW] Piezol X H I AT W EA TRFEVEH

IFH., ZEHRKIIUER Piezol J5,DOP 415 DOPL 4l

£ CD31 Fl Emen (3835 M AERIR Ty H TG 1177 2%

S, REARRYIMUMIN ORI Piezol ISR

¥ H M HCHE T CD31 Ml Emen A, DL g

RN, HUBOIN ] B 2 EE ZHEUT Piezol HY

Fah e H A AHSCH F CD31 F1 Emen BYERILLL

FAMETERE, B NGRY T DOP B H Y.

28 LRI, ARWT ST R WL RO #oE i e iE
Piezol HYFRIA , VaTAH IS AR B o (EHLABOIN A3 1 1L
TR IR A IR, s E— BRI
WIS RN 2 AT LAVE Sy DOP 1 —Fi i i6
STk NIEIRIGYTT DOP SR AL
SE
[1] ROLVIEN T,AMLING M. Disuse osteoporosis: clinical and mecha—

nistic insights[J]. Calcif Tissue Int,2022,110(5):592-604.

[2] LIANG S,LING S,DU R, et al. The coupling of reduced type H ves—
sels with unloading —induced bone loss and the protection role of
Panax quinquefolium saponin in the male mice[J]. Bone,2021,143:
115712.

[3] LIX,LIUD,LIJ,etal. Wnt3a involved in the mechanical loading on
improvement of bone remodeling and angiogenesis in a post —
menopausal osteoporosis mouse model [J]. FASEB J,2019,33(8):
8913-8924.

[4] ABDURAHMAN A,LI X,LI J,et al. Loading—driven PI3K/Akt sig—
naling and erythropoiesis enhanced angiogenesis and osteogenesis
in a postmenopausal osteoporosis mouse model[J]. Bone,2022, 157 :
116346.

[S] WANG X, LI X, LI J,et al. Mechanical loading stimulates bone an—
giogenesis through enhancing H vessels formation and downregulat—
ing exosomal miR—214-3p from bone marrow—derived mesenchymal
stem cells[J]. FASEB J,2021,35(1):e21150.

[6] ZHENG W,LI X,LI J,et al. Mechanical loading mitigates os—
teoarthritis symptoms by regulating the inflammatory microenviron—
ment in a mouse model[J]. Ann N'Y Acad Sci,2022,1512(1):141-
153.

[7] LIU D,LI X,LI J,et al. Knee loading protects against osteonecrosis

of the femoral head by enhancing vessel remodeling and bone heal—

ing[J]. Bone,2015,81:620-631.

[8] HUANG M,LIU H,ZHU L,et al. Mechanical loading attenuates
breast cancer— associated bone metastasis in obese mice by regulat—
ing the bone marrow microenvironment|[J]. J Cell Physiol,2021,
236(9):6391-6406.

[9] LIU Z,TANG Y,HE L,et al. Piezol —mediated fluid shear stress
promotes OPG and inhibits RANKL via NOTCH3 in MLO-Y4 osteo—
cytes[J]. Channels (Austin),2022,16(1):127-136.

[10] WU R W,LIAN W S,CHEN Y S, et al. Piezoelectric microvibration
mitigates estrogen loss—induced osteoporosis and promotes Piezol,
MicroRNA -29a,and Wnt3a signaling in osteoblasts [J]. Int J Mol
Sci, 2021,22(17):9476

[11] RANADE S S,QIU Z,WOO S H,et al. Piezol ,a mechanically acti—
vated ion channel,is required for vascular development in micel]].
Proc Natl Acad Sci US A,2014,111(28):10347-10352.

[12] LI J,YANG S, LI X,et al. Role of endoplasmic reticulum stress in
disuse osteoporosis[J]. Bone,2017,97:2-14.

[13] ZHANG Y, LI X, LI J,et al. Knee loading enhances the migration of
adipose —derived stem cells to the osteoarthritic sites through the
SDF-1/CXCR4 regulatory axis[J]. Calcif Tissue Int,2022,111(2):
171-184.

[14] HUANG H,MA S, XING X, et al. Muscle—derived extracellular vesi—
cles improve disuse—induced osteoporosis by rebalancing bone for—
mation and bone resorption[J]. Acta Biomater,2023,157:609-624.

[15] XUV, TR FH A o i M A 149 97 98 T 52 a0 g [0, RHEEHE IR,
2020,18(3):224-226.

[16] XIE P,TANG Z, QING F, et al. Bone mineral density , microarchitec—
tural and mechanical alterations of osteoporotic rat bone under long—
term whole—body vibration therapy[J]. ] Mech Behav Biomed Mater,
2016,53:341-349.

[17] BELAVY DL,BELLER G,ARMBRECHT G,et al. Evidence for an
additional effect of whole —=body vibration above resistive exercise
alone in preventing bone loss during prolonged bed rest[J]. Osteo—
poros Int,2011,22(5):1581-1591.

[18] A3, 5K SR H , WM , 5 R IUPS L Piezol 7E-H BMHICHR
T2 5 KOS D) R TS, 2020,24(30) : 4882-4888.

[19] LIU Y, TIAN H,HU Y,et al. Mechanosensitive Piezol is crucial for
periosteal stem cell —mediated fracture healing[J]. Int J Biol Sci,
2022,18(10):3961-3980.

[20] KUSUMBE A P,RAMASAMY S K,ADAMS R H. Coupling of angio—
genesis and osteogenesis by a specific vessel subtype in bone[]]. Na—
ture,2014,507(7492):323-328.

(2023-02-06 i )



