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Effects of aspirin on proliferation and osteogenic differentiation of adipose derived mesenchymal
stem cells of type I Osteogenesis Imperfecta mice
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Abstract; Objective To detect the effect of aspirin on the proliferation and osteogenic differentiation of adipose derived
mesenchymal stem cells of type I osteogenesis imperfecta mice. Methods  The adipose derived mesenchymal stem cells
( ADSCs*"™7) were isolated and mesenchymal stem cell related marker CD 29, CD 45, et al. were identified by flow cytometry.

collal+/-

To validate the multiple differentiation potential of ADSCs , ALP staining were performed after 7 days of osteogenesis

induction, and oil red O staining were performed after 14 days of adipogenic differentiation. The cell proliferation of ADSCs*"*'"""
were assayed by MTS assay after treatment with 0, 0.5, 1, 1.5, 2, 5 and 10 mmol/L aspirin, separately. After osteogenic
induction, alkaline phosphatase ( ALP) staining and ALP activity were compared among groups, and changes of transcription level
of osteogenic differentiation associated genes and signal pathway factors were determined by qPCR. Results ADSCs®"*"*' " have
the potential of osteogenesis and adipogenic differentiation. Low and medium concentration (0-2 mmol/L) aspirin promoted
ADSCs*"""" proliferation, while high concentration (5-10 mmol/L) aspirin exhibited a repression effect. Compared with control
group and osteogenesis group, the ALP level was obviously increased in the osteogenesis+Aspirin group. Moreover, significant up-
regulation in transcription level were observed in osteoblastic differentiation associated genes ( collal, bglap, runx2 and osterix) and
B-catenin in Wnt signaling and bmp2 in TGF-B pathway. Conclusion Aspirin promoted the proliferation of ADSCs*""*" and
enhanced osteogenic differentiation probably through Wnt and TGF-B pathway.
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JNE AN 4 4iE ( osteogenesis impexfecta, OT) X Ff fifi
H L, E— D L A AR B R AR . R
& Sillence 438,00 AT 43 Ky 1 ~ IV AR AL, Horp T
T RE RN SRR, e o T . OT A I A IR
FERIFEM S REZREEET BRIE &
TUBESE, %R L5 O B (85% ~90% ) 4fh 1 #Y
RIFEH o 8y COLIAL 3 COL1A2 B [H & 4 5
A SR G A R B A S, R e A
PR IF A DU IR A IR R 4 A H SUR AR R
AT A AL, AZ IR 4 WA AP BT BB T B 5
may, OT 28 2 Ay 8] & i T 48 Ml ( mesenchymal stem
cells, MSCs) [n] 5 4316 89 B8 1 BEAIL BT 1) T~ 20 16
BRmidaA

Bl & DL AR (aspirin, Asp) , X4 LK% IR , e —
Tz A T A AR S AR R P28 25, Bow) (R i A VLR 1Y
YRR Tl R . AT R A B, IR
FHBT R PEART] $2 3 4 48 J5 I A B 3 . IR AR T
g7 F B, B E DT AKX MSCs 84 1B 43 kA AR BEAE
o (B, 5887 K 22 3R AT I8 T 9 4 2 A 0
S E) MSCs, T B ] DT AR A% H A 42 5k 7 19 MSCs
0B AR A R AR, 24 R WAkE .

B SE M 5256 % 2 7 19 COLIAL Rk 58 A5 1Y
I B A 2/ R Coim ), LI 7 40 41 b 73 B 4%
i A5 8] 78 i T 40 fifd ( adipose derived mesenchymal
stem cells, ADSCs """ ), B T B | OPTOAR X
ADSCs "™ 338 8 A1 B 43 b 1% 8% R K T R 1) 7
B, S BT A PCAR A T E A e RYIR T B E —E Y
P B S KLt

1 5 F*®

1.1 Sciest e

L11 SERmahy: i 6~8 /g, LW 8k
collal™ ¥ C57/BL6 /NER (0im) ,

112 FZOA0 AR N A DNA = BOLH & (3%
E Biomiga A #] ) ; o-MEM 8% 3% 3 ( 22 & Hyclone 2
Al s A BE (3£ E Gibeo 23] ) ; 1 xPBS 22 i
(A R F A A ; 4 miF (L83 Biological
Industries 22 A ) 3 B &l FCAK ( B BTH T A F] ) 5 Hb %€
KR HTIRMLER B —H M BRI B4 (2 [E Sigma 24 7])
FHTHE 100 U/mL, § 5 & 100 U/mL( 3 [E Hyclone
NE]) sMTS 38751 ( 3¢ [ Promega /2 #) ) ; CD 29/44/
45 (£ [ eBioscience 2yl ) 5 20 M 4 T 4% W 2 7] &
(T8 Miltenyi 23 %] ) 5 B {4 B B Wl AG 0 3500 & | i
BB (X R & ( BB & KA F]) 5 Trizol 1K

(3 Life Technologies 2] ) 5 J2 % Xl & (£ H
Promega A Al ) ; 7¢ 6 & 8 PCR A £ (8 Qiagen
NEIDIS
1.2 Sk
1.2.1  /NEUCEER BUSE S B AR b /N B 2 SR i il B
FEARYEH DNA, DL e DNA Sy AR 47 PCR SR,
RWARZME 1R, RN SRR AP 95 °C L5
min; A5 95 °C,30 s;18 k 60 C,30 s; ZEfH 72 C,
45 s(35 JF¥ ) s 4Ef 72 C,5 min,

1 oim /N LI R A s 5 2 BT 4K R

Table 1 Reaction system for genotypic identification of

oim mice

RRiEF (25 pl)

2xRapid Taq Master Mix 12.5 pL
WK (ddH,0) 9.5 uL
EET L pL
L] 1 pL
DNA 45 1 uL

1.2.2  ADSCs™™" [y /35 B 55 2B 6~ 8 J& 1%
79 oim MM /N B, R SOME IR F ik 4b BT, 5 75% &
BRI RE . W B BN BB R B A SRS A
BRI 41 B F o-MEM 35 3% 56 v 0 g i 41 41
B R A /N SRR E 50 mL B0, A 0.2%
I BRI, 37 CH2 IR B 4k 50 min J5 /i 1 mL J&
AU o H5 40 BT 40 pm G5 B 38, 850 )5 5
X BB DT TE S 15% BB 4R I A o-MEM
BREEE DL IX10%/em® 2T 10 om 4011535
I, 37 C.5% CO, FEFRAAHEFR,3 d J5Hp
W,5~7 d A K & 80% M £, I Liky
AL ARG R 55 3 R ADSCs*™ ™,

1.2.3  ADSCs™"""" (i % 5 . i 2 40 B %6 0% 20 ok 4
A (FACS ) A6 ) H: 2% Ta7 1] 72 52 1 40 M AH 5C Marker, {9,
5 CD 29.CD 44 1 CD 45;% ADSCs*™ " DL 1x
10°/FL A R0 5 24 FUAR, 43 51 HH BRI A 3  1 5
HAF T IR, 14 d J5 B ST ALP e, %
JEE S ALBEATIMA O Yot

1.2.4 MTS BEFHSZE . % ADSCs™™ ™ DL 1x 10*/
FLAEFN ] 96 FLAR , B R, XS BRAE A 150 wL &
DMSO /) o-MEM 3% 35 5, S5 41 43 51 m A 150 pL
40.5.1.1.5.2.5.10 mmol/L P & VL kY «-MEM,
B3 REW,HEH 5 dFEALIMA 20 wL MTS,37 C
JE 4 b, FEEFRIUTE 490 nm SN I WO B o
1.2.5 40P TR % ADSCs™"" 1) 3x 107 /4L
BeFPE] 6 FLAR, R R e, XTI 41 A & DMSO (¥
oa-MEM, SEE 2 if A& 1.5 mmol /L B & IEAKH a-
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MEM, 3 d J5 U84t A, AR 8 %) & d B F 484, i
iC Annexin V-FITC } PI HT{K ,FACS #5653
1.2.6 ADSCs™"" B 2454k . ADSCs™"" ™ 4%
34, R BB A DMSO 5 9% 5 Mgl iR B i
FHMAE DMSO ) i & 75 T 52 5, ais T +
B ) DEARZH A 1.5 mmol /L B w] DG 4K ) A 175
FIEAE, B3 R R, NEERHER
FRyH R 2,

R2 OB EFERENBH

Table 2 Preparation of induction medium

A 100 mL $; 57

B Y S e LW E
MK (Dex)  DMSO  1x10 *mol /L 100 pL 1x10 "mol/L
P MER (Ve) PBS 5%10%mg /L. 2 mL 100 mg/L
B—H i B PBS 2x10 " *mol /L S5mL  1x107° mol/L
i ] P Ak DMSO 500 mmol /L 300 pL 1.5 mmol/L
1.2.7 GMEBEIR S (ALP) e 8 R MR 4G W . 45

ADSCs“™ ™ L 1 x 10°/FL 4% Fp 2 24 fLAR, 4> 0 3%
F2,7 d Ja R AR & UL B AT ALP 3 (55 4
ADSCs™"™" L 3x10* /fL4EFh B 12 LA, 43 35 5%,
7 d SR B OK EIE AT S R B IS HRUCH B B
BRI ALP 3544 o

1.2.8 A& #H ¢ B W B 3 K F R
ADSCs™"™™ 7L 3x 107/ FLEEF 2] 6 FLA, /04 85 3%,
14 d J5 W SE 4 M9, Trizol 32 38 HU &1 RNA | 2 75 5% 1
cDNA RS2 et 2 & PCR KW (qPCR) Ml 52 hig
B A HE I M SROKSE, 5P A R 3. Sk L
gapdh 1R A, 278 g HEAT A 2 BT

3 oPCR & HRYZED T )5 5]
Table 3 Primers of target genes detected by qPCR

HH 5P H) (5" —37) FEY RN
gy | CATCACTGCCACCCAGAAGACTG 3 b
£ap R ATGCCAGTGAGCTTCCCGTTCAG P
1. CCTCAGGGTATTGCTGGACAAC st
U R CAGAAGGACCTTGTTTGCCAGG P
bl F  TCTGACAAACCTTCATGTCC 108 1

B R AAATAGTGATACCGTAGATGCG P
, F CCTGAACTCTGCACCAAGTCCT 15 ]
s R TCATCTGGCTCAGATAGGAGGG P
e, T GGCTTTTCTGCGGCAAGAGGTT 301
O R CGCTGATGTTTGCTCAAGTGGTC P
e GTTCGCCTTCATTATGGACTGCC 46 b
Brcalenin b A TAGCACCCTGTTCCCGCAAAG P
by B AACACCGTGCGCAGCITCCATC b
P R CGGAAGATCTGGAGTTCTGCAG 2P

1.3 Sijtsfabm
K F SPSS 19. 0 B4t 47 4822 o, BB
WRB R s tm 2 (x2s) R, 24 R EKEKEA

ANOVA #8% , Bi 4l 18] e s I sy e AR ¢ fr e, P<
0.05 NERAAGIH#E L.

2 HE

2.1 T BUALE AN A/ BRLRY E IR 2

LLER R DNA AR 1 PCR =¥ &3 1% B A8
WEEE I B UK 5 45 52 (| 1) WoR, collal B4 fik B
/NEL (oim ) ) PCR #8824 Sk 533 bp; B 4= B /N R,
(WT) g PCR #3474 1 623 bp,

2000
M B1 23 4 5 6 7 8

WT oim
1623 bp

533 bp

1 PCR Y5 oim /) fLAE R AY
2 000 M:2 000 bp DNA Ladder Marker; B 23 [ % B4 ;
WT:WT X B8 ; oim : oim %t JH .
Fig.1 Identification of genotypes of oim by PCR
2 000 M.2 000 bp DNA Tadder Marker; B; Blank; WT,

WT control ; 0im ; 0im control.

2.2 ADSCs™"™"™ fylE g K E
ADSCs™"" " a I S IR 2 A Bras, JRAC S
FE(PO) W, 28 3 R B A K BIE BT 41 i, 4~
5dMREgfYS 2 T W EBEEE A4 .5~7 d 4
M AR T s A BTN JE | 440 Bf i AR 38 K, A 248 4R 7% it
A ARG SR L 80% LA E BN AT F5 M54, B ARG
M (B2 AP RKRIE, 5 HIE R EK,H
B, 3 d A AL 1 R, A % e 45 R (&
2B) @n, Bi 3R B 3 ARUAY ADSCs™"T ([ 2 A,
P3) 7y 23K (8] 78 BT+ 4l L AH 2¢ Marker CD 29 1 CD
44 RNFRIX A Y Marker CD 45, 288 RS
W ESNFEFE,ALP e O g R
(F2C) B plE NG5S A, G B 4 B 15 3 /Y
ADSCs™""""" ELA5 42 0] S0 ALV B, o 0 780 i 1) 36 5 T
48 1
2.3 P E|VCARNT ADSCs™"™" " B 5 K 8 T R Y IR
W ADSCs™""™" FH & A A ) ¥k B BT ] DT 4K 4 52
IR FRIIEFR S 4, MTS WL W45 R (K 3 A) 3R
B, B ) DG AR AE ARG | o vk B (0 ~ 2 mmol/ L) B 1] g
ADSCs™"™" 1A 5E B e BE (5~ 10 mmol/L) A T #1351
58, BHAE 1.5 mmol/L B fiE #F 3% 5 Y 24 R & £
(™ P<0.001;" P<0.05), A I}, J5 £ 52 06 ¥ vk
1.5 mmol/L By ¥k B % 48 Mo 34 47 b 28, 9 =X 43 A BT
HIDCARAREE 5 d #9 ADSCs™ ™" By -5 00, 5 A b
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A
B . )
: 500+ 4
4004
g 300 £ 3001
8 3 z :
| © 2001
3 100
O;*' v . ‘ Ofm , T ,
100 10 10° 104 105 100 10° 10° 10* 10°
Control PE Control FITC
; 99.54% :
250- S 300
200° I 1507 2501
£ 150- a E : £200¢
o J g 1007 S1504 !
1004 P : 1004
50: 30 '
k| . L 50+
100 108 10° 10° 10° 100 100 10° 10 10° 100 108 10° 104 10°
PE-CD29 PE-CD44 FITC-CD45
C

BB (ALP) R tn

HAO%RE

B2 ADSCs™"™"“ e Y E
ARAR B LARAIEE 340 ADSCs*" B SRR AR (10%) s B ADSCs™"*'™ " B P X4 5 5 €2 ADSCs™! ! iy pf

AR LI RE M E .

Fig.2 Culture and identification of ADSCs"™"*""/~

A ADSCs™2*" cylture of PO, Pl and P3; B: FACS identification of ADSCs™'*'*~. (. Osteogenesis and

adipogenic differentiation identification of ADSCs®1*/~

B4 oF IR 2ELAH L, AT D D bk 2L B T 4R B AR o L g
BB (B 3B, P<0.05) , &7 Bl &) PLpk 2 A #17 ]
ADSCs“™ ™ T HIVEF .
2.4 Pl E VEARXE ADSCs™ """ nu B 434k B B i

B ADSCs™"™ " H AT B ES,7 d J§ ALP
Yofa BOEHEIE LS (F 4 A) B, 5% R4 e
B R S A L, BB B S+ B R VT AR ZH B ALP
POEHE . EHEREAT (P<0.001), [, FH
qPCR X B A C R T 10 e ik B A5 007, 45 SR 3

B 5 B gl B AL M e BT R DU AR AL B g T A
2 I A 5 8 A R S JE A collal #1 bglap LA
Ko BB AR e P F runx2 A1 osterix 7 mRNA 338
EYA S FE(E 4B, " P<0.05; " P<0.01), LI
SR B E VT MR {2 2 ADSCs™" 1] BB
J7 18 G AL B VE H o
2.5 FTE]PLARAEHE ADSCs " B oAk B HL I
Wt {55 38 B M TGF-B 15 5 38 B 2 W A~ 48 i
(R A A5 538 B . qPCR Rl ADSCs™"™™ %,
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3 BURIULAKS: ADSCs™ ™" BT M P8 T H B 1
A< T B B 7 DC M BT TS 48 R BE RS AR TS (7 7 7 P<0. 0015 ™ P<0.05) 5B 1.5 mmol/L Bl 7 IL 4 4h T8 5 d

J5 U 2 B SRS 0 o T A M BT\ LR B (T P<0.05)

Fig.3 Effects of aspirin on the proliferation and apoptosis of ADSCs™"*"""”

A:MTS assay posl dillerent concenlralions of aspirin lreatmenl { * " " P<0.001; " P<0.05); B:Percenlage of apoplolic cells

detected by FACS after 5 days of 1. 5 mmol/I. aspirin treatment( * P<0.05).

HESR7dJ5 Wt 38 3% H 28K F B-catenin L
TGF-B 5@ % o bmp2 i mRNA k8,45 R B8
A A BT+ 0 R I AR Rk B & S
THRANEIHEFH(ES ASB," P<0.05;"" P<
0.01) . Ui HIRT 7] UL Ak A] B8 3 1 7% Wni/B-catenin
W A BMP2 4 F Y TGF-B @ B ok {2
ADSCs™"""" il gL B 77 M 44k, (H BARPLE A 15 T
A

1

3

%\
&

o

3 g

HAT, 6 PR B4 O 357 LUARBEF A 3, W
BRRRER A KR SR 2 W D A, (H 3K 283697 vk AR
A b kAR B R LR [ O L IR AT B
HF R E R TT T 9IRS AR R AT
BT O B 40 M A2 G T 7R PR T Y £
B BE MSCs, {H B MSCs H /5 & B 5042 20 2 /Y
0.01%~0. 1%, H##EF 0B E R AR A IR,
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55 BB AR DGR Y P e s KF (7 P<0.055 ™ P<0.0L)
Fig.4 Effect of aspirin on osteogenic differentiation of ADSCs™ """
A:ALP staining and ALP activity detection of ADSCs™"'*'*’~ after osteogenic induction ( *** P <0.001); B: Transcription level of

osteoblast-associated genes were detected by qPCR after osteogenic induction( ™ P<0.05; ™ P<0.01).

MR Control
) F8 Osteogenesis
A B-catenin B 58 Osteogenesis+Asp

5
< <
2 e 4 Z
Z£5 L]
= @ 3 EQ
R 28
2 a b3 é I
8 % 23
& 1 &

&

5 FATE] DS Ak ADSCs®"*" " B-catenin £ bmp2 ¥ 53 7K 5 A9 82 i

Fig.5 Effect of aspirin on transcriptional expression of B-catenin and bmp2 in ADSCs*"*'*""
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i ERIR) T, Rfs SRR A R BRI 2R1G R i L RE J1 i 58 , JMUAR o AL BE 738 5 , R FH 25 4 12
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HEH R B 4k, TTXE O1 5934 97 7 A= B S A
I, FHRABUE AR F MSCs BB b X R &AM Y
T K, AR SR 1 IRAE 52 T PR DL AR oim /N

FROEUR ADSCs i it i 40tk BA (R #E4E F o

UEAR S, BT ) PG OARAE B Q3 A MSCs B0E 43 1k
7 T 94 R Wi B & B, Carbone 25 9 Wi A7 9% 2%
Giih M, IRHPTEITCAHR R E B RER R,
Cao %™ JIE 0 ] DG 4K 7E i 41 B 02 2E B B MSCs [
458 Rl E Ay Ak, F BRT AR i MSCs 78 2K IR 5 - B
R B B A AR A 5 Liv 2577 ) BF 55 98 7 B 7 DT AR
S RN B 7 e = 1 S o
Abd 457 % BB T DT bk Ak BR P R BT 40 B U, L
N AR W =l S e v N < 1 T
B =] DCRR B AR BE MSCs U 4316 F0 i 3 B L 40
HHFEA

ZRSLH L oim /N EK IR 8 ADSCs™"™ ™ Ry B 5%
XA, R IAR AR BE (0 ~2 mmol/L) iy i &) VT bk AT
(R DL MIIETE . 53 4b, BT =] DR AR Ab 3 5 d S5 0A T4
FELR o b ) B T B, 33X AT BB R B A T ] DG AR i
FEIR AL IR F (TNFo ) A 30 48 AU AT 0 7
ADSCs™"™ " fE T, ALP J& B8 B R ik AR R
PEArF 22—, ALP 4 (4 1 I K U 35 3% BT, T &) DG
ARATHE I ADSCs™ """ f) ALP %3A &, qPCR %5
BN, B 7T+ BT R VAR (1) collal \bglap %5 B
MEFEAN A RAK AW L., EENEEE K
TEE, BT R) UC AKX oim /)y R R 9 ADSCs B R i
BB VR

FE S — Fi AR % B 0 3 S A B (cyclo-
oxygenase , COX) | 5, BT w] Ve Ak 5 Z M AL W (5 5
WA T Liv 2 BT B, BT E PC AR
i3t TERT/ Wnt/B-catenin 18 4% 12 £ B 7% 5L F T 44
JEL B4 BE A Ak . MSCs 1 B or Ak 32 B 2 A 5 5 3%
BRI, B Wnt/B-catenin 38 F§4h , 52 00 8 K 1) i
4 TGF-B/BMPs {5 5 i """, % % B qPCR 4%
R, Wnt 18 §% A ) B-catenin F1 TGF-B i
bmp2 R 3 K - 3¥H B 8 U, PR kR A DT AR
T HEiE 17 Wnt/B-catenin Pl B TGF-B X B4 LAY
B 36 A5 5 3 B i ADSCs " iy i E Ak,
{HEL AR B B E 7 B e — s mr g

o N = B W AT LYY N i i1
HAAE/NR ADSCs 18 E 41k, fE I R 2 7T e 2
Wnt/B-catenin Fl TGF-B {5538 B , 3 b ] 7] VT AR LA
K ADSCs B FHiE A& MIBIrBEE T — &
T RIS B
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