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[ Abstract] Objective: To investigate the effect and molecular mechanism of exosomes derived from bone marrow

mesenchymal stem cells (BMSC-exos) modified with Bushen Yisui capsule (BSYS) -containing serum on promoting the

[ BAH]  2025-04-18
[(E€WHE] ERARMEEIH(82274450)
[E—EE] XUERE AR, Wb B 25 B 1A 5 19 D5, E-mail : liusisi@mail. ccmu. edu. cn
DEEMESE] T B8 W 202 A 0, DN v B 24 B 36 W93 A9 0F 8, E-mail : tmwangl@cemu. edu. cn
- 115 -



531 %4 20 1) hESREHFFFERE Vol. 31,No. 20
2025410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2025

differentiation and maturation of OLN-93 oligodendrocytes by regulating miR-15b/Wnt signaling pathway. Methods: OLN-93
cells were divided into 5 groups, including the normal(NC) group, BMSC-exos group, BSYS-BMSC-exos group, BSYS-BMSC+
LV-miR-15b-5p inhibitor-exos group, and BSYS-BMSC+LV-miR-15b-5p NC-exos group. DiR staining was used to observe the
uptake of Exos by OLN-93 cells. The effective dosage of BSYS-BMSC-exos on OLN-93 cells was assessed by cell proliferation and
activity assay (CCK-8). Stable BMSCs lentiviral transfection strains were established to inhibit miR-15b-5p expression in both
BMSCs and their exos, and transfection efficiency was verified by real-time fluorescent quantitative polymerase chain reaction
(Real-time PCR) detection of miR-15b-5p. The expressions of 2”, 3’ -cyclic nucleotide 3’ -phosphodiesterase(CNPase) and myelin
proteolipid protein(PLP) in OLN-93 cells were detected by immunocytochemistry(ICC) and Western blot. The mRNA expressions
of miR-15b-5p and Wnt3a in OLN-93 cells were detected by Real-time PCR, and the protein expression of Wnt3a was measured by
Western blot. The expression levels of key molecules in the Wnt/B-catenin signaling pathway of OLN-93 cells, including glycogen
synthase kinase( GSK)-38, B-catenin, and T-cell specific transcription factor 4/transcription factor 7-like 2( TCF4/TCF7L2), were
measured by Real-time PCR and Western blot. Results: DiR-labeled Exos were efficiently taken up by OLN-93 cells. The CCK-8
assay results indicated that 20 mg-L" of BSYS-BMSC-exos exhibited the most significant effect in enhancing OLN-93 cell viability
(P<0.01) and this dosage was selected for subsequent experiments. Following lentiviral transfection of BMSCs, Real-time PCR
results revealed that miR-15b-5p was significantly suppressed in BMSCs(P<0.01), and miR-15b-5p was also notably inhibited in
BSYS-BMSC-exos(P<0.01). ICC analysis further revealed an increase in the number of differentiated, mature CNPase and PLP-
positive cells following BSYS-BMSC-exos treatment (P<0.01). Western blot results demonstrated that the protein expression of
CNPase and PLP was significantly enhanced with BSYS-BMSC-exos treatment (P<0.01). Additionally, BSYS-BMSC-exos also
increased the expression levels of miR-15b-5p and p-B-catenin proteins in OLN-93 cells, while decreased the mRNA and protein
expressions of Wnt3a, as well as the mRNA expressions of B-catenin and TCF4/TCF7L2, and the protein expression level of
p-GSK-3B8(Ser9) was significantly reduced (P<0.05, P<0.01). After the transfection of miR-15b-5p inhibitor into BSYS-BMSC-
exos, the above effects were significantly diminished (P<0.05, P<0.01). Conclusion: BSYS-BMSC-exos facilitate the
differentiation and maturation of OLN-93 cells, and its mechanism is related to the upregulation of miR-15b-5p in OLN-93 cells,
which inhibits the expression of Wnt3a and thereby suppresses the Wnt signaling pathway.

[Keywords] multiple sclerosis; Bushen Yisui capsules; bone marrow mesenchymal stem cells-derived exosomes; OLN-93

oligodendrocytes; microRNA ; miR-15b/Wnt signaling pathway
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i, Sk EE 2R 9T MS R AR B B oY L L

1 ##
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H (B-catenin) HL 1A . p-B-catenin T {4 . T 41 g 45 5 14
B S R 4/ s 7 7 258149 2(TCF4/TCF7L2) $it
(3% B CST & #], #it %5 43 5l 24 2721T . 12456s.
9323T . 8480s.9561s.2569s) , /b 5 JIit ot 40 Jifd 5% 3% A
T 2(0lig2) Hr A . H i % -3 i i &0 (GAPDH)
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a3 R & (b [ R SRR I B R A R A | L 4543
B2 C1053 \P1511-1) , 45 11 il 0 12 1 417 1 57 ¥R &
(il JH A, 505 ) i) (b [ B2 = RAEWHARAR L
Al b5 P1045) , mRNA ¥ 55 58 i 57 & & Real-time
PCR A & . miRs ¥ §% 5% i 7] & M Real-time PCR
T 7 A (o B o o R AR BB R A BR A AL i
2y % R323-01., Q712-02, MR101-02, MQ102-02) ,
TRIzol 2. RNA il #2157 ( 32 E Thermo Scientific 23
AL, H5 15596018) .

/NELUBMSC 48 i ([ 260 E W R ECA IR A
AL A5 MUBMX-01001) , OLN-93 /b5 Jiit Jiit 41 Jits &
(o E o9y g3 AR A RA A, IS
BNCC359390) , 4 fg %l P6~P10.

SPF 2% SD M K [, 7~8 Ji % , 7K i & 250~
320 g, b ot 458 R AR LR Sh W B R A BRA R A
F&IE 5 SCXK (5 )2021-0006, IF 4 3 ¥ 1) 3% F &5 #F
BE B} K24 5200 B ) 0 SPF 4% [H R bk vE S I 2, 52
56 1 A IE 5 SYXK (52)2021-0030. 2 4 1 ke 51
5 ao R ™ SN S AR R AR R S R A
HB R B K 2 Bl Wy S g K S Bl A R = B4
HEAE 1€ BE5 AEET-2020-181
2 Ak
2.1 BSYS &G BSYS & 2 1% il %
2 2 A AL I A 9250 05 vk % SD R RUBE L
4y RS P TE 4L A BSY'S & 245 1fi 15 41, A 40 25 H )
. BSYSHAIMEHARREHT2RKEBRL T
BSYS(11.7 g-kg"), %5 H ML i 2H K B L4 1w 25 18 7K
R, EETdRIES 1R, RIRGZE 2 h, ¥ KR
HEAT 5 580 HE W A PR 5, Bt S 3 2o i 3 st kR o,
B 4 hJ5 E 0 (3 000 remin”, .0 15 min, &0 2F 4%
12.8 cm) , W 55 A 9 [Al 41 1M 3 , 78 A2 W 22 M
0.22 pm P8 A5 L U8 L% , BT -80 °CUKAH % H .
2.2 BMSCE W B A e R A SR 18k %
AR # % miR-15b-5p # ] % (LV-miR-15b-5p
inhibitor) 8% 4% 2k miR P X} B (LV-miR-15b-5p NC)
[ 95 BF , 95 BF 18 BE 43 9l A 5.0x10° TU-mL" A1 3.0x
10° TU-mL". A 405 A 40 52 90 0 7 19 s 27 JR% 4 52 4K
(MOTI){H M EWe 75 R i, IOV 20 A2 K 19 BMSC 21
JiL, LL 3.0 10°A/4L Y % B2 7 i 21 6 £L Az , BMSC 4
Jii 5¢ 4 85 37 B2 15 5% (DMEM/F-12+10%FBS+1%P/S)
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0 ANME 12 h, B O 1 mL Y R 7 B A R L
(LA 40 MOI{H 115 9% # A B1 ) #% J« BMSC 41 fitd 4 h,
ANINES IR I 1 mL 4k SE 55 G 24 h 5 g4 B 0 8
I e, e bR fE 8 SR BE 8E 9R 24 h, W58 B GFP
(LV.GFP) %t 3k, B 5 L AIF A 2 mg- L RIS
TR VER; 37 48 h, WAL LV.GFP % Y ik .
2.3 Exos (IR X} BMSC 18 %% 35 1 4t 19 £ & &
HEAT A% A IF H OB BMSC 40 Jf 5¢ 4> 85 3% 35 1% 3%
12 h, 4 A 10%BSYS 7 24 [fil 7% 15 57 48 h, LAk
A L3 1% 27 R BE R 9% 24 h USRI s TR, = % R
FZE I 0 O 3R M R S 0 Tk B B Exos,
3K 1% BSYS-%F # miR X} i exos (BSYS-BMSC+LV
miR-15b-5p NC-exos) Al BSYS-miR-15b-5p #II il
exos(BSYS-BMSC+LV miR-15b-5p inhibitor-exos) o
A A, BN B0 K 391 /9 BMSC 20 i, 2R FH 10% 25
IL7% 5% BSY'S 7 24 1L 35 5% 40 M 48 h, B 4 ky JC 4b
WA I3 B 35 R TS 55 24 h AR A E VSRS L
3k 159 25 14 BMSC-exos, BSYS & 2 Ifil 7§ & ifi 19
BMSC-exos (BSYS-BMSC-exos) , 1 7 £ -80 °C
#H .
2.4 YeBFRid Exos Ll Exos & WAL 5 DiR 4L B
TAE W = H o 10 1 A Yk T AR, 18 e IR 3%
JE A 37 °cCHEAR T T 30 min, BEF 45 RS N A
MR +h 2% v (PBS) 2% MR, 25 00 #2 B Exos D) £ BR
Z Yk, PBS 2% vl i R UTUEY) , 15 8] DiR Y (b
ICJ5 F Exos W , —80 °C MR IR VKA AR AE 45
2.5 CCK-8 it BSYS-BMSC-exos () # iF Bt X
B KB OLN-93 4 i, DL 1.0x 10" A~/ 1) % 1 42
5] 96 LA IFE R 24 ho K4 M5 Ry IE R (NC) AL AN
BSYS-BMSC-exos £ (2.5.5.10,20.40 mg-L") , f&
NC 44 HAx % 44 m A AH I 59 BSYS-BMSC-exos i
T 48 h, B 20 0T 4 Y 15 5% 5 F i A CCK-8 3K
10 WL 4RZE07 5 1 h, B A B R, 76 450 nm %
KM a2 AL O A BTSN =
(A segpn=A i) /(A=A 1) ¥ 100%5
2.6 Exos Tl OLN-93 4l il J2 5320  # OLN-93 4
4> - NC 4 . BMSC-exos 4 . BSYS-BMSC-exos
ZH . BSYS-BMSC+LV-miR-15b-5p inhibitor-exos 21 .
BSYS-BMSC+LV-miR-15b-5p NC-exos 2 . WX} %
A K W1 9 OLN-93 48 Jid |, #2 F 78 35 3% #l o, e A
37 °C . 5%CO15 724, L OLN-93 41 Jifd 5¢ 4 5 55 5
(DMEM+10%FBS+1%P/S) k% 3% 24 h, b J5 & ¥
OLN-93 4 il 43 1k ¥r 7% H& (DMEM+1%P/S) ¥; 5
72 h, ¥ b ik 4% 4 Exos L 20 mg- L™ 5 & 43 1] it 3
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OLN-93 4fi Jftl 1 45 5% 48 h.,
2.7 4 f 2 9¢ % (ICC) 52 46 46 ) CNPase Al PLP
HOGH B0 K W1 (9 OLN-93 41 iy, 4 18 2.6 S 56 73 41
PEAT 4525, T WSS R, 24 LR in A 4% 40 i & &
V2 I E 20 min, PBS W5 UEJS i A 0.5% TritonX-
100 7% % I8 & B 20 min, A 5%BSA £ [ = i
5 1 h, i AL ] 47 ) —$Ht CNPase(1:400) F1 PLP
(1:400), A 4 *COKFAMFE L . K A B BR—Hii
PR, PBS 2% th I ¥k , ke 6 A EE T I A ) 4 i —
P (1:200),37 CCHEAENIEE 1 h, BBk —HiJ5 PBS
% vPOWRCWE VL A RD O A DAPL I W = i # E
5min, MAPLK N KE R, B FROLBMET
WEEE 3 B 3 AN [a) L F 40 B, OF EAT G343 AT .
2.8 Real-time PCR#:M H A mRNA F£ik/KFE I
X B K B OLN-93 41 ifd , 4% 8 2.6 52 56 4> 41 45 24
J&i K J TRIzol 4 #E4T RNA $RHL . 2 IR 0 4 %3 7
& Ul B A5 61 BE A RNA 36 5% 5 8 cDNA, Bt il A%
20 L (4 2 AR 2, #E4T PCR Y14, 4514 95 °C Tii
P 30 5,95 °CAEME 10 s, 60 °Cil k 30 s, 40 1
. DL GAPDH M U6 K N2, R 22 Jr i 40 i7 L
BHM mRNA KL &, 51 b E 4R EYF
FABRAF S, 5P 50L& 1,
2.9 R A Bl ik (Western blot) #6301 H ) 45
FeIkKF HOWBUE K ) OLN-93 4 ifd , 44 1E 2.6
TN 3 AT 45 25 J5 HE AT SR 4RI, 6 LAl A A
N\ TBE i e 8 B G R B TR A D O R 1 RIPA 24 i
T, KT B 20 min J5 , 4 °C .10 000 r*min” & .0
20 min( B0 P42 10 em) 15 2] 13 R RIN SR H .
BCA K &A1 22 &, AR A LR vh iR gk A7 26
FAE P . 45 10% 9 PAGE B 5 , 38 5 H bk A g #
HFF i 5% 2 PVDF 5 I K PVDF A & 5% Mg
A ) B B LR P 1 b, BRSSO R S —
CNPase(1:4 000) .PLP(1:2 000) .Wnt3a(1:2 000) .
p-GSK-3B (Ser9) (1: 2 000) , GSK-38(1:2 000) .
p-B-catenin (1:2 000) . B-catenin(1:2 000) , TCF4/
TCF7L2(1:2 000) 1 GAPDH(1:10 000)#47 4 °CHi#
B, —PEF G, 40 € TBST b vk, 5 4H
(92 B % TgG BT (1:10 000) 88 2F 1 B 1gG $i 14
(1:10 000) ZE HHF & 1 h, I TBST 5 ¥ )5 , K 34 f ik
2R OCWE IR A L AR RO RR RGN &
WEOSEIFF IR A, H Image T E 4 K EE(H, LA
H i M5 N2 1 GAPDH (1 e Fn 4% 240 B 10
AR R
210 il 245 #r R A GraphPad Prism 8.0 i 17
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Table 1 Primer sequences
GiEY] JFHI(5-3") K /bp
B-catenin 3 TGCCATCTGTGCTCTTCGTC 151
i CAATCCAACAGTTGCCTTTATCAG
TCF4/TCF7L2 i GGCTCAAATGTAGAAGACAGAAGTAG 108
T GCTAGTCATGTGGTCATAGGGAGT
Wnt3a f CCCAAGAGCACAGAAGAGGAA 133
T TTTGTCTAAATCCAGTGGTTAGTGG
miR-15b-5p Wik 5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTAAA
1 CGCGTAGCAGCACATCATGG 66
Tt AGTGCAGGGTCCGAGGTATT
GAPDH - CTGGAGAAACCTGCCAAGTATG 138
T GGTGGAAGAATGGGAGTTGCT
U6 F i CTCGCTTCGGCAGCACA 94

T AACGCTTCACGAATTTGCGT

BE ge i Mg B BUE A A A 3 A I SR R
Rl EmHr, iR R L x+s £, Tukey's HSD £
B L 20 R) 22 5 5 R A A IR AR ISR R N
Rk, P<0.05 0 22 8 Geit s L.

3 &R

3.1 Exos# OLN-93 4 fii £y T WL %¢ BMSC-
exos il BSYS-BMSC-exos A&7 2/ F T OLN-93 4
Jif , DiR 4% (%, ¥ i Exos, Olig2 4 {%, 45 iC OLN-93 4]
M. 9% 6 WL EE & B, DR 21 0 % ) A5 30 19 BMSC-
exos fll BSYS-BMSC-exos fig # OLN-93 4 i 1§ 75 ,
IFTEMIN B, WA L.

3.2 BSYS-BMSC-exos [ ¥t & fifi £ CCK-8 4 i
SR BIR S NCH L, S B0 10 mg- L' 4141
Jid 3% 77 BA &2 FF & (P<0.05) ,20.40 mg- L™ 41 40 ffg 7%
J B FEFE(P<0.01). 52.5.5.10 mg- LB E4H
F %5, 20 mg-L" () BSYS-BMSC-exos ] B i 4% &5
OLN-93 41 it 1 3% 71 (P<0.05,P<0.01),5 40 mg-L"
20 LB 2% S e g ot . R H BSYSS-
BMSC-exos & 20 mg- L™ B9 i i ¥k £ 47 F — A 5¢
3.3 18 B 5% Y 1Y BSYS-BMSC-exos H' miR-15b-
Sp Al Xk BMSC 12 ik 7 4% Yt 25 48 miR X B4
(BMSC+LV-miR-15b-5p NC) #ll BMSC 2 i} 7 #% 4t
miR-15b-5p 1 #1 (BMSC+LV-miR-15b-5p
inhibitor) # AT 9 EUEE , 45 4 W78 LV.GFP 2¢ G FH M
MR E R A A KRS R 4F . Real-time PCR
I BMSC 4 M rhois 35 (0 3 e s R 25 R R L
BMSC+LV-miR-15b-5p NC 41 % , BMSC+LV-miR-
15b-5p inhibitor 1 H' miR-15b-5p At 3¢ 3k % . 25 70 1

DiR

Olig2

DAPI

Merge

A B
¥ : A.BMSC-exos 41 ; B.BSYS-BMSC-exos 41 ; %i 3 1§ Exos 7E
OLN-93 4 fiil ] 5 4
1 OLN-93 4 A2 3§ EX BMSC-exos #1 BSYS-BMSC-exos
(1CC, x400)
Fig. 1 OLN-93 cells uptake of BMSC-exos and BSYS-BMSC-
exos (ICC,x400)

(P<0.01), £ B B T # 57 7 BMSC 18 9% 5 5% Y Fa i

. ¥ — 2 Real-time PCR £l BSYS-BMSC-exos

R T RO . A5 R B, 5 BSYS-BMSCH

LV miR-15b-5p NC-exos 41 It # , BSYS-BMSC+LV
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&2 HEOLN-93MAHIE N1 b3 (x5, n=4)
Table 2 Comparison on OLN-93 cell viability in each group(x+s,
n=4)

%3 LV-miR-15b-5p ## BMSC fJ miR-15b-5p RiLKF (¥ + 5,n=3)
Table 3
transfected BMSC (X+s,n=3)

Expression levels of miR-15b-5p in LV-miR-15b-5p

4151 J 4k v BE /mg - L HHHETE T3 /% 4151 miR-15b-5p
NC# 100.00+5.04 BMSC+LV miR-15b-5p NC 4 1.050.04
BSYS-BMSC-exos £ 2.5 102.60+8.44 BMSC+LV miR-15b-5p inhibitor 41 0.52+0.04"
5 122.80+4.75 7 : 5 BMSC+LV-miR-15b-5p NC 41 [ % ' P<0.01
10 136.60+7.10"" .
R £ 4 LV-miR-15b-5p % 3t BSYS-BMSC-exos B miR-15b-5p & i%
20 171.50+22.20% %57 -
IKE (x+s,n=3)
40 160.40+25.824%

T 5 NC 4 A P<0.05,7 P<0.01; 5 2.5 mg+ L' BSYS-BMSC-
exos 41 F 5 P<0.05, % P<0.01; 5 5 mg-L"' BSYS-BMSC-exos 41 Ht
' P<0.05,P<0.01;5 10 mg- L' BSYS-BMSC-exos 41 [t 4 7' P<0.05

miR-15b-5p inhibitor-exos H [} miR-15b-5p 3 ik #f
B E M H(P<0.01) , & B8 9% B 5% Y4 J5 52 B Exos
H A miR-15b-5p L 0] DL gl A R il o DI 2.5k 3
4,

A B
1 : A.BMSC+LV-miR-15b-5p NC 4 ; B.BMSC+LV-miR-15b-5p

inhibitor £

E2 LV-miR-15b-5p ¥ BMSC B3 3£ %% (1CC,*x40)

Fig. 2

BMSC (ICC,x40)

Fluorescent expression of LV-miR-15b-5p transfected

£5 &HOLN-934H CNPase 1 PLP B PE 4R K1 (x+s,n=3)

Table 4 Expression levels of miR-15b-5p in LV-miR-15b-5p

transfected BSYS-BMSC-exos (x+s,n=3)

21 5 miR-15b-5p
BSYS-BMSC+LV miR-15b-5p NC-exos 41 1.02+0.03
BSYS-BMSC+LV miR-15b-5p inhibitor-exos 1 0.2240.09"

1 : 5 BSYS-BMSC+LV-miR-15b-5p NC-exos 41 [t 4% " P<0.01

3.4 BSYS-BMSC-exos X} OLN-93 il iff CNPase #ll
PLP Rk M NC 41, OLN-93 4 jifd &= % 2 3t
O3B A A A g > . S NCA L,
7£ BMSC-exos fll BSYS-BMSC-exos T il J7 , 431k 1k,
A 20 B AR R R ERTE S AR R R
5 NC 4t #% , BMSC-exos 41 #1 BSYS-BMSC-exos
2H b o3 Ak R A Y 40 i %Y & 3 22 (P<0.05, P<0.01) .
5 BMSC-exos 4H H. % , BSYS-BMSC-exos 20 H 431k
J 3 A TR () 20 AR ] B S 22 (P<0.05) o T A
miR-15b-5p # il ¥ J5 , 5 BSYS-BMSC+LV-miR-
15b-5p NC-exos 41 [L % ,BSYS-BMSC+LV miR-15b-
5p inhibitor-exos ZH H1 43 £k B 2 1) 48 L KK B 3 R
flk(P<0.01), WFES5. K3 &4,

Table 5 Positive expressions of CNPase and PLP in OLN-93 cells from each group (x+s,n=3) A
2H 5 J ¥ /mg- L CNPase 2 Jift PLP* 4l iy
NC 4] 13.67+2.08 15.33+4.51
BM SC-exos 41 20 21.33+3.22" 25.33+1.53"
BSYS-BMSC-exos 4 20 30.33+1.53%Y 36.33+3.06%
BSYS-BMSC+LVmiR-15b-5pinhibitor-exos £ 20 20.00+2.00°¢ 17.67+4.04°%
BSYS-BMSC+LVmiR-15b-5pNC-exos £ 20 31.67+4.16% 34.00+2.65%

5 NC4L L # Y P<0.05,2P<0.01; 5 BMSC-exos 41 [t 48 ¥ P<0.05,% P<0.01; 5 BSYS-BMSC-exos 21 4 ¥ P<0.01; 5 BSYS-BMSC+LV-

miR-15b-5p NC-exos £ H. 4% © P<0.01( % 6-% 10[7])

3.5 BSYS-BMSC-exos X OLN-93 4 i CNPase #/I

PLP &E H £ XA Western blot Z5 S B /x , 5

NC 41 kb # , BMSC-exos 41 #1 BSYS-BMSC-exos 41

fi) CNPase fll PLP 3% ik i 3% 14 58 (P<0.01) . 5

BMSC-exos 4 .4 , BSYS-BMSC-exos 41 # CNPase

FIR B I (P<0.05) , 1M1 %% 75 %% 4% miR-15b-5p
<120 -

W # ¥ )5 ., 5 BSYS-BMSC+LV-miR-15b-5p NC-
exos ZH H.# , CNPase Al PLP ) i 2 i #% miR-15b-5p
B0 T BR L 22 A G R L (P<0.01) . UL
FoME S,

3.6 BSYS-BMSC-exos ¥ OLN-93 4l ffl #H miR-15b-
S5p Al Wnt3aFRiAHI M Real-time PCR A il 45 5 5.
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7 ANC 4] ;B.BMSC-exos 4 ; C.BSYS-BMSC-exos 41 ; D.BSYS-BMSC+LV miR-15b-5p inhibitor-exos £ ; E.BSYS-BMSC+LV miR-15b-5p
NC-exos 21 (4 4-F 7 [7] )
B3 &4 OLN-93 4ff s CNPase AR X ER (1CC,*x400)
Fig. 3 Positive expression of CNPase in OLN-93 cells from each group (ICC, x400)

PLP . . . . .
.
: . . . . .
- . . . .
.~
A B C D E

El4 &4 OLN-93 A PLP PR IZFE R (1CC,*400)
Fig. 4 Positive expression of PLP in OLN-93 cells from each group (ICC, x400)

N, 5 NCH 3 ,BSYS-BMSC-exos 8. % F i miR- H miR-15b-5p i & 3 18 (P<0.01) A1 Wnt3a B I &
15b-5p i F 3k (P<0.01) , H & 3 P AL Wnt3a () £ ik ik (P<0.05) . i % % miR-15b-5p ¥ &l ¥ 5 , 5
(P<0.01),1fif BMSC-exos {{[# Mk T Wnt3a [ ik (P< BSYS-BMSC+LV-miR-15b-5p NC-exos 4 It % ,

0.01), 5 BMSC-exos#H % ,BSYS-BMSC-exos 2H BSYS-BMSC+LV miR-15b-5p inhibitor-exos H iX —
<121 -
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£6 &HOLN-934H CNPase 1 PLP B B KA (x£s,n=3)
Table 6 Protein expressions of CNPase and PLP in OLN-93 cells from each group(x+s,n=3)
20 51 e e B /mg - L CNPase/GAPDH PLP/GAPDH
NC 4 1.00+0.23 1.00+0.08
BMSC-exos 7 20 1.76+0.16> 1.30+0.12%
BSYS-BMSC-exos 41 20 2.18+0.16>% 1.44+0.09”
BSYS-BMSC+LV miR-15b-5p inhibitor-exos £ 20 1.17+0.16° 1.05+0.05%%
BSYS-BMSC+LV miR-15b-5p NC-exos 2 20 2.28+0.237 1.55+0.09”

CNPase =~ s SN S s D,

PLp A . —— .

A g a—-— - — -

A B C D E
5 &4 OLN-93 4 ffi i CNPase #1 PLP i) & B R X M ik
Fig. 5 Electrophoresis of CNPase and PLP proteins in OLN-93

cells from each group

S E AR AL 35 5 (P<0.01) . IR Ah, 4541 OLN-93 4
M Wnt3a 98K [ F b 45 B #5 Real-time PCR 4%
REM—F, WRT LKA 6,

3.7 BSYS-BMSC-exos % OLN-93 4ff ity ' B-catenin
Ml TCF4/TCF7L2 mRNA % ik B9 52 il Real-time
PCR A 25 5 8 7%, 5 NC 4] L %% , BMSC-exos Al
BSYS-BMSC-exos ] B i [ Ik B-catenin mRNA [
57K (P<0.05,P<0.01) ,BSYS-BMSC-exos ifs AJ
[% Ik TCF4/TCF7L2 mRNA (1) % 35 7K F (P<0.01) .
5 BMSC-exos 4 % , BSYS-BMSC-exos A] [ ik
TCF4/TCF7L2 mRNA ) 35 ik /K F (P<0.05) . %% Y
miR-15b-5p # ] /5 , 5 BSYS-BMSC+LV-miR-15b-

£7 &4 OLN-934M+ Wnt3aEAMRIKKE (3+s,n=3)
Table 7 Protein expression of Wnt3a in OLN-93 cells from each

group(x+s,n=3)

45 R ¥ /mg- L' Wnt3a/GAPDH
NC4 1.00+0.13
BMSC-exos 41 20 0.72+0.05"
BSYS-BMSC-exos 2 20 0.46+0.10>
BSYS-BMSC+LVmiR-15b- 20 0.91£0.09%
Spinhibitor-exos 4]
BSYS-BMSC+LVmiR-15b- 20 0.48+0.09%

5pNC-exos 4

oo -

GAPDH WS S Sl S S
A B C D E
6 %% OLN-93 4fish Wnt3a B & B RE Bk
Fig. 6 Electrophoresis of Wnt3a protein in OLN-93 cells from

36 kDa

each group

5p NC-exos 41 I # , BSYS-BMSC+LV miR-15b-5p
inhibitor-exos ZH #' B-catenin fll TCF4/TCF7L2 AY 3
KK 25 [ T (P<0.01) . WL 9.

*8 &L OLN-93 4 H miR-15b-5p F1 Wnt3a mRNA FI R LK T (x+s,n=3)
Table 8 miR-15b-5p and Wnt3a gene expression levels in OLN-93 cells from each group (x+s,n=3)

215 JF R /mg - L miR-15b-5p Wnt3a
NC# 1.00+0.00 1.07+0.07
BMSC-exos £ 20 1.11£0.09 0.76+0.02%
BSYS-BMSC-exos 41 20 1.56+0.11>% 0.52+0.03%"¥
BSYS-BMSC+LVmiR-15b-5pinhibitor-exos £ 20 0.85+0.10%% 0.95+0.17>¢
BSYS-BMSC+LVmiR-15b-5pNC-exos 41 20 1.35+0.10% 0.56+0.04

3.8 BSYS-BMSC-exos X OLN-93 41 fit§ " GSK-38
F1 B-catenin £5 [ #2 iK1 52 W Western blot 45 5 i
7N, 5 NC 4 F %, BSYS-BMSC-exos 1 p-GSK-38
(Ser9) # ik F# ik (P<0.05) , p-B-catenin [ % ik i & 7t
& (P<0.01), 5 BMSC-exos #H [t % , BSYS-BMSC-

exos 1111 p-GSK-3B(Ser9) 7 ik B IX fil p-B-catenin [
<122 -

Fik T (P<0.05) . SR, %% 44 miR-15b-Sp Ml )5 ,
5 BSYS-BMSC+LV-miR-15b-5p NC-exos 2 [t 5 ,
BSYS-BMSC+LV miR-15b-5p inhibitor-exos 41
p-GSK-3B (Ser9) & ik W & 2 vl F (P<0.01) ,
p-B-catenin (Y Fi5 BF FEAL, 22 7 A Gi 127 8 L (P<
0.01), W 10.Kl 7,
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#9 #&4HOLN-93 4 ff i B-catenin 5§ TCF4/TCF7L2 i) mRNA RiAKTF (5+s5,n=3)
Table 9 Protein expression levels of B-catenin and TCF4/TCF7L2 in OLN-93 cells from each group(x+s,n=3)
2 53] J e B /mg - L B-catenin TCF4/TCF7L2
NC4l 1.00£0.00 1.01+0.01
BMSC-exos 41 20 0.72+0.09" 0.85+0.05
BSYS-BMSC-exos 41 20 0.49+0.06” 0.58+0.13%%
BSYS-BMSC+LVmiR-15b-5pinhibitor-exos 41 20 1.04+0.17°° 1.03+0.05%°
BSYS-BMSC+LVmiR-15b-5p NC-exos 41 20 0.55+0.10” 0.62+0.14%

x10

£ 43 OLN-93 40 il th GSK-3B #1 B-catenin I T B RIEKFE (¥+s5,n=3)

Table 10 Protein expression levels of GSK-38 and B-catenin in OLN-93 cells from each group (x+s,n=3)

215 J b VR ¥ /mg - L p-GSK-3B(Ser9)/GSK-38 p-B-catenin/B-catenin
NC#4 1.00+0.17 1.00+0.05
BMSC-exos £ 20 0.94+0.05 1.14+0.07
BSYS-BMSC-exos 4 20 0.64+0.05" 1.91£0.26>%
BSYS-BMSC+LVmiR-15b-5pinhibitor-exos £ 20 1.05+0.12%° 0.92+0.20%%
BSYS-BMSC+LVmiR-15b-5p NC-exos £ 20 0.59+0.11% 1.95+0.44%
P-GSK-35(Ser9) M. M e M e 46 KkDa e N R AL TR AR A R 2 LE T
GSK-38 - - - - - 46 kDa Exos E@f?ﬁﬁi%lﬂ HlﬁXd‘ MS E@Yﬁﬁ'féﬁ'ﬁzﬁﬁ , Exos
N N Vi
e prtenin W D QD S @ 210 114 28 9y 0P 1 7 ) % 26549046 3 49 Exos 41 fef
HE— 5 % 1 AT 3507 BRART . 5%
st S G )0 it iiﬁ”;ﬁ?ﬁ%ﬁfﬁwwh AR5
i i 41 i 52 5%, R H BMSC-exos Il BSYS-
GAPDH e D SND SN 4 56 =

A B C D E
E7 %% OLN-93 Z8fh GSK-38#1 B-catenin B T B R X Bk
Fig. 7 Electrophoresis of GSK-38 and B-catenin proteins in each
group of OLN-93 cells

4 itig
MS By —Ffr 42 Bk R i R B AR 25 TH CNS A &
GV e HE R M AR A @R . H AT IR R
1B YT MS G2 i 1 22 >R F R 7 UG % e Ba 18 45 2)
Y, X 225 W) AR R A RO D R R R AE 2 R i
JR RT3 22 AN R RN A5 IR BE . Aok T B
SRR MS B I RAEIR R T T MS R -
PR B OROT BRI MS A% 0 5 AL
K7 M SR I, 45 G 2 IR IR IR T & 50 B 5T
T BSYS IR YT B R A MS 3, v AR A
i B A AT B JFURS 25 8 DAIA JLAS | il LA DL )
i R R KW A 08 A5 A0 P8 I I8 2% DLIA bR R B
T RRAHEIAR MR T B . I IR A 5 RN 5 56 A 5% &
W], BSYS TEiR T MS B A W 3 57 &5, % BSYS 7
A1 3 5 A 48 RN A O T AR A 98 1T oA IR YT MS
P 1 3R T S8
Eﬁaﬁ%'ﬂ,BMsc-exosﬂuvﬁ%Ms%
N7 A A AR X

IiE 2
B8 % 1ok Exos fE MS IR

BMSC-exos T 1l OLN-93 4 it , & ¥ Exos A {H W] LL
#% OLN-93 41 Jifd 45 ¢ , H. BSYS-BMSC-exos 1] L A5
R R OLN-93 4 il 1% 1) . 5 Z s tF 98 & AR A,
AW 5 & B BMSC-exos AJ LA F+ 5 OLs 431k 1l 24 A1
K4 [ CNPase F1 PLP [ % ik, I Ah , &5 BSYS T
il J5 19 BSYS-BMSC-exos I A8 i — 4 $2 & ¥4 7 4%
F, #78 BSYS-BMSC-exos 1] 14 5 OLN-93 41l ity 1Y
I
miRs E R — 2 M /N IR 90 65 RNA, 78 4 3
A 3o A v A e 45 A A T R TR R A i E AR
FHEY BT R 250 MS BBF 5T 32 2 56 7 miRs 310 &
NE 2N B9 T BE , 1 miRs 7F OPCs 431k Al 20 0 56 55
A B Dy i kT EEPRE R AR
Pi, miR-219 . miR-138 1 miR-338 J& OPCs /3 fk i &
B AR R M miRs™Y L R A 5 4 R R
miR-15b-5p 7£ BSYS-BMSC-exos fi£ #F OLN-93 4 fifl
O3 A L R A5 G R D R S P 4 I miR-15b-5p
() 263K J5 , BSYS-BMSC-exos [ AE 7 4 i I 9 <k
Wil 55 . 4h, BSYS-BMSC-exos - i OLN-93 41 fifg
J& » OLN-93 4 il Hh miR-15b-5p 2 ik T i ok ifif 410 46l
T Wnt3a, 11 T BSYS-BMSC-exos H' miR-15b-5p
BB, ZAE TR S5 |, FR K KR B BSYS-BMSC-exos
PHE T miR-15b-5p S H A K Wnt3a K1k .
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