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miR-21 {0 PTEN/AKT/mTOR i@ #%
B DR S SR AL R DL 52

AW VP, AR T RS R
(NEFEAKRFWEER T A, F/24  010050)

WE BB W miR-21 f R BERR I S5 5K 0 & A [FERY) (PTEN ) /48 3 BCAKT) /i 2L 3h 9 75 i A 2 ¥ 8E H (mTOR ) il
BN RS PR LR AR AL . iR 32 HAB PR AL/ BB L3 AR miR-21 2 A4 \miR-21 [ 2H \miR-21
P+ MK-2206 2045 8 H K 8 HAdt /NN ASTIEZH . miR-21 3 A4 \miR-21 il 2H . miR-21 i+ MK-2206 2H & # [k v 5
P29 EE (50 uL, B 1108 TU) B 10, 782 3 8. X IR AR i 49 45 428 38R (LV-NC) o miR-21 11| +MK-2206 41 [ i
3 H AKT/mTOR 38 B4 i 7] MK-2206 480 mg/kg, B8 1K, #4523 8 o HLAAS 4] miR-21 3K (24 h JR& & & L I WLEF
(Ser) MR ZE A (BUN), B 21 201 AU it JEL AR 1 (Collagen 1) | TR B 4K 1 (Collagen 1) o-"F-# WLALSNEE H (a-SMA ) \PTEN £ H
F3k J p-AKT/AKT .p-mTOR/mTOR ; HE Y& €2 W52 B 21 20055 B A%, Masson Y €8 L5 15 4 2L £F i AL B2 B 5 X0 ' 26 il 52 3 B ik
miR-21 5 PTEN B 0GR . SR SEIUA LE, miR-21 i FA4H B H A miR-21 FiE T (P<0. 05) , miR-21 il 41 5 41 41
miR-21 FIEFFR (P<0. 05) . SHMLH HLHE , miR-21 53 ik 4 24 h R 2 i . Ser . BUN, F 4141 Collagen I Collagen T ,0-SMA
EAFB TR (P<0. 05) , 1M miR-21 M 21 2 FEAR (P<0. 05) 5 5 miR-21 4 L4, miR-21 $44+MK-2206 41 24 h JREE 11 5E
it . Ser . BUN, Ff ZH 4! Collagen I, Collagen Il \a-SMA I FRIAHFEAR (P<0. 05) . HRIAIZH LL AL, miR-21 13 3R362H PTEN R 1 3%
kAR (P<0. 05) , p-AKT/AKT, p-mTOR/mTOR FI &5 (P<0. 05) ; miR-21 #%1 2H PTEN & 142835 F &5 (P<0. 05) , p-AKT/AKT ., p-
mTOR/mTOR HJ A (P<0. 05) ;5 miR-21 M1 4 Fb A%, miR-21 # ] +MK-2206 2H p-AKT/AKT . p-mTOR/mTOR 4 44K (P<0. 05) ,
PTEN & (H# ik 2 5 G248 X . HE il Masson 4 (0 7 , X B B AR 2540 IR, JLT- JC£F 4 Ak s A0 4 s 30 B/ NER B K L6
M A RIR B R A PR AR AL s miR-21 23RBS A B/ NEREE T S IR, A1 2 R AN B /N 2545 s miR-21 0 2 3 AR Ak
FNEF AR YR 5 T miR-21 101+ MK-2206 ZH AN WL 10 S8l A8 AR BE 4R Ak, M) BT 2R AR IE R . 5 PTEN-WT + NC mimics 2
FLAE , PTEN-WT + miR-21 mimics £ H X 9 6 2 B PEFE A (P<0. 001) , PTEN-WT + NC mimics 21 F1 PTEN-MUT + miR-21 mim-
ics AN DR BHGMEZE S LRI B . 818 miR-21 0] GBI o ¥ 10] f4% PTEN S M0 ] AKT/mTOR 38 #2548 P 5
/NIRRT , IR P AT AR

KEER B YL B UIEE ; AKT/mTOR 38 1% s miR-21 ; ¥ i)

hESES R34

XERERERT A XEHS 1000 - 1492(2026)02 - 0217 - 08
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PR 1 2 R AE R 5 AR LL4E 6. 8%  mycin, mTOR) 3 B 4532 61, BFSED YR, U
B T e 1, L RA SO N SRR Y 2R — R TR RNA (microRNA, miRNA) -21 75 2 F 2% H 21 4 fb ik
T L 8 S R BRI R O B R R IURUE IR A R, R T £ O WU BT 4 4 i
E2 e R v B 2 1 2 5 R 26 L v e il WG AL, SCREI AR IT B0k 40 B % Ak, 32 7 Hon] B i
Sk hEHA ﬁ?}ﬁ%(phosphatase and tensin homolog, AR T S S A YA M A R R B
N — t 1 e ]
PTEN) 4~ 5115 1135 B (protein kinase B, AKT) /i f{’”“ﬁm l;?i;ifiﬂ? 3;lE ﬁ%mz <3;ET;{7) X 7E
o _ ) F miR-21 19 1% 75 45 & i1 45 PTEN 1E & AKT/
LB R R A ( alian target of rapa- ’
LA MR (nammalian target of rapa- 0 o e R T 3k KT B2 T R
2025 - 12 - 05 il B NS R AN s e g AR o (B
e H  FEHRBFE ST H (45 :81960143) s NE T HIR X HF5Y % A BH A miR-21 2 418 2o ¥ 1) 98 4% PTEN /) &
?figif— E Efg% jg;;;‘;i:)ms” SIS ‘7?')‘3 AS - AKT/mTOR @B S 5 40 . ABFST @t
27 L 4 T . S 63 .2025QN08029 = L M 12 2T of 5 75 2 N e .
A3 4 LTS BN N2 rél%‘j/ﬁ1t$%$ ,‘%\IIE miR 2\1 X]L‘PTEN/
SIS, 4o W LR A Eomaitsssacesey  AKT/MTOR e S i 80 98 P A FH L DU Dy 3 e
@qq. com %‘%Xj’biﬁ'fgiﬁj%?{ I%é?éﬁ’f’t I:P E@Wﬁﬁ%ﬁ%ﬁmﬁ o
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1.1 RIGEHRMMFR 43 L SPF 4 8 A ik ik
C57BL/6 /B, PR BT & 20~25 g, W9 1 AL 5t DUAR AR
FHEA PR 2 ], 22 7= 1F AT HIE 5 2 SCXK (5T 2024-
0016, 13T SPF IR, I (22+2) °C RIS
55%+10% 12 h/12 h W5 525 A1 30 o A i i o P e
F2 1A, A RROKIKE . HEK293T 4i g 5 1 1 56 [
B AR ORI G o ARSI N 52l BE R R s
BEBefC B2 b1 St (HIEVE S . Y. 2024068)
L2 EZERFMEE U miR-21 B 1
B A miR-21 0GR 08 e B IR LR AL
S5 AR A B AKT/mTOR 3 % 37 i 771 MK-2206

B85t HY-10358) W [ 26 [§] MCE 23 ] 5 L JULAT (se-
rum creatinine, Scr) . Ifil. Jk 2 & (blood urea nitrogen,
BUN) (%% %5 : KL-Scr-04 . KL-BUN-04 ) #6124 751) 5 %)
I R B A= W BB BR S W) 5 S S i s 3R
& [ 5% )2 W (quantitative reverse transcription poly-
merase chain reaction, qRT-PCR) i 7] & . HE 4% {4
7 & Masson 3 4 355 & (555 : 170-8890., 161-
0403 .161-0437) 1 i 3% [ Bio-Rad Al ; % Ty 5%
e (425 : P0006) M F I8 = RAEVHEAAR
ol bt BT AR 1 (collagen type 1, Collagen
1) . I % B JsL 26 1 (collagen type I, Collagen 1) | a-
1 WLL8h 2 1 (a-smooth muscle actin, 0-SMA) |
PTEN ,p-AKT ,AKT . p-mTOR .mTOR (%% 5 : ah7778 .
ab7778. ab5694. ab32199., ab38449, ab8805.
ab109268 ,ah2732) —HiI H 5& [ Abcam 23 7] ; R
i AL Y (horseradish peroxidase , HRP) #7310 24T
N B (525 IM-HRP-MO1 1) g - 745 36 3L
PR R A A

SPARK 10M i #5 X Wy A i +: Tecan 23 # ;

CFX96 Touch PCR ¥ . PowerPac Basic Hi JK {¢ .
ChemiDoc MP &EZ AR R GEM H SEH Bio-Rad 23 H] 5
DMi8 3 & B 545 W F 721 Leica Microsystems 23 H .
1.3 F#Hi&
1.3.1 R BERBEAME HZM56FY)
B A A ST /0N PR TR B R AR R T AR AN AR K
4~6 h, TR SR R A B T RE . I TESS L L
ZH 50 mg/kg, FARPIBEST. O H—HF A
R UIBRZC W o ARFRMOZ [ %2 /)N B, 70 I 3 1
TELEFFERE S 1 em AMEG YT T 29 1.5 em, Bl
Or B R A AUVRIE TRLIA) , 2% B 7e P S LG
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B M RRIETT B AR, e T . He-
0 22 2 S5 4L 7 B L ARCRN T AR 14 1l A8 0 32, A B3 v ]
13 B UL . FH 55y 5 R 45 L X S ok 1Y)
ARy 23 R R R e 173 S, B
% )1 8 B Ji g 4 1 0, 3k 454 B o AR R .
5-0 AT AE LR B2 S LN JZ , 4-0 2 2R B8 G Fe ik o /1N
U T 37 CHNAARA I3, 05 e 5 T [l g S it
R MITERMIKK, @B _WFARRE7
d) e VIERAT B o BRI 7 2RI 5F — 300, AR Mo [
LA L. AT EEASE 1 em AAEA ]
M291.5 em, 20 B LA E MBS D4, R4S L
H o FH6-0 2 W L5 F LA sh s kR R4S . 1
S5 PL 2R 0 vy B T IS RN AR R A, SRR U AT . 4
G RIGWKE SRS RJEHE R4
Jil DA 5 0% R 2T Ak o SR AR R ) B U < Ser Al
BUN B Mgt e /N5 1. 5~2 4504 |, 24 h IR A &
A F>50~100 mg/24 h B3 FHLL T 2~3 %5 LA L.
1.3.2 S¥amA s 35 H/NE A 32 B
1, BEALA AL miR-21 3 F ik 4 .miR-21 5]
ZH  miR-21 # ] +MK-2206 20 4% 8 H, # 8 H i Fé /)N
AN AXTIEA] . miR-21 2 FiRk 4 .miR-21 #P il 41
miR-21 #l + MK-2206 2H 38 1 B2 i Dk 7 56 48 445 55 4
SV JA 2 B Nphs1 i3 2 F 191805 # (50 uL, & H
/NERIX10° TU) , miR-21 3o 36 35 21 1 51 5 2 485 77
miR-21 B, miR-21 # il 41 . miR-21 41 ] +MK-
2206 41 1 55 1412 95 B 485 17 miR-21 60 ), B8 1
W, L3 JE X AL MR i A A s 3R (LV-
NC). miR-21 ] +MK-2206 41 [7] i} 5 B 480 mg/
kg MK-2206"*', B J& 1 K, 328 3 Ji] . e T AR 24k
i1, Nphs1 Ji3 8T 2RUE T nephrin FEH , GEFE B /NER
JE 20 P R S R B S R Rk A A AN R
S Bt 3 TR - S R v L 1) P D T L AR
BB SON , AR miR-21 B4R A SR T A2
20, TG 5 SIS A RE S E RN AT S . /R ZR 0 R
SRR S, A0 EMSE [ 2 T AR b, 2B IR
o BT PR I R K, IS T RN ) B T R ik
AL JZ , I8 0, e 0 B e . Bl Sk P e dk
Jo 38 FUAg D7 , 2% 58 T, b S Bt sl A= f . IR AL
BB T A BT T B S e Dk R A DR A S R U
T o W5 B O RO T 114 A B R /K 1 PBS Hh SR, 25
Ik 2 THT I R 2% 5T o FH A R T R U103k U e R e
JEl Bl R W 2, bt e i 0 S ot . 80
0, — R B P AED, — 2 A 4% hPE 2 R
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1.3.3 qRT-PCR#& M B2 miR-21 &£k  HBURA
R B 2R AT A1 3K, SR A TRIzol 3 42 B L
RNA , Z& NanoDrop 5 IE RNA 211 i} 52 #8847
¥ 5% (16 °C 30 min, 42 °C 30 min, 85 C 5 min) , ¥
miR-21 FEFPEZE 305 | ) 5 B RNA 4566 i cDNA
qPCR ¥ 345 Ff SYBR Green 14 % , 3£ 20 pL,SYBR
Green Master Mix 10 uL, cDNA #47 2 pL (5 Bf 10 4%
JE ), IE M 5147 0. 5 pL(10 pmol/L) , 18 Fi 2 1] 5|
0.5 uL (10 pmol/L) , RNase-free H,0 7 pL. 4"
TR, A2 . 95 °C 5 min, fEFF 407X : 95 °C 10 s,
60 °C 30 s CREEZL) 16k th 4 43 B : 60 °C,95 °C,
0.5 CIF 1. JH 238 miR-21 FRIKKF-.
miR-21 Forward Primer: 5’ -TAGCTTATCAGACTGAT
GTTG-3' , Reverse Primer: 5'-GTGCAGGGTCCGAG
GTATT-3" ; U6 snRNA Forward Primer: 5'-CTCGCT
TCGGCAGCACA-3' , Reverse Primer: 5’ -AACGCTTC
ACGAATTTGCGT-3'

1.3.4 Bahseagtrden /N E TR0
W B RAT DRIRCAE2E B, FF 52 24 h, L B AR
FZEAE V5 YL PR o R FH 25 T 107 528 W T A D 24 h IR
FH. IBART,3 000 r/min B0 10 min ERUE,
B, #ea ) B B B KU 595 nm AR WS
B2 HIERREIT 2. IR H S5 (mg/24 h) =JRE
W (mg/mL) X JRIGAF (mL) o 71N B 2000 JUF 25 0
1M 1.5 mL, 8 30 min )5, 3 000 t/min &5.0> 15 min,
BTG o Z8BEVEHG I Ser, B (5 BEE K61 BUN, R 4%
R G UL A5 R

1.3.5 HB4122 Collagen I Collagen Il .a-SMA % &
Ak BURE T RAE Y B L BIRES FE 43 R
A RIPA 2, vK 1 4% 30 min, 4 °C .12 000 1/
min &0 15 min, B F ISR E A E . B 10%
SDS-PAGE 43 B i , 5% W 4 e , BFL - 50 pg 82K
F1, Marker {E 208,80 V H LMk 46 ik, 120 V 70 B
J, 2 I W5 B IR IR . PVDF B 4L, 300 mA
TEJL 4% B 90 min. 5% WiE A= W 2B 41 1 h, in A
St Bl Collagen 1 (1:1000) . Collagen I (1:800) .
a-SMA(1:2 000)—4,4 CHFH LR A HRP AR
RPN P (1:5000) , FHEME 1 he MA
ECL AL & Wi B 5 B R R G R EF 5.
Image] 43H7 2547 K BEAEL, L GAPDH i N 118 A X}
Tk,

1.3.6 HELEMRBF BB mER T 4% Hik
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2 5 B EE PRI B S B CBE K L R
FEW] ARSI VT R 4 pm v NG T
R Yo — F ORI FIRR 2 K AR
TRAKE YL % 10 min, WK vh e S5 LA 1% 512 2015 5y
o EZKIR W, TR LT YL 40 5 3 min Y2 45 A9
R4 CEERK W IRBE R E R, BMEE T W
s PR AR

1.3.7 Masson & &M TR HEMNAERE A
SO0 R, G T4 ORI M BR B SRR K K
JH Weigert £ 95 AKE L I AEAZ 10 min, FK P PER
W TN A 1 - TR TR B VR B T B LA 4 10
min, DL 1% W 50 R 73 Ak 3F B s 43 , % B i R S Pk
PRIC SR EF4E 5 min; K E WG R MR B A, B
TS YL AR

1.3.8 54142 PTEN,p-AKT.AKT.p-mTOR .mTOR
Faxddn BORE T RN EHS, 2% . -
FE BEIEAE AR 1. 3. ST, 5% B2 0 = iR 1A
1 h, AT B PTEN . p-AKT ,AKT . p-mTOR .mTOR
(¥71:1000)—41,4 CHEF LK. MAHRPHRICHR
/MR ZH0(1:5000) , = iRIBEF 1 he A ECLAL
RGN 0 R  BER R RAE R LT . Image)
Iy B 45 K BEAE , L GAPDH i N 2 180 M X 6
ik,

1.3.9 3%k & B9 I I 4E miR-21 5 PTEN #9 32
B % A PR AR (WT) 5204 8 PTEN 3£ A
3'UTR & A miR-21 i 45 & 7 5 (0 5 41 7 b =
pmirGLO X7 't K B & 2 A4 1 (4 44 4 pmirGLO-
PTEN-WT) , 248 1 (MUT) 2 45 4844 - 38 2 5 4 2840
Fo R W R miR-21 45 & 47 20 0 B+ 5 510, 9 2
pmirGLO-PTEN-MUT #k {4 1 > B 4 X i . fii
HEK293T 4 il 5 , 73 1) 3 4% 4% pmirGLO-PTEN-WT+
miR-21 mimics ( & 8l miR-21 i % i5 ) | pmirGLO-
PTEN-WT + miRNA B ¥ X% @ (NC mimics) .
pmirGLO-PTEN-MUT + miR-21 mimics, JL AL Juvig B
3¢ ) 2 B (renilla luciferase, hRlue) 1 5 IH— 4k N
Z WS AR . % 48 h i 24 20 L, 1
XU 2R Bl DU 0] & D 2 O R A M L A
Firefly/Renilla %¢ ) % B 1% 7% LU A, A NC mimics 20
R FEWESEATIA— A5 HT

1.4 ZEit=E ] IBM SPSS 19. 0 54347, it
HFE L x + s Ko, SRR R ORI R 5 22
TR , P — 25K F Bonferroni % 5% LSD-1 15 347
P LA . P<0. 05 W2 m A giit2 e L.
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2.1 HENRSEAmR2IRESHE S8
ZH LA, R 2 B 2H 40 miR-21 3R 3A TH I (Pyonn=
0.003 6) ; SR 2H F 4, miR-21 3 e ik 41 B 41 41
miR-21 ik TF i (P, e=0. 000 3) , miR-21 11 il £H
B 2H 20 miR-21 32 3K FEAK (P, o =0. 000 9) ; miR-21
0 20 5 miR-21 #7 i] +MK-2206 4 & 2 41 miR-21
TR L RTGIFE L(Py,pn=0. 874 0), WF 1,

£1 LHHEmR21FIELLE (T+s)

Tab. 1 Comparison of miR-21 expression in each group (x+s)

Group n miR-21 expression
Control 8 1. 00+0. 05
Model 8 2.09+0.37°
miR-21 overexpression 8 5. 34+0. 78"
miR-21 inhibition 8 1. 02+0. 04"
miR-21 inhibition + MK-2206 8 1. 02+0. 03

F value 187. 129

P value <0. 001

£P<0. 05 vs Control group; *P<0. 05 vs model group.

2.2 HAMNREINEEIEIR24 hIJREBEE . Scr.
BUN Lb 8 5 XF MR 4 L4 AU 4 24 h JREE 1 5E
i Ser . BUN ¥ (P =0. 036.,0. 024.0. 045) ;
SRRV R, miR-21 3 RIK4H 24 h JR&E HE &
Ser, BUN ¥ 7} & (Py,0i=0. 024, 0. 030, 0. 027) ,
miR-21 # il 41 24 h JR & 4 &2 & . Ser. BUN 2 B AIK
(Pyoinni=0.012.0. 018..0. 030) ; 5 miR-21 41 4H
B, miR-21 M1 +MK-2206 2H 24 h JR & H & & .Ser.
BUN ¥ F%& 1% (P,,..,=0.021. 0.039. 0.015) .
W2,

2.3 FAMNMREHZRA Collagen 1. Collagen II .
a-SMA EBRIE SXFIEA i, R4 B 2 40
Collagen I . Collagen Il ,o-SMA & 1 &L T+ &
(Pyionni=0. 039.0. 030.0. 048) ; S5HEHIZH 4%, miR-
21 1 IR 'E 44 Collagen 1 . Collagen III \a-SMA
EHEEYIE (P, 0.=0.027.0.033.0.024) ,
miR-2 1 {41 E ZHZ Collagen I Collagen Il .o-SMA
A #R B (Py,0,=0. 015.0.021,0.012) ; 5
miR-21 #12H FE 4, miR-21 11|+ MK-2206 2 5 41 41
Collagen I | Collagen Il ,o-SMA %5 [ 3 ik #4 B# IK
(P, n:=0.018.0. 030.0. 009)., W3,

2.4 BHNMNRESAAKBETH HE Y@ HR, X
HEZH B /INER &5 K 5 3, B 40 LA Ak I R e, 30T iy
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x2 BASEEIEIRILE (n=8,xts)
Tab. 2 Comparison of renal function indicators

in each group (n=8, x+s)

24 h urine
protein BUN
Group Ser (pumol/L)
quantification (mmol/L)
(mg/24 h)
Control 4.57+0.81  35.49+5.06 6.02+1.07
Model 39.87+6. 13% 100.36+18. 85" 17.69+3.31%
miR-21
) 48.55+8.94" 126. 68+23. 44"  22.19+4. 15"
overexpressmn
miR-21 inhibition ~ 17.04%3.19*  66.25+13.09* 13.41+2.95*
miR-21 inhibition+ 9. 1422. 82"  40.22+7. 14" 8. 12+1.53"
MK-2206
F value 110. 152 53.388 44. 089
P value <0. 001 <0. 001 <0. 001

£P<0. 05 vs Control group; *P<0.05 vs Model group; "P<0. 05 vs
miR-21 inhibition group.
#*3 KRASHELH Collagen I . Collagen I,
0-SMA BEEAFRIELLE (n=8,x+s)
Tab. 3 Comparison of protein expressions of Collagen I,

Collagen I and a-SMA in renal tissues in each group (n=8, ¥+s)

Group Collagen I Collagen Il a-SMA
Control 0.21+0.04 0.09+0.01 0.11+0.03
Model 0.47+0.08* 0.37+0.04" 0.58+0.09"

miR-21 overexpression 0.69+0. 13" 0.54+0.06" 0.73+0. 12*
miR-21 inhibition 0.31+0. 04" 0.22+0.04" 0.31+0. 04"
miR-2linhibitiontMK-2206 0.23+0.03" 0. 11£0.02° 0.09+0.01"
58.569 196. 329 128.733
<0. 001 <0.001 <0. 001

F value

P value

2P<0. 05 vs Control group; *P<0.05 vs Model group; "P<0. 05 vs

miR-21 inhibition group.

N TR A RS B S Y R 2 iR
Jo ok Y 255, Jas il /NS A T B0 ] 5T R DL 8 1 4
b 35 B AT A A R A A R /N — o AR B
ANER PRI TG, 35 40 6 40 LG5 R RS |, 2R A0 4%
FE B AT /N R DR b R A0 i S A
ARG 4 B 9% |, TB) 5 AT DL HICAE bk B2 200 b i 3, Jey &
PRI S AF AEDUR, 20 A% e €8 B2 B2 MR 4 . miR-21
1F IR A B /NER G5 A T IR, B B R A
B E P 2E I BN SR A A i s B
WAL, AR TRERILH, miR-21 3100 5] 25 o5 B 2% Ak
BORMBEE R Y K, NE A A R R
PR R M FE . miR-21 401 +MK-2206 41 12 W,
BR TR BRSO | B /N ER A B T L, A i) R BB A v
Az, /NG I g A0 L e i S DL B T e O A
) Jo FEA R IE R 45 . LR 1.
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B1 SHEARETHHERER x100

Fig. 1 HE-stained section of renal tissue showing pathological changes X100

A Control group; B: Model group; C: MiR-21 overexpression group; D: MiR-21 inhibition group; E: MiR-21 inhibition + MK-2206 group.

2.5 FANRBAHLATFHENLIEE Masson YL tzh
F R X BRI 6 W B 4T A o A T B /N Bk
JICREE , TR BT JL T JC£F 2 Ak 5 155780 20 VB /N 3k 2 A DX A
B /N T BB AT AL Sy kb 0 B SR A s miR-21 3
TR 8] 5T 50% LA 1 D358 8508 s €00 Je D I 4% o 9
P /INERBE AL AN B /N 2245 5 miR-21 41 il 41 £F 2 4k
TR/ TR F miR-21 3 26384 22 6], S 30 AR
W& 8 2 i 43 A1 5 miR-21 4100 il + MK-2206 414X UL 5% B
LrAedl, R B A T A . LR 2

2.6 HVANMREHLPTEN EHKRIER p-AKT/
AKT.p-mTOR/mTOR [t % 5% AL H A, A Al
41 PTEN # [ 3% i5 B X (Py,p0=0. 030) , p-AKT/
AKT, p-mTOR/mTOR ¥J F+ & (Py, pme=0. 024
0.036) ; SELAEIZH AL, miR-21 1 #3541 PTEN & [
% 35 B % (P, =0. 018) , p-AKT/AKT . p-mTOR/
mTOR 4 T+ 15 (P, 00i=0. 027 .0. 021) ;5 1fij miR-21 41
il 20 PTEN 2 11 3 35 T+ 51 (Py, e =0. 012) , p-AKT/
AKT. p-mTOR/mTOR 3 [& X (P me=0. 015,
0.009) ; 5 miR-21 #l il 41 %2, miR-21 #1) il +MK-
2206 2H p-AKT/AKT ., p-mTOR/mTOR 2 FEARK (P, oo
=0.030.0. 024) ,PTEN & &k 22 R L4 it 2 X
(Ppyioneni=0. 630) . WLF 4,

2.7 FRHEELIIIE miR-215 PTEN gL
%% 5 PTEN-WT + NC mimics 41 L%, PTEN-WT
+ miR-21 mimics ZH AH X 2¢ ' 22 il 7 [ A1 (LSD-1=
10. 078, P<0. 001) , 3¢ B miR-21 i i 45 & PTEN [
3'UTR BN HIHZ2 35 . PTEN-WT + NC mimics 21
HIPTEN-MUT + miR-21 mimics 2 19 A0 X % S 2% il

A B

*4 RASHAAPTENEARIER p-AKT/AKT,
p-mTOR/mTOR LLE (n=8, X+s)
Tab. 4 Expression of PTEN protein and comparison of
p-AKT/AKT and p-mTOR/mTOR in renal tissues

in each group (n=8, x+s)

p-mTOR/
Group PTEN p-AKT/AKT
mTOR
Control 0.97+0. 12 0.1120.02  0.19+0.03
Model 0.31+0.04%  0.59+0.11%  0.57+0.09%
miR-21
) 0.160.03"  0.68+0.07"  0.67+0.11*
overcxpresswn
miR-21 inhibition 0.45+0.07*  0.24+0.03*  0.25+0.04"
miR-21 inhibition + . B
0. 460. 06 0.10£0.02°  0.19+0. 03
MK-2206
F value 146. 535 159. 636 88.610
P value <0. 001 <0. 001 <0. 001

2P<0. 05 vs Control group; *P<0.05 vs Model group; "P<0. 05 vs
miR-21 inhibition group.
T PE 2 5 LG B L (P>0.05) , % B 24 PTEN
3'UTR 1Y miR-21 455 37 i 9 28 5 , miR-21 mimics
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B2 BHEATHENIEE MassonFEBE <100

Fig. 2 Masson-stained section showing the degree of renal fibrosis x100

A: Control group; B: Model group; C: MiR-21 overexpression group; D: MiR-21 inhibition group; E: MiR-21 inhibition + MK-2206 group.

https://www. cnki. net



o LR oA

<222 - R EAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2)

3 5' 3
3 s'
3 5' 3

B3 WILREIE

Fig. 3 Dual-luciferase assay
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Tab. 5 The results of dual-luciferase assay (s )

Group n Relative luciferase activity
PTEN-WT + NC mimics 5 1. 00+0. 12
PTEN-WT + miR-21 mimics 5 0.35+0. 08"
PTEN-MUT + miR-21 mimics 5 0.92+0. 10

F value 61. 185

P value <0. 001

£P<0. 05 vs PTEN-WT + NC mimics group.
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Mechanism of miR-21 targeting inhibition of the PTEN/AKT/mTOR

pathway in ameliorating chronic renal fibrosis in mice
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To investigate the mechanism through which miR-21 improves chronic renal fibrosis in
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mice via targeted modulation of the phosphatase and tensin homolog (PTEN)/protein kinase B (AKT)/mammalian
target of rapamycin (mTOR) pathway. Methods Thirty-two chronic kidney disease model mice were randomly di-
vided into four groups (n=8 each group) : model group, miR-21 overexpression group, miR-21 inhibition group,
and miR-21 inhibition + MK-2206 group. Eight healthy mice were included as the control group. The miR-21 over-
expression, miR-21 inhibition, and miR-21 inhibition + MK-2206 groups received tail-vein injections of lentivirus
(50 pL, 1x10% TU per mouse) once weekly for three weeks. The control and model groups were injected with an
equal volume of empty vector (LV-NC). The miR-21 inhibition + MK-2206 group additionally received gavage of
the AKT/mTOR pathway inhibitor MK-2206 (480 mg/kg) once weekly for three weeks. The expressions of
miR-21, 24 h urinary protein, serum creatinine (Ser) , blood urea nitrogen (BUN), and renal tissue levels of col-
lagen I, collagen Il , a-smooth muscle actin (a-SMA ), and PTEN protein, as well as p-AKT/AKT and p-mTOR/
mTOR ratios, were compared among groups. HE staining was used to observe pathological changes in renal tissue,
and Masson staining was used to observe the degree of renal fibrosis. A dual-luciferase assay was performed to
verify the targeting relationship between miR-21 and PTEN. Results Compared with the model group, miR-21 ex-
pression in renal tissue increased in the miR-21 overexpression group (P<0.05) and decreased in the miR-21 inhi-
bition group (P<0.05). Compared with the model group, the miR-21 overexpression group showed increased 24 h
urinary protein, Scr, BUN, and renal tissue expression of collagen I , collagen Il , and a-SMA (all P<0.05),
while these indicators decreased in the miR-21 inhibition group (P<0.05). Compared with the miR-21 inhibition
group, the miR-21 inhibition + MK-2206 group exhibited lower 24-h urinary protein, Scr, BUN, and renal tissue
expression of Collagen [ , Collagen Il , and a-SMA (all P<0.05). Compared with the model group, the miR-21
overexpression group showed decreased PTEN protein expression (P<0.05) and increased p-AKT/AKT and
p-mTOR/mTOR ratios (P<0.05) , while the miR-21 inhibition group showed increased PTEN expression (P<
0.05) and decreased p-AKT/AKT and p-mTOR/mTOR ratios (P<0.05). Compared with the miR-21 inhibition
group, the miR-21 inhibition + MK-2206 group had lower p-AKT/AKT and p-mTOR/mTOR ratios (P<0.05), with
no significant difference in PTEN protein expression. HE and Masson staining showed normal kidney structure and
almost no fibrosis in the control group. The model group exhibited glomerular enlargement, capillary loop adhe-
sion, and focal fibrosis. The miR-21 overexpression group showed severe destruction of glomerular structure, ac-
companied by extensive fibrosis and renal tubular atrophy. The pathological changes and degree of fibrosis were al-
leviated in the miR-21 inhibition group. The miR-21 inhibition + MK-2206 group showed only mild pathological
changes and mild fibrosis, with the interstitium being largely normal. Compared with PTEN-WT + NC mimics 1,
the relative luciferase activity in the PTEN-WT + miR-21 mimics group decreased (P<0.001). There was no statis-
tically significant difference in relative luciferase activity between PTEN-WT + NC mimics group and PTEN-MUT +
miR-21 mimics group. Conclusion miR-21 may improve renal function indicators and alleviate renal fibrosis in
chronic kidney disease mice via targeted modulation of PTEN and subsequently inhibiting the AKT/mTOR pathway.
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