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Abstract

BACKGROUND

Non-alcoholic fatty liver disease (NAFLD) has become
a major health threat that is seriously underestimated.
Although the pathogenesis of NAFLD is complex, more
and more evidence shows that microRNAs (miRNAs)
play an important role in regulating the occurrence and
development of NAFLD. Whether miR-484 is involved in
the occurrence and development of NAFLD remains to
be clarified.

AlM
To explore the mechanism of miR-484 in the damage of
liver steatosis.

METHODS

A mouse model of NAFLD was established by feeding
mice a high-fat diet, and the expression levels of miR-
484 and SIRT1 in liver tissues were measured by RT-
qPCR and Western blot. A miR-484 knockout NAFLD
mouse model was constructed, the degree of steatosis
and apoptosis were detected by oil red O staining, HE
staining, and TUNEL staining, and the levels of serum
ALT and AST were detected. In addition, a cell model of
NAFLD was constructed through free fatty acid exposure.
The dual luciferase reporter gene assay was first used
to verify the direct targeting relationship between miR-
484 and SIRTI, then an SIRT1 overexpression model
was constructed by transfection with pc-DNA and pc-
DNA SIRT1. Oil red O staining was used to detect lipid
accumulation and flow cytometry was used to detect cell

2021-04-28 | Volume 29 | Issue 8 |
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apoptosis.

RESULTS

In the mouse model of NAFLD, the expression of
miR-484 was significantly up-regulated, while the
expression of SIRT1 was decreased. The degree of
steatosis was reduced and serum ALT and AST levels
were significantly reduced in miR-484 knockout mice.
In the cell model of NAFLD, miR-484 can directly target
SIRT1. In addition, overexpression of SIRT1 significantly
decreased the rate of apoptosis and alleviated lipid
accumulation in liver cells

CONCLUSION

MiR-484 regulates cell apoptosis by targeting SIRT1
and aggravates lipid accumulation in liver cells, which
suggests that miR-484 may be a therapeutic target for
NAFLD.

© The Author(s) 2021. Published by Baishideng Publishing
Group Inc. All rights reserved.
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B AT 3F B H RS B AP 9% (non-alcoholic fatty liver
disease, NAFLD) & 2 & A 4% 7 F A& 69 & K A2 s,
M. RENAFLD A JRALIL B Ze, 19 2 4 kA% % o
3 % AmicroRNAs (miRNAs)EHIENAFLD# & &
Fo kP ARE TR, P, miR44Z T AL
NAFLDZ_ A Fo X AT A 45 1) 7.

V=134
B 7 miR-484 5 55 FF RS By 5 bk 64 3345 VE JA L.

Tix

IR IR & s A A S RS g AR, R AART-qPCR
ArWestern blot7 & M| & FF2H 2% P miR-4844#=SIRT1
#HmMRNAFE G K-F, FRMAEMIR-484K A sk
NAFLD/N FAEA s/ & £ 5 ALT. AST. TG.
TCEAK-F, iBidihrOf & . HEE & A TUNEL%
G g By T AR Ao m BB TR T s, aBad ik
B 5 B PR M ENAFLD & SAR A SRR A% 6 £ ik
2 A Z I I EmiR-484FeSIRT1#) A ke i £ 4|
i 1t # Fpc-DNAA=pc-DNA SIRT 149 Z SIRT14t & ik
AR AL R4 O &AM Bg AR R AR X i As
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) 28 AEL 8 T KT

ZR

ANAFLD/ § AR & miR-484 %5 8] % L, M
SIRT1 . A F I dihmiR-484)5 )~ RE W & PEAZ
B, A ALTA2AS TR 2 54K, ENAFLD%a i ke A
¥, miR-4844E 4% 8 it H 42 ¥ @ SIRTI, if KA SIRTI
2 E VAR B T A, IR AT aa B s AR R

P74
miR-484:i@ if ¥e. @ SIRT 1A 4= 40 feL 8 =, e & AT 4m e
g AR R, A AmiR-484 7T 4k Z NAFLD#) 74 J7 ¥247.

© The Author(s) 2021. Published by Baishideng Publishing
Group Inc. All rights reserved.
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B E A SR AR A B AR, A B I R A
20 I BE AL &K FL: miR - 484383 FASIRTI R A, 55
40 L8 T A AR B AR P A B BT AR . eAkmiR-484 &k &,
# EASIRT & A At 5 18 i 4740 20 08 T R 42 4F i i
Jig Wi AT 24407, 9 TR %08 77 NAFLDARS 424537 g 3. 5
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Y e [ R 7 I A 2R 1 DAREAE0.594% 3 . E T,
ST 7 A 20% 010 o LN AT AR s . e i
CL 28 BN A ™ EE AR A 10 K A R . AR TRARS A i 07
JHF 14 9 (nonalcoholic fatty liver disease, NAFLD)/2& . [E
JIE D7 P o S L (P BESS A, t 2 A BRER N U 2 I
NS 19505 . NAFLDAE 51 R D 5E ™ 532458 (1) [R] s, 55
o BF R — D R A dEA . L, EETE
PEEAR Y. L H AT NAFLDIIRF IR %, (Hi
FO R K oy AR LI v AN 48, T B 223K $T(insulin
resistance, IR). LN 5 Rt A AT B A2
O N G IR 2R, Homh I R RS BRIAT ., HEht
K. PRASER T (tumor necrosis factor, TNF)'"45: fif
NEWi A 72 SNAFLDITE R RS AL 4T 2.
—HLUK, NAFLD Amblfil2st+ “ “0dTd” B,
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{HBEAE T JUERE T RN — B4 RN AFLD R A HI VR
o TiEet, SEGURENHITIE T4t .

¥/NRNAs (microRNA, miRNA, miR) A 19-24 M
TR 2[RI N PR S BE R R RN A, 15T 5#EmRNAF)3 -
JERIIEIX (3 -UTR)S &, 7EIE DT BRANER PR h i #
VER, s 2P Ay ohie. aii A i FUIESEmiR-484
TEJE B9 738 R P R R — S DR 1 I,
SR, miR-484:2 152 5 ARPIRG I N 7 Fr-E s (45 4% 1k
T S R ANE AE.

NAD-HK i (120 2 2% £ B AL EgSirtuin 1 (SIRT1)Z
SirZanfan LT Re, AR RS Zekifhh
BE. ATHESRA . RS 24 AR AR I 41 A . SIRTI A
i FF A AR AR ) B R . RS E A Tl
T8 RS S MESTRT 1A Bk 2 (L i3k FFF AR i A8 11, (H
AN 2 miR-484 2 15 il i ¥ [ SIRT IR Y 1Y NAFLDH
IR B R Bk, A5 BRI miR-4847ENAFLD
HGFSTRT 1A F AEAE BT ML, K ANAFLDI 2
WiAaIT RS, a5 R ARIE .

1 HRIASE

1.1 ## SPFRC57/BL/N R (W H#lIb4 S5 sh it 5t
Hls, W ATIE S SCXK(5F)-2015-0018,6-8 )5 #2); miR-484
J DRI B SR () S T B K- B L AR ER 2 T e,
405 T000103); N IEH FFAF4HA(LO240 i )W H
PO S R A F]); DMEM 35982k, G4 1
. RO, HE RS R (GEEGibeoA F]); Trizol
R, WESRA A . SYBR Green PCR Master Mixift
PR XU 2R R 15 120 6 (P ot v e B A M R i
B3 A BR 2> 7]); miR-484 mimic.  inhibitor 5 [ 4% # mimic
control. inhibitor control(J” ML HAYIEBRAR]); 514
. PGL3-CMV-LUC- SIRT1 3 UTRZEAS 7Y AT A 7
kiR . pc-DNA. pc-DNA SIRTI(E AR (L
T BR A 7] A %), Lipofectamine ™3000(3E [ Invitrogen
), SDS-PAGERF . ECLA . BCAERHE &
BRI B AIRIPA 2 AR CGE = KA A A F]); PVDF
(5 [ Abcam A &]); ALT. AST. TG. TCIiRl&(F 5t
RN TREWF 70, TUNELRG S (I S84 /R A4
BHEA R A R]); A OG . JHIER(01383). KRR
(P5585)(F: H SigmaA F]); JEBLE I V-Fa AR KL &R
(annexin V-FITC)AIBAL I HE (propidium iodide, PT) (‘Z<it
AV ERI DO A PR A R, mal B R g &
& (DP107) (TIANGENA F]); SIRT1#if4. B-ACTIN$T
A —Hi(EECSTAH]).

1.2 7%

1.2.1 Zh¥ 5 AR S LA BUSPFLR6-8)H] i hfi 1tk 7 A
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(W TH) FimiR-4845 B (KO )C57/BL/N R %40 H,,
1A HE28-32 g i, BTIHIRQS C), M NT0%HIsh4
Fid NEMEFRL wkE, 54N SR v 1 6t R 2
(NCAD)E AR HFAL), 3 Bleh 3 m kA e
TARGEREERL, 2%HEIRE . 15%H)METR16 wk)a, it
R 48 TR i ECHI FEE 7 MR L, B BT R, — 35040 B e
S, 7RGV G T-80 CLRAF. i SREU v
MV = iR E B 4 h)a, 2500 rpm/min, 2540210 min, 7551
TERED LI, 7324% f5 T3CE -80 C 4 FH.

1.2.2 LO2%m fe 3 I WRAFHI2ARLO24H IR E I, e T
F10%MRAE MG 1% 55 R -85 R IDMEME: 71,
1E37 C. 5% CO,THIRKTFF 5%, ARIEGHH A4 K
T, FH50.25% 8 AIBFIEDTATE AL A AR RE 97,
S 4-TARILO24H A T J5 6.

1.2.3 LO2fg By T b A 4 20 E0 A K A ) 40 i e 42
FNGALMR H, 6FLER A AT B\ 2 R R e i e e
BB, K594 hia, R Tas LIRS IR, BN
0.4 MmEAHEERF10.2 MmiHER 177 5 g iR (free fatty
acid, FFA)DMEMI: 54k 415 9%, FEAT-7i24 hjg T
JE SRS,

1.2.4 ik o0 YA B LO24H HL 2 Fh
BlofLI F, BEFha BE N2 X 10°AN /4L, B F37 CHs
FEFE N BRI, FRAN AR K2 1K 40%-50%H, 43
A miR-484 mimic(M41). mimic control(MCZ1).
miR-484 inhibitor(IZ). inhibitor control(IC41). pcDNA
SIRTI(overexpression, OEZ])FlipcDNA(overexpression
normal control, OE-NC4)#% 4+ 2 LO24H i, % Yt/ 0 IR
FEA%Z i Lipofectamine 3000%% JeiatF) e I 1idH 4T, B 4%
JEIAIIRAR S E 37 CREFRF PG IR, FEYLRESE8-10
h/G B S FRARG SR B T-1024 him, FH T 45858,

1.2.5 HE# & BT HSAE Y] . i s
Ky HARRGAMIAZ . Qe dmii . BiKEH,
(BGAIEZ S LR EA T A

1.2.6 W2rOf & JHA G P IRIT: (D E: KKk
YIS H510 min; ZHHIIC 4% 2 5 [ %€ 10 min,
PBS7E /WL, (Q)4eth: ML TARWE & 10-15 min; 400
J€ Fr /B 10-15 min, PBSERAE3IK, 5 min/ik, B85 LA60%
FABHRELI5 s, N0 TAEMRH (10 min; (3)701L:
T5%kE 02 s, KPR min; ZHARIE FT FH60% 5 5 1 43
A 22 1) SRR BT 5 P 28 PR K BRI (O 4R Harris 5
ARG G mine A, ZABKMGE, 1% SRR 72
B, ZEABK IR, EUKIREE, KL, () Fr: F4R Mg
FJE K Gy, Hh B

12.7 TUNEL#: & FiR S ARTFH L) Geta D ug: il
FK, BAMKBE, BFEIEE, 76 tunel )N, 5
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R 1 RT-qPCRABXS I¥IBHIL0T

Primer Sequence 5’-3’

miR-484-F GCGTCAGGCTCAGTCCCCT

miR-484-R AGTGCAGGGTCCGAGGTATT

miR-484-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATCGGG
U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

UG-RT AACGCTTCACGAATTTGCGT

mou-SIRT1-F CAGGTTGCAGGAATCCAAA

mou-SIRT1-R CAAATCAGGCAAGATGCTGT

mou—B-actin-F AAGTGCTTCTAGGCGGACTGTT

mou—B-actin—R
has— SIRT1-F
has— SIRT1-R
hsa—B-actin—-F
hsa—p-actin-R

TTTTCTGCGCAAGTTAGGTTTTG
CCAGAACATAGACACGCTGGAAC
CTCCTCGTACAGCTTCACAGTCA
TCACCCACACTGTGCCCATCTACG
CAGCGGAACCGCTCATTGCCAATG

C ~ NC HF

1

PODJX N, DABR th, FRA 2 ut%, iKE b, Bep e,
1.2.8 s X am i i i st S A A AR I T2 (D
R B BEERIR TR AVE h (A D BRI, (2)
WL S FLAR 4 FHPB ST — IR, I T mL
0.25%REG VAL A AR, A5 20 AR R ELAG 0 7 40 i 22, B
IR FRHELC AL, ARSI R IRST 40, 40
A PR TR EUE Y, 1500 rppm 05 min, FF EE; (3)
PBSYESZHML: A3 mL 4 ‘CHiAHIPBS5E4: 5 240
Jid, 1500 rpm 5 0»5 min, FF_37. YIGEH300 uLffIBinding
Bufferi&; (4)%tFr1C: JIAS uL Annexin V-FITCiE 2]
J&, IS5 uL Propidium Todide, Y21, S NGB
5-15 min; (5)F 1 hp AU Annexin V-FITCHIZR (5%
GBI FITCIEIE(FL )G, PIZL 475 il i PLEE (FL2)

Baishidenge  WCJD | https:/ /www.wjgnet.com

392

. E 42KD  MENNNES  W——— -actin
K] & 7]
[] 7] =
[ 5 a
L4 b G 1.5 el L5
= °
S [ c 7]
23 3 510
[0} - .
> g
32 7 s
% g 0.5 s 0.5
T x .
a1 o} <Z(
o < z
S =
20 : Z 0.0 ‘ Eoo !
2 NC HF v NC HF £ NC HF
o 2 ©
2 B [0]
= &
o

EIERENIMIR-484FISIRTIBVRIAZIN. A: SIS NFITZHZ miR —484 mRNAKKZHTRARAE FiE; B: SSIS41 NFRITA4ZISIR T

RO, A BRAC S B R : SOk K Ex = 488 nm, K5
PAKEm =530 nm.

1.2.9 RT-qPCR: K Trizolifk 7L EU - 2T 412 Fn4n it
HHERNA, 8 FINanodropi il A% B s RIS =2 Bt
PERN AR AN, 2520 e FRUw e St U B ik
ITHAE, 8 FHRT-qPCRIZATMImiR-484 FISTRT1HE A 42
3%, (A B IV REA O CTIE, SR 2R At
XIS ARG MF 5 WK 1

1.2.10 Western Blot: MMt A LiEH
SIRTI. B-actinff)& [k & HOE EX HUAE KILO2
2 A /N ZH 22980 mg), RIPAZRLfR 5K H
BCAVEHMTE A&, Ml g0 5 HEdrE A
THEEEAEZIS0 ug). 1218 Western BlotSZ 46 MR ER
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Lipid droplets area(%)
—
o
Il

5,
0
WT-HF  KO-HF
d
B 2.0 200 500 4 ™= WT —
5 a - — - = KO
315 3 < 150 < 400
5 2 = 300
2 10 P 5 100 ‘Z? 200
£ s £ <
3 05 2 E 50 E 100
a & ] ]
0.0 8 o0 8 0
NC HF

NC HF

NC HF

2 miR-484BVFRIANIAS AT MEAISENA. A: HEHLEE ML OB E RN &R TR SR AR 1B N B: SAH D NR IS ALTRIASTHRIA 2 5
(*P<0.01, ‘P<0.0001).

15

Apoptotic rate (%)

miR-484 KO

3 ERBRmMIR-484BVRIANTSASRE T MBMAT AV, TUNELS (A B RKO-HFAD NEUHAFZA 2 B T 4iaH RS (P<0.05).

REBEAT. Tmage JMHT H ISR RO A REARL, LLH 9267 K et AL SLIOHHE R H GraphPad Prism 8.0
JEEAH 5 B-actin K FEAR A LU AR 2R H IR F RIS, BAFBEAT 00T, TR BT Pimean + SDERIR, ZHIAR
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BRI T Z 00 T ELAL, PAP<0.05 92 57 A Geit o7 i L.

2 R

2.1 &R E S miR-484F=SIRT189 £k #wm SHNCHL
FHEE, HFZHATFHZ P miR-484 %15 B & THE, SIRTIY
mRNAFIEE [ #5352 FEKP<0.05), WKL X R
IR 55 75 S AT 4 S miR-484f 1L 8N, FEFESIRTIfIR
15N

2.2 miR-48489 & A F g b K69 %o SNCAHAMLL,
HFZE /)™ BP0 A i 78 s B 389 v, 5 W T-HFZHAH L,
KO-HFAL/)N B A AR 3R B 298 (P<0.05), L
2A. HFA/NRIMETCAITG S & i = TNC4, KO-HF
/N IMIE P TCRITG & B W T-HFAL B 2 FEAIS, LA
2B. Ak, ENCHIA L, HFZH/N BUME ALTFIASTH . 1
T S WTHFZLAH b, KO-HFZL/N B MLE FH ALTHTASTH]
LR (P<0.05), ILIE2B. X 45 IR miR-484 MY g
B FEF A A 7 5 A, (R PR 4 45 .

2.3 B miR-484 89 F i xF % g 5 58 T AT L B = 49 %
o) SWT-NCALAEL, WT-HFZH40 A -0 &5, 5 WT-HF
ML, KO-HFZH40 M 1 5 2w, W3, X —45
$27R, miR484 Tt G R N 4t R 1.

2.4 miR-484 B #3A4xSIRT1 iz FmiRanda$idE & Tl
F|miR-4845SIRT1 3’UTRAFAESS G AL, WIE4A. Xx
SR BE RIS R BN, 5EMCAAE L, MZAWT-SIRT!
M B R Bl 1 2 2 PR IS, MUT-SIRT 14 g rp
J R BHE AR Z ), WLE4B. SMCAIAM L, M40
HISIRT1 05 B i 25 FRAIG, SICAHAHLL, 1 Hanfad
SIRT1FRIA W BT, WEAC. FiRsE AR, miR-4841]
A1) 4% SIRT .

2.5 S AASIRTIR B BN Ml T 5
HF+pcDNAZLALL, HF+pcDNA-SIRT1ZL 0241 fifg
SIRT )8 A 0K 5 3 T iy, 4 I ) ) 1 2 X0 35 PAIK
(P<0.05), L5, 1X—25 R4 R SIRT1 0] R it B4t
R TRl 4 P g A 1

3 171E

NAFLD K 805 2 i, RIS 2 0 R Z AR dE 76
J7 5%, BT E O 24 2 RRE — KA AEGRY. Bk
X FAZIR AR AL IR AR 2 48, A NG
T ZETHRZE B, H i 28 W 7UEHINAFLD AT
FERIE SR G, 17 HmiRNARE LA 5 Rz A e
SRR T DR, E VRS g 7 R A ] e Rl B
VEE R IEAE Y, BT LAmiRNASTENAFLD 1 2GR
WIS AP AR AR S BRI S E. PRI AR
Ferf, FATE KR BINAFLD 1 miR-484 [ 5 i ik, il
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A
SIRT1 3'UTR WT 5'-GGACAGGAAUAUGUUGAGCCUGA-3'

has-miR-484 5'- UAGCCCUCCCCUGACUCGGACU-3'

SIRT1 3'UTR MUT  5'-GGACAGGAAUAUGUUUCUAAGUA-3'

B - NC
)
25 C ns
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Q 15 —

©
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B 21
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(a4

0 ;
wT MUT
C LO2 cell
MC M IC I

T10KD e o smmm— A CTDT |
42KD “—— S [-2Ctin

B 4 miR-484FIZBIBSIRTL. A: miR—4845SIRT1 3’ UTRAE(TLE
AR (FIRL OhREBE OGS AL, TR EAZRAAL L), B: W
S F RIS HRIIZE B (2<0.001); C: miR —4843s TR 2 (ML) ARk
HAZA)FSIRTIE A FAER:

TR [F] SIRT 1A/ 7 miR-484/ENAFLD H JIig fi AR 22 (1) 115

H T 7T CAIF SEmiR-484 2 5 i 4% i kK 4 5 K
J&, 8RR g T AR ) S B Ak % 212 (AR R
J&, miR-484 1] LB ¥ [ Fis 1361k, W35 2R bk LA M
7 AR A0 M 70, LigE P HIE 5miR-48438 125 #0H1] Apaf-1
R T AH G ER 1 AR 3k A /N4 M it () & A= Liufiff
FEPHA NmiR-484i@ 1L #l i Caspase-3fICaspase- 9K ik
LRI R B LA G 52 R i P R 45 45, SR T, A2
HPHE H miR-4841F 5 1)@ CCL-18/PI3K/AK T{E ik
UTE T, I RIEDURAEH. Ligs R n Kot gmis
RNA LINC003398E1 18 i # [1lmiR-484 11 i i 5 3R 175 3
(Lo VA B T, K FURA R T A4 PRI A v i 40 A
BRI NG FE T miR-484363k F i THisn, IRAWF AR
P, MHImiR-484RENE AR IR 1=, X 5 J5 FH R 45
15 s O S S P PN E B € APae eo | ST -y é L iR A B
HmiR-484 5 41 A T2 (A G 1%, miR-4847ENAFLD
HH R DI RERE SR PR R BE0E [ LA, HEME / miR-484
FEIFAEB A8 2E Va7 B B — IR AW I, A
T ISR I R AR 2 5 R S 30 4 — 2P B0 FmiR-484 68
% EL SR AESIRT, 4575 7§ SIRT19miR-4847E T
240 e R 4 X % 2 —.

SIRT 12 —FK#it T-NAD 11 2= Z AL, 75 5A AL AN
BRI R AR T, BT AR AR A I O

2021-04-28 | Volume 29 | Issue 8 |



BRiREl, 5. miR-484 @I OIS RN SBRBE TS SIFBRITIER RN
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& Ny
& 09
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B NC HF+pcDNA HF+pcDNA SIRT1
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5.7% 20.3% 16.5% E 29.1%
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Annexin-V FITC

85
FONLO2AMNEJE THI5EM; D: 18 L O Qe R AR AL R T FOA LO2 AN i AR SR I,

R KA. AW FIESESIRT AT DL EL A R i 1%
WA L [K] (Ansterol regulatory element binding proteins,
SREBPs. FASNFIACC)FIA RN, (H51E =1,
SIRT 1 e F I i 7 A2 1, B0 AG 2 2, SRS — Tt H 3
JIGE P75 P s DR 2 5, TR A DR I I S A A S T
ARy T X & T UM CBREF, Iniiedd py s i
PEFPO 2T S8 i 41 7 21O G 2 S 30 E i ik
STRT1 G % FEAR A0 M8 T2 [F) £ BEL O2 il 25 FR R 2 B
fiX. CAWFFTUESESIRT RERS ML T lpS3Rik Xt =i 7
SRR TP AR R R Y, AR R RS R —
. T RISSIRTIREB IR =i e 2 7 T 4B o™ F AR
B, DLW FT 45 SR ik B SIRT 12 54l A T2 72, hF
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WRIASIRTIAEGS R R AT ABIRABANAR 1E. A: RIFIAFTTT O LO2AIEHSIR T1E I FGAMISENT; B, C: 1l At A A7

5T SIRT1Z 5NAFLD# 5 /E - ML $E 45 1K 4.

4 5

25 BT, miR-484 8605 N FFAH AR I A M I 7, JAL
il 5 4L A STRT 1A %, $E[AImiR-484/STRT 1R GEE K HT (1)
NAFLDYAYT 7772

XERR

[oad HE =

L=
IR, miR-4847E % MR S A OA B (e . FLIR
. SiE W, B, . BRESS) ok E B E
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P AN G TEAH I TS
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BRI miR-484IE L SIRT 1 SN -5 SNAFLD 5
ML, NG PRIATT B2 WINAFLDR BE R .

Eoal g
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— SE R PRI 35 i T IR SN AFLDH B AR R, BEAL 5 ik
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MISIRT 12 380k, AU 2 B 15 R DRl o I S50 36 11E
miR-484 5 SIIRT 1 {14 1] 5% 3.
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4%, FkmiR-484F 1A B E I SIRT 1314 RE A8 41)
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