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miR-21 B[] PTEN/AKT/mTOR BHH%E /MR8 B AL KPLHIHT R
W VR HIA% & 2 RER KN
(WEEERCEEER S AR IEAEEE 010050)

WE B W7 miR-21 ¥ IR 5 5K ) 8 A RVEY) (PTEND /22 ¥ B (AKT)
MRV HERIEE T (mTOR) B /N RIS TE B AR 4L L] . Tidk 32 gt
BN BB R . miR-21 1 A . miR-21 4. miR-21 #H] +MK-2206
M8 W, K 8 FUEEE/NRAIANT IR . miR-21 3L FRIEH . miR-21 #HI4. miR-21 #0414+
MK-2206 4 BKER 18T (50 uL, B3 1x108 TU) , & 1k, &EL:3 F. R,
PR VTS5 B S 3A (LV-NC) » miR-21 #Ii]+MK-2206 4L [A 75 % H AKT/mTOR ifi#%
I MK-2206 480 mg/kg, &/ 1%, L3 . HWEREH miR-21 FRik, 24 h JREHE
&, MALE (Ser) . MJREZR (BUN) , 'HBHL I K FEEH (Collagen 1) I JH
1 (Collagen 1) « a-FIENNEIE A (a-SMA) . PTEN & [AHKiE K p-AKT/AKT. p-
mTOR/mTOR; HE He W15 B LH AU PSR, Masson e (U 52 B 2 ZRAF AR FE . WOk
FEFSLIOIOE miR-21 5 PTEN (HERI KR 4R SHEAAHE, miR-21 W FKIAH K HL
miR-21 KIAF+HE (P<0.05) , miR-21 #HI4H EHL miR-21 RIEFFK (P<0.05) . 5B
Fb, miR-21 I 3RA4 24 h JREHE & Scrv BUN, B4 Collagen I. Collagen IIl. a-
SMA FEARIE¥THE (P<0.05) , 1 miR-21 #IHIAHBIFEML (P<0.05) ; 5 miR-21 i)
LB, miR-21 #]+MK-2206 4 24 h JREEFHE & Scr. BUN, B 414 CollagenI. Collagen
I, a-SMA FEHREHFL (P<0.05) . SERBAE, miR-21 d%E4H PTEN HEEKIA
B (P<0.05) , p-AKT/AKT. p-mTOR/mTOR J}7& (P<0.05) ; miR-21 #I|4H PTEN &
FiETHE (P<0.05) , p-AKT/AKT. p-mTOR/mTOR ¥JFEML (P<0.05) ; 5 miR-21 ##i41
Eb%, miR-21 %] +MK-2206 2 p-AKT/AKT. p-mTOR/mTOR ¥Jf#{% (P<0.05) , PTEN
RARIKZER TG H#E X (P>0.05) o HE Fl Masson 4 For, SHEH B AFZHIIER, JL
SFICEFYEA: LA IR INERIE O BN PR T SR A ML AL miR-21 i RIA L
B NEREERPEERIR, PR IZ PR INVE AR miR-21 H 40 AR (AR R

E: 1M miR-21 #i] +MK-2206 4AX WAL WOREESUR AR FE LR 4k, RIEARIER . 5

REEWHH: HxHRBAEETH (45 81960143) , WEEH HEXEHLHRITH (45
2022YFSH0087) , WZEHHIEX HARZEETH (4'5: 2022MS08063 .
2025QN08029)
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PTEN-WT + NC mimics 214, PTEN-WT + miR-21 mimics ZEAH X 5% % 25 Bl 3% 1 FAAIG
(P<0.001) , PTEN-WT + NC mimics 2L PTEN-MUT + miR-21 mimics ZHAH% 5 % Z i i&
HERLSG i FE X (P>0.05) . &% miR-21 A FEi@E S E 4 PTEN 3 11 471 %1
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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

010050)

Abstract Objective To investigate the mechanism through which miR-21 improves chronic renal
fibrosis in 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 divided into four groups (#=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 overexpression, miR-21
inhibition, and miR-21 inhibition + MK-2206 groups received tail-vein injections of lentivirus (50
pL, 1x108 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 (Scr),
blood urea nitrogen (BUN), and renal tissue levels of collagen I, collagen 111, 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 expression in renal tissue increased in the miR-21 overexpression group (P<0.05)
and decreased in the miR-21 inhibition 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 III, and a-SMA (all P<0.05), while these indicators decreased in
the miR-21 inhibition group (all 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 structure, 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 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
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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18 1 B 1) R R AE I 4R 1 LAAEAE 6.8% I BER I, Ll g A\ S A 35 =
RAFW. B YR B it e 2 LR WA O BARFAE R, I R e R INME 5 M
iy, HrhpReEs 55Kk 1 A FVEY (phosphatase and tensin homolog, PTEN) 413K
H 8§ B (protein kinase B, AKT) /i 3,347 7 1152 Z 4L 25 H (mammalian target of rapamycin,
mTOR) @2 K3k IEFH 7L ERE4, /N RNA (microRNA, miRNA) -21 fEZF#E
B YRR T 2 IR AR, BE TR O U ET 4R A B G AL, SCRERD I T R 40
1, PRI RS ANF R S S 5 4 RIE N . A5 B2 T E 7R PTEN mRNA
1 3HERIREIX (3'UTR) [XAAAE miR-21 MM FESS &40, 1 PTEN /E24 AKT/mTOR JEE% )
SR, HERIAKF O W] R BRI BN b B R oy A EERR SOl (HILAT R AL
R B miR-21 &R IEEE 4% PTEN /% AKT/mTOR @K Z 5B A 4ELitie . AT
FeE /N BRAB M B AR 4E LI, 63IF miR-21 X PTEN/AKT/mTOR {55 38 % #8145

YERT, DA B A A WL A% TR P21 W A A0 b O R SR BB L A
1 MRS
1.1 £ R4 &R

1 43 X SPF 2 8 JEWHEME CSTBL/6 /N, M & 20~25 g, W H ALt DR AE Y RH:
HIRAF, AF=HAIES: SCXK (5) 2024-0016. 1H7#T SPF 438, A (22+2) °C,
FHXIRSE 55%+10%- 12 h/12 h IS AE B J 1] R A& B PERR SR 1, B B POKIRE - HEK293T
2t R0 9 5 ] A P O 0o o A TESRAS P B8 R R B I B 1 B R 3 At E (AL 5

Y.2024068) .
1.2 EEFEFIAGEE

EAT miR-21 HHUIISR 5 . 77 miR-21 $M#F 1858, B B S PR R R
ARAF AR AKT/mTOR 3B 7] MK-2206 (555 : HY-10358) W H 35[E MCE A 7;
MALEF (serum creatinine, Scr) . Ifil JKZE%( (blood urea nitrogen, BUN) (f%%5: KL-Scr-04.

KL-BUN-04) A5 G0 B b BB ZE VIR AT BR 24 7] 5 S Bl e s R 5 i e

(quantitative reverse transcription polymerase chain reaction, qRT-PCR) 7l f. HE iR



&5+ Masson YeEid )& ($85: 170-8890. 161-0403. 161-0437) 4 H 3% [F Bio-Rad /A #;

H OGS (T P0006) M H FgHE = RAEMHEHABRAF: wmpi 1 BREEA
(collagen type I, Collagen ID AR JFEEH (collagen type III, Collagen I  a-*FiE L
WzIE&E A (a-smooth muscle actin, a-SMA) . PTEN. p-AKT. AKT. p-mTOR. mTOR (%
F: ab7778. ab7778. ab5694. ab32199. ab38449. ab8805. ab109268. ab2732) —HillH
FK[E Abcam A F]; BIRITHAMYIEE (horseradish peroxidase, HRP) Fric /MR —Ht (17

F: JM-HRP-MO11) A H F#EAEIERE E LGB AR A,

SPARK 10M Fg#riX 0 H ¥+ Tecan A &]; CFX96 Touch PCR {X. PowerPac Basic Hik
1%+ ChemiDoc MP ¥t 4 2400 H 2% [# Bio-Rad 24 7); DMi8 13| B S /4sE M B 1% [E Leica

Microsystems ‘A 7]
1.3 HiE
13.1 RS ERETGE

M2 5/6 B UIRAR /N RIS L BRI, RETZE ALK 4~6 h, TR MIEHH
L . METES 24N 50 mg/kg, FARDPIMIEET. © H—HFAR: HOVIER
o AMEMLEE /N, YR AT EEESS 1 om AAEMNEYIHZ) 1.5 cm, Bl
Ve BN HGINTHRULA, e /oS K BIRE . AR T M e, BE 6
fito HY 6-0 L2 ZRE53L/E 'S LA IR 7332, DR IR 1/3 B AL . R By Y
BREGFLIXIRAM B B R RALL (L 2/3 (AR, CREF I 173 AL, At Tl W] R4 1k
i, G RARRE . ) 5-0 AIMRIRGEREE G ILNZ, 4-0 240585 Bk, DRET
37 CINRE Ty, TR R, RS ERAMPUERMTOK. @ BT R (RE
7d) : FEEVIERAF . BRIFDT R, IFEMEE, AR 9 L. AT EEHESS 1om
WA EIDI A2 1.5 em, 73 ESULAZE AR, BB R EW . 1 6-0 Z8WES LA
EHERIKAA RS o R S5 FLERT i BY W7 I A PR, e BB AT . BB B P IR RIRIRER 2%
PR — . RJEH AR 4 4 LAE IR L4l . EBRIIFRHE: Scr A BUN Hfi

ANERTHE 1.5~2 £ 0L F, 24 h JREE A8 EA F>50~100 mg/24 h BUREEE T 2~3 15Dl F
132 SERGHAKREE

35 HUNR A 32 R, BENL NI . miR-21 L%k 4. miR-21 #4#]4H . miR-



21 #0if +MK-2206 4% 8 W, K 8 RAEH/N A A AL miR-21 1 FRIE4L . miR-21
. miR-21 #] +MK-2206 2L R ke S 45 15 15 45 1% 3 3h 7B Nphs1 J5 3+ BI85
B (50 L, B H/PME 1x108TU) , miR-21 i FIAZHF 5 012955 2645517 miR-21 B4, miR-
21 f0HI4. miR-21 ] +MK-2206 AVEH FIRFHFEIE W miR-21 0617, A 1k, 8
3 . WHHRA. BERVAVEF SRS A (LV-NC) « miR-21 #fi]+MK-2206 41 [Fi 55 # 5
MK-2206 480 mg/kgl®!, 4 J& 1 ¥, H4E: 3 J& T FriE A%t Nphsl B30 TR T nephrin
DR, REAE ' /NER G Ry Ve IR Sh HE R Ak, i 455 2 MR e R SR R S B
B, DR ORI BAESOR, HOR miR-21 IR T B AEZHZR, A s
SFR S0 YR S AR R T SE A o /N SR 20 U 5 R BB S AP BN o] 5 TR L, ST BT
SRR, W m BT RV, R, EArEE. HEkEE 1
BRI ARDT, B ENE, BEB RSN, FARRL BT AR BT W S R R A
SR BT . BB N T8 1) A B 8K B PBS RS, EBRFE MMM . FHER]

JI e VII B AR I B o B A By 443, a4 473 B S o o g NP, — IR E TR
H, IR 4% PR RS, 4 °ClHE 24 h.

1.3.3 ¢RT-PCR R J'EFAHR miR-21 Ti&

B SRR B 2 LT 2038, SR TRIzol #:#2HUE RNA, £ NanoDrop 46iiE RNA 4fi
B R ek, AT B (16°C 30min, 42°C30min, 85°C5min) , ¥ miR-21 4551k
W15 S RNA 45656 cDNA. qPCR #3 I {iH SYBR Green £ %, 3L 20 pL, SYBR
Green Master Mix 10 pL, cDNA A 2 pL (Fike 10 55 181D, M54 0.5 uL(10 pmol/L),
A M5 0.5 uL (10 umol/L) , RNase-free HoO 7 uL. ¥ H#4F2/7: T tE: 95°C 5 min,
fEIR 40 I: 95°C10s, 60°C30s CRERN) , MfRMiZHr: 60°C, 95°C, % 0.5°CH
1 &R . F 228CT i+ B miR-21 F* & /K F . miR-21 Forward Primer : 5'-
TAGCTTATCAGACTGATGTTG-3', Reverse Primer: 5'-GTGCAGGGTCCGAGGTATT-3'; U6
snRNA Forward Primer : 5-CTCGCTTCGGCAGCACA-3" , Reverse Primer : 5'-

AACGCTTCACGAATTTGCGT-3',
1.3.4 'BIjRefatrtai

BN R E A E T, KA IRIRIEEZE B, FFSE 24 h, B W RiE AN 285 L
R . K28 =i vk 24 h JRE A . JRZIJRIE, 3 000 r/min 250 10 min £ RUTE,



B EGE, HalAE Ui e, A 595 nm AEOBRE, HIEAMHERIZ . JREEE S E (mg/24
h) =REAWKE (mg/mL) xRBAER (mL) o RO ZFEREUL 1.5 mL, &% 30 min
J&, 3000 r/min 2.0 15min, HUMIE. ZLEHERN Scr, EREBBGERN BUN, ARIHAFN &

R LEE (o
1.3.5 'E4% Collagen I. Collagen III. a-SMA & A RSN

BB RS A, WEEE TS5 )5 N RIPA 24, UK B2 30 min. 4 °C 12 000
r/min 250> 15 min, HUEIEHR N E FRE . Bl 10% SDS-PAGE 73 B8, 5%ik4ie, &L
FE 50 pg BB, Marker fEAZM, 80 V HHRIRAAR, 120 V 7B, ZIRM I BIA K
. PVDF JEETiE4L, 300 mA HFFEE 90 min. 5%BAEA- 0 =iEE A 1 h, IR
CollagenI (1 :1000) . CollagenIII (1 :800) . a-SMA (1:2000) —Ji, 4°CHFHE LR
BN HRP Fric i/ =40 (1150000 , =EFFE 1 he M ECL A ROGAF R, #E

% R GRS S - Image) S HT 46 K (L, UL GAPDH AW S it HAMNTRIE R
1.3.6 HE 3o 8215 H IR

4% ih 22 R B ORI R A, PR CREBK. —HEN . AR, 1)
FO 4 pm TR T8 o Gl R BIEIRE R OB ROK, IR AR Bk 10
min, FERMGEE L 1%E0R OBE . ZUKIRE, AR 3 min, Bt )5 V1A
G OREBK. —HEEWRE R, BT IERE AL

1.3.7 Masson JeE W82 B0 A SRR

WCARSY R, GeCuni 2 — WER S Sk B2 CRE K, IR Weigert k75 A 3 L4 il i
10 min, FKMPEREIG, WHRLL-BRIE S ZLR S A B UL 4E 10 min, LA 1%BEEHIR 7>
WARR SR RSy, R R R ARG B IR AT 4E S min: /K B J5 Th PR Rt B T OERET
UL o

1.3.8 BHZ PTEN. p-AKT. AKT. p-mTOR. mTOR FEHZFEARM
AP RIS D, 2. EAE. FIREP IR 1.3.5. 5%Bila 492 imds i 1h,
IEANGHUE PTEN (1110000 . p-AKT (1 :1000) « AKT (1:1000) . p-mTOR (1 : 1

000) « mTOR (1 :1000) —#i, 4°CiE LA . A HRP Frid =i/ Pt (12 5000) ,

FFFHE 1he MA ECL AL #ROGIRARFE, B RIE RGERESE T . Imagel 73 M1 561 K



i, LA GAPDH AW ZiHHEAHXN KL E.
1.3.9 XRGEREEZWHIE miR-21 5 PTEN HIEERCR

PRI AT (WT) &M, ¥ PTEN 2EF 3'UTR &H miR-21 T ZS &A1 U1 751
TOFE R pmirGLO XL R A #ikd (4~ pmirGLO-PTEN-WT) , RAER (MUT)
A5 B I E SR EORAEIR miR-21 45 &AL A7 41, #4% pmirGLO-PTEN-MUT
BARAE R PIPEXT R A A HEK293T 40l & , 73 70l 35 %% 4% pmirGLO-PTEN-WT + miR-21 mimics
(K4l miR-21 3L &%) + pmirGLO-PTEN-WT + miRNA BPEXFH# (NC mimics) + pmirGLO-
PTEN-MUT + miR-21 mimics, tHG4HEEUOEEM (renilla luciferase, hRluc) 1EAIH—1k
WZ, WHNNSHTIRA. Y 48 h S 24NN, A FH XU 2 B A I k7] £l 52 ¢ e R
WG, T Firefly/Renilla 78 Y6 2 BEEELLAE, LA NC mimics 20 #ESATIH—40 50 M7 o

14 GiitFaE

FH IBM SPSS 19.0 B, 1HEERLLX £ Fon, SREARTFEZRE LR ZE T 25
MrA S, 33 —25 K Bonferroni y2: 58 LSD- £ 3EAT PG EL#E . P<0.05 NZERA Fiit 22 o

2 #R
2.1 FHPREHHA miR-21 FEEER

EXﬂ‘zﬂﬁéﬂ Hﬁiﬁy ﬁiﬂiﬂ'%éﬂéﬂ m1R-21 %iﬂ% (PBonferroni:0.0036) 5 E*E@éﬂttiﬁy
miR-21 TR IAEHE AR miR-21 KIATHE (Pronferroni<0.0003) , miR-21 i 418 202 miR-
21 FIEFEME (Poonferroni=0.0009) 5 miR-21 #ifi|Z4H 5 miR-21 i +MK-2206 25 412X miR-

21 RKIEZEFR LG5 L (Pponferroni=0.874) « W3 1.
£ 1 &4 miR-21 TEHE (X*S)

Tab. 1 Comparison of miR-21 expression in each group

Group n  miR-21 expression

Control 8 1.00+0.05

Model 8 2.09+0.374




MiR-21 overexpression 8

MiR-21 inhibition 8

MiR-21 inhibition + MK-2206 8

F value

P value

5.34+0.78"%

1.02+0.04%

1.02+0.03

187.129

<0.001

AP<0.05 vs Control group; *P<0.05 vs model group.

22 BHPMRBEThEEIRIS 24 h REAEE. Ser BUN BB

iR b, BRI 24 h JREFE R Scrs BUN BF 5 (Phonterroni=0.036+ 0.024.

0.045); S5 Ehas, miR-21 1 F A4 24 h R 2 A € & . Scr« BUN #) 7+ 55 ( Pronferroni=0.024 1

0.030. 0.027) , miR-21 #H|4H 24 h JRE I E = Scrs BUN YL (Poonterroni=0.012+ 0.018-

0.030) ; 5 miR-21 M4 EL#E, miR-21 #]+MK-2206 2H 24 h JRE A E & Scrw BUN 1

IS%TEE (PBonfeerni:0.0zl\ 0.039\ 0.015) o Jlll;%% 20

x2

ZHBF R (n=8, X£5S)

Tab.2 Comparison of renal function indicators in each group (n=8, X £8S)

Group 24-hour urine protein Scr (umol/L) BUN (mmol/L)

quantification

(mg/24 h)

Control 4.57+0.81 35.49+5.06 6.02+1.07
Model 39.87+6.134 100.36+£18.854 17.69+3.312
MiR-21 overexpression 48.55+8.94% 126.68+23.44% 22.19+4.15%
MiR-21 inhibition 17.04+3.19% 66.25+13.09% 13.414£2.95%
MiR-21 inhibition+MK-2206 9.144+2.82" 40.22+7.14" 8.12+1.53"
F value 110.152 53.388 44.089




P value <0.001 <0.001 <0.001

AP<0.05 vs Control group; #P<0.05 vs model group; “P<0.05 vs miR-21 inhibition group.
2.3 FHHNRIEHL Collagen I. Collagen III. a-SMA FEHFRIA

XA kg, BAHE 42 Collagen 1. Collagen . a-SMA & [ RA T &E

( Pponferroni=0.039 0.030- 0.048) ; S5 41 LL 4%, miR-21 i Rk 45 2H 4 Collagen 1. Collagen
M. 0-SMA % AR IE T E (Ponferroni=0.027+ 0.033+ 0.024) , miR-21 Il ZH & 22 Collagen
I. CollagenIll. a-SMA HHFEHFEIL (Pponferron=0.015+ 0.021. 0.012) ; 5 miR-21 i
A ELRE, miR-21 #IH]+MK-2206 415 2141 Collagen 1. Collagen Il o-SMA & [ R i FEAIK

(PBonferroniZO.Olg\ 0030\ 0.009) o mi‘% 30
R 3 RHABAL Collagen I. Collagen III. a-SMA FEHRALE (X+5)

Tab. 3 Comparison of protein expressions of Collagen I, Collagen III and a-SMA in renal

tissues ineach group (X =*S)

Group n Collagen I Collagen III a-SMA
Control 8 0.21+0.04 0.09+0.01 0.11+0.03
Model 8 0.47+0.084 0.37+0.044 0.58+0.094

MiR-21 overexpression 8 0.69+0.13" 0.54+0.06" 0.73+0.12"

MiR-21 inhibition 8 0.31+0.04" 0.22+0.04" 0.31£0.04*
MiR-21 inhibition + 8 0.23+0.03" 0.11+0.02" 0.09+0.01"
MK-2206

F value 58.569 196.329 128.733
P value <0.001 <0.001 <0.001

4P<0.05 vs Control group; *P<0.05 vs model group; “P<0.05 vs miR-21 inhibition group.
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BRI, BIARGEE, MTUR Y50, S il NE SRR, 55T R D0 2 PR 40 i i =
LFYEEUE, AUMAZ NS — o R B NERIR B R, R AN RERNIE, R4
JFERE A, S0 N DA b R A AL, RER Zks 20 I TRDJ5E T DL BCZE Ak L A R
W, R IR A AEDTAR , RO RZ G (51 5 L VR 4 - miR-21 1 FTA2H B /N BR&E5 Fy P FL AR
EPHRECE, BAMAREAIE, |2 B /NE S, 5 A AL AL R TR,
miR-21 bR, RBEER Y 3k, N LR AR, R L
A7 . miR-21 #H]+MK-2206 A WEGR FLCE , B /NEREE R 7 0, ) 2R R4 B K A=
NEE T R R K, A B RV SR AR P o R BR AR I A . W 1.

B 1 EHSRERL HE FEE <100
Fig. 1 HE-stained section of renal tissue showing pathological changes =100
A: Control group; B: Model group; C: MiR-21 overexpression group; D: MiR-21 inhibition group;

E: MiR-21 inhibition + MK-2206 group.

25 BHPMRBARTENERE

Masson Qe85 5L R, o HEZHAN WL/ & 06 4R 4k 0 A T B /N BRI IR, )5t J LT TG 4F
YEfl s BB /BRI DR /N JE TP D S ) PR 0 B SR TR s miR-21 3 35 2H 18] it
50% A DX A5l S50 W S SR I 4 o4k, PR /N BRBE AL AN /NS4 miR-21 ik 2 47 4
WAEFEA TR miR-21 i FRIBH 2 6], IR U5 70 A s miR-21 #] +MK-
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Fig. 2 Masson-stained section showing the degree of renal fibrosis =100

A: Control group; B: Model group; C: MiR-21 overexpression group; D: MiR-21 inhibition group;

E: MiR-21 inhibition + MK-2206 group.

2.6 FHHNRBFHLE PTEN BEERIEK p-AKT/AKT. p-mTOR/mTOR L

XA, BIMA PTEN & HRIEFFMK (Poonferroni=0.030) , p-AKT/AKT. p-
mTOR/MTOR #1751 (Pponferroni=0.024+ 0.036) 5 HHAIZ LL#E, miR-21 i FIAZ PTEN &
1 35 FEK CPRonferroni=0.018) , p-AKT/AK T p-mTOR/mTOR 37175 ( Pponferroni=0.027.0.021);
T miR-21 i 41 PTEN & FRIEF R (Psonferroni=0.012) , p-AKT/AKT. p-mTOR/mTOR #]
FEAK C PBonferroni=0.015+0.009 )5 5 miR-21 1| 41 EL#5, miR-211 #)1i1] +MK-2206 21 p-AKT/AKT
p-mTOR/MTOR % P& ( Poonferron=0.030+ 0.024) , PTEN EHH XX ZER LS5 X

(PBonferroni:O-630) ° y_ll_x% 4,
* 4 BHBEHLR PTEN BEARIE K p-AKT/AKT. p-mTOR/mTOR HE (X *5)

Tab.4 Expression of PTEN protein and comparison of p-AKT/AKT and p-mTOR/mTOR



in renal tissues in each group (X *S)

Group n PTEN p-AKT/AKT ~ p-mTOR/mTOR
Control 8 0.97+0.12 0.11+0.02 0.19+0.03
Model 8 0.31£0.042 0.59+0.112 0.57+0.092
MiR-21 overexpression 8 0.16+0.03" 0.68+0.07* 0.67+0.11%
MiR-21 inhibition 8 0.45+0.07* 0.24+0.03* 0.25+0.04%
MiR-21 inhibition + MK-2206 8 0.46+0.06 0.10+0.02" 0.19+0.03"

F value 146.535 159.636 88.610

P value <0.001 <0.001 <0.001

4P<0.05 vs Control group; #P<0.05 vs model group; “P<0.05 vs miR-21 inhibition group.
2.7 MRHRWELLIIE miR-21 5 PTEN fIFEFSCR

5 PTEN-WT + NC mimics ZHH#, PTEN-WT + miR-21 mimics ZHAH X} 5¢ )it ST 1 %
fit (LSD-=10.078, P<0.001) , i miR-21 il 454 PTEN [ 3'UTR BELEMHIHLRIA,
PTEN-WT + NC mimics 41 f1 PTEN-MUT + miR-21 mimics ZH [IHI%F 5% % R B IS 1 2% R L4
TR (P>0.05) , R PTEN 3'UTR /) miR-21 45647 i 584% 5, miR-21 mimics %}
PG RBEE PERIIHIE I 52 4 2%, TEM] miR-21 (IFI KT PTEN 3'UTR 45 S48 &
AL . miR-21 I8 HH R 454 PTEN 21K 3'UTR (W4E€ /751, #f PTEN f1RiLE. WK

3. & 5. B3R T miR-21 el BLEE HAR 45 & %5 PTEN £ 3'UTR _EAITRINAL 5

B3 MREREER

Fig. 3 Dual-luciferase assay



£S5 MRAEHERER ( x)

Tab. 5 The results of dual-luciferase assay

Group n Relative Iuciferase activity
PTEN-WT + NC mimics 5 1.00+0.12
PTEN-WT + miR-21 mimics 5 0.35+0.082
PTEN-MUT + miR-21 mimics 5 0.92+0.10

Fvalue 61.185

P value <0.001

4P<0.05 vs Control group 1.
3 Wig

T B9 £ At 2 i BTS2 SR KT PR A, A Lo Rp AR B S AT 1
BRI S D RE LA AT e RO, 2R Aidl— BLEfR R, %A T T B AR Bk 4G
R 22 () ) 5 P RS S RS IR AR AR R AT PR 2 B ARSI 7 55 7K 2R e 4 BT 77/
I KRR AEPURISR LG IAE LR B T RETEIR, (HT RO, W2 A B3 S AR BT
AN — T 2 TR A R e s AR L, RITCIRIS R CIR B 1R S AT 4R .
PRIk, TREAEHE A RINEITE R, BONBR S LR i ia T IR R iE D) =5 K .

ARG, SXHRAL L, A S AL miR-21 KikTHE, HEHAA R, miR-21
i RIRH 24 h JREEF E . Scre BUN K44 Collagen I. Collagen I, a-SMA & [H KA
BT, miR-21 I FIRFRARIIPEAC, R miR-21 7EME B B LT 4 1b e (e R
PO R IA W] UGS F ThRE I B 4P 461k . miR-21 fEIEF A RERIE, (HIEJRE. LF4E4bAn
Johop S RS T S R, OB 45 4 U] mRNA [ 3'-UTR, $0H HBH PRS2 it P A
TR AN PIEEE . AT F4EALAT 28 E I N 02140, Kim et al ST H, miR-21 7815 £F- 44k
TSR /N LR XA 3 B, A IR 48 S AR B AR A R A R SRR AR R I
A EVENIRITHE



PTEN el B NERBEAL B /N b e A0 A T M A R I (AR 81, AN BELAS 41
Yitk, FEHUEITE AKT/mTOR {5 546 306, AKT 2 50 iE AR, Sman i d: KA
B, JFdid BoE mTORCH #2400 E Wk, 1 B W B AT 4R R AR RR RS . 38 0 AN AE BT e A
AEEES, AMRYE IR 4L . mTOR {5538 B A0 70 1B IR £ 4 fb b g B 24
HI, 753 R AE Ry e, 176 H 2% 3R BT mTOR {5 5 vl #i e AL AR TR - B0 155
SRR AR MBS, BRI B AT T 4E460 7). PTEN/AKT/mTOR 38 B ) 5 % it D E Se 5
TRAF A F R B HAR RIS . miR-21 38 I 45T Ve DR (i 0 240 A/ 56 o AR R P 4 4 440
T, HERHS S PTEN mRNA ) 3'UTR X4, i e, 33 PTEN & H&IEFLN
201, #il miR-21 APk PTEN ZE [FH/KF, PTEN {E RN IBEERES, W iEit iRk PIP3
i PIBK/AKT/mTOR % (RI3% , M3 s x5 i (1 S P e o A7 R, 5 miR-
21 fIIZHEEAL, miR-21 #] +MK-2206 418 hfefiabs . B 4ELE AR EWACERRL, H
miR-21 it FIA W] F#HK PTEN R [1RIiL, $#25 p-AKT/AKT. p-mTOR/mTOR, ifif miR-21 il
W RS R AE s WGBS R PTEN /& miR-21 FISEIEDR o A 708 4G miR-21
Fik. BIhBEIRIR. F4ELAREE A M PTEN/AKT/mTOR @8 THIAE, KRGk
7R T miR-21 i, PTEN Fik#fi]l. AKT/mTOR JBHFH ik BIEVIRIEIN. o-SMA
FIETHE . B IIRERAI B R SRR, O miR-21 FOfE LT Ak /R IR T 2 2 U 52060
.

AT /R T miR-21 @iL i PTEN-AKT/mTOR %75 & £F 44k (1 G E A, B
EE MRS . )T, miR-21 fEEFHL RGP RETHE, H5Ehasmu st
UEFERE IEAHDS, AR RIISW . BT AT B o6 ks &8 55— 71,
i miR-21 AR N E Thae SArdEtl, SORHAMENRITHN, 5 AKT/mTOR @)
BTN, AT RBP4 D FIPLAF 4 R . AR, %SRS A I PR T I kR, B &
B ERE ik R VPSR 22 A e R IR TE AR R AN T 10 e B 45 . ROR TR A JI R phix 2
W), HEB) miR-21 #1297 SRME AL R

25 FTA , miR-21 A AL ¥ [ 4% PTEN/AKT/mTOR ¥ 2038 /N BUIS 1 & ThRe Fa o,
VAR AT AR BE o ARARHIF T P A/ SRR R TV 56 4 B N A8 1 s 1) 52 21 P R 2
e, AT BRI T AF F0 45 SR AL . SRR BLINSE M )4 S50 B I PR R PR AR 7E, I el
PRIABS RIS IE miR-21 #L VAT 7E NG B i 83 v () e A MR 2k
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