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ABSTRACT Objective: To investigate the role of miRNA-9-5p and NF-«B signaling pathway in the pathogenesis of type 2 diabetic
nephropathy. Methods: 80 cases of db/db mice were randomly divided into diabetic nephropathy group, diabetic nephropathy-+rosiglita-
zone group, diabetic nephropathy+miRNA-9-5p group, diabetic nephropathy+negative control group, 20 cases in each group, which were
respectively given physiological saline, thiazolidinediones two antidiabetic drugs rosiglitazone maleate, miRNA-9-5p, miRNA-9-5p neg-
ative control nucleic acid with 10 pg/d intraperitoneal injection. Selected another 20 cases of healthy db/m mice as the control group.
Fasting blood glucose (FBG), postprandial blood glucose (PBG), renal index, 24 h urine volume and renal tissue changes were observed
in each group, and detected levels of serum NF-kB signaling pathway critical factor monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor-a  (TNF-a), interleukin-6 (IL-6) and expression of NF-kB mRNA, NF-«kB p65 in renal tissue. Results: FBG, PBG, 24h
urine volume of diabetic nephropathy group were higher than that of control group, renal index was lower than that of control group
(P<0.05). FBG, PBG, 24h urine volume of diabetic nephropathy+rosiglitazone group,diabetic nephropathy+ miRNA-9-5p group were
lower than that of diabetic nephropathy group,renal index was higher than that of diabetic nephropathy group (P<0.05). The levels of
serum MCP-1, TNF-q, IL-6 and expression of NF-kB mRNA, NF-kB p65in renal tissue in the diabetic nephropathy were higher than
control group (P<0.05). The levels of serum MCP-1, TNF-q, IL-6 and expression of NF-kB mRNA, NF-«kB p65 in renal tissue of the dia-
betic nephropathy-+trosiglitazone group, the diabetic nephropathy+miRNA-9-5p group were lower than that of in the diabetic nephropathy
group (P<0.05). Conclusion: NF-«B plays an important role in the pathogenesis of diabetic nephropathy, miRNA-9-5p can block the sig-
nal pathway of NF-kB, down regulate the expression of MCP-1, TNF-a, IL-6, inhibit the occurrence and development of diabetic
nephropathy.
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1.1 zh¥

4 JEIE RN db/m /MR 20 HAESHXTIRAL, k& 15~20g,
FH(17.62+ 1.85)g, 4 HIGRA LRI 0, S E A& IES
0152802, 5645 W] J&l & W8 i s '5 5 db/db /NERL 80 R, A
15~20 g, F-3(18.21% 1.63)g, W [ R4 S2 5 3 thois , 3
PIEHEAIES 0152563 iFF57 28 5 B A FR 2 b 2 [l R R
1.2 iR

SR RE et SR A T S (FQ-PCRO)TAGR &5 A s i
A ) TR PR ], DNA Marker A1 Trizol Il 7 i 11
A TRARATR, ,RNA #if2if57 & miRNeasy Mini i
£ [H Life Technologies 2\ i) ,miRNA-9-5p 4 &2 miRNA-9-5p [
PEXT REAZ IR I 1 L P8 2R I A= W R FRA B, TagMan MicroR-
NA S5l & . ZEHFR AR W A 7% Qiagen A H],
NF-«B £ FepEdiiA At fb A 78 -1(MCP-1) 2 5k
Pk MRS F - (TNF-o) Z T REHUIE 4T & -6
(IL-6) Z S REPLiRI0A [ SIS 784 9 TR FRA A, B R
21 AN A 25 Amersham /3 H] . By SRR A& S MM B 5 22 R
Pon (CRED)ABRA R, HAE : 8 mg/ J, it 5 :20140432,
1.3 EHEE HHEREYH

db/m /INEL 20 PR KRG BRAL, 45 7558 K, db/db /B 80
RN 4 4, 54 20 B 4T RIg s AR 4 5 (RE
S FEAL AR 52% , BENE 10%, 551 24%, BRI 1 12%, B 5%
4t 0.1%, E8 0.2%, B Y 0.4%, BEEREAS 2%) . 0 MEFRIE B
A RFRS R P T AR B EK 10 pg/d SRS, 2 ko /d, TR
W/ NERHE RIS 30 min {5 ;0 AR B + B g S « R IR
SR T DR B AN 10 we/d JE IS, 2 % /d, TR
NERIF RIS 30 min VR ;0 BEFRAE B +miRNA-9-5p 2 : 5%
WA 45T miRNA-9-5p 10 pg/d MG, 2 U /d, TR/
BRI S 30 min {5750 R EA + BT IR . SR AR

H1257 miRNA-9-5p [M: X FRAZRR 10 we/d M8 ST, 2 K /d,
TR /NIER S 30 min FEST, MRFRI R TR TORR E R AR
(SPF) &3 ¥ S o % vh AT , & Nl KR 47, S IR A= HI7E 18~
20°C , AHXMREE 55%, 12 h BRI /N E B oK, #E 8, T
FALFERT 1 RIS IE R/ 24 h JR .
1.4 MFERR
141 495 BFMEFT micoRNA BTN 5 AW (R B2
TE 26 700 % ) miRanda ( % 41k ; http : /www.mirbase.org/) 11 tar-
getscan ( ik ; http ; //www.targetscan.org/) , 3% 5| NF-«B 1) B [X
Feg RN 81 , iz RN AR A 247 43 BT , miRNA-9-5p F g2
NF-kB %1+ micoRNA .
142 MiEZFEREN  RAREREN/NIAETIRET
DU A BE AL ISR A8 5 B (PBG ), RIKAHJAESE 121,
FT shirpRas R, AASE/NEUS S sk 5 , 3500 r/min
B0 10 min, 73 B , ST DL 58 & PR /R RE AUS800 4 1 8l 4=
A5 BT A (3 [ DL 52 2 2 IR RN ) A 77 ) T /) B s L i,
Wi (FBG) . I 6o 922 W5 R 2 4% 21/ BRI MCP-1
TNF-a Fil IL-6 7K, LA FA8AE S8 74 2 BRaR) G B B kA 7
143 BREALEMEE  AbF0/ N BUS EEHCIN B E AR, FR
PR E IR = B R (g)/ /DRER(g). BIEERRMLEE,
o FHAE FRER K e, T FHUE AR T, B A 4% P e v b [
AL R SR YT R HE e s, 0 H] H AR Olympus A= 4) i
BT B IE A AT
1.4.4 BREZAZ NF-«B mRNA #&i 1 H FQ-PCR 6l & ik
NF-«kB mRNA F£ikKF o BUNRE A2 100 mg, finA
Trizol 1 mL 5°CIKIE FWFEE , i ] miRNeasyMini 87112 BB i
&k RNA, P4 TagqMan MicroRNA iz % 538050 & d 3L -6
WEAT R, RNARZ NF-«B IE M5 ¥4 5'-GGGACTAT-
GACTTCAATGGG-3', < W 5 ¥ kK 5-CAGGC-
TAGGGTCAGGGTAT-3', B-actin iF . JZ i 2| ¥ %& 0.5 uL,
NF-kB iF % [[] 5914 1 uL,TaqPCR Master Mix 12.5 pL, 235
FK 8.5 wWLo 3 HE=) R 300bp, W 2544 94°C 30s.56°C 30
$.72°C 1 min 3 30 1§34, 72°C 7 min 1 ¥R, Wi JH B-actin 4K
W2, 1LS%BUREEE F K , B HTBERS 530t R G o i S 2 28
IE HAYEER LSRN SR, Stit NF-kB mRNA A}
Tkt
145 BREAL NF-«B EE#M ] Western blot £ il
JE NF-kB p65 257K BUNEUE IF4IZ%) 100 mg, B Tk
FH & 0.1%E (A 700 19 AE BRER K Wk, A& 2R T 6
FI 2R RS AEVK LB R 510, 4°CF 8400 30 min, $2E i
WOHTACI A VR B, MR 11 30 mg Z4# 5 min, SDS-PAGE 1
VK, I 2 NC I E, i T S% B WKy PBST %5 i T 4 7%,
I H PEIE A S b Bl NF-«B p65(1:100) & B-actin, /)5
IAA R ZHidricese, 37°CT O Th, IR E7ERS 2 T
ABIH, X SR, B e, MRS EE
SIHT R GEH RN %4 NF-kB p65 FHXI 3Rk .
L5 Grit= A%

AL FR A SPSS17.0 Giit#fd:, THEBERIEE 15
M2 (xt ) FR, WBCR AT 220001, PITR LLHH SNK-q K556,
PL P<0.05 2 A geit# 8 Lo
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) R T AL 1 R B T X B L (P<0.05) o BEIRE B + %
FEFIERL . PRI % +miRNA-9-5p 41/ FBG .PBG 24 h Jf

2.1 BHANRINYE . SR TS SN R 8 b ST EDRI B, R SG THR BHwZi (P<0.05) . Bl IR
48] FBG \PBG . 'FNEFE41.24 h JRE WK ZEFAGIT¥ R + BT RZ/NER FBG . PBG .24 h & B IEF5 805 1

B (3 P<0.05), B B 4/ i) FBG .PBG .24 h JRIEY [ R4 LA 22 R SE 238 L(P>0.05), W3 1.

&1 SENRIYE SRS HARE LB (xt 5)

Table 1 Comparison of blood sugar, kidney index and urine volume of mice in each group(xt s)

24 h urine volume/

Groups n FBG/( mmol/L) PBG/(mmol/L) Kidney index [ml/( g+ 100)]
Control group 20 5.53+ 0.48 7.02+ 0.83 7.12+ 0.47 4.78+ 0.95
Diabetic nephropathy group 20 14.86% 2.53* 16.97+ 3.37° 4.34% 0.63° 9.15% 2.12*
Diabetic nephropathy-+rosiglitazone group 20 8.78% 0.73® 9.83+ 2.97* 5.23% 0.6® 543+ 0.98*
Diabetic nephropathy+miRNA-9-5p group 20 11.23% 2.25% 12.45% 2.74% 527+ 0.74% 5.67¢ 1.76%
Diabetic nephropathy-+negative control group 20 14.78% 2.46 16.88% 3.45 438+ 0.73 9.17+ 2.32
F value - 88.313 46.735 58.242 30.752
P value - 0.000 0.000 0.000 0.000

Note: Comparison with control group, *P<0.05; Comparison with diabetic nephropathy group, "P<0.05.

22 BHENRBHEARZETN P LEL G S D, AT T DL /IR ZE AR L BE AL DRSO
JEBE Al L B NER T NVE RS IE N s SXTRRAA +miRNA-9-5p 0 BB IR B R 20 AL DR, S DR A +

Lo, WERORERAL . WEROR R + FAME IR /N BREE A R PRSI R B, WLIAT 1.
P IRFE , B2 L S5 6 5 WD s + 29 A% A7 B2 i i

D:Diabetic nephropathy+miRNA-9-5p group  E:Diabetic nephropathy+negative control group
B 1 /NREEEALRLEEF(HEX 300)
Fig.l Images of kidney tissue staining in mice(HEx 300)
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2.3 B4R IMTE MCP-1, TNF-o IL-6 /K FEL B

A4 )/ B3 MCP-1 TNF-o IL-6 /K F- H 4522 5 A 42
AR P<0.05) Bl DRA B 4/ UL 3§ MCP-1, TNF-au |
1L-6 K44 5 0t HEZE ( P<0.05 ). I8 B 1 + %80 A S 2

B VR 159 +miRNA-9-5p £H il 3% MCP-1, TNF-a \IL-6 /KF-{I%
THEIRIAE AL (P<0.05) o MEFRIA A + BT HEZH /N R 37
MCP-1 TNF- \IL-6 7K S5 R 2 b 22 5 o giit o
X(P>0.05), W2,

*® 2 FHNRIME MCP-1, TNF-o. IL-6 /K F LB (xt 5)
Table 2 Comparison of serum levels of MCP-1, TNF-o and IL-6 in mice of each group(xt s)

Groups n MCP-1(pg/L) TNF-a(pg/L) IL-6(pg/L)
Control group 20 3.48+ 0.28 5.89+ 0.24 0.81+ 0.08
Diabetic nephropathy group 20 15.02+ 1.23* 1421+ 1.23* 328+ 0.21°
Diabetic nephropathy-+rosiglitazone group 20 7.32+ 0.87* 7.87+ 0.93® 1.53% 0.13*
Diabetic nephropathy+miRNA-9-5p group 20 8.93+ 1.32® 8.51+ 1.22® 1.62+ 0.18*
Diabetic nephropathy+negative control group 20 14.98+ 1.32 14.21+ 1.23 331+ 0.22
F value - 430.530 271.107 863.859
P value - 0.000 0.000 0.000
Note: Comparison with control group, *P<0.05; Comparison with diabetic nephropathy group, *P<0.05.
2.5 HHENREMEHL NF-xB mRNA FiAE R L BT R ZH /I U IE 42 NF-kB p65 7K F- 24 T4 B2 ( P<0.

FQ-PCR Z5 LR WY, X} HAZH W PR s B s 2 A PR Y s +
BAESIERZH PRI +miRNA-9-5p 26 Al s B s + B
Xof R /N BRUEF I ZH 20 NF-kB mRNA F357KF- 439008 (0.61+
0.08). (0.88 + 0.06). (0.71 + 0.07). (0.78 * 0.05). (0.83 *
0.06) , FL4L/INE AFLI 4T NF-kB mRNA kK g, 225
G2 X (F=405.128, P=0.000) , AN SR SRR S
95 + BB ZE AR B +miRNA-9-5p 41 A s B +
RFVAEXof B2 /N B EZH 20 NF-kB mRNA 357K - 35 15 %) i
2 (P<0.05); BEIRIE B + DHESIERZL . B AR B +miR-
NA-9-5p 21 B k- 4141 NF-kB mRNA % 5 7K A% T4 PR 06 ' 06
ZH(P<0.05), ILIA 2,

B-actin 600bp
Nf-KB 300bp

Bl 2 'BAEH L NF-«B HBikE
Fig.2 Electrophoresis of NF-kappa B in Kidney Tissue
Note: 1.Control group; 2.Diabetic nephropathy group; 3.Diabetic
nephropathy+rosiglitazone group; 4.Diabetic nephropathy+miRNA-9-5p
group; 5.Diabetic nephropathy-+negative control group.

2.6 BAENRBAFALR NF-«B p65 Rk 1E R b1k

Western blot 25 53 B % B2 W PRI ' s 41 W DR
5 + B I ERZH AR B +miRNA-9-5p 2H AR B +
BF 1 Xof B 2H /)N B IOE 20 270 NF-kB p65 7K P43 3112k (0.143%
0.022)., (0.437 + 0.028). (0.221 + 0.022). (0.248 + 0.020),
(0.431% 0.025), F4H/NREHEL1Z! NF-kB p65 /K-t 2552
G278 Y (F=275.635, P=0.000 ) . A8 IR B4 I 15
9 + BAE S ERZH AR B +miRNA-9-5p 2H AR B +

05). HHBIR B + A% S BRLL W B B +miRNA-9-5p 41
FAEZHZY NF-kB p65 8 F KPR THE R 2 (P<0.05) . L
@ 40

1 2 3 4

5
w- NF-xB p65
~ o

[&] 3 'S REZE 20 Western blot B ik [E
Fig.3 Western blot electrophoresis of kidney tissue

Note: 1.Control group; 2.Diabetic nephropathy group; 3.Diabetic
nephropathy-trosiglitazone group; 4.Diabetic nephropathy+miRNA-9-5p

group; 5.Diabetic nephropathy-+negative control group.
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TRV R /N DAY 24 0 0 TR B A B D 55 3 () 7
BRaE . TS E XT 33 A0 B R S i YA A
JE R LR A AN P NF-kB WG T, HLIR MR R
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microRNAs ik 3% 73 A & B, W PR B 95 B 3 1L 74 miR-
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miRNA-9-5p il i3 4 HL AR 2615 IR ¥ s A 2B AT R A
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FBG .PBG .24 h JR iz 34/ F X} B4, B BEHE B0 X B AL, H
PRI + B AR ST L . Bl PR B +miRNA-9-5p 241/ R,
FBG .PBG .24 h FRIALTHEIRI B AL, B IEHE 5505 T3 R
B4 . 328 miRNA-9-5p AT LA R YRR Fad s 1B i o 28 %%
A, T miRNA-9-5p A B8 18 5T LA S A | G J 25 | vy 46
T 22 B P AR AR PR B R AR R B B ME P, A
K N LLBORE , FEIRIG 1 +miRNA-9-5p ZHHOH
PR B AL AR %, S PRI B + B S S ERZALAR Bl TIESE
miRNA-9-5p R LR IR B 45 3

HE—LRFFT R I, WE PR B s 2H /N BT 7 MCP-1, TNF-at |
IL-6 K F-H49 FXT R L . WEDRI B + B AR B b 5
S5 +miRNA-9-5p £ [fiL 3 MCP-1  TNF-o .IL-6 7K A% T-B% R o5
%41, MCP-1 , TNF- . IL-6 J& NF-kB (Y& 3 F i T, &
NF-kB {55 1 4 (9 5 2221 BB 4> o NF-xB A DL 55 545+
AP-1 YREIFET, MECAZANNE . EVEAINE . Lt 4egni ek
MCP-1, T b B / BG4 A 1) B IR SR A, R b s s
)&z . TNF-a 1 IL-6 SZHLIAR A 58 5E T, IEH BT
TNF-o A B WA 2, TNF-o 7] DL E— 538 5 [ 20 E
FTEVEAAL, 55 E WA (T BEBOE Z 0 R AR T, 5
Rt 1M IL-6 HA TEAL T AU £ 4e 4 i e, #2
B HELF A )t AR i B E AR . AR SRR miR-
NA-9-5p F GE3E M NF-xB {55-8 i , i 4 i B 19
AR, FERE PRI B I & A R J R B AR .

AWFFTIER I FQ-PCR F1 Western blot X A [7]4H 5l /1N i1
JIEZH 2] NF-kB mRNA NF-kB p65 £ UKV JE47 TG, 4521
RIL M DRI B S A R PR B + B S R 2 R PR B
+miRNA-9-5p 2H . Ml JR 93 B 9 + B 1 o B 20 /) B 5 U 2H 41
NF-«kB mRNA NF-kB p65 2 /K- 2408 TxF BREH . 0l BRs
o5 + BARSIERLH . A bR R +miRNA-9-5p 4 1fil i NF-«B
mRNA NF-«B p65 2 [ 7K AL T8 R B 4 . #2785 miR-
NA-9-5p BT L3 3 951 5 i NE-kB (A AR, WA T A A R
5 1 & Az . NF-kB 1] g J& miRNA-9-5p A9 ZL B, 1 miR-
NA-9-5p A LI3E i 845 NF-kB {5538 i, # ] NF-«B p65 2 [
B RIS, L ERBLEIAG fF T — b0 iE s, RIRHERE RN
S, ST H miRNA-9-5p St NF-«B [1E AR U0 B #& 5, {2
Wi B VE LRI [F], 246 5 B 230 TR R i & 2y, He =
BELIRHL R WAL S A ARG SO A2 Ky, S B
T AL 2 02 23 ) SR, Ko A 2 ) A K s R R A 3
PR o MiASHFZE 7R miRNA-9-5p %53 NF-«B {5 518 %
X JERE RN AMAEIG LB I HIAEH .t F miRNA-9-5p 8%
FAA T Z W 0RE F B I EA S G ] A R FH TS o

25 L rids  NF-xB {55 1 AR DR B A i 2 1 o

B AE ], miRNA-9-5p #] LB Wy NF-«B {5 5 il %, T

MCP-1 TNF-a | IL-6 F{1K , I FRovs s F) A R UK T
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