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[ ZE )BT ABH 0 7854108 (human umbilical cord mesenchymal stem cells, HuecMSCs ) e Y5 AN A B g8 K B
FE B EEAE . ik SR HueMSCs SRIFEAMBA ., F5 5 i B S AR BIURLIE B3 4307 S0 OB S KA, i Western
blot %€ HAR ARG ; 7325 55 77 K BB B H) 58 571402 (bone marrow mesenchymal stem cells, BMSCs ) It VR A 4RI A 4 5E
HRTAREY MR (25 FARHR 20 wg/mL 40 pg/mL 60 we/mL 80 wg/mL)5 BMSCs FelE 3% 6 I A ) v J3 1 &b iih A ol
BMSCs 1458 K )8R ] 43 A0 5210 5 Lo HC SD K BRT i B S P BR R (ovariectomy , OVX) A4 G BT AASAY | 7 f 1 A0 A8E A 22 7.
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TATEDL, PR HucMSCs ARSI MBS B BB K BB S B Z TERE . SR 1B S BT AR R B B T 45 1 s, 4
B HueMSCs SRIFESMBATE A X K/IMEGER  FRHTHE FAREY) CD63 [ CD81 FRik¥EFHM: . KE BMSCs FififrE4 CD29
T 71K (99.86%) .CD90 T #1K(99.50%) , CD45 IR # A (4.12%) , FFE TR ST B HAUASAE . #F 60 pg/mL (IFNBA S BMSCs 8
75 d T HHEIG 1 AXTE ALY (127.782 + 7.184) % (P=0.001) , Bl M M2 B (alkaline phosphatase , ALP) f 2K R XF FRZH /) (2.715 +
0.095)£% (P=0.003) , Runx ZJi% %% 5% A ¥ 2 (Runx family transcription factor 2, Runx2) i3 15 A X BEZH 1) (2.175 + 0.731) £i5 (P=
0.140) , £ OVX i 2 s b SD K BRUSTB SRR 19 & 1 micro—CT /s AL AR XS TR0 BRZH (30 T WIS 0 B A
AN, B 4t SR R SNIMAZH B 4H 2 )M (11.000 = 1.708) % (P=0.008) , B /NA%CH H7(0.742 £0.112) mm™(P=0.014) , &
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[ Abstract)Objective . To explore the repairing effect of exosomes derived from human umbilical cord mesenchymal stem cells(HucMSCs)
on the skull defect of osteoporosis rats. Methods :1solation the exosomes from HucMSCs, the morphology and size of the exosomes were
identified by transmission electron microscopy and nanoparticle tracking analysis,and the surface markers were identified by Western
blot. Rat bone marrow mesenchymal stem cells (BMSCs) were isolated and their surface markers were identified by flow cytometry.
Exosomes (control, 20 pg/ml.,40 pg/mL,60 pwg/mlL,80 pg/ml.) were co—cultured with BMSCs,and the effects of different concentra—

tions of exosomes on proliferation and early osteogenic differentiation of BMSCs were detected. Osteoporosis model was established

VEB AR 2137 Email2019110778@stu.cqmu.edu.cn, by ovariectomy (OVX) in SD rats. Exosomes suspension was

BERT7 &) BB AR AT R, injected at the same time as the skull defect model was estab—
BIEEE : %1% 5, Email : 500067 @hospital.cqmu.edu.cn,, lished. Eight weeks after operation,the rats were euthanized.
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(2023-02-07) was observed under microscope after HE staining,so as to

micro—CT scanning and bone mass analysis was performed on

the tissue of the operation area,and the healing of bone defect
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evaluate the repairing potential of exosomes from HucMSCs on the skull defect of osteoporosis rats. Results ; The results of transmission
electron microscope and nanoparticle tracking analysis showed that the shape and size of exosomes derived from HucMSCs met the
requirements , and the expression of surface protein markers CD63 and CD81 were positive. The surface markers CD29,CD90 and
CD45 of rats BMSCs were expressed as 99.86% ,99.50% and 4.12% respectively, which accorded with the characteristics of
mesenchymal stem cells. After co—culturing 60 pg/mL exosomes with BMSCs for 5 days, the cell viability was(127.782 +7.184)% of
the control group(P=0.001),the expression of alkaline phosphatase (ALP) was (2.715 £ 0.095) times of the control group(P=0.003),
and the expression of Runx family transcription factor 2(Runx2) was (2.175 £0.731) times of the control group(P=0.140). In the
repair of an OVX-induced osteoporosis SD rat skull defect model, micro—CT showed that the exosome group had a significant increase
in bone healing compared with the control group. The results of bone mass analysis showed that in the exosome group,the bone volume/
tissue volume was (11.000 + 1.708)% (P=0.008) ,the trabecular number was (0.742 +0.112) mm™(P=0.014) ,the trabecular thickness
was (0.175 £0.008) mm (P=0.005),and the trabecular separation was (1.402 +0.507) mm (P=0.022). Histological results showed
that the new bone had a complete structure,with clear layers,as dense lamellar bone,and uniform bone matrix and bone lacunae.
Conclusion : The exosomes derived from HucMSCs can promote the proliferation and osteogenic differentiation of BMSCs,and have
the ability to repair osteoporotic bone defects.
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4 ffd (human umbilical cord mesenchymal stem cells,
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THZE S AL 8 3ok T B3 R RS R TR S T
MITAENHAUE S/ H YW, e T4 B 2
REW 5 b | SMUAA (exosomes , Exos) K #% 1 H %)
PHITAE o AU E A M 7E T 5 B0 BIDIRZS R
I3 W) — TR SO R A M AN AR G, AR 30~
200 nm®, FNBASEH R ARV BT, A5 H
J JEJT .mRNA F miRNA 45 45 20 0] (4 £ A
SE RS, S 5 IR A B R WA 2R Y
R R T AR AR, 25 ik EAVFER
AR T AN A A 2R L B ACR EARRY T

A SE AR RE . AL T TN, T Ak
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AHF 5T A HueMSCs S J5 AN A4 | 3l 32 14
AN G PEA HJE 5 B 8] 785 40 9 (bone marrow
mesenchymal stem cells, BMSCs ) 48 F1 % 15 7] 731k
(RE T, I3 3k B BB A DR BB A S 3 T
BT HE .
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1.1 ZERXA 5

HucMSCs (BE PG T 241 jd T2 A R A F G 1), CD63 K&
CD81 Fif& (Abcam),CD29 .CD45 K CD90 #i44 (Biolegend) ,
WEME SD KB (R PRER A3 Sesirboly ) iR 4 s 754
REEE R DMEM (BB 775 . o-MEM Fi 372k (Hyclone ) , 4
R & RNA SR & R ERNE R R),
Wik AR PCR R & B s 1) (RS AR 15 Takara )
HE 6307 & (R 3K E) 3 i # B.0 HL (Beckman Coulter)
75 43 HL T IR DB (Tecnai ) , 99 2K FIURLIE #5 3 BT 4 (Particle
Metrix) , ZIREMIR R GE DEOLRE it PCR X (Bio-Rad) , it
AMMf (BD) , Micro—CT HL(Scanco Medical ),

®1 AR5IWFS

HN RS9 741 (5'-3") JE 51 (5-3")
GAPDH CTTCTCTTGTGACAAAGTGGACA CACCCCATTTGATGTTAGCG

ALP AGATGTGGCGGTCTTTGC

Runx2 GGCGTATTTCAGATGATGACACT

TCAGAACAGGGTGCGTAGG
AAGTGAAGGTGGCTGGATAGTG
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1.2 HucMSCs kIR Shikth 4932 B 5 S 2
1.2.1  SMBRAIREL ¥ HueMSCs PLJE I3 A9 DMEM B
PHEEFREACEE 48 h, B S5HZ AT L3R 4°CR DB AN A .
300g 10 min—2 000g 10 min—10 000g 30 min—100 000g
70 min—PBS FEIIESS FHK 100 000g 70 min,
1.2.2  BEFH T RS (transmission electron microscope, TEM)
20 WL AMMACER IR , Vi 25 L B DR | 296 1 i X4 S
KIS GEEIE 1~10 min, THEFTE 120 kV T WEFFHIE,
1.2.3  gRBkHEE T (nanoparticle tracking analysis, NTA)
DL B TR I TRRE AL, AR IR IRk (110 nm) B
PL 1 x PBS T PEREAS L, SN FEAS LL 1 x PBS Hi B, iff A
LisalllS
1.2.4  Western blot  ZNBMATTIE IR (i FRBEH 557
T BRI ) S AT, 4°C34# 30 min,4°C 12 000g 20>
30 min WgE |3, BCA (bicinchoninic acid, BCA)iFH| &l EE
FIHREE SR 12% SDS-PAGE Ji 43 85 88 (15T, HFE A 51 R Am it
27 (polyvinylidene fluoride, PVDF) i | 5% i Jig W3 Fy % il B
M1 h, 23BN A CD63.CD81 HLfAT 4°Ci i, iRk T HiF
HRP M AP TG B E 1 h, fb2e&otiln iy,
13 KA BMSCs #9328 7r 5 %%
1.3.1 K BMSCs B9 37 AW 45 A1 & T By 5L 56
ST B 23 2 R BRA bR B 3 JE A AR SD KR,
RIS ] 75%PPRARE 10 min, T A PBCH B
R B A 10%I64- 095 & 1% 7 X 5ER RN
a-MEM 355556 np e B BE B B PR 0 RE |7 d 5 T vk
T, PEATIE 3 55 35 BABAC 45 3~5 CFA3 19 R B BMSCs T
B,
132 iR S e A 3 REXMBUERK WA, 1
R DL 108 20 ER B, 400g 4°CES.L> 5 min, 20 BIIAST
CD29.,CD45 .CD90-FITC T-YEWK 4°CHEEIFE 30 min )i, JX
S VRES O 3 UK, A I g s LS
1.4 RS FEE
LA ZHAIG5E S8 5 B 53 BT (cell counting kit-8,CCK-8)
BMSCs LA 1 000 4/AFLAZEFP T 96 FLALES 37 NG BE 5 |, fifi 2
FIXF IR 20 wg/mL .40 pg/mL 60 pe/mlL 80 wg/mL i) Exos 5%
PEREFRFAPIMEE 1 d.3 d.5 d, %5 2 d B, #e 10:1 [ LL A
JA CCK=8 TAEW 37°CHFE 1 h,7E 450 nm Pl KA 44
fLoeE (optical density,OD VE TS T,
142 4 RE ) 43 AL B 22 25 70 HF (quantitative real—time
PCR,RT-qPCR) BMSCs LA 2x10* N/ALIERN T 24 LA 3%
FGRESS fd 25 (AN IR 20 pg/mL 40 wg/mL 60 wg/ml .
80 pg/mL [ Exos Z5PFRGFRHEIE S d, 5 2 d Hii ., )1
RNA 50 AR BN RNA , 520 500 ng RNA #E4T30
55305 it RT-qPCR A TP ERRR RS (alkaline phosphatase,
ALP) .Runx KGN 1 2(Runx family transcription factor 2,
Runx2) P GRG0 | DA H b -3 - 2 [ %0 (glyceralde—
hyde—3-phosphate dehydrogenase, GAPDH ) &1k /K- 79—

143 PHRAPEALRIHT BMSCs DA 2x10° DN/ALIEEFP T
24 FLHIE SR EMGRESS (I ZS EXT IR 60 pe/mL [ Exos £514:
BEFRIEHE TR 21 d JE W IR, 4% 22 3R = IR 52 30 min,
PR TAERE YL 30 min, BHEE FWEIERE,
L5 ARA %R
151 SRR, AWFRAT A A BT e s S 2h )
IR DL 23 il 2 AR IR hRE . 6~8 JRIIR I SD KR
BIHAT AU LR TA ARG 2 DR S BT sisy, 5
BRI, Ta b &2 E VI e B, B2 5 mm
(PR S UFEE BT, LA 1 000 v/min (%% 55 N (4L
SRR R SRR B e AL % BRZH (45 B =5
FISZK L (B TIPS 60 gl BOAMIB TR ), 45
HREPUREHED O IEEEE 3 d,
152 ARSI AR5 8 AT CO, ZARAEALILS)
Yy, UM AR EE 8] B 1 5 A 2 (R]  0e, Se RS O o T3
RIS VR TN EEAR AR 22538 KIS, 4% 2H 4240 [
W IEE 24 b, /K A G R T 75% LN, AfFH micro—
CT X ARA M G T =G e, DU~ it oo 2 ) B
145 mm AR AT B3 AL R F 3 X (bone volume/tissue
volume , BV/TV) ‘B /NE%L H (trabecular number, Th.N) (8 /s
BRI (trabecular thickness, Th.Th) & /N2 [B] #f (trabecular
separation , Th.Sp) 73 #1 . & .} PU Z & (ethylenediamine
tetracetic acid, EDTA) &5 E5 , 46 5 i K A )5 U1 A (J&
J¥=5 wm)JFiEAT HE 40,
1.6 4itFa

K H SPSS 22.0 HEATSE o #r . BcdioR ¢ K A A
R EH, DB + Rl (x £5) R, A, R Bon-
ferroni 1 Dunnett’s T3 YRR 56 , K06 K 0=0.05,

2.1 ShaktkegiE

X} HueMSCs U5 A SMAMAEA T TEM A5, 45 5 i/ R
B AMIMA B 7% 50~200 nm, Sy 380405 HA T T4
BEMZRFCRELE A (B 1A, FFA SN A B A I 25 1 5 ok HY
NTA Kz BTN MAR B TN B o A 0, 45 5 s A 4
HAENT 50~250 nm Z[i], EZEFE 120 nm 40 (F 1B),
FFE AN ARA L, CD63 il CD81 J& 4 RIS IH R F Z 15
BB A8 Bl AR S I R 3R T R AR R, SR
Western blot Kl H: 3¢5k | 45 5 7R DMEM 5 575 N ik
[, SMIMA CD63 K CD81 FikI £ B (8 1C),
2.2 BMSCs #9 %%

KRN K E AT R B BMSCs 1EAT 2 i s %
B, 25 s PR BT 35 R 1.03% (16l 2A) , [ 38 i+
MR Y CD29 755 K3k (99.86% ) (1K 2B) .CDY0 7 # ik
(99.50%) (¥ 2C) , & I T-AH bR &4 CD45 AIRFR14 (4.12%)
(1 2D) , 45 F5 8] 785 1 40 Ff 1) 2 T B A5 R AE , T 15 42
SEEG
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0 o 0
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530/40[488HIXFH Vit i 530/40[488 HIXF T Vi
A BHPEXTHEZH B. 4Hfu 1 CD29 [k
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=150 ’
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50 l \
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10° 10! 10? 10° 10* 10° 10! 10? 10° 10*
530/40[488 TIN5 HEi & 530/40[488 [HHIXF 5 BE
C. 4NH 1A CDO 143k D. 4 CD45 BI#ik
E 2 BMSCs Wil REELR

2.3 Shiktkat BMSCs 3§ 582 B @) - i % vk

ABFFE A 25 X IR 20 pg/mlL 40 pg/ml 60 pwg/ml..
80 pg/mL ) Exos 5 BMSCs 26853% 0% F 1 d.3 d.5d
CCK-8 1R AT A MG 58 S Mo i, el 3A K3k 2 45

IR, 60 pe/mL W& FEAYAMBA S A L5 78 1 d i 4
15 S R IRZHAY (111.307 +2.452)%(P=0.013),3 d I 4R TG
J1 Rt IR 1) (112.380 = 1.277)%(P=0.000),5 d IFF4HJfLI% 1
AT RRZE A (127.782 = 7.184)% (P=0.001) , 7 W% B Exos
A —E M BMSCs 3458 BI1E

PLRIRER) 7340 B 7 145 Exos 5 BMSCs FE1555% 5 d g ik
17 RT—qPCR SZ6 K il i 047 &4 ALP B2 Runx2 & [l
P2k, WE 3B K3 3 45 R, 60 we/mlL ¥R JE (W 4N 4
Yt sE 5 d 5 ALP BRI B35 0 ALY (2.715 =
0.095) 15 (P=0.003) , H 5 HAb M B 1) B ik 22 R B AT 455
P14 S Runx2 FE R 26 35 S 6 FRZHL Y (2.175 £ 0.731) f%
(P=0.140), 4N 22 5 3EK , 60 pg/mL 5 1 =ik 45
BRI F AR I SR E] 22 5 G E X,

Z54 Exos X BMSCs H4H M 01 4 AL I sE i 45 3L | %
60 pe/mL A EAEIMBAR #1721 d MR R PR AL
Yo AR RCER , AN 3C 25 R R X IR DR S
VTG R, WA AL AT UL 21 Y I, B3 A 4 i 1] 7= A
TREELY SN RABRTEA T aadfaag ey,
WEWA HueMSCs AR EY Exos HA — 2 BIMEIE BMSCs 1 7]
SARIER .

[ EEROR
150 00 pg/mL.
»§ 40 pg/mL
= 100 60 pg/ml.
i W30 o/ml.
2 5
0
1d 3d 5d
A AT RESNIMATT BMSCs B8 () 52
41 -
mm 20 pg/mL
34 abce mm 40 pg/mL
E_@]g acd 60 pg/ml.
& 24 de mm 80 pg/mL
7 d
Z 4
0_.
ALP Runx2
B. A[A)He BE AN AT BMSCs B 1] 4P 3 PR 2 1K A 52 i)
Xt B2 SMMAAL
[ 4

C. PERLYA (100 x )

T a, SRR HE , P<0.05;b: 5 20 pe/mLAMI L, P<0.05;c: 5
40 pg/mL ZAH L, P<0.05;d: 5 60 wg/mL ZHAH L, P<0.05;e: 5
80 peg/mL 41AH L, P<0.05

3 REREIMBETT BMSCs HE5H K B & 853 IR0
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2 CCK-8 MERREKESMBEEI BMSCs HFEAE 1R
(%;x +s;n=3)

215 1d 3d 5d
X HE 20 100.000 +3.753  100.000 = 0.518  100.000 + 3.677
20 pg/mL 2 112.822+2.348" 106.473 = 1.805*  106.766 + 1.384"
40 pg/mL#H  104.735 +3.875 108.620 + 1.168*  121.932 +7.103~
60 pg/mL ZH 111307 +£2.452" 112.380 = 1.277" 127.782 + 7.184"
80 wg/mL 21 107.955+3.016 108.019 £0.727*  100.049 = 4.612"
FH 8.064 43527 17.822
P 0.004 0.000 0.000

T a, 5% IRAIAR HLEL , P<0.05;b: 55 20 pg/ml ZHAR FL#E, P<0.05;c: 55
40 pg/ml ZAAHILES , P<0.05;d: 5 60 wg/mL ZHAH L4, P<0.05;e: 5
80 we/mL 4 ELEL, P<0.05

%3 RT-qPCR UZERREIRESNbET BMSCs BB ESLEEN

BISMa (15 ;x £5;n=3)

205 ALP Runx2
o HRZH 1.000 £ 0.176 1.000 + 0.630

20 pg/mL 21 0.946 = 0.305" 1.358 + 0.141

40 pg/mL 21 1.411 +0.084* 1.504 = 0.311

60 pg/mL £ 2.715 = 0.095" 2.175 £0.731

80 pg/ml 2H 1.937 + 0.064*" 1.436 + 0.353
F{H 56.956 2.335

Pia 0.000 0.126

e, X REALAHELEL , P<0.05;b: 55 20 pg/mL 41AH 4L, P<0.055c: 5

40 pg/mL HAHHLEL, P<0.05;d: 5 60 wg/mL A AL, P<0.055e: 5
80 pe/mlL AAHHLER , P<0.05

2.4 ShabARat B R SRAS K KRR B 0015 SLAE R

AHWFFE R B0 AT AR (ovariectomy , OVX) 35 T 19 Jit
Bk SD KBRS B BB ROR AN A H MSCs A T4
WA 1 BB B BB S AEH] . micro—CT F 3D HE A4S
(L 4A) SR, X BRALA) B i i A W R 2 T Exos 41
ML T WA AN, B TAE A (B 4B, 3R 4) R,
Exos ZH B A B 4 ZU L) R T X IREH (P=0.008 ) , 3B A LAY
H/NEEH 2 (P=0.014)  H/NRIEEE T 25 (P=0.005) , HH
ANBEEI BT /IN(P=0.022) . W] Exos ZIARES T XS BRAT, i
ARE A R B RS 2 TS /N RS HES B S
215 HE e 85 9L (18 4C) IR FEH BUsm AR, X B2
FEIN A A b TR i (VT 4 45 0 L 2086 2 T o PR A ISR T
Exos 27T LAWEE 3 K (8T A, B A R A B R AR I
JEEERE AN (B AR BB B, BAUZE A0
BT B BT, G5 H 5 J2 UG I, W] HueMSCs R I3
AN LA 1B AN B SRR 1 R AR

X HRZH

ExosZH

A. micro—CT 3D H #4451

—_
w
| &=
1
(=]

a 0.20 a

EBN = £
8 £08 Z0.15 £
=l D06 i £ a
=2 = I .10 iy
% s = 04 =
= <02 < 0.05 <1
=, =00 = 0,00 =
& B o B RO S & B
AT A G R AT G
B R AT A
Xof HEZH

C. HE @zl R

4 HucMSCs SkiRSNBER B Rtk B RIRHEEER

% 4 XJBRLEFN Exos 4H micro-CT BESHER (x +5;n=3)
BHALG  B/NEEHE E/NRIRREE B/NRER R
1% /mm
XFHEZH 5.570+0.823  0.375+0.103 0.146 +0.003 3.016 +0.576
ExosZl 11.000 = 1.708" 0.742 +0.112* 0.175 + 0.008* 1.402 + 0.507"

ZH 5]
/mm /mm

t 18 4.959 4.185 5.619 3.643
P1{H 0.008 0.014 0.005 0.022

T e, GXF HEAUH UL, P < 0.05

3 3t i

B TR A RE S — b LB AP i AR B
B AT IR Z O AR R R A R AL B B
S SR I R IR B T 04 5 SRR ]
TEREAF NMIMERCR il D 24 28 s e R 2
I PR L= 36207 BB P B 250 2 A MERR S
RE RS IR 2L U RIS vk B PT 45
(HAFAE F] BE SO0 MU S 0F 3 hn o KBS 5 15E
AL R U B AN A 3 45 R A T 0 T
JRBAN B SR BT T AR, EEOE AR
B[RRSO B A AR A A e
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=,

AR TR LR XU HER R ARG B fa A
R A

FIH a0k ie Z A8 8, — B LR ER
B A SIS AR T 2 — Al [ e T
YR P A B2 rh R A TR 0 T AR A, 5
N LR A LA 41 20 BE A 4 18] 78 5T+ 4
WOAR L, AT e f kA, HELAA SR 43S 6 e ) R
TR G LR B S UESE AN A RS A A 5 1
R T A AR LIRS R R deE , HR R
SN B2 T T2 B DA ELA A s A
MUy RAY D REFNIE S PEH , el B B etk
KARIT RAEMESIF 8 0] LUAE HE 2 21154 v i o,
AR AR e E TR a A, (HAMB
PR IR) 25 245 55 1 KOWRAE 25 A SOk v R 58— , A F
SEAUIE A ) SRR B 1R R A T RN
) oAk, ALP J&—FfEmFL e girh iz 3R
IR [) T, AT K A TR AN AR W IR | I R LX)
BB RIVER AR T30 BB i FERUE
AL ALP BTG PR AT LSS R BE 0 R Y o T R
B VRNV BB A M AL RE T e AR 2 — 1,
Runx2 [3RK 2B AL TG . B 0T LUS 3
AR 0 35 I T 40 ) 8 40 B 1 434k, Runx2
o 2 R A H R e A e,

RBP4 R, 60 we/mL 1Y A A He 1 5
AR AL BMSCs 358 06 M AE F , IF 3 5m ALP J
Runx2 (Y335 , BA R e ) 404k ie 1 o 7E 4 Al
AL a3 2 B UURR, P AR R 2T PR R
LT Y55 SR Exos AEF IS AE B A Ak 45 1y 1 A1
K, HAE OVX 08 Bsias SD KBRSt
FRARME S | Exos ZHARXS T X4 BRZH B0 T BH & 19
RAHIN, AT Es R R Exos 250 A= L
W E R B AL, AN RS R %, A
LUREE I R A B S5 SE R R U I, B
WHAREREE A R B A

25 LT iR  HueMSCs >k U5 19 40 WA 4% 8 % 412 iF
BMSCs FU3EFEIE M SB[ o4k, BAA 1855 B s
P A RE T, e ARG YT B AL T30 Y I ) A A
B A LRGN A T AE AL AN T A 5 Bt — 20 i
TRV,

o

% x o
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