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Abstract

e AIM: To investigate the role of bone marrow
mesenchymal stem cells ( BMSCs) under hypoxia on
vascular endothelial cell migration and lumen formation.

e METHODS: Three kinds of conditioned media (CM)
were prepared which including control group ( vascular
endothelial cells conditioned medium, VCM), normoxic
BMSCs- CM group ( NCM), and hypoxic BMSCs - CM
group (HCM). Then the migration and lumen formation
of human umbilical vein endothelial cells (HUVECs) and
monkey choroid - retinal vascular endothelial cells ( RF/
6A) were detected after cultured with the above three
kinds of CM respectively for 6-24h.

e RESULTS: The numbers of cells migration and the
tubes formation (including the total length of the tubes
and the numbers of branches) in the hypoxic group
(HCM) were increased significantly compared with the
control group and the normoxic group (P<0.05). The
numbers of migrated RF/6A cells were 19.00+3.61, 32.33+
3.06, and 114.00 = 11. 53, respectively in control group
(VCM), normoxic group ( NCM) and hypoxic group
(HCM) after treated for 24h ( F=153.3, P<0.001). And the
numbers of migrated HUVECs were 76.00+9.54, 122.00+
18.68, and 307.70+25.97, respectively in three groups ( F=
121.5, P<0.001). After incubation of RF/6A cells with three
different CM for 6h, the numbers of tubes formation were
12.00+3.00, 37.00£4.58, and 51.00+3.61, respectively ( F=
81.7, P<0.0001). The results of lumen formation of
HUVECSs in three groups were similar with that of RF/6A.

¢ CONCLUSION: BMSCs can promote the migration and
lumen formation of vascular endothelial cells under
hypoxia. This mechanism may play a role in retinal
neovascularization.

e KEYWORDS ; hypoxia; bone marrow mesenchymal stem
cells; vascular endothelial cells; migration; lumen
formation; retinal neovascularization
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487 PR A0 X Bt L, B OO0 o) B2 1455 DAY s 40 L % Jo e
SEUNE B B4 N0 A SR 51 ) 5
WA RAE AT LA gk R ) £ 2 R 8 e ot (AR 9 5 38k
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FHTAE AT AT L B B AR O S A A & A
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cells, BMSCs ) & 14 & B Z /E T, A< DR A 40 i 3k 5% 22 B
BMSCs 1 9l 5% 46 21 fpfe S 1) WAL IO 5 b I -4 oA 200 i 65 P B¢
AL T FIL2AH B 5 2 i 24 L 288 700 R A 1l A8 AR T
SRS SRR A E T BMSCs 2 75 Al i ok 1 A% A2 1
177 AR HE RNV 1Y B R H 7 7 B BIL I i A 7 A
I, AW ST AU R PR S A0 g 3 15 F A A T BMSCs Ji ik
24 JBE— O O R A P B 200 L ( RF/Z6A ) RN ik it 45 P
JZ 20l ( human umbilical vein endothelial cells, HUVECs) ,
WLZE B EIF T BMSCs X LA A B 200 L 0 A% AR 1L 48T 1
REJIRREIA , F= 5 RNV (193U, il K26 52 BB iy
1 w7 3%
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Py A AN AL FEAR 5 oy =R HOR 22 323 A 1) 52 40 3y
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serum, FBS | Gibco ) , DME/F12 1% 33 3£ (HyClone ) , P 2 4i
M1 A 5% 3% £ (endothelial cell medium, ECM, ScienCell ) ,
FL#E 8um Y Transwell /NZS ( Millipore ) , Matrigel & T e
(BD),

1.2 ik

1.2.1 BMSCs HyI5 5 54 E  BMSCs >R HI 421 i Il BE
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75% L BRI WITH T, TG 6 T BCL R B R 8 R B e
MR A 10% FBS il 19% 75 5 2/ 56 % £ 19 DME/F12
Brgpderh i BRIt lTE S IR I R AR 37°C R T 5%
CO, MG FRAG T 1G 3%, 15 3d B4 1 RIGFR3E, B 23k
3] 80% ~90% filh & BE R A AN, B A KORAS RLAFAY SR 3 1R

BMSCs %= 7% T PBS 1, H-¥4 % B2 15 245 45uL PBS 5 41
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4 b 43 51 m A PE - CD90 . PE — CD44 | FITC - CD34 F
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T8 5 2 AR €
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TR R — IR B Be i B, MBI o g, A
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A FEFN ECM & R FR I T 15 3%, 56 3~ 6 AR H FF
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DMEM #5523 i85 5% 5 3~ 8 AU F 385,
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37CHBIECH 1% 0,.5% CO, . 94% N,H =I5 F-41 N
AR R 24h, BUAA SR F T K595 (19 BMSCs K5 972 364 0
AR ZH 1Y S5 55 37 35 ( conditional medium, CM) | [&] B BUE
AR MR SRR BMSCs Bi 5 54 08 A 41 CM i 8
B A %) TE B 85 3 R R X BRAL Y €M,

1.2.4 Transwell 323§ R 24 £L Transwell /M= (8um) #F
fTEREME . ¥ RF/6A(2x10°/4L) A1 HUVECs (1x10°/4L)
RO 20 M 17 W 43 N 4 Rl B Transwell 2 w1, 316 500uL
ANFEZLA CM IR T = Gk 7e 85 3750 b LR 3% 24h
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JERIERS A0 I, Ak 22K /N 4G i U 8 15min, PBS
Pk 3 WG TE WA T AL 6 A EFHA BRI 5k,
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S10*-40 i, i U85 X B e, | AR
BMSCs fit) CM FIR4 Z51F F BMSCs 1Y CM #ME E 200,
RAE R FE 6h, WA T REALEE 3 IR 47 R,
Image J #A4-53H7 .
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b KRR (1A, B) . BIRAEIE, RS B
I, B2 AR A S 3 AR KL 2 AT
AR 2l EE (B 1C,D) o BeA: KRS R4 Y 40 it itk
sk, e A e R b bR B . 455 7R CD90
il CD44 5 FH P (E1E,F), CD34 F1 CD45 & B 4%
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BrA M . BMSCs J& 15 f VR 41 i ) — Fh R B0

WEA BEA

R BEA

I3 AN

M4l EAUl BEdl
A XTI B H A C B4 D AU B

XAl WA B
A KTRRAL B H R AL C B 4L D B

AL T BT 58 A SCHR R B, BMSCs 1] D)k 55 4 3] i S 1Y
LI FEE R Jok 245 RS v, 38 3k 50 A ) I 25 5 O ) I A
P 208 RT3 FILAAE D 45 22 ol 200 B SIS 8 114 A i s AR
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MBS T [ BMSCs X RNV (#5580, DAL 7 2R
AV,

AWETER B A MBA LT BMSCs #) CM Ab B P

19



EfRIERIEE 2020F 18 $£20%5 H£1H
815 :029- 82245172 85263940

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

PG YR 41 RE/6A Rl HUVECs , W48 X RNV (1 5%
Wil RE/6A S I [ ik 28 1 1) 26 5 200 6L, S 40 1) 68 11
RS VEAN I R s HUVECGS J& MBI # ik i 457 P B 400 i
OB SRR AR, WIS AR I AE Y e S AR T R A A
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ek HUVECs (355 A% R AR U B0, S s ik o iy
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P4 RNV e, 3 135 T3AT3E— 5 A5, Jl i iR oh 2 A
PIIFSE S A Y 431 BIL R R [0 380 1 R 2 T ) 0F 5, A B
TR RAHY T RNV PR 1 & AE AL, AR SCHE 5
7P T I PR A B 2 T BE 57 25 01 S S At o A AR
SE 3k
1 Hellstrom A, Smith LE, Dammann O. Retinopathy of prematurity.
Lancet 2013;382(9902) : 1445-1457
2 Campochiaro PA. Ocular neovascularization. J Mol Med ( Berl) 2013;
91(3):311-321
3 Mintz—Hittner HA, Kuffel RR Jr. Intravitreal injection of bevacizumab

(avastin) for treatment of stage 3 retinopathy of prematurity in zone I or

20

posterior zone II. Retina 2008;28(6) :831-838

4 XuJ, Li Y, Hong J. Progress of anti—vascular endothelial growth factor
therapy for ocular neovascular disease: benefits and challenges. Chin Med
J (Engl) 2014;127(8) :1550-1557

5 Gao F, Hou H, Liang H, et al. Bone marrow—derived cells in ocular
neovascularization: contribution and mechanisms. Angiogenesis 2016; 19
(2):107-118

6 Gergely K, Gerinec A. A consonant construction of the hyaloid and
retinal vascular systems by the angiogenic process. Bratisl Lek Listy 2011 ;
112(3) :143-151

7 Hou HY, Liang HL, Wang YS, et al. A therapeutic strategy for
choroidal neovascularization based on recruitment of mesenchymal stem
cells to the sites of lesions. Mol Ther 2010;18(10) :1837-1845

8 MEIE I, TR, R AR AR R/ R R PR BT () T8 T 40
RPE A )45 VR 2R [ PRIR AL 243k 2015;15(4) ;. 584-587

9 Rivera JC, Holm M, Austeng D, et al. Retinopathy of prematurity:
inflammation, choroidal degeneration, and novel promising therapeutic
strategies. J Neuroinflammation 2017;14(1) 165

10 Gao X, Wang YS, Li XQ, et al. Macrophages promote vasculogenesis
of retinal neovascularization in an oxygen—induced retinopathy model in
mice. Cell Tissue Res 2016;364(3) :599-610

11 Cai Y, Li X, Wang YS, et al. Hyperglycemia promotes vasculogenesis
in choroidal neovascularization in diabetic mice by stimulating VEGF and
SDF-1 expression in retinal pigment epithelial cells. Exp Eye Res 2014;
123.87-96

12 Moleiro AF, Conceicao G, Leite — Moreira AF, et al. A Critical
Analysis of the Available In Vitro and Ex Vivo Methods to Study Retinal
Angiogenesis. J Ophthalmol 2017 ;2017 ;3034953

13 Sun JX, Chang TF, Li MH, et al. SNAIl, an endothelial —
mesenchymal transition transcription factor, promotes the early phase of
ocular neovascularization. Angiogenesis 2018;21(3) :635-652

14 Hou J, Zhong T, Guo T, et al. Apelin promotes mesenchymal stem
cells survival and vascularization under hypoxic —ischemic condition in
vitro involving the upregulation of vascular endothelial growth factor. Exp
Mol Pathol 2017;102(2) :203-209

15 Choi JH, Lim SM, Yoo YI, et al. Microenvironmental Interaction
Between Hypoxia and Endothelial Cells Controls the Migration Ability of
Placenta—Derived Mesenchymal Stem Cells via alpha4 Integrin and Rho
Signaling. J Cell Biochem 2016;117(5) :1145-1157

16 Zhu J, Lu K, Zhang N, et al. Myocardial reparative functions of
exosomes from mesenchymal stem cells are enhanced by hypoxia
treatment of the cells via transferring microRNA —210 in an nSMase2 —
dependent way. Artif Cells Nanomed Biotechnol 2018 ;46(8) :1659-1670
17 Bian S, Zhang L, Duan L, et al. Extracellular vesicles derived from
human bone marrow mesenchymal stem cells promote angiogenesis in a
rat myocardial infarction model. J Mol Med ( Berl) 2014;92 (4):
387-397



