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HWE. (B8] S ABRFE TR T AESNBA  (human umbilical cord mesenchymal stem cell — exosomes, hUCMSC—Exos) Bfi
THR BRI S L INFER T 8 S B AENLH . [FiE] 36 HfEt: 7 ¥ Sprague—Dawley K RFBEHL A 3 41, B4 12 H, =
FIXHRZH 25T 0.9% M ER K i ik 3 5 REAVZH 45 T e ik S Ae 28 (lipopolysaccharide, LPS) F1F & JEJ# (methylprednisolone,
MPS) il # Ber LIRERAY s SMNMA L FERTRIZH 25 T HYFEAE I, FIKEE ST hUCMSC—Exos, 7E47 28 d ZALSERE, BUBCE-RA740
215 Micro CT £l [£5R ] ESTHLF WILEE A Western blot FYATINZRW], Fri&HUFEMIAT G Exos FEARHE, HE JEHLUEA
WML, ZHHMAHEER . BIASINBARE > AXT A, 25 ASI2E L (P<0.05). TUNEL BB TR,
RIS SN > 25 (AN IR, ZRWAGIT2EE L (P<0.05) . Micro CT K51, 525 (X IE4IAR L, BAIZE K BRUAG BV/
TV. Th.Th, Th.N ¥t H ¥ W EFEML (P<0.05), 1M Th.Sp WEFF (P<0.05); SHEALA HLE, SMBAL KA BV/TV, Th.Th,
Th.N £t H ¥ W5 (P<0.05), ifif Th.Sp BEFEML (P<0.05). [ AJBFHF 0] 7T 5T 4 p 7 b mT i 38 =t 410 il Bl 40 A o
T2, TR BB TR E kISt
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Effects of human umbilical cord blood stem cell exosomes on femoral head necrosis in rats / XU Yun—fei"”, HU Zhao—lin’, JI-
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Abstract: [Objective] To explore the role and potential mechanism of human umbilical cord mesenchymal stem cell-exosomes (hUC-
MSC-exos) in the prevention and treatment of steroid—induced femoral head necrosis in rats. [Methods] A total of 36 7—week—old male
Sprague—Dawley rats were randomly divided into 3 groups, with 12 rats in each group. The animals in the blank control group were given
0.9% normal saline intravenously, those in the model group was given lipopolysaccharide (LPS) and methylprednisolone (MPS) intravenous-
ly to create the femoral head necrosis model, while those in the exosome group received hUCMSC—Exos intravenously on the basis of the
drugs given in the model group. The rats were sacrificed 28 days later, and the femoral heads were harvested for histological observation
and micro CT examination. [Results] Transmission electron microscopy and Western blot showed that the extracts isolated was consistent
with the basic characteristics of exos. The empty rate of bone lacunae in three groups showed by HE staining was ranked up—down in order
of the model group > the exosome group > the blank control group, with statistically significant differences between them (P<0.05). Apopto-
sis rate of osteoblasts revealed by Tunel staining was also ranged up—down as the model group > the exosome group > the blank control
group, which were statistically significant between them (P<0.05). Compared with the blank control group, the BV/TV, Th.Th and Th.N sig-
nificantly decreased (P<0.05), while Th.Sp significantly increased in the model group (P<0.05). Compared with the model group, the BV/
TV, Th.Th and Tb.N significantly increased (P<0.05), while Tbh.Sp significantly decreased in the exosome group (P<0.05). [Conclusion]
The exosomes obtained from human umbilical cord mesenchymal stem cells does prevent steroid—induced femoral head necrosis in rats by
inhibiting osteoblast apoptosis in this study.
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BRI L RBE (steroid induced avascular ne-
crosis of femoral head, SANFH), &l TR M=
KWy, B SB . BREEMN T BRI, B
BER TN, TERFSENLON S VR ABCE Sk BBl
FRAE AR B . SANFH Wk & IRME . Eoak %
, JEES AT R, R R A U R AR i e 4 M
Rz —, T H AL AR, H s A0
JEFARGEE . MO, BEEFHE (gluco-
corticoids, GCs) J& SANFH EEEURHN R, KijukE
AP TR] KGR N GCs W53 A MBI T, 7E SAN-
FH S R ZAE T S Y BofifF o iEss, AR
T4 (mesenchyma stem cell, MSC) & FE 94
Pyl 05 Ao A7 AR AR By, BAT IR OR AL i s
A RGE R BIRHFEIRTT A 7

MSC J& Tk T4, o1 g 3IgsE, FEAZ
FERVN oA RV e ™0 MSC AL FE W RV . AR iy
HAFANEHEARIR B FE A, TR BE 5 EDr
T A R R L Y R, 2 B AR A AT 4
JL o SRS T A MAR L, AT R SR BT 4
2 (human umbilical cord mesenchymal stem cells, hUC-
MSC) HJsils, HAMESENERLE, HFH A
&R EZ, BAmARNZEaesr b, ARER . K
B SR A T IR T b S SRR
SRR, AR R E IR R . BRI,
MSC JRI7 RO E LRI TAMLA  (exosomes, Exos) ,
Exos JEZ MM SN, HAEH 30~100 nm,
NIAG N, BEKHHE RNA (mRNA) . miRNA Fl
TS 2R G 6 2 52 R, /20 B] fryJE iR
T E AT

5k, E RS IJCHEFEGE hUMSC-Exos &
GCs I FHIBCE K IFE & kA i fEH o AAFSE
F 7EH2 I hUMSC—Exos H1 K Bl SANFH 3 A5 14 B fif
L RGN A ) 58 BT T A M IBAXT SAN-
FH {5210

I M5

L NJBEHT L) 78 5 20 A A A il 4% 5 % g
hUCMSC i ERYINTH 564 DR A BN W il 25 412
fit, ZUWALRELSL 3~5P 5, WHEKFHTLK,
PR A AL 20 Hr hUCMSC R P . BATEREdt
f&: CD44-PE, CD166-PE, CD73-PE, CD105-PE,
CD90- PE, CDl14- PE, CDI19- PE, CD34- PE #l
CD45-PE, Ji#i[H] Guava easyCyte™ R G 7H7 .

SR 1o T O SR AR R s A ) A B A DL
BRI ahiA , 2T PBS H, I BCA B&illsE M A
e, —80°CIEEA .

I Exos ffi ] PBS 2 A B, B 10 wl, JilCE
T2 mm FAEHIN [, & Smin J5, JELNT, BE
ERANIEAT Y, B S B ULE I HI IR . Western
blot %78 SMBARFENEMAR &) CD9, CD63, CD81 1y
ik,

1.2 Zhsrdl Sk s

T 36 HfErE 7 JE1#% Sprague—Dawley K Ff.,
RTEZ (200£20) g, WASEF bt 4Eim FI LS50 5h W)
HARBWRAR, A= nfiES: SCXK () 2019-
0004, TEFFIRIE 25°C, BE 50%. W58 R E K
RIUR A BT A (45 : 20180920) . BilAL
Wik 3 40, 12 H, AT LU R AR,

N4 KEAE 1 N2 0.9%0EhKE
95,

BRI . 76568 1~2 d 53 H Bk 2 me/ke IR
Z M (lipopolysaccharide, LPS), 7£%f 3~7 d & H LA
HEHTHIEJEIE (methylprednisolone, MPS) 20 mg/kg.

AR . RS 1~2 d B H B kS 2 me/ke
LPS, 7% 3~7 d & H LA T4 MPS 20 mg/kg, MPS
HSIHT 2 h, 4T RE KIS hUCMSC-Exos (1x10"/
ml) .

e 28 d A HEME VA AR FE R R, BB B Sk R
fh, PEAT LU RG
1.3 Kxillfs s
1.3.1 ke

HE Jeti . SRATPRIBE T, X0 R EA 70 B
Ky RABARZRY, SR TY, FRgegef s
min; VIR R Scott W, FATIRWEAE; FEfRHLL
WIRN, AV R, et FFZERFEN 3 min, #hk
Ts KA 70% . 90%F1 100%3% 3 Firife 2 139
Wi, I F K 3 min, BB S B R R
W, UEATIEVE, EEYRARSERTELY 3 min, fET O
WS, FE R RIS T R B R, 1T
MRS, X FAsK R E LA gAY R, BT
A B EBE TS 51, 20 3
APLET

TUNEL %8 . BP0 R A ZH RS, Bl
4 min, EEPCPRM; KU KA TEK L
BE . 95%F1 T10% L BEN, 43 HIFFEER 5 ming R
KK BESE 2 Yk (H ] PBS 2 Wi Uk 5 min, BH
AR 2 K BEFER RN 20 wl AR K, 7EE
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W E 10 min, BJGH PBS 2 WvEd: A 10%
G, WA 1 h; Bl Label I Enzyme solution
RAW (RN 1 :9), ¥ FRIRA WO m 2 s
AL AW A b, fEEREFE L h, i PBS Ziop
WL 2 min, HAZMGPER 1K E A, BT WSS
TN H , Rk UI R g > 3 LT
132 Micro CT &l

PR R B Sk B AL Micro CT #4744, e
20 wm KRR PEATIZ S, BN 160 pA, F19H
HU D 80 kV, 4 ROT B UBL Sk i PR X I,
R GE AW AR e T B oA, DI A S
BaFE . BIRFH%C (bone volume fraction, BV/TV) |
H/NGEJE R (trabecular thickness, Th.Th) . B /N2 [H]
Bt (trabecular separation, Th.Sp) . B /N2EH (tra-
becular number, Th.N) .
L4 Geiledrik

K H SPSS 20.0 HATEAR G0, TR U
X s R o Z A REE ] one—way ANOVA 4347,
W ZE 1] Y 25 5 5R FH Tukey HERE K . P<0.05 W E R
giit L

2.1 hUMSC-Exos /4% 52
hUMSC B35 T 2 BB RIE sl 258 )E . hUM-
SCEAMMLIGFRANEE 4 d, 4UMEA K BA T Eig; 18

ARG RT 4d 25, HEATFE. ibsEy %
E hUMSC, 525 45 W78, hUMSC # ik CD44
(100%) . CD166 (99.6%). CD73 (99.5%). CD105
(97.5%) . CD0 (99.4%) Pilit, FHEZIEE] 95%LA
o PR A R Ol 4 B A R T AR L EE R . CD14
(1.1% ) . CD19 (0.1% ) . CD34 (0.5% ) . CD45
(04%) . HLA-DR (0.2%), PHYERMET 2%, &
LY hUMSC 20 Jd ZAFFEAE . A hUMSC i — 25 42 1t
Exos, 5} HL T 0 U I 2 Exos HA 728 ALY
PEWRELERY . Western blot Z5 R B8, 5 Exos $5534
AP CDY, CD63 Fil CD81 ¥R @kik, Kift
PHTATEL, Exos RiA2ly (102.0£7.1) nm. &L T
B Western blot Y25 R0, AT HLA> 125 11k
B Exos, 74 Exos FEANERE

22 HLUEAWEL (HE Yifn)

25 B W sE e &2 2 SANFH 4R iE ek 28 2 — . HE
Y@ 53 H7 AT T 1EAE Exos TR K BURE k2 &
FEsS AL SANFH (& ZETE L (I8 1), BEAYZH K BT L
SHMEEING, SRR, SNBARYIAS e Ik
R ER = AN o5 QUG RN g T S El s U g = 4
R BRYSIMBRA > A A R, Al 22
WA G EE X (P<0.05) . PFIHE:, S25Ex)
WRAHAH L, B R BBk 25 B B8 R B & T
(P<0.05); SR EE, SN R L 414t
2 MR B ERAE (P<0.05), 378 Exos 1A 850G
R B LI 2 B R £

K1 =HRRBERHA r (HE, x400) (Fik sz Bhaes)
KBS, FORMBIERIERM 1o SNBRA, WD EIEE, SR EIRIER BRI A b

2.3 TUNEL 3o E 41 JH 1

W33 TUNEL 35, PFAh Exos TG K BUBEE &
BCE AT TR AL, DA g e SR T A
(1 2). BUEAIRaT R T80t (£ 1), BB
JHT-3 . BRI SAMBR L > 25 I IR, =4Il
726

la: ZS HAXTHRAL, RUAEHFaE b B4, Al

ZRWHGHFE L (P<0.05). MBI, 5250
XoF R AR LE, AR A A BB A M T S T
(P<0.05), SERI4] s, ANARZE R BSR4 i
TR B ERL (P<0.05), #2278 Exos I/ GCs
7S B RCE AE T
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Fx1 =ZHARKRNGERLE

£ty 25 (XTIRLL (n=12) ORI (n=12) SNALL (n=12) PME
B kBB A AR (%) 23+1.2 38.742.9 11.6%2.5 <0.001
Tunel AR (%) 6.2+2.1 42.2+3.8 16.123.4 <0.001
Micro CT #6:]
BV/TV (%) 0.8+0.2 0.2+0.1 0.6+0.1 <0.001
Th.N (1/mm) 6.8+1.2 2.2+1.1 43+13 <0.001
Th.Th (mm) 0.8+0.2 0.2+0.1 0.420.1 <0.001
Th.Sp (mm) 0.1x0.0 0.3+0.0 0.2+0.0 <0.001

NI T

K2 ZHARBIEESKALY R TUNEL e a5 (x200) (F7k B b Jd T mi 4n i)

2.4 Micro CT ]

1 3 Micro CT F38 A1 B K BRUBE i Sk SO0 235 #
(1 3) . 2 EXT IR B KB TC R o A
INIBCE SR N ERE I ZETL, BN B, AN ML S5
T ERHW . =4 BV/TV, Th.Th, Th.Sp Fl Th.N
SR 1 PR, 4R RIS bR 22 5 4 A
Gt E L (P<0.05). 525X IRAIAH L, BRI

¢ 2a: 25 X IREE, R LA 40 0
To 2b: BORIZH, TR SCE AT, SRR EIRIERI  2c: SMUMAL, AT UL CE AP T, S s A
BAGRIL Gf e

KB BV/TV, Th.Th. Th.N %t H 34 B E AL (P<
0.05), 1M Th.Sp .3 Fh& (P<0.05); SHE AL L
B, AMIMARZE R B BV/TV, Th.Th, Th.N %t H ¥
FTHE (P<0.05), T1fi Th.Sp WEFEE (P<0.05), 4%
TR, Exos FIASELE GCs BEIR AR FRUBH L3
S5

K3 Z4URBUBCE Sk Micro CT K2 A 45 R  3a: 25 AN IRAL, BUAKNERGSH . JEIEHR  3b: BRI, Bk NRAER
AL, /NG 3e: SMNBARL, R SKGSTC R E R

3 it it

H GCs 7RG RS 2 W LASE, SANFH & /b I,

I 5 78 Ry 22 R AR UL o (i GCs ABEH 24 13%
Al & SANFH, APk FIXE . BokRe, gl T
BRIz e 1Y, SANFH 3% L oA 4k
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MAEFARIGIT Ik, 4T 2o EHAR, {1 THA
BEAYINEHAFGAR, SO, JHAF
FEBARRS S . RS . e (WEBhZBR) S8R
RIEZE . HIL, 7E5 0 R 0 R BUBRM /Y 36 7 R
FARI Ak Z ML BRI L EZE, xR %
B, hUCMSC-Exos 7] i i 34 55 5 5 40 i e 08 T4
M, Biiif GCs 15K B SANFH.,

UTAE A BRI R B, MSC FT & #3A )7 VE e AR
KAEE E B H W AY Exos SEHAY . BFFEEW,
Exos 760> i, . WWSEH AT HiBE T %
VEHE BN . B0, Exos RLOME . B LS
I FRE B A LA . PUARIE FIPLIE T A R 1
FH U™, Chen % " WF5E & B Exos 1 LA 13 900 il 20 i
PR PO SE RN, AT sk A P PO afe ot P 1 48
fi. 5 MSC ML, Exos FHLH 5 MSC HIITIRE,
It H A MR | e HEF AR Y SRR &,
BN R A0 YT AR AR . Exos 7EIE B RGUBR
BB IG R R 43 AR . Zhe 25 ™ BEST 45 R,
‘B 7] 7 5% 400 JH 43 6 1Y) Exos 71T 34 558 1l 1 40 it A
%, HRAE IR A SR R . AR R
Biiifh, Exos HJ LI i #0H1 5C 9 J 8 4 By, I
RIEREFARMBE ,, ARUEEIRRER, BidE R
Rk P HERCAIE, 5AE#E hUCMSC-Exos
A AT LAY SANFH Z#A #EH . % T hUMSC 3k
JEEE, HRHh TaesfsE L, Fitk huMsc-
Exos WAL HFE L, T hUMSC A L H AL A2 140
JeL EL AT B 5 1 R R O RN g L Bt ARk N T R
717, PRI R AR B iR R BRI SANFH 7 T
hUMSC-Exos HYRCH AT GEHE 24

ARG E ] GCs 755 SANFH K RUBLAY . Mi-
cro CT ] 52 W B/ N RORZERE , e el i A8 fh A
(S ANUETE S A = RTINS =R G Ly Ah v a il
L XA, BIRIZ] BV/TV., Th.N, Th.Th
PIREAK, Th.Sp FH#. 454 TUNEL 4y kil i 7 K
FUBRE SR T3 2, HE Yo R ™ i /RS
BRSO, fFETEHE IR, PR ER .
AR Exos AW Z M AY = iHe, {H2 hUC-
MSC-Exos 7E SANFH H1 & #EIME I M AT . A
WFoE, AR BRUP A SANFH A7, H %4
hUCMSC-Exos T-#il, 5% hUCMSC—Exos X A () By
BYER . FHEEAERIZH , hUCMSC—Exos 418 /NEIE A
Mg LR, AES FiaE MAEMT, A
B TR . hUCMSC—Exos 7] B i 2l 3% ONFH
KRB Sk RO Es s, AT, 78 GCs i
728

SHIEE T, hUCMSC-Exos /0 T GCs S8
AN RS, /N TR AR
EH, FRGEREUEY, hUCMSC-Exos i iz s /b iy B
TS, AR0EE GCs i SANFH #7141
AU, Wik SANFH %44 .

2 FArd, WFEE ORI T hUCMSC-Exos B iR
GCs i SRR SANFH, X Fh4E FH ] fig 5 410 i i
T A o, EARTAENIEN R — SRR,
hUCMSC-Exos A 2 SANFH 1697 7 S0k F .
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