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I, ASBIF 5% 3 £E miR-224-5P 7€ DR o (9 /E T, R4+
miR-224-5P %f DR ﬁiﬁ%ﬁﬁ% Wi, 49 iz /R F
%5 JAK/STAT E WA 5, DR 2 Wi AR YT
PRAEHT B A AT

1 #R57FE

1.1 ##
1.1.1 SISk 3EHL2021 4E6 A F 2022 4E3 H



- 358 - http .//www. ykxjz. com

WRBLFTE R 20234ES5H 43 S
Rec Adv Ophthalmol ~ Vol. 43 No.5 May 2023

FEN S AP IR B2 DR (1) 5 K R ok
FRE A HhC ARG 1) it BT 4% 6 3], SRAE 9 AF
FEE W2 E DK LA 5 L, LA - 80 “C AR VKAE
R . DR B FAREIR 55 ~80(66.0 £8.4) %/,
Horp 55 2 ], 2 4 5, M PR 2k 6 ~30(16.2 +
8. 8)AF il ABFAENS 42 ~T76(63.0 £11.8) %, H
Hi 35 3 6,20 3 5] DR AEE 5 {d e A HE R AF I S Pk
SR 2% S B e ge it 7 (P =0.623.0.083)
DR EENATRUE: (1) G pF s X R EAE T4
M (2) 4F W h 55 ~80 % o HEBRPRUE: (1) FA B b
PRI A1 ) HAth ™ B 1) 4 B PR 5 (2) R IFAEOL
MR R A B BB M S A IR TR P & o ARHESE
6 O 7RS35 5 ) RN, 2 N 52l G B9 B2 e e
PR 53 AL (415 . 2021MER-041) . 99 AW
PIAE R O O E M R
1.1.2 W5 FEXHAN AMMEGR LK
i (ARPE-19) 1 B F 1 HE T 23 7] s RNA il 52 12050
& B SRR & S B s i iR T A
TREABRA v St 18 58 TURL I siRNA (R #E 3
H1 AR R 2\ 1AL ; Lipofectamine 3000 77 £
£ [ Invitrogen 2\ ] #2{4k; CCK-8 i3 & M Transwell
IR & A 2£ [E Corning 2 F]#E 1L ; Promega Dual-Lucif-
erase system 257 & 1 2€ [E Promega 2\ w24t — 31,
ZHriAGR S Abcam 23 F] £ I ELISA X7 &
TR A F AL
1.2 FHi&
1.2.1 RT-qPCR # il [l 7& & miR-224-5P %% 1%
BT DR R R A 2 I A1 ] I R Trizol
Db $2 5 RNA, B miRNA 36 %% 5% ) cDNA, 4% it
95 °C 10 min .95 C 10 s.60 C 60 s,40 IMEFH 4T
PCR ¥4 3@ 5 222 gt A ML miR-224-5P )
FIREOHAT 0. 519751 miR-224-5P |- 5]
o4 57 -GGT CCT AAG TCA CTA GTG GTIT CCG T
T3, ME5|14) M 57 -CCA GTG CAG GGT CCG AGG
T3’ ;NS U6 FiESI ¥ 5°-CGC ACT TTA
CGG CTA CCT CT-3’; T U5 ¥ N 5 -CGC CCC
AGA CTG AAA AAG AC3’
1.2.2 AatEFRR S HALE  ARPE-19 41 ]
A RT3 8 10% FBS Fi1 10 g - L' HEEHE ML
SERREFRAEE, T 37 C SR8 5% CO, B3R
TSR O B R I A0 T 52 56 . K 20 i Bl AL
SV K T B4 L BB+ miR-224-5P mimics 41 F1 &
B + miR-224-5P inhibitor 2 . Forr, =l 4 . 40 i T
430 mmol + L' b5 3455 48 h; BB + miR-
224-5P mimics 41 il f + miR-224-5P inhibitor 41 4
Mafdi F 100 nmol - L™" Lipofectamine™ 3000 43 51 %
100 nmol + L™" miR-224-5P mimics & 100 nmol - L'
miR-224-5P inhibitor #£ 4t F 4,6 h J5H T & 30
mmol + L™ (M F5 3 P i 9% 48 h,,

FAN K IE# B R ARPE-19 41 it BEHL 43 A% i

WAL B + miR-224-5P mimics 2 . &8 + OE-IL6ST
ZH A EBE + miR-224-5P mimics + OE-IL6ST 2H 3 56 fiF
miR-224-5P mimics J& 753 3 1L6ST/JAK/STAT 5
BYEVER . HA B + OE-IL6ST 41 fIE ¥ + miR-
224-5P mimics + OE-IL6ST £Hfii [f] 100 nmol - L' Li-
pofectamine’ 3000 43 H1¥ 100 nmol - L~" OE-IL6ST
% 100 nmol + L.™" miR-224-5P mimics #1 100 nmol -
L™" OE-IL6ST YL 24,6 h J5 5 T 30 mmol -
L7 B 3R 2 P G 55 48 b,

1.2.3 CCK-8 iilZHAaiE S ¥ ARPE-19 4 igfi
HRARAL 2 x 10° A HFp 5] 96 LA, BE R4 P i 35 4
h, 3204 B ) AL i 10wl CCK-8 %MK, 35 5%
FEPEE S d, i TE 1d2d3d4d ks5dp
[F] — B[] e P s S0 2 7 450 nm 40 1) W O 32
FRHBCE 2 N EAL, LR 3 0 BCF I E S .
1.2.4 Transwell ZHREER LW 7E 24 LA H ik
AN 100 WL JCIfLVE 15 52 3L B/ E N, B 540
WCE 2 h JER AR SR, 600 L E AR5 4 20%
FBS Bi3p 5L N N R A A A T30 BoA: K
WIS AN, TS AR TR0 8 2% FBS [ AR MLV 1y
FRAE TR, T NI 35 5% 3 T 2 M B v, it B AL 3
FhANECH 50 x 10° A 434~/ NaE o 40 i i 100
plo TEANMIESEFRA PR SR 24 b, Ml TRER IR
R M, 2T 40 g - L' Z R W[ E 20 min,
FH 400 pL FH BG4 5 min, 55 /K0dE IR UE 15
FERTAL Gl S ELi

1.2.5 MWLM RBEELIEIE miR-224-5P 5 IL6ST
RUEE B < & 8 i Targetscan ( http://www. tar-
getscan. org ) & MiRWALK [ 3} ( http://mirwalk.
umm. uni-heidelberg. de ) Tl miR-224-5P H] gg ) 48
FEDR I A Bk e TLOST Jhy fie i 48 & PR A7 52 56 56
E. FAEE TLOST K& A Y A AU (wt) Je 5878 AU (mut ) 5T
KA {4 peDNA3. 1 Zifith i R G W, phRG
i iiE B OOC R B P X IR o f HEK-293T 41 fifd
FUE I R 2 51 m A 96 FL A, 7 41 A % 5 35 2
50% ~70% BH{i ] 0.3 L Lipofectamine' 3000 iF17
YUAAEL Y o SEEG 43 A PAMEXT B + TLOST wt 21 (43¢ 1
pmolL. B % B8 &% 0. 1 pg IL6ST-3’ UTR-wt) . miR-
224-5P mimics + IL6ST wt £ (%4% 1 pmol. miR-224-
5P mimics }2 0.1 wg IL6ST-3" UTR-wt) , BHMEXTHE +
IL6ST mut 41 (%5 4% 1 pmol. B %t B8 Jz 0.1 g
IL6ST-3’ UTR-mut ) ,miR-224-5P mimics + IL6ST mut
(%44 1 pmol. miR-224-5P mimics }2 0. 1 pg IL6ST-
3’ UTR-mut)4 2H . 5544 48 h J5 , £ 2H 240 Ml 73 5 s
25 pL BT 96 fLAR (AL 1 x 107 N4 , A
Dual-Glo® Reagent 75 L ZE i EHE 10 min, ] Z Fire-
fly luciferase {9 455 SEIH %9 (5 1 A 75 L. Stop
& Glo® Reagent, ZX R # % 10 min J5 |22 Renilla lu-
ciferase (NN ZHE . GEit o B A XS 2B A2 1k, B
iy miR-224-5P %} IL6ST My 4=1E A o
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1.2.6 RT-qPCR #ill& A4 IL6ST EE H AR
HEFRIE AN Trizol I 4lI$2 5 RNA ) % J5
# miRNA 335 5% 5% hy cDNA |, £ I £ 41 40 g o 1L6ST
X IE R, 5IYF5 IL6ST LiiF51 9k 57 -ACG
AAT GGC AGC ATA CAC-3’, Fial®l 57 -AGC
AAA CAG GCA CGA CTA-3’ ; GAPDH L5 K
5’ -TGA CTT CAA CAG CGA CAC CCA-3’ , Fiifa|4y
35°-CAC CCT GTT GCT GTA GCC AAA-3’

1.2.7 Western blot # il & 4 20 i@ IL6ST . P-JAK
K P-STAT ZEEMEIFRIE =ML SH + miR-224-
5P mimics 4 & B¥ + miR-224-5P inhibitor 2 . 25 1% +
OE-IL6ST 21 Fl & i + miR-224-5P mimics + OE-IL6ST
HANM N 160 L 20 i 24 A v 17 B 8 A I il 3
BCA 7 47 BB 2 5. Kk H Western blot i DU
GAPDH N 2, K Il 45 41 41 ifg IL6ST  P-JAK J% P-
STAT [ KIEIKF-, (] Image) 175E ITHH

1.2.8 ELISA il & A 40k IL-13.IL-6 & TNF-a
EERIEKF ¥4 100 WL bRl dh R mvEd m b +
miR-224-5P mimics 2 1 5 6# + miR-224-5P inhibitor
AN S R FL R, B S T 37 CIERIRE 90
min, 73 A 100 WL AP R AL PTiR TAEW 100 pL
fiE4s G TAE M I AR & 60 min J% 30 min, FEHIA
100 pL BAJEY N FLH, B4UE T 37 CHEb T
8, 15 min, P A 50 wL 28 -3 5 BPZI B BRACAE 450
nm YK I E WG (OD) | 38 2 by of il 2 1 H 53k
G IL-18 IL-6 Jz TNF-o &5,

1.3 ZitZFi% K SPSS 25. 0 F1 GraphPad
Prism 8.0 47413 A, B8 ¥ 047 IE 2850 A oy
ZEFTHERLS , ANFF A IE A 5345 # 2Rk Wilcoxon F& A1
Frg, 22 5 W2 Bl A LSD Re kA7 2 5 A /0 AT 5
FFEIERSAE R x s 2R, 4L E] LT ¢
Fr56, 2240 18] Aok SRR 2R 7 2243 BT (ANOVA)
KB K e : o =0. 05,

2 #HR

2.1 DR EEKNEE AESEIM S miR-224-5P
EXtRIEELE  RT-qPCR A IIE5 R s, DR B
AN I miR-224-5P mRNA #H%F 2355 K 0. 421 +
0.079, B % Tt e ARE(0.973 £0.249) , £ %4
Gt L (P <0.001),

2.2 miR-224-5P XT4REIE N R EBR M CCK-
8 Kl zh A w5 E Mgl AH HL , =i BE + miR-224-5P
mimics Z1 200 3E S 34 5, 2% + miR-224-5P inhibitor
HANMEITE HAR (P <0.001) (1), Transwell 525
SEELE O PR EBE + miR-224-5P mimics 4 5
¥ + miR-224-5P inhibitor Zf 4 Y 1T 2 R 7 5 K
1.000% = 0. 080% .2.480% = 0.059% .0. 590% =+
0.053% , =8 + miR-224-5P mimics 20 40 Ji 1T £% R 58
VLA T (P <0.001) , i + miR-224-5P in-
hibitor 414l AT 54 = BEAL A AR (P <0.001)

6 —o— il
—— FFE+miR-224-5P mimics4l

ODHU

—A— [ FE+miR-224-5P inhibitor4l

5
i [H] /d
1 &¢H ARPE-19 #faiE 5

2.3 miR-224-5P 5 IL6ST W8 X RIIE @it
FpE B miR-224-5P 5 TL6ST 2 [ 4 45 4 fii 14
(F2) o A & W5 5 245 R R, miR-224-5P
mimics + IL6ST wt 21 40 g A1 X 2% o &K B 15 T
(0.006 = 0.000 ) fI% T BH ¥ %F #8 + IL6ST wt #1
(0.011 £0.000) (P <0.001) , miR-224-5P I 2 i
A G R TG PR Rk IR R A R AF eSS A
YEM . 28775, miR-224-5P mimics + IL6ST mut ZH 4|
AR X 5 G 2R i 4 (0. 009 £0..000) 55 B X ] +
IL6ST mut £0(0.011 £0.000) # L, Z R LG 245
X (P >0.05),#E/~ miR-224-5P ANRE T I 58 A8 i ¢
TR EIG TR Ik, 2878 BN Ja W& RN R TE 4 &
YEH . RT-qPCR Kl 25 R , 5 XS B + IL6ST
wt 20 (1.003 + 0. 093) #H H, miR-224-5P mimics +
IL6ST wt 241 f#%) IL6ST mRNA 33k 7K (0. 408 +
0.070) B EFEE (P <0.001) , ¥ — 4 B 51F miR-224-
5P 5 IL6ST MM EAFHC R

IL6ST 3' UTR wt 5’...UAACUAUCCCUGCCU(I;IIJIGII\TllJlIJU...3'
miR-224-5P 3.UUGCCUUGGUGAUCACUGAAC..5
IL6ST3'UTRmut 5'..UAACUAUCCCUGCCUACUCCGGU..¥

2 miR-224-5P 7£ IL6ST mRNA 3’ UTR fZ& & &
RREMRATEE

2.4 miR-224-5P 3t IL6ST .P-JAK & P-STAT &
HFRIEKFRM  Western blot K45 R WoR, 5
B M EL, 25 B + miR-224-5P mimics 21 20 }E 1)
IL6ST & 13235 7K F B AIK, P-JAK Fil P-STAT & [ 32
SEAKSETHE (¥98 P <0.05) ; & % + miR-224-5P in-
hibitor 2L ZH g [ IL6ST &5 [ 32 15 /K T+ , P-JAK Al
P-STAT £ ARk KRR (392 P <0.05) (K 3)
2.5 miR-224-5P %} IL-1B.IL-6 & TNF-o E 9%
EAKFER RN ELISA #4535 8w, 5 5 i 44
Lb, B + miR-224-5P mimics 4121 i % 1L-1B . IL-6
o TNF-o 25 1335 K F- 24 4 35 B A, 1 =Bl + miR-
224-5P inhibitor {4 /1Y) TL-1B8 . IL-6 Jz TNF-o 2K [
TR R BT P<0.01) (E14),
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et i miR-224-5P i B miR-224-5P
mimics#l inhibitor4l
65T I G5
P-JAK | - - P-JAK M —
S W — —
PTAT R A —
oo | o
| Wi |

B 5 HE+miR-224-5P inhibitor4l
*

L5 M i +miR-224-5P mimics#l m\ﬂ L5
)

ik

AR

0 0
IL6ST  JAK  P-JAK  STAT P-STAT IL6ST  JAK  P-JAK  STAT P-STAT

B3 &4 ARPE-19 48Ba#) IL6ST ,P-JAK 70 P-STAT
EQFRIE L5FHmatak, P<0.05,""P<0.01,

B S FE4L EE i FEmiR-224-5P mimicsZ
4 WM EPE+miR-224-5P inhibitorfd

2
3r sokok sokok
skeksk
o |
1r ” *x
3k:
0
TL-1B 1L-6 TNF-or

El4 &4 ARPE-19 HAKERFHREER 535
¥ELAARL, " " P <0.01,"" " P<0.001,

2.6 tFik IL6ST T LLi¥ % miR-224-5P X & &%
5 ARPE-19 {920y CCK-8 Fl1 Transwell 45
LR RN S B S + miR-224-5P mimics 2 | 5
% + OE-IL6ST 41 175 4 + miR-224-5P mimics + OE-
IL6ST 21 ARPE-19 4 ffl 3% J1 43 il ok 2. 634% =
1.142% .3.186% + 1. 525% . 1. 938% = 0. 629% .
2.699% +1.198% , 4l Jfl iT #% 2K 43 %1 K 0. 990% =+
0.020% .1.390% + 0. 024% 0. 440% = 0. 016% .
0.480% +0.020% , 5Epiga AL, B s + miR-224-
5P mimics 28 4 g 755 7 RN OE RS R I B 2 TR,
B + OE-ILOST 21 40 it 1 3 A 41 it 12 % R ¥ ) 35
R(FP <0.001) ; 5 @ BELHAH EL , St + miR-224-
5P mimics + OE-IL6ST 2 45 71 7t & , A iU % %
FEA% (/P <0.001) ; 58 + miR-224-5P mimics +
OE-ILOST ZH 2 it 3% 1 FiL #8 28 25 5 bl + miR-224-
5P mimics 20 i Z &ML (¥ H P <0.001) ., Western
blot Kl 45 R B~ , 5 @ LA L, @b + miR-224-
5P mimics 21 2 i) P-JAK F1 P-STAT 7& [ 35 7K F-
HTE (¥ P <0.05) ; E4# + OE-IL6ST 4 41 it (i
P-JAK Fl P-STAT & [ 335 K V-1 I 2 B AR (342
P<0.001); 5 & B 4040 b, & 8 + miR-224-5P
mimics + OE-IL6ST ZH 2 Mo ) P-JAK F1 P-STAT 7& 14
TR HREAL (B P <0.001) ; 5 & B + OE-

IL6ST Z1AH Y, B ¥ + miR-224-5P mimics + OE-IL6ST
L2 L) P-JAK Fl P-STAT £ [ 335K 7+ (3
b P <0.001) ; 558 + miR-224-5P mimics ZHFH 1L,
BB + miR-224-5P mimics + OE-IL6ST 40 41 it i1y P-
JAK I P-STAT [ KB KB FEAMR (B P <
0.001) (&l5),

reEH P +mi R-224-5P

mimicsZH

| — — — —
U — N —
| — — ——
L —

A B miR-224-5P mimics4l
i 2.0 [ W EHEOE-TLGSTAL W 75 HmiR-224-5P mimics+OE-TLEST4L
X

= L5}

i HEHOE- & hE +miR-224-5P
TL6STZL  mimics+OB-IL6ST4L

iEROES

1.0

0.5

IL6ST JAK P-JAK STAT P-STAT

B 5 itFkik IL6ST 31454 ARPE-19 f14) IL6ST, P-
JAK 1 P-STAT & B RIZHIFT

3 itig

DR J& 5552k & M A 5 A — Flvig ok E 771
IEfGFEM T E’J%Julflﬂ%1ﬂ[ﬂlm{”ﬁ,,ﬁ\7iiﬁﬁé}?
DI R N AR O S 1A - e =¥ | K= s W
LB 25 4 240 i B T A I S5 40 35 P 0 i e
A58 & B, microRNA 7E DR HA] DLJE Y R 5E Ak
7 38 o e 28 7 P 3 J LR B 1 431 R A AN
55 %%[14 o Becker #[15 W52 B8, miR-224-5P &
5 DR MM E 2L RNA 431, 76 DR B EH L5 AL
JREREAS s 4 0T 0 3 R AR . AR T R BE, miR-224-
5P 7£ DR fB 4 M7 28 58 B 38 (R T ) e A,
$&7~ miR-224-5P [ fE2 5% DR kA K&

PR, 28 1 e (RPE ) S ft 2 400 1) 5 fik 246 s
DX 3 2 ) ) 2 20 L 5 e, T L 9 4 00 ) 2 72 )
AR 0 A 4K PR 0 1 00 X B ok 288 i A 4 7
W RO AN o A F ST R, 1 R
511 ARPE-19 4 i, miR-455-5P W] 3 53 - 8 i 45
R A K DR S i A AR 1 TR 7 I 35 1 o 4 if 3
T ARSI L miR-224-5P i 2 1k TR 1
AbFR RS S 1 ARPE-19 4 Jifg, 25 R & 81, i 3R ik
miR-224-5P 0 34 2 i 36 ) A AL R 0 i miR-
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Effect of micro-ribonucleic acid-224-5P in the occurrence and development of
diabetes retinopathy via regulating interleukin-6 signal transducer/Janus-ac-
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[Abstract] Objective To investigate the expression changes of micro-ribonucleic acid-224-5P ( miR-224-5P) in dia-
betes retinopathy (DR) patients and its effect and mechanism in high glucose-induced adult retinal pigment epithelial cell-19
(ARPE-19 cells). Methods The peripheral blood was extracted from 6 DR patients and healthy people, respectively. Re-
verse transcription-quantitative polymerase chain reaction was used to detect the relative expression of miR-224-5P. The
normally cultured ARPE-19 cells were randomly divided into the high glucose group (administered with 30 mmol - L' high
glucose) , high glucose + miR-224-5P mimics group ( administered with 30 mmol - L' high glucose after transfection with
100 nmol - L' miR-224-5P mimics) , high glucose + miR-224-5P inhibitor group ( administered with 30 mmol - L' high glu-
cose after transfection with 100 nmol - L~' miR-224-5P inhibitor) , high glucose + OE-IL6ST group ( administered with 30
mmol - L™" high glucose after transfection with 100 nmol - L ™" OE-IL6ST), and high glucose + miR-224-5P mimics + OE-
IL6ST group ( administered with 30 mmol - L™ high glucose after transfection with 100 nmol - L' miR-224-5P mimics and
100 nmol - L' OE-IL6ST). Cell viability was analyzed by Cell Counting Kit-8; cell migration rate was detected by Tran-
swell ; targeting relationship between miR-224-5P and interleukin-6 signal transducer (IL6ST) was verified by dual-luciferase
assay; Western blot was used to determine the protein expressions of IL6ST, phosphorylated Janus-activated kinase ( P-
JAK) and phosphorylated signal transducer and activator of transcription ( P-STAT) ; the protein expressions of interleukin
(IL)-1B, IL-6 and tumor necrosis factor-a (TNF-a) were detected by enzyme-linked immunosorbent assay. Additionally,
the IL6ST was overexpressed to confirm whether miR-224-5P functioned through IL6ST/JAK/STAT signaling pathway. Re-
sults The relative messenger ribonucleic acid (mRNA) expression of miR-224-5P in the peripheral blood of DR patients
was lower than the healthy people (P <0.001). Compared with the high glucose group, the viability and migration rate of
cells increased in the high glucose + miR-224-5P mimics group, and decreased in the high glucose + miR-224-5P inhibitor
group(all P<0.001). The results of the dual-luciferase assay confirmed that IL6ST was the target gene regulated by miR-
224-5P. Compared with the high glucose group, the protein expression of IL6ST decreased and protein expressions of P-
JAK, P-STAT increased (all P<0.05) in the high glucose + miR-224-5P mimics group; the protein expression of IL6ST in-
creased and protein expressions of P-JAK, P-STAT decreased (all P <0.05) in the high glucose + miR-224-5P inhibitor
group. Compared with the high glucose group, the protein expressions of IL-13, IL-6 and TNF-« decreased in the high glu-
cose + miR-224-5P mimics group (all P <0. 01), while significantly increased in the high glucose + miR-224-5P inhibitor
group (all P<0.01). Compared with the high glucose + miR-224-5P mimics group, the viability and cell migration rate of
cells decreased in the high glucose + miR-224-5P mimics + OE-IL6ST group (both P <0.001). Compared with the high glu-
cose + OE-IL6ST group, the protein expressions of P-JAK and P-STAT increased in the high glucose + miR-224-5P mimics +
OE-IL6ST group (both P<0.001). Compared with the high glucose + miR-224-5P mimics group, the protein expressions of
P-JAK and P-STAT decreased in the high glucose + miR-224-5P mimics + OE-IL6ST group (both P <0.001). Conclusion
The expression of miR-224-5P is lower in DR patients, and the expression of high glucose-induced inflammatory factors can
be reduced by overexpression of miR-224-5P. The viability and migration rate of ARPE-19 cells induced by high glucose can
be increased by regulating IL6ST/JAK/STAT signaling pathway so as to affect the occurrence and development of DR.

[ Key words] diabetic retinopathy; micro-ribonucleic acid-224-5P; interleukin-6 signal transducer/Janus-activated ki-
nase/signal transducer and activator of transcription signaling pathway



