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(HRMECs ) 1Y 34 %8 fig 71 X W & e 1 9 52 e, 3 &
qRT-PCR ,Westernblot Ki{ll] circRNA_0076631 .miR—-214 FlI
FET-HI K - ( NLRP3 |, caspase— 1 Fll IL—1B) 7 HRMECs
H 3k R THE cireRNA_0076631 J& A5 115538 I%
R F IR 0, R FHIL5E GY circRNA _0076631 111 il 571
(ASO-circRNA_0076631) . miR —214 3 3% 35 % 4L 3 #) A0
miR- 214 # #1 5 ( AMO - miR - 214 ) 52 % 3 — 45 B o
circRNA_0076631 .miR-214  caspase— 1 = F MIEH KL FR,
W) B 3230 B 7E DR rP R FEALAD

LR . circRNA_0076631 J #1715 5 i j#% A F ( NLRP3,
caspase — 1 Al IL — 1B ) mRNA 7£ ¥¥ JK 95 24 W B Ji& I
25 mmol/ LA 4 T 24 h 1) HRMECs W 5% = 2235, 1
miR-214 mRNA FikFFIL () P<0.05) , i E ik miR-214
JERET- O HF caspase —1 mRNA FEIRFEAK , #) miR -
214 J5 caspase— 1 mRNA 3235 B (#) P<0.05), T3k
circRNA_0076631 J5 HRMECs caspase—1 mRNA FKIATF
JH(P<0.05) , BAFEY 25 % BT circRNA _0076631

Jii caspase—1 mRNA FRIiEg ] (¥ P<0.05) ,(H7EILFE e
miR-214 1 7 J5 caspase — 1 mRNA ik (4 P<
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Abstract

e AIM: To investigate the role of pyroptosis in the
development of diabetic retinopathy (DR) and to explore
the regulatory mechanism by which circular RNA
(circRNA) and its targeted microRNA ( miRNA) mediate
pyroptosis in DR, providing new therapeutic targets and
strategies for the prevention and treatment of DR.

e METHODS: A streptozotocin ( STZ) -induced model of
type 1 diabetes in SD rats was established. The expression
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of circRNA _0076631, miR - 214, and pyroptosis - related
factors were measured in retinal tissues. CCK-8 and tube
formation assays were used to detect the effect of
different concentration of glucose on cell proliferation and
angiogenic abilities of human retinal microvascular
endothelial cells ( HRMECs ). The expression levels of
circRNA _ 0076631, miR - 214, and pyroptosis - related
markers were evaluated through qRT-PCR and Western
blot analysis, with additional experiments conducted
following circRNA_0076631 knockdown to assess its effect
on pyroptosis markers. Previous bioinformatics analysis
and luciferase reporter assays identified a shared binding
site among circRNA_0076631, miR-214, and caspase-1.
To clarify the interaction between these molecules, co -
transfection experiments using circRNA_0076631 inhibitors
(ASO - circRNA _ 0076631 ), miR - 214 overexpression
transfection reagent, and miR-214 inhibitors ( AMO-miR-
214) were conducted to elucidate the regulatory pathway
involved in DR.

¢ RESULTS: Both the diabetic rat model and D-glucose-
treated HRMECs showed significantly elevated expression
of circRNA _ 0076631 and pyroptosis - related factors
( NLRP3, caspase - 1, and IL- 1B ), while miR - 214
expression was reduced (all P< 0.05). The mRNA
expression of pyroptosis-related factors caspase-1 was
reduced after the overexpression of miR-214, and it was
upregulated after the inhibition of miR-214(all P<0.05).
Knockdown of circRNA _ 0076631 reduced the mRNA
expression of pyroptosis markers caspase-1 ( P<0.05).
Co-transfection experiments revealed that the inhibition
circRNA_0076631 suppressed pyroptosis (all P<0.05), but
this suppression was reversed upon co -transfection with
miR-214 inhibitors, leading to increased mMRNA expression
of the pyroptosis marker caspase-1 (all P<0.05).

e CONCLUSION: The circRNA _0076631 and pyroptosis
play critical roles in the pathogenesis of DR, and circRNA_
0076631 may regulate pyroptosis by modulating miR-214,
which in turn influences the expression of caspase-1 in
the pyroptosis signaling pathway, thereby contributing to
DR progression. The circRNA _0076631 may serve as a
novel therapeutic target, providing new insights for the
prevention and treatment of DR.

o KEYWORDS: circRNA _ 0076631; diabetic retinopathy;
microRNA; cysteine aspartase-1; pyroptosis
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B PR 95 A8 R B 955 A8 ( diabetic retinopathy , DR) f& 4 /K
o5 Fr UL A I A R R RE . B ISR T B R IR
JEZNEK ML 1% % (fundus fluorescein angiography, FFA) |
WOt BEESIRDIEIAR BT VEGF 249 % ] A7 AE 2 Wi )5 |
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B A A8 1) e A LA, -4 B B A R b By 3 4 it
T JEFD RNA ( noncoding RNA , ncRNA) NN SR
T2 MAYEDIRE , 2 50 R A OO KA /Y Kk A R
IR, HoAP Rk RNA (circular RNA | cireRNA ) B 257 31| 2%
HEM, BABNEE NS AT 9 % S 8 X e
HRRFR R R AR EERY ) HE S 6N RNA
(microRNA, miRNA) 45 & 07 &8, AT 1E i miRNA 1) 35 4 Pk
TR RNA S Pl R g2k 7, Hirp | cireRNA_
0076631 B #EIESE 7] LIAE N miR-214 (35 4+ P N JE RNA
AT 3 B R 3Rk A S PR K A O & E 1
KA IR I AT S IRIE S miR-214 5 caspase—1
F LG5 B, SR cireRNA_0076631 42 7 RE 18 1 2 UV
FHAY 5 B8 PR B i 48 JOF & RE DR A & A= 415 =R A
circRNA_0076631 1] B 18 i3 1F 47 50 7 I B 5 2 55 48 i ok
17858 AR AR DG B miRNA , F B0 22 miRNA DIRERSHI ], A
T SZ A Ui 3 PR A9 22 3, 1 — 25 i o 40 P %) 463 405 AR s
AR AN A TR AN A A2 B AN RO KA R IR Y
UHBET S, E—F e RIS T X, Bare A Kt
SEUESE DR S4BT A E T A% UM X R, YEiEn
25 T RR R0 S 240 L P NLRP3 48 1 /A Bl 3 0% | Bt s i ik
caspase—1 (ﬁ’ﬂﬁ,fﬁ@ﬁfﬁ?ﬁﬂ IL-1B T IL-18 %510 B
T, AT Jor 2608 O B 2 S 52 7, AV a0 I 65 i 24 AR 400 1) e o
2N, AN E DR ALY PRI, ATECH T
PREA T DR 1Y circRNA R HAE ] miRNA VEFHBLE] , 4 B
A DR A 5

1 #EF A %

1.1 &8

1110 4B AL BT 48 PN K 48 S (hRMECs ) 13K T
M IARFLEY AN F (G5 . C1165) .

1.1.2 304 I IRIEBE RN 24 8l 52 56 oo e 3K 6 Ji] i
RYHEM: Sprague—Dawley (SD) K 60 H, A5 i 29150 g,
FERRE SR T iR SR RS R K B Y, Ira h s &1t
PR G 2L UE (4L :2018002)

113 FEZRFI5XEE  ASO-circRNA_0076631 , mimic —
miR214 AMO - miR214 % )37 (1) BH 4 % B8 (- mimic - NC £l
AMO-NC) #1 H FHHAEY A A, XtremeGENE siRNA 7%
YA F Hi 1 Roche 2> 7], DMEM 15 3235 i 4 1L 15 14
H 358 HyClone 2\ H) , i [k {2 78 & ( Streptozotocin, STZ) |
AR [ 5% E Sigma A F 4% 2 B P EE KRR BN 2% vh
T .SDS-PAGE (7.5% — 10% 3 P4 45 Bt Jiie 58 2 ) W9 [ Jb
Solarbio A H], —HK Al Jo/K LEE 3% H,0,0 [ E
Sinopharm /A 7], —¥T caspase—1 1 NLRP3 Iy H 7 [ Bioss
NFE)IL=-1B8 1 H 35 Abcam A R, —31 . DAB 5 {5, i
HJt T ZSGB-Bio 2~ Fl, BCA £ & ik 1 & W [ b = 34
=R A, CCK-8 i & W A H A Dojindo 23 ], TRIzol 11
EEJH| Invitrogen /A 7] , Toyobo SYBR qPCR Mix {35 & ¥4
H HA Toyobo 2], WA TR YL 7R [ Marker , ECL #8 R &1k
22 ER AT & PAGE #E 1 2 0 & W [ 1 g 7 il
A 2R A IR B BEFR AU A 25 E Thermo A F , i
BT W H H 2% Olympus 2> A, %t B AR X H 5 [H
Bio—Rad/\ i, ABI7500 FAST PCR Y 2% [ 25 [E Applied
Biosystems 2 A o
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1.2 Fik
1.21 HEFEREIHERE 60 H SD KA J bR
iz 30 H 5%l 30 H, BERmAL KRS &%k 6 h
J& 4% 60 mg/kg HIFFEESE 2 d JE B VRS 1948 Tk 4
# (Streptozotocin, STZ) , 1% STZ FIlfs FH 5 57 6 B i (7K
MR, STZ % T pH=4.5 1) 0.1 mol/L #7165 R 4} 2% Ml
W) o FRZJE 24 h Ko TR R R KRR, 3 U mpE XY
16.7 mmol/L B2 1 FUME FR o A5 70 3 7 il 2h | e &
B 30 L X B AT {NE I 3 5 S A IR N % v,
PRALR (4 31 30 3 A7k o 3G 0 B 22 R s 7 S5 R
PR AL B I BRUAA HR B 00 19X B 441 20, 30 47 00 I 2 4 Ak
PCR Westernblot &l , Horft PCR £ X £ 715 518 I A 7 |
circRNA % miR-214 #547 mRNA 7K F-46 0, 17 4 3 2H A |
Westernblot £1 %} £ 1= 15 518 B I F 647 25 HACERN
122 REBARLZEE 4% T T EEF & B IRBRAZ,
50% 1 2K +50% A7 B2 3 h gk, VI 3 pum B,
W F# Tk 60 °C 2 h, —HIZRBLEEYI A, JoK iR
W2 K,3% H,0,fEH 10 min, PBS ¥, £ B
(100% ,95% .80% .75% ) 12 L, A7 1 MR+ (pH = 6.0) 1K
s 2 min HEAT B AE B, N — L ( caspase — 1,
NLRP3 Al IL-1B) , ¥ & 1:200,4 CiF#, WH —ht
(1:500) % I H 30 min, DAB WA, FhAREE YL ik,
WK R G WA T LA R R R e
1.2.3 HRMECs $Z5R R A& B ZRA7 0 40 i, 110 ik A
37 CHEEAREE (0 7R A7 40 P i i, fE B &
VA0 B R A BRI, 6 A DMEM BR 5236 (5 A
10% a2 L35 1 19075 %5 2/ 568 %) ,37 C 5% CO, Hi%k
b TR SR . B 3-6 IRRY AN EA T S
1.2.4 CCK-8 3248 i 7E £ A1 1% 58 A& WALl 1x10*
W EREFP T 96 FLARH e FR S 30 B AT T 100, R [ vk
£ (5.25.50 mmol/L) %5 % ## ( high glucose, HG) T 75 6,
12.24 h J5 , & CCK-8 IR &I, 78 R AL NG IR,
TMAFA 10 pL i CCK—8 2079 i 1) TG 1ML 77 3% 37 W, 3
JEFE 2 h 5 BT R AR SO I W B A, A 3 KA B
WMEST 0T, W A 3T Bk B I, 168 4R FH 3Ltk 4%
FREE (& 5 mmol/L F & W) K 3% A0 ML, = M 4H R
25 mmol/ L] 2 ME Uk B 1) 15 TR M 5 R 2
1.2.5 INEH LML #1100 wL FEFEINA 96 fL
,37 CEA 1 h, ¥ 25 mmol/L #2551 24 h J5 ¥
HRMECs (4x10*) £ Ff FfLAR - 4k 2285 3% M4 3 &
FL 15 A 22 0 A L HA TR
1.2.6 fHRaEE Hi70R Lipofectamine RNAIMAX LR S
MIEFE YL 4y 4H . (1) 3 35 X B 2H ( HG + mimic — NC) .
25 mmol/ LA Z M 4L B HRMECs 20 Jifl % Y ; Bk i 36 5 %
BE4H (mimic negative control , mimic—NC) ; (2) miR-214 3
FIR4H (HG +mimic —miR - 214) : 25 mmol/L % %5 B b 33
HRMECs 2 ffg % Y% i 32 35 miR - 214 ( mimic -miR -214) ;
(3) 3k 7 % 2H ( AMO=NC) ;25 mmol/L % %5 K 4b B
HRMECs 4 fff% 4% miRNA BPEA ] 580 65 B8 DLUHE SR R 45 5=
PS5 (4) miR-214 #1415 41 ( HG+ AMO-miR -214) .
25 mmol/ L2 B4b 3 HRMECs 40 i3 %% 4% miR-214 #1
FILH

TE B R T 4T cireRNA_0076631 5 YL 5256 /40
2 (1) circRNA_0076631 # il 51 X} B 2H ( HG+ASO-NC) :

HRMECs 455 4% cireRNA B 300 1 750 %55 HE LA HE B 9F 4%
SEPE S W (2) cireRNA _ 0076631 411 ] 71 40 ( HG +
ASO-circRNA_ 0076631 ) : HRMECs 41 it #% 4% circRNA _
0076631 il 5714 .

HEATAE LB 1 Y circRNA_0076631 1 miR-214 i
IR, 432k s (1) 3 550 X BE2H ( ASO-NC+AMO-NC) .
HRMECs 4 o554 miRNA Fl circRNA FAEA 41 70 X6 B LA
HEBRARRE S M52 00 5 (2) 7 SO PR BT 18 30 ) 550 % BE 41
(HG + ASO = NC + AMO - NC ) : 25 mmol/L #ij %5 ¥ 4b £8
HRMECs 41 il J5 , %% % miRNA F1 circRNA [ ¥ 30 41 51
(3) 7 =obl P45 T A4 61 550 % BE 41 ( HG + ASO —circRNA _
0076631+ AMO - NC) . {5 #% ¥ 55 F HRMECs 4 fifl 7% %+
miRNA BRI FN circRNA_0076631 #0115 5 (4) 76 5
BEEREE T B3 37 % B8 2H ( HG + ASO - circRNA _0076631 +
AMO-miR-214) ; = HE¥REE T HRMECs 2 i %4 %% miRNA -
214 HMAHIFIFI cirecRNA_0076631 #1151

et FE . 25 mmol/L ] 4 B4k 22 B SR 40 i 24 h
o B U AN AR SR I YA A JE B TR SR AR
M (37 °C,5% CO,) 537 4-6 h, FEHIHTEER IR 58, 7
FRYE 52 96 TR IR A7 U B 41 M AR T 4T PCR , Western blot 2
CCK-8 S 5, A W £ 172 15 5 38 % A+ (U caspase — 1,
NLRP3 IL-18) iR 7K S M 17,

1.2.7 qRT-PCRME P I 5 20 21| ) 260 i 15 77 Mo
YL S 0 200 Hf e PR R AR SRR PR IR, RNA BE 5 RNA $2 I
BWFAIA A TRIzol, #%55% )5 , W Toyobo SYBR qPCR Mix
A EHAT qRT-PCR, K H Fr JE R (A 715 530 i A
¥ .circRNA_0076631 f miR-214) k&, PR
SEEASFAT X AL, BL U6 Fil GAPDH 43 514 S 3F 4
RNA FEE T2 15 5 38 #% I 710 N 2, i ABI7500 FAST
PCR Y #5 #E4T PCR S W 9™ 3%, S i 45 R F . 56 — 2.
95 C 60 s,55 — .95 °C 155,60 C 155,72 C 15 5,3 40
MEH, RWEEHIT  REA Gl SR 274 g4 [ i 5k
AHXT Er e AT EE AT

1.2.8 Westernblot iUZE oA I FR AL I IRZH 2 8] 2 B 455
I KB e ST ) A0 R R AT R O AR 2R, R L RE
iR ] SDS—PAGE (7.5% — 10% 58 P s BE e B I ) 70474385,
JFEEREE] PVDF B8 L, —HUM BV BE R 1:200 caspase—1,
NLRP3 IL-18,4 CHWEE I/, ¥ H FHE A B HRP
PRl P E L 2 h, GAPDH 1EHINZ:,

Bi312# 43 o Adi i GraphPad Prism 7.0 #4452 58 1
ORI, VORI DL AR e 22 (X s) Fom, P
Y] LR I ST AR AS ¢ K56, 22 40 1) A R B R 2
22081 (One—way ANOVA) | Wi L fdfi ] LSD—1 K656, LA
P<0.05 HERAGIEE L,
2R
21 #I STZHESH SD ARIERBER  PiRmA K
OB IR AL L 2540 2R B RIS MibL, i K
FURERRETS o % IR ZH R BRI B R R AR e G W PR s
20 R R T B AR T X B2, L I Ao ) S A iR e
TR AR 2 S A G E L (P<0.05) , B
R 20 R BRIt W 28 24 458 A2 55 R K P (> 16.7 mmol/LL)
(K 1A-C) .

2.2 HERR R K B AL W IS AR 5 T 15 5 18 B8 [ F FA circRNA_
0076631 & miR-214 MFRIEER  H BRI K BE R
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H 28 IR AR 7 35 6 mo Ji BURS IR BR |, 3 i o e 4 4k
5 A WU R g KRR A R I 20 0 v B T S 3l TR
(NLRP3 ,caspase—1.IL-1B) & HEREKE(H D),
i qRT-PCR & BLAEWE PR 95 4 R AL I s 2l 4L v s 1
S5 IE B ) T | circRNA_0076631 Y mRNA 2 ik K -4
Xof FEZH P47 AN [R) P2 B 9 T 1, miR—214 1) mRNA kK
Faex AR, 2R WA RITEE L (P<0.05)
(K 1E.F) .

23 AEREEEEREFH HRMECs h&ET-(ESEKRA
FHREER M 5.25.50 mmol/L fY 3 % H &b ¥4
HEMECs 41 & 6 .12 .24 h J& , | CCK-8 X5 &40 M4 i
OGS L. 24 25 mmol/L B MEYE % 24 h 5, OD {H A%,

LA G FRE L(P<0.05) , 40 4 58 52 2 ], HLE2 5
TR G (K 24) . 25 mmol/L 25 5 (i)
HE 24 h QEHH@ U*ﬁ*ll—ﬂ%ﬂ}t Westernblot I 7~ 25 75 %5
T A PHL ) 248 ff v NLRP3 caspase—1 Fl IL-1B A A # ik
AKETHE (E 2B) o X EegE R BRI L MR BT F S
i_%IZHCT““ 55 DR ¥R 10 KR

2.4 AEREEEEEF HRMECs /NEREE I R L6
185 Fﬁ%%%%mﬁiﬁﬂn,ﬂmms A R T Uk 55
(E12C), FbEA-S% AL B, R T4 2C I F 1) mRNA
FkKF LA, Z R WAL %E L (P<0.05, K 2D),
qRT-PCR #5 #5 8 2H circRNA_0076631mRNA 55 3k /K -
Fhim, T miR-214 KRB ARG, Z R B A 50T E X

A B aboiCE - i I 2
407 - 175 4 - 2 4
— 800
< 30- » *
o —
g { 2 6004 ]
£ 50 ] .
T 20 et
% " 4004 L
£ [
ER . 200+ ht
r Py * . 2 3—eo ° m = W 5} o "
0 Ll T T T 0 T L) T T T Ll T
0 2 4 6 0o 1 2 3 4 5 6
xif R 4L il JR 5 2 It [ (mo) i 18] (mo)
NLRP3 caspase-1 IL-18
D s s
: A » E
.,,é{é
X} 41 =
< .5,;:
%
Bl IR 973 2.
. 4 . S A
| = Py =30 R AL
4= -
E p, Fs8 "
B 3 -6
%< %
X X
P4 P4
o 4
£ 14 €5
a
- NLRP3 caspase-1 IL-18 circRNA_0076631 miR-214

E1 HRFEABREBIINIGER A2 WIENES STZ 5 H MESE 6 mo PIZH A BBYAKARA ; B PRZL KRR L (n=3) ;C. 4L
KRR e (n=3) ;D G 2 ARSI 5 20 BRI JIE 20 27 NLRP3 Al caspase—1 J IL-1B B H (#ik TR ) ;E: qRT-
PCR i W 4 K SR AR PR ZH 41 NLRP3 il caspase—1 2 TL- 18 A mRNA Fik1E N ;*P<0.05 vs X HRAL ;" P<0.01 os XTHELL ;T

qRT-PCR A& 5 21 K B 99 R 2 21 P cireRNA_0076631 F miR-214 £ mRNA 23k

THBL; P<0.05 vs X HR4H ;" P<0.01 vs ¥
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A 0.8- -~ 5 mmol/L
=& 50 mmol/L
caspase-1
E [
o R
o
0.5 EFH ma
0.4 =frrrrrrrr T T 1
0 10 20 30
i 1) (h)
C 5 mmol/L 25 mmol/L 50 mmol/L
6h
50um 5um =
12h
Sy o o
Al
% l
24 h N e <
. S é&‘f
o AR s e
D 6 LN il E b | i
= 5 4
b i ﬁa -|- =3 5 4
B
% 47 o 4T
b -
< H
z 2 % 2
z
E o
€
b
0- 0
NLRP3 caspase-1 IL-18 circRNA_0076631 miR-214

2 AEAKREBHEESFN HRMECs LR A CCK-8 SLK 4555 B: Westernblot 4 I X I8 4 1 25 b 21 41 Jid %9 NLRP3 F1
caspase—1 & IL-1B HEHERIEN ; C. AR E R E MR 3% HRMECs /J\%#gﬁ*@%ﬁigﬁ‘%ﬁ;[):qRT—PCR 6 100 75 2 440 it v
NLRP3 Fll caspase—1 % IL- 1B ) mRNA FiAHE M ;" P<0.05 vs IEH ;" P<0.01 vs IE % 4 ; E: qRT-PCR A& 10 P 4 20 ifg b
circRNA_0076631 Fl miR—-214 /) mRNA 35155 ;°P<0.05 vs I 415" P<0.01 vs IEH 41,

(P<0.05, & 2E) , iR &5 5 3% B 7e 1R A0 40 e 52 56
circRNA_0076631 F1 miR-214 ¥]2: 57T DR %4, 3 H.
P A R BIE G &R

25 MBFE AL LR miR-214 3 %535 ( mimic —miR -
214) A caspase—1 mRNA R IK, ER A RITHE X
(P<0.05) , 1 miR-214 #)#]5] ( AMO-miR-214) | $& &
caspase— 1 mRNA B RILIKF, 2 R A G E L (P<
0.05,1&1 3A) , Westernblot Kiilll caspase—1 8 F ik it4
BEZMRE(E 3B) , R ZER R, miR-214 3@ i # 17)
caspase— | {7 il % 76 DR " & ¥ i M= VE ., 5% 4
circRNA_0076631 4§ 5 P il ] ASO - circRNA _0076631
J&i caspase—1 i mRNA FIEE I KA KRR, 22 7 XA 48

B X (P<0.05, K 3C. D), 45 %478 circRNA _
0076631 XFFET- 1y kA AR IEVER

TEFBESAE T caspase—1 ) mRNA kT, 2573
A G it27E L (P<0.05) , 5% cireRNA_0076631 Fr5 140
#159] ASO-circRNA _0076631 )5 caspase— 1 mRNA MmEH
FIRACEREAL, 22 7 A Gt 3 L (P<0.05) , B A % gL
circRNA_ 0076631 411 ] 7] ( ASO - circRNA _ 0076631 ) F
miR-214313 5] ( AMO-miR-214) & caspase—1 mRNA 3
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