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[# ZE)ERY. VS miR-451 % LB IRI%S% (diabetic nephropathy , DN)db/db /)N BB IIE 2245200, 28357 miR-451 7E DN &
AL IVERT, ik R 24 507 JEIEHEE db/db /N 8 HUIE # 5t db/m /NEURIR S AU IZ 23 Bkl \miR-451 41
KO HRZR . FE I S0 ok P A B 2 JE S bR AR NERIE A AR Ak, S 9 58 B PCR (real—time PCR) AN AT
U2 miR-451 AYFIXKT, Western blot FIFEOEHR ARG B BEZH 2 miR-451 Ao R Tk R -3 PR 40 fh T/ 6 B2 1R PR A (L Tl
1% 1L & 11 (tyrosine3 —monooxy—genase/tryptophan 5—monooxygenase activation protein , Ywhaz ) 5 HAH 5G9 22 24 )50 30 28 11 Pl
(mitogen—activated protein kinase, MAPK) & 72 1 p38 22 Zd J 3 i 19 & P19 (p38MAPK) 22 H: I i if MKK3 (MAPK kinase
IVHFRIRKF, R .7 JE db/db /N FRAANERLL AR Hoxek R HH B 10 ELIR 1 25 F HEHIER (urinary albumin excretion rate, UAE)
B, $EoR i AR DN BB, 457 30 mg/ (kg d) BRI 5250 2 J, SLBE WA /NR AR DU 7 % 30, miR-451 A0 320 1 /o
TEA/N(P=0.000) , Real-time PCR Kzl /R miR-451 41/ MR 2 miR-451 (H3REK 1 1.79 4% (P=0.002) , West—
ern blot AMOGIL R AL R IR miR-451 HA AR AL FHLH 123 ik 4 B IE4H 2H Ywhaz (63628 F#, [HE} p38MAPK Y aRia
T MKK3 25 MK T8 (P 1=0.000),, £5i8 :miR-451 Al figilid IR Ywhaz FEF % MAPK @48 1 48 FHp38MAPK |
MKK3 235 , AT B /NERIE R, 78 DN A plLafil oh T B 45 22 PR
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[ Abstract)Objective ; To observe the effect of miR—451 on glomerular morphological changes in diabetic nephmpathy (DN) of type 2
diabetic db/db mice and to explore the role of miR-451 in pathogenesis of early DN. Methods : Thirty—two 7-week—old db/db and
normal db/m male mice were divided into miR-451 group,empty plasmid group,untreated group and normal control group. After in—
traperitoneal injection of plasmid for two weeks, the glomerular morphological changes were observed under the light microscope. Also,
the expression of miR-451 was tested by real-time PCR and the tyrosine3—monooxy—genase/tryptophan 5—monooxygenase activation
protein (Ywhaz) ,p38MAPK and MAPK kinase 3 (MKK3) protein levels were examined by Western blot and immunofluorescence.

Results . Elevation of urinary albumin excretion rate (UAE) was shown in the untreated group of 7-week—old db/db mice,suggesting

that the 7-week—old db/db mice had the features similar to the
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diabetic nephropathy at early stage. Then plasmid injection ex—
periment was executed on mice for two weeks. Real-time RT-

PCR results showed that miR—451 was 1.79 folds high in miR-

AR G AR EA @ LTI B (%% oste201 3jcy— 451 group than in empty plasmid group (P=0.002). Also,glo—
JA10044);F R T HEH SR ARA L KB AR (%5 . meruli acreage was smaller in miR—-451—treated group than in
KJ110304) the empty plasmid and untreated groups(P=0.000). Moreover,

L5 B R - hitp//www.cnkinet/kems/doi/10.13406/j.cnki.cyxb.000238.html Western blot and immunofluorescence results demonstrated that
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Ywhaz, p38MAPK and MKK3 proteins were reduced in miR-451 group (P=0.000). Conclusion ; miR-451 can repress glomerular

hypertrophy by targeting Ywhaz gene and affecting MAPK signal pathway. Therefore , miR—451 might play an important role in the

pathogenesis of DN.

[Key words]diabetic nephropathy ; microRNA ; tyrosine3 —monooxy —genase/tryptophan 5 —monooxygenase activation protein;p38 mito—

gen—activated protein kinase

B R 9% B 5 (diabetic nephropathy, DN) J& ## iR
o B DL PR I A O AR 2 — |, AR 25 Y 10 4RI
[ B DN 1R AEFRE BT T, 29 T 2OR B
B 509, U H SN B SR AR, I JLAEBIFSE
P AR H LA A A — SR 5 AR RS2, ARy
RNA (microRNAs, miRNAs) . miRNAs F&—ZS PN M
A EA PR D RE A AR 5 BA5E RNA i ik 5 4b
B Xt 55 2R AR mRNA | IEAR 3 BN B R[]
T8 F YUK G R FE AR HE mRNA 507 BHLE 4 mRNA
MBI, O iIBFE R D] miRNA 1Y 50 Rk Kk
SSVFZ BRI K A AR E 16 DN Rl H %
MIVEFR, A8 miR-377 (3 B ekl LA £
AR MLV A B2 A1 B9 7 A S i B /N BRI 25
Y75 AE8, miR-192 J&484E DN H i 2 FHAY miRNA,
I E &85 GBS 8 1/2(zine finger E-box
binding homobox proteins 1 and 2,Zeb1/2) Wik,
e P I SRR IR BTN, 3 R o I B HE A, e
DN 1Y &AM miR-29 TEFALA K P B (il
VERIE AR I I 2 A 2238, 36 i /N Bk 4 i AL
KA L4 93 miR-200 f A KT B 3%
ARSI R RNV b B ] B AR AT AL, 2L
DN (1 % A2 A PSR AR T T —£E miRNAs 5
DN A0, 4275 miRNA 5 DN 2 PIAC

A5 LART ) microRNA Jfs i real-time PCR
FARGHLE DN A1 56 miRNAs—miR-451, LA &
Ml 15 2R e S0 UERY (0 2 IR A AE AL TG AL 2 1 (tyro—
sine3 —monooxy —genase/tryptophan 5—monooxygenase
activation protein, Ywhaz ) 2 H0 I [N LAl | 3 1
VRS UKL T LM RS DN AL db/db /) B %%
miR-451 X B I 2284k G Ywhaz 25 11 b H:
AH G 1Y 22 22 U0 AR H B ( mitogen — activated
protein kinase , MAPK ) #5578 H S5 25 1 p38MAPK |
MKK3 Z3K B520

1 #HRFTE

1.1 Ao
AJEUE B IR 2 ROBE PR db/db /N R 24 2 R JR] i

TEFE XA db/m /N 8 H B T EREBE FIGSE s
Ly ARSI S AE S BORL pGenesil-1 (R BPEEY TR FD)
LR OIS EE 2 pGenesil-miR—-451 Fki, sh4 116
FEFRGA R A B A BN R A% O AR
N FROK B, R TR R OR T /R
TN AT S B 2 SRS LR ST | B 24 b PR B 1 HE
i, ELE] db/db /NG I FUR S T db/m /MR BIE AR
W DN(7 JEHS) . WIS A5 SE8e8h oyl 4 40, 45 8 %)
MEZH (IEH RACFRA db/m /NE) ARASFRZL (RARFE db/db /N
FU) 2 Bk 2H (528 okE pGenesil—1 8 db/db /N ) .miR-
451 A (VESITEZH pGenesil-miR-451 JFRiE db/db /N .
T4 miR-451 A2 Fokrdd db/db /N BUE 2 31055 30 mg/
(kg+d)H Y pGenesil-miR-451 F pGenesil—1 75 FUk7 , :¢2% 2
J. 2 BRSNS KA S bR, A Shi) S g G B
PREERI R B 5 e AT

4 db/db /NERBEAL MBS = 11.1 mmol/L(HH 5 HAEZH L,
1999),24 h JREE 5 db/m 1EH /INRICH] S 22 S 40 278
PRI I B 5 k220 | e i OB IR 31 24 b 25 1R
B 55 db/m ZNEUE, B0 2 2 DN BB,

1.2 A3 Antem]

g 2 JEASI /N ERUA T8 L RARAS 1l R 1/ R TR
HEEE T R R I A M, /N BRI ZE IR 24 h PRI, 1 b
H1 24 h B ARYYE L A S A AR TN (Hitachi, Lid., Tokyo,
Japan),

1.3 Real-time PCR #| miR-451 #) %A

K Trizol EARBUNRUE IEZH S RNA, R TagMan®
MicroRNA Reverse Transcription kit #7805 5% W, Wi s
F AR Z 15 pl, Hid 100 mmol/L dNTPs 0.15 wl, Multi—
Seribe™ W SRR (50 U1 ol 10 x 30655 28 008 1.5 wl, RNA
FEH I (20 U/pl)0.19 pl, TEEEZK 4.16 wl,RNA(2 ng)5 pl,
RT 5|9 3 wl, 355 5% B 454 . 16 °C 30 min;42 °C 30 min;
85 °C 5 min;4 CHLE . M H TaqMan® MicroRNA Assays real—
time PCR 334, I/ snoRNA202 /5 4 A5 , miRbase &
BB L AF357327, )5 51 : GCTGTACTGACTTGATGAAAGTAC—
TTTTGAACCCTTTTCCATCTGATG,, 514¥IH Applied Biosys—
tems 2~ A AR, SO 2 IR AU H B 31T . mmu-miR-451
(miRbase %375 . MIMAT0001632) , /5% : AAACCGUUACC -
AUUACUGAGUU, PCR JWAHRZE N 10 wl, Hif TagMan 2 x
Universal PCR Master Mix(&51%)5 wl,20 x TagMan MicroRNA
Assay Mix 0.5 wl, Jolizk 3.8 wl, RT WK 0.7 wl, S &R .
95 °C 2 min, 95 °C 15 5,60 °C 30 s, 3t 40 MEFF, HAFI0E
Frf 3 2L, H 27449 3k (AACHE=AC s a—ACH g ) FHXS
FEHE miR-451 FIFRIAAKF0,
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W20 R A LR

HAUNTERIBA G VI 1 mm?® K/ NRIZH U | 22 18]
FE K BB A ) AT HE )5 R
AR/ INERTE AR AR A BBUH T8 361 2 1 L 200 S i)
RN /INER BLAR 7R 3 SSRGS o (45 100 A /N
R 1) BOL A,

1.5 oL R EAM

BUNUE IEA Y 4% 2 P RE 4 h, HIER Y R AL
DI 14 pm (80 R W TR R, 2T 30 min J5 i
A=20 CUAF, VIR & 5% BSA,5%1E % IFI5E & 1%
Triton X-100 [ 0.01 mol/L PBS 4] 2 h, /3 Bl £ vE et
A Ywhza(1:400) 5% B FEFESLIR p-p38 MAPK (1:100) Flf
ZTIEPLIR p-MKK3 1A JEHUIRZHR EE 45K 1:100, ITA—
UG 2R, JH 0.01 mol/L PBS ¥k 3 ¥R, YK 5 min, %
FITC FRicHT i 1gG 45 —HilA (1:400) Fl TRITC 4RicHi s 1sG
B PUR(1:600)IRA  IMAZPUSZERIFE 2 h, 001 mol/L PBS
TR 30K, 5% HmE i O IE R AL B AR s R
1.6  Western blot #im]

RIPA 2l 2134 i AR BN BB 2 28 E 1, BCA 3R
T | 15%SDS-PAGE 3 TR s e 68 s R Tk, H 7 8 0 i
LY SRR WA BT 1 h, — BT (REFEEDUA Ywhza
(sc=1019) (1:1 000) , FRFFCREDLIA p-p38 MAPK (sc=7973)
(1:500) , e Z TEBEPLIA p-MKK3 (5¢-293107) (1:500) K N2
FLEA BB HAA B-actin(1:2 000)EE 4 Cib i , — 4 CEHi
IgG/HRP(1:500) (AL 5 PAZ G ) BT/ MR 1gG/HRP(1:500)
AEEUP AR H RIS 1 h, ECL AL & 6ikH W, 45
B 55 ATHEHL, FUTALRT CM—-2000B %A= ) [ 22 4543
RGN 25 AR LA . T B—actin Sy NS IRIEATALE
BAAFIEB S B-actin 8 (14T HOGEE B 2 et AT
BT
1.7 %itF o

K H SPSS 17.0 #ATHH50 4T, T BORHA R %L +
PRifE2E (x5 ) Fomm, 4 2 IE) EA SRR 220 22 50, A 57
FEARSIR L BER T ¢ K3, KK HfE 2=0.05,

1.4

2.1 DR—EEF

PEASZIG) 4 R db/db /NELE HY PSS o i A L T

db/m /NEL, HPR L I HEIE R (urinary albumin excretion rate,
UAE) A8 (b BB db/db /N B B AE 58 Fms Al
[\, O TR 2 BUBE R B B ARALBE db/db /NFRUTE 7
FEWS B A T IE R 4N, e UAE 880, A 483 DN
BB B

LA 30 mg/(kg-d) B SFHEZS 7 RIS db/db /)N BRUTORE AL
2 JilJG 78 3 4 db/db /NRTER BT BEYLILE \UAE JCi &
(1), $7R db/db ZNFUAR N miR-451 a2 8 645
2 B UAE f52 AR K
2.2 Real-time PCR #- miR—-451 #4 &3k /K-

TEASS miR—451 F12s TR /N SR IR 2P 31T Real-
time PCR ] | miR—451 #37EML Ct {8 22.50 + 0.67 , 25 JF ki £
FRAEA CLfE M 21.71 £0.51, miR—-451 425 [Tk 4 miR—451
FEIRHAE (1=4.656,P=0.002) . 2 ZHFIJAACE 40.84 = 0.14, 4nE]
1 iR, miR—451 415825 BoRi4l miR-451 k885 1.79 5,
g |3 I IR e R T LA db/db /N BB ZH SR
35 miR-451,
2.00 ¢
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40

0.20
0.00

AR ECR S

miR—45141

Real-time PCR #ill miR-451 F&i&7KF

Real-time PCR results of miR-451 expression

1
Fig.1

23 miR-451 s E N HB A4 Hh

FEAE T R S o 6 B /INER ELAR I B2 S8 2 B, 25 L
2 ARALBHAL ) B /INERCF 1EH % IR db/m /NER[(49.88 +£3.02)
(52.41 £2.79) vs. (38.22 £2.96) pm](F=669.868,P=0.000),
$E7R7E DN R4 db/db /NS /NEREE R R B IR 22 &
AEUAS (RARE 2 — T miR—451 ZbFRZH B /NER | (41.45 +
2.79) wm] %2 %S R ZH RN SR Ak BEZH 35N (F=399.828, P=
0.000) , FE W F 634 miR-451 X /INERAE K EA IHIVE

F1 MRERE.MER 24 h RAZEAHET SR
Tab.1 Detection of body weight, blood glucose and 24 h UAE of mice
13 W (g) 1A% (mmol/l ) UAE (pg/24h)
TEHTET (7 i) W (O R ) VESEET (7 ) WA (9 g ) ESET (7 ) ST (9 JiR)

X HEZH 152+1.9 185+ 1.6 8.4+ 1.1 9.6+0.8 11.3+14 12.1£2.0
AAb L 31.5+4.6" 39.8 + 5.4 18.3+2.1° 27.4+3.3" 70.9 + 8.4 933+ 11.5
23 Jiohi 30243 33.6+5.8 19.8 + 1.5 26.9+2.8" 79.4+9.2 89.2+ 12.7*
miR-45141 26.4+5.7 37.0+4.1 201+ 1.7 28.3+2.5 77.6 +10.3* 82.5+ 10.4*

F{E 22.920 28.959 100.871 98.799 128.416 115.247

P1E 0.000 0.000 0.000 0.000 0.000 0.000

T ca, SXFIELHA L P<0.01
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XfHRZH AL PHZH

H‘}

miR-4512H

N ----

p-p38MAPK

p-MKK3

B2 #tBaERNEE S Ywhaz, p-pMAPK . p-MKK3 & E 1k

X (IF,400 % )

Fig.2 Immunofluorescence staining of the expression of Ywhaz, p-p38 MAPK and p—MKK3 in kidneys in various groups ( IF,400 x )

KRAPRA APkl miR—45141  XFE4L

Ywhaz(30 kD) T — — B

p-p3siAPk (38 k) N

—r s~ T

24 BOLEREAMER

FOGIE RS R BR |, R LB A A TR 4 B 20 21
Ywhaz p-p38MAPK . p-MKK3 & P10 IR 5, {H miR—-
451 #H Ywhaz .p-p38MAPK ,p-MKK3 #& [ #3554 ks 2H I
FRACFRA Y () 2) , $7m = 2238 miR-451 v #i] DN /R
B E Ywhaz 223k, ETMIRE AR 5¢ MAPK {5 55458 5C 2R 1
p38 MAPK 1 MKK3 1335, T 682 HAE 22 B /NERE R 1 B
FEHLHI
2.5 Western blot %] Ywhaz ,p—p38MAPK ,p-MKK3 % & ¢4
Rk

Western blot 2% % I 78 Ywhaz 7F 25 JiURL 2H Rl R 4b B 21
B T2 2500t B2 BRI 7E miR-451 L5825 ok 4 A
RACIRLH FEAR , [FIIF, p-p38MAPK 7523 STk 4 Al AR Ab PREH 45
Xof B2 ek 1 5 T 7E miR—451 21 p—p38MAPK 45 14 3535458
23 ORI A AR B ISP . EAN  p-MKK3 7£%8 TR 4R A

L=ty Rreil
AT
= 1.0 25 kLA
P miR-451]
X

0.5

0.0-

Ywhaz p38 MAPK
a, SXIIRAM L P<0.01;b, HARAFRLAA L P<0.015¢, 555

B 3 Western blot #&'S A Ywhaz, p-p38 MAPK K p-MKK3 & B HI&RiX
Fig.3 Effect of miR-451 on Ywhaz,p-p38 MAPK and p—MKKS protein expression in kidney detected by Western blot

SR H P<0.01

AERZR A6 B FAR I, HIFE miR—451 2145848 ok 2 ok
AEPREH /D R R miR-451 B2k al i DN /MRS
IE MAPK {55542 X4 2E (1 Ywhaz p38 MAPK il MKK3 1
Fik (W2, K 34 3B),

%* 2 Ywhaz.p-p38MAPK.p-MKK3 &R E& A EFRILF R
Tab.2 Ywhaz,p-p38MAPK, p—MKKS protein expression
in each group

2H 51 Ywhaz p-p38MAPK MKK3
X HRZH 0.22 +0.09 0.16 = 0.07 0.29 +0.12
KAbRLH 1.19 £0.13° 0.89 +0.15" 1.20 +0.13°
sy ail 1.18 £0.15° 0.84 + 0.09° 1.17£0.11°
miR-4514H 031£0.12" 024 +0.10" 0.26 +0.13"
FAE 57.715 39.301 55.639
P 0.000 0.000 0.000

Hra, SXTHRAIA L P<0.01;b, 5RAFRAA H P<0.015¢, 555 kL
ZHAILE P<0.01
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3 3t it

FREERYE R (5300 mg/d B>200 pg/min) 4%
e B B /N 6 %8 R 2 DN I E 22454, DN
i AR 0 ULE AR T WS — MRk /N [R] 5T 21 4k
b B /INER LGRS )R ARG A AR | R RS 4
ik AR AL BOHE AR SRR, AR CA iGE
PEE I miRNA 1) 55 1 2h ] 2 30 DN B0 1
KRR e S AR FR Al — 2L 7E DN s A Y
miRNAs, 0] DU B R e RIS R, 4R
XF miRNA {145 R HE X 3515 Fs 2% DN s it 2 e
AHE

U AF miR-451 7 2R AE O NE | 1030 3
A RIES ) A T AR A T R miR-451 7¢
DN /N A2 TR, X 5 Bimpaki 280978 AR
ZEATE B R O AR AU ARSI ) miR-451
PE4E R —2, $#2/R7E DN 1 miR-451 1R Al g2 H 5
(R 53T

A PR ZH R R FH A WA 82 07 v Tl 4% )
T miR-451 [ 5 MEEERIER  Horp Ywahz SR
3’ UTR J¥41) 5 M miR-451 B9RhF DX (45 2~8 4
BATIR T 5 DRe P AIAISS &, 5 RRIER 5
HE— 3l LW IR UE T miR-451 B 2§ )
Ywhaz JEH Ywhaz( XFR 14-3-30 )BT 14-
3-3 ARG, BA RS, T2 AR T H
AR /LN BRI o EZ S R N 1 B = AN 77 = A
HAhFRIL, CAWRE, EZFV M miR-451 7]
T Ywhaz 8 PRI, R, Ywhaz S5
PRIF I 2], Ywhaz i8S SH2 DO 5 5 &
AR 1 AR EAE, BEWTIEE 5 R ARG 52 0T
SO 5 R AUAMED, AL, Ywhaz 75— B R BLAE
T S AN A B AR DGR RS R B, 7 1 U
PRI IEAE AL B NOD /N Ywhaz 35T R, #2780
BEPRIGT Ywhaz (3235 RIAT SRS 25 A AR SL 645
TWEPRIE B Ywhaz 8 I KETHE #2878 Ywhaz
HHKCE T AT RE MR IRIE B 8, 2P
KB ik miR-451 J5 , 'B/NER BRI/, Ywhaz
E A TR, 28] miR-451 "l g 5/ Nk AR K Y
L, AL AT e 5 AR Ywhaz £ C

p38MAPK 3 W HOA N R R B 5
AN AL H SRR R BT SIS, S5 kbt

WESE T — 2o Rl KA FI/EH T S8
T2 Furtado SF2WEE T 15 R AEISHER p38MAPK
PRI AL, , RPN TS I 5 25 BRYT , B p38MAPK
TR P2 2.4 1%, p38MAPK 2 5 1 % 4 24 s
BHE 4 B,

Ywhaz fE7E raf-MAPK @45 % 5 | ZAEH , fig
R R R 22 B TR vafl 19751k, ff MAPKK
IR A, 2 MAPK 3ZJI3, N5 A2 4 A K 55
b AR AT BT R B, SR A Y miR-22
01 Ywhaz BE T4 MAPK 348>, Ah AR SZEG
HR B miR-451 (33 RiA 25 [ p38MAPK K I {iF
PG MKK3 25 1 SR R RIS . ARZ5 RS Xing
SEMA AR A SR — B AT R IR 14-3-3 S5t
FIRWGHE N p38MAPK YT PE | 14-3-3 3 i I8 153K
T p38MAPK HYRE Sy A2 #E A 70, DL 134 /R miR -
451 A REHE M Ywhaz, 481 F 8 MAPK {55 ¢
B p38MAPK A1 MKK3 (93535, i £ DN
Gz ZR TS AE I/ NER IR R

K, DN ' miR-451 333 %F Ywhaz 8 (A 17
PR DI AT MAPK 3R 4%, S04 BF / Nk 1) e 7 5
1k, %t DN EE R VR, AL 2551 X miR-451

SRR TR IGYT , AT LA MAPK {55
T PRI A AT RESE DN BiVA B (5 miRNA
X5 9 AH G HE PR ) 45 2 24 1, — > miRNA 7]
REJR I 2 R IE R B 24 miRNA J# 5 — AN HEJE R
() IR0, 1) DX 28 A AL il i T Bk — 25T

& £ x #
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