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Abstract: Content of body fat in domestic livestocks and poultry determines the meat quality. Adi-
pocyte differentiation is a complex biological process regulated by many factors. Understanding
the adipose differentiation-related signaling pathways and their miRNA regulations can reveal the
molecular mechanisms of adipocyte differentiation. Based on introduction to the 6 important signa-
ling pathways regulating adipocyte differentiation, biological functions and mechanisms of 8 miR-
NAs for promoting and another 8 miRNAs for inhibiting adipocyte differentiation were discussed.
The function of target genes of these miRNAs in adipogenesis was summarized. Studies on the re-
lated miRNAs and their target genes provide theoretical bases for genetic improvement of meat
quality traits in domestic livestocks and poultry.
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mEI’JlFH””HQ% J0i 107 200 A A £ 3 B 2 A
5 - Wt {5530 | o 460 Ak W) 6 1A 18 5 900 900 32 1K
( Peroxisome  proliferator-activated
PPARSs) Jif # . [ BE 0 15 41 1 45 45 8 H (Sterol regu-
latory element-binding proteins, SREBPs) i [ .
ERK-MAPK f{i§ 5 il . cAMP/PKA {55 5 3 % A
Hedgehog {5538 % % .

1.1 Wnt{ES@K%

Wnt {55538 B2 — g B2 AR ST B9 15 3 Ji ol

o T A 2 AR DR 3 A 0 U G B xﬁi Y
(PPARY) e HE: 3t F CCAAT/H it F45 5 & A
(CCAAT/enhancer binding protein, C/EBP), Hl 55
B B8 37 5 40 Mg (Bone marrow stromal cells, BM-
SCs) [ia] A [ 40 L 19 4346 AT 90 4 A s 40 i 14 43
5 iz B R s T S BUIR B & RN . A i i

Growth arrest

receptors,

Mitotic clonal expansion

DRl 7~ 41 1 41 A -6 (Interleukin-6, 1L-6 ) 1 fif 8 31
B T o( Tumor necrosis factor, TNF-o) X} Wnt i
A —E A ER . IL-6 7T LA F Wnt
)ik, TNF-o 381 T Fz/LRP/Dvl & & 4 1) 8 1R
b, —H ¥ WS Wat {55, W41 B B & F1 (B-cate-
nin) (¥ B A 06 1Y Wnt {5 5050 /i 442 I 5 40 g A=
5. AR RIS AT AN/ E MDICO. 5 mmol « L™ '13
3B T AL ¥ 1 0% ( Methylisobutylxanthine ) |
L' Hb %€ >k 5 ( Dexamethasone) Fl1 865
L' 5 &K (Insulin) 5 5 F 434k , B-catenin
i KT C/EBPo Al PPARY . B 55 4 % B 1E
JIG 105 40 43 Ak (R DY Wne 5l % v i 5 S 1 7-
KW 2 (Transcription factor 7-like 2, Tcf712) J&
fith 200 B ) R L 5 BB IR B K R A
HU RS,

pmol ¢
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Fig. 1 Schematic representation of the cytokine-induced effect on the Wnt signaling pathway and the downstream events

leading to adipocyte differentiationt”

1.2 PPARs S8

PPARs FR5 & ¥ il B 1 5k P 5% 5% 1 4% 32 7k B
T, PPARs 4% o« B.v 3 FhiF %, H:sf PPARa
1 PPARYy 55 = il g 5E F1 8l Jik o6 1 £k 45 A O 92 95
AR ZHENR W AL S R EEEAEN.
PPARa 5 H it = 1K %2% B2 AR [ i L K% it B 245 40 g
B RIEFRE WA L . PPARY J&—FhSIE 20 1k
O R 2 S PN I S W | 7 = i Y 0 o A R
FREZ bkl i 40 % 3, PPAR« 45 PPARYy 76
5 M 10 A5 AR P AR S AR A A B R A
1.3 SREBP (£ 2@

[ st 3] 75 A R 45 5 2R 1 (SREBPs) — H & W 5%
5 )ig (Sphingolipids) & UM il 2l ik 585 F i AL HIL 1 1)
al L RIEEAM M EEREN . KRR
3 A5 S F SREBP-1a,SREBP-1c f1 SREBP-2 4
St SREBP1 il SREBP2 Wi 4t , i 2 5
TR RS R L H S =R S QA 56 3R R

i%. SREBP-1a fil SREBP-1c 2 7] — 4~ 3 [K] 16 £ 4
BYHE A5 0 2% AU BLAE N 3 Je 50 AN ] . i
H o NG 73 A G S 1 e SRR A5 TR L ] DL 4 N B
i i 40 o o O 8142 20 O 5 O A R o 3
TH) = TR R JIEL [ B KT 5 3 AT LR 1 R %8 R AR AR
(Very low density lipoprotein, VLDL) i K/, #F
LR TR KOV 7 198 5 28 AT AT PR v M 5 » & ]

RE X PR 101 A 5 6 0 DRI LA S 5 1 R 1) 3 ok ks A
B AL HA BN . SREBP-2 J& i A [ w i
JIT T 0 2 LT 4 o L A
1.4 ERK-MAPK {5 5i& %

22 B3R 05 AL 2B 1 1 B (Mitogen-activated protein
kim%e’MAPK)ﬁ? TH % A 0 1 B A O A SRV 2
L) 20 i 3k A v R A AR T A A S TR
(Extracellular signal-regulated kinase, ERK) & MAPK
fE9 MM EEM R Z—. PR EY, ERK-MAPK
5 T 18] 7T T 4l B (Mesenchymal stem cells,
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1.5 cAMP/PKA 5 S5i#@ ¥

PR IR (Cyelic 3", 5'-adenosine monophos-
phate, cAMP) J& — /> 5 2 1 il {5 54, H %
IBE A& WS cAMP 61 19 25 1R A (Protein ki-
nase A, PKA), 419 7» fb. cAMP/PKA {5
SR MSCs 11 B 43 4k - 30 i I s 4160
B3 B I B E fiE & & (p3-adrenergic receptors,
ADRBS) %5 5 518 F17 4451 S04 MSCs 9

B3 A6 I 52 W 2 3E 3 cAMP/PKA {5 538 #% &
e,
1.6 Hedgehog 5 5 & &

Hedgehog(Hh) Hi Sonic hedgehog(Shh) | Indi-
an hedgehog (Thh) 1 Dersert Hedgehog (Dhh)3 4~
J 53 A A 20 B S Al R e R R O AR .
TENG D5 40 o A ad R v Hh {5 S sk, 2 sUig 7 A id
P — > 00 o5 B0 8 T g (H IR 2 DL il & R
R, 9 3R (Leptin) X & 7 A0 Sk A s 2 s 2598 %
PR R R AR i B0 Hedgehog {55 LA
s P PPARy 55 400 53 A6 AR G PR Ay 2380

2 miRNAs S & B HRIIE L H

R. C. Lee %™ 4E Caenorhabditis elegans T %
BT/ RNA KB HA 22 no B HAa 40
lin-d, lin-4 A% % 8 F L H ] DU 3 ) S0 RNA-
RNA BAER 7 0T Lo 14 FER BIPE. M5, 8
Kbk Z 1 BF 58 E T 46 ¢ /N 4> 7 JE e i RNA
(sncRNAs) ., MicroRNA (miRNAs) J&—2Z& N iE 1k
/NG FAE S RNA L HAK BEZY S 18~25 nt, £
i1 5 mRNA J§51] 3"UTR 58 42 5 AS 5% 42 14 i 5 1
AT B mRNA B fife 24 ) H 3k, i 52 31
Xof B PR 3K 1 B s Jm AR . AR T, A D B miR-
NAs il 2 #4E ] F 55 30 7 75 90 i 75 T 2 K Rk,
miR-373"" . [ miRNAs BIFE 5 ik K g . B &
MZA miRNAs TERR I & & K EREEMN. —
26 miRNAs X i 7 40 M 70 46 2 1 8 424 . i o5 —
AL ] 100 1) B U7 40 L ) 234K
2.1 {R RS RA2H AE 43 4L 0 BE B L AR B9 miRNAs

1A T AR HEAR U7 40 2 AL AH DG ) miRNAs
MBI,

F 1 RBEASEAZE A S L1 X B miRNAs & HEEE [F
Table 1 The miRNAs promoting adipocyte differentiation and their target genes
, B 4k Sk _ AL ok SCHk
miRNA miRNA
Target gene Material Source Target gene Material Source
HMGA? 3T3-L1 [28]
let-7a miR-210 Tcf712 3T3-L1 [38]
ADIPOR? Gallus [29]
miR-17/92 Rb12/ p130 3T3-L1 [30] miR-519d PPARa SAT(H) [40]
BMP-2 C3H10T1/2 [32] )
miR-24 miR-33a ABCA1 M [41]
Trb3 PASMCs [33]
ADIPORI1
miR-143 ERK5 Pre-ad(H) [35] miR-221 ETS1 Pre-ad(H) [43]

3T3-L1. /UG Ui e 2T 4E 40 i s C3H10T1/2. ] C3H /I B J0 186 3 57 14 A 58 J3 1+ 240 g Bk s PASMCs. fili 3y Jik F- ¥ JUL 48 Jfd ; Pre-

ad. ATHNE 7 4000 s H. A28 ML/NRRGSAT. B2 R 4147

3T3-L1. Mouse embryonic fibroblast adipose like cell line;C3H10T1/2. Mesenchymal stem cell lines separated from C3H mice;

PASMCs. Pulmonary artery smooth-muscle cells; Pre-ad. Preadipocyte; H. Homo sapiens ;s M. Mus musculus ; SAT. Subcutane-

ous adipose tissue

Let-7 ZM5 & e i 2 B B AT 4y Ff 18] £ <5 4 10
miRNA ZEZ — fEEWER AT LB RAT
L2 AR R G KT i 9 240 M i A K R R B A
FAT . %b 3T3-L1 R A5 07 40 il 43 4k 33 2 1 miRNA
M 2RB GV R BL, R R 5L let-Ta AT 2 JF JR
o7 40 3 A B i 7, FLAR R Ol B AT A SRR R A2

(High mobility group protein A2, HMGA2) 3t
A let-7a 58 B £ 52 & 2 (Adiponectin recep-
tor 2, ADIPOR2) B AF(EE (E BEAR E R X
YL —~ miRNA 7] GBI 95 25 A

A28 miRNAs 7RI B AF7E . miR-17/
92 MR e — A BE LR ST I R A . AR/ B 3T3-11
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U I 4000 L e 3 R v s PR 2 2 0 A Y 4% 4 L T iR
7 2 B o3 Al S R 3G B Be i 3 B . BRI R S A
1% i 4 e 988 ( Retinoblastoma 2, RbI2/ p130) 3 A
FAAERRR OC R, A HLH S miR-17/92 # il
FEHEPE FHF Roi2/p130 9 3" UTR il o 35K, i
11 {1 45 %% 5§ E2F4 Il E2F5 () 4 0% 35 A 19 .
FCrp 33 A s DR A R 4 4 R U0 N 2 3 R D
i Ak 1) 2 RE

B & & HEHEH 2(Bone morphogenetic pro-
tein-2, BMP-2) a] LLiZ5 5 Jig 105 40 2 4> £ . F. Sun
S5 B, miR-24 AT L bR BMP-2 SR ) Rk
T S A A% A2 2 g T A O3 Ak s T miR-31 2
PR AR T C/EBPo M AR 107 40 24k . AT 5%
ZH B3 2 1k miR-24 il miR-31, 43 31 5 B 1 % 1Y
PO R B BTN T 7 23 Ak 1 A W R A PE T . 16
BIX 1> miRNAs g2 38 o #8356 H B AE iy . it
miR-24 W8 1 VE F T BBk AL & 9-3 (Tribbles-like
protein-3, Tr63) 3 A Tro3tB, T 38 H % 3k,
Trb3 H HTEBR S KA ﬁ”ﬁﬁﬁﬁﬁﬁi*ﬁ
AR

WFFE & B, miR-143 7E g 17 240 ML 73 4k 3o 72 v 3
ik b T A0 M AN E S R Y G 5 (ERKS) Rk T
B FZ ZE A miR-143 (9 M 4 )5 . ERKS 1) 3%
TR B ERKS J& miR-143 REJEE ™, R
Takanabe 2559 % 3, miR-143 [ 3 ik 7K F 5 B8 Wi 44
M43t ds 5 9 PPARY. ap2 ( Adipocyte-specific lip-
id-binding protein 2) VL } leptin 5% ff) &35 /K - 15 J&
M. ZJF . H. M. Xie 57 3¢ /0N BURG AR 107 40 i (9
MR WIESE T miR-143 WEHEA/EH ., H A T HZ
HATHAE R miR-103,

AT HE RS R R Fl gRT-PCR B9 05 45, & B
miR-210 ¥ /E F T Tef7.2 # i Wnt {5 5 38 #% .
e HE R T B . TR A SR A Ak 3 L 4 2R RE
i N TR P miR-210 1% 2% 38 W 25 W 25 40 44 i 07 40
A

R. Martinelli 2807 5 F 38 B B, X R B
W B s 1) 7 A TR 2 R IR JIE ok 1) 1 g Dy 2L Y
11 458 A~ miRNAs B3R K 1 BEAT 7047 - 0 16t 42
25 K3k 1) miRNAs, #F — 2 #F 58 & B, miR-
519d S54RI 2 RS 1 A ] PPAR 2 H 1Y B
P AENR T AN o A FE rh A BEAR BN R

miR-33a ;& H1 SREBP-2 [N & 1 ¥ 15 219
AT LA 5 A 5 A A I [ 5 s AR SC Ry ATP

4 A B ¥ 5 1 Al (ATP-binding cassette
transporter A1, ABCA1) A9 32 35, 1M & A% A5 o 3k R
HETT 51O 8 B . % HE S F-kB(Nuclear
factor-kappa B, NF-«B) )3 1% 7] 53 SREBP-2 F1
miR-33a Fik s,

FE NI NE W5 A0 s Leptin Al TNF-o A] T 3
miR-221 3835, 1 miR-221 ] LAF 3% B 197 0 A1
HA ) 1 i ADIPORY 45 i 45 A M 5%
ETS1(V-ets erythroblastosis virus E26 oncogene
homologue 1) By 3357,

2.2 HPHIAE A 4 B 43 4L B9 miRNAs

22 2 FH T A0 g D A0 o AL AR G miRNAs
SRR

B 6 8] 78 5 T 40 M (Bone mesenchymal stem
cells, BMSCs) H. A £ ] 43 4k Sy Jili B 40 L 4 &
H@\ﬁﬂ%éﬁﬂ@%ﬂﬁiﬂﬂéﬂiﬂ@%gﬁé’?ﬂQEH@E‘J‘?*%{
J3H . Runx2 J& B 40 A0 0 0 — 56 S IR, 4
L EPE miRNAL B miR-31. 845 i B 40 1k )5
() 5 — T B S T Satb2™', Runx2 fE R ML)
8 5] 5 5 T 40 P AR R s L T R R K Y miR-31
AIPR B 1E) ST BT T A0 AL TR A R A (A
20010 DT 410 1 g Ak R AR

miR-31

>
¢
%%'3&
%’2

Activates
Runx2 > Satb2

B 2 Runx2,Sath2 #1 miR-31 Z |8 #7815 E 1
Fig. 2  Graphic representation of the regulatory feedback
loop among Runx2,Satb2 and miR-310¢

miR-103 X [ & 2% S0 2 AT 0 1) I #2245 T )
e 2 B IR % & R 1Y o WYY, PISK-Akt-mTOR
( Phosphatidylinositol-3-kinase- Akt-mammalian target
of rapamycin) {555 1 # 76 40 Ml i 38 5 A1 A= A7 b B
HEERH, miR-103 T 8 PI3K-Akt-mTOR
I ViR o R I T R A AR

A FH 2¢Ol 3 Wl 4 45 R 1 7 15 8 NS AR D I
PEZ B8 T 4 it (Human multipotent adipose-derived
stem cells, hAMADS) H % F i PPARy /& miR-27b
M #E LA . miR-27b 8240 [ fE Hl T PPARy 1 3
UTR 1 B B 4 A6 . — 25 i i 52 E 5
miR-27 J& ¥ I I A 40 g U7 98 42 1) 2% op e 4 I
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Table 2 The miRNAs associated with inhibiting adipocyte differentiation and their target genes

_ HEAEH R ik _ LicE- 97| o SCHk
miRNA miRNA
Target gene Material Source Target gene Material Source
C3H10T1/2
miR-31 C/EBPA [32]047] miR-138 EID1 hAD-MSC [55]
BMSCs
miR-103 — 3T3-L1 [37][49] miR-448 KLF5 3T3-L1 [58]
SERP?2
miR-27b PPARy hMADS [50] miR-218 HASCs [59]
DKK?2
miR-130 PPARy Pre-ad [52] miR-21 SPRY?2 MSC [61]

C3H10T1/2. )k C3H /v 23 2 £ 57 19 18] 58 5 T 4f Jfd #k s BMSCs. 5 88 8] 58 50 T 4 M5 3T3-L1. /v BUIR i A% )80 2T 2 40 2 5
hMADS. A I8 107 I 1 22 B8 T 48 i ; Pre-ad. 1 (48 107 48 it ; hAD-MSC. A Jiig 1 2 £ 35 P -8 8 18] 56 5% T 48 i s HASCs. A 2B R 7

P5 PR 40 M s MSC. J8] 78 )5 T 41 i

C3H10T1/2. Mesenchymal stem cell lines separated from C3H mice; BMSCs. Bone mesenchymal stem cells; 3T3-1.1. Mouse em-

bryonic fibroblast adipose like cell line; hMADS. Human multipotent adipose-derived stem cells; Pre-ad. Preadipocyte; hAD-

MSC. Human adipose tissue derived mesenchymal stem cells; HASCs. Human adipose-derived stem cells; MSC. Mesenchymal

stem cell

PRDM16 (PRDI-BF1-RIZ1 domain containing 16) .
PPARa.CREB(cAMP responsive element binding
protein) , PPARy fl PGCIB (PPARY coactivators
IR R0 B s 4 (& 3) . il T PRDMI6 5
PPARa Fl PPARY ) 2 il 46 52 I 3% [] 2 45
It 857 FER B BT G miR-27 9 R R BL ] ax s 4
PEAE NG W75 240 10 3 A 1 G B R A 1) 23k W) 20 R AT
miR-27 3 3 1 T 16 mAs i s 149 22 4> 1R 422 1 7 9
AR £ B8 7 40 i Y 43 Ak . miR-130 A] 8 ) AE
PPARy (45 X A1 3/ UTR #0712 323502 . 1fif miR-
130 2 TNFa J8#5% . E T (1 miR-130 i 1 AR A
F A8 PPARy "9, DA 41 i g 1077 4t 534

E1A 43§15 1 (Early region 1-A-like in-
hibitor of differentiation 1, EID1) & — fl #% 52 {4 3t
P BT 7R A8 T 20 0 S0 B ] A G 3k
GORCE N S R N e A AR B S N T S
M RNAL L3R EID1 J5 . g 107 40 3 23 1k 52 21 4
#1177, miR-138 o H g /E J§ F EID1 3 M iy 3/
UTR, M il HOR AR

BEFR B e 5k N 1 K (Kriippel-like factors,
KLFs) i — K07 1 A sk 7 FE 2 R e Y
(1 40 i v 5 25k 4 o 22 R A B R AR . FE AR
201 o A R LA B B KLES 2 3 1 R
KLF5 f1 C/EBPB 53, i {% PPARy By 3kik. B Ay
A2 HE i 5 40 B 43 6 i D ES . ML Kinoshita 5%
HHH 5200 2% M 4 4 A0 % € 1 KLFS J& miR-448

Cold exposure

1
@

I

\iif

RNOF —
< 7@{ s —>
@ {SAT preadipocytes

B3 mR2IEETREBHELPXREB/IFZERESLE
0 3h
Fig.3 The function of miR-27 in beige/brown adipogene-
sis of subcutaneous adipose tissue (SAT)C5!

AL EE I . HE— 2B AF 58 A B . o 638 miR-448 114
T KLF5 #9335 H 5 5 20 M 4 734k .

Dickkopf 2(DKK2) 5 SERP2(Stress-associat-
ed endoplasmic reticulum protein family member 2)
s Wnt {553l # A9 BB ¥ . miR-218 n] H 45 4F H]
F SERP2 il DKK2, 1 3% Wnt {55 & . ## A
2508 B5 VR % T 48 9 ( Human adipose-derived stem
cells.hASCs) i J8& g 73 1 » I A1 HE JH & 70 4=
miR-21 5 miR-218 4 A1 L i 1E . & 7T /E T
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DKK?2 ,;m]ﬂélj;ﬁ‘:%éjj_::m] o« AEUIFIN R LE MSCs 43 signaling and inflammation and impair the normal dif-

feH  miR-21 J& 3 i 410 il SPRY2 (Sprouty2) i) 3 ik
PL4ERE ERK-MAPK 15538 #5756 M K A i A ]

3 & iF

B Wi A3 A0 — A~ 24 1 i B A 2 A5 5 i
MFZEHES 5., miRNA JE 15 440 3o B rp 3k A
AT R 530 0 2% S B s A R g . T AR AR
105 43 A HR 56 B 15 5 38 4% S H: miRNAs {98 5 178
A DL — R B R R - Ae i R s AL . T
miRNAs 815 K 1 miRNA #1154 049 48 5.4 7 . BF
REEGWTERM AL & & A& B m
miRNAs P ML X 3 & A5 IR 09 35t 1% 2lc R A
N A PE B 16 T7 BAA R 2= 5 L
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