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miRNAs 1335 5 57 A X6 B/ B 38N ] 5 8 1 PCR B RS 2R /R 3 4> miRNAs #5232 2] ApN Y395 . miR532-5p AU A
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miR1934,an adiponectin specially—regulated microRNA,is downregulated

in adipose tissues of obese mice
Ge Qian,Zhang Wenlong,Liu Lulu,Li Qifu
(Department of Endocrinology , The First Affiliated Hospital of Chongging Medical University)
[ Abstract)Objective : Mice over—expressing ApN specifically in adipose tissues (AT,ApN—Over) and the mice knocking—out ApN
(ApN-KO) were used to identify microRNAs(miRNAs) targeted by ApN in AT. Methods;Male ApN-Over mice, ApN-KO mice and
C57/Bl6] mice fed with high—fat diet(HFD) were used. miRNA expression profiling was performed by using microRNA arrays. The
expressions of miRNAs and adipokines were quantified by real-time PCR. The gene targets of miR1934 were predicted by bioinfor—
matic data base. Results ; There were 12 miRNAs differently expressed between AT of ApN—Overex mice and wild—type mice. By PCR
validation, the expression of miR532-5p was down-regulated,while that of miR883b-5p and miR1934 was up-regulated in AT of
ApN-Over mice. Moreover, the expression of miR1934 in AT of ApN-KO mice was down-regulated, exhibiting a reverse expression
pattern compared to ApN—Over mice. The expression of miR1934 was significantly lower in epididymal AT of HFD-induced obese
mice than that in chow diet—fed mice(1.00 + 0.22 vs. 0.54 £0.13,P=0.04). The predicted gene targets of miR—1934, serine/threonine
kinase 3(STK3) and chemokine(C—C motif) ligand(CCL19) ,were annotated to be involved in Jun N-terminal kinases(JNK) signal-
ing pathway. Conclusion . We identified a novel miRNA ,miR-1934 which was up-regulated by ApN in AT in vivo. The expression of
miR1934 was decreased in visceral AT of obese mice. The possible roles of miR-1934 may be involved in the JNK signaling pathway.
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/N RNA (microRNA ,miRNA ) 42 31 3k & 3H 1)
PR 2 22 AT IR AR Gt 1) XS RNA
fufi T3 3 SR AL mRNA 19 3 =A% 5% X (UTR ) 1)
9 H AN A 240 mRNA F Beali 3 4H mRNA #
PRI 5 A R Sl A P L R A R R0 ok
M BIBIFST s miRNA (0 320K 25 0 45 B JRE A 56 Y
AU B G0 2 2R b s 0 2l Jok o5 6 At A4 25 D AH
Kelsel 3 H 26 miRNAs 7] 2 5995 18 17 40 41k
PN SR D A T BE, SR microRNAs & 52
GRS R 7 A R A A A e = D AT BT 5 4R
T 5 A EAY miRNAs, £ AR 401, miR132
A5 NF-kB #GPE LK 1L-8 Al MCP-1 f#y7/=4:8,
miR223 ¥ & BE /)N BRI 7 A1 40 1 g 248 J Al A 7 O
S T, B B mT LU AR I 418 R AE 1Y &
Jigel, PRI, miRNAs A G A 845 A 105 21 2198 P R
SRR BRI . ApN 2 2 £ i 7 240 e 53-8 P G
2t PR, L i 24 e N i U 4 4k A B e B
AR, KA EIESE ApN J&— N E AT %
i R AL 7 AN O 245 B 412 n
JHIE S50 O BERE- B8 LA B PR VE ], i3
it [ o W55 W AT SO BRI L 28 A & & #5400
AN RAHF SR T BRI R ok R aA e AL
PRL/N B (ApN—Over ) F1JIg 3 25 JiE A i 5% /)N B (ApN -
KO) AL 16 H B IE R RE S M A miRNA SR
NI AR OCAE HALHI PR R R & IR T B
M EA RN H L ARAE T HEPE miRNA

1 #MR5FE

1.1 &%
6 > ApN FEIE /N (ApN—Over) 5 H: A 55 A 1 7 A4

HF A Y (WT)/INEUER LERI T SR 23 6 A~ ApN &R i
/N (ApN-KO) B H AR Bk 24241k 16 A~ C57/Bl6J /N
PR T AR = ZE B R 2 R PR e sh B Att 457> 4 JRliS
Mt ApN-Overex /NS WT /N FL = IR K& (TDO8811 5 Har—
lan, Indiana, USA)fRIF%, AR, 457 4 Jl& M ApN-KO /N
5 WT /MR FERIE A H R [ —FE 3 50 AR A9 = IR ik
TSR, BRSBTS , 1) 5E 25 10 SRR WAL AL
WA R K D T 2 W VA B i 2 4 (A R i 2H 4
JRIKZE Ml FA BB R R ), B Ie i HE R 5
SEE AR A, BEENEE A -80 CUKAARAE . HAh B 4 JEI A
P C57/B16] /INBENL A R Xt BELL S R IR AL , 2 45T 538
IR E (TD2018s; Harlan ) 5 = JRAK &1 3% , 4 J8 G VL 1k Uy ik
W FFARAF I35 K RS2 NS I 4 AR, S8 o R R AR R
AR DL AR AT
1.2 Afuigiesan

/I BT 87 R Y et 3 K /N BR s R 7R (i H R 4 B
FRH 8,3 16 h), /N SO S RS 2 mg #IATHE
25 T ME s AR A TR A, 4350 TS AT (B O min), 1
S5 15.30.60 LA K 120 min B HCR ki 285 47 1t b 0 a2
B 3 29 ECA A o LT H I =R R A e ki g | ik
FEE A BD Biosciences 2\ 1) (Erembodegem, Belgium)
1.3 MicroRNA %K

ApN-Over Fll WT /N BRI V8 i 197 2H 2L 1% 5 RNA 2R H]
mirVana™ miRNA 43 2% 7 & (Life Technologies, Gent, Bel-
gium) FEIC, T Hy3™ F1 HyS™ 28R BREM R 1 pg HEAR
RNA FlIbR#fEZ B RNA (Exiqon, Vedbaek , Denmark ), FRic 4
R 52 AR A5 miRCURY™ LNA Array S50 05 A
(Exiqon) 2238 (s AL 8 694 A~/NRAFEFPERY miRNAs #8
), K H A9 15 5 R H global Lowess (1LOcally WEighted
Scatterplot Smoothing) P15k KBRS THIF 5 ARG
ST IEAN
1.4 MicroRNA #= mRNA #9 real-time PCR

/N U 21 2T A 5L RNA SR A @ 1 Fr iR 9 mirVana™
miRNA isolation kit il & 20, miRNA 1Y real-time PCR £
.1 we 5 RNA F NCodeTM VILOTM miRNA ¢DNA Synthesis
Kit(Life Technologies )i & 71305 5% | SR 5 1 FH 26 Y e sl
(EAEYWTRABRAR, K&, P E)TE PCRALIETTY 3,
miR1934 R FPE)_LIES | IAE [ Qiagen A H], RIS 1410
WS (1 NCodeTM VILOTM miRNA ¢DNA Synthesis Kit
TR G AL ), 2R A 18srRNA, mRNA ) qRT-PCR
Rl 1 g B RNA SR SRR & (B TR R A ],
K, o) AT SR JE A IRV R PCR AL A9 38 K
I ApN \MCP-1 .CD11c M35, SR H Cyclophilin, 514
A TAY TRARAR G K, 51T 5 W3k 1, R
Bl 27200 NI T
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&1 KBEMA real-time PCR 3415751
Tab.1 Gene sequences used as forward and reverse primers

for real-time PCR

FEH 51975

MCP-1 1F SL5# .5 ~AGAGCCAGACGGGAGGAAG-3"
JZ XLEE .5 ~GCATGGTGGTGGAGGAAGAG-3’

CDlle 1E X 5E .5’ ~CGGCTGGATCAGTCAGACATT-3"
JZ X 5E 5 ~CGATAAGAGGGACGGGGTT-3"

ApN 1F M 4# .5’ ~GCAGAGATGGCACTCCTGGA-3’

Jz X5 .5 ~CCCTTCAGCTCCTGTCATTCC-3"

18sTRNA 1E X4 .5’ -TTGGAGGGCAAGTCTGGTG-3"
JZ B .5’ ~CCGCTCCCAAGATCCAACTA-3’
Cyclophilin 1E X555’ ~AACCCCACC GTGTTCTTC-3’

J2 X5k .5 -TGCCTTCTTTCACCTTCCC-3"

15 M43 & 808 A TN miR1934 44 ¥k B

miR1934 Y418 56 5 Hy 2 4> 40 4 T - miRDB (hitp:/
mirdb.org/miRDB/) FI Targetscan (http ; //www.targetscan.org/) ,
T AT #5 A H0 J DR P PR BUS 2 Genecodis (hittp : //genecodis?.
dacya.ucm.es/)i&??ft%yj fEER -1
1.6 %Itk

ey HHd ] SAS 9.13(SAS Institute, Cary,NC) Zii 4k
PFo WA B AR £ AREZE (x £ ) 2R 2 dLIH] HUESR
TSLFEA ¢ Ko, Ko /KifE a=0.05,

2.1 FERALLA P ZREH A AT 49 miRNAs

FIFH miRNA 785 R BRI 1 H BRI 333 223k /N (ApN-
Over) 5EFAERUNR (WT)IGH41Z T 3654 22 5700 miRNAs,
TERTI Y 694 4~ miRNAs H1 75 289 4~ miRNAs 7Efig i 2141
ik, 5 WT /N i ,ApN-Over /NI A 51
A miRNAs HYFIE AR (P<0.05), Hirf 9 4~ miRNAs A #23k
5 W /N EAARE B B2 R (K 2,P<0.01 vs. WT),
FAh 3 4~ miRNAs fFRA 22 R LA Gt 2E 0 (56 1, P<
0.05 vs. WT), EHLIIt 3 > miRNAs © 2@ 0F 75 IE 5 2 547

R ZU b 151,

2.2 miR1934 4 % BB F 45 1298 7 69 ¥2 miRNA

FIF ApN=Over /MR -5 WT /N RXF_E R Gfive HAY 12 4~
miRNAs #Ef7 RT-QPCR 531, 455 /R A 3 1 miRNAs i 5
ZRINRHEZR AT :miR532-5p FRIAHE ApN T4, miR883b-
5p il miR1934 AYFEAWE ApN WA BRI (58 3), ME—F1H
RT-QPCR 7 ApN-KO /N WT /N R 2ot ik
3> miRNAs FYFIRIEFTREI , 25 5 % 055 5 A 280/ U L
¢ miR1934 [FIATE ApN-KO /NI BT ZH 4 R 3L
SEARTRM K, R T 578 ApN-Over /N SR IIA S PRI
HIFE IR (K 4), T miR532-5p FImiR883b-5p 7E ApN-KO
N R S R A LU BT 22 5

F2 BEBEURIEHEERE/NR ( ApN-Overex ) FAEFEXTHR/INR
(WT ) BEBA4E4ZR miRNA RiE i (x +5,n=3)
Tab.2 miRNA expression profiling in adipose tissue from

ApN-Overex or wild—type ( WT ) mice( x +s,n=3)

miRNAs wT ApN-Overex X[E] P1E
miR532-5p 0.19 £ 0.04 -0.18 £0.02 7.98  0.001
miR23b 0.12+0.03 -0.06 +0.01 5.84  0.004
miR127 0.14 +0.03 -0.10 +0.03 5.62  0.005
miR331-3p 0.10 £ 0.07 -0.32+0.07 4.70  0.010
miR1983 0.27 £ 0.06 -0.07 £0.05 448 0011
miR652 0.08 £ 0.05 -0.30 £ 0.07 424 0013
miR883b-5p  -0.28 +0.04 -0.02 £ 0.05 436  0.012
miR342 0.22+0.09 -0.31 £0.08 4.19  0.014
miR1934 -1.10+£0.21 0.23+0.28 3.84 0.019
miR222 0.32+0.09 -0.10 £ 0.07 3.65 0.022
miR221 0.18 £0.08 -0.13 £0.05 328  0.031
miR103 0.17 £0.04 -0.15+0.10 296  0.041

71 :miRNA FEATEM ] miRNA SRS A (miRNA array ) #5600, 5
WT /N EEEE , ApN=Over /NEIBNTZHZI A 9 1~ microRNAs [R5
e BEHAR (P<0.01) 5 7356 3 AEHESL S 55 i 4
L3401 microRNAs (925 AR (P<0.05) o 45 R F/R A Log2
( Hy3/Hy5 ) Fefi

%* 3 miRNAs ZERSBA R It RiXFEEE/INE ( ADN-Overex ) FnEf
EXTBRNR (WT ) BB AR HFHEERIE (x £5)
Tab.3 The expression of miRNAs in adipose tissue of ApN
over—expressing mice ( AbN-Overex )
and wild type mice (WT ) (x s )

miRNAs WT(n=7) ApN-Over (n=6) fH  P{H
miR532-5p  1.00 = 0.09 0.68 +0.07 320 0.010
miR883b-5p  1.000.13 1.51+0.13 278 0017
miR1934 1.00 £0.13 1.56 +0.26 230 0.044

73 :miRNA AFEI5H real-time PCR #5025 53650 ApN-Overex
AT WT 4R FE 55

F 4 miRNAs ZERSEXREFBIR/MR ( ApN-KO ) FlEF &= 3$ BRI
BOWT ) BEERARPHEERIE (x+s)
Tab.4 The expression of miRNAs in adipose tissue of ApN

knockout mice ( ApN-KO ) and wild type mice (WT ) (x +s)

miRNAs WT(n=7) ApN-Over (n=6) ¢fH  P{H
miR532-5p  1.00+0.14  0.95+0.11 029 0777
miR883b-5p  1.00+0.28 1.19+0.33 049  0.635
miR1934 1.00+£0.49  0.004 +0.001 6.82  0.000

Vi :miRNA (32351 real—time PCR #:J, 25513575 7 ApN-KO 41Af]
XHF WT 41/ UK k540

2.3 miR1934 LA R0 P LIS B 4028 P ik A%
NERIESE 4 R, S51E% /N EA G, B AR (HFD) /MR
P PERR I 2 4 5 T S RGO i v = s A
B FEABMRIE (£ 5) . 540, HED 41/ B S2 AR 41
AU 4 AE I F CD1 e F1RA % 240 g #4 Ak 2 11 —1 (monocyte



— 418 —

BERERKFZER 2015 ££55 40 &5 3 81 ( Journal of Chongging Medical University 2015.Vol.40 No.3 )

chemotactic protein 1, MCP-1) 1455 B I i 53 1 6] iR
ZH(CD), MHL R AN T ApN (Y FRIBZFEARAY (3 6) , [AlAT
miR1934 (IRIAIR] ApN —HEL BB REAIR (K 6)
F5 J\EAREBEREEF/NR(CD) SRR T/NR (HFD)
B—MER (x +5,n=8)
Tab.2 The characteristics of 8—week mice with chow diet( CD )
or high—fat diet( HFD ) ( x +5,n=8 )

— TR cD HFD (. PH

RUAT R (g) 2540+042 3248110 602 0.000
ME2fgi g2 i (g)  0.43 £0.03 123+0.18 425 0.001
FFIERMT A4 1.7120.11 3.67+046  4.19 0.001

Bt (%)

2 W o S
2SI (mmol/L)  4.65+0.14  562+032 280 0.019
2h Ifi#% (mmol/L) 690+043  882+0.60 261 0026
Hh = (mmol/L)  0.73 +0.01 127026 259 0.027
JBE % 2% (wU/ml) 14556 +9.47 16624+ 1426 2.48 0.042

# 6 FERAALRKAERFF miR-1934 fESAEMRSRA/NR (HFD )
MLBRAITERA (CD )/ NRIE AR PHEERIE (x £5,n=8)
Tab.6 The expression of adipokines and miR1934 in adipose
tissue of mice with chow diet( CD ) or high—fat diet ( HFD )

(x+s,n=8)

HAER T CD HFD 8 PME
CD1le 1.00 +0.26 2.25+0.81 225 0.041
MCP-1 1.00 +0.26 2.9+0.86 255 0023

ApN 1.00 + 0.09 0.710.11 223 0.042

miR1934 1.00 +0.22 0.54+0.13 224 0043

BT ZHZLJERE A T~ miR1934 IFEIA T real—time PCR A5, 45
FFTRN HED AN CD H 358

2.4 TRAl49 miR1934 6923k B

H miRDB HHfE 22 BN AHE] T 210 4> miR1934 frfE
, [ 1] Targetscan B0 4 000 45 81) 1 235 A HEEE
Horb 53 DAL 2 MR EIAT , HE— A TN 53 A4
miR1934 fHE I K A Genecodis B 22 #5177 21 9 T fig 28
25, 5P R EEIA STK3 Al CCL19 %I MY INK 15 518
FEH) 3 (GO) (P=0.036) . ILAMEHAL T 2 A FERE A v A7
2 MBFE[Rho/Rac guanine nucleotide exchange factor(GEF)
2(ARHGEF2) ,RING1 and YY1 binding protein (RYBP)]22&
R TR T (GO) (P=0.020) , i A 1 A48 4L [ [acyl -
CoA synthetase long—chain family member 1 (ACSLI1) M i 5
FN SIS SIS T (GO) (P=0.025)

AR TGRS ELIESZ ApN T3 F S
AN TR T 430, W 245 PR 438 T 1

PUARAE KT (14 43 10 , DT 40355 G Tl 4 40 1 8 i AR
AR, BRI, ApN Al A 38 7 40 i PR e g s 4 4
SAERIBLT A TR . ApN Z ARl R T
H8 miRNAs ZAFEHBTRAEH], LA miRNAs 275
o] ApN —FE EA B i 105 41 290 B D e A o
R I B B TR R DR ASBIFZE Y H ST . ApN
8 miRNAs, PAiE— 2285 ApN A/E AL, [
ik & 3 1) 2 5 8 45 i W5 9 i 1 D BEPE miRNAs,
S RE R 25 B AE I T B AT SR HEBT A A
LA AT EE i T S Le g i 4l
AU 5 ApN HA A XM miRNAs, 540, A5 i
HA miR95 MBS IMME ApN Mk 2 EAHC,
1M miR181a 5 ApN GRS, /N ERUIE B A 7 41
4 miR143 B9 £ A5 ApN K & IE A6 1
miR221 Hl miR222 5 ApN AKX EZRN, [HEIX
Y8 miRNAs 7552 ApN [R5 AASF 2 A, AT
O R EUN N AN TN E R -2 =Y A A R
ApN i 15 1Y) miRNAs, FJ ] miRNAs ith i Fl real -
time PCR A, RIL T HRITAZUh 4 A8iH3Z ApN
P A miRNAs, Hod miR1934 fZ6K7E ApN Ribs
@R T 57F ApN 2 FaR A R A, I B HAE
ApN FRBRIS BEAREN LT AR T K-, 3 e R
miR934 f& ApN AYEEFPEHE miRNA | JF HH AR
I ApN (1), IR 5351 2 4 miRNAs(miR532-5p
FImiR883b-5p) MFIKLFE ApN FBRASANZ M {1
BTATA R I A GEHERR ApN AT A VA5 & B9 f
e, 5 PR T Bk TR 5 RS AN 2 5 4 A
SEAT R o TEABEZE R Y AN R IA /N, AR
ApN HMIEIE K 37 g 17 L 2R S s 2h - (aP2) 1A
T, R AR S b 7 g 7 A 0 v v 26 ok 5
1K MAE ApN R/ B, ApN i DX 5 4= Rt s ( Fr
AHLABRA ApN £ik), IR NAR AT e A — L8
FRAZHL = A B0 T ApN B4 ERT . IR LA
(IRIFTE EE EI (1), ApN 3 357N BRUFE i I IR 1) 5=
JEVRFAR T B AER/INR, 1 ApN mlk /N R A A 1%
ABIFGE I R A 15 AR R T AR B i
IR AL & PR —SE7E ApN s ik /NP 5Z ApN i
TR 40 M R TAE ApN i/ U I 15 1
i) L 3

AR EES Sh P AN B IS ApN /K-35 81
WAARR , PRI — 2B A ApN 4 S A HE miR 19347
NEREETE AU EREARR A4 TN 4 iR
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BRI A D5 2L 2L (R 412 20 PR B e
1o, TP A AE PR BE K 28 A9 23R SRR A, #2705
JHE/INERUBHRY B R 1D 2H 2R 2 S B PR AR AE RS . T IE
T FURHY  IX LEAEHE N B AR T ZH R miR 193411
FIA M ApN —FE = B BEAR 1Y, PRI miR1934 1R
AREFN ApN —FERAPLRAEAIIIRE , H T NS
JoA 5 miR1934 AW P RERY SCRRHRE . Ak A&
E_EBA LA miRNA I R A Bt 14 | 75 3]
T BB LR R B miR1934 11479 A T30 fit 0 3 A
STK3 il CCL19 /&3 15 INK {5538 #&1953F . Nu-
clear Factor kappa-light—chain—enhancer of activated
B cells(NF-kB),JNK F1 Janus kinases/signal trans—
duction and activator of transcription (JAK/STAT) J&
3k R A A 017 40 B PR TR B A e D AR 5%
E TR S, R NF-xB 1 INK A9 A
SRR FRARPUE Z S THLHI™, (3 miR1934 J2 75
LIS STK3 Al CCL19 R AL 1 20 2% 48 iE i 7
B2 ARSI Y SR A TR IE . AN, B
JEE 78 miR1934 B H: Al i B0 F) J LA #E R A 2
A PR T AR I 2R A 2 09 i D R A R 5 % Y
3, I miR1934 5 0] REIA 2 5 40 i 8 1= IR 5
RS,

25 LR ARWEFE L i AR DT 4H 2 ApN
P59 miRNAs, Horb miR1934 J&£3Z ApN 4 514
T HIHE miRNAs, HER A2 ApN RPER) . [R5
ApN —F¢ | NEEES A D7 41 20 miR1934 1 3Rk &
W FREAR . R B LB o B v 2P
miR1934 W HES: 51y INK {5 5@ Bk, DL, A
FEE WK ApN 757 MEFE miR1934 A HETE ApN
AT R DN RE &A% E 24, HON B ApN AH G AE
FHPLHIR AL TR | [ ] BE A e e 17 2H 21
HONE B HAH DA S B AR TR

2 % X M
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