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(FZE] B E 88 78 50T 40 i (BMSCs) 5 I 1) 4 14 55 3% 3 Ak 4 6 Miiller 2 fifl % MTO-M1
NG R RS GRE T . AiE BMSCs fF B4 3 UHEAT R R E KRR T R 9 R A4k JF
G396 AL B S i Kl £l O Y 3R AT 43 Ak B 5 SR U X A0 SRS U 240 L e (R] A ST 4 R AR AR
CD73,CD90 F1 CD105 LA K3 1L T 40 fd b5 5 4% CD34 .CD45 F A28 4 s DR $i it (HLA-DR) 3Rik o >R %%
PG Ye A kA MIO-M1 41 it if Miiller 20 Ji A5 25 # SOX9 4+ Z BE WL A /3B (GS) vimentin FIJfd PN 10 35 % 45 &
ZE 4 (CRALBP) , # M i - 40 B8 4% & 4 SOX2 . nestin 1 CHX10, DL 2 40 g 36 A= A £ W 40 B B 91 & &
D3(CCND3) &3k o H5 MIO-M1 4l il 43 b b5 i 15 75 3L 40 (293 T %R 15 37 3L 40 Al BMSC £ 85 37 3 4, 43 9 76
B B 57 2 (293T 5 5% LW BMSC 8558 FWS W P R 97 o 8 o 43 A 45 40 400 M v AR T80 B i R 8 R K 5§
T 25 25505 SR I Wk = 4t S0 00 48 L ) 348, SR D SR 52 365 1 5- 2 e B -2 460 PR W5 W A% 1 (U ) Y 2 755 46 Wl 4
i 358 2 R O o SR TR IR G 3 W R0 R ( ELISA ) A% 0 45 28 15 37 I 77 0 o i 5 40 it 285 B 2 7 1 ( VCAM-1) iy 36
ik R P E & PCR LRI A 41400 VCAM-1 mRNA 3£k, SR g 98 6 s 6 3% ook 2 it PCR 3% 4y
SRS N 5 2H 48 it 5 5 43 b 1% 3% T 0 I E R 42 ST AR A 0 R R C (PKCa) | Rhodopsin, fi % AH 25 1 2
(MAP2) Fl B-TU/E B 1 (Tujl) MR B, R KA BMSCs & 3 ik CD73,CD0 Fl CD105, ik & ik
CD34 .CD45 #1 HLA-DR, Jf- 0] 515 3 43 1k o B8 40 L 6o 448 M6 R g J07 400 Jf . MITO-MUT 44 il % 3% SOX9.GS |
vimentin ,CRALBP ,SOX2 ,CHX 10 ,nestin F1 CCND3 . 55 i 5 55 2L F1 293T 4% 4 35 35 5L 4H b %%, BMSC 4% ) 1%
SRR MIO-M1 20 M 25 & A A8 I8 B4R 4 B 25 4 Y 5 22 AR 0% 28, L 40 M if AR 20, (b < 8 B0 o, [0 3
FEAL, Z S A G # R X (F=6.973.12.370.6. 311,34 P<0.01) ; SRR 7 3L A 293T 4504 1 77 S 4 L 4%,
AN TR B[] A5 BMSC 4% 4 3 3% ik 40 MTO-M1 48 i JP B i df S Bk T AR B W38 K, 2 H B S il 24 B L (Fyy =
134.300,P=<0.001;F,,,, =82.910,P<0. 001 ) ; 5HRAER; 7 HAN 293T S 5 57 S 41 L35, BMSC 14 55 57 A 41
MIO-MI1 ZH L () EdU FHME R A IS AR R ER S, ZF WA RIT¥E L (F=6.973.74.110, 1)
P<0.05) ; 5HRvfERE I8 F2F0 293T S 4h 15 95 B 20 0L, BMSC A5 15 J E A m 4 it B W VCAM-1 4R | i i
W B R A L A Y VCAM-1 mRNA A X RIA Y W E T &, 2 2 WA 532 3 X (F=13.720,7.89, 1
P<0.05) ; MIO-M1 41 i 7E 7 4k 45 8 7, BMSC 4% 4 5% 2% 5: 41 iy MIO-M1 4 Jifi 78 mRNA 7K 3F () PKCa .
Rhodopsin \Tujl Fl MAP2 #f X} # ik 5 AR vl 35 J2 L 40 PN 293T Kb R E AWM BT &, ER W ERIT¥E
N (F=14.4905.424 14.330.7.405,3P<0.05) . #5if BMSC &5 75507 DLk AF Miller 41 BRI TE 2,
F A 2 L A 8 B R [ R P S el 42 T 1 o Ak o
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[ Abstract] Objective To explore the effects of conditioned medium of human bone marrow mesenchymal
stem cells (BMSCs) on the proliferation, adhesion and differentiation of immortalized human Miiller cell line ( MIO-

M1). Methods The differentiation was induced in the third-passage BMSCs with osteogenic, chondrogenic and
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adipogenic medium and identified by alizarin red, alcian blue and oil red O staining, respectively. The expression
levels of mesenchymal stem cell markers CD73,CD90 and CD105 and hematopoietic cell markers CD34,CD45 and
human leukocyte antigen-DR ( HLA-DR ) were assayed by flow cytometry. The expressions levels of Miiller cell
markers SOX9, glutamine synthetase ( GS) , vimentin and cellular retinaldehyde-binding protein ( CRALBP ) , retinal
stem cell markers SOX2,nestin and CHX10,and cell proliferation marker cyclin D3 (CCND3) in MIO-M1 cells were
detected by immunofluorescence staining. The MIO-M1 cells were divided into standard medium group, 293T
conditioned medium group, and BMSC conditioned medium group and were incubated in the medium according to
grouping. The cellular area, circularity, elongation factor and perimeter were analyzed quantitatively. The cell cycle was
detected by flow cytometry, and the cell proliferation was determined by neurospora experiment and 5-ethynyl-2 -
deoxyuridine (EdU) staining. The expression of vascular cell adhesion molecule 1 ( VCAM-1) at protein and mRNA
levels in the culture supernatant was detected by enzyme linked immunosorbent assay ( ELISA) and quantitative real-
time PCR (gqRT-PCR) ,respectively. The expression of retinal neuron markers protein kinase C (PKCa) ,Rhodopsin,
microtubule-associated protein 2 (MAP2) and B-tubulin (Tujl) was detected by immunofluorescence staining and
qRT-PCR. Results CD73,CD90,CD105 showed an enhanced expression,and CD34,CD45 and HLA-DR showed
weakened expression in the BMSCs. The BMSCs differentiated into osteoblasts, chondrocytes and adipocytes. Expression
of SOX9,GS, vimentin and CRALBP ,SOX2,CHX10, nestin and CCND3 was found in the MIO-M1 cells. Compared with
standard medium group and 293T conditioned medium group, MIO-M1 cells cultured in BMSC conditioned medium
group changed into an elongated spindle-shaped or multipolar morphology with reduced cell area,increased elongation
index and decreased circularity,showing statistically significant differences among them ( F=6.973,12.370,6.311;all
at P<0.01). There were increased neurospheres formed by MIO-M1 cells in BMSC conditioned medium group compared
with standard medium group and 293T conditioned medium group at different time points (F . =134.300,P<0.001;
F,.=82.910,P<0.001). Compared with the standard medium group and 293T conditioned medium group,the EdU-

positive rate and proliferation index of MIO-M1 cells in BMSC conditioned medium group were significantly increased,

time

with statistically significant differences ( F'=6.973,74.110;all at P<0.05) ;the VCAM-1 protein expression in cell
supernatant and the relative expression level of VCAM-1 mRNA in BMSC conditioed medium group were significantly
increased (F=13.720,7.896;all at P<0.05) ;the mRNA expression levels of PKCa, Rhodopsin,Tujl and MAP2 were
higher in MIO-M1 cells of BMSC conditioned medium group under the condition of differentiation ( ¥'=14.490,5. 424,
14.330,7.405;all at P<0.05).

cells and promote their proliferation,adhesion and differentiation into retinal neurons.

Conclusions BMSCs conditioned medium can change the morphology of MIO-M1
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j][&” o ‘B HEE 75 T 41 Y ( bone marrow mesenchymal
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JHL, AT R S SR B AR IR PRI A2 B T e . i
WA BIEFE W], BMSCs BB 38 3 77 28 #2238 7 IH e i
2 F 40 L (neural stem cells, NSCs) {9 3% 4= Fii 534k , A
AR SR A R 2 R R R A R Y g
BMSCs 731 ) Pt 22 98 5% DR 5 0 2% 4 i PR i Ah 3 300
XF O MR A BT 5 O R AR A A B U IR 9T AL
U RSB S BT 5T A B, BMSCs 1AL I 54
ZH i ( retinal progenitor cells, RPCs) Bt 5 £ A1 T 0 I Ik
PSP R B P R IR JBE T R RS A — b 40 L ( BMSCs
8¢ RPCs) AE B 4 M 4E 35 08 M I 2 BE , JF $2 = RPCs |
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BMSCs 5 NSCs {413t 55 352 7] fi2 iF NSCs 43 1k Fl il 58
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1] 73 PG PR R W) B R B o AS T 5 R LR R BMISCs o
PR 26 B 97 e X MIO-M1 2 i 38 A= Ao AR 9 A4F o

1 HRE5F®
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1.1.1 Zufoki  BMSCs bl 4= %% & Ko 5 — Kt s
2 o A 0 RE S PE SR AE T 5293 T 4 i W B 35 E ATCC 44
Jifd Ji s Miller 410 it 2 MIO-M1 40 il ph - ¥ 58 38 K 2 B
Ja 55— N R 2 B IR 5 A 1 A 1

1.1.2  FHERK 55 X% =% DMEM ,DMEM/F12
BR R AL T 41 BR 0. 25% B HE 1 L W IR h 22 v TR
( phosphate buffer solution, PBS) ( 22 [E HyClone 2\ #] )
Rl w6 4 1L 37 (fetal bovine serum, FBS) ( 3 $if &
Lonsera 22 ] ) ; % Pr SOX9 BA 75 fE Pr 4 (ab185966) .
HL Rhodopsin 5 3 B 47 {4 (ab221664 ) /N B4 A #L
W %5 4 % 1 (cellular retinaldehyde-binding protein,
CRALBP) 5 BEHU A (ab15051) | 4t MAP2 £ v
PUik (ab183830) (bt SOX2 £ o & Hi K (ab97959)
(% Abcam 2y 7] )5 /N B PU vimentin B 35 [ $T 14
(SC6260) . /) fl ¥t CHX10 HA 57 B i & ( SC369915)
(3£ [ Santa Cruz 22 #]); /N B3 & 2 BE I & 8
(glutamine synthetase, GS) B 3% [ $1 {4 ( MAB302) . /)
FPL Tujl BATEEPTIAK (T5076) (35 [E Sigma-Aldrich 2
Hl) s S PL CCND3 £ o B 5t /K ( PAS-86224) ( 3£ [
Invitrogen 2\ ] ) 5 i 246 M) T /& CD34-FITC (11-0349-
41) . CD45-FITC (MHCD4501) . A 25 4 40 8 DR #i )57
(' human HLA-DR )-FITC
(MHLDRO1 ) , CD73-PE ( 12-0739-41) , CD90-PE ( 12-
0909-42) . CD105-PE ( 12-1057-42) ( 3¢ [E Thermo 4%
7] ) ; Alexa Fluor 488 F1ict L 41/ i 1gG (A-11029) |
Alexa Fluor 568 #5128 1L ¢ $1 /b Bl TgG ( A-11031) |
BeyoClick™5- 2, b 327 i 45, R W5 W 4% 7 ( 5-ethynyl-2"-
deoxyuridine , EAU ) -488 4 fitg 35 A& A6 I 320 50) &0 (b ik 28
nRAEYBHA R T ; OriCell A BMSC A A i
J R 5 o A B AR B R & [ B () AR
FHEABR A 7 ] NI B A K BT (epidermal growth
factor, EGF ) . Bf 1 W 2T 4 40 i 4 K T ( basic
fibroblast growth factor, bFGF) ( Z€ [E PeproTech /A #] ) ;
IMm 4 48 e &5 M 4 7 1 ( vascular cell adhesion
molecule-1, VCAM-1) B 5 G 72 W Bt %2 ( enzyme linked
immunosorbent assay, ELISA ) i #| & ( %I = 75 & B 4%
B A BR 2 7)) 5 28 1fL i 1 & H (bovine serum albumin,
BSA) (b s RRER AR A ) ; W5 il A &
(RRO47A) \Sif 9 % #t i 7fl & (RR820A) (% H &

leukocyte  antigen-DR

HEYHEARARAT) . ACEA NovoCyte it U4 M AX (HT
I FRA AT FR 23 | ) s OLYMPUS-IX70 %14 ) 8 35
( HA Olympus 24 7)) ; LSM880 Bt A i 1L R A B
M (48 [ 2% 5]\ F)) ; Thermo Scientific™ Stratos™ 55
DML AR (36 [E Thermo 22 +]) o
1.2 FiE
1.2.1 BMSCs [yi3: K %% BMSCs & (R 40 51
10% FBS H1 i & 5050 1% 75 4% % 2 19 DMEM/F12 ¥ 3%
FB R e AU TR A A K BN A K
Z 80% ~90% fili 5 £ I AT AL AR, U5 3 ~5 fX BMSCs
FFIG e 55 . 0 A E s IR 75 5 85 % 3
PR 7R 55 3 40 BMSCs, {87 I 9t 28 21 B A1) == 5 Szt 21
O AT YL, il # 1x10° 4~/ml [y BMSCs H40 fifd &
W, A8 i =X B AR er Anl g i AT 58k O 8 F 30 min,
1 000 r/min 5.0y 5 min Y4 40 i, PBS 5 6k 5 #E 17
220 L ASCAGE I 43 A o
1.2.2 293T 4 i i1 MIO-M1 4 i 15 3% 293T 4 i
1 MIO-M1 4 I8 B 75 10% FBS F1 1% 15 5% 5% 2 19 &5 b
DMEM 155 52 F 37 C AR B35k 5% CO, 55 3246 b B
I 5 Al A2 A RS B 90% , T 0. 25% [ 25 1 il
THALHEIT AR
1.2.3 SO % E MIO-ML 41 Fe 1t BUH AL
Fige iy MIO-M1 40 M, R H #3258 %€ 06 4 o 3k £
Miiller 4 Jifd k7 7 %7 SOX9 . GS , vimentin fl CRALBP %
FI A 2R 35 DA K A D) T 4 Jf b 75 ) SOX2 | nestin Fill
CHX10 ik, ¥ MIO-MI1 4 i L4 1 000 /~/cm’® 43
Tl 07 22 0 Ak b5 35 3 (& R 43 %1 2% B27 .20 ng/ml
EGF .10 ng/ml bFGF 1% 4% 75 2 () DMEM/F12 £ 3
) PIARZEL B BE Fe bl b, 7 37 °C 5% CO, Bi R4 b &5
I U AR 3 d B2 BRI TR B 2 RO R 1) 40 i
€A b ak 88557 1 d 5 R FH S92 92 ' G 0 74 A5 0
Rk T4 M bR &) SOX2  CHX10 F1 40 i 35 A= b 5
¥y CCND3 3Rk,
1.2.4 293T #ifff BMSC 3553 b i ny U & se e 43 21
¥ BMSCs F1 293T 4 f 2 7P 2= B A2 10 cm B & ML+
B AR TR Rl A B & 70% ~80% I}, Fit 25 ¥ SR W JF H] PBS
UE 3R, MM 1% T E R R AL B R (DMEM/
F12) ;3555 24 h AER 5 13,2 000xg B0 10 min
Ja B FR BVE W] 0. 22 pm JE U8, -80 C LR AF
4 MIO-M1 21 i 53 Sy b 15 55 HE 20 (293 T 2% 1 35 5 it
1FN BMSC 2% 14 5 77 BL 41, 43 5 A6 b 1 15 % 56 L2937
i f UG WA BMSC 85 5% FiEW P 9% 72 ho
1.2.5 MIO-M1 20 MiJE 25 2% 43 B f A Lot %k #br
HERE R 203 Z5 15 97 e 4 A BMSC J% 4 85 5 ik
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ZH it MIO-M1 40 i Sy AR ic vimentin 1 DAPI, 3 7F %
e R AR B T W IR B i 1] Tmage] %X
PEXT A AT 28 2 AT TS o BT o TR S B
T AR LR K T [ A (40 T AR/ (4 R ) T A
K R B S A i L) o AR BOR 2=
THECS A ks X3k 30 N4 DAPT By (i 41 il % .
1.2.6 MIO-M1 # & BRIE B S0 Hr B br o Ky 5 56
20 \293T S5 KE IR S 4R BMSC 2% 4R35 772 SL 4L iyt 8
BRTE G WU T WA IF 40 B ] Image] #11F XF
i i AR AT S A Ao 100 5 AL EF R, BE AL B 20
PR IEAT ST 1T o

1.2.7 EdU e €& 256 0 40 g 5 4= 4% MIO-M1 4 fitg
AT AMC R F Ay AR 57 24 h 4% 37 C AR EdU
(U Ry 10 pmol /L) A4 i b, 4k 2208 & 4 h,
EdU #ric 41 il 58 55 , 25 B 85 37 W, 9F I A & 53 51
4% % B B [ 5, FH 0. 5% TritonX-100 2 5 ff i
10 min, PBS ¥k #% 3 &, B K 5 min, & 5 R #
BeyoClick ™ EdU-488 2 fifg bt A 6 I 3 551 £ ) 56 71 5 aff
52 my, in A BB By Click Jz b WK 2% 18 F W6 &
30 min,PBS Pi% 3 Y, BFUC S ming A1 DAPT 2 i T i
JEIEE 10 min ,PBS PE¥ 3 IR, IR 5 min; & J5 HIHT 9%
DTG HEATE -, O I R AR B T K
488 nm Fl1 405 nm 43 £ EAU F1 26 M A% G 45 00
1.2.8 i 40 A ASOR I 20 B sl 30 A v G 9 SR A
203T £t 5% 75 S 41 F1 BMSC 4% {4 1% 3% 36 41 11 40 i 41
A JCER A0 L B, T PBS Pk 1 YK, 1 500 o/min 5.0
5 min YCHE A M, 3 48 40 MLk B R 1x10° A4~/ml; B 1 ml
AR, B0 5, A BT, 0/ PBS BB L,
A 500 pl ARFU 5 70% Bk 28 4 °C [ 5 3 1%
FHPBS 9% 1 ¥k, A 100 wl RNase A ¥ ¥ 555 40 g,
37 CK¥ 30 min; F A 200 wl PT L3, 4 °C it
WEE 30 min, B HEEU A0 MIAL ALK I 5 T 58 A A g A=
SR, AN MK 5 R = [(S+G2/M)/(GO/G1 +S +
G2/M) ] x100% .

1.2.9  ELISA J:4G 0 40 i ¥5 % H 5 W VCAM-1 Ji
W SRS 24 h 1 BIE WK, 2 000 xg 5.0
10 min J5, A 0.22 um JE 58, % 8 VCAM-1 )
ELISA 30500 & Ul I 5 AT R I, 430 152 25 1 AL Ar o i
AL I AE AL B ZS AL AN LA 50l X B A
AHERBEE R G 37 CHRE 30 min, P 5 &,
T AL A AR IR SO wl 5 T B AR B B R S 37 °C
A 30 min, PEI S WG T BALERMAR AR A Fl
B £ 50 pl, B4R %R 5T,37 CRE R A 15 min, i )5
AL LW 50 pl 280k S, FE AR AL 450 nm R

I 2% FLA W OE BE (A) (B AR 908 A o o 00 i 45 2R, 3
FAH EIEW D VCAM-1 BT ik i

1.2.10 MIO-MI 45 5 01k ¥ MIO-M1 4 Jitd 2
i T AL E A e R B [ S A RPN R 1%
N2 .2 mmol/L & & Bk 1. 1% 75 £ % 2 . 5% FBS Fil
1.2 ng/ml bFGF B#rifE 5% 72 3 ( DMEM/F12) \293T %
PERE SR B 8 BMSC % 1 15 % 5 ] g B 3R Aluh, & 1
37 C . 5%CO, 5 7 do WCERA R s 37 26140 T 1 40
H AT S 9 B PCR A

1.2.11  SEmP 2Ot 7 PCR A I 41 g 45 40 0 o
ZIuhR YRR RS RS AR AN, 7 LR
HE, 1T PBS BRANAL 1 UK, A Trizol 2 fif i $2 4 L
RNA % B850 e 5 i 50) & Ul B 58 RNA 0 % 5 0y
¢DNA, LA cDNA 85 i, A6 I 3-8t 1 1 il 1 Mt e iy
( glyceraldehyde-3-phosphate dehydrogenase, GAPDH ) |
5 H i C (protein kinase C,PKC) o, Rhodopsin | B-1#
BE A (B-tubuling, Tujl) 1 & M X E A 2
(microtubule-associated protein 2, MAP2) [ mRNA #H
XF 2K K, A WF ST A9 51 W X el AR AR TR
(b)) e A RA RS S W3R 1. BA
7% 20 52 W ( polymerase chain reaction, PCR) Jz i {4 % .
SYBR Green 7.5 pl AZE/K 5.5 pl iF ] F1 2 ) 51 9 %
0.5 wl.cDNA 1.0 pl, B W AR FR 15.0 pl, ¥ 88 &4
95 C AP 5 5.60 °CiB k 30 .72 °C #EAH 30 s, 3L 40
AR, LA GAPDH Sypy 2 R R 27 iR a5 5t
PR a5 4

&1 J/EEPCR3IMFT

Table 1 PCR primer sequence of genes

HN A IS5 -37) PR (bp)

GAPDH 1E ] : CCATGTTCGTCATGGGTGTGA 140
JZ 7] : CATGAGTCCTTCCACGATACCA

PKCa IE [7] : GCCTATGGCGTCCTGTTGTA 271
JZ 7] : GTGGCTGGATCTCCCTGTTC

Rhodopsin 1F 1] : CTACGTGCCCTTCTCCAATG 213
JZ 7] : GCTAGGTTGAGCAGGATGTAGTTG

Tujl 1E ] : CAGCAAGGTGCGTGAGGAGTA 185
JZ 1] : TGCGGAAGCAGATGTCGTAGA

MAP2 1E 7] : CATACAGGGAGGATGAAGAGG 266
JZ 7] : TGGAGAAGGAGGCAGATTAG

VCAM-1 1E A : GTCAATGTTGCCCCCAGAGA 112

J 1] : TTTTCGGAGCAGGAAAGCCC

T - GAPDH : 3% [ 1 il 1 JE St ; PKC 2 3 1 30 C5 Tujl: B3 2R
F s MAP2: U ARG B 1 25 VCAM . i 4 41 i B 5 7

Note: GAPDH ; glyceraldehyde-3-phosphate dehydrogenase; PKC ; protein
kinase C; Tujl: B-tubulin; MAP2: microtubule-associated protein 2;

VCAM :vascular cell adhesion molecule
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1.2.12 e g (WL 40 10 v 4% 400 19 JE e 28 5T
BYEAMRSE AN TAERER ] 4%
Z B [E € 10 min, 0. 5% TritonX-100 f% £ 10 min,
I 5%BSA B 1 h 43 B3 I SOX9 $T4K (1:400) |
CRALBP $H744(1:200) ,vimentin {4 (1 :200) .GS i
K (1:500) MAP2 H {4 (1:200) \Tujl HLIK(1:200)
Rhodopsin $i {4 (1:200) ,SOX2 #if& (1:200) ,CHX10
PR (1:200) \CCND3 Hp{K (1:400) F 4 C 54T i
FIdRPBS e 3 U, A B =R E 1 by
PBS 9% 3 W, A DAPT J i = i ¥ & 10 min; PBS
TEUE 3 U, PUASOG TR IR B b, O I R A W R
TRETOCHE B .
1.3 St 05k

K] GraphPad Prism 5 #{F 347 581170 Mo 4%t
i PORMIE 4 Shapiro-Wilk 556 E 52 8 EAS 4310, Dhats
PEAT IR o RIS 23 2 = KPP 5E et , 3 /1> 4 1) 4
T 5 RE 46 B L 20 1 25 28 AN ) 4 i J) 30 200 1 L
151 200 L B 1 0 20 L 3 F R D0 AR L s 1 AR 22 S
PR SR B DR 3R T5 22 70 M, 4% 2 48 0 5% 37 A ] Bk 1] A5

100 pm

1 BMSCs MRS RERE ALY BB T AHIE S (X100, 3R =200 pm)
A0 A A B A, P R A B (k)
D : BMSCs 24 ffa il #5175 5 20 AL 2 %€ (BT 1) 5 3 %200, 7 R = 100 pm)

(PEFE 2L x200, 4% =100 pm)
i P B R F i R L AT O e PR (k)
i, BT R S i g € B

Figure 1 Morphology and identification of BMSCs

passage human BMSCs was spindle-shaped B :Identification of osteogenic differentiation of BMSCs ( Alizarin red X200, bar =100 pm)
C: Identification of adipogenic differentiation of BMSCs ( Oil red O X200, bar = 100 pwm)

calcified and alizarin red staining was positive ( arrow )

Integrated fat granules were found in the cells and oil red O staining was positive (arrow)

blue x200,bar=100 pm)

A'; Cell morphology under light microscope ( X100,bar=200 pum)

240 e i R Y Sl A 22 S LR I 3R 5 22 0 i, 2 1L
BHIRH Tukey K, P<0.05 2 A G5 Lo

2 #R

2.1 BMSCs 4iffifE 25 K %@

oo WALEE T A ILES 3 8 BMSCs M EEA: K B
o) — 8, R Y (8 1A), BMSCs & S 5
3, A R A B AL, P R ALY I IR 15 S
5 3 JA A P s B G  RE R L TZE O Y B
BBV )E 4 J A i Pyt PR PR G 2, B R
FHEU M (B 1B~D), FiRZE LM, BMSCs 1] i
Ty 5 A FCE 200 B D A7 200 P o A A o

T A AR % e g5 R R L 8 3 X BMSCs it
I T 40 i AH G % 2% P JiL CD34 . CD45 F1 HLA-DR
AR K, T4 0.24% .0.45% F1 0. 15% ,
LM Pi)E CD73,CDY0 F1 CD105 B/ # ik, 0 E 5
4 97.90% .95.99% Fl 96.97% , £5 4 BMSCs [ =
YroE vk 3R 45 3 A BMSCs 4fi B &5 v, v] JH T ) 4
TH (K 2),

100 pm
—
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The morphology of the third-

The cells were

D : Identification of chondrogenic differentiation of BMSCs ( Alcian

Acid mucopolysaccharide was found in the cells and alcian blue staining was positive
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Figure 2 Assay of surface antigen of P3 BMSCs by flow cytometry The expression of hematopoietic stem cell-associated surface antigens CD73,CD90
and CD105 was enhenced,and the expression of CD34,CD46 and HLA-DR was weakened HLA-DR :human leukocyte antigen DR
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Figure 3 Immunofluorescence staining of Miiller cell markers in MIO-M1 cells ( X200, bar = BMSC R ﬁ: ii % % ZH_ gﬂ} H@ ﬁ H (J&

40 pm)  A:Immunofluorescence staining of SOX9 protein  Nuclei showed red fluorescence ( Alexa /> , E E F&{EE ,ﬁa K/% ﬁﬂ% , % jF?'i

Fluor 568)  B:Immunofluorescence staining of GS protein  Cytoplasm presented green fluorescence b PR b

(Alexa Fluor 488)  C:Immunofluorescence staining of vimentin protein  Cytoskeleton exhibited red /}jﬁ /ﬁ 1+ ¥ & X ( /}j P <0.05 )

fluorescence ( Alexa Fluor 568) D :Immunofluorescence staining of CRALBP protein  Cytoplasm and ( 5B~D ) ° %- 2H QEH H@ Jﬁ ‘I;/( ,%'\

nuclei both showed red fluorescence ( Alexa Fluor 568)  GS: glutamine synthetase; CRALBP : cellular e NV
£ I #, 2 % & g it % 8 X

retinaldehyde-binding protein

(F=1.669,P=0.197) (|& 5E) .
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—

@
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488) .nestin( Alexa Fluor 568) Fil CHX10( Alexa Fluor 568) D ~F:MIO-M1 i £ 3k F 3K 40 it 14 24 45 54 CCND3 ( Alexa Fluor 488) il 40 i b5 25 9
SOX2( Alexa Fluor 488) ,CHX10( Alexa Fluor 568) CCND3; 4fi jifs J5 #1 & (H D3

Figure 4 Immunofluorescence staining of stem cell markers in MIO-M1 cells ( X200,bar=40 pm) A-C:The stem cell markers SOX2 ( Alexa Fluor
488) ,nestin (Alexa Fluor 568) and CHX10 ( Alexa Fluor 568) , showed a positive expression in adherently incubated MIO-M1 cells D-F:The cell
proliferation marker CCND3 ( Alexa Fluor 488) and stem cell markers SOX2 ( Alexa Fluor 488) and CHX10 ( Alexa Fluor 568) were positively exprssed in
MIO-M1 neurospheres CCND3:cyclin D3



A SIS IR B J4 7 2022 4F 3 A4S 40 #5545 3 ] Chin J Exp Ophthalmol, March 2022, Vol. 40, No. 3 . 205 -

Vimentin DAPI

M TR

7

AL

|37
=]

2937 4413

FrEL

7
(&)

BMSC 4145

20 I BN 1 275 BRI B2 AR 25

BMSC.: i 5] 75 5T T 41 }a

Figure 5 Morphological changes of MIO-M1 cells
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A : Immunofluorescence staining of cytoskeleton protein vimentin in various groups ( Alexa Fluor 568 x

B-E: Quantitative analysis of the morphological

Cellular area:F=6.973,P=0. 002;Circularity; F'=12.370,P<0.001;Elongation factor; F=6.311,P=0.003;Perimeter; F=1.669,P=0. 197.
Compared with BMSC conditioned medium group,”P<0. 05 (One-way ANOVA ,Tukey test, n=30)

BMSC :bone marrow mesenchymal stem cell
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Figure 6 Changes of neurosphere size of MIO-M1 cells at different time points in different
groups after dedifferentiation induction ( x 100, bar = 200 wm ) At different time points of
dedifferentiation induction, the area of neurospheres of MIO-M1 cells formed in BMSC conditioned
medium group was increased than standard medium group and 293T conditioned medium group

BMSC : bone marrow mesenchymal stem cell
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R2 FHAFRFEMESHZSRERILE (xxs, pm’)

Table 2 Comparison of neurosphere area at various time points among

different groups (xzs, p\.m2 )

A ) ] i) g5 22 B T A

205 FEA

IR 1 d Bg: 3d B35 d
bR iffE 355 7 5L 41 20 4 029+2 147 16 411+7 133 17 794+6 120
293T £ 3% 4 He 41 20 3 832+1 725 15 585+3 562 16 286+4 415

BMSC #8577 34 20 11 49746 164™ 26 407+6 765 34 214+9 345"

TE i F g = 134.300,P<0. 001 F .y = 82.910, P<0. 001. L5 [i] Fif [7] st 4% v 1% 52 L 41 Lo %5, * P<0. 01

55 [7) B i) A5 293T 4 {1 55 75 F 4 He e, P<0. O1 (5 [ % Jy 22 43 #7 , Tukey #685)  BMSC - Il 7 /i
T4 i

Note: F,,,, = 134.300, P<0.001; F,,, =82.910, P<0.001. Compared with standard medium group,
“P<0.01;compared with 293T conditioned medium group, "P<0.01 ( Two-way ANOVA | Tukey test)

BMSC :bone marrow mesenchymal stem cell
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Figure 7 Comparison of EdU-positive cells among different groups ( X200,bar=40 pm) More
EdU-positive cells were seen in BMSC conditioned medium group compared with standard medium group
and 293T conditioned medium group EdU staining showed green fluorescence (Azide 488) in cytoplasm
EdU: 5-ethynyl-2"-deoxyuridine ; DAPI: 4", 6-diamidino-2-

phenylindole dihydrochloride ; BMSC : bone marrow mesenchymal stem cell

and blue fluorescence ( DAPI) in the nuclei
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Figure 8 MIO-M1 cell cycle in different groups The sum of S-phase and G2/M-phase cells proportion in BMSC conditioned medium group was
higher than that in standard medium group and 293T conditioned medium group A Standard medium group B:293T conditioned medium group
C:BMSC conditioned medium group

*3 FAEBFEEFE MIO-MI1 £ (x25, %)

Table 3 Comparison of proliferation index of MIO-M1 cells among different groups (xzxs, %)

51 P i ol ém’wi@;’mww BT Sk
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P 1 <0. 001

TE: 5 BMSC /35 R B 4L LU HE, " P<0. OL( BRI 3R J5 22 73 4T, Tukey K 8e)  BMSC - i 18] 58 52 T~ 41 ffa
Note ; Compared with BMSC conditioned medium group,*P<0. 01 ( One-way ANOVA ,Tukey test) BMSC :bone marrow mesenchymal stem cell
293T A1 TR L4

rifiEd; SR AL BMSC 455 F7 k4
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Wt 2 M B TR LR 293T A PE TR IEAL S B 4LHEFE LT VCAM-L RV JE LR F = 13720, P=0. 004, 55 BMSC 4 {738
AL, P<0. 05 (B K £ )7 224007, Tukey #535 ,n=3) C.4& 4141 VCAM-1 mRNA HIXf 3k B LE  F=7.896,P=0.021. 5 BMSC 4 {11 37 4
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Figure 9 Comparison of MIO-M1 cell adhesion and VCAM-1 expression level among different groups A :Observation of MIO-M1 cells of different
groups after 4-hour culture under an optical microscope ( X100, bar=100 pm) There were more adherent MIO-M1 cells in BMSC conditioned medium
group than standard medium group and 293T conditioned medium group B :Comparison of VCAM-1 mass concentration in MIO-M1 cell culture supernatants
among different groups F = 13.720, P = 0. 004. Compared with BMSC conditioned medium group,“P <0.05 ( One-way ANOVA, Tukey test,n=3)
C:Comparison of VCAM-1 mRNA relative expression level in MIO-M1 cells among different groups F =7.896, P = 0.021. Compared with BMSC
conditioned medium group,*P<0.05 ( One-way ANOVA , Tukey test,n=3) BMSC:bone marrow mesenchymal stem cell; VCAM-1vascular cell adhension
molecule-1  Figure 10 Immunofluorescence staining of retinal neuron markers in MIO-M1 cells after 7-day culture of BMSC conditioned
medium ( X200,bar=40 um) A:PKCa B:Rhodopsin C:Tujl D:MAP2
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®4 AESLEFEEFE MIO-M1 4 A& EFE ) mRNA 83 RiEE LB (x+s)

Table 4 Comparison of mRNA relative expression levels of various genes

in MIO-M1 cells cultured among different groups (xzs)

P 55 4t 22 95 41 B bR 7 9 Tujl A
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Note; Compared with standard medium group,”P < 0. 01; compared with 293T conditioned medium

graup,hP< 0.01 ( One-way ANOVA, Tukey test)

PKC : protein kinase C;Tujl:B-tubulin; MAP2 : microtubule-associated protein 2
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