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Cyclic tensile strain combined with icariin promotes the osteogenic differentiation of adipose-derived stem
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[ Abstract] Objective To study the roles of icariin and cyclic tensile strain ( CTS) in promoting the osteo-
genic differentiation of adipose-derived stem cells ( ASCs) and the molecular mechanisms involved. Methods
ASCs were isolated from Sprague-Dawley rats and treated either with icariin (10~ mol/L) or with 1000 ., 2000 . or
3000 w of CTS for 7 days, or with icariin plus CTS at 2000 p for three days. Alkaline phosphatase ( ALP) activity was
detected after 3 and 7 days of intervention. Western blotting was performed to detect the expression of Runt-related
transcriptional factor 2 (Runx2), Yes-associated protein ( YAP) and connective tissue growth factor ( CTGF) after
the third day of the intervention. A reverse transcription polymerase chain reaction was performed at 7 days to detect
the expression of osteopontin (OPN) and collagen la and after 3 days to detect the expression of the YAP target
gene, CTGF and ankyrin repeating domain 1 ( Ankrdl). Results Icariin and CTS at 1000 w, 2000 p or 3000
could all significantly promote the expression of ALP protein. CTS at 2000 . was the most effective. The co-treatment
with icariin and CTS significantly promoted ALP protein expression compared with icariin or CTS treatment alone. It

also significantly promoted the expression of Runx2 and CTGF protein. Icariin or CTS (2000 ) alone could not pro-
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mote the expression of YAP protein, but icariin combined with CTS (2000 p) promoted it significantly. Either icariin
or CTS (2000 ) could significantly promote ALP activity after 3 and 7 days, but icariin combined with CTS had the
most obvious effect. Both icariin and CTS (2000 ) could also significantly promote the expression of the osteogene-
sis-related genes OPN and collagen la, as well as the YAP targeted genes CTGF and Ankrdl. However, the combina-
tion of icariin and CTS had the greatest effect in promoting the expression of OPN mRNA, collagen la mRNA, CTGF

mRNA and ankrdl mRNA. Conclusion
ASCs via activating YAP expression.
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IR PR B 7 T BN B BB AASE | 3T LA B AH B
M E R R R R B IR E AN G S50 1 A 40
b BT AR RER IR T E R A BREL ., (k8
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g W 40 il ( adipose-derived stem cells, ASCs) 1k Fil
T YN AT F) 1z ) i Rl 40 A fa] gk 0 4a
H AL (extracellular matrix, ECM) A A= 1 %2 Fil A=
Wik B AR A 2 28 B B RTRESE N B3 S R G0
() i 2 — 0 A F 5T F W, 8] 32 5 T 40 2 ( mesen-
chymal stem cells, MSCs ) BE B HIAS [) 8 B 19 441 it 41 i
FFAE AR R 2 IS T ARt R,
Wy 27, BB 399 PR 5K B 77 (cyclic tensile strain,
CTS) il mT LA 2 i0F ASCs 1B 7] 78 58+ 40 i
(bone mesenchymal stem cells, BMSCs ) Y h¥ ‘& 43
7 BRAEY SR RSN A R R B RE S TR
ASCs F—FRIVAW) 747 Jy (ARG B I 5B AN 20165 ) |
EHRAMEIE TAE B, BOBE 5% 85 111 2 8 (biglycan,
BGN) LWk~ o] LB e i e S AL | A-
4( bone morphogenetic protein-4, BMP-4) 1755 B iU & 43+
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um, Gibeo A F), & [H) , 54 MLYE ( Gibeo AW, S ),
HRREERWIT(HLEA A, P E) , T AR
JBE AR g (AR A A D) RIPA 4R 2340 22 vl
(BRREYREAF,PE), dgrH A E KK T
( connective tissue growth factor, CTGF) —3$7T ( Santa Cruz
NHE], FEE) ) YES M€ 5 H ( Yes-associated protein,
YAP) —JL (CST 2~ A, K[, Runt A H RN T 2
( Runt-related transcriptional factor 2, Runx2) —#i ( San-
ta Cruz 23 ), 3 ) , BB 2 B (alkaline phosphatase
ALP) —%i ( Santa Cruz /A &), 3 [F) | BAR i3 & 1k P il
IR BT (A8 ], D) KA T RSO
BRI ( BioRad 22 7], 3¢ [ ) , ECL Ak~ % il
%5 (Thermo Pierce 23], 3&[H) , Trizol 1 #£ ¥ ( Invitro-
gen AN H] SR RO T REEFIRELE-100 ( Octyl Phe-
noxy Poly Ethoxy 100, Triton X-100) ( Sigma 7 A], 3%
[]) |, [z % 5% 58 & W 5% L (reverse transcription-poly-
merase chain reaction, RT-PCR) i fl| & , Taq & & i .
dNTP (MBI A H], ), 51906 1 (ALt R A= P4
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A& (P EEREYRE AR EFEER (TEZ
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ERFIN A 10% 54 1003 19 DMEM 28 (- 751k, 900 x g
B0 10 min J5 , 224 13, UUREY 5 ml & 10% G 4
MLY% DMEM & DL 80 H JE i M it g |, 18] & i
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BRI S s ZJERE 15 s, B H SRS E A 2 h, 2R
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FRET T . HARSLEAUR ASCs 4 i 43 4 Xf B 40
(AR R 3 T 0 BT A (R FEET
) (CTS 41 (fXH] 2000 w #Y CTS T 1) kG T
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il ALP 35, 755 ASCs AR A 431L 3 d
J& 3 ARSI R REZH AR A 2000 o 4H BRA T
2H ASCs 4H/0f%) Runx2 . YAP .CTGF & [A/KFRIFEIA,

BARTF AT B2 2% th 2 %5 ( phosphate buffer
saline , PBS) TR VR A I 3 X, Z S5 INA RIPA 24f# W T
UK B AT 2 FE NN 1 2 50 By AR 1 R A ) ) A
1 = 1008 R Tk B 1 57) T vk 1 4k 2k 2465, 22 ) 40 i )
DARAID & ON e o= O N G A 2 B U Nl 7
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WA BT -20 C &M MRAETF L. BB LR
25 g , B Tk 15 s H 3K ( SDS-polyacrylamide gel e-
lectrophoresis , SDS-PAGE ) %43 & 85 H it , F 85 H i §%
PR LLT4EE I, FH 5% MiRs 4= Wi 730 1 h LAGkE
GPUARAERE SRS & o ARG AL ) — By f 7
WEE ,4 Calik ., VR JE PRI LA 24 450 8 174 33k
W E AL PR P S =0, SR T 2 h, 4k%:
MYE 3 R, e Jn R ECL AL 2F & OGTERH R A Rk E
R AT ARG I, 1k BCH il -3 R B U ( glyceralde-
hyde-3-phosphate dehydrogenase, GAPDH) i N £, 4
TR DL I R 4y B R Bt BioRad A 4T A X 52
T,

(PU) ALP 5E H A

$ ASCs ZHHELL 5% 10" A~/ml 1% B FiAE T 75 L
M, TIANAE 3 d A1 7 d J5, 3 o Rl R AR
114 2000 p 41 FIEC AT TR A ASCs 4 A 5 6 I JHL
ALP {4,

ACERTTARUNT . PBS PR , 4 M) T8I T 40 A LA
Triton X-100 Zb¥R ARJG T 4 C 2 N B0 10 min, HYX
30 wl [3,50 wl ZZ i A 50 pl KRB IRIE S, 37 °C
BEE 15 min, FJFANA 150 pl R AWK, /306
BETTEEL 520 nm K B2 KT B OGEE(E, [ B BCA
TN e B TR B, ALP 35 4 DAY % B (optical densi-
ty, OD) {/mg #5 FH A A

() FEPR A

755 ASCs BB 1E 3 d J&, 0 ISR X B 4 | 22
ST AL 2000 w A FIER A T HI4LEY ASCs 2 fitd, $2HR
M RNA, H PCR AN CTGEF F14% 2K 11 8 42 45 My 1
(ankyrin repeating domain 1, Ankrd1) ) mRNA 23k

P ASCs B ML 7 d 5, 43 Bl Sievt B4 %
R 2000 w A FIER A T HI4LEY ASCs 2 fifd, $2H
&L RNA, FH PCR LK H#7 Z (osteopontin, OPN) Al [
RIBEJE ) mRNA ik,

BRJF AR 3k ASCs 20 fifd, PBS % 22 1 vk
FEA I Trizol 43 71 42 HUAS- 41 20 it 4 8 RNA | 2 39 5 5
TR E AR AE 2D T30 A S AT 31 cDNA, I3 Bt 5%
FPEYIHEAT S B8O E B RT-PCR, B1W¥RiC R 98k
Bl SYBR Green 1, #3455 U0F .95 °C #iAs
5 min, ZRJ5 95 CAE 1k 45 5,52 CIiB K 45 5,72 °C ZEAh
45 s, JEHEAT 30 IRAEER

CTGF 51¥% %1 . ii# CGTTAGCCTCGCCTTGGTG,
N ¥ GGGAGCCGAAGTCGCAGA ( NM _ 022266.2 ) ;
Ankrdl 51#) 5. I CGGCTCTTGATGACCTTCG, F
2 GCATTCTCCTTGAGGCTGTC (NM_013220.1) ; OPN
519 % %) . I i CAGCAACGGGAAGACCAGC, T i
GCTTTGGAACTCGCCTGACTG (NM_012881) ;COLla
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518 5. b GTGGATGGCTGCACGAGTC, F i
TGAGTTTGGGTTGTTGGTCTGT( NM_053304 ) ; GAPDH
19 5. i GGCAAGTTCAACGGCACAG, T i
CGCCAGTAGACTCCACGACAT(NM_017008.4) . JZ )i
SEREAE PCR A E I C 8, IF HEAT AH 35, L)
GAPDH NNZ,

= Btk

fifi ] SPSS 11.0 WRGE iR X4 47 Ge 12
MrabB, ORI (7+s) FoR , PIALIR] L BRI « K
55, Z A LR L 2 7 22 e kil . P<0.053A
HESARIHENL,

# X
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EESSIN b
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FIFAHAE L] CTGF 25 1 Y 22 35 7K S 20 B 16 45 1
7, SR REZH AR LE AR BH 2000 p T R A
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Runx2 |’-- — --l

TAP [ — —

ror [ — — -
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T 3 d J& , FEEAE T 4L 2000 w 4R ALP & PE
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TR EE TR 8 & TR 4Lm
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1.0 F

0.5 F
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BEAVERZHAEY CTGF % Ankrdl f9 mRNA ik AU E
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1t e
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—
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(=}
(=]

X.JLRQQE Ra’i 2000 1 ﬁA
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B4 4 FE4 X

BEv4 4 FTE4

T SR REAL AL, 1 P<0.05; SRR E T 4L 14, " P<0.05; 5
2000 w 4 L%, © P<0.05

B7 +W3dEAA4Mdh CTGF 2 KA Ankedl 3
mRNA [ AH X} 23k &

B & AIE B A B H AT ASCs BB A
e nl Z BN EI A YA R R R Gl 193% 2 0F58
SR R AEFE A B AL R T 4 R 4y
T TH RS T oy AR IVE R . A ST R IR 5
T REE i 28 UM S AL R0 B RS e A=
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FERE ASCs N Runx2 WYL, B HF R N AUE 40053
WA R T, T 85 R A o i &k R 3 AR
0 AR R, LT I R U ASCs N R
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ASCs itz B A=) fi 2 I R By s, F
FE R 1 AT A 2 A0 R oAk (R AR SC A A= )
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T CTS REEARE i ASCs BB - fb L H ALP 5 I 3£
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FIHTE
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HIZeIR, YAP A Scln fF 58 & B — A8 A9 75 s 3L 3%
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EF, TS5 EHT TEAD 458K E AW iEH S
DNA &54 1 3006 g3k Rk ) W58 R, YAP
2| 1% Hippo 18 % B I8 45 , Hippo 18 B 14 4% 0 B 5
HLHE 22 TR/ 75 & TR P4 B MST1, MST2, LATS1 K&
LATS2, 7 8 5 9 SAV1 (5 MST1 il MST2 454 ) .
MOBI1 (5 LATS1 F LATS2 4547) . 4 Hippo i #3845
MG YAP 8 1 A A W R AL I 40z 11 240 MO A% 7F A 48
LS, 4kl B B-TRCP M ) 25 (M g R >, A
TR ESHR Bon , BAR Bk 7R SF 28T gk CTS 1R IF
ABEE A HE YAP B335 (WX A /EH AR B % L
JA YAP 2R3k, B SE 2R sl spph CTS Yy Re o 2 2 ik
YAP #B3E [ CTGF M1 Ankrdl FOFEIK, 7ETR LR AN
CTS A VERIm, HflE CTGF 1 Ankrdl 2235 IZ0N 15
B — 0

25 FTR VR CTS B A VR T fki i |
P YAP SRAEHE ASCs 1Y BB 40 Ak, (A I 5 56 R AT5 8%
o TR HBE R R bR A ik A T i — 2P R A BRIE . A
SEIXTRE G A W Sy 2 A Wy R E D EAE R T Y
ASCs BB b B SCE K A7 B T INRXT ASCs A= 42%
70 I PR AT S B 2 2 TR AR A WA b T T ) 5 2
G B S A8 S RN I - i A R A
BAESHMA.

2 % x #t
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