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* Inhibitive effects of bone marrow stem cells on corneal

. neovascularization in rabbit with corneal alkali burn
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[ Abstract] Objective To observe the corneal neovascularization (CNV) of dam-

. aged cornea in different time after early transplantation of autologous bone marrow

stem cells (BMSC) in rabbits with corneal alkali burn,and explore the inhibitive effects
of BMSC on the corneal alkali burn of rabbits. Metheds Twenty-four rabbits were
randomly divided into experimental group and control group, 12 cases in each group.
BMSC was isolated and cultured in vitro. The models of moderate corneal alkali burn
were induced, and the BMSC was transplanted in the experimental group. CNV growth

¢ was observed at 3 days, 14 days,28 days after transplantation, and the CNV area was

calculated. RT-PCR was used to exam the expression of MMP-2 and TNF-a mRNA in the
damaged cornea. Results BMSC cultured in vitro adhered to the bottle wall, exhibi-
ting spindle-shaped morphology,and with high expression of CD90 (the expressive rate

« was 97. 94% ) ,low expression of CD31 (the expressive rate was 0. 15% ). On the 28th
+ day after transplantation,the degrees of corneal opacity in the experimental group was

low,and CNV area in the experimental group were lower than that in the control group
(P<0.05). On the 14th day,28th day after transplantation ,the MMP-2 gray value of the
gene band in the experimental group were lower than those in the control group ( all

° P<0.05) ,especially on the 14th day (P <0.01). On the 3th day after transplantation,
; the TNF-« gray value of the gene band in the experimental group were lower than that
> of the control group (P <0.05). On the 14th day,the expression of TNF-a in the experi-

mental group were lower than that of the control group (P <0.05) ,but on the 28th day,
there was no statistical difference between two groups (P >0.05). Conclusion BM-
SC can inhibit the CNV through inhibiting the expression of MMP-2 and reducing the
dissolution of the extracellular matrix ; BMSC can inhibit the CNV development through
reducing the expression of inflammatory cytokines TNF-a and reducing the release of
inflammatory proteins.
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1 #R5FE

1.1 &8 BRHAKRA®R?24 H,2~3 % K ihE
1.8 ~2.3 kg ( P22 gil KAz & 27 Be sh i) 5L 3 ot 42
f£) ; DMEM-F12 15 5% (3£ [E Gibeo 24 H]) , i 48 1ML
(BN HZEF A w]) , ZH IR (Sigma 24H]) , i
1 (2 E Gibeo 257 ), RNAfast1000 5 RNA ##
UG &5 DNA Marker (PP e i AE MR A PR A
7il) , DreamTaq'" GREEN PCRMaster Mix ( 3% [E Fer-
mentas /A H] ) ,PCR 514 ( LAY TRAF) .

1.2 A&

1.2.1 zh¥IHARMEBNESF EREELEE MM
U0 5250 3 ) B AL 53 A S 36 40 s R4
HrpSCIR X R & 12 H, Kl Rt s 7 H
ZhbkiE 55 100 g - LKA S (2 ~ 3 mL) BRI
T AT B ZFE TR HMICEEEZ 5 mL,
PBS #i18%47,1000 r + min "' B0 5 min, £ FIEW,
\E ARSI K, A5 mL DMEM-FI12 5 3£
MRRS G AT H #5048 h J5 | IR, bR 25 AR
REANML, 40P 1 % 80% ~90% iz 1 : 2 5% 1 : 3
Fe e A 8 75 80 ' S B W 8 A T 25 1) AR
b, 3 MR AT, BUEE = AR 41 i, 9 2 40 ik o 10°
L™ 2EIM%E 50 mg - L™' 4 CFEE 15 min #H] Fe
ZAR, AN FITC brid Pt e CD90 ,CD31 ik
%5 WL, 53 2 EAVE N BT B O mbeik) o DL B4
RESREEHCE 30 min, 43R0 A 2 mL PBS £k, 1000
r+ min" .0 8 min, 3 3,300 pl PBS T &5 I
i A A SR

1.2.2 #HBERERHEEGERL S & . BMSC B#E
FAMMER  EZERIKIES 100 g - LKA SRR, &
YR B 25 B P9 2 AR K EAR 5 mm (BT B4R
FAEAE 5 ~10 mm B IEACFFZMET 1 mol - L7
NaOH ¥ H 30 s, U J5 F TR U8 40 F bR 2 Rl
&, 7 BV E TR IR AR ER 1 30 s, A= BEER /K R v vk
PR S 25 0% 2 A A 2 T IR WG R 2L R IR B IR
MR, K3 k. SRl 12 HAEsi 1 h 5 0K S x 10°
A~ BMSC {2 F 2.0 mL PBS rft, F H Z i ik 4 5
1.5 mL 20 Mo 22K, 3% T BRI J 25 T (Sl st
5 R A BMSC 4l g8k it 0.5 mL, X
212 HORHFFE T HSEIKES 1.5 mL 3y
PBS, DU s g5 i N 473 A 0.5 mL ) PBS, W4 rh
HIRBAWOWEENR . FERLBUET T WS A B5E 3 A= 1M 48

AR, FARR TTERE A A A, AR R A i A
ERARN €12 x3. 147 = (r =1 ] (r: fABY
2, C AR 78 43 B A R v [0 o] e ASCBEC, 1: a AE AK
JE) I IR0 5 B AR S M R AR I AR S B
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A I R HE

1.2.3 RT-PCR # 7] MMP-2, TNF-o mRNA {35
15 (1) RNA [ 32 IBOHI2E 2 i 4G I « WiC 8 2% 20 £ i
L WHE , Trizol 7873 2% , A AT, 1R 2 ¥y —
AIFLBEAR, B0 o $6F FIEWZTC RNA JiRY 1.5 mL
EP 4 AR R G RB, ). THNEE
AR STHIBAR , B Lo FE 2N IR, fin 500
pL B TAEE PE O, BE ERRE. BNEE
M ABTH) EP 45 7R R A Rnase-free
K, BRI E RNA 5506 BTN RNA ik
JERNLERE . (2) Wi%% 5% 5 M cDNA: fE 0.5 mL EP 45
HKUIA KL RNA 4 L L5149 1 L DEPC 7K
7 pL RGBS EHL65 C 5 min, B pK 2 H)
1 min, fITA 5 x Jx W 22 Wik 4 pwl., RNase 1 plL,
10 mmol - L™" dNTP 44 2 uL.M-MLV 1 uL, i
£ B0, THEI DNA BT - 80 C. (3) RI-
PCR 2 5 f {2 A6 I ik [ 48 Jeg 2 1 -2 ( matrix metal-
loproteinases , MMP-2 ) 1 i J& 1 4E K] T o ( tumor nec-
rosis factor, TNF-o ) FE3K /K. 514 %1 MMP-2 L i
5|¥) 5 -gtcaagtegtcegtgteaagta-3’ |, N5 |4 5 -gagttc-
ccgecaatagtagaca-3” ; TNF-a [l 5| ¥ 5’ -cccaaacaac-
ctecatctagte-3°, It 5| ¥ 5 -agtgtgagteaggageacgtag-
3' . N FLSE: MMP-2 TNF-o .GAPDH % 94 °C 3
min—94 °C 30 5,56 C 30 5,72 C 45 s—72 C 7 min,
330 MIEF. PCR §718,15 g + L™ AR HHEEIS B Tk
435 PCR 974874y, Nikon KR AHALEEAH

1.3 ZitZ 7% A SPSS 16.0 FAF4eit o #r 5
B, AR 0 P A Bl DL+ AR (v £ 5)
B X 2 RN S 0 4 2 ) 2 S LR I ST R AR
R 50, £ A5 B F- mRNA [ 22 5 FLBCR A B 2R 7
22T, IR e =0. 05 B /K.

2 HR

2.1 HREVBRETER HE DM TUEL
BMSC WiBEAE I, SARTE , S HE S IR, 25 20
AU AR — o R B A R U B 41 I R 7 7 Y S 2 =
Iy M A B CDO0 7 K ik (R IK AR 97. 94%) ,
CD31 flRFIA (KIBF0.15% ) .

2.2 BERMENERR M5 28 d,35:50mAH 4
R B R I8 PR TR , b B GBI, A T AR 1l
ERES ~T ALK 4 ~5 mm, XF AL IR
PR, 2 RO B IR F B, 2 H G B B
R, AR A IS SR e 8 ~ 12 M, 15 ~ 6
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Tk HE 2Ly 165 A 1 787 i RRURR A 2, R DL EH i 22
F(P>0.05), 14 d B, S50 20 £ BT A 14 i AL
X A M i/, (B2 R LR 2EE L (P >
0.05) . 28 d i, S50 20 A B A= i 2 1 AR BH S /N
XHRA, Z A G E L (P<0.05, 3% 1),

Figure 1 On the 28th day after transplantation, the corneal opacity
in the experimental group was less than that in the control group,
CNV area obviously decreased. A: Experimental group; B: Control
group  FEAHJG 28 d, SIS ZH AN B A IR ek 4%, A7 MBSO A 1l A
TR D/ e A SEIR2H B XS RRZH

®1 BERERE®RESRTENDE®mR LR

Table 1 Comparison of CNV area at different time after
transplantation between two groups

Group Day 3 Day 14 Day 28
Experiment(S/mmz) 2.43 +0.60 85.08 £8.09 66.91 £18.17
Control (S/mm?) 2.27 £0.63 94.39 +18.15106.45 +7.55

t 0.379 0.938 4.020

P >0.05 >0.05 <0.05

2.3 iS5 MMP-2 TNF-o mRNA FiA25{L
2.3.1 MMP-2 mRNA fy&ik 1E BMSC BHiJ5 3
d, S280 21 5 %) R 2l MMP-2 35 R %45 K B (B AH b 388
AW 25 (P >0.05) ; Bt f5 14 d.28 d i, 5S¢
Bl KL IR 2% I K BEAE AR T3 B (2 P <
0.05) , 550 4] MMP-2 mRNA AL F X 4l H 14
d 22 R (P <0.01, 0103 2)

F2 XIwAFXERL MMP-2/GAPDH X EEH

#r

Table 2 MMP-2/GAPDH gray analysis of experimental
group and control group

Group Day 3 Day 14 Day 28
Experiment 0.35+0.20 0.40 £0.25 0.38 £0.08
Control 0.38 £0.16 0.78 £0.10 0.69 £0.04

t 2.17 2.64 1.95

P >0. 05 <0.05 <0.05

2.3.2 TNF-a mRNA fy%&ix BMSC BHilE 3 d,
SCHGZH TNF-or BEP A5 W RE (R A0S BRAELAR, S 56 21
TNF-o mRNA 14 3% 35 B {37 40 1, HL 954 1a) 22 57
BEEE X (P <0.05) ;14 d B}, 52840 TNF-o 3t
IR T AT HRZE (P <0.05) o 28 d B SEEe 4
55X B2 TNF-oo mRNA ik 840, 22 R LG 2%
BX(P>0.05,1L%3),

3 g

BMSC &5 ZH IR IHLEIAAHE i

®3 SLIBAFXTERA TNF-o/ GAPDH & E{E 5

Table 3  TNF-o/GAPDH gray analysis of experimental
group and control group

Group Day 3 Day 14 Day 28
Experiment 0.25 +0.13 0.38 +0. 11 0.40 £0.04
Control 0.72 £0.20 0.76 £0.12 0.48 £0.03

t 2.67 2.15 1.98

P <0.05 <0.05 >0.05

W5y, BMSC 1 2 ff) % 15 5 BMSC 1 431k 1
REA O TEM MR E 2500 T BMSC ] §0i75 3 70 1k
S L R REAN M. SRR, 5 AT RS W1, BMSC
A BB A 8 2o 40 ) S R S, T A A2 e 43 Al v gk
SRR B K . TEX A b B BMSC 43 W4 1% 7]
Vo T A R e R S M T e e R AR AR
PED A R AR Y, Ma D4, BMSC
Al RESE AL A ] CD45 | TL-2 (1338 K R AE DT R AE
Mo BMSC ¥ Jim 18 i o 4 IR 3% R 1 2 IR 9T A
BEAR 2455, 38 5 400 ) CDA ™ T 2 A DG 240 e
T (12 IFN-c) R R AEHLRAE T . BMSC
DL 55 43 7 240 W — e A i R T AR
353473 40 A 410 A A , 3K R AT O 2 A U8 A
H R LF A o X e T AR T T AR AR
E‘Jiﬁﬂiﬁ, HEST T IO BE 2 M R TR ORT T
@]‘_ 10-11 .
FE AR BB B 17 A G o R v ARORE 03 1 A JE Y A
0, SERE N R 9 55 L 465 e o B4 4% 1) 7 5 4K
Ho PSRN G 20 M RE ELIE R | 3 TR A
2 0 B A P TR £ () B AR Ak B A 1L R
DR B ok B R S 4 PR AN 2 A TR A I
R , ASCE T BMSC B4 )5 3 d, i BT
A MG R R RIIR 514 d fe 28 d, 5256 4H A BEHT AR i
AR/ T X R, 28 d i 22 e B i, i —
Ao T IR, AR I R U2 5 R O 4 PR ) A
([ REP
IERIEOL T MMPs #1453 & 2 1 il 2 2341 1) 55
(tissue inhibitor of metalloproteinases, TIMPs ) &t F 3
V- T e ek F v, MMP-2. B [ fiff ik
JUR IS0 200 B oh 35 S5, 2 3F AR ISR A= il 48 Y A i
MMP-2 11 5 fif 75 PR BE B TIMP S 4 il , AT 41 61 8
A A B AR e RO, G B % 00 L A/ s I ) i
J& MMP J TIMPs [B] AN i 285 58, MMP-2 ()4 5 %
IRELHE TIMP-2 F3k FEARIA 25 3 SO M 15 5T 5 A
ARSLgGrh , BMSC BAH I , 1 R AR I 48 R s /b, £
JEE - R A AG ST, R LA B8 07 A T s ARE R
N4 . RT-PCR 43 i /s BMSC #8 4 )5 14 d.28 d
MMP-2 fi3% ik, w] LA KT, BMSC n] B 4% Bl (] 4%
S TIMP-2 (38 2, A A HAD &) MMP-2 (1, 2
— AR b e AR A U8 20 P A T ) I i
T A A TR B, (e 2 A ke 0 AT 5 o
(%55 633 1)



WOBHETUEE 2015457 H  H35%E HTH
Rec Adv Ophthalmol ~ Vol. 35 No.7 July 2015

http .//www. ykxjz. com - 633 -

S 3k

U ZERRS, 8 3o, BRAEE B (M. Jeat: AR A W ik, 1996
1705.

2 RBB EBRIESHEEIRAIEART]. IEE,2006,15(2) :79-81.

3 Asrani S,Zeimer R, Wilensky J, Gieser D, Vitale S, Lindenmuth
K. Large dinurnal fluctuations in intraocular pressure are an in-
dependent risk factor in patients with glaucomal[ J]. J Glauco-
ma,2000,9(2) .287-488.

4 Lam DY, Kaufman PL, Gabelt BT, To EC, Matsubara JA. Neuro-
chemical correlates of cortical plasticity after unilateral elevated
intraocular pressure in a primate model of glaucoma[ J]. Invest
Ophthalmol Vis Sci,2003,44(6) :2573-2581.

5 sEsR, W ET, SK/NES. T OGS T TR OIS SRR TR A £
R SEIR O B R D V) BR AR S BT B R S AR [T 8 £ B2

B4Rk ,2014,31(3) :208-211.

6 May JA, McLaughlin MA, Sharif NA, Hellberg MR, Dean TR. E-
valuation of the ocular hypotensive response of serotonins 5-
HTIA and 5-HT2 receptor ligands in conscious ocular hyperten-
sive cynomolgus monkeys[ J]. J Pharmacol Exp Ther,2003,306
(1) :301-309.

7 Weber AJ,Zelenak D. Experimental glaucoma in the primate in-
duced by latex microspheres| J ]. J Neurosci Methods,2001,111
(1):39-48.

(L#5E 625 )
S% 3k

1 Klausner EA, Peer D, Chapman RL, Multack RF, Andurkar SV.
Corneal gene therapy[ J ]. J Control Release,2007,124(3) :107-
133

2 W, ATAREE, BUK, XL, XA , YL R, A5 AR A R 5T
J T AN AE A S i £ L B BRI AR 5 S oAk [ I ] Bl
2007,52(14) :1665-1672.

3 Yao L,Li ZR,Su WR,Li YP, Lin ML, Zhang WX, et al. Role of
mesenchymal stem cells on cornea wound healing induced by a-
cute alkali burn[ J]. PLoS One,2012,7(2) :e30842

4 Jiang TS, Cai L,Ji WY, Hui YN, Wang YS, Hu D, et al. Recon-
struction of the corneal epithelium with induced marrow mesen-
chymal stem cells in rats[ J |. Mol Vis,2010,16(12) :1304-1316.

5 MaY,XuY,Xiao Z,Yang W,Zhang C,Song E, et al. Reconstruc-
tion of chemically burned rat corneal surface by bone marrow-
derived human mesenchymal stem cells[ J]. Stem Cells 2006 ,24
(2):315-321.

6 Zheng XF,Feng KX,Li B,Yang JZ,Ge JJ. Effect of lamellar ker-

—_

—_

Hayreh SS, Pe’ er J,Zimmerman MB. Morphologic changes in
chronic high-pressure experimental glaucoma in rhesus mon-
keys[J]. J Glaucoma ,1999 ,8(1) :56-71.

Mogran JE, Uchidac H, Caprioli J. Retinal ganglion cell death in
experimental glaucomal J]. Br J Ophthalmol ,2000,84 (3) :303-
310.

Fortune B, Cull G,Wang L, Van BEM, Cioffi GA. Factors affect-
ing the use of multifocal electroretinography to monitor function
in a primate model of glaucoma[ J]. Doc Ophthalmol 2002 ,105
(2):151-178.

Bellezza AJ, Rintalan CJ, Thompson HW, Downs JC, Hart RT,
Burgoyne CF,et al. Deformation of the lamina cribrosa and an-
terior scleral canal wall in early experimental glaucomal J . In-
vest Ophthalmol Vis Sct,2003 ,44(2) :623-637.

Rao RV, Poksay KS, Castro-Obregon S, Schilling B, Row RH,del
RG, et al. Molecular components of a cell death pathway activa-
ted by endoplasmic reticulum stress[ J]. J Biol Chem ,2004,279
(1).:77-87.

Koumenis C. ER stress, hypoxia tolerance and tumor progres-
sion[ J ]. Curr Mol Med ,2006,6(1) :55.

Lou LX,Geng B, Yu F,Zhang J,Pan CS,Chen L, et al. Endoplas-
mic reticulum stress response is involved in the pathogenesis of
stress induced gastric lesions in rabbits[ J |. Life Sciences 2006 ,
79(19) :1856-1864.

atoplasty time on the production of serum specific antibody in
corneal alkali burns[ J]. Zhonghua Yan Ke Za Zhi 2004 ,40(3) .
160-164.

Oh W, Kim DS, Yang YS, Lee JK. Immunological properties of
umbilical cord blood-derived mesenchymal stromal cells [ J].
Cell Immunol ,2008 ,251(2) :116-123.

Kinnaird T, Stabile E, Burnett MS, Shou M, Lee CW, Barr S, et
al. Local delivery of marrow-derived stromal cells augments col-
lateral perfusion through paracrine mechanisms [ J]. Circula-
tion ,2004,109 (12) ;1543-1549.

Silva GV, Litovsky S, Assad JA, Sousa AL, Martin BJ, Vela D, et
al. Mesenchymal stem cells differentiate into an endothelial phe-
notype, enhance vascular density ,and improve heart function in
a canine chronic ischemia model [ J ]. Circulation, 2005, 111
(2) :150-156

R, XA BRAEDS  BR EE, ZEROT, AL I P R AR T
IR 4 B ) 7 I 2 L X SR I R B S R R BRI R Y R
W [J]. e %ﬁﬁJLﬂllmeEFE\,ZOB 28(2) :102-106.

FR AR, WA R, XK, 77 55 05, kIR, /N BB il ) S8 )5 T 20
H@%r’ﬂiﬁ%éﬂt[ﬂl%w&z?ﬂﬂﬂﬁ%*%‘ﬁ}fﬁ[JJ. B S ARG AER,
2014,31(1) :8-14.



