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miR-184 Suppresses Adipocyte Lipogenesis by Targeting Hoxa5
and Downregulating the mTOR Pathway

FAN Yuwei'?, SHEN Ruili'?, XU Ke?, SHI Qiwen', ZHANG Jin***, WU Wenjing”*
(‘College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310000, China; *College of Biological Chemical
Sciences and Engineering, Jiaxing University, Jiaxing 314001, China; *Children’s Medical Center, the Second Affiliated Hospital
of Jiaxing University, Jiaxing 314000, China; *Jiaxing i-Bio Biotechnology Co., Ltd, Jiaxing 314050, China)

Abstract Adipocyte differentiation and lipid accumulation are tightly regulated processes, with miRNAs
(microRNAs) playing a crucial role. This study investigates the function and mechanisms of miR-184 in lipid me-
tabolism using miRNA-seq (miRNA sequencing) and functional cellular assays. miRNA-seq analysis of porcine IM
(intramuscular) and SC (subcutaneous) adipocytes revealed significantly higher miR-184 expression in IM cells,

which exhibit lower lipid accumulation, compared to SC cells with greater lipid storage capacity. Further analysis
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in 3T3-L1 mouse preadipocytes demonstrated a consistent decrease in miR-184 expression during differentiation, sug-

gesting its role as a negative regulator of lipid accumulation. Overexpression of miR-184 via transfection with miR-184

mimics reduced intracellular triglyceride accumulation, suppressed the expression of lipogenic markers FAS (fatty acid

synthase) and aP2 (fatty acid binding protein 4), and upregulated the lipolytic genes ATGL (adipose triglyceride lipase)

and LPL (lipoprotein lipase). These effects were further confirmed using miR-184 inhibitors. Dual-luciferase reporter as-

says identified Hoxa5 as a direct target of miR-184, leading to suppression of mTOR signaling. In summary, miR-184

inhibits lipid accumulation in adipocytes by targeting Hoxa5 and downregulating the mTOR signaling pathway.
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Table 1 Main reagents and equipment

vl Ly

Reagents or instruments Brand

DMEM/F12 (Dulbecco’s modified eagle medium/nutrient mixture F-12) HyClone
Penicillin-streptomycin solution HyClone

FBS (fetal bovine serum) Baidi Biotechnology Co., Ltd
IBMX (3-isobutyl-1-methylxanthine) Sigma

DXMS (dexamethasone) Sigma

Insulin Sigma

miR-184 mimics

miR-184 inhibitor

NC-mimics

NC-inhibitor

U6 primer

riboFECT™ CP reagent

Lipofectamine 2000

TG (triglyceride) kit

Oil red O staining kit

TRIzol

BCA protein assay kit

2x plus SYBR Real-time PCR mixture
PrimeScript™ RT reagent kit

Dual luciferase reporter gene assay kit
SuperSignal ECL chemiluminescent substrate kit
B-tubulin (KM9003, 1:5 000) antibody
aP2 (ab23693, 1:1 000) antibody

FAS (ab22759, 1:1 000) antibody
p-mTOR (#5536, 1:1 000) antibody
mTOR (#2983, 1:1 000) antibody
p-ERK1/2 (#9101, 1:1 000) antibody
ERK1/2 (#9102, 1:1 000) antibody
p-AMPKao (#4188, 1:1 000) antibody
AMPKa (#5381, 1:1 000) antibody
GAPDH (ab8245, 1:1 000) antibody
HRP labeled sheep anti mouse antibody HRP-conjugated goat anti-mouse IgG (1:1 000)
HRP-conjugated goat anti-rabbit IgG (1:1 000)
Nucleic acid test device

Real-time PCR instrument
Polymerase chain reaction machine
Gel imaging system

Cell culture plate

Carbon dioxide cell incubator

Inverted fluorescence microscope

Guangzhou RiboBio Co., Ltd

Guangzhou RiboBio Co., Ltd

Guangzhou RiboBio Co., Ltd

Guangzhou RiboBio Co., Ltd

Guangzhou RiboBio Co., Ltd

Guangzhou RiboBio Co., Ltd

Invitrogen

Nanjing Jiancheng Bioengineering Institute
Beyotime Biotech Inc.

Invitrogen

Beijing Cowin Century Biotechnology Co., Ltd
Beijing Cowin Century Biotechnology Co., Ltd
TaKaRa

Promega

Millipore

Tianjin Sungene Biotech Co., Ltd

Abcam

Abcam

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Abcam

Shanghai Bio-Platform Technology Company
Shanghai Bio-Platform Technology Company
ThermoFisher Scientific

ThermoFisher Scientific

Eppendorf

Bio-Rad

Corning

ThermoFisher Scientific

Leica

Do o AL
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BT B A /N i BEOURE miRN A, AR 040 g
PR B A miR- 184 K i /K P2 IA , LA 5 o I 1
miRNA 42 /F H; miR-184-inhibitor & —F4F 5714
WA IR 7> 7, & — B 5 miR-184 58 4 HAMI = X
T %R (antisense oligonucleotide), AE#% 5 miR-184
GEA T R, MTTTBE 1 miR-184 5 AT FRmRNA L,
o NC-mimics/& — P 14X] i (negative control)¥)
miRNABLAY) o B A — P& i BT 1 AR S M A% R
A1, iEH 5 H b miRNAR SR ILES, (B A2
ARIAL 2 RN 45 7 . NC-inhibitors& — 2 ¥ it
A EERE S 1 ;e XS % 1 B2 (antisense oligonucleotide),
HFH5 Hbr miRNA T T I TAN, RS
5 HArmiRNAZE 4 .
1.3 ZRpEtEFF0i% 506 B 2R Rk AR 53 1L

JRAHE 107 40 5 75 - %70 25 BR0 4 B i 1D 2L 24
F PBSHEV 2~31%, H I N IRET 0.1% 18K 5 B i
R S BIRE, 37 °C R R 4060 min/5, i JEFF IS5
JEVR, HIE R 1 500 t/minSC 10 min, UEES 240
Myt BB N iR e T an e . FH RIRE 1) 7 4
BURE TS s KA ZRHIR T 0.1% TRY i S5 g 9 AL
Wb, 37 °C R IR IHAL 120 minj5, 1 IS E
W, H iR R 1500 r/mini 0210 min, WAETTIE, F 40
BEEA T B IR, 37 °CREFE 1 h, UCEENGEE AL
W ETR R DT AR . 40 B Rl S — A5 e
21240, Kl LB ST 1% E 5 R /BEE R
10% FBS. 0.5 mmol/L IBMX. 1.0 umol/L DXMS.
10 umol/L Insulinfl DMEM/F12)i% 52K, HHES
WI(E 1% B H R /HEH R 10% FBS. 10 umol/L
InsulinfTDMEM/F12)4k 5215 S8 K, £ 5510 K US4
o

3T3-L1fgH4nAu s 3%« S99, %5
BeRh T4 Rs 7oAk b, A0 R R — IR IR, K
W a1 Sk, ST ERIE AT AR RE DT 4R . 7E AR
NE A G I3 ORTTAG , BERE— K, B —IR4E s
i (#%34L), F T B RNAMHEHL.
1.4 YHpEEE

B FR3T3-L1NE Wi 4 i, #5240 fa @il &5 0& )
80%~90%I, B HLHE IR . IR riboFECT™
CPH I i &I iE S AT R 3 /E. LL14L A
%, 5 uLIE N 20 pumol/LI¥) NC-mimics. miR-
184-mimics. NC-inhibitorfl miR-184-inhibitoriz7f

S HIIMAFEI60 uLiK]1x riboFECT™ CPZE i+, &
BRIRERIE . B, MEARAYF A6 uLi ribo-
FECT™H & % 44 7] (riboFECT™ CP reagent),
HBEFWITA /RS, EEE TR E 15 min. %
Jei 463 1) £ G R e e A R S0 I #1260 AR Hp U,
B YL 5 (20 MO TR I8 B Al RS 5 4R i 952 2K,
B J5 FF R B8 1 3 i 7 ik AT R R S k. TR
IR 10K, AN M 31T & U . LA
AN A BRI BT AT 3R AR S
1.5 JHLTORE

X175 5 A0 2 2 10K B G 7 48 M 3E 47 ¥ 21 O
5, WY RF T 1RE. HPBSTELLE, INA4%%
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JEMANMAOY . Heds, RRYt, TP )E erE
B A F L FLAR 3 R, 2 J5 F 6181 B B s
o Y 0 4 M AT 4 B
1.6 Hih=FNE

W5 TR TOR IR 7 40 i FH PBSIE ¥,
1] &AL 3 NN 10% £ TritonX-100 24/ , Jo iS4
FRRE S, 0 °CHEY R & 30 minja, X IRBCAIRF &
Vi IR P I A IR o ARAE H 9 =R (TG & I
(7735, R R =R & .
1.7 Real-time PCR#&:M

FIFH Trizol 2 ARVESRBUR RNA, {3 FAZ BRI 52
A 52 RNAVKR JE, 218 TaKaRa & 5% 565 & 1t 1
HAT R LRI A5 2 I cDNAVE U SR, AR
P 2% 3WC I ;e MAK &R o i ] Real-time PCRAKS AR
KEEH LKL &, RNFETN: 95 °CHIAE 30 s; PCR
SN A0ONMEIR , BEMEIR A 95 °CEES s, 60 °CiE
KIGEM0 s; gt Z6B B 95 °CAEE 15 s, 60 °C
B KRS G155 30 s, 95 °CHLR ER AT M I %
15515 s. Real-time PCRTVEFM UG, miR-184.
B-actin, FAS. aP2. ATGLF1LPL mRNAHHX} =ik
&, miR-184LLUCKH NS, HAR L S-actiny NS
BEPR], 8 2 A R R 6 IR = B 1020, ]
YIFF 5 34
1.8 Western blot43 4

W £ IR 15 3 55 10K (1) 3T3-L 1 g 5 48 i A 2
F1, A BCAE F 5 il e 7 6 e 25 1 1k
IINEE B EAEGEMBUE 20 10 minZ2 1% FIH 10%
SDS 5 A I B fc e Jiss LUK 70 B9 S B T, SRig 780 V
fE R B30 minfIFRF, JER R SCH 120 V. B
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(1190 min. 254174025 )5 , 1 PVDFE B THE4E: 72
PIAEHIN NS, E200 mAfIZ FHA2 he (EH
&2 J5 5 KRR SR N F 5% IR 4= Whd} P12 h, TBST
HWE e, #BEA D T ERMEY (protein maker)
BT RH R ) S, 4% B2k R/ 23 48 FAS
aP2. B-tubulin. p-mTOR. mTOR. p-ERK1/2.
ERK1/2. p-AMPKoa. AMPKaflGAPDH f)—#i (¥
FELLBI 1) 4 °Ci B IR X TBSTHERE, N
AR B0 BN 5T (MR LU L3R 1), il T #8K b
% H 1.5 h, I TBSTHEE, 5 INECLA G, #2451
Bio-Rad % R 4%, 3118 H Image Lab% A4 &
I BTIR AR, B R R IA KA

1.9 FERAREERERIRE O

{87 FH TargetScan 7.2%0 48 FE X4 i 214K miR-184
5 Hoxa5{W 45 G A0 i, AES5G AL 5P i B TE &5 B
VIE RO R BEE (1 5140, DL 3T3-L140 iU f cDNA
DNARRR, AT PCRY™ Y 1y BL, A8 IR TR WSe it ) oox ik
JBE HL K 3 B 1K) PCRy™ W) i IR , FH IR i) 124 P 7] il ot
B B A BOdEAT BV, B ) kAT FLUK 23
(AT o 3 I S A e A4k i () BT AR AN H bR i B
BEATBEE , BB W e A ik N R W B DHS
Pk FEVE B I AT IR, XL A e A —EUE, B
3| 1 Hoxa5%: P9 3'3i AEEHEIX (3 untranslated region,
3'UTR) % 4= 7Y 8 41 psi-CHECK2 %% Yt & B 4 5 244

=2 miRNAZEHF FEIF 5

Table 2 The sequences of miRNA agonists and antagonists

miRNA

J#F(5'—3")

Sequence (5'—3")

miR-184-mimics

miR-184-inhibitor

CCU UAU CAC UUU UCCAGC CAG C
GCU GGC UGG AAAAGU GAUAAG G

%<3 Real-time PCRK MK %
Table 3 Real-time PCR reaction system

Bl RZR(10 L)
Reagents System (10 pL)
2x Magic SYBR mixture 5.0 uL
Upstream primer (10 pmol/L) 0.2 uL
Downstream primer (10 umol/L) 0.2 uL
cDNA template 1.0 pL
ddH,O 3.6 uL
F4 SFTIES
Table 4 Primer sequence information
FEF AR FFHI(5'—3")
Gene name Sequence (5'—3")
FAS Forward: CTG CGA TTC TCC TGG CTG TGA A
Reverse: CAA CAA CCA TAG GCG ATT TCT GG
aP2 Forward: TCA CAT TGC GGC AGC TCC GTAA
Reverse: GTA GCA CTT GCA GTT CGG AGA G
ATGL Forward: GGA ACC AAA GGA CCT GAT GAC C

Reverse: ACA TCA GGC AGC CACTCCAACA

LPL Forward: GCG TAG CAG GAA GTC TGA CCAA
Reverse: AGC GTC ATC AGG AGAAAG GCG A

miR-184 Forward: CGC GCC TTATCA CTT TTC CA
Reverse: AGT GCA GGG TCC GAG GTATT
GAPDH Forward: CAT CAC TGC CAC CCA GAA GAC TG

Reverse: ATG CCA GTG AGC TTC CCG TTC AG
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(psi-CHECK-2-Hoxa5 3'UTR). ffiH Lipofectamine
2000 %% G4 44 43 7)) 5 NC-mimics B, miR-184
mimics HE 5% Yo & HEK293 T4, 1% 57 48 h/m 14|
U s 2% AT W 7] 46 150 B 5 G ) 2 't 2 i v
PLIRE S 52 Rl N N S,
110 TS

K:FGraph Pad Prism 8317 48227 M Al I,
SIS EHE DL P AR 1R 7 (mean+SEM) ) JE 20
KoK, 181t Student’s r-testh b AT 2 25 4 22 7 0 A
P<0.05NZFEA G AR, Hd, *P<0.05 545
RAFEEEZESR, **P<0.01 84 R EEGWEEME

2 EL[19]
et o

2 HFHR

2.1 miR-1847E 3NS5 K TR 4R ERFRIEK
T IMAN R SR BERe /) 32 55 T SCAl i, AT

YZHE 4 SRR RE 1 0 R8T, AW R B s 4l

M SC
© D)

35
S 2
&
&
g 14

sk

M SC

FiARNE IM5 SCAH ML 24T miRNAM /7, &I miR-
1847 IM4H i b [ I8 7K1 Wi 3 v T SCAH L (B 1A
F1& 1B), Real-time PCRIGIE W15 2 1 41 A 45 16 (&
1C)o N T HEM miR-184 7] RERITHEE, LLRT AR T 4H i
Z3T3-LIAM R}, JEid Real-time PCRELAR ST, £
TALE 43 Ak B TG A2 T miR-184 %5k KT8 4k, | &5
S B A I 07 40 B P SR R R B 0, miR-184
FIE KB PR (D). I HE T H ] B B A
RERIER
2.2 idFRIEmiR-184 AT HHI S B 40 AR AY B EE4E A
N T BRI miR- 1840 i iy &4 o 5 i 1 LA s
AW ST /IS ROAT AR 40 &R 3T3-L kAT T Thie s
WESLEE . B %%, JEid % JmiR-184-mimics FINC-mim-
ics, AN T miR-1843d FIA 4N . Real-
time PCR4 H 7~ , miR-184-mimicsZH [ miR-184 4
X} I KT B35 B T NC-mimics41(K2A), & B miR-
1847E 40 ) Ik Rk R e . BJE , FATRH

B)

miR-184 TPM

miR-184/U6

200

S
35
EN
N
(e}
)

Time /d

A B8N S0P TR D7 I M miRNA R 22 5 38938 70415 B: miR-1847E %4 K2 T 5 LA i 107 4 A 11 2 0K 7K P X6 b (R S 4L 7 250408 ); C: miR-1847E 4%
BN 5 LR g 105 40 B B 2 1 7K P 3t HE (Real-time PCRECHE); D: miR- 18478 3T3-L 140 i 58l i £ o () 223 K48 4k . IM: LA I 10 40 i, SC: 2
FHEWT4ER; TPM: bRdEAL G Ik B . n=3, **P<0.01, J "~ I 17 28 -5 L 9 IS s 2 oA LL

A: analysis of differential miRNA expression in subcutaneous and intramuscular adipocytes of pigs; B: the comparison of miR-184 expression level in

porcine SC and IM adipocytes (RNA-seq data); C: the comparison of miR-184 expression level in porcine SC and IM adipocytes (Real-time PCR data); D:

changes of miR-184 expression lelves in 3T3-L1 adipogenesis process. IM: intramuscular adipocytes; SC: subcutaneous adipocytes; TPM: expression

value after standardizations. n=3, **P<0.01, comparison of SC with IM.

Bl miR-1843R1&F B 74
Fig.1 The expression level of miR-184
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£ a QO & » 1.5- ™ NC-mimics
2 -2 1.5 =@ NC-mimics N miR-184-mimics
= é miR-184-mimics FAS E — 2
Zﬁ % | sk _g 1.04
o o aP2 | - S *
2 > — a
s ki 20.5-
s :
I~ E ~ 0-
& g

ATGL LPL
A: miR-184 1) 1% /KT B: J Py H- i =B (¥ 7 £LOYL 5 C: M ZLOMIDAE; D: 400 Py H 1 =8 & 55 E: i & UHE IR EAS R aP2 (1 AR X 2 5K 1
UL Fr e R R ATGLAILPLI ARG 215 7K1 G: Western blot HTNC-mimicsZH FmiR-18441 FFASFIaP2 ) & (17K *F; H: Tmagel# XN C-
mimicsZ MImiR-1842H FFASMIaP2 2k I FUK T I 0. n=3, *P<0.05, **P<0.01, 5NC-mimicsZHAH ELEL -

A: overexpression level of miR-184; B: oil red O staining of intracellular triglycerides; C: D values of oil red O; D: triglyceride content; E: relative

FAS aP2

FAS aP2

expression of FAS and aP2; F: relative expression of ATGL and LPL; G: Western blot analysis of FAS and aP2 protein levels in NC-mimics and miR-

184-mimics groups; H: quantification analysis of FAS and aP2 protein levels in NC-mimics and miR-184-mimics groups with ImageJ. n=3, *P<0.05,

**P<0.01 compared with the NC-mimics group.

B2 & FRAEmiR-184343T3-L1A5 i 40 A B2 Bs A 2200
Fig.2 Effects of miR-184 over-expression on adipogenesis

LT O 0L A0 B P () g i & Edb AT T AR . &5
B IEIR, miR-184-mimicsZH 141 A P A i & = BRI
(KEI2BAIE2C) . @I H i = E(TG) & & 2 il 7 &
EEHT R I, miR-184-mimicsZH i TG &% NC-
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Fig.3 Effects of miR-184 knockdown on 3T3-L1 adipogenesis
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Fig.4 Over-expression of miR-184 inhibits the activity of mTOR signaling pathway
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A: the binding site of Hoxa5 3'UTR and miR-184 was detected by TargetScan: B: the expression of Hoxa5 after miR-184 over-expression was detected
by Real-time PCR; C: the dual-luciferase activity assay after co-transfection of the reporter vector with miR-NC or miR-184. n=3, **P<0.01 compared
with NC-mimics group.
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