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Human umbilical cord mesenchymal stem cell-derived exosomes promotes fracture healing in rats
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[Abstract] Objective To explore the effect of human umbilical cord mesenchymal stem cell (hucMSC)-derived
exosomes on fracture healing and its related mechanisms. Methods Twelve male SD rats with tibial fracture were randomly
divided into 3 groups with 4 rats in each group. The rats in control group were treated with phosphate buffer solution by intra-
bone marrow injection on 7 day after fracture operation, the rats in huceMSC-exosome group were treated with hucMSC-
derived exosomes, and the rats in hueMSC-supernatant group were treated with exosome-free hucMSC supernatant. After
treatment for 3 weeks, the healing of fracture gap was evaluated by micro-CT examination and tissue section H-E staining,
and the expression levels of osteogenesis-related genes osteocalcin (OCN), osteopontin (OPN), alkaline phosphatase
(ALP) and Runt-related transcription factor 2 (Runx-2) were detected by qPCR. Results Micro-CT examination showed
that fracture was not been joined in the control group and the hucMSC-supernatant group, with clear fracture line and
discontinuous wall of cortical bone, while fracture was anastomosed in the hueMSC-exosome group, with continuous wall
of cortical bone and disappeared fracture line. Tissue section H-E staining showed no fibrous callus or structure of new bone
trabeculae in the control group and the hucMSC-supernatant group, while complete fibrous callus was formed and structure
of new bone trabeculae was in order in the hucMSC-exosome group. The expression levels of OCN, OPN, ALP, and Runx-2

in the hueMSC-exosome group were significantly higher than those in the control group and the hueMSC-supernatant group

(all P<<0.05). Conclusion HucMSC-derived exosomes can promote fracture healing of rats, which may be related to the
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upregulated expressions of OCN, OPN, ALP, and Runx-2.
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TR NS I SRR B B RMZ [ T4
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SR ERAK SR, KERT A TS,

1.3 hucMSC RA&ZHR AR EUAEZEZ R K
2 (BT ERY) KiEERE, @S RKIgERS
T B3 S WA . H R AR VERR R R AN JEAR B 37
hucMSC. %4 F DMEM §5550 [EFRHE77 ( F
) R AMRAF] e, WhRERINE. H 70%
LEEEA T, VIRERL 2~4 mm /N, 1E 37 C 4%
£ 7T DMEM i FRBF & o 4 hueMSC Rl ik
80% I, ZeJBifE FREAL S AR 3R . LA,
3dHEH 1 ROHTERE IR 5 3~5 A hueMSC H
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1.4 shastidni®  ULEE hucMSC, 2 IRARERSMNY
AT AR NMAS . 43 BIRT 4 'C 126 000X g
B 3 h RBRTE AN, B2 d UZE 1 IRKRSR L
i, BBEERNEESR LR RIMIE L, 4 C
300X g &> 10 min, WEE LW, K 4 C
16 500 X g B.0> 20 min, PE—LFpRgUfEIER . L
THIRZE 0.22 pm MIEERTUE, SRR IRIRE RS T
BB, 4 °C 126 000X g B0y 150 min, ¥f G
RS BB B LA T hueMSC- Eis4, & RE
ATTEE R 100 pL BEIRERZZ I ( phosphate buffer
solution, PBS) HEHMF hucMSC-FMbALL, I
EEFSE] 1.5 mL B0

1.5 shastkig s ¥ 12 Hl il Prisi Al
SD KEBEALS R 3 2, Hdl 4 2, 51z Axf
T4 . hucMSC-ZMIMAZLFI hueMSC- Big4 . LA
HYSTEM-HP JKEEE (535 GS315, 3£[H Glycosan
BioSystems /A 1) ) 1E Ry i 1% AM A A AN R
WAL, 7E 50 uL PBS HILA 100 ug ZMNMA S5
100 pL KEERIR G . BITARE 7 d, 2 HAXIERA
JH 100 pL /K %EE 450 uL PBS AbFH; hucMSC-#k
WAL 100 uL ZKEERE +100 pg AMBARLL L ;
huecMSC- F3E2H ] 100 puL /KB +50 pL &Mk
VAR 2 R AR B AT e AV S KB R & R
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1.6 Micro-CT fa#fF AR h H-E £ &
ME EASNBA 3 JEE, KR, 4T micro-
CT ( HigFEHAEMPHHA R AR WEREH . A&
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1.7 qPCR A& B A7 &R R A KT UE
Pl FH 24120 100 mg, FIH] EASYspin Plus
ZHZ RNA PR R BGH & (DU R F R A
BRZAHE ) $2IUE RNA. SRAIRF: 5 PCR PRidtif
& (RT-PCR Quick Master Mix, HZS Toyobo 2
Al ) AT, UL B-actin NS IRIL, fHH
FRCRDOEE | PCR 7 & (KOD SYBR qPCR
Mix, HZ Toyobo 24H] ) #47 qPCR, i85
(osteocalcin, OCN) . FHF&E I (osteopontin,
OPN) . TEBEERRES ( alkaline phosphatase, ALP )
F1 Runt AHCH; 527 2 ( Runt-related transcription
factor 2, Runx-2) fFREKN-. 519F5]: OCN
1E Y 5" -GCC CTC ACA CTC CTC GCC CTA TT-
3', X 5 -GGG TCT CTT CAC TAC CTC GCT
GCC-3'; OPN IFX 5' -ACA GCA TCG TCG GGA

CCAGACTCGT-3', X X 5 -GGT AGT GAG TTT
TCC TTG GTC GGC G-3' ; ALP iF % 5' -GGC AGC
TTG ACC TCC TCG GAA GAC A-3", Jx X 5" -AGC
ATG GGG GCC AGA CCA AAG ATA G-3' ; Runx-2
1E X 5" -CCC CTC CTA CCT GAG CCA GAT GAC
G-3', & X 5'-AAG GGC CCA GTT CTG AAG
CAC CTG A-3'; p-actin 1E.X 5" -CGG GAA ATC
GTG CGT GAC AT-3', JZ X 5' -GGA CTC GTC
ATA CTC CTG CTT GC-3' . &M Efabrik 3 4
AL, R 2 MR TR E R

1.8 it 43 ] SPSS 20.0 #7402
SATe THETORILL x£s Fon, SR AR
AR Ty 22081, RegekKiE (o) 4 0.05,

2 # R
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VS BT Wm0 @ A ol K 1 PR, %8
FXTRRZH . hucMSC-_L 8 41 K BR8P I v A )
G BEBUIMNIARES:, FIrERNE, $nEs
/b HPTEAAHE; hueMSC-ZMNRB AL KLY
HPTWmRT G RAE, B BOMIEGESL, Brdst
AHEK, HnmtaEEL, giraams, 897
PROE I BT

El1 Micro-CT Hiti YR EHKX R BRI SHER
Fig1 Healing of bone defect of rats in each group by micro-CT

A: Control group; B: hucMSC-supernatant group; C: hucMSC-exosome group. CT: Computed tomography; hucMSC: Human

umbilical cord mesenchymal stem cell
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A, S B, Birma AU ;
hucMSC-FMIAMALH I B H W S AT 2%, T AL
SERRIETHE RIS, oA B/ NS I
HEAVE RN, s B a8, DA 2.
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Fig2 Healing of bone defect of rats in each group by H-E staining

A: Control group; B: huceMSC-supernatant group; C: hucMSC-exosome group. huceMSC: Human umbilical cord mesenchymal stem

cell. Original magnification: X 40

2.3 qPCR # M &4 K KB AR & A B 0 Rk
K-F  qPCR KIEEH /R, hucMSC-FhbiA4
KEBEHLH OCN, OPN, ALP. Runx-2 J:H Y
TR BT AR IR hueMSC- EiEd], 257
WHG T E L (P #<0.05) . ZENBHYS
hueMSC- i K B R g bR e N 1) Rk 2 57
YIEG#m L (P34>0.05) . WHE 3.

10 O hucMSC-exosome
0 hucMSC-supernatant
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o 8 T
B
=
.g 61 *
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Al :
%
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OCN OPN ALP Runx-2

3 qPCR&MZHKXRMBIREEEHRIAKE
Fig3 Expression levels of osteogenesis-related genes of
rats in each group by qPCR
hucMSC: Human umbilical cord mesenchymal stem cell; OCN:
Osteocalcin; OPN: Osteopontin; ALP: Alkaline phosphatase;

Runx-2: Runt-related transcription factor 2. "P<<0.05 vs control

group or hueMSC-supernatant group. n=3,x*s
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{5 RNA ( messenger RNA, mRNA ) | fif RNA

(microRNA, miRNA ) FIEEHBEIZ A0, &
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N Runx-2 S5 A bR R RIAACE e, 12
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