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Abstract

BACKGROUND: Mesenchymal stem cells, as seed cells in tissue engineering, have shown powerful curative effect for the treatment of osteoarthritis in the
past few decades, and many registered clinical experiments have been carried out in China. More studies have shown that mesenchymal stem cells that play a
therapeutic role in vivo release exosomes through paracrine function.

OBIJECTIVE: To compare the effect of bone marrow mesenchymal stem cell exosomes and umbilical cord mesenchymal stem cell exosomes on the treatment of
osteoarthritis.
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METHODS: Bone marrow mesenchymal stem cell exosomes and umbilical cord mesenchymal stem cell exosomes were isolated by ultra-centrifugation.
Nanosight, transmission electron microscopy, and western blot assay were used to identify exosomes. Chondrocytes were co-cultured with interleukin-1f to
simulate osteoarthritis in vitro. The effects of bone marrow mesenchymal stem cell exosomes and umbilical cord mesenchymal stem cell exosomes on the
proliferation, apoptosis and extracellular matrix secretion of chondrocytes were evaluated by CCK-8 assay, western blot assay, and gPCR. Collagen Il collagenase
was injected to induce rat osteoarthritis model and the efficacy of in vivo injection of exosomes was evaluated by macroscopic evaluation and histological
staining. The concentrations of interleukin-13 and tumor necrosis factor-a of joint fluid were examined by ELISA.

RESULTS AND CONCLUSION: (1) Both kinds of exosomes were cup-shaped or round-shaped with particle size of 105-120 nm, and expressed characteristic
proteins CD63, CD81, and TSG1010. (2) The yield and purity of umbilical cord mesenchymal stem cell exosomes were higher than those of bone marrow
mesenchymal stem cell exosomes. (3) Both exosomes could alleviate the inflammatory effect of interleukin-13 on chondrocytes, which was mainly manifested
in promoting proliferation, inhibiting apoptosis, and increasing the secretion of extracellular matrix. Among them, umbilical cord mesenchymal stem cell
exosomes had stronger cartilage repair activity. (4) After the treatment of both exosomes, the macroscopic performance and OARSI score of articular cartilage
were better than those of the control group, and the inflammatory factors in the joint fluid were decreased, among which the efficacy of umbilical cord
mesenchymal stem cell exosomes was better than that of bone marrow mesenchymal stem cell exosomes. (5) Results suggest that the yield and purity of
umbilical cord mesenchymal stem cell exosomes are higher than that of bone marrow mesenchymal stem cell exosomes, and the therapeutic effect of umbilical
cord mesenchymal stem cell exosomes on the treatment of osteoarthritis is better than that of bone marrow mesenchymal stem cell exosomes. Therefore,
umbilical cord mesenchymal stem cell exosome is more suitable as a new strategy for osteoarthritis.
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1 #EIFI753E Materials and methods
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1.3.1 Zif ACEHEN 75 T4 (BNCC100385), A Ji i i)
76 )5 T-41 g (BNCC100383) Al A - 41 g (BNCC339995) #4114
HabavA, S kGRS .
1.3.2 SZIGRFIANL S DMEM/F12 £535 55, JA2F 15 . 0.25%
5 (2 [F Gibco A F] ); RIPA ZLf# . RNase A, SDS-PAGE
FE R, BCA F A E &I &, CCK-8 W7 & (H
[E 285K ); HRTREHi{E CD63. CD81, TSG101. Calnexin.,
MMP-13, ADAMTS5. Sox9. Bax. Bcl-2( 3&[E Aabcam A 7] );
FTTREPIAAR COL 11, Aggrecan. GAPDH( £ [E Novus A ] );
I (R RS ) B A Bk FE RS (£ HE
Bio-Rad A F] ); ZLAMBULHUE R4t ( £ H Odyssey AF] ); &
2 B0 ML (25 E Beckman A ] ); 44K UKL IR BE 4 B AL
Zetaview( ff [F Particle Metrix A ] ).
1.3.3 szIeEhY) SD KR 12 W, MM, 4k & (200£10) g,
BENLSY N 3 4, fd 4 K, HEBTNERNR L5030 P 04
&, AEF=VFATIE S SCXK( %5 )2018-0001; i FH ¥F I HIE 5 :
SYXK( #4)2018-0001. i%zh¥) sk 4 il il 5t )M 44 B FHEE B
BN T2 TR 2= AL .
1.4 £7Hik
1.4.1  AMBPRIISREL  PERRAH I I RN B AR B
10% it 4 il 1% 75 8 5 % 1) DMEM/F12, 41 ks 77 3 5%
N 37°C, RS ECH 5%CO, WF E 4 .

5 3 48 UMSC I BMSC filt & Ji %) 80%, % 3% 48 h J5 i
45 B35 200 mL, 4 ‘CHEE 2 000xg 250> 30 min J5 2 BRUTIE,
W& i 20 000xg B0 60 min J5 ERRUTTE, I Fik;
100 000xg > 60 min, &2 L, UWERSTE; U
¥E ] PBS HiB%, 100 000xg &> 60 min, HE{8F i, &
JE ¥R IUTE LA 100 uL PBS Bk, 43%¢, -80 TRt
1.4.2 ANBMARI % e

(1)Nanosight 6l 7} A 1A (R A2 FIR FE K PBS F B U
(1AM IR S 35, FEZE12 N Nanosight 23 BT 4, W
SRTIIARBIZE, I GOKRL T BRER 2 A kA 34T 437
T H BRI PR KN B R B

(2) B S BB SNM A TS K 2 mL PBS A5 b
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MR BSOS PR, IR 1 SO SRS BN IMAFE R
10 pL, AT 2 mm SR L, =R T E S5 min
J& FHIEAR 2 R R TR 2, TN 3% BEES RN VA T S =
BT, B ERBWEE I E A .

(3) Western blot 4l 71 s R 11 28 1 1Rk 7E ANk A
HOI A AR ) 40 M 2, AEUK BB B 10 min, 4 CHE
'~ 12 000xg B0 10 min, I EiEMREASMNB AR E . BLH)
12% (1) 50 T 05 ok Fc 4t e FELIK 20 B R iR 4 I, b FE = R AL
100 g, 80 V Hi ¥k 2 h, 200 mA ¥ 1 h, B4 PVDF JEIZE7E 5%
g 1 h, 4 CR &P E —$0 CD63. CD81. TSG101
1 Calnexin 1 %, PBST 3% 3 )5 37 CH&E —Hi1h, HH
PBST Pt 3 Wk, el ECL AL KOG RS HEATHINE
1.4.3  BCH A I GE 5L 5 (CCK-8) i 4H i LA 3 000 4™ / FL
[R5 LR T 96 4L, H 10 pg/L B4t/ 3% 1B(P6470,
=R, TE) FUAEEE 24 h BLE T RIAEE, RJE 4RI
1x10° JkL /mL [P RPN A, RERHSI 1 IR, FBITESE 1,
2, 3, 4 RKFFATHMIGEE TR, FFFLINA 20 pL CCK-8 ¥
W (C0037, AR, W), 4L E 2h, HEEORN &
FLTE 450 nm 3K Ab 1RO FE AR 2 il bR v T 42
1.4.4 204 RNA FIHREC S0 g L 1x10° A / FL& B 2
T 6 fLAR, H 10 pg/L FI4HAA 2 1B TiALEE 24 h, SR)5 4
BN 1x10° UKL /mL (RSB ARE IR 3d, FFdahiaRde,
PBS Pk 3 I, $4fF 5x10° MHMLAIA 1 mL Trizol, EIRAT
Byt HRE EP Erh, fELElin 200 pL &4 / 1 mL Trizol
JEl Z14R 7% 15 s, # B 3 min J5 12 000 r/min & > 15 min;
BEBKAMAN SRR TN, BEHA, 4 CHRET
12 000 r/min B> 10 min; JUIE N SRR 1) TE /K £ B
Trizol Yk UTEE, 7 600 r/min B0 5 min; [ FJ&, 13 RNA
T4 05, fIN 20 puL DEPC 7K VA AEYTIE %% F
1.45 SE I 2% % & & PCR - # #% PrimeScript™ RT-PCR kit
(TaKaRa, H1[H ) 0B 154 RNA 5% & B cDNA, $ZHEDLR
SRS A AT S 5 8 B PCR J: 95 °C 3 min; 95 °C 3's,

60 ‘C 30s, 40 MEIF: LL GAPDH fE Py 2, R4 27 fi

THE SR RIL . SEEGDTFHINER 1.

#1 | BEE3IHFG

Table 1 | Primer sequences of each gene

FHE K] 751 (5'-3)

Aggrecan Forward: ACC AGA CTG TCA GAT ACC CC
Reverse: CAT AAA AGA CCT CAC CCT CC

Sox9 Forward: GCC TCT ACT CCA CCT TCA CC
Reverse: GTA GAC GGG TTG TTC CCA GT

coL I Forward: ATT GCC TAT CTG GAC GAA GC
Reverse: GCA GTG TAC GTG AACCTG CT

MMP-13 Forward: GCA TTG GCT GAG TGA AAG AGA C
Reverse: ATG ATG AAC GAT GGA CAG ATG A

ADAMTSS Forward: ATG ATT CGC CTC GGG GCT C
Reverse: GCA CTC TCC GAA GGG GAT CT

Bcl-2 Forward: TCT CAT GCC AAG GGG GAA AC
Reverse: CAA TCC TCC CCCAGT TCA CC

Bax Forward: TCA AAC CCT GCC CGAAACTT
Reverse: TCA GAT GCC GAA GTG TGT CC

GAPDH Forward: ATC TGA GCA GGT TGC TCC AC
Reverse: GGC CCT TTA CAC TGT GAG CC
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1.4.6 SD KRUE R RERE K 12 H SD KRBENL
N34 R (n=4). BMSC-Exos 4. (n=4). UMSC-Exos #H (n=4).
L 20 mg/kg FIEE (193 B LG22 B0 MR R IR TR R R, DRV i P v A
0.5 mg 11 B4JI J5 /i (C8000, Z3KH , H I ) A4 i %y RAFAY,
ARG 1 IS B3 S 10 pl ¥ PBS. BMSC-Exos(1x10™ i
Fi /mL) FIl UMSC-Exos(1x10" ik /mL).

TEZE 4 FFES G 3 d AFE R, WA GO s
HEHAT N5 Hr .
1.4.7 KATHH A4/ 3 1B ARIRSE T a K RE R
K EICAE 200 pl 53, 2 000xg 250 10 min JGHL i, 4R
J5 i@ T Rat IL-1B ELISA Kit(P1303, =77, H[E ) F1 Rat TNF-a
ELISA Kit(PT516, FHzw K, ) a7 @oer U OC 55 v Hh 1 4
3R 1B AR IR IEIA T a Ko
1.4.8 MUY KRPCE AL AT 100 g/L £ HE[E
SE 24 h, JH EDTAERGRNES 4 B, S ERKE, BT
AW, VIRCS um TS B, BT I AR - et
(E607318, L-igAE T, hIE ) AIF KA 5 Y 4 (E670105, Liff
AT, R ED BANEEA H 2 4 W5 R B VT OARSI P47 o

OARSI P73 42 [l B G715 KA T8 5 22 5 il VA B 55
KRR AR bR, VRO O ™ E M 0
P RERMTPE, WETE; 149 RKERMKZT4E
e HANS): 29 WERTAES:, tFA4MEE, &
I - 25 Y s b: 3 % WHEERY a2
SRR 4 9 B RMINE, TR L T 5
P RHEFIML; 6% RTEE.
1.5 EZMEIEE OSBRI EEER; QMBI &
FIAEE; @AM AR P A0 RIS P IR s @AM AT B 56
RN BRIEITER -
1.6 “itFE a4t fiiH] SPSS 19.0 FAF AL & Wik, THE %
BEUL Xes Fom, S FHAERC G ¢ 46 36 B A 9 2H B8040 [ 1) 22 5=,
KHBREFE T Z oW g 2 HER M ZE R, P<0.05 %
A REERE L.

2 Z5ER Results

2.1 SPabiReg 45 R BMSC-Exos Fl1 UMSC-Exos 1% 5 B
B R ¥ o LAY [ R BUMOIR, WL E] 1A; Nanosight
7R P B A WA A (1) B 4% #4) 7F 60-150 nm 2~ [A], UMSC-Exos Lt
BMSC-Exos [ B #2 W& /N, W, & 1B; Western blot & Il & 7=~
BMSC-Exos Fil UMSC-Exos 1) 335 SNBSS F 25 11: TSG1010.
CD63 fll CD81, A Fik Calnexin &1, WE 1C; FiRgEHEE
A AN A SR E R ) o

2.2 ShabAR FE R A A ANBRTE B = MR R
# /40 M S %, BMSC-Exos 7 &y (2 488+63) Ml ki / 4 fifd,
i UMSC-Exos 7= £ iy (3 539+125) i ki / 41 e, UMSC 41 Jiig
o3 WA AN UAA IR BE J) 58T BMSC(P < 0.01), WL[E] 2A; bk fA 4l
J& = A1 Wb AR R 2 K / AW MR R 1 B, BMISC-Exos 40 H
(2.6£0.13)x10" Fiki /ug, 1M UMSC-Exos 4fi &y (3.5+0.11)x10 i
Hi /ug, UMSC ZMA 4% = T BMSC(P < 0.01), L& 2B; |
R TR UMSC TEAMIAA 1 7= /L A4l fE )5 T #4558 T BMSC.,
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Figure 1 | Identifications of exosomes
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Figure 2 | Yield and purity of both exosomes
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Figure 3 | Effects of both exosomes on chondrocyte activity
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Figure 4 | Therapeutic effect of both exosomes on osteoarthritis in rats
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AR H A ST AN 22 M FE A 4 B VI U SE, - HLAE A FEHUbR
AR RIS WA SRV A, AR N I RO DR T 4
KRBT B AVNZALR SRR NG R ER. Fit,
A AN BA W A A, Rd G R TR
BT B> TR

3 i}if Discussion

H Al C A7 22 Tl RV IR 56 BT 7 18 76 R T4 st A1k %
et B AT RBOR, SRR ARG 7%, AR
B2 (4L, B0 FE T AR 20 B S P A0 B ) 8, 40 ) % A7
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