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Abstract

o AIM: To explore the microenvironment in which human
bone marrow mesenchymal stem cells ( BMSCs )
differentiated into photoreceptor cells under nutrilits
induction medium in vitro.

¢ METHODS; High-purity BMSCs could be obtained using
lymphocyte separation medium by density gradient
centrifugation. In the first stage the third passage cells
were induced to neural precursor cells with medium
including FGF, EGF and BDNF. The expression of the
Nestin and MAP-2 were detected by immunocytochemistry.
PEDF and taurine instead of FGF, EGF and BDNF in
medium cultured the induced BMSCs furthermore 2 or 3
weeks when the positive expression rate of Nestin
reached the highest level. Rhodopsin was researched
during this second stage by immunocytochemistry and
RT-PCR.

¢ RESULTS: Nestin could be detected from the third day
after inducing differentiation, and reached its peak on the
12" day (90. 9 = 2. 6)%. MAP-2 also could be detected
since the sixth day after inducing. Rhodopsin was
detected during the farther inducing, and the positive rate
was(20.7 +3.8)% and(89.8 £3.7)% in the second and
third week respectively.
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¢ CONCLUSION: BMSCs can differentiate into photoreceptor
cells which express Rhodopsin under the condition by
stages induction with FGF, EGF, BDNF, PEDF and taurine.
e KEYWORDS: bone marrow mesenchymal stem cells;
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B# 5 R B #6678 5 1 41 M ( bone marrow mesenchymal
stem cells, BMSCs ) 5[] 43 fb B¥ 8% A7 #4546 20 I BT 75 19 ke
Wi,

T3 i SR IR EL AR o3 2 VR B o1 43 B 4liAk N BMSCs,
Rege et 3 AR 4 i DA st B 2T 4 40 e A= K K F (bFGF) |
REER AT (EGF) Kkt 225 77 K 5 (BDNF) 3 Fif
DA —F B SR A7 1) P 22 A 20 RS- 5 40k, oy FH e 248 Ak
S AR R BUE M DG A2, Y AR H AR R IR Rk
Bl e e B S AR5 5 R DA B R B2 A3 4 I (PEDF)
A2 (taurine ) AR EL1H T 2 ~ 3wk, S ZE AT fb 2% K
RT-PCR JE KA 28 21 51 (1 2 T8 1 100

SR 5T 3d FFRBeR R A L FRIK 5 12d BHESR
TRRIRBI IR R ,15(90.9 £2.6) % . A HIEE A2 T
SR 6d KB FHMERIE . oA S R A 2T A i
o 58 12d iR # 8 PEDF M taurine 4E42i55: 2 ~
3wk, R IR A7 58 21 T 3k 5 2wk FHME RN (20.7 =
3.8)% 45 3wk FITER N (89.8 £3.7) %

8518 R B B vk B AT bFGF, EGF, BDNF &
PEDF , taurine AEZERSNA T BMSCs #1k Y6837 #5 41 i A
YA,
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‘B B8 8] 78 J0t + 40 B2 ( bone marrow mesenchymal stem
cells, BMSCs ) S22 5 T 1 IR JZ 1) 22 BE UM T 4l i, i i
SERGUESE RSP [R] SR 5 6 BMSCs B AN [A] 19155
SMERCR . BMSCs AMURE R IR JZ 1 4il i o4k , 1T HLRERS
JARJZ 534, G 1] P9 VR T2 BT 0 AR 20 LA e SIS e 22
AU 0 S A o 0 RS P RN R S B
P 0 A, LI B IEAZ 2 20 M2 0 Tk
fiE, Z=AATIICA RHGT T J7 1A B 1k sl 0 e i B iR
FVERAE e A R RO IR 2 4% 7 1 1) 3 R A 40 A
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PR RE A SR DE5 K RR, 3R RS B3z 2 4
L3R5 B 4R O (H A 2 B 22 400 T L5 M Y i 2 35
LAY THRE T REASRAEAE S BHIIL, Y2 2R B ARIA TP E
—Fh A4 A a9 7R T B AT BBV . — e B, P
AR A I RRAe T 1 | AT R A QR IO SR A7 25 2 D g
) 4 4 Sy BRARURS R (A4 2 H 0 75 B0 e PO MRS, AR
FEBRTT BB 8] 75 T 20 6 1 oAk A 0 B R A7
L2 M I 75 B R | BB IIF ST 45 AR S 4 T

1 #HF A%

1.1 4 DMEM-LG XiaRdt JBdk (1l G451 (Hyclone,
USA) ;bFGF, EGF, BDNF, PEDF ( Peprotech, USA) ; 2 fiff
P2 (taurine,, Sigma, USA ) ; Ik E 20 Jfd 20 2 Y ( R T IE A
Yril SR BR AT A A ) 5 i 40 A Ak 2] . BBt A
HEAMR IR RPN M L HE I (MAP) 2a. b. ¢
BT REBTAR | BB 4R 2T I B e [ AR ( NeoMarkers,
USA) ; T A AT . BRPT A B 4T CD34-FITC + Bt A
CD90-PE . KL #1T A\ B4 HT CD34-FITC + Bl #T A CD44-PE
( Beckman-Coulter, USA ) ; RT-PCR i 5] & ( Fermentas,
America) ,

1.2 ik

1.2.1 BRHMREMO B RIEF BRI A @R RFER
2 SEER AT A 45 B 2005 A EEIT AL A B A1) 5 33
SRS FhIBCEBEZ) SmL BB 55 PBS S8 H B LA
1000r/min 0> Smin, £ FIEW, YE% 2 KB T2 MK
FH%5 & DMEM-LG K5 97 38 8 8 J5 522 W BE i 12 7 45
U C 200 L 53 25 A (RE G % 5 R 1. 077 kg/ L) B0 A8 TR TED
b, L 2500r/min B0 25min JiT , B W B 4 25 0K B
ANA)Z B TR OE RO PBS PR 2 i, A 100mL/L
FBS 1 DMEM-LG 35 3% 3% WX AT 43 80 8 5 40 Mo %5 B2
1 x10°/L 2P0 F 25em® BB R 2, & F 37°C 50mL/L
COYEFRAMTPHE R, 720 J5 T LAE WK, LUS 4 3d #eif
1 YR, 13 G BE A A 535 B A 5] 70% ~ 80% IS FH JE 25 11 i i
b, B0 F TR 7

1.22 \BREZRTHARNESEREZSARETR
FER R AT ) E A 22 BB IS AR A%
RANMIIE A 22728 b K 3B O, R4 e %, 58 3 AR A
BMSCs 90% fili A B I & T AL, 250, 38 25 RIS,
FH PBS #ilJ8 2 x 10°/L (40 MBI, /346 28 4 DR
SR A % e bR id 19 BT AN B Pt CD34-FITC + BT A
CD90-PE , BT A\ B4 CD34-FITC + ¥ A CD44-PE K H
Xif o7 {4 [ B X6 IR 4% 10w, 147,37 °CBEYE SV 20min, fill A
PBS B0 PE, 752 LI, B A ImL PBS S0,
FH I 20 {SURG BMSCs 2R THIPL IR CD34 (3 if 14 e 3%
IR ) \CD44 (FE 4l i m it ) & CDOO (T4 ffd = 1
L) .

1.2.3 ABERERRTHBEMIBESSUL LR 5E
SRR, 5 SFA S PI BOA S e A AR
i T Ak, R — 2 [ A R OGR4 B e [ 35 40
b, B 3 4G BMSCs $#% 5 x 107/L S48 6 fLAR
BN 6 LA TS R B A HEAT IR B, 24h S5 R 35 3R L
M5 20pe/L bFGF ,20ug/L EGF 2 20pg/L BDNF #££7
F—BOAES  EHFIEFH 2 ~ 14d BT HE A L MAP
PRSI , A ) 2] 2 R A R I A RS R o

10pg/L PEDF J 50pmol/L taurine 4K£EHE1755 —f B T
LR AL SR Ak, AR 8215 T 2 ~ 3wk 5 HEAT S 4 il
22 (1CC) Ho i A 55 21 ot KAk 15 Ol X B4R &
100mL/L FBS ) DMEM-LG 3535 53553 , A T4 A+
1.2. 4 FES UM AERE TR THEN RZEEMLE
Wil S BOE I 2 ~ 14d WUE ARG F 04T 7%
FA R A A A S B 1 B G A LAk 2 A . PBS PRI 1min x
3 ¥R ,40¢/L £ 3 H L [E % 15min, PBS % 2min x 3 K,
5mL/L Triton X-100 #FEE 15min, PBS £ 2min x 3 1K,
30mL/L H,0,# % 10min,50mL/L 1E % I35 2] 20min
A3 ST SRE F R e BEPUIAR (R REE R 1:100) K
BT MAP-2a. b. ¢ BRFCREHUIA (FRREE A 1:150) ,4°Cat
&, PBS PEI Smin x 3 e, M HESUR =P (£ HE GBI A
A D e s A AR IR ) L ) 1,37 C R E
20min, PBS P G MR 2,37°C 1% & 30min, PBS ¥R
JE i DAB 5 3min, ZEI K R IG IR AR R E YL 30s, A
KPR SE T IR B R, B — T8 bR BEHLIE R 5 AP
THEAPEN S 40 IR S5 B B2 2wk Fl 3wk J5 ICC £
AL LT i FRak A O, 2P BR [R) b, RPN 58 21 I B o
Ui RGBSl 1: 50,
1.2 5 ARZHRMAMARFSEMETRFIEN RT-
PCR#& 45 —FrBeifs S 3wk J5, U £E 20 MU, Trizol ZL1#%
AN 2 4 RNA, HU 1L RNA 76 306 5% S VE R &
cDNA ,SRJ5 DLt cDNA SR, DAL 5 21 5t )3 91 (57-CG
AGCGGTACGTGGTGGTGT-3" 5 5'-GGAGCCCTGGTGGGTGA
AGA3 P2 JEE 445 bp) P88, =948 10g/L B i
UK, BER AR R G,
2R
21 ABREZRTHBESESFEMNEZMNEE R
Y5 37 48h A o Al G BE D BOE S B ATIR 4 ~ 6d
YR AR BTG T A AR RN A 75 .7 ~
10d 2 ECHER AN R, 40 M0 AR TE | 120 8 Al A e i
AREPZAIRL, BAUS AR5 B3 KR 2
A EMMIFEIES (B 1) o 55 3 4R BMSCs 2 HHT 5
5 7% CD90 ik BHESR CD90 */CD347:96.3% ,CD44 3
FABHAPESR CD44 " /CD34":94. 2% , 3¢ I A R 45 % 240 Jitg 466 K
¥4k BMSCs (& 2)
22 FENUHMABTREERTHEESENE £5
4d #5453 BMSCs FFURTE B AN L 5842 | Bifi 45 175 S B ] FR) 2R 4
AT AM A AT AR S (1 3) .
2.3 FERMEMNEEABLELE
2.3.1 E—MEBRHLHEMEEARES H52d K
MR AR FR 4d B A BHER N (12.6 £2.8) %,
8d B S P P H (26.6 £4.6) % ,12d B S & [ FH
PEH(90.9 +£2.6) % , Z JE kil H 85 1 BH RIS, 14d B
HEAMMERR(72.2 £3.1)% (K 4) ;355 6d I MAP2
FAHMEZRE, B 8d B FHME K (36.4 £3.3)% , 15T
16d BF5(90.7 +4.6) % (K 5) .
23 2FEHMBAXABZRMBMARBFS £ 2wk i
LT R FETR R BHPES 7 (20.7 £3.8) % , 155 3wk J5#
SRLL T RIR M FATEZR N (89.8 £3.7) % (K1 6)
A FEMBRARZRARST RFSEMEIRERE
B RT-PCR #&il 75 40 ML 58 20 3k, X HE 41 Jo i
S TRFRIL(ET)

15



EfRIERIEE 200FE1HR ENE H1H www. 1JO. cn
E81%:029-82245172 83085628  EF{=#8:1J0.2000@ 163. com

0 w0 10
CD34-FITC

[ Jd - . .
8- TR

w1 e T 10
CDA4-FITC

2 mAMBEARET BMSCs REHIERLE A. CD44 FEHMR B, CDI0 53k FHHER

3 itit

3.1 B AR THEBAEMESHHL BMSCs EkKH
TFHIRE A £ m A RE A AR T4, 412 TR
AN AL A AR P AR A RD TR IR, YT BMSCs [a] #L1]
AT 1) 54k B S AL TR 58 9402 B B RSN 545
B SAATI A BB . Kicic, Tomita 1 Chiou ZEXF BMSCs i
FESIME S, 15 BMSCs 2835 687 %8 40 i A7 &
Y1 T Arnhold %571 i S BMSCs [] 4L W i {6 2
(RPE) 40 /- IE 462 RPE 40 M b 259 40 £ 25 1 36
Ik X EERFIY S R B s BMSCs A 1] 90 99 5% 40 Bt )7 1] 4316
FIRTRE, TAIAER N LS TR B B VAR 5 , AN [R] 1) &
T A BT 20 B T Ak (%) SR A 358 AN [ 2 52 i 1 40 & A R
[ 4434k, 2R ACHT B R BT 5, X638 A R 5 1) 9
FIAE SR BN, 43 B 5 BT 1 A K BRI A S I ) AT
PRI, A SIS0 AR B A 5 08 J e 20 2 DI A O 1 LA A
T, R BY BT 5 10 05 TR IR AN N A 8, R
[] (4 PR 1% BMSCss 1447 1) 40 0 JIEE 6 JR A7 2 A0 By 1) 75 5
AL S — B B e 2 mT AR A I 16115 5 1k, 2R U B
Tia] P O A2 1 A IS 3 oAb, TR ) 15 A A B
78
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3.2 FEERETFHINGE MBI HAKEF Mg E
TR T F B AR 1 p 2 TC RO AFTE oAk, TR il 2 A
WgE A K, A S0 UE S B R T 40 i 2 i A A
PDGF,FGF il EGF 3Z{&%% . bFGF B A4 2243 24Thtik,
FERZ T A SRR BE ke 25 AR Y | 78 R4
bFGF HEHE =3 P 190 5 2 TR LA 11 B /K0 R P il 8 R R
O i 2, 35 He A B a2 2 A M A 7 - B b 2 )
BEARA7E R, BDNF fig 2E 28 28 0 AR PR A SR FET,
XoF P 28 T A A3 AN A K EL A T A T, A AR o 1 R 8 i
PR A K SRR THRES  RALRE P 4 22T A T
fiE, 1 FLAE AR #6305 B 90 54 2 T BDNF fi B 2 42
PG IR 37 2 A i A A7 fE R B P RPE AR A
BDNF ik, KRESCIGIESE EGF 7445 TAL RIS | ] G 5 IR
NI 2 7 WA e G RS2 R AR S 6 B R
I i 28 TC A R A AR PR -1 28 U BT A RPE
STU RN IR 58 R 48 Kk B A A 4 = EAE W R 7
PEDF A #8837 1 Sk $0 10 45 A B3 s S A A B AR 3 19
IHAE , I SRR S A0 AN 20 R0 A0 i A A K
Taurine FLAHT4A AL F SR 2 VE T, ZE RSN RE AR i L
FRAMAAY % 71 | taurine %38 25 (A 3% A it 2k 14 B BS2
TN R E 2B, KA A T Taurine iR ]
FRFEAN LA BE I ATP A8 1 45 25 7 1 58 A 5L AT R
YEH .

3.3 FBEEER MEAXEANMUEKARNRENE
MPYBEX  HEARMS TR EERE, e
T2 A oA ) L30T i 25 e 2 200 i G 32 3 R, LR A 4
TR, M TS MAP-2, A2 H BMSCs 52
B2 55 R T 2d BRI SR (1 S BAE 15 3d R
R B B2 I B P23k | B 5 S I TR AU RE K, SR 3%
IR BAM R A AERE I, FRPE RIS BB & J5 , K 51 MAP-2
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E6 A BMSCs E}BEZHFMAMIFSIERMEIRMTIL(ICCx100) A 2wk;B:3wk,

B 7 RT-PCR #iLIGHA N IFBAMETRRIEER 1 marker
(100 ~600bp) ;2 : 45 KBt T 3wk J5; 3. %)

A:2d;B:4d;C:8d;D:12d.
_.i : T — —

FEIR TR A T 0 20 L — 25 ) A Bl 28 T AR B A Ak
MAP-2 HifRGLFE a,b Fil ¢, Hirh MAP-2b 303834, KA
FNER 4> BMSCs 42 5 B MAP-2 FH M 263k ] fE & T
MAP-2b,, XfREALIRZR KR B [ I MAP-2, RIILTE T
AR 20 A Ak b 28 T R A0 i R S 5 0 PEDE &
Taurine 55155 , $EHE— N R A TR SR | i H AT i ) D' Jak
Zav Loy, TESE T BOA S 2wk S R 85 T 0
BMSCs R L5821 5t (1) 175 10, 445 S 7 30 43 200 Jfd ¢ 35
ST, RS I (R A I SRR R g S T, X HE
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HAFIBIELL T, AW 5T 1 AR ISR N R BT

AT BB S T 25, T LU S BMSCs Rk G2 4%

PR EILER LI, H B MR A A IEW] BMSCs A

A IDGRSZ SR E AN S L ry AT B . T BMSCs 731k
AR A AR A M 75 HAT PR A DL RSz AR 20 I ) Zh BE 475

wE—
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