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WE : BH it microRNA-181b(miR—181b ) A& G il it Yo &2 NDR G2 45 2 AUk Sk a5 & ik 6d
WBF . FiE O RRADRRS B @i ARIMERER, MENDRG2H A A (NDRG2Y —1uc) 5 X E A
(NDRG2"W—1uc) 3 FBARE A B Fok st A 4h 4, 35 345 RUG AT A Z MRS 4T, WA NDRG2iT
Fok e dUR SRR RIS B, o NDRG2 mRNAFE G Fik . BB E 5%, Rt FBEB
W ARIEIR A8 hJG KR 0 LR B R A EE R AT miR —181b A7 NDR G2 mRNA #9 KA . KR 7 Z 48135009 1
B2 BRI 5 mmol/L #2220 mmol/L #) 54 T o e 8 B ek &, R ORIk
A BN AL, it IR AR, 2F AL FEEL(P <0.05) . miR—181b K3 =T vA A 2474
NDR G2 luc#9 3’ 5% A &iFR o9 ik, 123 NDRG2-MUT 4= Control 2L .8 £ %76 ; miR—181b inhibitor 7T
VAR NDRG2Y —luc 89 3’35 EBFR 69 Rk, 123 NDRG2-MUT 4L4= Control 2L LB 2% vm . it & iA4a
NDR G2 mRNA Fo 2 & A0t ik 38 Fid £k s BB (P <0.05); f£5 mmol/L#H H#EEMHT, Shikmsidk
AT B E b bds, 2R AL FEEL(P >0.05); f£20 mmol/LA HIELM T, SRATRBAEM S E
st E T ARMA(P <0.05), AL NDRG2 mRNA F2 & & 4857 &k A& T 3K 41 ( P <0.05); £
5 mmol/L # Z#ELMT, skl ST BBLAAR B & ik ki, 2/ A% FESL(P >0.05); ££20 mmol/L
HEBEEMT, USRS 5035 Taks B4 (P <0.05) . 35 mmol/L #] Zj #2405 3 B4 miR —181bF=
NDRG2 mRNAAB k ik ik, £F K% 53 EL(P>0.05); 20 mmol/L #] £ #E20 miR—181b A8 % & &
F & TR 5 mmol/L ) #4528 (P <0.05), NDRG2 mRNA 48 %% & ik B4 F %7 B 2842 5 mmol/L %] Z)
#220 (P <0.05) o @5 mmol/L # B #2454 T, ControlZL., miR—181b mimicsZL. miR—181b inhibitor 281 £ %
kiR, 2R ARG FEXL(P >0.05) . £20 mmol/LAH HAELM T, miR—181b mimics 8% B & 5k 5
F Control Z( P <0.05) , miR—1b1 inhibitor ZLA% & & 43k 4% F Control ZLF# miR —181b mimics ZL( P <0.05) .
251 miR—181b Tl it fed 34 NDR G2 89 £ ik R 3% Z M By %0 50k
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The regulatory role of microRNA-181b in insulin secretion in type 2
diabetes mellitus and the underlying mechanisms*
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Abstract: Objective To explore whether microRNA181-b (miR-181b) could target on NDRG2 to regulate
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the insulin secretion in type 2 diabetes mellitus. Methods MING6 cells were cultured in vitro and NDRG2 wild-type
(NDRG2 WT-1uc) and mutant (NDRG2 MUT-1uc) luciferase reporter gene plasmids were constructed and
transfected. After transfection, the dual luciferase reporter assay was performed. The NDRG2 overexpression and
knockdown plasmids were constructed and transfected into MING6 cells. The mRNA and protein expressions of
NDRG?2 and the insulin secretion were detected. After 48-hour culture of MING6 cells without transfection, the
mRNA expressions of miR-181b and NDRG2 were detected. The glucose stimulated insulin release assay was
performed under the condition of 5 mmol/L and 20 mmol/L of glucose to detect the insulin secretion. Results The
luciferase reporter assay showed that the relative fluorescence intensity was different among the groups (P < 0.05).
The miR-181b mimics could significantly inhibit the expression of the 3'-untranslated region of NDRG2WT-luc, but
had no effect on NDRG2 MUT-1uc and control plasmids. On the contrary, miR-181b inhibitor could enhance the
expression of the 3'-untranslated region of NDRG2 WT-luc, but had no effect on NDRG2 MUT-1uc and control
plasmids. The overexpression of NDRG2 significantly increased the mRNA and protein expressions of NDRG2 (P <
0.05). With a glucose concentration of 5 mmol/L, there was no significant difference in the insulin secretion between
the overexpression group and the control group (P > 0.05). When the glucose concentration was set at 20 mmol/L,
the insulin secretion was significantly reduced in the overexpression group (P < 0.05). The knockdown of NDRG2
significantly decreased the mRNA and protein expressions of NDRG2 (P < 0.05). With a glucose concentration of 5
mmol/L, there was no significant difference in the insulin secretion between the knockdown group and the control
group (P > 0.05). When the glucose concentration was set at 20 mmol/L, the insulin secretion was significantly
elevated in the knockdown group (P < 0.05). The relative mRNA expressions of miR-181b and NDRG2 were not
different between the 5 mmol/L glucose group and the control group (P > 0.05). In contrast, the relative mRNA
expression of miR-181b in the 20 mmol/L glucose group was higher than that of the control group and the 5 mmol/L
glucose group (P < 0.05), while the relative mRNA expression of NDRG2 in the 20 mmol/L glucose group was
lower than that of the control group and the 5 mmol/L glucose group (P < 0.05). Under the condition of 5 mmol/L of
glucose, there was no difference in the insulin secretion among the control group, miR-181b mimics group and miR-
181b inhibitor group (P > 0.05). When the glucose concentration was 20 mmol/L, the insulin secretion was greater in
the miR-181b mimics group than that in the control group (P < 0.05), whereas the insulin secretion was lower in the
miR-181b inhibitor group compared with the control group and the miR-181b mimics group (P < 0.05).
Conclusions The miR-181b can improve the insulin secretion by targeted inhibition of NDRG2 expression.
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e B BRI MicroRNA (miRNA ) & —Fh B
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%2 4 (BSC—1100ITA2-X , 3% B I 3 1 Bl 24 AL 28 47
FRZAF] .

1.2 FHik

12,1 wmiedds RAE 10 wL/L B-%i 5k & R
10% Jiey 4= 1ML 7% 1) DMEM e 4 35 752 W 55 7 /0N BRUBE & B
YNMI , 15 35 540 2 37°C 5% — A AR 15 35 46 18 T 1%
F%, M KBRS > 80% FIRIE T AN AL AR
122 A3 H ol 0 ER A Targetsca (http:/
www.targetscan.org ) #ll miRanda ( http://www.microrna.org/
microrna/home. do ) £ 17 #8 J& (K #5090 , 1] FH Primer 5.0
A REAT 51 B0, ¥4 H NDRG2 B 4= 7 (NDRG2"'-
luc) 5 %8 25 1 (NDRG2""-1uc ) %¢ Yt K i R 5 5
oKL o

123 R FEEEIRE LR 5 34w A48 At 8 kR E
P55 75 /N BRUBR I B 4 422 Fh T 24 fL R, Ak 228
Frak %, 158 56 4 W BE J5 R HINE B AR 56 e e e g%, 4y
A Control ZH ( BH 4 X B ) . NDRG2-WT £H ( #% ¢
NDRG2""-luc) NDRG2-MUT 4H (4% NDRG2"""~Tuc) .
miR-181b mimics+NDRG2-WT £H ( %% %% miR-181b #
1 ¥ F1 NDRG2""-luc) . miR-181b mimics+NDRG2-
MUT 20 (%% J% miR-181b £ 481 4 il NDRG2"""~luc) .
miR-181b inhibitor+NDRG2-WT £ ( % Yt miR-181b
inhibitor il NDRG2""-luc) . miR-181 binhibitor+
NDRG2-MUT 41 ( % %* miR-181b inhibitor Al
NDRG2""—luc) . %5 Y% 48 h 1 4 b5 1 T 5 225256 .
e L 238 TR S5 R DN RN A K H A Y 2R I 1Y) ¢ O R
J&, DLW B L (B ke 7 AR X 3% 1, B Bt miR-181h
5 NDRG2 &5 G151

1.2.4 iF ok X AF I o NDRG2 R O#E
Lipofectamine™ 2000 25 & 156 W 5 $EA T4 , T A o
i H 3¢ E Addgene 23 7l o ¥ pLenti6-NDRG2 (i 32
ik 2 ) | pLenti6—Cherry ( & & 3K X} B 4 ) | pLKO-
NDRG2 shRNA (#{ il 4H ) . pLKO-Scramble ( i {I X 18
) 53 145 psPAX2 JFkE . pMD2.G Jot ki 3 [ 5 e 2 /)N
FRUBE S5 B AN, 5% e 5 48 h B 3 W, SR S b
FE i A B A% IV (quantitative real—time polymerase
chain reaction, qRT-PCR ) 191 NDRG2 mRNA [ 35 ik
(F2 2724 B B A X £ ik i) 5 Western blotting £ ]
NDRG2 25 |1 i FR 3 5 4 2% R Tk 15 28 R
Ho AR ¥ B (5 mmol/L) il i ¢ B2 (20 mmol/L ) 7 25
AT RIS R W

1.2.5 gRT-PCR # M miR—181b #= NDRG2
mRNA  REGY /NS B AN SR 48 h s, T
DU EE (5 mmol/L) 15 ¥ FE (20 mmol/L) i % 45 41
W, WO D R, LR I A R 4 S 6 IR SR
qRT-PCR £ 5 mmol/L 7 5 2H .20 mmol/L 7 % i
2H Ko %t BB 2 /N BB B B4 B N UR P miR-181b A1
NDRG2 mRNA ik,

12,6  FEHER G M E EBHGRBA NS E 5
e FEARUREE (5 mmol/L) F1 7 ¥k FE (20 mmol/L) %

EiREZE T 8 miR=181b B4 (miR-181b mimics
20 ) \miR-181b # il 5] (miR-181b inhibitor 41 ) | B
XJ HE (Control 41 ) % 4L 28 /N BRI 5 B 40 M rh |, g e
48 h Ji SR FH 46 755 W 38 %) B 5% 2% R S A DN Je £
Rt
1.3 #FitFEHE

BOHE 23 A1 R FH SPSS 20.0 it 4k 4k . R OR
AR = bR 22 (k2 s) Rom, ZALCE R 250
Br, LB A K50, P <0.05 h2EFA G
-0

&R

FZHEXRNRELLE

Control ZH #H X 2¢ )t 5 B 24 (100.00 +1.01)%
NDRG2-WT £H 7 (104.20 + 3.04)% . NDRG2-MUT 41
7 (98.00 +2.12)% . miR—-181b mimics+NDRG2-WT 41
5 (63.27 +5.16)% . miR—181b mimics+NDRG2-MUT
2H N (96.67 £2.23)% . miR—181b inhibitor+NDRG2—-
WT 20 & (133.59+4.48)% . miR-181 binhibitor+
NDRG2-MUT 20 4 (97.13 £ 1.0) % . 4% 4 A58 568
FER ., @20, ZFARIT¥EL(F=
46.325,P=0.000)., VLIE 1.

P B Tl Az A BE A S 5 A I &2 B, miR-181b
B4 v] LA BH 2 410 ) NDRG2Y —lue (1) 3'— % I & 12
XAk, HXF NDRG2-MUT 4H Fil Control £H JCHH i
W 5 miR-181b inhibitor ] L 3 NDRG2Y" ~luc K
3'-ui A #H P X A E 3k, (B XF NDRG2-MUT 4 i
Control 0 JC W i 52 . i W] miR-181b 7] LU & &5
NDRG2 fy 3'- % i B 1% X 45 & ok 8 #% NDRG2 #Y
#Kik,

2.2 NDRG2 3R B &SRS
i Rk A 5 ol 38 X6 B 41 NDRG2 mRNA Al 8

2

2.1
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Position 466-472 of NDRG2 3' UTR: §... GGGUAUGGACCUACGUGAAUGUG

1 LT
hsa-miR-181b-WT: 8'..UGGGUGGCUGUCGUUACUUACAA

hsa-miR-181b-MUT: 3'...UGGGUGGGACUCGUUGGACGUGA

E1 miR-181b 5 NDRG2HBER L& M A TEE

FIAA RIE R, 2 BR, 25 AR %E X
(P<0.05), il RiLA Y& Tk RIAX A, 7
5 mmol/L #j A Wi A5 1 T, i Ak 20 5 i b XF B 4H
JoR 5 2R Ay WA L L3, 22 R RG22 L (P >0.05) .
£ 20 mmol/L #j A M 2 F T, b Ik 4 5 i Rk X i

HWES RS WRLE, ZFARITEEL(P<
0.05) , RE TR X L & Tad FRak2H . WER 1 ANE 2,

A 20 5 A % BB 26 NDRG2 mRNA #1451 41
XRIXFEILE , i, ZRAGITFEL(P<
0.05) , PR R T A% BB 4L . 7 5 mmol/L 4 2
WA T, w4 5wl I T B2 6 5 25 0 b o
B 2R IGHFRE L (P>0.05), 7F 20 mmol/L %)
BT, w5l I ) B2 R 5 25 0 6 o
B, ESAGIEE (P <0.05), @A S T Rk
XL, WL 2 FE 2,

F1 FRIEASERIEFEEANDRG2 mMRNAFIEABRNRIZEEBZSWEILE (rxs)
2151 NDRG2 mRNA NDRG2 & 5 mmol/L BT HE I .5 2/TU 20 mmol/L Hij A Ji & Z/1U
fuE Sy o gkt 1.00 + 0.01 1.02 +0.01 336.98 +45.71 712.34 + 5527
FUE LS| 548 £1.21 4.66 + 1.05 327.51 +33.84 488.95 + 61.02
A 9.069 8.491 0.408 6.646
PiE 0.000 0.000 0.692 0.000
*R2 BIRASEEXMBANDRG2 mMRNAMIZEAHEMNRZE FEEEZNMELRK (xxs)
2151 NDRG2 mRNA NDRG2 & 5 mmol/L AT MR .5 2/TU 20 mmol/L Hij A B & Z/1U
AT B 2H 1.00 £ 0.01 1.01 £0.01 344.56 +39.83 747.80 £ 60.35
g fia) 0.47 £0.11 0.42 +0.09 33835 +44.12 1056.79 + 88.64
il 11.754 15.960 0.256 7.058
Pia 0.000 0.000 0.803 0.000
TIFGRXTHAA R IR ik W3,

NDRG2 m ‘ Rt
) ) i . il s

2 NDRG2ZEHWRIE

GAPDH

2.3 SHERIEXT/NREES B RN IEEmIR-181b
#1NDRG2 mRNA Fi% B 540

5 mmol/L % 25 ¥ 20 . 20 mmol/L %5 25 M 20 M X
RECZH /N BRUE 5 B 40 L P9 U 4 miR-181b I NDRG2
mRNA MIX] BB L, 20, ZRE51T
RN (P<0.05). LW LR 5 mmol/L
] 28 M 2H 55 %) IR 20 7 miR—-181b F1 NDRG2 mRNA #H
XRR R R, 2R LS #FE X (P>0.05); 20
mmol/L 4 %5 B 21 miR—181h H X 26 1k & 755 T X B 4
F1'5 mmol/L #2540 (P <0.05), NDRG2 mRNA %}
FE K BHIE T 4 BE41 H1 5 mmol/L 4 25 B 41 (P <0.05) o

xR3 SHENREERMAMEAEMEmMR-181bF0

NDRG2 mRNAEXRIZELLE (x+s)

2051 miR-181b NDRG2 mRNA
poyit::l 1.00 = 0.02 1.00 +0.03

5 mmol/L #4520 1.25+0.33 0.95+0.11
20 mmol/L F A HELL 2.32+0.40" 0.78 £0.14
F{H 32.860 7.343
P{H 0.000 0.000

H 2 5 5 mmol/L A 2 BEZH FNXT HRZH L3, P <0.05,

2.4 miR-181b xR B E 5 AN

5 mmol/L % %5 ¥ 5514 T , Control 241 . miR—181b
mimics 2 . miR-181b inhibitor ZH Ji 1% 2 73 W & L 4%,
Gl ENNT, ER LG F T L (P>005) . TE
20 mmol/L # Z M 514 F , 34 i i K B A, &
T2, ERAGITERE L (P<0.05) ., #—LH
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5 L35 25 5 . miR—181b mimics ZH =5 T Control 2H (P <
0.05) , miR—=1b1 inhibitor Z0 1% T Control 21 F1 miR-
181b mimics ZH (P <0.05) . W34,

R4 TRAREFEESEGTSEHBEREMWELRR
(IU, x£s)

S mmol/L A ZFERT 20 mmol/L 7 25 B
Jeiy 2= 7S
321.69 +22.56 843.56 + 36.17

4111

Control 24

miR-181b mimics £ 354.15 +£29.03 1179.58 + 112.60"

miR-181b inhibitor 2 426.43 + 17.8572
FfE
PfE

7 . D5 Control 41 1135, P <0.05; (@5 miR-181b mimics 41 It
,P<0.05,

319.22 +33.14
2.812 179.12

0.091 0.000

3 ik

T2DM (& & (1% 1 bR s A TE B 90% LA I, 2 2 32
A B 2 78 b 2SR o ML A5 5 0 R A i e
) 7 E i NS R 0 18 PR | 1 H R RN AR
Be a5 2P R T8, R AE R R 5 3R R X 8 4 ke
AN T BOE MRDIR S TR B 40 L 43 WA IR I 3R T Be
e i O B UL L NE LR D 45 A 4k AR R AR
PijE T2DM & iy E 2R IN . R i 252 R i B 4
JL 53 06 1) R S MR 2, T DU A 5 LR L B I A
105 4 20 2 b 0 R S PR A2 AR A A, R T T A 2R AR
G 2R VR A AR RS . R A A AN
2 M 5 2R DR R TG L A2 AR B SR R
PPk F B s . B A RERR R
AR WF 98 & BBE R % R miRNA 3% 2638 5w,
miRNA 55 35 0] 68 5 85 B 40 i D) fig B 45 . T2DM
g 1 HE R X RV .

miRNA J& — 50 8 19 I 4 % RNA, v LUl i3 5
S At B 3R IR Y 3= IR G S IX 4, R R 4 At RNA
M S AN B . A IR R BT, miR—-181b 7EJE JfE /N B
HAR Ik, ANEAE T S miR-181h Ji HL R 15 K Uk
FEE®, COPIER %54 41 JE 46 5 miR-181h JE B Jk
I 0 LI 14 A= ) B A2 40, 1T A= F 5% T2DM 1 387 42
R AR 5E A 0 SE 5 & B NDRG2 b AT g A7 7E
miR-181b A #E ] 455 067 5, HLWI 48 -5 1 5 = AKHT
KREY), WORMEFE VLN U S B 410 ik S BF 5% XF
%, M4 miR-181b J& 75 A& 0% 18 24 ¥ 7] 7 #% NDRG2

Z 5 T2DM W & VR B . DG Z i 4 5 [N 5L 5
K 0 25 5 % P, miR—181b mimics Al inhibitor A )
F 5 B A2 I NDRG2Y = lue 1 3'= 3 A % X &3k,
1B X5 28 748 9 NDRG2M"— Tue F1BH P % 18 JC B 5 520
$Z7% miR-181b AJ LLiE 3 5 NDRG2 (1) 3'- ity JE 155 X
255 R ¥ NDRG2 Wy K3k o 1 i 46178 15 9 2 il
() 5 % 3t F op [R) R % B miR—181b fiE 5 NDRG2 1Y 3'—
UTR 45 4, #£78 miR-181b 7] L 5 NDRG2 f) 3'-UTR

HH
AN
gFll:lo

/INRUBR 2 B 4 ML 1) 1 5 2 43 Wb T e 5 AR TR A
A e BE AR | S 5% 5 22 40 0 OB R s 1) BHLAR
AR Z — o LIS B S 40 M & B, 48 5 miR-
181b 3k REFN i 135 NDRG2 7E N 1 22 Bl 5L R ik .
o i SO S e 200 v 3 e 9 O R R A i TR A T
% BLNDRG2 A miR-181h Y T~ Ui #0 3 [, 2 38 i
0 miR-181b Ay KA Rl NDRG2 , #E— 25 T4 4
4222 1EH . NDRG2 J& F NDRG Z % — it , v T4
R 14q1 11, HAE DR AR 8 PR SF, R % 2 R 7
AN b A EEAEH . NDRG2 = ik T
NARHE L, AU S 5 g AR B 20 45
b BEBE TS A e A B 1 i LT A i
P10 Ak B 198 T0 R0 BRI 28 0 I, A R A
Western blotting £ Ml B J 9% /1N B8 5 A1 B % L
NDRG2, & BRI NDRG2 A8 3, AW 57 1 1
1f F 3K IR NDRG2 25 X R 55 iE NDRG2 2 15 HE 1.
B2 5 R JBE 05 R 3 Wb, 25 S R IAE 20 mmol/L i K
T, a B AR A R S B oy i R I A )
2 TEE, $ 7% NDRG2 X B 5 25 0 i HL A 41 ) 1
Mo BT 3 — 5T miR-181b X} NDRG2 fit # [i1]
PR 2RO /0N BRUBR & B 4 0 M8 JBR B 2R, AR WE T
HE— 2R T R i, A5 R R B TE 20
mmol/L 5 2 # R, /0 BRUBE % B 4 i PN 5 miR—
181b AHXT 235 & 3% T , NDRG2 mRNA AH X} 3 ik
AR, (H 2 7E 5 mmol/L ] %5 5 3 3 R
FARAL 8 B R S R N BB B A0 i P R
£ miR-181b Al NDRG2 mRNA #5484k , X 2 4~ & (K
AREHES SRS R Wi, B —2L5m
miR-181b mimics 1 miR-181b inhinitor Jf %5
20 mmol/L 7 %5 4 FUS & B, miR-181b mimics HE i
4R NDGR2 K3k, [A] ] JBe & 25 70 ol 1 Wb 35 T
1M miR-181b inhibitor §& 2 ¥ T ## NDGR2 33k, H ik
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BE W EREZ TR, X H miR-181b fig 18 i # 7]
JA4% NDRG2 /> 3 i 5 R 40 Wk, JF 2 5 T2DM 19 & i
I AR T BRI

25 LTk, miR-181b AN 520 /)N BRUBE & B 41 il
W, HAT LLGE ) 0 1 40 NDRG2 () 3k K 32 /&
J 5 2 AW, AT LAk T2DM 19 42 5 L BIF 5% FIIG T
PEHLH B

2 % X M
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