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(=] HM £ microRNA-424(322)-5p [ miR-424 (322 ) -5p | 75 K B A B8 A 1L % ( corneal
neovascularization, Cor NV ) JE R HI/EH] R HLRTRENLEI . Jiik 20 HOEPE SD K B i 48 2 i385 S 1
R Cor NV BIHY 72 (R SE0 4, A7 MR TE 5% BRAL, AR B 0.4.7 (14 R A IEZH Y, @ it HE
g, G A AL (THC) WSS A RS 1 | i 38 T )i S 2 11 63 il i RT-PCR G I AR 4 K1Y K BRL A e
ZHZH ) miR-424(322) -5p Il PN 2 A= K A T ( vascular endothelial growth factor, VEGF ) mRNA [ 3
Ko BN SR Y N\ IR K Y B2 48 2 ( human umbilical vein endothelial cells, HUVECs) , 43 & miR-424
(322)-5p BB [ miR-424(322) -5p mimic ] 41, BI4EXF IR [ miR-424(322)-5p NC ] 41, 1E# %5 H (CON)
24, F§ RT-PCR ] miR-424(322)-5p #4:4u5f2% , CCK-8 R SL 56  Transwell 32545  Matrigel Ji8 & SL 56,
S3 KN & 2H HUVECs #3458 1T 88 S 68 ) 5 85 1 S B3 2 ( Western blot) £ lll VEGF f Raf/
MEK/ERK i@ #1285 A ik i, 850 i 7 KB Cor NV 88 HE Je @ 9] 5 i . 5 I1EF
HRZH LB, GBS fE SR R 20 26 4.7 (14 R SR I 2R 250 ZE 0L, AR REE/K e 15 55, A= 1l 87T g, 48 P 4
I 5 G e Ak (THC) 5 5 IR - 5 1 H 0T B2 LA, Se e 2 VEGE By ik st W g n , 2473 4 RT-
PCR 25 /R @850 4 K5 1R R A BEZH 2 miR-424(322)-5p & VEGF mRNA #3534 i 3 i (P<
0.01), #EdIgFIAS: Y HUVECs Ji5 Y miR-424(322)-5p mimic 4] miR-424 (322)-5p M E X B FH &
T NC ZHF1 CON 2H ( P<0.01) ,CCK-8 K| J§ S8  Transwell SZ45 K Matrigel i Ji 45 S5 36 2% 5 26 B miR-
424(322)-5p &k HUVECs B35 . i #5 S i 4 5E 1 (P<0. 01) ; Western blot 2% % i 7k VEGF ¢ Raf/
MEK/ERK 3@ j# 1) 285 FU A R 5 W 8 B (P<0.01) o 8518 miR-424(322)-5p A feid i 0% VEGF
J Raf/MEK/ERK i@ # , {2 if HUVECs (138 IG5 X RE T, N1 Z 5 Cor NV IIE A .

[ X7  miR-424(322)-5p; MfHE 145 ; Raf/ MEK/ERK 38 #% ; A ik A B2 40 i
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[ Abstract ] Objective To explore the role and possible mechanism of microRNA-424 (322)-5p
(miR-424(322)-5p) in the formation of corneal neovascularization ( Cor NV) in rats. Methods Corneal
neovascularization model was established in 20 female rats by suturing. Their left eye was used as the
experimental group and the right eye was used as the normal control group. On the Oth, 4th, 7th, 14th days
after modeling, corneal structure, blood vessel formation and protein expression in the corneal tissues were
observed by HE staining and immunohistochemistry (IHC). On the 4th day after modeling, the mRNA
expression of miR-424 (322)-5p and vascular endothelial growth factor ( VEGE) in the corneal tissue was
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detected by RT-PCR. Human umbilical vein endothelial cells (HUVECs) were transfected with liposomes and
divided into miR-424 (322)-5p mimic group, negative control ( miR-424 (322)-5p NC) group and blank
control (CON) group, respectively. The transfection efficiency of miR-424(322)-5p was tested by RT-PCR.
CCK-8 assay, scraich assay, Transwell assay and Maitrigel tube assay were performed to measure the
proliferation, migration, and tube forming ability of HUVECs in each group, respectively. The levels of VEGF
and Raf/MEK/ERK pathway proteins were detected by Western blotting. Results  The rat Cor NV model
was successfully established. HE staining showed that the rat corneal tissues of the experimental group were in
disordered arrangement, corneal edema and thickening, neovascularization, and inflammatory cell infiltration
on the 4th, 7th and 14th day after modeling. The results of IHC indicated that the expression of VEGF was
enhanced significantly after modeling when compared with the normal control group. RT-PCR displayed that
the expression of miR-424(322)-5p and VEGF mRNA in rat cornea tissues was significantly enhanced on the
4th day after modeling (P<0. 01).
HUVECs transfected with liposomes was significantly higher than that in the NC group and the CON group

The expression level of miR-424 (322)-5p in the mimic group after

(P<0.01). The results of CCK-8 assay, scratch assay, migration assay and Matrigel tube assay displayed that
miR-424(322)-5p promoted the migration, proliferation and tube forming ability of HUVECs (P<0.01).
Western blotting showed that the protein levels of VEGF and Raf/MEK/ERK pathway proteins were
significantly up-regulated (P <0. 01). Conclusion  Overexpression of miR-424 (322)-5p promotes the
migration, proliferation and tube formation of HUVECs by activating VEGF and Raf/MEK/ERK pathways,

and thereby participates in the formation of Cor NV.
[ Key words |
Raf/MEK/ERK pathway
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MiRNA J& — ﬂﬁﬁﬁﬂ /N 53 F RNA, H BR 4
RNA Fij{& ( pre-miRNA ) 28558 Dicer [ 55 V) 5 4= 1%, It
iy 5 AL B mRNA 73 7~ 19 37 S I 2 A1 DX I (37-
untranslated region, 3’ UTR) H #MACXT, 5] & 4 mRNA
P4 e e s 400 o HE TR, DT A 4R AR T . SRR
WY, miRNA 5 HR 0 LA P S MO S 0L g e
75 B AR P AE I 0 I 4 N 2 AR K R T ((vascular
endothelial growth factor, VEGF) K H. T % Raf & H i
Wi (rapidly accelerated fibrosarcoma, Raf)/22ZY 5151k
M AME 5 8T % ( mitogen-activated protein kinase,
MEK) /48 i1 # P8 75 & B % BF ( extracellular signal-
regulated kinase, ERK) 38 & & A5 = 2o L AR
RO TSI 5 R AR 2k e Al 2t SD R B BT A 1 4
( corneal neovascularization, Cor NV ) AR 15 1 1k [4 471]
AT S VEGE 3 B AH OC 1 BA & 22 = 1)
miRNA , For 42 5% miRNA-424(322)-5p"*' (A miR-424-

miR-424(322)-5p; corneal neovascularization; human umbilical vein endothelial cells;

Sp & Wi ¥ 3 ¥ miR-322-5p B[R] AL ) o A U
miRNA-424(322)-5p & 751k ﬁk{%fl{ﬁ VECF KT
Raf/MEK/ERK 3 % 8] 45 1 BT A= 48 i 28 e [A)
i, miRNA-424(322) -5p 7 A 7 AR I 48 J7 T 1 AR
WARIE . ASBFTER AR L Al e gl W A AL, Al miR-
424(322)-5p Jx VEGF mRNA pAEXT 35 & BT, F)
FA B8 ik N Kz 40 g ( human umbilical vein endothelial
cells, HUVECs) ¥4 # {4 &} Cor NV #5113k — 5 B 5%
miRNA-424(322)-5p i4EH] Bl

1 #¥57F%

1.1 KA
L1 SEBGh anfs fEERRsE: SPF 2% SD KR
20 H, A5 5 200 ~250 g, PR EE LR 2= 3 Py S 3 vl
ﬁ?‘?#ﬁf/\ G k5 [ SYXK (i) 2018-0003 ], i 4 Hij i
1 BT ISR HERR BT A= I/ IR 25 L A R 1 AR
Joi. HUVECs 2] 51 B R A Y HARA IR
L2 2l A s 54 1V (FBS) |
RPMI1640 ¥ 53 3 M i & 1 i ( HyClone, 3£ [€ ) , miR-
424(322)-5p mimic ,miR-424 (322)-5p NC( 751
=¥/ F], [ ), Lipofectamine 2000 ( Invitrogen, 3%
£ ) ,RNAiso Plus Mir-X miRNA First Strand Synthesis
Prime Secript TM RT reagent Kit with gDNA Eraser
SYBR Premix Ex Taq TM Il ( TaKaRa 2\ #&], H 7<),
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CCK-8 127 & ( Bryotime, H1 [ ) , BCA il & (& K,
FE) Rt A Z YA Rafl , VEGF ( Proteintech , 5%
E) , bt AN s i ik MEKI1, p-MEKI ( Abcam, &
B, bt N5 BBt K ERK1/2 ., p-ERK1/2 ( Cell
Signaling Technology, 35 ) . i Hk f7 328 46 I {3 ( Thermo
N, 25 ) , Real-time RT-PCR 1% ( Applied Biosystems,
EH) , A4S (Thermo forma, SE[H ) 45,
1.2 3ok
L.2.1 Zhpny 20 HgthE SD KL (SPF 2¢) &
L 3 53 13 B b 22 M3 5 9 (0. 2 mL/100 @) 347 Bk
Fige, 22 MR AVE Ry S 5640, SR FH 0. 04% £k 2 B8 A5 1R i IR
TR S, TAK3.6.9.12 & m i 10-0 J¢
TR AT HE A A s A IR D IE 6 X IRAH R B 2k . i
PG A H SRR AT B R R , 3 Wk/d,2~3 T/ ik, &
BLSE 0.4.7 14 Kot BT WSS A SR A= 148 o
1.2.2  HE %8 W5 A I 8 T8 B S 48 M 240 it i 11
HARES 0.4.7 14 K, R BRI T 56 2ok S R3]
TALBEIS WA A B2 2, 5 20 205 FLIE 2 K
AR (S pm) 0 TRARE - S, T R
i TSR
1.2.3  fye 24k (THC) £ ff EEZH 21 v VEGF 22 1
SR A2 2R T E R OK A )
(5 wm) , 2l KA BB B s G
P46 s DAB W8 IR ARG S s s ik B WY L o PR
Ao TR M,
1.2. 4 RT-PCR # I K B £ I 4H 41 miRNA-424
(322)-5p \VEGF mRNA fj5&ik WA ARLER 4 R
R BRI B 2 21, TRIzol ¥4 $& B RNA 386 4% 5t 4k 7
47 % ¢cDNA , Mir-X miRNA First Strand Synthesis 3546
I miR-424 (322)-5p il VEGF mRNA ) ik, %
2R G TR A, LR 3 IR,
1.2.5 20 % G B % e 30 32 4 1t 37 C 5%
CO, BI21FF, K 10% FBS RPMI1640 5% 77 L 1% 3%
HUVECs, f4iiffi A4 K 2 80% ~90% B 4755 Y . SC80
4y K 3 2H: miR-424 (322 )-5p mimic ( mimic 2H ) .
miRNA-424(322)-5p NC(NC #H) . IE % =5 F14H ( CON
M) o TERATFEYHEE 100 nmol/L R i#f7H 4% ,6 h J5
TR IR AL, Ak S G 57 24 h JE U 4R A, ] TRIzol
PR IBUE Y RNA 9 5% SR & G i cDNA |, 56 5L )
SRR & PEAT PCR SR 278 3K G T4 Ml vt
Kk, CREE 3
1.2.6  CCK-8 yA46 U 21 i 1 48 fig 96 fLARk Hh 4%
Fl HUVECs (5 000/4L) , 15 2 M 05 B J5 AT 4 (n =
6),6 h J5 B IGFRILAEIEFE 24 h J5 /0 A CCK-8 i
AC10 pL/AL) W 1~2 h, BRSO & i 450 nm
AbIE R BE(E [ D(450) ] .
1.2.7  RIPYRSLES Transwell 5255400 40 1 1T #4 68 )
6 FLHR H e Fk HUVECs (1. 5x10°/4L) , f5 40 i 4=

£ 2 80% ~90%H, A 100 uL S Ve B, PBS
e 3 WE AT Y, F 0.24 h 76 8] & B AU T IS
e TPk 20 LR 100 o

6 fLAR e Fh HUVECs, f 41 i K 2 80% ~90%
PEATEE Y% 24 h J5 JHE ST £ 40 M I JC i 3 B R L
AN, B2 R 2 G ML 7 RS SR 6 LA B E (1x
10°/4L) , FEMA 15%FBS 58 48537 5L, 24 h 5 HUH
PEBEL EENM, 22 RP R E 4m R e
J& , PBS Pk 3 Wk, FEAR) AU TS AR L,
PG AR R 1 O o
1.2.8  Matrigel i %45 52 50 ka0 200 Jfd (%) B/ 6E )
96 fLARHINA 50 WL/ fL Matrigel X5 5)BH7EIIGHS, 37 C
FE L h G HBE R B 5 24 h 59454 HUVEGs $%
1. 5x10*/LEE R 2 Al SE BB 1 96 LR, 4k s 4% 35
4~6 h J5 , 7EEE WA NSRS BT RS L
1.2.9 Western blot ¥ VEGF & Raf/MEK/ERK i#
B 1 Ak KF HUVECs 4% 48 h J5, i i
1%PMSF ) RIPA ZL 17 i 3R B 19 5T, BCA 257 £
wEEWE . 12% SDS-PAGE Bt b1 HL K, 5%, H
5% NS IR E S5 IR IR B3 E 1.5 h, 4% PVDF i
FHBG W —3t(GAPDH 1:1 000, VEGF 1:800, Rafl
1:500, MEK1 1 :2 500, p-MEK1 1 :2 500, ERK1/2
1:1 000,p-ERK1/2 1:1000) H,4 CHF&E %, K H
FH TBST 34 PVDF 3 W, FREBAM FIFE ¥
1.5 h, TBST % 3 W, il ECL 53, BER 1% &
GG , R Image J I8 2500 10 KA
1.3 it

¥ H] Graphpad Prism 5. 0 #4475 43 A1 , 114 %
L xxs Fom , PRLLIAI T ST REAS ¢ 466, 22 4 18] L85
HHHEE T 201, RKE/KHE «=0.05,

2 #R
2.1 KA Cor NVAER MR AR E E 4
ML

TEH X REZE SD K B A B 5 1L 1 Wi T DL, s e
BEWIC MR o 0 G2k A A R Cor NV
BRI, SR 5 4 TR A TR L4 17 4 2 S Il AR A
K, BELRAL Ay R LK o5 575 7 K B8 MR A i ¥
W ML AE AR 1 AR AT IE AR, AR IR 5 2 14 K
AT AR A I AR L AT TSR MU R AR A I IR
R RIS (] 1) o HE Bt lg 7« 1E 5 X IR 2
PTG , 25 )= 45 F HED B 55, IR oy BT, 6 =
RANELAMIFR I s LR ZH 5 4 K B A 15 B 20 i J2= Ao
A AT B, ML TR A AL 200 /0, ) 0 R, 6 T = ] L
A RAPEANMIRE s 55 7 K B B B A i S A A
MUV T e R, A IR R, SR s SR A A L, T AL
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BERVEANE 26 14 KI9ME LR AR B R IR MR B A=A 0 VECE S H YRR @, 505
EIEmEM, AR, B TR AL, KR ME A5 4.7 14 RAE LR AZ 434 VEGE & E FH
MR (K 2) o e Al (THC) 45 R WoR - IE# X PR @, B A (18 3) .

A B AT R R AU GBI S 4 REG AR C KRB E T R ARGD: KA E 14 R A R
T AR L b E
1 KEMAEHEME (Cor NV) A
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R W /i0:0. 05k NP RO E bRl g R AA e - 1
:..",u_x&;.@,dip.u J_-: p— ¢ G 7 S TR uw.'
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A EF TR R AIEAL B, S E 4 K ;C.EHhEE T XD FRAF 4R | . FHAEALTEE
F2 HE 3:ENZKARBEALATENELRRXEMIZE
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C
A EF AR R ARG RIRAE 4 R0 FRAF T R;D: FBAF 14K
3 GEANKRNAEALARTENES VEGF BRE

2.2 k& Cor NV 4% # miR-424(322)-5p %= VEGF
mRNA #9485 £k &
WA T H IR AR ES 4 KA A 41 40, RT-PCR £
) miR-424(322)-5p \VEGF mRNA fyHinf ik, 45
LR R 4 RS2 4] miR-424 (322)-5p  VEGF
A T IE® XA, 2R AR EE X (P<
0.01,[&4) .,

41 M iR-424(322)-5p a

Ovecr

mRNA X} &3k
0 w

—_
1

1

TEH X IR IR
a:P<0.01, 5 £ 5 BB 4L b 4%

B 4 X5 Cor NV #&8 f5 % 2H 20 b miR-424(322)-5p 0
VEGF mRNA fJ&Ri%&

(=)

2.3 miRNA-424(322)-5p #£ HUVECs # % i&

B8 i {A ¢ HUVEGs 24 h J5 4 4% 41 miRNA-
424(322)-5p fiFeik., 5 NC 4971 CON 4 45, mimic
2 miRNA-424(322)-5p [ #ik B2 T+ & (P<0.01),

NC 4171 CON 4 ez R A B

2.4 miR-424(322)-5p 3+ HUVECs ¥ g & 7 14 % vh
HUVECs 5%t 24 h J5 Bl & 4 CCK-8 371 Y

B SR Sk 5% R 450 nm KT P R

55 NC 411 CON 41 LA, mimic 410625 ¥ (1 B 3% T+ 5

(P<0.01) ,1fij NC 411 CON 41t 4522 7 T4 112 &

SC(KELS)

2.0

1.5

a
0'5 | | I
O_J
CON 4 NC 41 mimic 4]

a:P<0.01,%5 NC 442 CON 4 3bix

5 CCK-8 #illl miR-424(322)-5p 3t HUVECS #25%
BE T HIR M

D(450)
2

2.5 miRNA-424(322)-5p st HUVECs it # 4t 7 49 %

KRS A I AT A% BE 7, 2R s 5 NC 2L

CON 2 He#5¢ ,mimic Z3EFSRE 7 58 244 i (P<0. 01) , 1
NC 411 CON 4l bR TG T2+ L (E 6) .
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Transwell SEEGHGIN 40 MRS RE T, 45 R Bk 5 NC
ZH A1 CON 4 b, mimic 2 M\ I 2 28 A2 % 19 41 i
BB EWEIN(P<0.01) , 7/ NC 41/ CON 4] [ TG i
2R (P>0.05,[& 7).
2.6 miRNA-424(322)-5p st HUVECs &% 48 5 69 %
Matrigel J J57 I B 45 52 56 45 S B, 5 NC 41/
CON £ [b 45, mimic 2H 48 BB 235 (P <0. 01) , Ty

CON 41 NC 4

Oh

24 h

NC ZHF1 CON 2 A TeH] g 22 7 (|81 8) o
2.7 miRNA-424(322)-5p 3 VEGF % Raf/MEK/ERK
BHE G EBW TR
Western blot #5745 5 7, 5 NC 25 #1 CON £H [t
155, miR-424 (322)-5p mimic 4 VEGF . Rafl . p-MEK1
K p-ERK1/2 25 F43K L m (P<0.01) ;1 NC 41
1 CON 4 He Ao A e 22 5 (141 9) o

mimic 2

ARREELZR;B TS @R 5 47;1:CON 42,2, NC 4233 mimic £8;a:P<0.01,5 NC 284= CON £11bix

B 6 miR-424-(322)-5p 3t HUVECs 5E# A8 H B &M

150 ~

mimic 2

—_

(=3

(=)
1

HHECH (1)
<

1 2 3 B
4151

A :Transwell 52325 R ;B 4a ek B 4t 547 ;1:CON 42,2, NC £8;3; mimic 41;a:P<0.01,5 NC £84= CON i b

7 miR-424(322)-5p 3 HUVECs T # 8 1RI =20

NC 41

mimic 41 307 s
< 201
m
=
!
§m
= A 2 3 B
2171

A REFEERB.F B %t 5 47;1:.CON 42;2. NC 4833 mimic £8;a.P<0.01,5 NC 204= CON Z11bix

8 miR-424(322)-5p 3t HUVECs X &8¢ 5 89 220
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A:Western blot 2362 R ;B. & & G A3t L& F43t;1:CON £8;2: NC 41;3; mimic 48;a:P<0.01,5 NC 4f= CON 4L rb#

E9 miR-424(322)-5p %t VEGF } Raf/MER/ERK i 8% & R ik

g

HIR 2 A BT A 14595 738 b 40 0 R 2 ) H 25 386 0
BTN AT B S T A f R ) 8, B 2 T4
MRS 3 BT 500 I 48 A R i A8 TR 22 [B) A AN
WPl MR AT S . T4E K, miRNA 5 1477
FEF DN ZR A TRATTARAIL T A D g RS A I 55 ) AT A
R o WNFE I A0 D B, miRNA-126 58 3o T 9
p38/ERK KAl € 1l 48 A= g 5 A (1 VEGF) i) K3k
DAV LA BT I8 5 70 I RS AR 105 PR Rz 400
i, miRNA-132 #iE Bl 1 VEGFA F1 ERK2 ki
PE A A B 5 A A R I B B, miRNA-184 38
L #L 1) VEGF A AKT 0081 A o 0 4% A 451 o ARilf
FRIAL DAL R FEREVEA RIS, 300 36 R LS O ke 45 A 4
7, miRNA-424(322) -5P 75 K B I3 A= 1 48 A5 7
B S R, TSR AR B PR BE T, miR-424
#UA] cullin2( CUL2) {ff VCBCR U3-34 B2l & WA K
SE , FEHE N HIF-1o A HIF-200 (7K, DA AR 2E 185 T
Ao e miRNA-424(322) -5p 0] fiE 25 4
WS I T . H M 1k, HUVECs B9 12 /E N
PR SMECBLA BB A I 5 R SR A TR S i, AR
FE 30 1 PR A S AT 56 IE, I B A % e R OB
miRNA-424(322) -5p mimic ,NC ;¢ %1] HUVECs 144
ARSI AL, LA R IS LB 25 R R B, miR-
424(322)-5p e JF I 88 i, 1 miR-424 (322)-5p
XoF R BRI A 1 A R R R — L A AR R AL,
ARHFFEBE— BT T %3 B 1T REFE AL

VEGF ¥ IfL 5 1 il it A v b o 224 ), o4 0

gEAL

PN Bz M A TR AR BE A A IR R L R
VEGF A 38 33 3805 F i Rafl/MEK1/ERK1/2 £ 5
MR . HFFE L, AT % P2 Flh microRNA
i E VEGF & F i Rafl \MEK1 .ERK1/2 K540
2 1) 38 5 L ST A% 255 R, U0 miR-429"" miR-195"7" |
miR-143"%) miR-101""" 2 [ g, 3 A4 miR-424
(322)-5p J& A5t v] LU i J4% VEGF J HR i Raf/
MEK/ERK 3 #6845 1 B8 £ L TR ke ik —
SRR, ARSI T VEGE J R Rafl \p-MEK1/
MEK1 il p-ERK1/2/ERK1/2 % [ M0 32 3k . 4%
BiEox, 5 CON 4 A1 NC 4 b %, mimic 417 VEGF |
Rafl .p-MEK1 #1 p-ERK1/2 )85 [ 3Rk & W 2 i,
R, FRATHERT miR-424 (322)-5p A i@ &L 7% VEGF
JHF i Raf/MEK/ERK 3 442 #F HUVECs 3454 1T
B AR, T {2 i Cor NV I

BN AT FEAE R BT AR I BT, miRNA-424
(322)-5p J% VEGF ¥, #EKf miRNA-424(322)-5p ]
RES 5 M AT AR A 1 & A VR T FE 4 A 7R v
miRNA-424(322)-5p A] 5@ | VEGF % H R 7 Raf/
MEK/ERK 38 #8511 3%35 , {2 if HUVECs #9326 1
B KAE TG RLRE T1 o UL, 45 A R IR RS i 45
FATHE W miR-322 (424 )-5P A g3 & % VEGF K&
Raf/MEK/ERK 38 ## {12 #F £ F8 T A= 148 98 il A Bt
FEHL IR T miR-424(322) -5p X # BT A: 1l 8 T2 1k
FRIRENA , FEEEIT T 5843 al REMLA, I PRI FG Y7 A
FEEH 2B I A Y B B4R B BT A SR . OC T miR-424
(322)-5p i 2 38 2 ] B AL ] 8 4. VEGF Je JLF if
Raf/MEK/ERK 38 % , /575 5 2Lt — PR
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