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MZ : BA 4R MicroRNA-381 (miR-381) ifid ¥edyiflds KLF—4 ¥ B 4F et m 22 ok A2 09 4F A ALl .
Fik BB 2014 F 2 A—2017 F 12 AL A K FWET L ERKEE 6 106 0] B g F ; 2 REAHZR
i Btk A 100 BIAE A sh B2, KA microRNA ( miRNA ) ¥e ik B 448 & i ik th miR—381 # £ e 3k B KLF—4
AR 3 R E ERHEATINGE ; AR AR T RAIE AN (qQRT-PCR ) #n] K 4F £ & i miR—381, H
NRKA49F 28 L4 A miR =381 28 \NC 28 Ang [l 212 = G 48, 4% ] qRT—PCR F= Western blotting #2] miR —381 £,
NC 4L ¥ KLF—4 #3iA T4 ; 42 qQRT-PCR #:1 miR—381 204e NC 419 % A 54 40 B -F mRNA &2 T,
ot Ang Il 40402 G 404008 F miR—381 &2 T4, miR—381 21, NC 8% Ang 1484008 F o —SMA £k T,
o R A A M HIPE A (UUO ) 28, UUO+miR—381 ZLEARF R4, #0 UUO AffiF R R
BAE2E 28 miR—381 &k T, JH4E A Masson £ &L miR—381 *F B 4F b eg 15 R, Z58R  qRT-PCR £ R
BR, BAgEE E miR-381 AR K KT R4 (P<0.05), A5 NC 28, miR-381 41§ 440 T
a—SMA. CTGF, COL1A1 % COL3A1 mRNA #84} % ik & %A% (P <0.05) ; Ang Il )3 NRKA49F %8 L), 48
Yo G20 miR—381 AAxTF A AR, M Ang 120 o —SMA 838 £k 9%, i A& miR—381 /& o —SMA 485+
FkFHAK(P <0.05 ), KLF—4 & miR—381 ¥k Bl ,miR —381 7T vA §i 4% KLF—4 mRNA F2 % & 8 & 35( P <0.05 ),
UUO 28 BB IELR L2 miR —381 AR F ik K TS K4, A9t UUO 20, UUO+miR—381 41 'F-4F 4ifL R 3%,
By, MRS EFAARE Y, COL1A1 A= COL3AT mRNA A8x &k AL (P <0.05), 45 miR—381 it 4y
#) KLE—4 30 B4 et ey KR A2, T RE R A B 4F AL 7 28 I7 9 AT ¥ 5

K . BB d44L ; microRNA ; 40 5 857
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MiR-381 regulates the development of renal fibrosis via KLF-4

Li-cheng Wang, Xian-duo Li, Dong-dong Chen, Guan-bao Tang, Tong-yi Men
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Abstract: Objective To study the inhibitory effect of miR-381 on the pathological process of renal fibrosis by
targeting KLF-4. Methods The potential target gene KLF-4 of miR-381 was screened out from the microRNA target
gene database and verified with luciferase. The expression level of miR-381 in serum of patients with renal fibrosis
and healthy controls was respectively detected by qRT-PCR. NRK49F cells were divided into miR-381 transfection
group, NC group, Ang Il group and blank control group. The expression of KLF-4 in miR-381 transfection group
and NC group was determined by qRT-PCR and Western blotting, and qRT-PCR was used to explore the mRNA
expression of multiple renal fibrogenic factors in miR-381 transfection group and NC group. Ang Il was then used

to stimulate the cells in the first three groups, and the expression changes of miR-381 in the Ang I group and the
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blank control group were detected, and we also investigated the alteration of a-SMA expression in the miR-381
transfection group, NC group and Ang Il group after the stimulation of Ang Il . Mice were randomly divided into
UUO + miR-381 group, UUO group and sham group. The expression of miR-381 in the renal tissues of the UUO
group and sham group was detected and the effects of miR-381 on renal fibrosis were observed morphologically by
Masson staining. Results The results of qRT-PCR showed that the expression level of miR-381 in the serum of
patients with renal fibrosis was lower than that in the healthy control group (P < 0.05). Compared with the NC group,
mRNA expressions of renal fibrogenic factors a-SMA, CTGF, COL1A1 and COL3A1 in the miR-381 transfection
group were reduced to different degrees (P < 0.05). After the stimulation of Ang Il on NRK49F cells, the expression
of miR-381 was significantly lower than that of the blank control group, while the expression level of a-SMA
increased in the Ang Il group but decreased after overexpression of miR-381 (P < 0.05). KLF-4 was the target gene
of miR-381, and miR-381 could negatively regulate the expression of KLF-4 mRNA and protein (P < 0.05). The
renal expression level of miR-381 in UUO group was lower than that in the sham group. Compared with the UUO
group, the renal fibrosis area and extracellular matrix deposition in the UUO + miR-381 group were declined, and the

expression levels of COL1A1 and COL3A1 mRNA were decreased. Conclusions MiR-381 may be a new target for

the diagnosis and treatment of renal fibrosis by inhibiting the development of renal fibrosis via KLF-4.
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F ) I 2T 4 Ak 2 25 A 1 B 0 g 2 R i 17
[l et /. PRUE/INE BB - Rl BT, Ew
LS R HE AH AP IE R (extracellular matrix, ECM ) &
fRo KLF-4 i R Aip -5 - [ B fb, s
B eF e K SR ' 5T & B, MicroRNA( miRNA )
AR A R A A )2 E D RE Y JE B
BEH N AR B IR HT miR-381 55 KLF-4 7F &1
el R R AR G R, 2 MRy T B A ik
SR RIS 7 ) .

1 #ERSAEE

1.1 —HR&ER

PEHL 2014 4F 2 H—2017 4F 12 H 11 & K2R
T L EEBECR Y 106 BB LR difb i, Horp, Bk
59 ], Ltk 47 B 5 SFIAERE (53.42+12.15) %, v
R TCIA PR FRIERGL | WE PRI PO R o ISR R
ABEfR R 100 F1E R RRZ . o, 554 50 41,
P 50 B 5 SFEIARRS (52.35+10.33) %,
1.2 SMEIMLREE

SRS E BD 2 Fl— kYR /B IR E, a9
N B AR AAKS # F1 fre2s IR T A1 ] e ik
M%) 3 ml, #E, FFOIENRE, HEGEOHLL
1 500 r/min &0 10 min, BCEZ M, %A7%E -80°CHK
FETFASI
1.3 IHREAXEEEEEERIN

¥ 2 H Invitrogen N T Trizol iR 7] &5 412 B &
RNA, B BUEN 5 RNA i B850 58 Sl m) &6 B

PEAT RNA Wi 5% 5%, A L cDNA. [ FH 3 [ ABI 2 ]
StepOne Plus 52 2% ' 5E 1 58 A 5% V. ( quantitative
real—time polymerase chain reaction, qRT-PCR ) 1, ™%
Fi2 1 H A TaKaRa 23 7] SYBR Premix Ex Taq PCR JZ /%,
R ERHRAEU AT PCR JUNL,
1.4  {ApEIE SIS

NRK49F 4 gt 3 v [ BF 2 B b 4 i 22, 7
10% Wil Eh 8% v (PBS) 1Y DMEM-LG ¥ 353,
37°C. 95% %53, 5% A AbB ) 4t f 1 i 5 5 4
MEE IR, MMM K B A R E 85% i), HEAT 4N
M, AR, S5 DMEM-LG #5573,
B PBS ¥t 37k, T 0.25% JHEEHE AL 1 min, 7E/EE
WG T WS b FE, FrPANAR R | hg R
J& . MIAS 10% PBS ) DMEM 3 532 5L 28 (1314 46 36
MR L 2 3 BB AR AR B4R S R miR-
38141, NC4l. Ang T4, Z5H4]. miR-381 411
Wi W 5 K miR-38 Imimics % Y4 3 NRK49F 41 Jiid ; NC
ZH 4 HB UL 454 negative control miRNA mimics 5 44itE
NRK49F Zififd ; Ang 11 414% Ang 1T /EHF NRK4OF 41 ;
25 LA AR AT AL 2

1.5 WREMIRESN

¥ KLF-4 B7 2 R 37 —UTR ¢ & Bl & 5
RBORL pMIR-WT, J:LL pMIR-WT BOR MR, FIH
PCR 5 1 v 4l FL VA0 45 G A 1 58 728 R 45 S 1R o
$i pMIR-MUT., i pMIR-WT & pMIR-MUT 43 5i|%4 J
miR-381 ZH A1 NC 2 NRK49F 40l 7E 40k 3246 h
5555 36 h )5, i Passive lysis buffer S M5 AT AL
PR BT
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T8, 5 @ MicroRNA-381 0 [a] s KLF-4 #7105 £F 4 AL ML 5%

1.6 Western blotting

S RIEFRILH DMEM 435 329, ATA I C
A PBS T VR 3 Uk, 725 PBS, mIEEFEILAINA
ORI 200, 755, FIANMESCE M =
1.5ml EP &, 4°C. 15000 r/min &.0> 10 min, [
VRIS 20 B 4 B P o 3 A R R TR A B P 1A T LUK
FEUR B 54T Western blotting bRl
1.7 S B REHE R/ FRAEEY

24 L BACB/e /NER, MEHEAFR, Bt 6 ~ 8 J,
TREE 18 ~ 20 g, HI LR A=A a T L 2= e sl 52
D RAEE, SIS ATIES « SYXK () 20180009,
W 24 HUNEEAL A A BT AR 2 S 4 PR A8 A BHL
(UUO) 4 K UUO+miR-381 41, 44H 8 H. /MR
JEs ST 10% KA SR (0.004 ml/g) FEEEZY 2 min J5,
WADEMZ[EE . RATIHEE, TREFMT, BUEERIE
28 TRV, UUO 40 F1 UUO+miR-381 41 5
A pRAE T B RS =TT, TRV
TARFVE 1A 5 I 2 R EEFHL MR RS, TF T4
FLAbZ RIS W R . AT RS AT B, 4%
GHERE, WHEE, G ENMERL, BXRiEE. BT
ARH/NRBRAGEFLIRE S, HRERAES FRHR,
UUO+miR-381 41 J& # ik 14 4 40 mg/kg miR-381mimics
LR B d, BFARLT UUO 4 8 i bk e 5 45 5 A 3
K.
1.8 Masson £t

I N BB AR A I H 11 5 W i, i i Ea i,
FE TR EIR 3 ~ Spm A, LIRS
BRI ANE - P21 Ge 6 F1 Masson G %] 3 2H /R,
B WELF AL A T 080T
1.9 Hit=EFH*®

Bi R F SPSS 22.0 Gtk ORI
PP + bRifE2E (xxs) Fon, HOBCRISTAEAR ¢ K250
SR 2R T 2500, 20 W LA LSD— K,
P <0.05 hZERA GRS,

2 HR

21  miR-381 =B 4L BE K/IR UUO #EE
EHRRIE

qRT-PCR Z5 £, miR-381 7E'B P 4ifbii & .
X HEZH 1M 7 Hh AR 38 543 1 (0.324 +£0.047)
1 (1.000£0.122), Zt K5, ZRAEHIT¥HE X

(1 =53.035, P =0.000), ' 2F 4k 85K T X i,
UUO A . BT AR/ EUE EZH 2 miR-381 A XS 3£
KA (0417 £0.062) F1 (1.000 +0.208 ), 4t
K, 22594 511248 X (1=12.030, P =0.000), UUO
AT RT AR
2.2 Ang |l #1#] NRK49F A H miR-381 HIR %

Ang T 20 F1 25 14 41 miR-381 Al %} 3¢ ik & 43 1)
g (0.324+0.047) F1 (1.000 £0.122), %51 Kk, 2
A G X (1=53.035, P =0.000), % Ang Il
F8 5 miR—381 7E NRKAOF 4 Jiftd i) A1 %) 6 ik Ik T
2 HA
2.3 miR-381 #l#l «-SMA KiFRix

miR-381 41, Ang 41, 254l o -SMA HIXF#
ik & R (0.762 £0.089 ), (1.127£0.154), (0.519
0.073), &) 25, ERAGIFEYL (F=7321,
P =0.023 ), Ang IT 20 T miR-381 £ Fl1%s (1 4H( 1 =3.554
F16.179, P =0.024 F10.004 ),
2.4 KLF-4 2 miR-381 Hy$BE R

i F miRNA $8 JE DX 4045 2 Targetscan #F 17 i
BETUM, B miR-381 MV 7EHLSL RN KLF-4 (T
K1), AU 22l Ao il 45 2R 7R, miRNA-381 41
5 NC 4 pMIR-WT % S 7 #4393l o8 (0.437 +£0.043)
A1 (1.000£0.126), &Lk, ZRAFHITFEE X
(1 =7.324, P =0.002), miRNA-381 4 f T NC 41 ;
miRNA-381 21 5 NC £ pMIR-MUT ¢ 56 1% £ 43 51 Hy
(0.951£0.012) F1 (1.121+0.164), R LG &
(¢ =1.791, P =0.148 ). miR-381 1] &5 KLF-4 [
3'-UTR JF-#0iil KLF-4 13635
2.5 miR-381 fa@iA#E KLF-4 mRNA F1ZE B K
FRik

qRT-PCR 45 27~ ,miR-381 41 .NC 41 KLF-4
mRNA FIXS 55 543510 (0.335 +0.029 ) 1 ( 1.000 +
0.174), &k, Z %A g% 5 X (1 =6.530,
P =0.003 ), miR-381 21T NC 4.

Western blotting #rillZ5 4 7K, miR-381 41, NC
4 KLF-4 25 H A X 2 35 5 43 51 24 (0.166 +0.074 )
1 (0385£0.049), &k, ZRAFKITFHE XL
(t=4.274,P =0.013 ),miR-381 A T NC £ ( WL.I& 2 ).
miR-381 AEHE ] 45 KLF-4, HAMHl KLF-4 mRNA Fil
HHRIL,
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seed match

1 miR-381 SEMER KLF-4 HIFEFIX &

NC 41 miR-381 41

GAPDH 37kD

B2 WHEKLF-4 EAMRIE

x1 WMABFELEF mRNA HEX RIZEER

2.6 miR-381 MHl B 4L EF mRNA Fkix

NC 41 5 miR-381 41 5 £F 4t fL [ F «-SMA.,
CTGF. COLIA1 & COL3A1 mRNA AHXf 255 L #%,
Z ki, ERAYTE L (P <0.05), miR-381 4
¥IK T NC 41, miR-381 fiE T3 TGF-B 15 5 i %,
AT B P4l & b . IR 1.

(x+s)

NC 41 1.000 + 0.162 1.000 +0.117 1.000 + 0.134 1.000 + 0.091
miR-381 41 0.614 £ 0.076 0.403 = 0.054 0.482 + 0.082 0.267 £ 0.045
XN 3.736 5.711 12.506
P1E 0.020 0.005 0.000

2.7 miR-381 #l#l UUO /NR'BF 4L & Bidt T2

Masson Je i % 8, AL UUO 44, UUO+miR-381
H/NEUE AL X S0/, ECM PURRAE > (LR 3),
&40 COLIA1 Fi1 COL3A1 mRNA FHX A e, &
T 2500, BERAGIFEYL (P<0.05), ##—12W
PO HEE 28 1LSD— 4656, UUO+miR-381 41k T UUO 41
(1 =5.340 F15.992, P =0.006 #10.004 ). miR-381 i
UUO /N B Tl K ittt . WLk 2.

%2 3%H/VE COL1A1 #1 COL3A1 mRNA Xt RIEE
tb#:  (n=8, x=s)

BFARA 1.117 £ 0.025 1.565 +0.038
uuo ¢4 4.165 +0.791 4.854 +0.657
UUO+miR-381 4 1.649 +0.201 2411 +0.259
FAH 10.023 9.327
P 0.004 0.005

3 miR-381 Xt BT 4L IiAE

( Masson &t x 100 )
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ALK, 5 2 MicroRNA-381 #0 [l KLF-4 15 £F 4 b i pLI A 5%

3 iTit

' 1) S0 £ 4 A2 VB I 9 72 ) BHL R At A e 2% 3%
", HAZRZEMNT, shERIERE ., 44
a3 A e ECM 78 B RS i A ™, RS B IE 2 —
miRNA J&— R AE gt FsE /N oy RNA, 1l 4 A fk
30% Gt EE I HE P Y Rk, ABLE" ZB, MXFF
ToBf (B R LF A /B, B R R AF A A R miR-
21 JhiEs, THUAITG miR-21 T, SF4Eib e s,
XPEAHSE " 7E UUO KRR & 3 miR-192 TE£F4E
PR S VR . miRNA $E 553697 AT LA i mi BE b7
L Yefh, wEREIERAUAYT . CAHGEIESS, miRNA
555 (B SR 2F A AL B VIAH DG, {H miR-381 76 B [H] i £F 4
e B VE B 8 . A KRB, B RLF 4k i
FLTE miR-381 fILFXT A4, HTE UUO d/hEUE 4
2 miR-381 IR TRF AL, HULHEHsr, miR-381 7]
e 5 B n) A A & bR

B, Ang I B L2 ARAE LT AE 4L . A5
Y ek LA, RN ET dE A g5, fR ECM AR
WSAER A T3, RIFGRAAEEIE . o -SMA 3£
IR TR AR L R AR ) LR ET A Ak, [ o
LT 4R, FECECM SRR mIE £, it
L AEACIE I . ABIEST 3T Ang 1l NRK4OF 4,
K Ang 11 2 miR-381 (K T2 H 4, H o-SMA &
F2H4, H miR-381 4 o -SMA fiXF Ang T4H,
B Ang T {2k NRK49F 20l o ~SMA )33k, %AE
F AT B miR-381 i Fh 45 451 miR-381 7] #17 fl
o —SMA ik M Ang 1155105 [a] 2T 44k .

KLF K% R 2R 8 i A b i 20 44k 4
Hurr ik, S 51T IEW M egE . KLFs ] fE
RS, B SRR, AL KLF A
FhIRE, WIS EIL, KLF-4 25T A 400 — ) g
JL 2 A ) S R MR R A B Y AR SR ) miRNA
A0 KE DR BOHE 2 T 0 KLF—4 & miR-381 P 7E 40 3L 1A,
SRR G 28 BAG U 4 B miR-381 A #l il KLF-4 [
Feik, FlE SRR IE miR-381 AJHH] KLF-4 mRNA
ISP SV

CTGF 5 HE . fili FF L 45 2L 8% B A AR ALk 72
K, HoAe B e & e fe . CTGF J2& TGF- B e 44k
(G5 MU T, A sE & ECM JE K, fEit

B EF4Efk Y. ECM BB T TR
COLIA1 F1 COL3A1 43 5 1. T2 JBE Jit i) 2H it #56
Ay BT R, miR-381 2 & £ 4EL P F mRNA
FEAMET NC 21, $iH] miR-381 #Pfh| KLF-4 %3k, Jf
T TGF- B {55 3d i, M A et b & et
Masson % {8, i 75 UUO+miR-381 41 /] B B 1) Jot 2T 4
B X/ N T UUO 4, ECM LS, L4 EFE 2
F 4Pl UUO+miR-381 41 /) fl COL1A1 il COL3A1
mRNA i T UUO 41, W] miR-381 Af#ifi| UUO /N
B ] L £F 4 Ab & itk A

ZE LT, miR-381 Al HI] Ang 117551 ' ] ot
geefe, IF FIRBE AR R RE . MH vuo R
B ) R AR 4E4L, 2 miR-381 $Hl KLF-4 23k, T4k
TGF-B {5 F3d M, I R P eF 4 fb & e i
I, miR-381 AIREACH B 0] BT £F i AL i2 Wt KR 7 18T
B R
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