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[ ABSTRACT]
sulin-degrading enzyme (IDE).

bioinformatics analysis and dual luciferase assay were performed.
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Aim To investigate whether miR-31-5p could promote progression of atherosclerosis via inhibiting in-

Methods To establish the effect of miR-31-5p on the 3’ UTR of human IDE, the

To investigate the impact of miR-31-5p on IDE expres-

sion and cholesterol homeostasis, cultured THP-1 macrophages and THP-1 macrophage-derived foam cells were transfected

with miR-31-5p mimic or inhibitor. ~ ApoE ™"~

The IDE protein levels were measured by Western blot analysis.

by ELISA kit.

The hepatic lipid deposition and atherosclerotic lesions in ApoE ™~

mice administered high-fat diet (HFD) were treated by miR-31-5p agomir.

The plasma lipid levels in ApoE ™"~ mice were measured

mice were measured by oil red O.

Results IDE was a potential target of miR-31-5p according to the results of bioinformatics analysis and dual luciferase as-

say. IDE protein levels were remarkably down-regulated by miR-31-5p in THP-1, hepatic and aortic tissue( P <0.05).

The lipid levels in THP-1 macrophage-derived foam cells and ApoE ™~

31-5p(P<0.05).
ApoE '~ mice were induced by miR-31-5p(P <0.05).

rosis via inhibiting insulin-degrading enzyme.
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mice plasma were significantly up-regulated by miR-

Meanwhile, a significant increase of hepatic lipid deposition and atheromatous plaque formation in

Conclusion miR-31-5p promotes progression of atheroscle-
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B, miR-33 A 5 90 761 5 W40 i s ABCAT Fl =
FRIRHF 454 &5 ia 1k Gl (ABCG1) Fikpk—4 T
17 % FEHR 8 F (high density lipoprotein , HDL) 7K~ )
IR s 06 1) % 3 g 7, W As 1Y & AR B R oE AR
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JREAm g A A L D3 A RS R A miR-31 A
U 3 4 8 B H 2 ( matrix metalloproteinase ,
MMP-2 ) &3k 1 1 42 25 1 2 0K 40 A 4%, 5 3 aod 4
] 9] 47 6 405 5 B 30 i B F (factor inhibiting
HIF, FTH1 ) 2028 JFF 500K 408 76 1, B A 12 8 1 1k &7
AEARIE B VR T L T miR-31-5p %44 o9 BT JE B
FRARHHE B A ), MRS As B KR
M) AR DL AR

Jik 1% 2R W% % 8 ( insulin-degrading enzyme, IDE)
JE— R 2o’ G A OL N A R R UK g
WM, IDE W 58748 5 Z Rl 1t & 28 & R %
DIAR G, i 2 AUBE B | BT JR 3% it 3R s M i
LU IDE FEC LS PR T AR Sk
Z K, Caravaggio 5 HRAE 7R AR5 R B 11 %
PRFE R BR (LDLR ~ 7 ) /N RSB o K s Bk IDE &
P (IDE ™"~ ) B BERE LA /N BRUIR Y, WLEE & B/ B
HH B4R R BBl ) 20 ok Rt k9 A% [ EsF I, 75 L e
B IEMFER A AR BN, XA gs R
$&7R IDE HAIH] As K AERER] .

H T UL, IDE & AEHT As IIVE T, miRNA & 75
ALE AT IDE RIKMZ 5 As 0998 HL R AU
2 PRI AR ST miRNA X} IDE J PR 26 3k il i 45
PUHI S X As B Ll i m B mEEE X, &
SERAVGE o A2 W E B A BOR FOBLE S 2 52 50 UE
S miR-31-5p Al 5 IDE 2K % 3° UTR 45 &, KL &
miR-31-5p FIfgiE L PP il IDE ik kKL HE As &
AWTER

1 #RgE

1.1 EFEHP
THP-1 E ¥ % i ) B ATCC; Lipofectamine 2000
W B Invitrogen /2~ 8 ; ECL 1§ & 2L 3k 4 4 /A~ 7 ; IDE

B EGUARIE B Abcam A 42> 5 ; RPMI 1640 3 55
FEfn g 4 i 7 (FBS) M B Nest 2 8 ; miR-31-5p
mimic/inhibitor/agomir 1§ B 415 £ 4 A F
1.2 HAEREFRAEE

THP-1 B # 20 fo e 0 0 R 3 1 x 10° £ & 4
10% fis 4 7% #y RPMI 1640 6 FL A7 5% 75 3t o 3% % 24
h, 2 Bl % & 4 # 4 % miR-31-5p mimic (5'-AG-
GCAAGAUGCUGGCAUAGCU-3', R: 3'-UCCGUUC-
UACGACCGUAUCGA-5") /inhibitor ( 5'-AGCUAUGC-
CAGCAUCUUGCCU-3") , %t B 41 Jy non-targeting con-
trol mimic sequence/non-targeting control inhibitor se-
quence, Al g JiT &K 5 pL Lipofectamine 2000 # 50
nmol/L. miR-31-5p mimic/inhibitor 2 non-targeting
control mimic sequence/non-targeting control inhibitor
sequence %% %¢ THP-1 E " 20 j¢ , 5 Al 7.2 mL & %
Opti-MEM 7% % 7 ,48 h Je # AT & A#R B,
1.3 miR-31-5p agomir 4632 ApoE =~ /MR

20 R M ApoE " /N BB AL 4 3 B 4L (n
=10) fr 4k ¥ 41 (miR-31-5p agomir,n =10) , & 41 /)
AHLTFHEANESR, HRERNAEOES
#| & 20 mg/kg, ¥ scrambled miR-31-5p agomir 71
miR-31-5p agomir ¥ f# T 0.2 mL 4 38 2h /K, 4t B8 41
INE % F R F#E K E 4T scrambled miR-31-5p agomir,
IR ANR LT RO & miR-31-5p agomir, 72
FES — ok, B4 T EEke 12 AP, [miR-
31-5p agomir /¥ | F1 miR-31-5p mimics /7 | # — &,
ZRET agomir FEZ AR M FEBAG (1 F A
fo PR BB 40 %) B2k AL FE in vivo Sk A B2 H
THIMEN]
1.4 Western blot ##ll IDE B &RiX

BUN B E 30 Bk 4R R IE 4L DL RO S A K
W THP-1 E = 28 f, Fl & B R R AT R, K&
ALK, A BCA FHATEAEE, W50 pg
B A AR SDS-PAGE | #7k ;5% it fis 4F 477 3 1] 3
h;IDE — 3008 & 1 7, TBST 3 £ 5 min x3 KX, flu A
HRA AN BEAT RN FRA G, ZEBE 1 h,
TBST %% 10 min x 3 %k, F ECL A& o A 7 7
T Syngene % JX B % L & K T & & EH %, Quantity
one FHF T A B L E R FHATH X E M
1.5 RHRERBIRELK

Fl & 4 15 B % 41 & I miR-31-5p 7 5 IDE
93" UTR % 4, 9f Bk & NCBI % 3 IDE mRNA
3'UTR ¥ 7, % iF W 4 B V1 40 % 09 4% 57 51 4 #E 47
PCR 3 | 37 iR 4 8 ic ¥, ok, #2477 1 #0 (& pMIR-
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REPORT™ # # | Jf LI pMIR-REPORT™ B-2 5, %% #F
B R HAE N S B BB T & F , 49 2 IDE mR-
NA 3’ UTR % 4 # (IDE 3’ UTR Wild-type) 3} % &
o WREMTFEFHEITRE T, A AMAMFELK
ty77 3 7 B IDE mRNA 3’ UTR X % A K & # &
Mutl Mut2 Mut3 % Mutl + Mut2 + Mut3, % & Lipo-
fectamine 2000 1€ % % 22X 7|, 4 3L 4 5 # % 100 ng
IDE mRNA 3’ UTR 7% ot % B 4t & # & %1 100 nmol
hsa-miR-31-5p = miR-NC T 293T %1, LH 4 W
4T 5 4 :miR-NC + pMIR-IDE-Wt  hsa-miR-31-5p +
pMIR-IDE-Wt; miR-NC + pMIR-IDE-Mutl . hsa-miR-
31-5p + pMIR-IDE-Mutl ; miR-NC + pMIR-IDE-Mut2
hsa-miR-31-5p + pMIR-IDE-Mut2 ; miR-NC + pMIR-
IDE-Mut3 \hsa-miR-31-5p + pMIR-IDE-Mut3 ; miR-NC
+ pMIR-IDE-Mutl + Mut2 + Mut3 | hsa-miR-31-5p +
pMIR-IDE-Mutl + Mut2 + Mut3 ; miR-NC % non-targe-
ting control mimic sequence) , % % 16 h &, 7 £ &
B, R4 5% FBS (W HeE R R R H 4k SR 5
48 h, 8 5 Al ok F B i R K
1.6 #EMEREESEME R Apok '~
fER&=ilE

WS B AL FE By THP-1 B #% 40 Mo JR 1 08 ok 20
JEH PBS %t 10 min x 3 0k, Am N\ 48 i 2 A K 200
WLBCA 2 x EE H,7.2% 4 LB ILKEE A,
1500 r/min &% 10 min, L T § B H AR, R HiEE
B RO A B L AU HEAT B E B (TC) i % B
(FC)fnfE B B B (CE) & 240, ApoE "~ /MR 7
& BR BB J5 ,3000 r/min F A8 5 min, 'R E 2
¥, ELISA %=X 7l &40 /N & i % & # 3 = 88
(TG) \TC %% & flz & & fB B 8 (LDLC) 1K % &
feE G EE(VIDLC) RE FERE Y EEE
(HDLC) & -F,
1.7 M40 f£EMERFAHBRERMEIN As

BN B HE A AR AR - 30°C 4 AT @ 3 5F
& & FEIE 7K HR YT R ,60% S A B 4 4 T B € 10 min,
A4 0.3% 4 0 B3N 7 A E FEE 30 min,
60% R AERAERAARZEELAHATALLA
BN, B B E 5 RN w5, A ﬂaél
O %o WA BN F 20 B % &, BUN RS RN
30% A i, B PBS VA K 4°C 24 h, YL OCT com-
pound 3% & 0 KRBT KL EEH B E Tk
KRR AL, 8 E 20 AR (S0 R ) 1 R 7
ATIRIE K R S 10um Y F, % & £ 30 bk E ok R0

/)N BRI 3%

B, e3Pk B #EAT 4 O 2, Bl IMAGEPRO
PLUS it & As W R @ AR,
1.8 SGit=AEHZE

PrE ST EL 3 R, KA Uy xs £,
BESLAEARLECR A ¢ A I, & A A Bt B R A
W& £ 4947, 77 % 57 £ % A Bonferroni 3%, 7 % F©
F- it 4 Bl % JH Welch 7 % 2 Dunnett’ s T3 %, DL
SPSS 19.0 4 it % # % ,P<0.05 h=RH4%
T E L,

2 % R

2.1 miR-31-5p ¥E[EHPH IDE FFRIE

A B A TN 45 5 % 0 miR-31-5p 1] REHE i)
JEHT IDE &3k, FAT38 2 miR-31-5p mimic 3% in-
hibitor #% 4% THP-1 E W4 A1 THP-1 5 28 it 5 1
WIRZME , WiEE miR-31-5p % IDE FEA/ER , 45
Zvif)[,,mlR-?:l-Sp mimic %4 THP-1 E W40 )5 IDE
FiIK T 66.06% (P< 0.05;& 1), 4, miR-31-
5p inhibitor %% THP-1 M40 J5 W51 IDE ik
#133.66% (P < 0.05;& 2) . AKIUE miR-31-5p
XJ IDE 3 UTR A#E ] 38 55 VE A, FRA7 138 2 43 1) )
IDE 3’ UTR 5512825 844 Mutl \Mut2 Mut3 & Mutl
+ Mut2 + Mut3 , #H 4355 IDE 3° UTR B ALY
hsa-miR-31-5p 2443 293 T 41l fifg 3146 IDE 3’ UTR
DICE MG PR, 45 R R L Y hsa-miR-31-5p A fif
IDE 3’ UTR $FAERL (W) A 19 2¢O 2 il 6 PR AT
57.00% , {{f# IDE 3’ UTR %722 A Mutl . Mut2 #l
Mut3 435 B 31. 00% 37. 00% #i122. 00% (P <
0.05) , 1 IDE 3 UTR 2725 Mutl + Mut2 + Mut3 3|
A hsa-miR-31-5p BIX—AER (P <0.05;&13)
PR, AR DA b 756 ) 3R Tl 552 56 245 2R 3 #7 , miR-31-5p
X IDE 3 UTR B A= B4R 1 2 56 B A W 1 T
EH,
2.2 miR-31-5p 1@ THP-1 E I 40 i i 14 3 3% 4
MM REEEEE R

SRS miR-31-5p Wi A 248 i Ay JIEL [ s 5 AR
eV ER A " A miR-31-5p mimic 1 inhibitor 7%
YLF Z R IRAFIY THP-1 B2 i M ik gn b | &
L THP-1 B W5 48 B I8 7 9 UK 40 Jfd % 4% miR-31-5p
mimic J&, 40 8 N TC, FC 1 CE & & 43 %I ¥4 Jm
20.49% 17.79% F122.22% (P <0.05), #/Z,miR-
31-5p inhibitor ZHZHMIAN TC FC F1 CE 435>
38.53% 34.62% F141.5% (P <0.05;% 1),
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1. miR-31-5p mimic Xt THP-1 E 40 fifi &b IDE 3% 8
®l(n=9) 1 as A2 (R IMEAT AL 3] ) 2 Sy [ 1 % B 2
(non-targeting control mimic sequence) ,3 4 miR-31-5p mimic 41, a &
P <0.05, 5B IR,

Figure 1. Effect of the mimic of miR-31-5p on the expres-
sion of IDE in THP-1 macrophages(n =9)
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2. miR-31-5p inhibitor 3 THP-1 ElE A IDE K ik
BRI (n=9) 1% (AL CRIMEATAREL) 2 Sy B4 0 B 41
( non-targeting control inhibitor sequence) ,3 4 miR-31-5p inhibitor £,
a}j P<0.05, 55T B AALL

Figure 2. Effect of the inhibitor of miR-31-5p on the ex-
pression of IDE in THP-1 macrophages(n =9)

A —-UCGAUACGGUCGUAGAACGG --- UCGAUACGGUCGUAGAACGGA--

C - TGCTACCAGTCTAA TCTTGCCT —-GAGTCCTTACATCT ICTTGCCA

Mutation—— GT GAACCAAAAT ATGTTCCGC - TGCTACCAGTCTAATGTTCCGT ---GAGTCCTTACATCTTGTTCCGA

(Mut 1)932-938 bp

. AR R

Target site

-
&
]

-
o
1

o
()]
1

(Mut 2)1067-1070 bp

[CJhsa-miR-31-5p

(Mut 3)2578-2584 bp

a

Relative Luciferase Activity

Ll

3. hsa-miR-31-5p Xf IDE B FiEFEMSNE(n=9)

Mut1

Mdt2 Mu'tS Mut1 +Mut2+Mu13

Wi ARRE AR Mut (RFERAZR . a g P <0.05, SEATEXT AL,

Figure 3. Effect of hsa-miR-31-5p on regulating the activity of IDE promoter(n =9)

% 1. miR-31-5p mimic F1 inhibitor Xf THP-1 E I 20 B & 4
AR AR EEEE AR (v £5,n =10)

Table 1. Effects of miR-31-5p mimic and miR-31-5p inhibi-
tor on the cholesterol deposition in THP-1 macrophage-de-

rived foam cells(x £s,n=10)

il TC(mg/g) FC(mg/g) CE(mg/g) CE/TC
X B2 532+27 208 +13 324 +23  60.9%
miR31-5p 1330 245100 396310 61.8%
mimic gﬂ

miR-31-5p . .

imhibitor 4] 327 £12° 136 +11 191 £13*  58.5%
afj P <0.05, 5% B4 (CRIME(TAEEE) A EL

2.3 miR-31-5p T ApoE /" /NR  IDE RikFF
{R Bt ATRERE FRE TR

JEE miR-31-5p XS IFAE41 41 IDE ik
JJHRERE B 3 FR 852 i, K F miR-31-5p agomir F&
ik S ApoE ™~ /B, miR-31-5p agomir AbHEZH
/NERAFHELL 219 IDE & H £ 35 T 40. 81% (P <
0.05;&14), miR-31-5p agomir AbFH2H /N EB\‘H?EJL Hh
B BTOURR A 380, 2 fe 25 R s TC A TG & i3
BTN 36.41% F129.11% (P <0.05; /8 5 FiFE2) .
2.4 miR-31-5p 0 ApoE /'~ /INER I 3% S 7k TR

FMEE miR-31-5p % ApoE =~ /N KL g
IR ), W X B2 F miR-31-5p agomir 41/)N
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UMLK, & B miR-31-5p agomir 2 IfiL 2% H TG F
LDLC & & 2» S B 21. 66% #1 19. 61% (P <
0.05), TC i VLDLC & & 4 %I ¥4 8. 26%
2.30% , 1M HDLC & &0k 8.19% (£ 3) .

IDE

1 2

1504

 —actin

S 100

(% of control
[6)]
=)
1

Relative IDE protein levels

0-

1 2

4. miR-31-5p ¥ /NRAFAFA L b IDE RIEMEME (n =
10) 1 A% B4 (scrambled miR-31-5p agomir) ,2 4 miR-31-5p
agomir 2, a &y P <0.05, 55X R4 b4

Figure 4. Effect of miR-31-5p on the IDE protein expres-

sion in liver tissue in ApoE ™~ mice (n =10)

2.5 miR-31-5p ## ApoE " /INREFNPKELH IDE
RIEFRF LK As RERE

Rt — 2 M miR-31-5p Xt /N [ 3 30 ik 41 21
IDE 3K K As JR7AZ 52, OV FRZE AT miR-31-5p

agomir ZH /N R E B K H 21, & B miR-31-5p agomir
24 ApoE " /NEUE B K41 IDE B 11355 T i
46.74% (P <0.05; & 6) ,miR-31-5p agomir 21 /)N,
F BN KA As AR T AR AN 42. 45% (P =0. 0002 ;
7 ME ),

B SRR
. i "7’-'?‘%%'"‘ .
% et S

5. miR-31-5p X} ApoE "~ /NER AT AEAS BRE AR AU 20 (100
x ,n=10) 22 ] % B 4H ( serambled miR-31-5p agomir) , 47~
miR-31-5p agomir 41,

Figure 5. Effect of miR-31-5p on the hepatic lipid deposi-
tion in ApoE ~'~ mice(100 x ,n=10)

3 2. miR-31-5p 3f ApoE =~ /NREFRAERE REFRMISIE (v =
s,n=10)

Table 2. Effect of miR-31-5p on hepatic lipid deposition in
ApoE /'~ mice(x =5,n=10)

| TC (mg/g) TG (mg/g)
X HE 2 11.15+2.17 20.78 £2.97
miR-31-5p agomir 41 15.21 +2.96" 26.83 £3.62"

a I P<0.05, 5% FAMLL,

% 3. miR-31-5p 3t ApoE ™~ /MR I3 A5 Rk RIS (x 5,0 =10)
Table 3. Effect of miR-31-5p on plasma lipid in ApoE '~ mice(x +s,n=10)

A | TG (mmol/L) TC (mmol/L) HDLC ( mmol/L.) LDLC ( mmol/L) VLDLC ( mmol/L)
X} 20 1.57 +0.43 26.77 +3.69 7.69 £1.53 13.87 +2.38 5.21+1.15
miR-31-5p agomir ZH 1.91 £0. 46" 28.98 +3.91 7.06 +1.87 16.59 +2.53" 5.33+1.26
a iy P<0.05, 5X AL,
» 1507
1 2 2
@
=
B —actin =)} 50
0
=
o 0-
& 1 2

6. miR-31-5p %t ApoE '~ /NREZIBKA L IDE RKik
X BRZL AR

JRME (n =10)

1 ﬂﬂXﬂ"Hﬁgﬂ,Z bl miR-31-5p agomir 4, a b P<0.05 ,5

Figure 6. Effect of the miR-31-5p on the IDE protein levels in aortic tissue of ApoE ™ ~mice(n =10)
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po:itic miR-31-5p agomirfH

B 7. miR-31-5p f ApoE '~ /NREZNBKEE As IREAIH MG
(n=10) A Jg ¥} I8 2H ( scrambled miR-31-5p agomir) , B 24 miR-
31-5p agomir 4,

Figure 7. Effect of miR-31-5p on the atherosclerotic lesion

of aortic sinus in ApoE ™~ mice(n =10)

I - 1
A
_ 104 %
z . 3
| ——= 5
é 5 o et
Q@
0 T T
THRZH miR-31-5p-agomir4H

8. miR-31-5p Xf ApoE =~ /NEREFNEKH As IR NE
(n=10) A JXTHRZL, B o~ miR-31-5p agomir 41,
Figure 8. Effect of miR-31-5p on the atherosclerotic lesion

of aortic valves in ApoE '~ mice(n =10)

As AT 0 ML AE 0 T 7 R B N 2R HY
A AR, AR AL AL 5 242 RO 52 Z B0
R, (0L, As (19 BHL ] H AT IR 58 4 1)
W1, HETE A BT FE A 0, IR A 38 6L = 2
MAFRERR BTIURUR As I ZERBTHR2 MER

— 2 HEEAYAES IS RNA , miRNA 35 %058 i {2 JF i 5L
PR mRINA % fif ol & 100 o) HG B 28 & W R Y
B BTS2 W miRNA IS RE 5 As
FE P 22 0 i I 9 55 190 5 2 A 38 5 e 5 DD AR
K. miRNA Al 2 5055 B8 BACHHE M 7E As b
RAEEEMERT, B3R W, miR-93 3 i #E (7] 41
il ABCA1 Rk 15 e R 2 kA Ak 58 3 1 i v iR
B A E e D e Ah , miR-19b  miR33 %5 miRNA
7] 3 5 45 A AR ABCAT 37 UTR T Hige
IR, S I B ) 3 A OGP AR As B RR
WREHEEZERST  ABFIEUES miR-31-5p &
—5 As ZH LTI AHOCH miRNA, 7] 38 1 98 15 i1
AR AL RS S As R LR,

FKAFFT R, 5 20 it B FL A W i 5 o O A
MR AIIE S5 As KA R RIS, A
5% Fp B A138 15K miR-31-5p mimic 1 inhibitor 5%
Ye THP-1 F A MO I IR 4 A S 2 B0, miR-31-5p
YRR N TC  FC ., CE ZE 5 R & L, WATHR
Flgt 223501, LDLC F1 VLDLC J2&.0 I 45 5 5 Al 35
g AU PR 26 1T HDLC. HL A X000 I 45 95005 & 26 IR
PR EE AL, RIS, B4R A AL A4 B Joi 1 3 A 4 A 1)
HEIE, TR R NG T & A AT AR AR
Mo B, it —2 W% miR-31-5p X} ApoE ™"~ /)
BRI 2 R I 7K T B I 20 2 1 S5 A 35 1) 52 i, A B
5K H miR-31-5p agomir Ab R E IR Y ApoE -/
/NE, & B/ BRI TG TC LDLC F1 VLDLC B
W3, M HDLC P 89k, BE4h, miR-31-5p ag-
omir ZH /)N B R 28 21 b Big B AR ] 3 . Kh
Bl IS BE R BT TTOAR B AR T LR S 3 As LI
PRI AR FE 3 — 25 & B miR-31-5p 4/ 3
Ik SEF0 EBNKR As AR AR W3 &2, D) 4%
FI$E7R miR-31-5p v] ek B AR 356, B R i
As G5 ISR A I RS

miRNA F 25 i 5 Bl mRNA 3° UTR 454
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