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miR-21 #[I1E] PTEN/AKT/mTOR iifi %
P LR PR SR AL BLBIIE 52

AW VP, AR T = SR sk
(REFEARFWEERE AH, F24  010050)

HE B WU miR-21 58 R TR RRER 5 5K 8 R E A (PTEN ) /48 P13 BAKT)/IHFL 359 8 1A% Z AR 1 (mTOR ) il
B NS T A AR AL . AR 32 FUARME B AL N BB L A AR A \miR-21 2 FRIE AT .miR-21 Ml 4] \miR-21
P+ MK-2206 2045 8 H 8 8 HAgt /NN ASTIEZH . miR-21 33 A4 \miR-21 il 2 .miR-21 0+ MK-2206 2H & 7 [k v 5
P29 EE (50 L, B 2 1108 TU) , BEJ 100, #4823 8, X IR AR 1 3 45 28 B4R (LV-NC) 5 miR-21 1]+ MK-2206 41 [ i
I AKT/mTOR 38 B4 4l 71) MK-2206 480 mg/kg, B8 1K, #4523 8 o HLA4S 41 miR-21 3K (24 h JR&E & & L I WLEF
(Ser) JMIRZE A (BUN), B 4l 201 AU e JEL AR [ (Collagen 1) | TR IR 4K 4 (Collagen 1) o~ F-# MUALSIEE H (a-SMA ) \PTEN £ H
Fik K p-AKT/AKT .p-mTOR/mTOR ; HE Y (7 W 22 B 21 2055 FHIACAE |, Masson Y (0 5K 15 21 2147 AL R 5 A6 )G 2 Bl 92 56 403
miR-21 5 PTEN A 0GR, &R SEMA LR, miR-21 i A4 H A miR-21 FiA T+ 55 (P<0. 05) , miR-21 #1415 4141
miR-21 FIAFFR(P<0. 05) . SHMLH HLER , miR-21 53 k4] 24 h R 2 i1 . Ser BUN, B 414 Collagen T, Collagen Tl ,a-SMA
A FRA TR (P<0. 05) , 1 miR-21 I B FEAK (P<0. 05) 55 miR-21 I 4 LL 5%, miR-21 4111+ MK-2206 41 24 h JR & 1
i Ser . BUN, B ZH 4 Collagen I, Collagen Il ,o-SMA £ [ A AR (P<0. 05) . SAEEIZH [L4, miR-21 14 1A 4H PTEN 2 5%
KA (P<0. 05) , p-AKT/AKT , p-mTOR/mTOR F+ 5 (P<0. 05) s miR-21 4 % L PTEN %K 14 2 ik JF &5 (P<0. 05) , p-AKT/AKT ., p-
mTOR/mTOR BJFEAK (P<0. 05) ;55 miR-21 M4 L 4%, miR-21 #0i]+MK-2206 2 p-AKT/AKT .p-mTOR/mTOR #J AL (P<0. 05) ,
PTEN 2 1R E 2 3 G245 L (P>0.05) . HE Fl Masson Y& {0 5 75, %) BEZHL B IS5 M 107, JLT- TG 2T 4 Ak s 5T R LL H 805 /s
BRI B AN #R BRI AR s miR-21 5 IR gL B /INERZE P B0 IR 1) 12 AL N /N 2540 s miR-21 il 21
7 AR CE RN ZF 25 AR U 5 17 miR-21 9107+ MK-2206 20 {3 042 foms Bk A8 R FE AF Ak, R B BE AR IR % . 5 PTEN-WT + NC
mimics 21 FL#% , PTEN-WT + miR-21 mimics 210 X} % 5 28 i 1 14 B 4K (P<0. 001) , PTEN-WT + NC mimics 41 1 PTEN-MUT +
miR-21 mimics 41 M1 X 96 6 E I PE 22 R RS 538 X (P>0.05) . €538 miR-21 A HE# i #0 [ 98 4% PTEN M #10 il AKT/
mTOR 3 4 5018 VR B /N BV D REFE A , Vol 1 27 AR

KR F; A4 L F U6 AKT/mTOR 38 % ; miR-21 ; ¥ 1]

hESES R34

XERFRER A XELHS 1000 - 1492(2026)02 - 0217 - 08

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 02. 005

18 g 14 A o AR A 5 2 AR 1] LA 6. 8%
IR R RSB 1 L 0 A SR NS B A 2 = R T
B 2T 2 A 18 P O 28 R A A 0 o B A
R By SR 2 B4 5 2%, HC rh B TR il
5k 18 F A JE %Y (phosphatase and tensin homolog,
PTEN) /-5 i 2 F1#H B (protein kinase B, AKT )/l
L 3 ¥ B f A 2 A FH (mammalian target of rapa-
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mycin, mTOR) il i 5 32 K . LAEWFG WY,
/N RNA (microRNA , miRNA) -21 78 2 Fh &% B £F 4
P RERE b 5 SR a2 5, B ] g O LA 2T 4
200 B T A, SCRE I L AR 0 2 Ak, B AT g
WA TR SE S SR Emg ., UG
S 20 7R PTEN mRNA (4 3'4E #13 X (3'UTR)
X AFTE miR-21 B TESS & 0L, T PTEN /F 24 AKT/
mTOR 3 # 4 B ) 845 X7, LR kK P 2028 7l g
B NE b A o R (HELA
BIFSE % A T miR-2 1 75 380 1 ¥ ) 45 PTEN 4
AKT/mTOR i@ 2 5B AT At e . ATty
/N BRI AT 4R AR BE AL 3 miR-21 X PTEN/
AKT/mTOR 15 518 % (4 48 [ ] 42 45 L DAL kg B2
NG P 1L B A 4Rl BV ISR BER L A
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1 #REFZE

1.1 EZYRMMER 43 L SPF 4 8 A ik
C57BL/6 /B, PR BT &t 20~25 g, g [ AL st WU A= 4
FHEA R A, AR 77 VF Al IE 5« SCXK (51) 2024-
0016 1AF% T SPFZLIRET , I (22+2)°C AN
55%+10% 12 h/12 h W5 5285 Al 30 o A i i 1o P P
FE 18, A RROKIKE . HEK293T 4i i 5 1 1 36 [
TR AP PR L o ASBIT SR ARAR N 5l ERL R R
Be Befe L Zs 51 oAt v (HLHE S . Y. 2024068 ) .
1.2 FEEAFMMLEF B0 miR-21 B 185
B A miR-21 400 7R AP e 7 ph b LR IR AL
S5 AR T B AKT/mTOR 38 % 37 i 771 MK-2206
B2 - HY-10358) I FI 52 8 MCE 22 5l 5 L JJLEF (se-
rum creatinine , Scr) | Ifil. & & % (blood urea nitrogen,,
BUN) (%% %5 : KL-Scr-04 . KL-BUN-04 ) #1112t 5] £ 114
FI b9 R B A= W BB PR W) 5 S S 30 S 2R
& Wil % [ V7 (quantitative reverse transcription poly-
merase chain reaction, qRT-PCR )i 7] & . HE 4% {713
7 & Masson B 4 3505 & (555 : 170-8890., 161-
0403 ,161-0437) 1 F 3¢ [¥l Bio-Rad 23 7 ; % 35 i
YU (475 : P0006) W H I3 = RAEDHA AR
25wl BBt B LA 5L 2R 1 (collagen type 1, Collagen
D) I 24 J5 26 A (collagen type 1T, Collagen 1II ) | a-
S WLIL B 2 1 (a-smooth muscle actin, o-SMA)
PTEN . p-AKT . AKT . p-mTOR .mTOR ( #¢5 . ab7778 .
ab7778., ab5694. ab32199, ab38449., ab8805.
ab109268 ,ah2732) — Pl H 3 [ Abcam 23 7] ; BRAR
13 E AL Y (horseradish peroxidase , HRP) #3129t
AN P85 IM-HRP-MOT 1) I [ 3 A 63
B R FRA ]

SPARK 10M [ #x 4% W B i -+ Tecan 2 F] ;
CFX96 Touch PCR f¥ . PowerPac Basic Hi 7k 1¥ .
ChemiDoc MP B¢ i 1% 2 e H 3€ [ Bio-Rad A 7] 5
DMi8 {8l & . i 5 ) A 18 [ Leica Microsystems 23 ) o
1.3 Ak
L3.1 REHERERAE HZM5/6 )
R AR S/ U R B A AL R TAE B AR AR K
4~6 h, TR SIS AR A B T RE . IR TESS R L
Z50 50 mgkg, FARASWH I T, O H—WFR.
PR VIR 2 S o ARFRMSL [ /)N B, 20 B ) I
LB 1 em MAENH DI 2 1.5 em, APk
O3 BN H SV BRILIA , % 5 2 B KR LG s

B MR RAETT B ARG, e T, He-
0 2228 S5 FL A2 B A RN B ) Il 5 43 <2, R B3 )
13 B2 At . FH 2 A5y 59 Bk 45 L X S ok 1)
AR ZN(Ly 23 R R TR e 173 S,
#5% )1 o8 B J i 4 1k 0, 3k e 45405 o AR R .
5-0 AT AR 2R B2 S LI 2, 4-0 2 R B8 B B2 Ttk o /N
FUE T 37 “CHNEAERIZ IR, I3 R e i 1o 8 4, S ik
B MPTAERNIKOK, @ B _WFARCREF7
d): TR VIBRAT B o BREE 7 R 55—, A M7 [
AT A o A EE A 1 em AMEM )
O 21,5 em, 20 B LA 2 FAG G, R84S X
# o H6-0 L AEHGEFLATE Shis Ik F IR . 7E
S5 L2 0 v 5 T I A R RS SR RO A . 4k
G RJGWE ARSI, ARG 55 4
JE DA 5 0 P 2F dE Ak . B A5 A T B U < Ser A
BUN % fat B /N R TH i 1. 5~2 45 A |, 24 h IREE H E
HIAF]>50~100 mg/24 h o8 HL T 2~3 £5 D o
1.3.2 S¥aymA s 35 H/NE 32 H A
I, BEPLA WAL miR-21 38 F635 40 .miR-21 01
ZH . miR-21 I +MK-2206 21 4% 8 H, 1 8 H fift Fe /s
RAIAXT L] . miR-21 1 ik 41 .miR-21 FI il 41
miR-21 11 il + MK-2206 21 38 i B i ik i 5 # 47 F
S 14 I 3 B Nphs1 J5 205 0912 9 25 (50 pL, & 2
/NERIX10° TU) , miR-21 32 % 38 41 14 S48 5 2 4 7y
miR-21 B4 Y, miR-21 # il 41 . miR-21 #1} ] +MK-
2206 ZH 3 55T (412 0% B 5 miR-21 #0405 , B A 1
W, L3 JE o X AL AR A A AR s AR (LV-
NC). miR-21 ] +MK-2206 41 [7] i} 5 3 B 480 mg/
kg MK-2206"%", # Jil 1 ¥k, #2238 . HE T A sk ik
Wit , Nphs1 A 817 RUE T nephrin FE A, GETE B /N ek
JE 20 P R S IR B S PR Rk A A AN R
S P 2 o PR S 900 v B B ) P WD L AR R
FEE AR RON , BAAR: miR-21 B A R T 2
21, DT 38 50 S 56 (4 4 S PR R T S . /RGO B
SERN LIS A0 FMSE [ 2 T AR b, 2B B IR
o BT P I R B, VIR T R ) B I R Rk
ML Z , g, e B e . AL Sk 7 ik
J 3B FURE 7 , %% 58 B L, bk e B R sl fn . IR AL
BYTH 140 B I B 2 i Dk R A DRSS R U
JE o5 B T RO T ) A B R /K B PBS SR, 2
Wk 2% 1T IV R 2% 0T . FH A R T R U0 63k O A i e
JEL LR 7 L4, ki e i 3 B S o K L85
B, — AR TR, — 2 A 4% h k2R
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HE 4 “CE%E 24 he

1.3.3 qRT-PCR#& | 52042 miR-21 Rk HURA
R (0 B2 U AT 20 9%, SR T TRIzol 2% 45 B A2
RNA , & NanoDrop % iIF RNA 2 & J 58 8 v, i 17
# 5 (16 °C 30 min, 42 °C 30 min, 85 °‘C 5 min) , ¥
miR-21 F 5 LRG| W) 5 5 RNA 255 G % cDNA
qPCR #3415 ] SYBR Green 14 % , 3£ 20 pL,SYBR
Green Master Mix 10 pL, cDNA g 2 pL (% B 10 15
JE ), IE M 514 0. 5 uL(10 pmol/L) , i J 52 18] 5|
0.5 uL(10 pmol/L) , RNase-free H,0 7 pL. 3" 4
TREF PSP 095 °C 5 min, fEFF 407K : 95 °C 10 s,
60 ‘C 30 sCRAEZ) , Il th 243 : 60 °C,95 °C,
0.5 CFF 1. H2* ik miR-21 Rk K P
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 Bahsedginten R/ EREAAME TR
W B RAT DRIR AR 2E B, F5 52 24 h, S B W AR
FZEAETG Y PR . >R % H 7 52 vk A 24 h JR
FH. IRART,3 000 r/min B0 10 min ERUIIE,
W, $R R & B R RS 595 nm AR IO
JE L HIEAR T £ o IR S (mg/24 h)=IRE H
W (mg/mL)xJRIGAF (mL) o /1N B 2000 JUF 25 0
1M 1.5 mL, 8 30 min 5,3 000 t/min &5.0> 15 min,
BTG . 28 BEEHR I Ser, (0 BE 2 K610 BUN, HR 4%
A S B

1.3.5 B4 % Collagen I, Collagen Il a-SMA %& &
Fakpeml PORA T ORI B LAY BT 8 03 s n

A RIPA ZEf# W, vK I 24 f#% 30 min, 4 °C .12 000 1/
min &0 15 min, B F 3G W E AW E . Bl 10%
SDS-PAGE 43 B3 i , 5% e 4 I , 4L L AE 50 pg Bk
I, Marker /£ 92 B8, 80 V J6 R W 45 JiE , 120 V 4355
JBE, 2 IR W B G . PVDF TS £k, 300 mA
TE YL % B 90 minoe 5% WERE 4- W5 2 B 1 b, i A
Y4t Bl Collagen 1(1:1 000) . Collagen I (1:800) .a
-SMA(1:2000)—#T,4 CHFHEB . MA HRPHRIC
RPN P (1:5000) , FIRBEF 1 he il A ECL
b2 ke AR W, BEIE R R GRS o Im-
age) ST 56 IR A, L GAPDH S N SR X
ikt

1.3.6 HE:EMKFMZRBRILEET  H4% P

Z R PR AE I B A2 B R K R OR
B AR U O 4 pm U B T 4
R Y a i g — F R B R B 2K R
INAKE YA 10 min, JE K W5 LA 1% Eh B 254y
o E KGR W, P LT e AT 3 min Yo (05 (4
R & CBENK W ARGEW S E R, BT g
G BB AR

1.3.7 Masson F EML B LR AL E A
WU R, Gt T 8 W ORI B BB B SR K AR
W Weigert 8% 95 AN YL A AEAZ 10 min, K HYER
WG, TN A L - TR 2R A VR M T B LET 4 10
min, DL 1% W 5H R 3 A0 AE B I 1 53 , 8 e 4 Sk
FRic B IR £F4E 5 mins Bt 7K 175 B 5 o A i B L %
ST AL AR

1.3.8 %414 PTEN,p-AKT ,AKT ., p-mTOR .mTOR
FakEen BURR TR EAL, 2. -
FE FERAE IR 1. 3.5, 5% Bils 4 W s iR A 1
h, il A 4 B PTEN , p-AKT , AKT . p-mTOR ., mTOR
(¥11:1000)—41,4 CHFF K. MA HRPARIC A
/MR =P (1:5 000) , FIRIEEF 1 he A ECLAL
ROGEG B 5  BER R RAE R LSS . Image]
Ay BT 255 K BEAH L LA GAPDH g P 23154 4 ) 56
ki,

1.3.9 3%k & B 5 1 5 4E miR-21 5 PTEN #) 32
B1% A FEER AR (WT) 4R 45 204, 8 PTEN 3£ 1A
3'UTR & A miR-21 i 45 & 1 55 19 7 51 v e &
pmirGLO X% ' 2 flf i 4 2 Ak v (4 24 4 pmirGLO-
PTEN-WT) , 228 B (MUT) % 75 2R 4% « 30 3o 1 o5 2848
F AR 0% R miR-21 45 & 47 20 0 Fh 5 51, 4 2
pmirGLO-PTEN-MUT #& {4 1E iy ] 4 X & . fif
HEK293T 41 s & , 43 5l 3% % pmirGLO-PTEN-WT
+ miR-21 mimics (% miR-21 1 33K ) | pmirGLO-
PTEN-WT + miRNA [ % X% B8 (NC mimics) .
pmirGLO-PTEN-MUT + miR-21 mimics, AL YUy
% G & [iff (renilla luciferase, hRlue) /E M I3 — 1L N
Z W NS IR . 55 Y 48 b5 240 4 i, fifi
X2 3R e A I3k 7] 4 0 7 O 2 g TR M L THE
Firefly/Renilla % J 2% B} 15 14 LU AE, A NC mimics 41
RFEESEATIH— A BT

1.4 ZitE ] IBM SPSS 19. 0 5 {:43#7 , 3t
R x + s 3R, ZHATT R RIDIURE R 7 22
TR, #E— 2R H Bonferroni 35 5 LSD-1 ik 47
PR LLER . P<0. 05 MR A gt #E L.
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2.1 HHENRSHEAmIR2IRESE S8
20 LA, R R 2 B 2H 40 miR-21 F2 3K TH I (Pyonon=
0.0036) ; 51 20 Ho A%, miR-21 3 6 18 41 B 41 41
miR-21 Z 35 TF i (g, =0. 0003) , miR-21 11 il £H
B 2H 21 miR-21 32 ik BEAK (P, 0n0=0. 0009) ; miR-21
03] 2 5 miR-21 #10 # +MK-2206 21 5 41 41 miR-21
Rk 2R IGIFT L Py, nn=0. 874) o W1,

*1 HHAmMIR-21F[IELLE (x+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

2P<0. 05 vs Control group; *P<0. 05 vs model group.

2.2 BFHNREDEEIER24 h[REBEEE  Scr.
BUN Lb 8 S5xF M4 b, A4 24 h JREE (I 5E
i Ser . BUN ¥ 71 (P, o =0. 036.,0. 024.0. 045) ;
SRR L, miR-21 i R4 24 h JRE I E 2
Ser. BUN 3 7} & (Py0=0. 024 . 0. 030, 0. 027) ,
miR-21 ) il 41 24 h bR 2 [ % & | Ser, BUN 2 B 1I%
(Pynni=0.012.0. 018.0. 030) ; 5 miR-21 41 i 4H It
&, miR-21 411 +MK-2206 2H 24 h JR 5 11 & f& . Ser.,
BUN ¥ [% % (P,,....=0.021. 0.039. 0.015) .
W22,

2.3 FHAHENR'E AR Collagen 1, Collagen I .
o-SMA EHFIE  SXFIEY L, B A 4140
Collagen 1,Collagen Il .a-SMA & H #Z ik E (P,
o =0.039.0. 030, 0. 048) ; 5 A 4] [ 45, miR-21
1 IR 212 Collagen I, Collagen Il . a-SMA %5
FR BT (Pyy o =0.027.0. 033.0. 024) , miR-21
R 2H B 1R Collagen 1. Collagen Il .a-SMA #5143
IEHIFEAR (P, =0. 015.0. 021.,0. 012) ; 5 miR-21
P 2H FE %, miR-21 4101 ] +MK-2206 41 15 241 21 Colla-
gen I, Collagen Il ,a-SMA 25 1 LI FRAK (P, =
0.018.0.030.0.009), W3,

2.4 EHNREBHARETH HEROER, X
WEZH B /INBR G5 A8 52 5%, 6 40 1 8 RF T i B4, VT

£2 BABEIEIRILE (n=8,7ts)
Tab. 2 Comparison of renal function indicators

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

24 h urine
protein BUN
Group Ser (pmol/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"
overexpression
MiR-21 inhibition ~ 17.04+3. 19"  66.25+13. 09"  13.41+2. 95"
MiR-21 inhibition+ 9. 14+2.82"  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. 035 vs model group; "P<0. 05 vs
miR-21 inhibition group.
#3 £UAE'SAEL Collagen I, Collagen 1M,
a-SMA & 5 RiE LB (n=8 , Tts)
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 T Collagen III a—SMA
Control 0.21+0.04 0.09+0.01 0.11+0.03
Model 0.47+0.08% 0.37£0.04* 0.58x0.09"

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-2linhibitiortMK-2206 0.23+0.03" 0. 11+0.02" 0.090.01"
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.

/NG B 2R M HE S K S S Y R 2 SR A L
Jo b e 3515 326 i NS A s R0 1) B A D 48 12 4
IR B AT A AL el AR, A A% /N — o BRI
ANER TR I, 35 0 6 40 LG5 RE ARG L R A0 e 4%
JERE A AT /N B X PE R 0 e - AL Tl
ARG HR 53 Wk T , 18] 5T AT UL HCFE bk 0 At AR i 3, Jm okt
PRI B 2T 4 DR, A A e (0 B2 2 MR 4 . miR-21
it IR /RS F T IR S R ek AR
B A FEPZE T2 BN A o A
Wit Bd . MR TS RZH , miR-21 300740 2 9 34 2% Ak sk
B RBEIEF P Y SR, NE R A 2 1 R AR
P I G5 K ¥ AF . miR-21 411 + MK-2206 2H AV L
BP0 BRI B /INERAE A L, A O3] R I A4 i
A /NG L R A ML T T i A8 DL R TR M AU A
B BT AR IE 450 . WAL 1,
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A B

C D E

E1 SALARETHHEREER 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 BANRBHRATHNLIEE Masson JL iz
SR X B UL f W A AT A o A T /N ER R
JE R[] 57 JL P JC 21 4 Ak 5 155 B 20 ' /N Bk 2 1 DX A
B /NG S BB AT DL S e e € B IR TR s miR-21 2 4%
TR 8] 5T 50% LA - DX 3580 35088 €00 B I I 8% o 4
P /INERBE AL NS /N 2245 s miR-21 306 41 27 2k
FLRE A T F miR-21 35 2638240 22 6], S 30 AR
W 43 A7 s miR-21 P 4fl +MK-2206 414X WL 4% )
LT Aedl, IR F B A T A T L. LR 2

2.6 FHENRSHLPTEN E B RIiEZR p-AKT/
AKT.p-mTOR/mTOR Lt 8 5% B4 b, #5878
41 PTEN 2 4 % ik F# 1K (Py,00,=0. 030) , p-AKT/
AKT. p-mTOR/mTOR ¥ F+ & (P .,=0. 024,
0.036) ; SRLAEIZH 1AL, miR-21 1 k4 PTEN & [
% 35 [ % (Py,000=0. 018) , p-AKT/AKT . p-mTOR/
mTOR 4 T+ 5 (Py, 0 =0. 027 .0. 021) ; Ifij miR-21 41
il 20 PTEN £ 11 32 35 T+ 8 (Py, 0 =0. 012) , p-AKT/
AKT. p-mTOR/mTOR ] F& MK (P 00n=0. 015,
0.009) ; 5 miR-21 #l il 41 %5, miR-21 #1J il +MK-
2206 4 p-AKT/AKT . p-mTOR/mTOR 3 A% (P, o
=0. 030.0. 024) , PTEN & [1 3831k 22 F G127 5 5
(Pyoionen=0. 630) . WLF 4,

2.7 MWKHZEESZIIIE miR-21 5 PTEN H2E 5
%% 5PTEN-WT + NC mimics 41 [t %, PTEN-WT
+ miR-21 mimics ZH A0 X 2¢ ' 2 il 1 PR AR (LSD-1=
10. 078, P<0.001) , 3¢ B miR-21 i i 45 & PTEN [
3'UTR B HIHZE 35 . PTEN-WT + NC mimics 21
HIPTEN-MUT + miR-21 mimics ZH f8 A0 X} 9¢ 5 2 il

A B

£4 HBABMHLAPTENEARIEREp-AKT/AKT,
p-mTOR/mMTOR LE%E (=8, ¥+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, ¥+s)

p-mTOR/
Group PTEN p-AKT/AKT
mTOR
Control 0.97+0. 12 0.11£0.02  0.190. 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*
OVGIGXPT(‘:SSIOH
MiR-21 inhibition 0.45+0.07*  0.24+0.03*  0.25+0.04"
MiR-21 inhibition + . .
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.
W RIS B L (P>0.05) , %14 24 PTEN
3'UTR M miR-21 45 & s 9 42 J5 , miR-21 mimics
XT8N 2R W 4 A A FH 52 4 2% L 1IERH miR-21
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C D E

B2 'SALTHLTEE Masson & E x100

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.
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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

2P<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
Qi Jiao, Xu Shanshan, Qi Qige, Meng Yan, Zhao Jianrong, Zhang Liying

(Department of Nephrology , Affiliated Hospital of Inner Mongolia Medical University , Hohhot

Objective

010050)

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 uL, 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 III, 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, Ser, BUN, and renal tissue expression of collagen I, collagen III, 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 I, collagen III, 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 (P>0.05). HE and Masson staining showed normal kidney
structure and almost no fibrosis in the control group. The model group exhibited glomerular enlargement, capillary
loop adhesion, and focal fibrosis. The miR-21 overexpression group showed severe destruction of glomerular struc-
ture, accompanied by extensive fibrosis and renal tubular atrophy. The pathological changes and degree of fibrosis
were alleviated in the miR-21 inhibition group. The miR-21 inhibition + MK-2206 group showed only mild patho-
logical changes and mild fibrosis, with the interstitium being largely normal. Compared with PTEN-WT + NC mim-
ics 1, the relative luciferase activity in the PTEN-WT + miR-21 mimics group decreased (P<0.001). There was
no statistically significant difference in relative luciferase activity between PTEN-WT + NC mimics group and
PTEN-MUT + miR-21 mimics group (P>0.05). 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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