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/7y RNA-26a il {0l gk JE T~ 98 20 w55 S0
/S b AT I AD I i 5 1k

FRA r W R O R kR

HE BB 5N RNA-26a(miR-26a) % &8 (HG ) i
SR B NG | B2 410 (RTECs ) 40 4h 5L 5 ( ECM) & & i 7k
JHRATHENLE . Ak it HG 355 RTECs LK @ IR G
55 (DKD) ##4  7E HG #5511 RTECs H1id %5 miR-26a,
fifi F§ RT-qPCR Fll Western blot £l ECM & A K 2k FE T- 41 5%
FEHR LLIEAL miR-26a X HG #5511 RTECs ' ECM £ Bl I 4k
FET-HIVERT o fii Fi ferrostatin ( Fer-1) 14| DKD 45 % fr 2k 3¢
T & A I — A 4 ECM & 52 , RT-qPCR F
Western blot A6 I ZRFE T A9 AH S T8 B , 9 )6 B Tl e WL 28 3%
HA(ROS) iR E, Z58R 5 Control AL, HG 4H 40 g
miR-26a FEik & MK, ECM & A 38 47 fibronectin F1 colla-
gen | FFBTIE, %55 miR26a J5, 5 HG 41AHIL, HG +
miR-26a ZH 4 il miR-26a ik & T} &, fibronectin il collagen
[ iR m &AL, FEHILT-H M, 5 Control 411 L, HG 41
SLC7AL1 Fll GPX4 [ 7 4l mRNA 23k & [#{%, TFR-1 I
ACSLA ik, ROS 2GR EERT M, ML TS, HG
+ Fer-1 ZHERFET St ECM & WUAH SCH8 45 R 1A K8 HG 4
PIokrs . FRT %635 miR-26a J5, HG + miR-26a 4501
FHICFEPR TR K48 HG 41349754k, ROS ZEOLIREFEAE,, &5
®  1F HG % $HY RTECs H', miR-26a 3 848 T 19 & A 3k
M/ ECM &8,

KRR W/ RNA26a; =Ml B /N b B A0 ; 40 A1 A
T 5 BRBET

RESES RT25
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B JR 9% "B 9% ( diabetic kidney disease, DKD) J&
B DR e i UL Y I R0, R R i ( end-stage
renal disease, ESRD) fy =LA K B /NG T B 4 g
(renal tubular epithelial cells, RTECs ) J& "B JiE #5405 )5
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F L LF AR AN M 2 — | AL FE B /N [ R £F 4
Ak (tubular interstitial fibrosis, TIF) DA K 20 ifg 1 J5& Ji
(extracellular matrix, ECM) & i, ECM 111 B T R
J& DKD % B AR (1) G B ER T B/ RNA (mi-
croRNA, miRNA) &—K KN 21 ~23 ML HIRT
FBEAE RS RNA, 25 RNA 02K AL [H 360k iy 5
SRR AT SEIESE T M/ RNA-26a (mi-
croRNA-26a, miR-26a) %} DKD " TIF HA ZEfiAE
JH, 4875 T miR-26a 7E DKD i ZE ML, 1B HAE
7 it AR 5E B, BRFET 2 — R AR )
FerEAmp At T 5 5, LA A0 i i 5 BRI G I i Ak
SRAER) A IR U, A AR R miR-20a
JH T ] ACSLA AR BT T DA THT 22 fife B AU ke 1/
THREE RS (ischemia reperfusion injury, IRI) , k3t
T 53R 4w 6% RNA FAH BLAE FHOC R4 T — 4S8
AR, %W 58 8 3 & B (high-glucose, HG ) 15 %
RTECs Uy EHAS DKD #2484 #%95) miR-26a 7F HG
P31 RTECs H ECM & A9 A/E FHHLA], i DKD (1)
I IR YT SR W B AT 1) S B

1 HESHE®

1.1 #EFE AT/ RTECs HI R K
F BT P R B B U O B
1.2 FZRXFFLE MR DMEM K&
G 2F L5 WA 1 26 [ Gibeo 23l 5 #1404 A 1) M 28
E A YR A FR A 7] ; miR-26a mimics W H FiE#H
A FRA T A0 ROS A5 3057 & RIPA L1 i 1
H i = KAV ARARA A GPX4 $iik (17
5 .ab125066) VAR ZE 7 W51 11 (solute carri-
er family 7 member 11, SLC7A11) #{ & (4% 5.
ab175186) fibronectin HL /A ( #75 : ab2413) | collagen
[ (535 :ab34710) HLARKI I A S Abcam 23 7], it
BSEBmE A G U I HE R KDL 4 (acyl-CoA syn-
thetase long-chain family 4, ACSL4) $UIK (575 : sc-
365230) Il [ 35 [ Santa Cruz /A A, 58k 1321k 1
(transferrin receptor-1, TFR-1 VPR (155 . AF5343) |
B-actin HLIA ($25 : AF7018 ) I [ 3 [ Affinity 23 7] ;
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R AL~ B G (ECL) WA H Ao 22 Akl BB
F PR B AW % 5 (PVDF) [y [ 5 [F 2R 5
PP HA PR 7] 5 TRIzol 4 H 22 [E Invitrogen 23 F
1.3 XWAHZE

1.3.1 @i F RTECs #M T 6 fL
M, B2 T WSS L A= K BN B 2 30% ~ 50% I 4K
SCEG T EEAL BRAN A, A0S 0 A0 . DX R ( Con-
trol ) ZH ; DA TE & BHIR FE (5.5 mmol/L) 557540 il ; @
HG 4. UL HG 35 57 40 ffd, JH v 2 26 0% 249k 28 30
mmol/L;@HG + miR-26a #H . 7 HG 55 1 RTECs
rhE T 20 B U 1 5 1 5 3R 38 miR-26a; @HG +
miR-NC 4. 75 HG 5 3 i) RTECs 1 #% ¢ miR-26a
mimic [ BH XTI (negative control, NC) ; ®HG + £k
FET- I ( ferrostatin-1, Fer-1)2H . 20 7E HG i
SRIBF RN Fer-1 (# T 0. 1% DMSO) ; @HG + DM-
SO 4 . 4H L AE HG iR [FIRTES N 0. 1% DMSO, LA |
H ISR 48RRI IR 2L

1.3.2 miR-26a &Rk # % F RTECs R T 6
LA, B X022 40 Jifd %% B 3K 3] 50% B, 45 I/ ribo-
FECT™ CP Uil Ui B B TG gy . i Yeml 35 2
IHEGFR5E, H PBS ¥ 2 W, B FLINA 1 866 wl #5357
F. F 120 pl riboFECT™ CP Buffer #i B¢ 2 wl. 20
pmol/L. miR-26a ( 1IE m J¥ %1, UU-
CAAGUAAUCCAGGAUAGGCU; JX ] /¥4 : CCUAUC-
CUGGAUUACUUGAAUU) 8%, mimic NC ( 1F [ JF 41 ;
UUCUCCGAACGUGUCACGUTT; [ [ JF 5.
ACGUGACACGUUCGGAGAATT) , IR G =R &
5 min, FfS A 3 wl ¥4 5% Reagent, Z{RHFH 15 min
JEEBUE Y S AW, DL 134 pl/ALIm A 40 i 55 55 0
K9t 48 h AR TR 850k,

1.3.3 %8B & £ Z & PCR (real-time quantitative
PCR,RT-qPCR)  fii Fil TRIzol 42 B 40 L P & (1)
RNA, Bl 5 AR 40 33 7 538 32 350 6 100 B 5 454, o 4
RNA 3% %% 55 i ¢DNA , K I 45 20 41 Jfd ' mRNA Al
miRNA F3A/KF-, L B-actin fE RIS KA 272
A AN HE P mRNA AX 3k K5 BL U6 75
WS, KA 2 % A4 4 40 b miR-26a A X} 3%
IKAKOE . ASHFSE BT 9 mRNA 514390 (3 14
Bt ) TRE A PR A 7], miR-26a S H:BA M X HR 51 4
W H i EARAE, G IFHILEE L,

1.3.4 Western blot i 1] RIPA Z4fif i Wi 42 41 i
FT ok E2#% 1 h,7E 4°C 12 000 v/min 54 F 8500
30 min, B EVER, i F BCA 320 2 (IR A
HH B PR Tl K &S min, - 80°C VKAE

mimic

&1 514F%

S SIFHI(5°3")
314 : GTCAGACCTGTGTGTTCCCTACTCA
U514 . TCTCTCCAAACCAGACGTGTTC
514 : GCAAGAAGGACAACCGAGGAAA
T34 : GGACATCAGTGAAGGAGCCAGA
GPX4 35514 : ATACGCTGAGTGTGGTTTGC

T 514 : CTTCATCCACTTCCACAGCG

collagen [

fibronectin

SLC7A1l  E¥F514 : CCTCTGACGATGGTGATGCTCTTC
T 514 : GGTGCTGAATGGGTCCGAGTAAAG
ACSIA 37514 : GGACTAGGACCGAAGGACACAT

T 514 : GGAACAGCGGCCATAAGTGT
TFR-1 35514 . GTTTCCGCCATCTCAGTCATCAGG
T 514 : GGACTTCGCCGCAACACCAG

B-actin 3514 : CATCCGTAAAGACCTCTATGCCAAC
514 : ATGGAGCCACCGATCCACA
miR-26a #5149 : ACACTCCAGCTGGGTTCAAGTAATCCAGGA

T #8149 : TGGTGTCGTGGAGTCG
U6 514 . CTCGCTTCGGCAGCACATATACT
5149 : ACGCTTCACGAATTTGCGTGTC

PRAFRE S, AR A 4 19 28 1 BE R 25 SDS-
PAGE LUK, 43 5 J5 WO 2 1 B8 S 1 400 mA H i f%
F£ 2 PVDF & I i FH TBST GRS 58y 45 #E20 = 1
fic B B P, 78 3 TR PVDF S 2 h, B S
AL E 4B collagen 1 . fibronectin, TFR-1 , ACSL4 |
SLCTA11 Fl GPX4 LK (1:1000), F 4°C K48 N
WEE A, W H , TBST YEIRE I A BRI A L P il
FRCHILAEHT R = H0 (1 = 2 000) S BAR it 48 AL Wy Tt
PRCHY I PR P (1 22 000) , % il ¥ PVDF
FESREE 2 b, FRURUERE, A ECL & (03 B 52 ) Tt
IR AR, Tmage J B BTG % BE(E, L) B-
actin HNFZBITE HE A RIEE,

1.3.5 Zmhe ROS AK-F#m  RHZOEH4E DCFH-
DA #£47 RTECs " ROS /K-, {4 45 1 42 B
ROS R0 & 64T, $421 ¢ 3 000 FH G i i 15 77
T B DCFH-DA , 255 20 M 55 35 W, in AGE S (R B H
P4 DCFH-DA |37 °C 4185 3548 M & 20 min,
B3P 3 ~5 min HUEITER S, A HET F20 i 78 53 12 fi
FH G I 775 4 L 55 52 M e A A B 3 9k, DA 3 4 5B ok
HEA 0 LN B DCFH-DA | i JH 2¢Ol B 1 BE WL 2%,
ROS 7KV 5700 R IE L,

1.4 ZitFE&E Ay L85 N GraphPad
Prism 8 iR AT 4007, LI BE L & + 5 TR,
WAL FLRER H ¢ K56, 22 20 1R] b 5 R B R R
M, P <0.05 NESFAGITFE L,

2 #HR

2.1 miR-26a £ HG %5/ RTECs FHIFRIEKF
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i i RT-qPCR #1 Western blot ¥l HG % 5 )
RTECs H' ECM & B CHE bR 19 FRIBE O, 45 R s
fibronectin I collagen I A mRNA FlEE H Rk &3
X REZH T (B 1B ,C) , 7R DKD 4 H #5280 4 i i
Iy, [ B8 B RT-qPCR 77 35 KL miR-26a 11 35 34
i, R R Control A EL , HG 4] miR-26a ik
IR (E 1A) .

2.2 itFRi% miR-26a Xf RTECs 1 ECM & B I &
| F 75 miR26a XF HG % T 8 RTECs H
ECM & A5 W, 76 HG 5 F 1 RTECs g £k
miR-26a, i@ RT-qPCR 5 iiF i F 885028 (& 2A)

[R] A4S ECM & A 2638 47 fibronectin 1 collagen
I FiksKF, RT-gPCR Z5 R IR, 5 HG 4AH I,
HG + miR-26a 41 4 g ' miR-26a ik L, £/~
miR-26a i3 235 2 (€ 2A) . 7E ECM & R 5 1,
RT-qPCR Fil Western blot 455 7%, 5 HG 4 L%,
HG + miR-26a 4 fibronectin Fll collagen I A mRNA
EHFEIBKE T e, HG + miR-NC 20 40 Jfd tp ik
KFTEH 25 5 (2B .C) .

2.3 HMHIEIET-XT RTECs 51 ECM & B A 821
R BB ERBET X HG AR RTECs H ECM A h 1Y
M AR 2k B8 T 30 i R Fer- 1 AL B RTECs , f# F

Bl 1 miR-26a 7 HG % S#) RTECs ) RIAKFE
A :RT-qPCR ¥ miR-26a #357KF- ;B RT-qPCR ;i fibronectin Fl collagen I Fik7KF-;C: Western blot %l fibronectin 1 collagen 1 Fik

JKF; 5 Control 4H % . * P <0.05, **P<0.01

B2 i$3%i% miR-26a Xt RTECs 1 ECM & B RIS
A.RT-qPCR Kl miR-26a ik /KB, RT-qPCR K fibronectin F1 collagen | 23k IK-; C . Western blot Kl fibronectin A1 collagen 1 ik
JKF ;5 Control ZHIHLHL . * P <0.05, ** P <0.01;5 HG 4L .*P <0. 05, P <0. 000 1



FHEMKRFFIR  Acta Universitatis Medicinalis Anhui 2024 ;59(2) - 257 -

RT-qPCR Fll Western blot #5 Il 2k 5L 1 4H & 48 bR K ik
KELLB ) Fer-1 XFERFET- ANl &0, 453
78,5 Control 21 4H H, HG 41 40 Jifg b SLC7A11 Al
GPX4 Fik[EAK, TFR-1 Fl ACSIA FikF = (K 3A .
B) , /R DKD BRI ERBET- A &4 s 5 HG A,
HG + DMSO 4P 25 3 oG 127 2 L, #7R Fer-1
TR T B #E M HG + Fer-1 ZHERSE T M E
BfRgik M Ar (K 3A B) , FESLIERE b, E—2
Kl RTECs H' ECM & i A#H ¢ 48 #7 fibronectin Al
collagen I A3k 7K, RT-qPCR Fl Western blot
R BN, 5 HG A, HG + Fer-1 41 ECM & %
ARG R R I IR (K 3C.D)
2.4 I FRi% miR-26a ¥t RTECs $kE T- B9 & i
RS 3t F3k miR-26a FIHN AL T A B I
/b ECM A X — 2L [F/E T, PRSI $2 ) miR-26a 11
HIERFET-VE ML T HG 55 /) RTECs H' ECM &
B, A T I e — R, 755 % T miR-26a ) RTECs
Wi 3 RT-qPCR Il Western blot &M AR FE T 4H 48
bR TFR-1 [ ACSL4 SLCTA11 Il GPX4 kK, 45
REIR, 5 HG #HAH, HG + miR-26a 41 SLC7AIll
H GPX4 ik THE, TFR-1 1 ACSI4 FEFEAE, HG
+miR-NC g AHKAG bR R B K P EF LG FE X
(Kl 4A B) ,HG + miR-26a 41 ROS ¢ ¢35 Ji (1) FEAIK
AR T miR-26a XTERFET- M HIFE R (& 4C) .

3 itig

TIF #)" 12 I\ N /& DKD i i€ & ESRD 4R
o RTECs 42 ' /N 25 K F1 D) BE #Y J A A7, ik
I JEGE A EE AT 5| RTECs A8 P MRS, i 5
B DIREREAG S L AE BT B A RTECs J2 )4 )
AT HE LR EZA0E, L, -9 RTECs %
AN T 1B DKD 9 A& A Fil Ak Jié 28 G H 2L

MR Z 1 IF 5 R W, miR-26a 5 & Fh & B 1Y
At B 55, BN, miR-26a 7 i 800 2 i /)
FRABE AR I B T L e o R R S ) S R
SUIET Ak , AT 52 e W Wi /N B S 9B 55
— Tt gE 7 R R miR-26a AN AT UA 8508 5
SR JIRAZE TR 2R 175 R0 B /) BURSE RL 0 JILET 4 A
M HAEASRE A6 HG 75 5 1.0 LA B 453 £, otk
Hb,miR-26a 1] LLZZ M4 K PR ET 24k, O ELAm /)N
BUSRIR LR S L A B 45 SRR A O L4
Mt 2235 miR-26a AT DL G2 fi 12 M B % ( chronic
kidney disease , CKD) H & A ) PR BEE MO LG . 7E
B %5 PR 45 A B ( unilateral ureteral obstruction,
UUO) /MR miR-26a A] #4545 4H 204 K A
F 3 CKD B ELF AL . ABESE P HG S
[ RTECs ' miR-26a &iAF#(K, HG 755 RTECs
ECM & W M Z T, i ik miR-26a 2 & ) il

3 M#I%FE X RTECs F1 ECM & B840
A Western blot ¥l TFR-1 ,ACSIA4 SLC7A11 Fl GPX4 #i5/KF- ;B RT-qPCR &l TFR-1 ,ACSL4 SLC7A11 F1 GPX4 #ik/KF;C. RT-qPCR
F:i fibronectin F collagen 1| 22K IKF- ;D ; Western blot £l fibronectin £ collagen 1 R kK- 5 Control 4 HEHE: * P <0.05, **P<0.01;5

HG H H# . #P <0.05,"P <0. 01
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4 333Ri% miR-26a Xt RTECs $k3E - A 4
A :RT-qPCR M TFR-1 ,ACSL4 SLC7A11 Fll GPX4 3Kk /K-;B: Western blot &l TFR-1 ,ACSL4 SLC7A11 Fll GPX4 F3k/KT-;C.ROS %56
8 x 10; 55 Control ZH %5 * P <0.05, ** P <0.01;5 HG #HI#:.*P <0. 05, %P <0. 01

ECM & A, i 5 A4 Fi A 58 miR-26a v] LA
il DKD H TIF 2558 A0 — %, X 245 1 KB, miR-
26a N BETEZRf# RTECs H ECM & & EZEH .,
BRACT F- B AIE J2 4 8RN 40 B N ROS A%
LR JE i B AR P A o i A AR A 2 1Y
R P4 ET- ), SLCTALL Fi GPX4 #IA N
AT NE R EY, R NP A R R E
B R 4y, 2 AT BE R BOR & ROS 77 AE
GSH & ipsfig! " =120 TFR-1 2 5 4 B 9 2k A0, 2k
RS H RS T- LB R ) ACSTA IR g
i E AR OCHERG , = 5 S AL A I R AR 1 A B, AL
1PN A SAE T AR R 7E HG 5
FEM RTECs ', ROS FRRHIMN , RIL T HH K48 b7 2
FOE BGUE TR T B R A, E— 2 i ik miR-
26a G2 40 i Bk A6 T A5G 38 bR 2R 3k K OF, X R
miR-26a W65 SIHEYSET SR, BAMR S &
W, 7E UUO /NEURIT TRT /)N BRBE AU ) i £k A6 T~ T
DIZEAR KRB Fydid% UUO F IRT J /LAY B 461407
ECM FlA 4T 40 Ml AR SR, 4 7R BRAET-F0 TIF 1Y A A &
JEED)A K, AW 57 2% WA A Bk 58 T4 41 L )
ECM & 8 /b | i %63k miR-26a J5 , ECM & {3 hn
BRAET AR AR AR B 2R , $2/R miR-26a W] fi 8 1 411 il
RTECs ZIET- T > HG 5519 ECM A A%,
ARG WA A JE Z AL, miR-26a 7EERFE T H AY
YR HIBLI SR R S AT 7 2 — 2D R0, TR U AE
J S 52 I kb SEE PRI B /D BRUERY SR DKD Il IR

SRR RS B LA
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microRNA-26a inhibits extracellular matrix synthesis in
high glucose-induced renal tubular epithelial cells

by regulating ferroptosis
Li Xingyue', Qiao Yunyang', Zheng Hui', Ji Jialing', Zhang Aiging’
(' Dept of Pediatrics, the Second Affiliated Hospital of Nanjing Medical University, Nanjing 210003 ;
*Dept of Pediatrics, the Fourth Affiliated Hospital of Nanjing Medical University, Nanjing 210031)

Abstract Objective To investigate the effect and possible mechanism of microRNA-26a (miR-26a) on the syn-
thesis of extracellular matrix (ECM) induced by high glucose ( HG) in renal tubular epithelial cells ( RTECs).
Methods A model of diabetic kidney disease (DKD) was constructed by inducing RTECs with HG. MiR-26a was
overexpressed in HG-induced RTECs, and RT-qPCR and Western blot were used to assess the effects of miR-26a
on ECM synthesis and ferroptosis-related markers in HG-treated RTECs. Ferrostatin ( Fer-1) was used to inhibit
ferroptosis in the DKD model, and its impact on ECM synthesis was evaluated. RT-qPCR and Western blot were
performed to measure ferroptosis-related markers, and fluorescence microscopy was used to observe the intensity of
reactive oxygen species ( ROS). Results Compared with the control group, the expression of miR-26a decreased
in HG-treated cells, while the expression levels of ECM synthesis-related indexes fibronectin and collagen I in-
creased. After overexpressing miR-26a, the HG + miR-26a group showed a significant increase in miR-26a expres-
sion and a decrease in fibronectin and collagen [ expression compared to the HG group. In terms of ferroptosis,
the protein and mRNA expression of SLC7A11 and GPX4 significantly decreased, the expression of TFR-1 and AC-
SI4 significantly increased, and the fluorescence intensity of ROS was significantly enhanced in the HG group com-
pared with the control group. Inhibition of ferroptosis in the HG + Fer-1 group resulted in significant changes in fer-
roptosis and ECM synthesis-related indicators expression levels compared to the HG group. Furthermore, re-expres-
sion of miR-26a in the HG + miR-26a led to significant changes in ferroptosis-related indicators expression levels
and decreased ROS fluorescence intensity compared to the HG group. Conclusions In HG-induced RTECs, miR-
26a inhibits the occurrence of ferroptosis, thus reducing ECM synthesis.

Key words microRNA-26a; high glucose; renal tubular epithelial cells; extracellular matrix; ferroptosis



