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[#=] Hg #@sr db/db /N F 38 IR R 1B % (diabetic nephropathy , DN) £ /]y RNA ( microRNA , miRNA ) 1Y) 2% 5 3%
ki, Jiik SR 12 H 9 R m M H 24 h R AR F R E RS db/db /NEWE N FIUR R B R AL, 12 K9 A% db/m
ANERAE S IE B X R4, FHF miRNA G 5 AL 98t RT-PCR kil Trizol 442 ' I G RNA, YM-100 £ 89 .00 UE 4% &
45/ RNA GBS 5 H AR A DN g Fxf B2 miRNAs ()25 55383k 3%, N 92 2% % & RT-PCR IF #5425 5 miRNAs, 18
A B2 H R TR /A OC miRNAs FRESERR o 8520 5 A 2455 7R ,66 4~ miRNA 7% DN 2 FIX} IR 4 #7176 25 7 R ik
(P <0.01),H:H 35 4~ miRNAs 75 DN 415 52235 ,31 4 miRNAs 7F DN 41 25k, Z 5250 1. 08 ~ 10. 20, SZHF 58
A it RT-PCR i — 2P BB 43 miRNA 3835, 45 5L R 3 > miRNAs 7E DN 20 3R35 1294, 43 ] 4 : miR-196a . miR-98 FI
miR-29¢ ;4 /~FE3A7E DN Z1 R, 4354 miR-21 .miR-451 .miR-709 Il miR-187 ,22 5% B2 (P <0.01), 5  #K4> miRNAs
f£ DN FUE# X B IEH G iR 22 3238, i RS 5 T DN R A0 50 F il

[@iR]  BERME A ; microRNA s microRNA JEE 5 22 57 K5k
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Expression of early diabetic nephropathy-related microRNA in kidneys of diabetic
mice
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[Abstract ] Objective To establish the differential expression profile of early diabetic nephropathy
(DN) - related microRNA (miRNA) in kidneys of db/db mice. Methods Twelve 9-week-old male db/db
mice with hyperglycemia and significantly elevated urinary albumin excretion were used as an early DN group,
and another twelve 9-week-old male db/m mice were used as a control group. Total mRNA was extracted from
kidney tissues of mice and miRNA was concentrated with the YM-100 micro-centrifugation filter. Differential
expression profile of miRNA in DN and control groups was detected by miRNA assay and RT-PCR, respectively.
Target gene of related miRNA was detected with bioinformatics technology. Results miRNA assay showed that
66 miRNAs were differentially expressed in DN and control groups (P <0.01). Of the 66 miRNAs, 35 and 31
were highly and lowly expressed, respectively, in DN group, with a difference of 1. 08 to 10. 20 folds. RT-PCR
showed that the expression of 3 miRNAs was up-regulated ( miR-196a, miR-98 and miR-29¢) and the expre-
ssion of 4 miRNAs was down-regulated (miR-21, miR-451, miR-709 and miR-187) in DN group(P <0.01).
Conclusion Some miRNAs are differentially expressed in the kidney tissues of DN and normal mice, sugges-
ting that miRNAs may be involved in the molecular mechanism of DN.
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PR, 7 I A AT B A BE . /N RNA (microRNA,
miRNA) J&—2 2 21 ~23 MZAF IR IR 4 S RNA 43
F T L mRNA (R LR 4 A R
P A ki 59%Z mRNA Y [, T 5 5L N 1 2%
IRTEEE . EURC A HE DR 2 3K R 5 BIF 5 10 4 4,
SRR L PR IR A 22 FOBE R ¢ R 1, HLIR 4y
miRNA 2 508 JRG M HOOT RE B & A R JEPY .
WA G USRI PR s 1 Ja 2 28/ )N B DN HH miR-
NAs FiKBAELL, Ritt—2 T i miRNA YEHE R B
A TR HIL R R AR

1 #RETE

1.1 ##

1.1.1 5255#h%  C57BL/KSJ-db/db /)R (o [ Bl B i
SR L) 8 RS AR BT 35 ~ 37 kg, MEYE, 12 H; CSTBL/
KSJ-db/m /MR (A ERME B I SLssh o) 8 RS R E
18 ~20 kg, Ak, 12 o 5l PEMRSE 1 8 fa R ok BT i | 4 i
1A% F0 24 h JR H &% A HEE 5 (24 h urine albumin excretion,
UAE) , TESE A& A HL 0] DN 5, 5525 /0N B, 20 30 2 U e e,
ZH/INER A B — 212 43 W T miRNA Jf5 - & real-time RT-PCR #;
WMo HAARAES 5157 DN 41 : LI =11. 1 mmol/L( WHO,
1999) X UAE i 2w T B4, W RS2 Witn i =% (R B
%) IO 45 6 BT, F 40 DN ARif 2% 30k [4 ] ik, Bl
MpEEE UAE 1355 T X R4 (P <0.01)

1.1.2  F3 5] 20 5 RNA 2 BUGE 5 Trizol ( Invitrogen
AH]) iR (LC Science S22 ), BRA IR IR & Ol i)
(BB AEWA R H), TagMan® MicroRNA Assays ( 24 [F
Applied Biosystems 23] ) , MBS MARHALR (HE EFFEAR]) .
1.2 Fik

L2010 AR RIS, OB I RARAS o AR AR 7E
R RN B, /0N BRUR R DK U S RIS I A, PR
FrAs R AN R B AR , /0 RZEARIE S b A ik s ok, il
£ 24 h JRERDIRHEH .

1.2.2 F RNA$2HC SRAMANNE 20 U OB R,
A Trizol {45, G BRI RNA

1.2.3 SRR YM-100 ffEs.Ougas s db/m XF B/ BLZH
I db/db DN /NS 6 U EEL L RNA REARHEAT R/ 3l
B2 ~5 pg/h RNA (<300 nt) H poly A RAEMEY JE 3" K
I poly A 2o ARG — DS H R AR IC % HEF) ployA & EH]
FHOL G, 3t BFFREAE Paraflomicrofludic 45 Fr I 777
22,3 o FE microfludic 35 Fr I, BRI £ HH — A2 18
WA H R A Y B H AN #2545 31 #E miRNA 5B RNA,
LA IR B RS R BON R P B ok o K DR
JEJRN PCR AL A A3 AR TRLEE (VT P 44T Y Tk 2= A& A
PN SE M. 483 E 34 °C F I 100 L 6xSSPE buffer (425
25% WERR ) AT, IR, I tag-specific Cy3 F1 Cy5 Yek} ik 479¢
Jenic, HBOGA N s A a2 i BIR o HBRTT 5, ] LOWESS
ISR 55, P82 B s . X0 T 2 A 1) 52 5
1B, 4% 2 RS S LL R B P AR BB (ET T . B 1 Rl

FSEEe . (BEER7E AT LC Science 5256 % 58 )
1.2.4 Real-time RT-PCR S 1] db/m %t B/ L4 AT db/db
DN /NEAS 6 H M4 miRNA S8 R o A 45 21, 16 45 1 20 22 S 1%
$=1.55 HRARFSEAWA KT 1000 /) miRNAs #—
475 B RT-PCR BriE, FJH TagMan® MicroRNA Assays & &
RT-PCR il & , R ] Applied Biosystems 23] C H1 15 % A Y B
Ak miRNAs 55547, L snoRNA202 £y 14 2, % miRNAs
PEATARGIN o S 2 RN & U T A3 R AT o 3 0 SR S RO
RNA 2 ng A AR , S A F 0 10l , A6 30 5 AR i 3
AL B S :95 C 2 min ZEHE,40 AfEER 95 C 15 s,
60 °C 30 s, FRZHHE I 2 AR T2 AR
1.2.5 EYMERSAHT BT E R miRNA #5000
B AF Pictar ( http://pictar. bio. nyu. edu/) | Targetscan ( http://
www. targetscan. org/ ) ,MiRanda ( http://www. microrna. org/) 7F
LRI S50l s R 25 F 25535 miRNAs B FUI AR 2L B E b 2 A
AT 3] 4 FE R S R R
1.3 %it$ o

Bl x £5 FRom, K SPSS 11. 0 Gt 8 E 47 ¢ K4,
¥ F Microsoft Excel YE&]

2 #R

2.1 PR

db/db /NI (38.2 £1.9) g 3% db/m /N (18.7 £1.5) ¢
@ E (P <0.01) ,db/db /NER B[ (29.6 +5.2) mmol/L ]
e Tt 8 db/m NEL[ (8.2 £0.9) mmol/L] (P <0.01),
db/db /N, UAEL (107.0 £29.8) wg/24 h] i # 5 F db/m /MR
[(14.2£3.1)pg/24 h](P<0.01),
2.2 miRNA ¥ H A& 45 R

5 H db/m Xf HE/INEURT db/db DN /)N BUEF HIEZH 415 RNA 25
/N RNA SRBSJ5 AR5 Cy3 Al CyS A2, SR ] miRNA 5 2
2o EEIKG R B 2 U . A XY miRNA #145
7515 B 3k B F Sanger miRBase Release 10. 0 K A< % 41 B
(http://microrna. sanger. ac. uk/sequences/), ffi i Genepix
40008 X252 J B0 v EA T G, A 5R 1 FoR . &%
KB 66 4> miRNAs 7& DN 41 Rk 5, 225+ 3% (P <0.01),
Ferr 35 4> miRNAs 76 DN 415 % % 1k ,31 > miRNAs £ DN 4]
BARERIK, 254580 1. 08 ~10.20, Frp 7 4> miRNAs 7EPI2H 2%
SR =1.55 {5 S(EHRT 1 000, 2551413k 1 fros. 2257454
KEE7R5 DN G G S E ML o SR 4 Rl Sk

A: Cy3 #7i2) db/m 288415 B: CyS A7ieéd db/db DN 41; C: Cy3/Cy5 Wudi
E1 WaAMREALS miRNA FHENLER
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*1 WANRBRAAZZRIEZBFESESH miRNAs THEAR

12 FESAEL
(DN 41/ %JHizH) (DN 41/ %5 i)

HRR X RZAMSS{H DN {55 {H

mmu-miR-451 4369.77 1 334.76% -1.66 -3.16
mmu-miR-21 3 650.71 1 593.15% -1.20 -2.30
mmu-miR-196a 3 043.24 6 795.79* 1.13 2.19
mmu-miR-709 44 780.94 24 649.30* -0.88 -1.84
mmu-miR-98 11 553.28 19 373.26* 0.68 1.60
mmu-miR-29¢ 3276.08 5 241.66* 0.64 1.56
mmu-miR-187 1701.83 1 119.58* -0.63 -1.55

a;P<0.01, 5 2845 F b4

2.3 Real-time RT-PCR £ X

Real-time RT-PCR Z545L 7R, 7 A 700 45 30 vh 22 R AT 4
KEAESMEE R miRNAs 75 DN 800 2 5§ E 254k (P <
0.01), 3 7/ miRNAs 48513 : miR-196a[ (2.33 =0. 05) {4
2] miR-98[ (1.79 +0.06) {5475 Al miR-29¢[ (1. 66 0. 04)
3% 1 75 DN 21 5 323K, miR451[ (3. 71 0. 07) {5k > |,
miR21[ (2.65 +0.05) £ /> ], miR-187[ (1. 68 +0. 03 ) £k
/BT miR-709[ (1.42 £0.06) {4 | 7F DN 4 iK% ik, 454
B EER 7 > miRNAs 7 DN i) 3578 5E & PCR 45— A1
SR RBE B RVIETTEHEMN,

BEFE L) DN 3205 B R 8UR R 9 miR-196a H1F i 47
BRI miR-451 BEAT VS PR T30, 3 2o ¥ FUI R 4 Pictar |
Targetscan 1 MiRanda B E A TR G5 DN AHCHYFESE o
T U B L IO A 2 A A T 3 i e DR A S R TR,
 miR-196a JLGf S Y 144 AR, H b 5555 A AR K R
(insulin-like growth factor 2, 1GF) | #2224 i 75 [ I8 ik 17%) T i 1) 16
fiff 1 (MAP Kinase Kinase Kinase 1, Map3kl) , A] &4 7% i % iz
% H (solute carrier family, SLC) | Az | 1 ] & ji% (inhibitor of
growth family , ING) | | Jz 4 K K F 4 ( epidermal growth factor
receptor pathway substrate epidermal growth factor receptor pathway
substrate, Eps) 7 ¢ J5L 2K 14 ( procollagen, COL) ¥4 # A4 K H -+
(transforming growth factor, TGF) \B-'% I I & fE 3214 (adrenergic
receptor, Adrb3) 5 5515 K -F (transcriptional regulating factor,
Trerfl ) % DN AHSCHE N ; miR451 LA i 5 AR, o 3%
5 8 7454 % 1 ( calcium binding protein 39, Cab39 ) | ELAZ F 7%
#iE K [H T ( eukaryotic translation elongation factor 1 alpha 1,
Eeflal) \F-box & 1 % ji% ( F-box protein 33, Fbxo33) 4% DN #H %
P

3 itig

db/db /MR Leptin 32 (A [H R 5 B0 S KL
JREE 2 RO B /N B, A T R L v LB L JBR 5 AR
PUAFREPE . FLAR B N 2 BRORE DR 0 A A
L, HR B HE S /NBRAE O, JEHR /N ER AR B 8] g™
5K, BRI RIRA N 2 RO IR 3 R, ' D BE
B SO FEAAR A, W T T IS, i 2 5

DN A iy L3 [, 2 [ Br A R 5 DN 1
EIL 71510 R

miRNA J&— 2B 4 5 (1) /N RNA 50 7 4 5" b
Tl FE A 3 S | SE A T RNA ARy 3/ a 53, A
5 1 4 miRNA(lin4 1 let-7 ) 4> T 75 28 a vp g & B0 LA
K ve Ak BAEAL AR NS T R L R Y
Yy 3 5 HORE 3 7 FP miRNA 4rF, Haj#ok i 2
(A SE 220, miRNA 3 8 5 0 3% B 9 A PR T, A
HENKEA /3 LA 8, 764 B B FE rp 3y
HATEEN,

A= ies i (biochip ) $ A 20 120 90 -4k J
RO B AR, B =il | S A Al AL S
H Sh LR, A AR B4 B 28 i #GE FH 31 mRNA 7K
S-SR FEIRAG I -, SEAG I A A B 41 2Y miRNA 3k
AR EE o AHIFST I iR AT miRNA S5 5 0 2
4 DN db/db /]y BUATIE & X5 B8 db/m /)y BRI 4 21
miRNA 22 R k1% Real-time RT-PCR I UF# 7022 &
ik miRNA w25 i #r ) T —28 DN A3 miRNAs,

A S5 38 5 miRNA SIS R KU DN 2 0 BE 441
miRNA 22 5 F3k08E 76 8 568 MNE miRNA S5 A
% P4 480 4~ miRNAs 7 DN 41 3235, 214 4>
miRNAs 7EXTRE 21 3k, DN 41 Fxf AR 2 ' ik 4 41
i1 miRNA 7 66 4~ miRNAs 2 54 i Z Pk (P <
0.01) ,H:rf 35 4~ miRNAs 7F DN 4 2 & #£ik,31 4~
miRNAs 7 DN 4 2L KK, Z A5 1. 08 &=
10.20, HH miR-196a, miR-98 Hl miR-29¢ 7£ DN 41 5
23k, miR-21, miR451 ,miR-709 1 miR-187 7 DN 411§
Feik, FMFHEIEE B RT-PCR $5HIE 73X 7 1~ miRNAs 78
DN 21 it %t HE 41 B JE 4 800 235 . mR LR R, 38 4
miRNAs 78 DN FIE % XF BB E 2 fi e 22 7 3608,
eSS T DN KA FALE . 763X 7 4> miRNAs
Hr, miR-29¢ Y% PG Hofthop 5 4 — 2tk He 4510 47
HALHG miR-29a, miR-29b il miR-29¢ [ miR-29 %
1E 2 RO PR A & 4E — 2 IAEH . miR-196a . miR-98 |
miR-21 , miR451 . miR-709 1 miR-187 & DN i 3% &
i 20 D Al R 2 Y R A R A [R] B R B
miR-21 Xf J#45 DN & /NER R B HE GR35 — o i D
PR . g5 A Hofbop F A58 & B, miRNAs #5225
T WIS B HOT R AE R KA R . A B hsa-miR-
657 i #[a] N IGF2R LRI X 2 AU PRI 14 K J =
SR 5 B s miR-375 W] LAMR/INEUBEIR B 40 i
(14 i 15 22 0000 , S SO PR 1) % 2R 5 miR-133 33 s 411
il ERG J PR 25 -3 3, 412 0 DR o 00 I35 28 1) &
AP JEHAETE miRNAs 5 DN ¢ & BIBF5E Hh, Kato
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451 B miR-192 7E DN Hh i 35 48 57 Wang 2511 3

T 0T i RO B SR A B /NI 2R I A A A

R I 2Rk miR-377 ] 5 | bR B s 41 4k 76 % 2 1
FRRE TN, DT XM PR 9 ™= A= VE ), $7R miRNAs A
AeeZ 5 DN (EE 0T ARSI BTSSRt
—#28 miRNAs 76741 DN &A= i i 73 F ML FE 4L T
B . (B FEFEAE DN JeA4TT & 3G 5145 DN AH
& miRNAs H1 5 HoAlh 22 76 DN () R A 2 5, 48
/RATfE S miRNAs BRG R Pk VR e R F B
BURRS A O R B AE B8 AN [R) 19 % 8 B B adE A 7 4 ¢
miRNAs fiff 58+ b %,

miRNAs 3 A X6J 8 3 PRI 114 ¢ 36 o 4 17 & 44
AL FRATTX 72 5 3 DN A i 2% 1 ) miR-196a F11 5
RV miR-451 AT RS0, DU — 2 U
HRHIDN R, 250K, miR-196a £ 144 4~
P miR-451 4 5 ASHEEL A, 3% 48 miRNAs 1 F I A5
Iz W KA RETE AL Ak HEE UR T AR IR (R
R S IEDR A0 RS R A A OGS PR A i EL v e B A
A K F (IGF) Map3kl Soresl | ¥ PEER T2 5
(SLC) (A K il e (ING) | b A KW T IE )
(Eps) W B JE A H (COL) F# A K K+ (TGF) |

B-B LIREAEZ A (Adib3 ) B SR 45 [N 1 (Trerfl ) |

e 745 E 1 (Cab39) | HAZ B E K7
(Eeflal ) \F-box i 1 %< ik ( Fbxo33) 451 72 5 4% bR
FOMERR IR B 9 K R B VI 70 7o B4R 75, miRNAs
FEBL AT A R ABE ST miRNAs 78 DN &R o A9/
GINHES RS2

Zi b, ARSI X R 2 OB B B /N B G
microRNA %] & it 25 & B, 78 5. 1] DN A miR-196a,
miR-98 il miR-29¢ Fik |4 ;miR-21 , miR-451, miR-709
H miR-187 F3A T I, #7R81X 2L miRNAs A] g2 5 FL
1912 HRUHE DR B Y A A o B R PR T R S, miR-
196a fl miR-451 AL G AR H 3z, 8 R Al il 4k o
b S AT A5 T AR A A, i
WFFE HAE ) DN g /R I 285 1 Bk Ailh, {5 miRNAs
TEFI0] 2 AU BRI B 1) B SF AL A 75 2 2 IR
A .
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