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Progress in the Regulation of Adipocyte Differentiation
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Abstract On the morphology, animal fat can be divided into white fat, brown fat and beige fat. Marrow-
derived and adipose-derived mesenchymal stem cells flowed into all kinds of tissues and organs through blood
circulation, after formed adipose progenitor by cell proliferation, and differentiate into fat cells and mature fat cells.
Under physiological conditions, white fat and brown fat can be converted each other, they are dynamic conversion
process. If the balance between the two adipose is broken, a variety of diseases would be caused, such as obesity,
type II diabetes, high blood lipids, fatty liver, cardiovascular disease and breast cancer. Beige fat is an intermediate
in the process of white and brown fat conversion. Conversion between different types of fats is affected by several
factors and their regulation mechanism, this article will be reviewed to describe the fat differentiation and its
regulation mechanism.
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IRy T A5 o AEARUR PR BT, GERF AR Y 1%
TP TR, WIOCRIL T — R0 1 Sl i, SR
SORFE S, IR R EUIRI, 4 A &A1 KR
EREOERS . EABAAE T, Stk iR
BRI vl OAH LA, =B TS, Wik —
& Z BT, TRES 51 R 2 B, i
JERE S 27B RO Rl HR AT O L R
DAL FUIRE S o AT, T A AR S R ORI AN ) S8 A
JE IS 0 5 2 5 A A R 3 AR K S W A A S e

1 BeAnZRAERY KR

Wit L 30 4 T 0 i D A 2R ORN A £ TR D A1
2516 Y5 T VR i 90 1) 18] 78 5T T 48 Jf(mesenchymal
stem cells, MSCs)™. E. A [n] ig I 40 } 43 46 1) 98 7E
(G T ARG )2 o A T AR & R ER .
il 41 2R 1) 3 I T 40 1 RN i 6 1A) 78 5T T 48 Jid(bone
mesenchymal stem cells, BMSCs) & /i Jifi 41 ifd ) 7 2ok
Pito K TR 1 26 I 4 e o R0 B s ik
FIHARA LGS B, W T S AR E R4
Y, BEAG 2P e RS, i s v TR B ) 78 T
40 1Y e A A R DT A M At A TR RE N P, i
A7 1B R i T A i dirds, H AN 2.
FH O HERKT, IR 7 2H 23 AT B8 AZ Fh X i ke st ) A4
il I A AR . BRAE, AR, KA T/
B VR SO P o 20 A0 VR o 4 M (P 2 o 22 1 4 i) s
RERS 204 0 MR o7 4 B, w] 66 A2 T 10 40 L ) &) — Aok
b

2 BERARYEBIR XA

S HE A b, NI T At e L2 i g 10 A7 =
B, BRI €6 6 U (white fat)s i €2 5 7 (brown fat)Fl
KAG G 7 (beige fat)o XT3 A ANA, X EREEIR FE (1)
HRARRE )22, B o) S AR s, Ry T PRI AERF
TE 8 A A, 7 DR KR A 10 T 117 BAORAIE 3L 2
% 1R = B, BT AR €0 T8 07 72 8 A AR 1) = IR 0
B BENYMENKE, WEORRFRE ) g, Fr
IR ID7 380 1A IR AR BRI, BR ORI =
BAFAE TSR A A K . 1 Ea g iy 2 ik
EP EE NN BRI B AR G,
It 7 400 J b 1 BRI 19 n, 2 A ARSI
=R N E NS RS P Ny SN PS 1 TN D SN By S i

I 2 1 € i I ) A € i I 2 A I e B v ) 2
B A5 R IR T 1) B TR D7 e A R v, Skl iA
i A8 1% 55 1 1 (uncoupling protein 1, UCP1) & 4% |
FERFEAE BT,

3 BRRAHHRE S LA HI

M T 78 5T 140 1 A% Ay ke 28 16D I 07 4 i 75 22 22
=N B BB B B RO DA A0 I, 5T
NURE NBEZHZA 5, HEAT BRI T, T8 R A 40 )i
5 I B T 107 AR A0 T BT, AEL 0 K AN T 3 5
A RUIE T RN, 4 )5 AR R B e R,
M52 1 b0 2R T, IR IR A0 I R S =R B
FSGSRA I U7 4 B B3, R I i A4 4 % 32 ok A Ak
(LA R 0 = i e s 4 o, JF DAH i =R X
it AFAL R, Jo 2TV G R G 07 4 Y. fE ik 4y
R, SRR R R T EE R, 40
KA R A T A1k
3.1 HREeRMS LR

g Wi o3 A6 2 2 B A7 o 2, HL o, PPARy
(peroxisome proliferators-activated receptor y) fl C/
EBP(CCAAT/enhancer binding protein) i ™ % 1) Ji%,
DR BN S R P A, i n— S A
T BOER T A% AR T AmiRNASE 2 5
Wi o A o
3.1.1 3 %] B T RB(retinoblastoma gene)#RIP140
(receptor-interacting protein140) MRB5RIP1404k
TR I, 507 7040 32 2140 Hansen 450
1 €8 05 05 1 A4 41 B i pRB K G LA M2 Scime 5 BK: H
425 dJa i/ B p 10785 Rl e, 2 B R I L0 i 15 2
AN, AR W7 AH O e ik B BT BRCUIR NG
1553 I, E2F 28 15 £ IR A D3 25 25 A RB AR 1) £
FUR K (BL45pRB. pl07. p130), FHIRB, M
LR DA R s, FARI IR 7 704K . RIP140H HAT 3K
A R
3.1.2 E#F H FPGC-1a(PPARY coactivator-1 alpha
PPPPARY®) £ F B §)  {etitaligith, UCPI
SLDA 208 5 e I RE AT €, PGC-1aif5 3 UCPL K
1AM PGC-105 PRDM16(PR domain-containing 16)
HMIPGC-1B =4 45 & Jo AL db A €0 I 197 AH OC J PR ) 26
i&; PGC-1a5 CtBP-1(C-terminal binding protein-1)#l
CtBP-2(C-terminal binding protein-2)4% &, ] 5
IR 7 70 A A R AL DR ) 3804,
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3.1.3 4 3FifA4xE T — C/EBPs(CCAAT/enhancer-
binding proteins) % 7% X L8] DUE I i
SRR XRS5 B 1 A B A A T 8 R 95 B S R R
&, C/EBPH 5 JIg 17 73 A6 AH K 18 Xl 145 C/EBPa.,
C/EBPB. C/EBPS. fE/rfbi) i, ZME#ME 5 FC/
EBPRFIC/EBPSRI T Hils 1A, b G K ETE L AIC/
EBPBHIC/EBPS 1] L5 C/EBPa. C/EBPatIX )i %)
1 ERATC/EBPII T JofF, %ol RE 45 C/EBPa
O SL B B 3Rk, AT 4 o AR
3.1.4  # F A F 4 Kk —PPARA K ik 1E
PPARJE 5 Ji& HPPARY. PPARP/SHIPPARaJ It J¢: it
05 2B e S AR I P R o BFSE R, A = b
TR RS2 5 T 2R AR 05 A S
RO, WA RS SRR, MK
LG Z RSy #R08, JLh, PPARY
WEZ 55 T 6 105 40 B ) o34k, 0] 78 i 5k 7K B i
TR A I8« AR HEAT IR YT, e PR TG Ak I P e ]
(thiazolidinedione, TZD){E A R 75 3 AR iy 14
Y0 52 R K 3 A . PPARYII RSN 71 e i (248 2T 4
REGH A 1) A5 7 40 M ) 5 1 3 Ak AH S, T SR A
PEPEPPARY (TG M, 1T 58 4 BHLIKT e (I B AR 155 5 (1) BE
5 WA 40 O K 43 4k o TITPPARB/S S AN Rl i [ 3k 15
TR 07 53 Ak, AR AT A & Tl 5 R I A 40 s A A
SRR A R, PPARATE i 15 41 it 4010 39 ) 2
RGN, EAR R Rk m R T,
3.1.5 KruppelfE F K 3% (Kruppel-like families, KLFs)
EHINATIRIN, 75 15 BT da b (1 ) IR KLF3 58
A Ji o 5 B0 PO & R IR 7 R AR SR AT 4
KLFs2s 5% Wi g i 3tk B 5 K B0, KLFOLE G 17 4
AL 4R 5 B S K380, 2 J5 30w BRI 1M
KLF9il it & [siRN A C/EBPRIF 2 IE, Ml
40 1 P IR D5 R AR B2 20,
3.1.6 microRNA®# 3= EJLFER, KT —
HEmiRNAJE I W7 40 M B 5 s M 2R I8 1, e 113 T
DA JE 16 W5 B 20 A6 . imiR-37 14 3t IR 5 R &5+
K [14(fatty acid-binding protein 4, FABP4)) Al fIf X
% (adiponectin)[] % 1&, TGF-B(transforming growth
factor-B) 41l /i 107 40 LI 2344, T miR-2 1) H g ) 1%
55 5 T 12 11 BEL3 >R A2 E 05 D7 40 i 234K . miR-103 7!
miR-143 0] $H 5 40 f 50 A DG I 2 AN BEEE IR, an %
B )% 5% VR K% 1 A F- ARNT(aryl hydrocarbon receptor
nuclear translocator). % [tfl #& 4 1(Frizzled 1, FZD-1)

U /NM B SN 11, AE3T3-L140 I 34T 23 1k
(R ) 5, miR-196a-11f1 1A & F i, 5&PPARy. C/
EBPaAII5 55 1 fii M (lipoprotein lipase, LPL)FJmRNA
KL R AR B W, (e An o AP —
S 5 2 AL I miRNA, 4miR-369-5pif i F# A
JIg 5 25 FIFABP-4. miR-44838 il [ {ILKLE50 ) g
95 40 i 3 Ak, e TP Let-7 MmiR-4487E I8 17 41 Mo 4314
REARE R O, H S Rk R 3T3-L 140 B 1) 44k
miR-27FImiR-130 H AW HIPPARY, A K &AL G i
0 0 3 A R RS S BREA P (R A B SR DR 21220
3.1.7 DNAW AL G40 50 A 0 45 70 6 ik
B U G BRR AR 5 3 1 7 91 & A CpG iy, B 7w
DNA AL 1T B8 2 5 e sk i 5. GO4) # JXIPA Wk
N, TENRNT A R A ), 1R 2 A5 Sl i . O
HB 55 F AR A ) AR A7 3 Y. 1 3 Bisulfite-
sequencing 73 H1 A I, 7EBrd2(— FF 40 il 15 15 5344 1
D2 8 T I6ANCpG & L, i AR 7 41 i
IO PR RE A, T 32 3200 T 7 40 6 ) v 82 PR Ao b
W), DNA AL 2 55 2 5 s 40 J 1) 23 A0
3.2 BEERMEEIS L
3.2.1 #F B FC/EBPshedt B F 42X APPARA
Kk RXPIRESEN I AR gz
LR a IR oy AR — 3. fE AR,
THC/EBPabE R 25 5 S0 (0 IR 117 40 M 1y 38 5t B
i, MPPAR)ZIA S AE [ LR N Th R IR T B,
05 1 RBA i 45 5 =) SRR g 1 — 30,
322 #FMEFRTEWHET  KLFsEHREN
5 T (K LFOMIKLE 1543 77 75 g 157 43 A% (1) o 49150
J&i B35 CEBPadt A fE H, W PPARY2I A 8 1 1
ST, KLF4%5E3R0A, W% CEBPB, 1fiiCEBPP
HMICEBPS X 5 ‘FKLF51f) & 1L, S5PPARsH JH 8)) 1
gh s, AEHENR I 434 . TTKLF2FIKLE3 M) 43 53] 4401 ]
PPARY2FICEBPaJH 2] 1 (13 1, KLF7/¥ it ik 45
S0 #adipsin. ap2. C/EBPa. PPARY[MIEXL, ‘EA]
IS A2 e AR PR -7, $af i 107 73 462270
3.2.3 KLF4 5 KROX20(Homo sapiens early growth
response 2)3k F] /£ # CEBPR#Y & & Uk A H A
L Bmall(brain and muscle arnt-like protein 1) Al
Reverbai M EY el iE A2 54l 73 4k 1X
LKW, SRR 5 BRI € KR AE
I 7 4N B Bmall () 3 0k o, W R A
Ji&. Reverballl 71 ji g 77 11 H A7 XU 1w 45 HI, BEfig
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KLF4, KROX20,
Bmall

|

PB, RIP140, TGF-B,

Reverba... GATA2/3

|

C/EBPs, PPARP/S,
PPARy, FGF1, FGF2,
FGF10

Preadipocytes %» Cell cycle

Reverba, GATA2/3

KLF3, PGC-10/PRDM16/PGC-1,
miR21, miR371, miR196-1,
Let7, miR448, PPARa

PPARa, KLF7,
KLF3, KLF2...

White fat

CL316/C243 agonist,

Overexpression B3-AR agonist

PGC-1a, FOXC2...

Beige fat

Fat

KLF8, miR103, miR1,
miR43, miR368-5p,
miR27, miR130

Bl AsRAtEXE T AER ML RER
Fig.1 The effect of fat-related factors on the adipocyte differentiation

I 3 MCE(mitotic clonal expansion)ff) #f #£, X
LL 4l HIPPARY2(1) & 150, WntK K. E2F5 Jik.
STATS5(signal transducers and activators of trans-
cription) Al SREBP1(sterol regulatory element-binding
transcription factor 1)55 %% 5% PX 10 LA T g W 5 i
FHOCHE A L PPARy ¥ 5% . GATA2/3(GATA-binding
protein 2/3)7E AR i Hh = 3K IA, TAE LR L
) A ) AE P, FGFI1(fibroblast growth factor
1), FGF2HIFGF10%} I 07 41 2V i ke & B A (LA
B, A — A B s A, L iR 8 X Ok
Fiff(histone deacetylases, HDACs), 25 JIg Il 41 ffd 5314
W BT IIREA L HH HDNAS &, 172 B HL
sk E AR oot

3.3 REEHERERERIREN)

KT AR OAGIR Y, WA RN
MU o FEARAN R AAT N, RILLLR JLA I Y id
(G
3.3.1 iZ£3)-PGC-10-FNADCS5-PPARwi& 2 fff 5%
R, 183 ] LR AT A IR 7<% 44k . Handschin
SEPMA N, BN, A NLA T EBIPGC-1a4
RGN, A Z s ARERIPGC- o RN T F%,
2B R A PGC- Tt 2 R IR AR, PGC-
Lo — e SR 0 PR~ OB B IR 7, s Rk L
IPGC-1alAl 1, 2175 3 WL AR JBC— PR 25 i 4 1
irisin, {FHIT I EHE N, 0K PPARaE N i 43 11 (1
Jig <k A Y

3.3.2 B3-B Lk B % % 4K(B3-adrenergic receptor,
B3-AR)i& 42  HWFFKI, B3-AREE 25|~
P AHHAAAERN R 22 T bE . TewZEBUR I, FIH #sh
FICL3 1641243 40 B1 [ (IR 7 23 14 hn /I8 BRI 460 FRE,
By # A BT, i R N R
B3-ARIEIR, /N R IFTUCP URH A S AL DR W I T B30,
1 I B3- AR 2 71 Ab 2 e A 12 1Al I 1R AR 1K B
INF, O BRI SR Al A U 26 W 2 19, I HLARIAUCP1Y
B ta e 07 tH AR B ) 1 G g D i

3.3.3  KAE 3 B C2(forkhead box C2, FOXC2)i&
% Enerback5FPVR I, *MFOXC24% e AR Wi 41
A5, 2fFPGC-1affRIE R LT, AtfEtitit.
I A 5% PRl FH LI 1

4 RE

SRR, NI BT A A B TS T IR 2 &
KIOHERE, 430 T VF 2 5850 HAR i # 7,
B T VF % WA AmiRNA 8 )38, (ot
TREEPE AP o TR T S e s
I AT A . 08 TR LR AR A AE R %
Bl 28 JHCAR TSR R, I T BEEAT IR NS 1T
e T IR 5 bR 0 IR R k6 R, L Sk (i
VAT 2 L, S S B e S5 7 B RN 9, 3
SR IR AN R A 5 4 S BT 2 P e AL
BUBI OB ST, 5 S PR LA 7 5 R I R 2 A
SRR S BR 3FE ST K
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