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miR-494-3pifid T~ AR & 3= 2 iR 4- 112 88 FrJm A Bl o AL 48 A
REBERM

xR, RA, R, TR, FES, Bk, KE, %
AR S R AARE SR, 1% 710032

O HCEZ IR R HmicroRNAT V2 2 5B #0 A IR . FRATTHISEES 25 R 27wl R K B lmiR-494-3p 3 fi,
HA DR YImiR-494-3p 5L R H A G, B, AWFFE R EHI miR-494-3p 7L FRI 0 WU & 2 Uik o3 s 4
FH R FHUH o 0 e B I G B IR Ve T8 25 5 B IR i K B, B HGO ILZH ZARNA AT QPCRAT I, - 45 5 7 PR K B
()20 lmiR-494-3p R i 7K1 5 TE 8 K BRUAH EE I 2 F (P < 0.05). A&RA1 b s 6175 T HOC24H M Jif & 3 kil Y, qPCRA5 AL
TNAH L miR-494-3p /K T B B (P < 0.01),  FFB s IEFE EE I E 3G s HHImiR-494-3p3ak i LUSE i g & 2% 0T 4t i s
AT B BREL(P < 0.01), 42 i & 2 00US AR BE R 1L /K TP < 0.05);  BRAfid R IAHOC24H il 1 ffimiR -494-3p AT A1l i 5
FRF B R AR IR RAKBERR ALK (P < 0.01). ZEWME B 22 I06Er 1 S B0 SE B0 UF S 12 3 S2 AR A - 1 (insulin
receptor substrate 1, IRST)ZmiR-494-3p i if T R ESHE SIS T2 —. EREGERIUR, miR-494-3pi@id FiHIRS 142
TERE AR X BRC LA Pl 5% Z=HE P T

RIF: miR-494-3p; 2RUBESRN; COWLANML: k& 3R AZARY-1; e 3R AR
RESAS: R332:; R363.2; R329.2

miR-494-3p reduces insulin sensitivity in diabetic cardiomyocytes by down-
regulation of insulin receptor substrate 1

WU Jie, QIN Xing-Hua, HOU Zuo-Xu, FU Zi-Hao, LI Guo-Hua, YANG Hong-Yan, ZHANG Xing*, GAO Feng
School of Aerospace Medicine, the Fourth Military Medical University, Xi’an 710032, China

Abstract: More and more evidence suggests that microRNA is widely involved in the regulation of cardiovascular function. Our
preliminary experiment showed that miR-494-3p was increased in heart of diabetic rats, and miR-494-3p was reported to be related to
metabolism such as obesity and exercise. Therefore, this study was aimed to explore the role of miR-494-3p in diabetic myocardial
insulin sensitivity and the related mechanism. The diabetic rat model was induced by high fat diet (45 kcal% fat, 12 weeks) combined
with streptozotocin (STZ, 30 mg/kg), and cardiac tissue RNA was extracted for gPCR. The results showed that the level of miR-494-3p
was significantly up-regulated in the myocardium of diabetic rats compared with the control (P < 0.05). The level of miR-494-3p in
HO9c2 cells cultured in high glucose and high fat medium (HGHF) was significantly increased (P < 0.01) with the increase of sodium
palmitate concentration, whereas down-regulation of miR-494-3p in HGHF treated cells led to an increase in insulin-stimulated
glucose uptake (P < 0.01) and the ratio of p-Akt/Akt (P < 0.05). Over-expression of miR-494-3p in H9¢2 cell line significantly inhibited
insulin-stimulated glucose uptake and phosphorylation of Akt (P < 0.01). Bioinformatics combined with Western blotting experiments
confirmed insulin receptor substrate 1 (IRS1) as a target molecule of miR-494-3p. These results suggest that miR-494-3p reduces

insulin sensitivity in diabetic cardiomyocytes by down-regulating IRS1.
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B PR & — P A R, R R AE A
BRYGH P AE BT, O U SR KPR PR A %
OGN E AR R RIEEEER Y, 32
P i A B B BT 1O BT T 2 R R B 2
fii & & 24K W) (insulin receptor substrate, IRS)
WL B A B (A BRI IR I KRS R T
fy 0 ILIE PR 28 1 BRI e IRS 1R NS R 24k
TR SRR, ERBR SRR
e RAEBRIL, 568 SH2 S5MIRN 7 7%
Fahit, R T E TEE LS, (282 A T
B9 FHOEOE, WS RESHEERHBA
SIS B Hp RS Ak, E
IS AR SN E LU 40 BRI B oAb 8
RFEBZEH, HREAEHEHRURTFSS
B ARG Y AW ARG IRIE T 2 Rk R
PBEAL EAFAE O U B AP AEYE B, IRIEsE
TG A L R B R OB R O I R T L
HIEER

microRNA 2 AWK N IR /N RNA 431, 7] LA
TERE S, sk e RWEL 555 KRR R R 40 1)
Rk, ZHZMOMERBHREMERY. Hif
FUHRAE LA v B PR R IR T A JrE s A It
miR-494-3p ¥ & & Ft 5, JEAEEENE NI, o
miR-494-3p SACHTHISCEE P AT TSL 3645 51 5.
7 R 958 KRR O ILZH 2 miR-494-3p [ 3R 18 K F
BETE, HEXNT miR-494-3p T EE S S 5
B PRI 1 Co JUL TR 5% 25 KT 1R TR 1 2 AR F ML A
TEAE . B FUIE I LU PR K B TR R RO UL
miR-494-3p IR IEKF, 7R ILAERE FRJ MO L
HHRIA R, I AR AR S8 T HOe2 41 A Y
miR-494-3p HI7/KF, il miR-494-3p %} H9c2 4l iy
FRAE R B 2 T 2 R s LA R K i 3R
S EMEIER, B S T, ER
YETTRE PRI O UIBR & 22 ARPT A BT HE A

1 MEfE=

1.1 EERKF  45% B (45 keal%) i HE 1A
Bl (D12451) ¥ T 2 [# Research Diet A 7], 5% R i
# (streptozotocin, STZ). i & 2 5 £% A R B
(sodium palmitate, PA) 4 3£ [E Sigma A 7], DMEM
B A 5 04 g W B Gibeo 22\l H i = fi
(triglyceride, TG) X7 LI & 1H [& B (total cho-
lesterol, TC) {7 & IMLYiF 25 HE 7 BR (free fatty acid,
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FFA) o 71 &0 1 R a0 2 A A2 ) L R BE 7 o 42 it
Trizol X704 H H A TaKaRa 23 &), 44 5] #1014 5
I B I AR B A T, B ek 5 Lipofectamine”
RNAiIMAX Reagent Il [ Thermo Fisher /A 7], p-Akt*™*”
Akt, B-actin. IRS-1 $if& LAz HRP brid EHik 1gG
W6 H CST ], G5k J6HE H Millipore A ], 2-
it 85 ' 78 2 B 2R (2-[N-(7-nitrobenz-2-oxa-1,3-
diazol-4-yl) amino]-2-deoxyglucose, 2-NBDG) F1Jlii g
4 1f 35 A & B (bovine serum albumin, BSA) i [
Invitrogen A ) o

12 KEERFEBENEISEE  SPFZio6Jd
% Sprague-Dawley (SD) HEP: K 12 H, K= 200~
250 g, HIATEEERFRREYIHO5RA. ST
BRI i A MY, K SD K RRE MM 9E 3 KA,
BENL /7 APRLE « IE KRR A SRR 2H . IR
XA 2 TR EIRRIR IR, PR AR R 45 T = e
PRI IR 12 i e BRI 5 30 mg/kg () STZ, F28
13 JEI0F R BRBEAT 20 W Ak 58 DA B M T S i
T5E 9 126 2 R AR FEE 7§ 16.7 mmol/L BAE iR
LK 2 h K F 11,1 mmol/L (1K B A R
R, FT a2k .

1.3 {EpEkEsRSEES: HOC2 4l 3 ATCC, ¥
FFWREF . IR HI2 i MR R B ),
37 °C /KirRAL, R B AH R TR (DMEM, 10%
MR MLE, 1% H&Een. BER) WEFRTS, K
ANIEFRAH (37 °C. 5% COy). FeHLHi 1 K A5 4l
FAPNTE TR, 24 h JE R AR B IA 3] 60%~80%
FEATRIAT R e s SR YR I R A& Lipofectamine™
RNAIMAX Reagent, Z: {8 H 00 55544 miR-494-3p
(1AL (mimic). miR-494-3p [ 2 X741 (inhibitor)
DL J% B B % BE 7 %1 (miR-494-3p ctrl, miR-494-3p
inhib-ctrl),

1.4 RNA }2EUX real-time PCR  RNA [{32 4%
fid TaKaRa 7 ] Trizol i B 4 # /F ; microRNA [¥]
S 55 P K. miR-494-3p ] real-time PCR {1 TaKaRa
/A F] Mir-X™ miRNA First-Strand Synthesis and SYBR"
qRT-PCR #t W] F5#84F ¢ LL U6 snRNA 1 NS, U6
5 miR-494-3p 14 51 Wyl B | N i 18 AR R A
Ao MR MARFE 20.0 pL, Hrr mRQ Buffer 5.0 L,
mRQ Enzyme 1.25 uL, RNA £ i 3.75 uL, SYBR
Advantage Premix 5.0 pL, 1E[A]514%) 0.5 uL, <[] 5]
¥ 0.5 uL, ddH,0 4 pL. ¥ 326 fF N : 50 °C Wi k%
Sk 1h, 95°CHI4h1L 10s, 94 °C &S s, 62 °C
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Bk 20s, 72°C ZE{# 1 min, HE47 39 MEH.

1.5 SEEFENESH 0 0.0137 g PARM T
1 mL AR, PRI, T 95 °C Ji#i 5 min
54 W, RIS 1 B 50 mmol/L BE . 1 g i g
BSA ¥ T 10 mL JC 1% PBS 1, iyl p 10% BSA
REVR o 7] @ 55 52 FP I 10% BSATRHI S 1%
BSA 13 75 3, 4R 5 MR BT 75 R B O\ & & 50
mmol/L 1] PA £, 55 °C /KIBIEH BT .

1.6 2-NBDG IRUHIMIZE  £H 2-NBDG 1E R
SERE R IN HOe2 O LM Hi i 27 WS S KT B T . 4
H9c2 4il e+ 96 FLA, RILL 1 x 10° A 4ilff,
416 L, WEH 48 h £5 4l fi % ik 3 29 90% i
e TSR TR ALY 6 h, JERFLIMANERA 1 %
10° mol/L 2-NBDG. FEAF 1 x 107 mol/L i &
FIM MG RS F7HE 200 pL ¥ & 1 he 5 fm Pois A 7
A1) PBS YR 3 IR, ROCHEFRCLEL, TERUK K
K-/ 53k K (Ex/Em) 4 488 nm/520 nm [ 21
DAL, e a0 20 L PN 2 O i B2 AR 4K R VAl HOc2
O LA 2-NBDG MOt 5 E B 40 N A
CCK-8 10 puL W F 201 4 h, FHEFRAGEEEL (K
9 490 nm). @i CCK-8 Rz 1E 4320 7¢ 5 & R 4
B 2 e T S B IR 2

1.7 Western blot 43 #f RS T AbH &5
J& FHC 7% DMEM #5752 2011k 6 h, Bl J5 45 TV il
A 1 x 107 mol/L i &% Z (L I35 DMEM, W4
5% 5 30 min. HAE R T Uk L FUK PBS i 3 WX,
FZLAE T 4 °C Z4AE 15 min, FHA0HE]E] R B P9 20
M50, 12 000 r/min 55.0» 20 min, & A€ 248G,
111 30 pg FE N SDS-PAGE Bt B vk ftidh, 22 da ik
e, 5 E p-Akt™™”, Akt, IRSI. B-actin ZEi4A (1:
1 000), 4 °C id#% . F PBST ¥t 6 ik /)5, ] HRP #5
CHIPLR 1gG (1:5 000) fE =R H 1 h, L%k
I G A 53 B 2 1 R L

1.8 ZiitE 4S54 ) SPSS 17.0 Giit- @ fE k4T 4
Wre BT B3R FH mean = SD #£7x, Z4AIHLE
K BRLR 25 22 4 BT (ANOVA), 33 — 5 5 1 b #5¢
] Bonferroni % 11 ¢ f4%. P <0.05 NZERA St
HES-9'8

2 R

2.1 BRAEAROAELAMIR494-3pk EF
e RLSE SROR, 19 AL 10 76 G LB BE A STZ 6
S SR K B R 2 1 TR ALK R (P < 0.05),

SRR G IR AL ) 141.66 g (1K 14), JE s vEST
BRI 55250 o 2 h fUBE BB s e R, SR
B2 (B 1B), FiRBmEAA KR M TC. TG
F1FFA #8225 T 6 R4 (B 1C). FIH real-time
PCR % 0» (L 41 21 T miR-494-3p ik & 3 47 & I,
G5 S I T R R A 28 2H K B0 UL miR-494-3p 1)
ik i, ZnHIRZHE 2.34 £ (P < 0.05)( B 1D).
2.2 SESRTEHI2OAIHAMEMIR-494-3pHIFRIA
KEFAS, FEREEIE

(RS s N A Tp P B S B = X N TS TN
R N AT, JRAE SRR L am i PA R A
G S IR IREE, A I AS [ W% g 55 7% 248 K HOc2
41 ffd 1 miR-494-3p [ FIAKFo SLEG 7 8 IR B
X4 (NC, 5.6 mmol/L & HH ). =iz X 4 (high
osmolarity, HO, 5.6 mmol/L %%t + 20 mmol/L H
FElE ). mibEREFR4H (high glucose, HG, 25 mmol/L
HIEHE ) mEEERTFR 4 (high osmolarity high fatty
acid, HOHF, 5.6 mmol/L #i%j## + 20 mmol/L 1 &
M, 300 umol/L PA) LA K rehili =i i 15 774 (high glucose
high fatty acid, HGHF, 25 mmol/L %ij%j##, 300 pmol/L
PA), 43 5 4k FE H9c2 4 ffd 24 h. Real-time PCR &
M4+ miR-494-3p R L&, 4R ER, 5 HO
HAHEL, HG 4401 N miR-494-3p ()35 &L &
A% . HOHF 5 HGHF 4 H9c2 4 ffl miR-494-3p ]
FiL FRIEEBON B, Hh HGHF 4 & N
i, 5 HOHF Hf &% %% (P<001), £HOH
1) 1.95 % (&l 24). 7£ HG 15 9% 19 &£l _E R 7 0.
50, 150. 300. 500 umol/L PA 4T T ¥, 4 fitu
miR-494-3p )R L R PA ¥ FE T+ & ifi At (Bl 2B).
500 pmol/L PA #H miR-494-3p ({13 i% & 0 umol/L PA
R 2.4 1% (P <0.01). %45 34278 miR-494-3p
(2R 5 m R RIECE A OC, IR mob i 2R Al X
= HE A B e S TR S SR S 3R 25
mmol/L & ## + 500 pmol/L PA B 7251 E N
W= G 4H (HGHF) A3 261, XTHRZH (NC) K H 5.6
mmol/L 3 % ¥ + 20 mmol/L H & B2 (17 5 75 X HE &b
B, 34k, 2-NBDG %% W i sz e Jk 2 2% 3 3
1 h f %8 7 6 S BOK P BE PA Y& B T =i T BE (I
20), FRIRHNMIER & R UM R BT 7R 3 PA IRIE T
SN
2.3 HMHImiR-494-3pE S S PEIEFFAUHIC2 40k
R B R FE R U p-Akt> ™/ AktEL (&

2-NBDG 7 6 I U5 o 5 A6 45 2R 2 7R HGHF 41
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Fig. 1. Diabetic rats (19 weeks) had higher body weight, worse
glucose tolerance, higher total cholesterol (TC), triglyceride
(TG), free fatty acids (FFA) and higher miR-494-3p in the heart.
A: Body weight of the rats. B: Intraperitoneal glucose tolerance
test (IPGTT) of the rats. C: TG, TC and FFA levels in serum of
the diabetic and control rats. D: miR-494-3p expression levels in
the heart. NC: normal control group; DM: diabetic model group.
Mean = SD, n=6. P <0.05, "P<0.01 vs NC group.
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Fig. 2. High glucose and high fat (HGHF) increased the level of
miR-494-3p and decreased insulin-stimulated 2-NBDG uptake in
HO9c2 cells. A: The PCR results of miR-494-3p in the H9¢2 cells
cultured in different medium (NC: normal control, 5.6 mmol/L
glucose; HO: high osmolarity, 5.6 mmol/L glucose + 20 mmol/
L mannitol; HG: high glucose, 25 mmol/L glucose; HOHF: high
osmolarity high fatty acid, 5.6 mmol/L glucose + 20 mmol/L
mannitol + 300 pmol/L PA; HGHF: high glucose high fatty acid,
25 mmol/L glucose + 300 pmol/L PA). "P < 0.05 vs HO group;
*P<0.01 vs HOHF group. B: The PCR results of miR-494-3p in
the H9c¢2 cells cultured in high glucose and PA gradient medium.
P <0.05, "P<0.01 vs 0 umol/L PA. C: The 2-NBDG uptake of
the H9¢2 cells cultured in high glucose and PA gradient medium.
PA: sodium palmitate. "P < 0.05, P < 0.01 vs no PA no HG
group. Mean + SD, n = 6.
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2 o JER I 2% ) IR ) B R ER R B2 R T £ 37.73%
(P<0.01), ¥4« miR-494-3p inhibitor ## H P I
£ miR-494-3p )5, 5 HGHF + miR-494-3p ctrl £ 4H
b, M B 25 0 I 1) e e W B T = 49 0.56 % (P <
0.01)( &1 34). Western blot £ i 7%, HGHF 41 p-Akt™*"/
Akt L6 AE O R 2H B 25 R B 46% (P < 0.05), 45T
miR-494-3p inhibitor J5, p-Akt**/Akt HAE A BT K
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Fig. 3. Inhibiting miR-494-3p in HGHF cultured H9¢2 cells
improved the 2-NBDG uptake and p-Akt*™”/Akt ratio after
insulin stimulation. 4: The fluorescence intensity of 2-NBDG in
HGHF-cultured H9¢2 cells transfected with miR-494-3p inhibitor.
#P < 0.01 vs control (no HGHF) group; P < 0.01 vs HGHF +
miR-494-3p inhib-ctrl group. B: Western blot result of p-Akt*™*"
and Akt after HGHF-cultured H9c2 cells were transfected with
miR-494-3p inhibitor. “P < 0.05 vs control (no HGHF) group. P <
0.05 vs HGHF + miR-494-3p inhib-ctrl group. Mean + SD, n = 3.

5 (P<0.05)( & 3B), #&4Mii miR-494-3p W] ALK
TR T AR 7R 1K) HOC2 2 it Jk & 2 AR vk o
2.4 3 FRiZmiR-494-3p FIFHIc2 4 f R &5 R R A9
BEREN, HEEEDRESERAKRBEERL
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251 5.6 mmol/L 7] %] B 1) 5 i K 7% K 55 77 1)
HO9c2 41l Jfil %% 4% miR-494-3p mimic J5 £ Il 2-NBDG
TGS, 45 R EIR, 5 miR-494-3p ctrl
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Fig. 4. The 2-NBDG uptake and Akt phosphorylation in H9¢c2
cells were decreased after transfection of miR-494-3p mimic. 4:
The fluorescence intensity of 2-NBDG in H9¢2 cells after trans-
fection of miR-494-3p mimic. B: Western blot result of p-Akt* ™"
and Akt after transfection of miR-494-3p mimic in H9¢2 cells.
Mean = SD, n=3. P <0.01 vs miR-494-3p ctrl group.
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Akt /KR 3 R4 37.55% (P < 0.05) (& 4B), #ix
FLAFF Ry miR-494-3p /K P R] LA HOc2 S ik &% 2%
BB
2.5 miR-494-3p Nl IRS1 7k F, A ETERE
(ERep

] A miRDB (http://www.miRdb.org/). miRwalker3.0
(http://www.miRwalk.umm.uni-heidelberg.de/). Tar-
getScan (http://www.targetscan.org/) 71-2& il miR-494-3p
PIRRIELR, HUAZ SR 34T Pathway i B 73 #7 5 75 2
(45 B4R, IRS1 AT BEf& miR-494-3p %G &
T 5 JE P #E 3 [A (] 54). Western blot 2 6 il
IRS1 HHHFKILEN, R ERG A, Fj
miR-494-3p mimic ] 4 g 44 IRS1 & [ K& T %,
ZRA G ERE L (P <0.05), MRBHL, R
e p-Akt>/Akt LI &R FF . HGHF 8597 44
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N % miR-494-3p inhibitor 7J 4% & IRS1 & [H # ik
B 4] 40.13% (P < 0.01), AH N M, 5 20 %G
p-Akt*/Akt LA BT (& 5B).
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Fig. 5. Target gene prediction and Western blot verification of IRS1 as a target for miR-494-3p. 4: Alignment of complementary
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miR-494-3p ctrl group. P < 0.01 vs the miR-494-3p inhib-ctrl group.
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I35 P B S B A BRI 2 —, $Eon IR0 I
JiR & 2145 5 B IR H O B ) oA E B0 L AR
YEH .

microRNA F BAE# 5% J5 /K V2 58 A i g s
R RE W, dimgmiig 2 EaiEs. oK
VT % microRNA B IS5 HRE #5518 &0
B, Hodr, miR-223 " miR-451 ), miR-483-
3p M S PR IE 2 5 TR SR O UL B R
BUBME . miR-494-3p AR IE (i 3k R 3 e . L%
52", ERE RG>, A SRR IE
H ¥ miR-494-3p 7E B A = BE PR e KU 1R AR JrE
ANBEHBL L, AT Fissha PR Y, HFEm Rk
I miR-494-3p B+ 52 5 AR SMFE 3 1 B B UL A AE
SR, BN miR-494-3p AT GE AR U TH R
—EMEH.

ARG R WoR, miR-494-3p 7R JRIF K SO
WL ZR3RK B 2 . AR 4hSIRBGIE 52 HOce2 4 A
miR-494-3p [ 32 15 1E = B = e 85 77 20 N B B T
1, I BE AR T R AR FSE B MG AN v, T A Al b
AR ZEAT T JC R B . I miR-494-3p [ /K
AL DL 5 R A2 g o 2 I B ) B B I Akt TR
K, $27% miR-494-3p KT E AT RE 2 5 7 mi bl
e B 5 5 R R U ) R B . BB U miR-
494-3p mimic R A] R {8 40 H 5 i 5 2R 00 N A
P27 miR-494-3p X il i F A5 58 B A3 Ak T
YEH o #E— DA 78 miR-494-3p A5 AE T )R] REAL ],
AT L B TR A Western blot SZEGIESE,
By 255 B OB 4> 7 IRST /2 miR-494-3p {EH 1)
92—, $E/8 miR-494-3p 7] DL IS K i IRS1
FAEAE o JUTL 2 B SK R 5% 2 PR AR 2k o

IRSI RS RETTHRELENES T2,
AT AR R AEAE o v i R TR DA RN PR /)N B
(db/db) K0 ILZH LA IRST N, O WEHS 5
Fr IRS1 2 FECONE L E T M. OUUE TR, £
Yeth, mAFECLIRERE 5 O NS5 2 )
B ARCTT B RR AL KT B2k, B R R R
JRA A =R (0 Gsk3b). & A A A
[Rl (40 p70S6K) LA K AR Ui AH G 55 (Rl i % 5 IR 7 ( anl
FOXO1) &3 8 4], 22 30 H 0 JUL 40 g Jik 8% 25 1K
o P iZWEFUR, BE IR R KT AT A
ONLIRST TIPSR R . ASIG 25 AR, mf s
AR AT LA ECIRST (19 R, 1M H A miR-494-3p 7]
REfE IRST B R k4% T —a IER

gi bRk, AWITSs R miR-494-3p TERE IR
T3 R BRI O I Hh K K T R, AR AR S8 IE S = b
i IE 7 51 miR-494-3p Al R IRS1 2 5 x4 41
PR J B2 2 MR 1) SR R YT, $R OB R I miR-
494-3p TE O I AL 2 A 1 L 1R AT B 0 R 7 0 ULIRR 5
FHPUINIG 2 —, X PRZR et W PR 1 0 LI &
BB BT AIT RS R . (HR AR Y
RILT OB PR R B0 LA B miR-494-3p 1) 1A,
HAEAANRAIE T miR-494-3p %F HOc2 4 i fif & i
SRR S, BEIE SR AT AR Dy et W PR 0o WL AR
By 3 UM IR A, 08 T B — B AR AR O L
miR-494-3p, M GEHE PRI K B O JUL G 1 3 MU DA
Jo IR T RE A LR o
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