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[(HZE] a4 %9 miRNA-455-3p 7285 )R i (DKD ) K BRE /N R A Ak o A% b i 4E JH, BL KRR LT
XX — i B, ¢k miRNA-455-3p s 7 T W SC 5. APk SD KR 18 K, FHALECIL 1 6 H AR X 1]
A5 HoA 12 HOK BRI i A e 0 Rk M2 % K BE R £ T R (STZ) 30 mg/kg i & 4 5 il £ DKD 2 5, 5 A i 2y
J5 BEHL A BT ZH (STZ4H ) it 2% 35 miRNA-455-3p 41 ( STZ+miRNA-455-3p 4 ) , 4l 6 2, H b STZ+
miRNA-455-3p 21 7 STZ V1 41 )i 56 2 JE A5 5 J& i LA 20 mg/kg 114 5] ﬁi@ﬂéﬁzﬁi miRNA-455-3p # a5, JE I Vb3
TS MEE SD KR 18 R BEAL 2 J xf HR AL, AAIZ] (STZ4L) . JE VP + T4l (STZ+ el vhing ) |
B2 6 K, Hp STZ+)E NV IHZ T L)L 50 mg/kg A9 JE DV B RRE B . i KRS F 12 R0 5% 24 h R & .
24 h JREE 17K, 2R T qRT-PCR ¥ i 45 2H R Bl 5 22 ' 20 21 rf miRNA-455-3p [ 3R iA 7K, o iR A R s a3k

WEEE R B 2H 25 B AR, B 1 5T B0 S 3 A ' 2 4 rh i i A T T RS A 4 A A% BT R (PCNA ) B [ 3Rk K.
% £ STZ+miRNA-455-3p 241} STZ+ B W VH3HZH KB, 24 h JR4 . 24 h JREE FZKEX%8 STZ AR, 2R A S0
Y (P#<0.05) 5 STZ+miRNA-455-3p £ K STZ+JE U1 v ZH BRI B B 41411 miRNA-455-3p Fik /K P-4
B STZ H T, ZSAE G HE L (PH#<0.05) ; STZ+miRNA-455-3p 2H }2 STZ+ G W1 740 40 < BB 2H 23 b e
JEEF T . PCNA Rk STZ b, 2R B A5 (P)<0.05) . #4+# miRNA-455-3p %5 DKD i f#,
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Role of microRNA-455-3p in glomerulosclerosis of rats with diabetic kidney disease and the effect of irbesartan
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[ Abstract ]  Objective To investigate the role of miRNA-455-3p in the process of glomerulosclerosis in rats with
diabetic kidney disease (DKD) and the intervention effect of irbesartan. Methods Intervention experiment of miRNA-455-
3p agonist: there were 18 male SD rats, 6 of which were randomly selected as normal control group, and the other 12 rats
were fed with high-fat and high-sugar diet and intraperitoneally injected with streptozotocin (STZ) to prepare DKD models.
After successful modeling, they were randomly divided into model group (STZ group) and overexpression miRNA-455-3p
group (STZ-+miRNA-455-3p group), with 6 rats in each group. In the STZ-+miRNA-455-3p group, miRNA-455-3p agonist
was injected intraperitoneally at a dose of 20 mg/kg at the second and fifth weeks after STZ injection. Irbesartan intervention
experiment: 18 male SD rats were divided into normal control group, model group (STZ group) and irbesartan intervention
group (STZ+irbesartan group), with 6 rats in each group. The STZ+irbesartan group was gavaged with 50 mg/kg irbesartan

suspension. The 24-h urine volume and 24-h urine protein levels were recorded after 12 weeks. The expression levels of
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miRNA-455-3p in sera and kidney tissues were detected by qRT-PCR. The pathological changes of rat kidney tissues were

observed by periodic acid Schiff staining, and the expression levels of collagen I and proliferating cell nuclear antigen (PCNA)

were detected by Western blotting. Results The 24-h urine volume and 24-h urine protein levels of rats in the STZ+miRNA-

455-3p and STZ+irbesartan groups were significantly lower than those in the STZ groups (all P<<0.05); the expression levels

of miRNA-455-3p in sera and kidney tissues of rats in the STZ+miRNA-455-3p and STZ+irbesartan groups were significantly

higher than those of the STZ groups (all P<<0.05); and the expression levels of collagen I and PCNA in the kidney tissues

of rats in the STZ+miRNA-455-3p and STZ+irbesartan groups were significantly lower than those in the STZ groups.

Conclusion miRNA-455-3p participates in the process of DKD and may be a new target for DKD treatment, and irbesartan

can delay the process of DKD glomerulosclerosis by regulating miRNA-455-3p.

[ Key words | diabetic nephropathies; microRNA-455-3p; glomerulosclerosis; irbesartan

W PR 9% B 5 (diabetic kidney disease, DKD )
JEHE DR I RN T A E, R 2RI
SEE AT B B B8 RS A 1 1 2 R R R PR
BFHEFCT- R EEEN " . DKD & L 2 4%,
R B A2 5 B /N ER BRI R R . R B BT
oK. 4 M A L 5 (extracellular matrix, ECM ) FH
B RE B/ NERBE AL B R O ) L B A A e
Jii ( proliferating cell nuclear antigen, PCNA ) 24
HLFE A T S T AN Bkt A9 B e Am AR, SO T A
I, 1F DKD 9 3K 10 RS T b m k™
ECM & 4G EE IV (collagen IV ) | RJFEE
F1 1 (collagen I ) FIZFi%EFE T (fibronectin ) 5%,
Hh IR T FEAE A7 B /NE R B, (B
LT AEAL IR BRI AR S /N R, BRI PR /D
EREFAEAL B SR HR D o HEAT YRR AR A /N ER DE
A KRR PRSIk T R & DKD 1 =K
Fi s, {H7E DKD #F A K8 H IR Z AR A
B I PR B, X TCEE AR T DKD i FRI2 Y7 #Y
MERE, B, R ABFST DKD &bl . 814 3L
TRYT SN AESE DKD HEFE A 45 0S8 H B 20

miRNA J& N IE B i 5 FE 5 RNA, ] DL
IFBEWT A BB . 155 mRNA Bk 78 24 S A
FIRMEE SRR 1, FEA A BT RE A h &
PR AR . miRNA-455-3p il 1 /> ECM & 111
RGO AR, AR RS S
EE AT B /NER RN S R L (R AE
DKD H By LI RE M AN . DKD ALl 4%, H
T PR 9T 3 0T 5 I KL 8 ) 2 S T BR A
- E KR - BE B E RS (renin-angiotensin-
aldosterone system, RAAS) . L% K3k &K 1 21k
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#1157 (angiotensin I receptor inhibitor, ARB )
JE DL VP IR L7 ol bR A BRI A, AR
PR, Tl—E R IR S NERREAL S L A i
7 FE (1) DKD 2l ) #8558 miRNA-455-3p X i
JREE A | K2 PCNA KA nys2m, AR L DLvbIE
T HX miRNA-455-3p Fe35 K B /NERBEAL A

1 #EFTE %

L1 B, XA E5ah4 s PCRAYL (3L
Applied Biosystems 24w ) , IRl = BB O AL (K
A OHUES AR A F ), R RE (KH
Bio-Rad A H) ) , HIKAL (dbmt N — L&A RA
W) o JB VP [150 mg/ B, FEETE (BN ) i
YHRRA T, FEERS . A14202003031] , BEARAE
# & (streptozotocin, STZ; 3¢ [F Sigma /A ] ) .
SPF Z¢/fitE SD K Fl 36 H, 14 180~200 g, I H
S SR S A BR T A R [ S A T
JEY5: SCXK (1) 2017-0005; Zh¥) & 4% k5.
2015000542372 , fAFESMEHUIRE 12 h %, A
HPOK . R EE 23~25 C.

12 Zhdhpoum, EHEAFTR miRNA-455-3p #4350
FIT IS 18 HORRE PSR 1 S, B
Horbr o HAEJXIRE s HA 12 RSk s Bl
53>k DKD FHU2[ (STZ 41 ) i #i5 miRNA-455-
3p4H (STZ+miRNA-455-3p 4 ) , H4 6 H. STZ
2 Fll STZ+miRNA-455-3p 41 K BUFH =4 v B il et
3%, 6 J8 J5 7 30 mg/kg STZ (¥ F 0.1 mmol/L
FPEERRZ s, pH 4.4) TR TEST; R4 LA
TSR, 6 JALJ i AR [ 45 24 25 e i A A R 2 v
W 72 5 R s B I A AV i s A ImE (Il A
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KEEEE 12h) , PUMBE=16.7 mmol/L H5E M
MK, AREbRE KT 30 mg/kg STZ 4 11K,
L5 AR 3 d KR IAUHE 1 YR, IiBEFRAE =16.7 mmol/L
H 45 22 85 11 JR O DKD 18 85 5% i, STZ+
miRNA-455-3p 2043 5I4E STZ 155 45 2 FA s 5
JEIF L 20 mg/kg (A3 A 1 5 miRNA-455-3p 3
) CINBEAE Y HE ARG IR AT ) .

JE VLY S 18 HUEME SD K Bd
WEFE 1 RS FEHLA AN AL | BRI (STZ 4) |
JE W VP T HigH (STZ+JE W yb3H4 ) , DKD i
B vERIE, Ho STZ+HE VPR 50 mg/ke |
DUVD R i e 12 8], By gl At B4 S 4
FAERFU A PR K
13 #HARE RKEBZRE, IELHARKR
24 h bR, 75 Drss v A 24 h lRE K.
KEEEE 12 h, DL 10% /KA EE 1.0 mL i s 75T
BRI, T8 EhkCRIN, FEHEEHE 1 h, 845X g il
10 min, &M, BT —80 CukFAT .

14 RETUREALHBA WELHKRY
Uk, FH 22 5% VPR 5 O 11 2 S AR R B K . A
Yk, R TR A R B, Bk R =
AREE 40 A B /NER, AR B /N BRBE AL KR BT
JNER B HE AR AT B /NERBE AL 8 B0 4 0 B E
INERIEAE, 1A 1%~25% 1 B /NER Z 41, 2 K
26%~50% [ ' /NEK 32 31, 3 51%~T75% H '
INERZ A, 4 N 76%~100% Y ' /NERZ 4. A5k
Yl R BEMLIESE 10 DHEF HEAT R Y Tk 35 B0T53
0 M IE®H B /NER, 1M 1%~25% B9 "5 /N 5k i 31
FEFRP 5K, 2 4 26%~50% MY B /NER B SE R
i, 30 51%~75% B /NER H B LY 5K, 48
76%~100% 15 /MR H BLE L 5k

1.5 iR B4a2eF miRNA-455-3p A-FmlE H100 uL
MLY% 5% 40 mg B 20 2100 A TRIzol 24 [ A= T4
WA (L) RNARAF ], LLED - 5
R R FEWURE i B RNA, JFIA T J0 RNA BEK
Z: M8 miScript S skl & [ A TR (KiE)
A BRA T ] U6 A AT R ¢, I 2 B miScript
SYBR Green PCR & [ EAW TR (KiE) H
RS 7 ] 88 45 34T QRT-PCR ., miRNA-455-3p [y
59 K 5-GACGTCCACGGGCAT-3", F 5l
Y1k 5-GTGCAGGGTCCGAGGT-3'; IWZ: M U6 1ty
95198 5-TTATGGGTCCTAGCCTGAC-3', F

W14~ 5-CACTATTGCGGGTCTGC-3' ( -5 4k
RAEDBEABRAF) o VL2 25 AR
miRNA-455-3p A ik

1.6 BHZPFPPCNAFKRREESG | Lk KT8
Al R FH AR BT R A B H 2 rh H AR Y
FRKF. REUEHLUEE N, i BCAE MR
e R e R & (b3 = KA HE ARSI )

K 2 1 54k B )5 94T SDS-PAGE, HLH#% 2 NC
FBE, FH 5% AR A= W53t i . A BR3Pt PCNA H g
Puik. Pt RER | 2Pk, P p-actin
prrpEpUA (RN =AY ARARAT ) 4 CHF
B, ffH TBST R R AR B 45 A 0P iAv:
Fo IR HRP Aric 09 1 2E P4 1gG (2 =
JEAMBARAARAF) J5, ERAMHTEE 2 h,

VERE ., i H ECL & RIFEmS = h At . MRt s¥
FRiC L5 . LA B-actin /E N NS R8T H B E H 1)
TR T T

1.7 %t 4@ SR SPSS 21 #fh kA7 4k 4 4k
M, tERESFAESS M H T 25, Uxts kR
N, ] LR FH B R 2R 5 25 08T, P LU SR
/N 2250 KRk (a) 2 0.05,

p !

2.1 miRNA-455-3p %3 7 F #J5 DKD X & o iF &
520 22 P miRNA-455-3p ¢4 & 12 qRT-PCR 5 | 4%
RR, STZ 240K X 'B 121 miRNA-455-3p
FARBB R REAS, ZRBASIFEX(PHE<
0.05) . 1 %t miRNA-455-3p i 1 #] J5, STZ+
miRNA-455-3p 21 1l 7 M ' 2H 21 miRNA-455-3p
KRG STZHWEY A m, ZRWASITHEX
(P¥)<0.05) . WK 1,
2.2 miRNA-455-3p # 3 #] F 715 DKD X & 24 h
JE B 24 h AR GKFTA XA, STZ4 .
STZ-+miRNA-455-3p 2 K B (19 24 h IR & 53 5] K
(18.22+2.59) . (117.65+52.34) . (71.18+13.84)
mL, 24 hJR 8 K F 53 5l Sy (8.75£2.02) .
(134.97+7791) . (67.12+23.25) mg. 4 it
Sy W, STZ4. STZ+miRNA-455-3p 2 K Kl
M) 24 h JR 5 S 24 h JREE FKSE- Y8 0E F o0 B2 T
1, STZ+miRNA-455-3p 20 K fl 24 hJR i, 24 h
PREE K34 STZ 4RI, 25350t E X
(P15<0.05) .
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1 miRNA-455-3p #zZh 7 FH/E DKD XRMiF (A FBHELA (B) & miRNA-455-3p BIRIETH
Fig1 Expression of miRNA-455-3p in sera (A) and kidney tissues (B) of DKD rats

after miRNA-455-3p agonist intervention
"P<<0.05 vs control group; “P<<0.05 vs STZ group. n=6, x+s. miRNA: MicroRNA; DKD: Diabetic kidney disease; STZ:

Streptozotocin.

2.3 miRNA-455-3p % % 71 Tl J& DKD K & B 41
LR g T PR A KRB EGIR R, SRR
AH (K 2A) HLL, STZHEARIA (K 2B) KE'E/D
BRIPAK . IER, FRIEAEAI] WA, B /NER SRR
FBrokig PN 2, B0 s SR E ] BAR . J &

5 miRNA-455-3p 1] 2i 3% DKD K Filix 26 5 i 5 Bt
YR (E2C) o Geit2e i g5 3R, STZ 4%
JINERTEE AR KR R I 5K A5 5 A0 BRZ G A, i
STZ+miRNA-455-3p 41 K R AYiX 2 5805 STZ
ZH A/ (P 34<<0.05, 82D, 2E) .
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Fig 2 Renal cortex morphology, glomerulosclerosis index and mesangial expansion index of DKD rats

after miRNA-455-3p agonist intervention

A: Periodic acid-Schiff staining of renal cortex in the control group (400 X); B: Periodic acid-Schiff staining of renal cortex in the
STZ group (400 X); C: Periodic acid-Schiff staining of renal cortex in the STZ+miRNA-455-3p group (400 X); D: Comparison of

the glomerulosclerosis index among the 3 groups; E: Comparison of the mesangial expansion index among the 3 groups. "P<<0.05 vs

control group; “P<<0.05 vs STZ group. n=6, xs. miRNA: MicroRNA; DKD: Diabetic kidney disease; STZ: Streptozotocin.
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2.4 miRNA-455-3p # 3 7 T & DKD kX & '§ 48
2P PCNA Fefix R &G 1 9 R A T4 HEARE
WER AR (& 3) R, STZ 4 KEEHZ
PCNA FE A 1 T A2 IE 7K T 800t B2 T v
(0.65+0.03 vs 0.41£0.09, 0.5840.09 vs 0.32+
0.09) , 1fii STZ+miRNA-455-3p £1+H PCNA FlJi 5
EA T ERIBAKEE STZ A% (0.45£0.05 vs
0.65+0.03, 0.431+0.07 vs 0.584+0.09) , Z HF
At E L (P#<0.01) .
25 JL N Wi F s DKD K R ik o §aom
miRNA-455-3p #9 & & qRT-PCR Kl 25 5% (& 4)
R, STZ 4 KR & & 4 41 miRNA-455-3p
FIRIKF BT B A, STZ AR DLV 3H 2H KB
I3 B2 B 2 20 miRNA-455-3p ik K F- #4155 STZ
AT, ZRagiFE L (PF#<0.05) .
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&3 miRNA-455-3p #3057 FHi/g DKD KR EHAF
PCNA FIRER I BIRIEZEW
Fig3 Expression levels of PCNA and collagen I in
kidney tissues of DKD rats after miRNA-455-3p
agonist intervention
miRNA: MicroRNA; DKD: Diabetic kidney disease; PCNA:

Proliferating cell nuclear antigen; STZ: Streptozotocin.
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Fig4 Expression of miRNA-455-3p in sera (A) and kidney tissues (B) of DKD rats

after irbesartan intervention

"P<<0.05 vs control group; “P<<0.05 vs STZ group. n=6, x=s. DKD: Diabetic kidney disecase; miRNA: MicroRNA; STZ: Streptozotocin.

26 JaMiyEFIREDKD KR 24hjkE, 24h
EGKRFEA XY, STZ4. STZ+ el
PR ZH KB 24 h R 53500 (17.95+£2.70) |

(152.60+15.20) . (78.53+9.96) mL, 24 h JR
EEKFEDHHN (7.64£2.07) . (171.42+43.40) |
(62.71+12.56) mg. Geit2#ortrkm, STZ 41,

STZ+ L UL VP32 K BRI 24 h R i K 24 h R A
IKOF- B B2 T i, STZ+JE DL Vb IHZH KL 24 h
JREE . 24 h JREEEAKCE3% STZ AR, 253496
GiitE X (P14<0.05)

27 JL N i F s DKD K R 69 B 4028 % 2 5
TG R AR Y gE R WOR, 5XHIRA (K
SA) Hit, STZ 4l (K 5B) 'B/hEkMpiKk. AEK,

RN 3, /N R B BRSPS 22,

B FL Y] WIS R JE DLYP I T AT ks
DKD K BB X Se BEEL AR (8] 5C) o GEif2#
IHTARRY], STZ A KBS /NERAE AL A5 H50R 2 5
P kAR BB RIS R, T STZ+JE DLV HA] K
A 2 2505 STZ A ey (P #4<0.05,
Kl 5D, 5E) .

2.8 Ju M i3 F s DKD X R B 40 2% # PCNA
Felg BB G | Rk T TH D kA I 4%
R (E6) FB, STZ 4 K R H 4144 PCNA Fl
W s B T Ak B B4 FE i (0.5940.14 vs
0.37£0.07, 0.5140.05 vs 0.284+0.04) , WjE bl
WA UGS TR A2 PONA PRI A T %
KITHRE (0.3840.08 vs 0.59+0.14, 0.3640.09 vs
0.51£0.05) , ZRHAGEH#E L (P¥#<0.01) .
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Fig5 Renal cortex morphology, glomerulosclerosis index and mesangial expansion index of DKD rats

after irbesartan intervention

A: Periodic acid-Schiff staining of renal cortex in the control group (400 X); B: Periodic acid-Schiff staining of renal cortex in

the STZ group (400 X); C: Periodic acid-Schiff staining of renal cortex in the STZ+irbesartan group (400X); D: Comparison of

glomerulosclerosis index among the 3 groups; E: Comparison of mesangial expansion index among the 3 groups. P<<0.05 vs control

group; £P<0.05 vs STZ group. n=6, x+s. DKD: Diabetic kidney disease; STZ: Streptozotocin.
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Fig 6 Expression levels of PCNA and collagen [ in
kidney tissues of DKD rats after irbesartan intervention
DKD: Diabetic kidney disease; PCNA: Proliferating cell

nuclear antigen; STZ: Streptozotocin.
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VE AR DR B i UL SR S A8 I A e 2 —,
DKD HA R E ., R, BUE 20058, K
95 N PR HR o B 20%~40%, JEFR [
53 b KT R A B B i R . DKD
R TR R B R R 1 R J5 R 2 BCRRAS nl st b &
BUAZARINE R, (B SZTEB R0 T 3 AT LA ZE

2% DKD [k J€, DKD R R 2 CEE ., IR
S /INER AN B /N RGBS R . R TR
B, BIAIK SR ERS KA & IS . 45T AL,
Ty LR W Nk AL, B /N R {L 7E DKD #F 72
G EEAE

miRNA J&—F K 2 1~23 M IR 19 46 55 R
Zifih RNA, Jiat 5 5 FR 3 P mRNA (19 3" 3R #HFE X
g7 N SR 8 S w Vel  NTITE N K3 { &
B, BEmiE— R A A FEERE (40MisE . ik
AT MR, SRR ) By b R i E
BUEH, mARNER. KT, IFSAEKEZH
PG & R BB miRNA-455-3p
J& miRNA-455 1 — N, 7 T e 4o fA e 1 X f
932 foi i b, BAHEEFME, Zho 27 % B b
7] L% Hottip/miRNA-455-3p/Wnt2B i %, |1
Hottip 1 Wnt2B fJ 381k . T 1% miRNA-455-3p 3£
ik, R 1AV AERARIL A, ECM
T, it db/db DKD /N R B sGss . AWF5E
H, DKD K UL i 1 2 22 miRNA-455-3p 7K
S AR, 1 5 2 ik miRNA-455-3p 1] L % {ik DKD



° 1230 -

B EE SRR 2021 4E 11 L 42

KR 24 h BREE H K, 870 DKD K B 41 21
PCNA MR A | 3Rk, W5/ Nk,
Vi miRNA-455-3p 42 DKD & BB B4 R 7

RAAS 7612 1 B B s B AL B FE v i
R EENEM. SR LIBE RAAS, (H1 R4
AU i A IR R TS hn, i 3 Bk K2k
SEA R ANERN TR L DR B, gt —
FINM BN 125 S AR ML 50 1 252800 B A 2 1 /)N
BRIk, T ARB 2254 n] LABHIET RAAS, i I
ARAE Y ZIFSERM, ARB ZE2547%) miRNA
TR Fes B WEAE M, G0 Wang 25 BIFSE & B4R
YA AT D aF 45 miRNA-21 235 DKD /) BLC L
SR AEALFREE, X202 % BT DL b B e A I
I miRNA 1519 KB BATREEN . TEAR5R
DKD K FRZJE N VP4H il f5 24 h )R, 24 h JRER
A IRRAR, )R Vb IH e — e B B G KRR
i 5 2h BE 451 . miRNA-455-3p 7E DKD K B 241
SURN MY 238 T, (HLad o DL+ s 3
KK L, TR 2 21 f PCNA TR 2R T
BEHEIR TR, XEegs RLyii o DLV AT @ o
miRNA-455-3p & /> ECM £ 5 Fl B /N ER 2 B8 40 i
FOBATE, WiE DKD K BUE /INERBEALTRE

25 FANAR, miRNA-455-3p 5 K DKD #EFE,
A fig /& DKD G710 HT 0 A, 1 0 DL VD 3H R g sl />
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