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Protective mechanism of miR-214 targeting PTEN mediated PI3K/Akt
signaling pathway in diabetic nephropathy rats
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[ Abstract] Objective To investigate the role and mechanism of miR-214 targeting PTEN-mediated PI3K/AKT
signaling pathway in reducing oxidative stress and renal interstitial fibrosis in diabetic nephropathy in rats. Methods SD
rats were divided into control group (control group), model group (DN group), miR-214 negative control group (DN
miR-NC group) and miR-214 mimic group (DN-+miR-214 mimics group). qRT-PCR was used to detect the expression of
miR-214 in kidney tissue of each group of rats. The electronic balance was used to weigh the body weight and kidney

weight of each group of rats. and calculates the renal index. Blood glucose meter was used to measure fasting blood
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glucose (FPG) of rats in each group. Biuret method was used to determine the 24-hour urine protein (UP) level of rats in
each group. Automatic biochemical analyzer to detect serum creatinine (Scr) and serum urea nitrogen (BUN) levels in
each group of rats. HE staining was used to observe the pathological changes of kidney tissue in each group of rats.
Masson staining was used to observe the renal interstitial fibrosis in each group of rats. ELISA was used to detect the
expression of malondialdehyde (MDA) , superoxide dismutase (SOD), glutathione (GSH), and glutathione peroxidase
(GSH-PX) in the serum of each group of rats; Immunohistochemical method was used to detect the expression of TGF-1
in kidney tissue of rats in each group. Bioinformatics tools was used to predict target genes. Dual luciferase reporters was
used to detect interactions between genes or proteins; Western blot was used to detect the expression of PTEN, p-PI3K,
p-AKT and p-mTOR proteins in the kidney tissues of rats in each group. Results miR-214 in renal tissue of DN rats was
low expressed (P<C0.001), and significant up-regulated in renal tissue of DN+ miR-214 mimics group rats (P<Z0.001).
miR-214 mimics increased body weight in rats. decreased renal index, FPG, UP levels, Scr levels. and the BUN level
(all P<€0.05). In the DN+ miR-214 mimics group. the infiltration of inflammatory cells in the renal interstitial tissue
and the deposition of collagen fibers in the renal interstitial tissue were reduced. miR-214 mimics reduced MDA levels in
rat serum, elevated SOD, GSH, GSH-PX levels (all P<C0.05), and TGF-81 expression in rat kidney tissues was
decreased (P<C0.05). There is a targeting relationship between miR-214 and PTEN. miR-214 mimics down-regulated
PTEN protein expression in rat kidney tissues, and up-regulated p-PI3K, p-AKT, and p-mTOR protein expressions (all
P<C0.05). Conclusion miR-214 is under-expressed in the kidney tissues of DN rats, but over-expression of miR-214 has
a protective effect on the kidney tissues of DN rats, which may be related to reducing the level of oxidative stress in
kidney tissues, the expression of TGF-B1 protein, and inhibiting PI3K/AKT pathway activation is involved.
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Table 1 The expression of miR-214 in rat kidney tissues of each group
28 51 n miR-214 Kk

control 4 10 1.00=£0. 05
DN 4 9 0.2040. 029
DN+ miR-NC 24 10 0.23+0.029
DN-+miR-214 mimics 4 10 1.6740. 1399

F 57.894
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4153 n AT () B4 % (mg/g)  FPG(mmol/L) UP(mg/d) Ser(pmol/L)  BUN(mmol/L)
control 4] 10 372.45+12.34 3.5641.02 5.8641.04 5.98+1.01 35.67+1.45 4.64+0.87
DN 4 9 270.34+7.430 7.1241.459  28,3242.03%2 23,1442, 169 72.5342.410 10,131, 430
DN+ miR-NC £ 10 272.56+6. 469 7.32+1.539  28,03+1.95%9  23,0242.08? 71.7842.329 10,0141, 320
DN+ miR-214 mimics 1 10 312.87+£7.0599 5. 67+1.1499 17.7641.3290  15,49+1.059%  50.6441.3790 7 4241, 0200

F 24.563 25.431 37.785 35.452 26. 893 22.128
P 0. 004 0. 004 <20. 001 <20. 001 0.003 0. 005

7 : 5 control ZHAH H, . D P<C0. 01, @ P<C0. 00135 DN At . @ P<<0. 05; 5 DN+ miR-NC £ # H. . @ P<<0. 05
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HE staining used to observe the pathological changes of rat kidney tissues in each group

Figure 1
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et 25 0 R W 60 i £ 4 0B 38 W) 5 Ak 2F 4 1r
F. control 2 K BB 20 21 W] J5t 2F 4k fk 1 R s 5
control ZH A It , DN 20 1 DN+ miR-NC £H K U5 2H 21
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Figure 2 Masson staining used to observe the interstitial fibrosis of the renal tissue of rats in each group
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Table 3 The degree of inflammatory cell infiltration in the kidney tissue Table 4  Areas of interstitial fibrosis in kidney tissue of rats in each
of each group group
4151 n REEAEEMWELE ) 4131 )
control 24 10 5.12+0. 16 control 41 10 8.4540.78
DN 4 9 74.01+2, 670 DN 4§ 9 30.23+1, 129
DN+ miR-NC 4 10 73.13+2, 540 DN+ miR-NC £ 10 32.56+1.079
DN+ miR-214 mimics 24 10 53.78+1. 6599 DN+ miR-214 mimics 44 10 22.56+1, 0499
F 56.783 F 32.763
P <C0. 001 P <Z0. 001

. 5 control 44 I, @ P<<0.001; 5 DN 20 4H ., @ P<<0.01; 5 DN 1+ 5 control ZHAH . D P<C0.001; 5 DN 44 [t . @ P<C0.01; 5 DN
+miR-NC 41ttt . @ P<C0. 01 +miR-NC A Ltk , @ P<<0. 01

2.5 FHKRBIME AN KT WESE ELISA 5 DN 41 fl DN+ miR-NC 41 1 ., DN + miR-214
2t R IR, 5 control ZHAH . DN 2H #1 DN+ miR-NC mimics 20 K B ML 7E B MDA K SEREAL (¥ P <
AR B VE MDA 7K F & 2 T (P <<0.001), 0.05), SOD, GSH., GSH-PX % /K FFt & (3 P <
SOD.GSH.,GSH-PX 7K - B & FE Ik (# P<<0. 01) 5 0.05), W5,

*5 HAKXRIMEH MDA .SOD.GSH #1 GSH-PX B &Lk F (x£s)
Table 5 The expression levels of MDA, SOD, GSH and GSH-PX in serum of rats in each group

215 n MDA (nmol./mg) SOD(U/mg) GSH(ug/g) GSH-PX(U/mg)
control 4 10 5.34+1.02 80.45+2.03 65.7841.56 52.6741.43
DN 4 9 18.56+1.56% 25.2141.459 19.9840.95? 16. 7840.76%
DN-+miR-NC 4 10 18.2341. 459 24.89+1. 329 20.1241. 049 16.0341. 029
DN+ miR-214 mimics 21 10 10. 3441, 2399 54.56+1,139® 43.56+1.1209 38.98+0. 4599
F 45. 342 29.453 27.564 26.325
P <20.001 0.003 0.003 0.004

5 control 41#f 1, D P<C0. 001; @ P<C0. 01; 5 DN 414 It . @ P<C0. 05; 5 DN+ miR-NC 414 lt, . @ P<C0. 05

2.6 FHAKRBEHL T TGF-R1 ks HAEH (P<<0.01) ;5 DN £HF1 DN+ miR-NC £ . . DN+
5 IR, 5 control 41 A I . DN 411 DN+ miR-NC  miR-214 mimics 2 K U 4140 P TGF-p1 iy kK F
HRBEHAH D TGF-R1 By KKKV ¥ 0] W T+ & TRE(P<<0.05), WL 3,356,

control4l ¢ DN-+miR- NCQH DN+miR-214 mimics4l

B3 ®EAKUFRUEAXREARAS TGF-f1 HFRIE(200X)

Figure 3 Immunohistochemical detection of the expression of TGF-B1 in the kidney tissue of rats in each group



W|EEF 2022 %F 3 A % 3445 % 3% Med] West China, March 2022, Vol. 34,No. 3 - 3

5 e

(o2}

F6 SAXRBALF TCF-p1 FRE(xts)
Table 6 Expression of TGF-p1 in kidney tissue of rats in each group

4151 n TGF-p1 FHHER KD
control £ 6 4.56+0.98
DN 44 6 20.784+1.139
DN-+miR-NC 4 6 21.65+1. 129
DN+ miR-214 mimics 24 6 11.3441. 0329
F 24.658
P 0.003

.5 control ZHAHI . DP<C0.01;5 DN #HAH X, @P<<0.05; 5 DN+
miR-NC ZH# Lt , @ P<<0. 05

2.7 PTEN J& miR-214 fy#3£ K TargetScan ¥
JBE S M 4 3 R PTEN A fE 2 miR-214 9% i H b5
(L 4) o A 2R i i 4 2 R 45 2R 78 - miR-214
mimics B AP 7347 PTEN 3UTR wt 19726 6 £ i
M (P<C0. 00D fH 4 4 & B ki 4+ PTEN 3'UTR
mut B AOULEE S W] g A0 AR FH (P=>0. 05) , )& 7.

3'-UGACGGACAGACACGGACGACA-5'

PTEN 5'-TTATTTTTATTAATTTTCAATCATATACCTA CTGT-3’

miR-214

4 miR-214 5 PTEN W& A T &
Figure 4 The binding site of miR-214 and PTEN

KT WHRARBREERLER Ly

Table 7 Results of dual luciferase reporter gene

21 31 PTEN 3' UTR wt PTEN 3" UTR mut
NC 41 1.0040.12 0.99-+0.07
miR-214 mimics 4 0.244+0.039 1.01+0.06
t 27.764 0.253
P <20. 001 =>0.05

.5 NC 4 kb . P<<0. 001

2.8 HAKRBEHLPHCEAMERIE
blot 5% 8.7~ , 5 control 4H k%, DN 4H A1 DN+ miR-
NCHKBRE ML PTEN HH KL B E FIH(P<
0.001) ,PISK . AKT.mTOR 7& {1 % B 2 1k 7% BF 24 4
F T (¥ P<<0.001) ;5 DN 41 il DN+ miR-NC 4
H %, DN+ miR-214 mimics 41 K Bl & 20 21 PTEN
FEFEE FIHP<0.05),PIBK.AKT .mTOR % 11
W R bR BE 4 B B R (2 P<<0.0D), WL 5.3% 8.

DN+miR-214
DN+miR-NC4L mimics4l

Western

control4l DN4L

B-actin

B 5 Western blot I ZFA KRR SALPEXBEANRIE
Figure 5 Western blot detection of the expression of related proteins in

the kidney tissue of each group

®8 SHEXRBAATEXBEANRIE (L)

Table 8 Expression of related proteins in kidney tissue of rats in each group

51 n PTEN/B-actin p-PI3K/PI3K p-AKT/AKT p-mTOR/mTOR
control 41 6 0.77-40.05 0.10-£0. 02 0.1140. 01 0.1240. 02
DN 4 6 0.1240. 020 1.120. 120 0.9640. 140 1.2340. 150
DN+ miR-NC 4 6 0.1340. 020 1,010, 110 0.9040. 120 1.1940. 140
DN+ miR-214 mimics 41 6 0.23+0. 0320 0.3340. 0399 0.25+0. 0399 0.28+0. 0390
F 29. 674 34,438 31. 985 37.021
P <0.001 <0.001 <0.001 <0.001

: 5 control 4140tk , D P<C0. 0015 DN 4140 [t , @ P<<0. 05; 5 DN 414 I, @ P<<C0. 0135 DN+ miR-NC 4 #f Lt , @ P<C0. 05; 5 DN+ miR-NC 4]

HH, ®P<0. 01
3 itig

BRI C B FE R A DA R 2 —, FEh
R, 2013 4F BB PR 9 1 SR R R A B T 10. 96,
DN J& il R Y 5 LS 2 L A8 O & E L OF Al 2 &
R 1 T R R 2 40 D0 B PR O AR E
AT DN, NERZE AR IE K L B /N BRI IR R R
/NERZR AR I A A N ) Bk DL B A i A A o
Ja3 CUNJBE B A AT 34 3 D) 19 5 8 S ARUR: DN i 3=

TERHARAE Y . R R AR ST DN & L O A
WEE ST DN BT 22 153 0 O 23K 08 . X
DN 54 i R B3 A6 7 S 1 157 9 4 40

miRNA J&—J /N1 (25 21 AT R KO 3F 2 5
RNA, 3 5 B2 ) 2502 2F RNA B A ok A 5 B b ik
P SR 5 PR 0 . miRNA 2 514 £ i A4 Y2 i
0 U 45 A0 455 40 1 4 L o0 Ak A I HG O 40 i U
T2H KA ST % W] miRNA 7E DN ¥ % 95 HL i1
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R T SEE A L 9 10, miR-30e 5] BNIP3L 3% By 11 i
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KEAME I A miR-214 [ F kKT R, ALK
AL B . miR-214 7£ DN KRB AL P RRIL, 5
LR SCHR R E — 2, #F— P BT miR-214 X DN
VERT 45 3 & 0, 1 35 miR-214 a] LI fd DN K B9
A B 189 40 L 5 48 % FPGL UP, Ser & BUN K F
Bt T fif DN KRB 4 23 0 5 D) 5 o A 6 i 4 i i
T 2 S 2 i TR L

AR AR IE W& — R G0 A WAL T, AT R
PR Y E AR SOK T Hrp  ROS I M 0RI i J5i 5k
ALY H T 0 DR R A Ak L 3b 75 A 1 DU A
35 7 Wl PRI 1 & AE RN R R 5 A Ak I R A OGP b i
HEZMAERY . AT b, AT kBT &k
miR-214 7] B Ik DN K 8L AL . Gao 51 &
P miR-214 3@ 5 80 ) ATF4 Fl EZH2 1y 3% 38 F ok {5
PETZ AN e 2 S A N . X 2R 25 R E B miR-214
()3 FRIKFEAR T DN i S A6 I

PTEN J& 2 L i i -2 [, O HLE & BLLE B
PRI B e 3 % o b e % B ZAE Y . Mahimainatha
S B v R S R Y R A IR K 5 PTEN 33k
IREAR A 5. AN, EEW PISK/AKT {5 53l #% 75 B
RIS 1 184 5 o 200 i ) S0 20 R 0 400 i A A7 T Pl o & Ok
FEMEM . PTEN & PI3K 55 (i f & A 7,
LA AKT i 380E5Y . AR#F58 T & 3L, DN KR
B4 PTEN 2 1 1 % %L, PIBK,AKT ., mTOR
EAMBERARE R EF S, £Y PTEN & miR-
214 M H bR, H i 3235 miR-214 "T DL |29 PTEN
HEFRA L PISK,AKT. mTOR & [9 (49 8 % 1k
R
4 it

miR-214 7£ DN K B 4 21 R 35 F B, of R 3k
miR-214 X%} DN K [R5 41 208 2036 57 16 1, HAEH
B AT BE 5 8 4 B 2 201 480k 30K S L TGF-B1 &
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