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miR-146aid RIXEFES BN EIREE
INRHYRSTEMR BR B =Kt

FEEN XM BN ERB A& g F fFVT
RN BRI AT TG D Bt A= dpRhae 2B, M 32503 5; 20 T A0 B B, I8 325035;
SWHTAR B5 27384 5 R S0 =, iR 325035)

WE  ZARIET T 2P RmiR-146a%t &5 A5 44215549 s RAR A K2 B AR B £ IR 09 7R
A% R 45% 2 Fe 48 4% 4wk A ) U8B, 56 5 B TF 44 B A Mk IE A M a2 AR (30 W), E-Fa3 B a4 1K,
HEHSK, F VTR 18R 4 x s SARA AT R B4 Z A bR By R Wt 24 M; F 19 &5t R,
Bt . AR RS 4L LR, AR B EK S g5 ik 40 M) fo 7 TNF-aA=IL-64 &, 4 % i Real-time
PCRF= %, 5 2AAX. i3 A5 I AT I A= B <2 8 5 20 2% F miR-146af=CD68 & A, [) T J/l Western blotWLiX T J&
B AR R BTG AR AKtFRBRILK-F-. 4R B, HafRAAIL, B AR IE S miR-146a0% 7% & & A
BAR, T 2 E 3% 3 A= T 22 18 B 20 4% F miR- 14689 & & K- (P<0.05), EKCD68 % ik & (P<0.01,
P<0.001), R Bt 2 Z Ak & F TNF-0421L-64-%(P<0.05, P<0.01), M & & 4F A Z )5 I AEp- Akt ”
BRERALIKF B A 3 (P<0.05), #] H 4B EF 0k fy F o 2 X502 R T, S SAE 2 ok B F ALK
HEIA FT4R 3 (P<0.01, P<0.05). A4 R A, il 1 B PRiE M miR-146al k2 &L AR, T
2 BAA A mMiR-146ak % &, i & fH1E 0 K I, MR B ZIRICKRE.
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miR-146a Overexpression Alleviated Inflammation and

Insulin Resistance in High-Fat Diet Mice

Mao Tingting'?, Liu Yewen', Huang Yazhou', Wang Lingling', Jin Jing'?, Li Wei'?**
(‘School of Laboratory Medicine and Life Science, Wenzhou Medical University, Wenzhou 325035, China;
*Wenzhou Central Hospital, Wenzhou 325035, China;
3Zhejiang Provincial Key Laboratory of Medical Genetics, Wenzhou 325035, China)

Abstract In this paper, the effect of exogenous miR-146a on high-fat diet-induced chronic inflammation
and insulin resistance in mice was investigated. The mice models were fed with a high-fat diet (HFD, 45% calories
from fat) for 18 weeks. The adenovirus products (30 pL) were injected into mice tail veins since the 5th week,
which were carried out every 3-week for 5 total injections. Then glucose tolerance tests (GTT) and insulin tolerance
tests (ITT) were conducted for the mice model during the 17th and 18th weeks. After 18 weeks, serum, livers
and epididymal adipose tissues were taken from mice models, followed by the measurements of inflammatory
cytokine TNF-a and IL-6 in serum via enzyme-linked immunosorbent assay, the detection of miR-146a and CD68

expressions in liver and epididymal adipose tissue via Real-time PCR and immunohistochemical, and the analysis
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of Akt and p-Akt>™” protein level in liver before and after insulin stimulation via Western blot, respectively. As a
result, the miR-146a level over expressed (P<0.05) while the CD68 expression decreased (P<0.01, P<0.001) in

liver and epididymal adipose tissues via tail intravenous injection of miR-146a adenovirus expression vector, as

compared to control group. Meanwhile, the contents of TNF-a and IL-6 in serum significantly reduced (£<0.05,

P<0.01). Besides, the p-Akt>™” phosphorylation in liver up-regulated after insulin treated (P<0.05). Furthermore,

GTT and ITT test results suggested that both glucose tolerance and insulin sensitivity improved (P<0.01, P<0.05)

in this study. These results demonstrated that tail intravenous injection of miR-146a adenovirus expression vector

could improve the expression level of miR-146a in vivo, thus alleviate chronic inflammation and insulin resistance.

Keywords

miR-146aje — A7 [ A7 G b k4% 5 B E Y
FEGitG /N7 TRNA. miR-146afE 40 i P 7] DL 71
St Y 75 TollA: 52 R 4/4% % 5 [l -F--kappa Bi(toll like
receptor 4/nuclear factor-kappa B, TLR4/NF-kB){5 5
TR I OCEEER 1 E A 3R 1 SR SR I 1 (interleukin- 1
receptor associated kinase 1, IRAK 1)1 IR FE K]
FZARHMIFEH 7 6(TNF receptor associated factor 6,
TRAFG6), M iINF-kBAE = 8 i F g, 2 i 4
HITNF-or TL-6%5 % 1 40 M DK -1 () 7= A= 0 R g2,
E RN IR ER- . BRI, IR OC ) 18 4
I BE 98 0E A2 175 22 8 Bl R i (type 2 diabetes mellitus,
T2MD) /) H Z fEfa R =M.

UTAESR, miR-146a 5 T2DMKI A SSE I 72 H ka8
%, BORHE R, T2DME M3 H HImiR-146a3 1% 7K
P A AR B R T2DM R 3 1L 7% i miR-146a
FKIETEED, 1 17 HmiR-146a7K 7 T B 2288 IR
s A R NS JORE R AR K R I B B RR BN, AL,
9 T B rmiR-146a%t %8 4 DL A JiR & 2= #1K Hi(insulin
resistance, IR)IF) 2R, A% S 50 30 1 72 i Ik 732 Sk i
BERUMR M) U792, AR B 08 /N B I miR-146a% 145
KB R, W0 5 AE R PR /)N BRASE AL A4 A 0k v iR
RS T 1R SORE R B IR ARPUAE L Il R
AR B i PR A AR T e Tt B A R R AR i

1 MR55E%E

1.1 EEME

111 SEgeshfiyses S5 s NSPFAS A
W CSTBL/GIIEVE /N (W B g sLse sy, &
4 GFPHR. 5 3 A () pHBAd-U6-GFP R % £ 2 1 7 ki
LA K Hi 73 75 A0 25 24 B DU AR R (i) A PR A ]
P4, EE 810" PFU/mL.

112 EERFIAEE  45%m IR J T 536

adenovirus; miR-146a; high-fat diet; chronic inflammation; insulin resistance

HARAEE 25 IRA R o 1 5% L PCRIAT(TaKaRa
AN HE AV TECKIE)E R 2 Al Bulge-
Loop™ mmu-miR-146a-5p qPCR Primer Set}?Bulge-
Loop™ U6 snRNA qPCR Primer Setld |~ & fifi 4=
YIRS A R 7)o TNF-afIIL-6 X 5 5% W b ik 56
(enzyme-linked immunosorbent assay, ELISA)i:{ 57 &
I B B BB R B A PR A 7). CD68L 14
W [ Abcam /& o i % BEVESHB. TR & 2 TR N =
BER 22 8 28 — B Bed@ it . AktRlp-Akt* ™ Hi ikl
H Cell Signaling Technology /A & .

CFX965K I % ) 72 #PCRAX & ChemiDoc™ MP
A% R 48 E Bio-Rad A 7] . Varioskan Flashf§ R {X
I H Thermo Fisher Scientific/A & . 18] 8 % 6 Wil 52
M H Nikon 2y 7] o HILWE A AN S s A 200 5 5 AE
() T E A PR A 7] .

1.2 75

1.2.1 ZhAERAME  SEICSTBL/6IHENE /N B
(n=28) % 5 (high-fat diet, HFD)MEFR4H J5, /4l
AE BN R (1)R 1k i 5 pri-miR-146ali 5 2 (O %
iEmiR-146a, n=12); (2)J& & ik 1% i shuffling /- B AR
TATE(NC, n=8); (3) R K VE A £ B £E /K (NS, n=8).
SRS R 30 L, B3 FEVES 1K, 35K, HFD
NS 577 Y I o A 00 A B, 565 19 ] Ab B /) B BE AT AH 5%
Gty Rl (RPN

1.2.2  Real-time PCRA AT ik Ao B £ 5 5 22 22 miR-
146a%k ik TrizolZfFFH U A 52 g 7 2 21
FRELRNA, BeIE b Bl Mg b Ak 0 o 2, 0 7 - 1 8
RNAWRFEZ JG AT 5 . RNATRE S 80 72 b 4
e TaKaRa 2y w) 301 s il 77 & Ul B - EAT #4541
PLEE ERNAN UG, A icDNA. HTaKaRaA
H) 9% ) 7€ BPCRIA 1 £k 47 Real-time PCR, % & X
L&A R : 95 °CTAEPE30 55 95 °CAEES s, 60 °Cilk
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Fig.1 Schema of establishing mice models

KIEFH30 s, FL40MEIR, FECFX965E EPCRAY 4™
BRI o A4 485 o 2 R Rk A T 2 LR R S B
SPE, BLU6 snRNAN N, # fiFold change=2""“"11
HH R A SRR

1.2.3 ELISA# ) fei# TNF-afeIL-65% U/
BRI, 45 FH /)N B TNF-ofHIL-6 ELISAKS M7 & ké:
I L5 REAS P TNF-ofIL-6 1) & &, B A5 1%
Fo HRAR TN B U B AT

1.2.4 % J& ¢844 (immunohistochemical, THC)A4& | A
JE A B RS BT 2L 48 CD68 & A T AT 22 i i
HLH10% 58 /R BARE 2 G, kg, fil4S um/E
AT, WS EK. PUEBE . B, RE1HKIK
% & CD68—HL A BUR i S Ak M g A i Ll 2 B/ B
ZPt, DABRA, JRARERE G, Bk G R IR E
Bikadn . 10206558 T RN S 20 10 L,
Jii A HH B4 £ 9 CD68FH P 41 1, Imagepro plusK 4
IIMT G BH I 4 SR % A

1.2.5 GTT. ITTHRAE B0k 5 FH&E  H
FafERL MBSO N ONE TOUCH ILH#HA4E, 5725/ NEk
SRS A HA i, % — (2920 pL) T4t FL A, RIS
R /N B MBS . GTT: /N RZEE12 h, K4S
G LBE, 1E90 minUBEAE, T2 82 o/kgf/k =11 6 2 Hi
FEAT S, 42 WAE30. 60+ 90, 120 min%%
AN A ST S MR . ITT: /MR ZE 6 h, K4 i
K%, V90 min i BEAE, $2H80.5 U/kgfh =110 & 2
AIEAT RIS S, 40 WAELS. 300 60, 90 min5F4
AN ) fid s MR . R Excel MISPSS 19.0%K 14
1153 A1 128 R TH A (area under curve, AUC).

1.2.6  Western blot# | J& 8 & 4E A 8] /& I ik 48 47
p-Akt e AktE G KA FTF/NRAERE, WA
MPIEER E N R, B TP RS . %

2 UlkgR 3 (1) J5E 5 20 2 AT T TE KA1 minf5, A
FFAM DI ER G R/NAY, B TR PR A 5. $2
T A 2H 23050 2 1, 00 5 T R B e I AR 1, B
50 pgtE [ 34T SDS-58 T4 I ok fie 6t Jie FRL vk, R IR
eyl¥s B A EPVDFE, 5% i 2R @yt 1 his, 43
51l % H p-AktS(1:1 000F4 ). Ake(1:1 000F4 ) F
B-Actin(1:5 000% %) —i, T4 Cid k. TBSTHEM )G,
ZHU(1:1 000F )= I B 1 h, TBSTH M S, i iz
Fo
1.3 SZitFE ST

SZOG B AE Dlmean+S. DL K R, B EMZERH
3T FHSPSS 19.03k 4 E 47, R 2 R 2 5 22 73 #r
ther B Kruskal Walliss 36 A1 Nemenyits 36 25 4t 11
STV HEAT BE M, P<0.05I0 N ZE A Giit e
o

2 FR
2.1 BRHESE N S HImiR-146aid RiAXHFD /) R
R EIEIRE R

T W FEmiR-146a%] /)N B3 A4 B 1R 52 0, AT
AN A E AT ERER I . CEVESH IR A S, i
1A miR-146af THFD /) 5 44 5 14 K 345 52 12, 1 4t
R/ B IR n(2), 2R 1208 2 G, i3RIk
miR-146aZH ~F 35 14 5 5 HAh 5 2H tH 3 % 5:(P<0.05).
KA EENE TR Z 0 it & HER 2o, %
1EmiR-146a2H 74 HAH 2K TNCXT B Z1(P<0.05).
22 BRES N SHmiR-146aid RiX B SHFD /)
R AAAmiR-146a3iA7K F

Real-time PCRZ5 & W 7Rk, i & IAmiR-146a2H
HFD/) 5T I 2H 2R i miR-146a %6 15 BINCX E 41 &
EE(P<0.05, BI3A). TEMTEMRITHAF, ERE
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#P<0.05, **P<0.01, SNCZ LA
*P<0.05, **P<0.01 vs NC Group.

E2 HFD/NRIFEIMEER
Fig.2 Body weight of HFD mice
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A: FEHEFmiR-146aRIE5 5 B: [ 22 AT miR-146aRiA & . *P<0.05.
A: expression of miR-146a in liver; B: expression of miR-146a in epididymal adipose tissue. *P<0.05.
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Fig.3 Relative expression of miR-146a in liver and epididymal adipose tissue
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A: L5 P TNF-o & & B: LS HIL-6 % & . *P<0.05, **P<0.01,
A: concentrations of TNF-a in serum; B: concentrations of IL-6 in serum. *P<0.05, **P<0.01.
E4 mEPREHEEETFHEE

Fig.4 Concentrations of inflammatory cytokines in serum
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miR-146a41 /)N FimiR-146a3& i& FBNCH} HE 21 [F7) £ 2
M (P<0.05, K3B).
2.3 miR-146axtHFD/\ R M5 TNF-aFIIL-6 &
=1zl

K HELISAKS MHFD /) B8 I H 78 14 24 i [R5
TNF-ofIIL-6[1) 7 5. 4558 WoR, 5NCXHEA LA,
T Rk miR-146aH P AN 41 i R 7 7 2 35 B 3 PR AR
(P<0.05, P<0.01, Kl4).

2.4 miR-146a3THFD/)\ R BT B A0 M 2 BE 2R 21
I CD683RIZHIFN

IHCZ R 7R, HNCX A AH L, 1T R A miR-
146al THFD/)N BT JIE 20 23 1 CD68 R ik 7K ~F- I 3 [%
fi(P<0.001), #% 7~Kupffer4il i ik /> (KISA. KI5B.
KISC. EI5G). 78 b 52 N5 07 2 23, [R) A ] Dk
F 1AmiR-146aZ41CD68FK ik & & & Ik TNCXI I 4
(P<0.001), W] Wz 28 Jf 312 i K FE(EI5D. [I5E.

miR-146a overexpression
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Az NS/ BT HE2H 21 CD68 36 34 175 1 (CD68 B P KupfferZl i 52 46 £41); B: NCZH /) fUAT B £H 21 CD68 3 3 175 1 (CD68 B #4: Kup ffer il /il S 46 £21); C:
miR-146aid ik 21 /N AT AT AL 2L CD68 R34 17515 (CD68 B M Kupfferdi g 5 45 (); D: NSZH /)N i B 52 Hig 1l 41 21 CD68 2 3 175 13 (CD 68 BH 14 LI 41 i
S ); B: NCZH/N R BT 2 g 7 2 21 CD68 3 15 (i (CDOS FH 1H: WG 41 i 52 45 €11); F: miR-146aidt #2247 B P 52 AR 5 41 21 CD 68 1A 5 15 (CD68
BF 1 LI 4 S 4 €); G: BFBIEZHZACD68 % FESME Si v 25 2R H: i S HE T2 21CD68YGH FE M Gt 45 R . *#P<0.01, ***P<0.001.

A: expression of CD68 in liver tissue of NS group (CD68 positive Kupffer cells appeared brown); B: expression of CD68 in liver tissue of NC group

(CD68 positive Kupffer cells appeared brown); C: expression of CD68 in liver tissue of miR-146a overexpression group (CD68 positive Kupffer cells

appeared brown); D: expression of CD68 in epididymal adipose tissue of NS group (CD68 positive macrophages appeared brown); E: expression of

CD68 in epididymal adipose tissue of NC group (CD68 positive macrophages appeared brown); F: expression of CD68 in epididymal adipose tissue

of miR-146a overexpression group (CD68 positive macrophages appeared brown); G: mean density of CD68 in liver; H: mean density of CD68 in

epididymal adipose tissue. **P<0.01, ***P<0.001.

E5 RFAEFNMZ=AsAnLAR P CD68RIZANLER
Fig.5 Expression of CD68 in liver and epididymal adipose tissue detected by IHC
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*P<0.05, **P<0.01.
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Fig.6 The results of GTT and ITT
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A: FFEp-AKS™, AtEE (A RIBH L B: p-AKS /At S (R IE BT HARE . *P<0.05,
A: expression of p-Akt***” and Akt in liver; B: the statistical analysis results of p-Akt>*3/Akt. *P<0.05.

E7 RESZEMBIGAKEEL LK FZL

Fig.7 The protein levels of p-Akt*™*” before and after insulin stimulation

KISF. E5H).

2.5 miR-146a%THFD/)\ iR ¥ fif = F1 fE 5 2 HU%

Ed: Al

GTT4: B R, i FiAmiR-146a2HHFD/) & 7E
30, 60, 90. 120 minZs4-/N [a] A s P 1E T

77
it

NC*f

H(E6A). AUC/T TR, WA ZER RA %

iF 2% L (P<0.001, E6B). ITT4E R EoR, i %Kik
miR-146aZAHFD/y [ 7E15. 30, 60. 90 minff, I
B K FNCHH R (K6C) . AUCHHT 8 W, W4
Z BA g X (P<0.05, El6D).

TE 1Rk 569 1 5 2230 mink, 3 3R A miR-
146aZHHFD/)N 5 T IE 1 p- Akt B R 4K /K - 5 NC
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X} REZELAH BL 35 T 1 (P<0.05, 7).

3 g

RE T A DG 1 12 M 98 o 2 51 S R B 3R HE B AN
T2DM ) 5 5 [ PR 010, ACHIF 7T o ik B2 ek v S £
77 3K, 4 5 5 H5 pri-miR-146a fshuffling F B (1) fif
I3 5 1K B AR E AHDF/N RAR N . pri-miR-146a7E
Y1 B P 28 3 BT U1 T s AmiR-146a, 78708 R AR P A
FImiR-146aff] F R IERE . Kl EmiR-146a7 1AM
gE R R, i £ iEmiR-146aZHmiR-146al) £ ik & 5
X ZH AR b S5 2 e

L ELIS ARG I & 25 /) BRI H 28 14 248 i O8] -
TNF-ofIIL-6[1) 7 &, 4558 5o, I 8/ F fmiR-
146aid FIEA /N, ZIH FRIRIERE N,
FATHEDN, miR-146an] B T 71 & 15 i T IRAK 1
TRAF641 i NF-kBA5 5 18 % [ 300G, 128 1fi #9001 28 i
TR AR, $2 7R miR-146a ] DA 31 22 fif 4
P98 B AE F - 5 200 M A PR 5 5 % 0 AR )
F AP0 =B A, IEKupfferdt il & 2 7 T
JFF 1M1 5% 1) A% - R 2 e, 1 3 5 A T R v IR R
Jvi (non-alcoholic fatty liver disease, NAFLD) ] &
BLH 25 D) AH 50>, 3t %R A miR-146a2H I JIECD68
Fak I AR T B, A5 MimiR-146an] 8 i 17
i1l 41 i Al 7 TNF-a -6 1 7= A2, 3k 11 o8 20 i JE H
Kupfferd Ji (19505, SEMEIEH 20 SRS . [H
iiF, HFD 5 AITR 5 I 7 41 23 e 40 Pl () 380t B %
K2, 7618 7 4023 T, TNE -8 200 i BR324
i R T B A% 4T Y 3 4k ] - 1(monocyte chemotactic
protein-1, MCP-1), Mfiji75 5 A i 20 23 1) e 4 it
B oS JORE AR, DR, 7F B2 G D 4 2R
rR] D3 Rk miR- 146241 () EL G4 i BH B d . -
S5 R, R i Ik S miR-146allif 5 B R 1A
AR, B0/ FRAAR A miR-146al) 23k &, BEi BEACAT
It 20 23K up frer 2 i A HE 7 20 21 E 0 40 i i) 2 =, 2%
fEHFD 3 JORE R RS o

TNF-o""IAIL-6"%E R AN T2 5 T
HIRAH K 1) 2 /> 5 BAE 58 2, HiE il 7E fe-Jun
% K iy B EEY 7 (c-Jun N-terminal kinase, JNK)#ll
IxkB¥# M B(inhibitor kappa B kinase B, IKKp)!® 4
o E B, R 2R & 2 4K K Y (insulin receptor
substrate, IRS)%2 %4 2/ & B W 6 AL, PELAS LI 2 IR
R RR AL, FMHIIRSEE, 52 Me B A8 I L EE-3- 72 S

(phosphatidylinositol 3-hydroxy kinase, PI3K)[f]p85iL.
A7 SIRSH 25 A FIPI3K 1) B2 1k, H1HIIRS/P13K/
Akt/E B 25 SIEBR 2, SEURMK AR, K
St b R IKVE S miR-146alli s 3 R A # A T B
5 A v B £ /D BRI 7 2% P 40 i R P TNF-a
IL-61) & & . BFFER B, B Z TNF-aff) JE /N R,
il B 2R SRV B O B v T R AR T RN R
AL, GTT. ITTZE R KW, id K iAmiR-146a2 /) Fi
A P ] 22 R i R R B 2R R B B4R i, A HIR
WA ENE MR (RS FAEE, iR iEmiR-
146a2H /I 51 JFF T 40 23 P9 Akesl 2 10 7K SF T v ot
R ZH 5E 9 W I, 3 7RmiR-146a2 34 18 i BE % 12 3k AT
WER B R AG 5 M IBOE . MhAh, LR YA
SR HLAR IR B R ALPOIRER 2, PR, AP = R miR-
146an] I8 3o FEAR 28 15 11 A= 3 11 2 A ok 2 AL

BB A R AET2DMI) BB fE G R 3 2 —, K
FEJRE AR N, 22800 PR (1) KB % B R 3 . R e ik
T S miR-146a i 85 I8 B4 v] AN = e Tk & 1
SN A s G, B4 pri-miR-146a/l i 2
BRI NAR N Z S5, & 75 n] DL i 1 45 18 s 240 e 53
Ak, 50 B JRE 7= A2, T S B 2 AR IR AR, AL 75
gk — B B AR T

gE bk, K R # ki S miR-146allE 5 25
FIE BRI 7k, AT LU $E ST HFD /) B AR PYmiR-
14623 1A &, VAR 1R Y12 VE RORE, S% M7 IR I = AKHT,
FUAR] AR R B 72 A o 3 X I PR 7 TR 2 2R R LA
HEANE, FERmiR-146am] E TG IT HEIRERL2 L8 R
T R 2L 245
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