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Influence of Bone Marrow Mesenchymal Stem Cells Transplantation
on the Retinal Ganglion Cells and Brain Derived Neurotrophic Factor
after Traumatic Optic Neuropathy in Cats*
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ABSTRACT Objective: To investigate the effect of intravitreal injection of bone marrow mesenchymal stem cells(BMSCs) cultured
in vitro on the retinal ganglion cells after optic nerve injury in cats and its possible mechanisms. Methods: A cat model of right optic
nerve injury was established and divided into four groups: (1)Group A: Right eye BMSCs injection transplantation group, intravitreal
injection transplantation BMSCs concentration of 1x 10° cells/mL single cell suspension 0.1 mL;(2)Group B: right eye PBS injection
group, intravitreal PBS buffer 0.1 mL;(3)Group C: Sham-injured control group, BMSCs left eye group, only exposed optic nerve without
injury, no treatment; (4)Group D: normal control group, PBS left eye group, normal eyes, without any treatment. The survival rate of
RGCs isolated from retina was observed by immunofluorescence staining with dicarboxyl tetramethylindole carbonyl cyanide perchlorate
staining at 3, 7, 14 and 28 days after transplantation. The content of brain-derived neurotrophic factor in isolated retina was detected by
double antibody sandwich ELISA. Results: At 3, 7, 14 and 28 days after operation, the RGCs density in peripheral and central retina
decreased significantly (peripheral area: P3d = 0.0446, P7d = 0.0011, P14d < 0.001, P28d < 0.001; central area: P3d = 0.0437, P7d =
0.0067, P14d < 0.001, P28d < 0.001). After 7 days, 14 days and 28 days, RGCs density and BDNF content in group A were significantly
higher than those in group B (P < 0.05). Conclusion: BMSCs transplantation can slow down the apoptosis of RGCs in cats with traumatic
optic nerve injury, which may be related to the increase of BDNF expression.
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R 190 M T 2 B - R S B e Dl Yt , 966 B 2
PEWLER 7R RGCs 2% [ , FLRAS 40 ASIR] I ] RGCs (14 F- 349 %% &
MR L 1, FEVRYT)E 7d.14d F1 28d,RGCs [TETE S A 4H
WEET B 41, A 41 RGCs Ha G4 B A BEM . 4
T RAEARTG 3 K, A 41 B 2758 71 X K e e A
) RGCs B o4 112422 5(F = 4.822, P = 0.0564); 15975 7d.
14d 7 28d, 76 A3 X B rp g X AR B RGCs % 5 A B 4[]
BEZER(P<0.05). 5 C ML, A B A ICIB7E R XA
IR TE R e X fiE Y RGCs FEAMIG 107 5 451~ B ] 24 2 2
2= %W (J8 % W B . P3d=0.0446,P7d=0.0011,P14d<0.001,

P28d<0.001; 4[] JlE . P3d=0.0437,P7d=0.0067, P14d<0.001,
P28d<0.001) . 2 H 4535 RGCs %5 J8 i it 1] 3iE (< 1 52 F Rt
A B L TE R R Je XL, B S 0 S s A T
THMZIA G 7d~14d(E] 1), #H%HT D 4H,A 4 BMSCs #
HIYEI7IE 3d.7d . 14d 1 28d RGCs 7 J& 11 X 10 I B4 52> 1
7.4%,11.5%,48.3%,53.3%, 78 H1 J& XA R B 431k 2 T 6.6%,
10.3% ,29.9% ,32.4% ;B 41 1 4 PBS J5 3d.7d .14d 1 28d
RGCs 7 J& i1 X AR 9 Ji&€ 43 53l 98 2 T 9.5% ,15.6% ,70.2% ,
72.7% , FEH YL XA R A B D T 7.9%,14.9% ,41.8%,
45.7%, D 415 C 4145 W4l Z [ RGCs T L2 5+ o5t
AR SU(P>0.05)

* | HARERE RGCs BFEHZEHEA /mm?)
Table 1 Average density changes of RGCs at different time points in each group (number/mm?)

. 0d 3d 7d 14d 28d
Time
Peripheral Peripheral Central Peripheral Central Peripheral Central Peripheral Central
Groups Central area
area area area area area area area area

Group A - - 410+ 38 830+ 48 392+ 34 797+ 42 229+ 35 623+ 43 207+ 26 601+ 35
Group B - - 401+ 34 819+ 47 374+ 26 756 42 132+ 18 517+ 33 121+ 15 483+ 26
Group C - - 453+ 42 879+ 46 441+ 38 897+ 52 434+ 35 886+ 43 452+ 37 871+ 50
Group D 443+ 39 889+ 47 - - -

A

B 1 AB BAEIMAIAST 14d RRRERRIEEMNE R RRRZEE Dil FEFCHHRXMWELR RCCs BES C A%
i EH A SR A A, EH B &SI B 4 E P CE#atE C ARGCsx 400),

Fig. 1 Qualitative observation of immunofluorescence Dil staining markers by fluorescence microscopy after 14 days of trauma treatment in groups A and

C

B Comparisons of RGC Density in Central Retina with Group C

Note: Part A corresponds to Group A, Part B corresponds to Group B, and Part C corresponds to Group C (RGCs x 400).

22 WiREHEEREFHNEE

K FARU A — 25 J2 U 1k G e 58 W B8 (ELIS A) Jr ik Xt
4385 1 AL 9 551 BDNF & i A7 00 g, B4 20 R [ [
BDNF &8l e 45503 2, 3d.7d 14d F128d J5, 5 C 4HAH
L, PUMIEEAIM A ) BDNF &7 A B RIS £k
(P<0.05), 3d J5,A B —4i BDNF % &% R &%= X
(P>0.05), 7d.14d .28d 5 ,A 41 BDNF &&= B85 T B 4H
(P<0.001) A 41 3d 5 BDNF 42 53kI6(H , 7d [R5 3] 14d
NEHTFIE,28d J5 BDNF &Eifa T, B 41 3d J5 BDNF &7
1 FiAIE(E , 7d  14d .28d J5 BDNF & FRE. A.B.C =
ZHANR] Bsf (3] BDNF 35 £ 00 2 45 5 K b5 LB 2. C 4 BDNF
KPR R E , FE4 B[R] 25 7 G124 L (P>0.05), D4
5 CHK WA Z A A BDNF & EE4 R EFLHIT %5
X(P>0.05),

3 3t

AR B 255 AR BRI PR B . Wb 26 5 A T A
5 M2 M AR S I AR K 75 25 TON B34 I 20 AR X 2
5. TON {7 O 45 RN & 5 1 e TR, R R A
faffiGyT 7, HIRA BAYT 3 T B (18 5 3240 il
P2 MR R WA RO TR . (ELE ORI PR b 2
RS REFLERE IR ES , TON I FESZBRIATF AR I AR AR,
A 28037 1L 00 0 e 2845 2 L 8 1= B0 7 O 260 0 4
EARATBR . SEAE , BRI SE I T AR A 7 AR 22 2
GO IO U 22055 T s th KRS R 3 B
G T AR AR PO % e BMSCs H AT 2 A H 45 348
() B LD 241 2, BMSCs A H: AR g 2 B3 15 B 1A 7
AT SR
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* 2 BEAAREAE BDNF & EilE L R (pg/mL)
Table 2 The determination results of BDNF content at different time in each group (pg/mL)
Time
0d 3d 7d 14d 28d
Groups
Group A 106.39+ 10.25 87.13+ 11.37 97.70%+ 13.08 92.54+ 8.95
Group B 100.23+ 8.98 78.21% 12.38 74.06% 10.09 72.89% 6.11
Group C 66.55+ 12.25 63.34% 9.92 69.27+ 1131 61.89+ 11.12
Group D 67.32% 7.56
150
@ BMCs transplantation
@ group
B 100 B PBS injection group
g O sham-injured control
group
% 50
o U
3d 7d 14d 28d
Time

2 AB.C =N [Er}E BDNF EENELER K LLE

Fig. 2 Determination and comparison of BDNF content in groups A, B and C at different time
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IARLITRE T B, 7E — S0 ™ () P 2 B3 6 1, RGCs A
TR R AT B xR W R e 5 . I RE I
VR AR BE F BRI T4 /5 RGCs By AAETR SR, Mg
P 5 — B AT 19 RGCs BT BEIR & 1 HE Rl . ASS058
M ELERYY G 7d.14d F1 28d, BMSCs 1 5 #4241 RGCs (147
THCR B T PBS 541, RGCs it B IG it #4: PBS i
SPPER P S 2, 2 W B AR S 9 S RS BMISCs R LAY ZE 4
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BMSCs Xf RGCs HAT—E LRI VEFT, DI R B B A 1 A 12
FIFoAE BMSCs JRI 7 Ah S He it T — M SL i 3kl . 18Y7
J& 3d,BMSCs 73 51 R A8 40 A1 PBS 1 8+ 20 J8152 X B v e IXR ]
R RGCs %5 i 22 57 UG 72 SC AT S BES (R N 154 %
i BMSCs J&7 k¥ HAE T i — it il i o6 . 518
PP 4LAH L, BMSCs {5 B AR 21 F1 PBS V52 T it 78 JA
T3 DX P RSS2 7 v e IX T B 11 RGCs ZEA M3 IR 1BY7 5 44
A ) 35 2 3 T, R 2 015 TGIRiR I 57, &t
i RGCs JA71,RGCs i T J& FHOR W W 54 ) I Th e 1Y
TRHZ —, KHENEREE T UM LIt )E 7d~
14d,28d J5 w4t 4% . x5 2002 4F Watanabe M 2% T i 18
A3 R 22 2 P P 105 J RGCs 110 %5 13 5 1k 8 Vol 78 fL s A 2
S, 3kl RGCs 1% B 40 s AR fr B 3 AN TR] T g 5 5 i
B ZAR  R 2 OF eCRRRE BARRIAE 3¢ 4K, SER Sh Y
T AT A KA ) 5455 7 =X R B v i 3 J RGCs 1Y)
AL B, PBS VLS4 RGCs Fifif 8] A8 fk it % B

Boin B IA N T A 2805 )5 RGCs T8 fk
B IEF T HRZL - SR I 40 45 W 4L 2 6] () RGCs 1422 5+
TGt X, FHH RGCs 25 B B0 B AS £t 22 16 %
RGCs ¥ T % R,

2 2 055 RGCs i s 2578 b 2 B AL 2340 7
RGCs 27— ikt 2, x4 F2 A e 5 i 22 4
Wi R AR AE ARG . 7€ RGCs TRyt rh , J0 48 (4
A AL TG R FH S WG T st B A IR R 2 e
055 RGCs -3, IR AR R 8RR, B R AR 1)
P, RGCs il K IR T, DI BE MR A AR 0 RIME, 7EA
S BMSCs 13 R A7 41 F1 PBS Y G1HH %15 453 43 42 11l 41
FIIE & % IR, AE A 28 MI3 e, TCIe e SR 91 X AR JiEE % RGCs
TR AE Hh Y [ R JIE £ RGC's 147 I s (7] HiE < 1 5% 30 114 48 8 6
AR RS H, G R a2 MY e RGCs
R TS, 3G RGCs f7T% MU AR, ZIRYT I E SN M L pek 225
BHEIIRER KL, S EE ) RGCs FET S A B A
JIRE TR S 1

PR B R HF (NTFs) & —28 P2 i S B L PR (28RN
ETU I B A AR B 5T, A ook E K AT AN
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IR A9 2227 240 i P A i SR B P R R 4 RGCs IEH )
BEME N R, AP IR ATIEER, WL 54 3% b () BDNF
S i 7E BMSCs 1S #2420 F1 PBS V541 5 i 455 45 il 4 4R
IR sk, RSB )E TR 56, et R
PR 572 % BDNF 223K 19 7 (B TR K EAR . 3d )5,
BMSCs i1: 51 B A8 41 Fil PBS i3 440 BDNF & i 22 7 40 1124
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T PBS i GF4H , R W BRI N TE S oA BMSCs ] LASE it
W5 BDNF F435 55 5, ) R B8 1S J N TE S5 F% 4 BMSCs J=
fieift BDNF 5 8 s ifs 22— Wt AN ] 72 . BMSCs T4
FoAHZE A PBS 11512 BDNF & & 7ERUAN 2245 15 3d I 2435 5]
R IE(E, X 5 Chidlow 852 F LI I AW 52, A
1 BDNF & i fE LA 245 007 3d I aA BI04 (E L 2 J8 =22 J5 R i
%, R W A BDNF LEAI A 2450 13 J e i 400 P T 8 7 A 38
SONEPETH R, AT RS F BB LA 2 450405 ) — b AP L )
S, A IEYE BDNF J il 502 RGCs T, 7d . 14d,
28d J& B # BDNF & TH0eE , R TE BDNF T bl
PRASET IS 07, FEAESRIN (T, e 2, Bl e LAY
F B SO BEAR AR BDNF (1975 7K SFARMESC B, AN RE AL A8 AT R4
4 RGCs, MELUE B AR MAEZAEN] . PBS A0 5
BDNF {3836 /KF-HEA b Sz 7 g pf 2845000 5 4 I BDNF
FBAKF o HAF—HRAIE , th TP BDNF A Fp2Em 4R
&, SEHi TS e R TG AR BDNF RS20 , [RJAE 5
BRCETENE , HAR Y8 RGCs 1426 O 1E FH RS [ TR A 22,
Sanchez 2524 #iIF 52 BDNF A] DR gEph 2ol gs 4 K, If
A B TR IC 2 ) R A S IR 2R P, R o0 e 222 AR A AT
ATRESE IR IR B = A7 5%, mVRAR R DR n] A B A X
—HEREPO, IR R 22 77 X T (BDNE) ] LU I3 SR AT 1Y
HAFRR O R B AR R BT O 2270 o 278 SR A 73402
EHOE]E RGCs JAT-AH EH N Z—P, DIRTIpTRE 45k
A2 bl 228 0 DR - AN OO B Rl 2T BT B AR PR AT, T
HBZ 5 FMR ML, (LI IC I RER ™, MM E
Fe W FF R — 51, BDNF %f RGCs Fi2: HA R ZI 1§20 , 3
AU FI T RGCs 22T 2 [0 B fi e 42 ™, 1y ELXS 190 fi
RGCs HFAE BRI A 45 3 JE 24 IO I 22 05 i = 4
13, #heE e TR iz i & A RS, RGCs BTk #L e NTFs
bt =, 38 RGCs N , fRZ 8 RGCs P T,
25 BRTIR, AR MR IR A GO T 2 51 Y BDNF 78
RGCs {14: fiir il 9 PR 2 (AR 2 445 RGCs 1EH DI RE Y 2
2RI RGCs (- FFAE R A7 TG e R AR R A
LW e — 8 B AT B9 RGCs I REIR & R AT , IR e
SN RN RERIRE REIE o DRI, FAT T D e B A P A 4 %
i BMSCs Ji7 Hox RGCs (4711 HT AT B 2 it i fie i3 BD-
NF SRS, (HIX— S50 A 15— AT WA .
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