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The effect of fat mass and obesity associated proteins mediated
mRNA m°A modification on animal fat deposition and its
application prospects

TIAN Tingting, YI Xudong, PANG Weijun

College of Animal Science and Technology, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: In the process of animal fat deposition, the proliferation and differentiation of pre-adipocytes
and the change of lipid droplet content in adipocytes are regulated by a series of transcription factors and
signal pathways. Although researchers have conducted in-depth studies on the transcriptional regulation
mechanisms of adipogenesis, there are relatively few reports on post-transcriptional modification on
mRNA levels. The modification of mRNA m°A regulated by methyltransferase, demethylase and
methylation reading protein is a dynamic and reversible process, which is closely related to fat deposition
in animals. Fat mass and obesity associated proteins (FTO) act as RNA demethylases that affect the
expression of modified genes and play a key role in fat deposition. This article summarized the mechanism
of FTO-mediated demethylation of mRNA mC®A in the process of animal fat deposition, suggesting that
FTO may become a target for effective treatment of obesity. Moreover, this review summarized the
development of FTO inhibitors in recent years.

Keywords: fat deposition; mRNA m°A modification; fat mass and obesity associated proteins (FTO);
obesity; FTO inhibitor

WS 400250 g — 5 B 40 3
UL, Y R R R R R S B
FI, 35 5 R A TR B A .
T 2 A B 5 BV A Heies, )
. SR g, pepy 1 MRNAMOA B4

LR TR DU B BF SR (L 5 75 7 T DNA. RNA A1 (18547 43110 (L2
BRI HEARRORC L | 77 AT IR JAOEI, g, b RNA AL £ 40, mRNA

DA X R I, A SCRG I ags 7%
G KFE FTO A% mRNA m°A &4 45 5
YRR W T AR IR o 0k J , IF B LA 5T U7 Il .

B AT B E B L. mRNA m°A &1
SR, H KR M. BE 5 B A
JEAISCEE 1 (fat mass and obesity associated
proteins, FTO) fE& RNA 2= ILALREG, F2mit
B 1 Y SR A DG IE IR e 3k, DT 45 Big 7 TR o
JUE WS X R DT T RR B 5% SR AL 2R 4T T
RAIRTY , (HXFEE 53¢ 57K mRNA &5 (14 48
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mA B4, B m°A HEEFERRRE SR A
2 (S-adenosyl methionine, SAM) |- AYH JLHE
3| mRNA JREERG BYEE 6 500 N 5T, TR AL
AL IR R . mRNA mCA B i 24w af
IR AL 0L — R s, Tz 4
A FIREE . A0 L IEEE . AR A HE s o8,
UEAh, mRNA F# m°A &5 A HA fm bk



HigE F/EHAENREEXER SN mRNA m°A BN TIRNERREN BFiS

T BAE R SR IR 45 (transcription start sites,
TSS). FH 4wt X (coding sequence, CDS) 1 3’
AEH#EIX. (3'-untranslated region, 3'-UTR) HY
RRACH (R=G. A; H=A . C & U) {#57F51 0,
WG H AL RNA S e LI 45 45 v ol 0
(MeRIP-seq) i ARMHREL &, BHFA G AL,
AL ¥ #2F (methyltransferases) . H &1k [
BEFH (methylated reading protein) F12%HJE
fLMf (demethylases) 3 & AKIRIEH T
mA B, PEMTEZ I mRNA AFE

BE. SO AR AR B DL R S R R S i
FRUOCT - H ARG B il 0 25 Y SE A0t ) BIME S
P mRNA 1) m°A BHiKFahs e (& 1), H
JLEE R 3 (methyltransferase-like protein 3,
METTL3), H AL R 1iE 14 B BEAN D 1 AHOC
#H (wilms tumor 1-associated protein, WTAP)
FEIE P IR 5, £ mRNA 9T E
meA“PRE”; BN AY —HEZEZENA
(heterogeneous nuclear ribonucleoprotein, hnRNP)
FIE . R RHAKNT 2 ) mRNA 4551

(mRNA binding protein of insulin like growth
factor 2, IGF2BP) KA YTH £ &

Methyltransferases

H H

N
N X

RNA
VAV ANVN o .

A Demethylases

F (YTH domain containing family protein, YTH)
SEE R I AR U mOA £, fff mRNA )
PR O S HE 7 AR T AR A AR A R A
M AN AW IR R DB . YTH 45843808 B K
[ AR B 455 mRNA m°A FRIEQL i, JE
NG HIJLJRE S RNA 454 & 2 (YTH
N°®-methyladenosine RNA binding protein 2,
YTHDF2) il i 855 kit G M &H m'A
B i) mRNAN,

RE Wi & & AR PEAH C 2R 11 (fat mass and
obesity associated, FTO) M ¢ LAb &2 [6] 5 25
1 5 (a-ketoglutarate-dependent dioxygenase alk
B homolog 5, ALKBHS5) NI{E # 2 B K AL B 2%
Bk mRNA ERRIALB . FTO 25— %
SEM m°A XL, ZAEM AR A
K, BREBES T m°A B sh 1, o~
mRNA m°A &5 5 5 R R kR 4t TRl
A, TF T RS SR R Y
WFFEFR, 3T3-L1 AN 40 AU LA i D5 40 i
(35 Ao 38 52 1) FTO SRR A1 7R O
FTO ¥ m°A 23 AL 5 ARITE muik 2 ek,
Hig Wi 405375 52 FTO B Y S BG4

YTH family
hnRNP family
IGF2BP

Methylated
reading protein "\_
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Figure 1 The molecular mechanism of mRNA m°A modification (Refer to [19] drawn after modification).
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2 FTO 4 50 4 B By JUAR 9 E R AL

NEWT AR F SR T ARSI T . /N
JUE 5 ST L o R U7 2H 2% & G4 B Uy 4t 5 a Fn
YRR TR R A1k o J 7 20 Bt & 5 i AR DT 240
BETE A AT O o B I 240 AR R AR Ak 32 AR B
JilgH TG &R 284k . e 2 Mg 1D 4 it
TG H I =8 (triglyceride, TG) Fl & fH [#
2 (total cholesterol, TC) FIZHMI#S. RiiANE j
20 i 552 g S ) MR I A0 ML 28 P A 22 93 B vE
G 3718 B B (mitotic clonal expansion, MCE) , £
KA B ARG 7 4t M s 3 B Be o R4 g
015 2000 B %) S 22 A i o A ) ek A R 2 52 A
N EER L — RN s T B A 5 3 i 0 9
5. FTO 1502 W B AL d 20 B R i ok # vh
OCHER A R 1 T B T, g9 T U
FE mRNA RREPE, DT i e 2 R R ik
IRV i B 7 A
2.1 FTO A HIARE R4 AR RY IS E

i 15 240 B 5 B b T A B Dy 40 A S 1Y
MCE B BeoE, 1 MCE AR 37 20 i J& 301 26 1
PEPECO AN R Ay R A G L S M
G2 HAFI 2R M A 2 BB AN [ JE
I (cyclin) K Jil A8 UM B (cyclin
dependent kinase, CDK) J¥ /%) 52 & ¥ 9K 5 4 Jifd
JEHIS A B 2 5 . Wu PSR R B, FTO
18 12 1 cyclin A1 CDK mRNA H FeAb &1 /Y 3=
JE, W58 T cyclin Al CDK mRNA HyEaE 1, 2
HERTHE T A IG A . A8 3T3-L1 g iy 4t
i, FTO BYHRIHETE T cyclin A2 Fl CDK2 fY
mRNA m°A &4fi, YTHDF2 i mRNA [#y
m®A &4, AR T cyclin A2 A1 CDK2 A9 1 5
FiBKV, FEAMMERHEA G2 AT
THEMIE AL (E 2). cyclin D1 J& G1 HiEREY
BV PR, AR N R S T 20 B 38 5
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Hirayama 22V 3, FTO Wf# cyclin D1 AY
mRNA m°A &M 3L, 3275 T cyclin D1 f3%
iko WAl Deng 5P7E UL Pt & 31 T X
FfEFLE, YIBk FTO Jifsd YTHDF2 Al A4y
T mRNA FERE, BT cyclin D1 i9RE,
MAER T G1 AR, SEUSIAN LG G240
2.2 FTO AImRIABERT AR S LI E P RY
KB RE T

I 105 440 JH 53 A 3k A b e O B 1) % A % A
F 1k AL YR ARG BE B0 Z A4 -y (peroxisome
proliferator-activated receptor gamma, PPAR-y)
T 105 40 e 0 A 5 10 2 08 0 3300E 8 s 4 e
SR A Feak P A FLIR S TR B 4 i AR
20 AT 2 B8 AEL40 I B ) 52 53 T 40 ML (bone
mesenchymalstem cells, BMSCs) &[] -5 1L
M, A KB T 11 (growth differentiation
factor 11, GDF11) 24{b4 K [HF-B (transform
growth factor-p, TGF-B) # Z ik i) — Fh 25 11
2%, Chen ZPVEI, FTO /+'% PPARy HY
mRNA m°A BT MERTFIE, 78 AL AE )
/)i GDF11-FTO-PPARYy il BMSCs il [A]
FAL R IR 43k IEH BB TFPY, GDF11-FTO
55 A LA BMSCs H g U 240 A Bl B 20 A i)
Ak ABAE NN B B TR i R 7,
GDF11 {i£¢iF T BMSCs I FTO f#ik, FTO %
H 5.4k &1 PPARy 9 mRNA, $3% PPARy &
PERCR S UF BMSCs i 41k (B 2). it
bh, Li P58 2, miR-149-3p 5 FTO 4%
G40 T FTO MR35, fff PPARy mRNA I
U SN i & C 2 WINTIE N Wi Rt

CCAAT 458 F455 811 (CCAAT/enhancer
binding proteins family, C/EBPs) % /& A& ig
i A A P o5 — JE SR S [N - . C/EBPa Al
C/EBPS 47 Hij 44 i 117 20 i3 531w 55 B o vy 3R
IKIKAF-, B 23 Ak B TR] Y 38 i 3k KT AR
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C/EBPB 1K1k W 175 5 43 Ak T B0 1 i 184
B, RN 4 B C/EBPa JEH, /R
A G AR 2 R s i pE =0, BRIk, 1R
JE WG TE Wt 2 v IR &K B FTO Xt C/EBPa Hl
C/EBPB mRNA M HE#E LW B, HE,
Sun"f1 Merkestein®"4 & B8, 7F 3T3-L1 Fifk
i 7 &4t 5 /) BRUVRS i U2 4% 240 e v 7y 4R S MF 5
YIRM, mikeid ik FTO AR B2 fg 5 i
AR (40 PPARY . C/EBPa) ik /K.
ULAh, Wang SEPVL B, 78500104 3 LIPS AT 4A
e 40 b ik 35 FTO AR, o S &4 hm 1
PPARy fll C/EBPa £ [ 5 F{) 35 /K- o
2.3 FTO B=BIRAERARBE 5 L2 P BY
Z (5SS B

Wnt/B-iE M [ (B-catenin) 15 5 18 [ 12
P C/EBPo Al PPARy [ 35 5t WA T 410 il Jiy {4
B Wi A 43 AP, Chen Z5B4% 1, FTO il 310
il WU AR BB 5 40 i HR %) Wnt/B-catenin {55
A AR A 5 A ) G S A A3 Ak . 24 FTO DBk
i}, PPARy fil C/EBPo FJZiA#E T, B-catenin
FIFRsgE B, T ERB, EHINAE
Wht/B-catenin 5511 S Ig FA) 15 538 4 b n] #8295 LA
R LR A 5 (4 TP AR A M e R A VR F ML

JAK i (janus kinase, JAK)-15 555 5 &
B SR IG IR 7 (signal transduction and activator
of transcription, STAT) il E{E HERGHITE B, MY
WBERR AL STAT & 1 E A4 A% 5 SE R 25
S E e S L S 150 A h= L S ¢
7 R AR STAT H, HA STAT3 Fl STATS *f
e WiTe A 2 ma o1 W 2P % B, mRNA m°A
H AL AT 3@ 1 JAK-STAT-C/EBPB 15 5 4iE 45 g
Wi tE . TERE RN RATIRRE i Al b, FTO i@
it R JAK2 mRNA m°A e F JTAK2 ik,
STAT3 #¢ JAK2 Bk 1 2 A A% LLiks
C/EBPP ¥& 5%, {R2dENENIE L (Kl 2). AR HY,
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Yao ZBVE I, 75 BMSCs A i AL 3
(METTL3) #]J# /> JAKI mRNA m°A & 1fi,
YTHDF2 431 JAK1 mRNA [Ef##BE 1k, M
H5% JAK1 mRNA FeE M FTEE 1 iR 35, JAK]-
STATS-C/EBPB i 42 f  Ih F i A1 2 Jig 175 A i
WIS BEULEE-3 A (PI3K)-2E (i B
(Akt) {5538 % 6B 08 (2 2F A8 0T A= W0 6 B 340 1l
MR fEAfmh, WALy PI3K ff AKT B
AR IR G R 7, 48 v R 3 R 1) s 3%
K, Chen SFU'VE B, 7E 3T3-L1 4,
MK FTO Jio , SRR HL AR ATP 7K AR
[ ] BF 3R i 4 1Y 25 B AL a2 B (glucose
transporter 4, GLUT4) 1315 Fll Akt R fk K-
HORRAK, 2Pl T 40 e FE A oA . 24 FTO
b FEIREF A AH R A5 . [FI, PI3K il
B2 H B K (wortmannin) L A] DLl i £ 34
FTO B} Akt FUBEERIL. UEAh, Liu 277l
Yffrh A B, FTO I AT #k 4 F#AIC PI3K 1 Akt
F1R) 70 - o8 PR3 D PR T8 T ) 8 A T 140 335 A AR A M T
I FUIRIEE AN M A BE A% . Gholamalizadeh 4%
R, MERCR AlE e FTO SRR3Rk,
Ti5 SR 2 37 AR BH M £ 3 19 PI3K-Akt {53 ok
PEIEZUMR R A0 B 5 . 25 b, FTO ngEil i
5 PI3K-Akt {5 5 1% S dE M2 i /i (4 1 240 A iy
HEE AL, {H2 FTO ik Akt BERILAGHR ]
MUHHATERE, fFZdl— 5% .
2.4 FTO BT BT RERER & RBETIRE B4 A
SR RE AR R 1 5 R G RN 4 i AR 1Y)
SEATTRAE o B TR M\ Sk G B Hh A O B B 3 il A
[iBR & M (fatty acid synthase, FASN) f#4k 2./t
CoA FIN IR HLIE CoA ¥/Nor+ B FANL IR G
B HERR R, FTO i id /% FASN mRNA
m°A Z5H SR TERR Wi A B A A T R A R
Mo Hu MR, AEXSFANAE T, 1235k FTO
AR FASN mRNA ) m°A /KF i TG
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R, [FAF, Sun ZWUEBL, @ik FTO Al LI4R
# FASN mRNA ) m°A 7/K°F-, YTHDF2 i}l
m°A &4, F30 FASN mRNA £, i/ T FASN
FEAMZRR, 530 HepG2 418 CRIEFRAR
E—A 15 BB HEHS, & TR
T RAYEESE) R AE Sz 2 (8 2). it
b, Wu U Chen WIS REL, 11Kk
FTO 5.2 T 1 5 % LA B R4 FASN 3%
57K F-. Cheng S5 XX AR 4141 mRNA m°A
B 1) B S A A SRR B, B i o A A
FER KA AR T4 A 5 i (long-chain acylCo A
synthetase, ACSL) K% )5 5 (1 32 AR AH G 2R
1 4 (low-density lipoprotein receptor-related
protein 4, LRP4) AYFEik1 5 mRNA Y m°A 1&
Hi KA 5. Sun ZEPSEIRFSE &K B, miR-30b
AR ] FTO BEMIFEAE mRNA m°A 47K
o, TG & i FEAR A [R]F FASN 1 3 7K A 1y A%
K, SEmIE R B A 2L

meA m°A

2/\/\/\

CCNA2, CDK2, PPARY,
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W5 A 240 A rh ) 2 1 R A ek &
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%) ST B Ay B o O Wk D S O A7 4 A v ) i R
Bl B A AR BB R A R R A, A
WEAH KL R (autophagy-related genes, ATG) iF
VAP, Baerga PSR B, AE/NR IR
iR SRR Atg7 SR AT 40 AT b e 5 2R 1
fiVEM, [EF, Zhang LB AtgS BYHE [
2R 24 F AR TR B o 75 A 105 248 -4k Sy it
AR AT 51 TG KEMFE . Singh
EDYURESE R B, 76 3T3-L1 A b a5 Atgs 5%
Atg7 J5, BRNigE - fbbr &Y (4 ACSLs,
FASN F1 GLUT4) #i%3REE /N, I8l
BOg . FH TG LR By I &4k & F g
U5 240 16 4 Ak 2 A0, 400 i v e U2 T i 1 24
ST AR B B B R PRk . Wang
S OVIT WX 1 4 A U A R T B A L

méA méA m°A m‘A

AN A

CCNA2, CDK2, PPARY,
Nuclear %
' - F2 A D

JAK2, FASN, Ag5/7
mRNA

@ ~
M 'N’ f— mRNAslahilltyl
%

< Cytoplasm ,

~=

Protein cxprcssiunl

X

ENYRE TR 12 h X R EfS FTO FR E L HiEZER YTHDF2 HiE#E R (5% XEk[55])3 A&

Figure 2 Regulation modes of demethylase FTO and methylation reading protein Y THDF?2 in the process of
animal fat deposition (Refer to [55] drawn according to the summary of the second part of this article).
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PRMLTIAR AL T8 00 WL, B FTO 3@ a4 1k A
St I 7 20 i 434k DA SE R R R TG IR BR
FE/NRL 3T3-L1 41 2 A s AR ai g o 4 i v
FTO i Atg5 Fll Atg7 f) mRNA m®A i i FH 5k
AR . Rk FTO J5, S A mRNA m°A &
Wit YTHDF2 $¢ 3 on, Atg5 F1 Atg7 YR
KREAR, 530 A WEIARIE B 55 , C/EBPR FKikkE
%, DT B W Fr A 1 T B (1 2)

3 FTO # LA #EHH

RN, FTO 1E Ry 2 H A A2/ &
mRNA ) m°A B, HA G W2 RN
B b4 . RNA 456 & 1 (splicing factor
proline-and glutamine-rich, SFPQ) 1/r8 FTO #17
LH ALY S . SFPQ T BE St 4 & £
mRNA F#J CUGUG &7, ZJ5¥ FTO 5343

%1 FTO #PHIF

FHARI mOA {7 A T R H Ak, 2l ik SFPQ &
SEAALBI mCA {37 55 25 F AL BRI
mRNA m°A B2 0GR, AR g
T RWENR (nicotinamide adenine dinucleotide
phosphate, NADPH) ifif3¥% 3% FTO &MERAEHE
mRNA m°A ZFIECRIRIIE AL, T7E 3T3-L1
A AR FTO JEikss 1T XUk R B
217 (zinc finger protein 217, Zfp217) A AT LATE
¥es®KF B R FTO ik, 45 YTHDF2 AHA
YEFILAETT mRNA 9 mCA FEEAL K S DT TR 2
HUG AL, CARIRSE SRS S 0

H T 7E S A o b & 30 2 H B 4L FTO 1Y)
1o 2 1K 55 B B A RE 1) & R B WA B, e
R E F BT A T — RS A T
()N A5 P AR E R 6 FTO /Y335 iR YT
XS R R LS (R 1),

Table 1 FTO inhibitors
No. Names Design methods Experimental models References
1 Dac51 The structure-based design, synthesis, and CD8" T cells/Mouse [60]
biochemical evaluation
Omeprazole Proton pump inhibitors Gastric cancer cells [61]
3 FTO-04 The structure-based design, synthesis, and Glioblastoma stem cells [62]

biochemical evaluation

4 3-amino-2-(4-chlorophenyl)-3- Fluorescence spectroscopy

phenylacrylonitrile (1a)
5 CS1 and CS2
Clausine E
approaches
7 Entacapone
8 FB23 and FB23-2

Virtual screening

biochemical evaluation

9 Ine2-phenyl-1H-benzimidazole Isothermal titration calorimetry

structural analogues

Structure-based virtual screening
Isothermal titration calorimetry and spectral

The structure-based design, synthesis, and

Leukemia K562 cells [63]

Leukemia stem/initiating cell [64]

In vitro [65]
Mouse [66]
Human acute myeloid [67]

Leukemia cells/Mouse
Leukemia cells [68]

10  Nafamostat mesilate Serine protease inhibitor Various cancer cells [69]
11 Radicicol Virtual screening Leukemia cells [70]
12 N-CDPCB Structure-based design and evaluation 3T3-L1 [71]
13 N-phenyl-1H-indol-2-amine Structure-based design and evaluation In vitro [72]
14  10X3 Inhibitor of the HIF prolyl hydroxylases C2C12 [73]
15 MA High-throughput fluorescence polarization (FP) assay HeLa cells [74]
16  Compound 12 Molecular modelling, 7, shift, and biochemical studies /n vitro [75]
17  Rhein Structure-based virtual screening In vitro [76]
@: 010-64807509 [+: cjb@im.ac.cn
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4 REHRE

AL S b, B HEIE S5 AR s 1) 4 2R
E A WU NS A R — RO E I 2R . R
SEE RS B 7 DURR B EARBLE, AT 46 23R
I EHEAE AT 2 A R i B AR L R
A SCIE A B B A R B, ORI £ A T 3R
2 F LML FTO 4+ 5 mRNA m°A 23t
TR S g I TR . FTO AL AT LAE N
2= H AL XT sh i B W ORI SC BB IR | #E 5
K A5 S R I R, A Sdaz s
AE I ) Jite ) 4 i s g P . B A H AT
FEAR K& B FTO X Hi AR 107 20 B 53 Ak G S e s R+
C/EBPa 1 C/EBPB mRNA [ B 22 W 34k 1E
1, {878 JAK-STAT-C/EBPP 15 54t vh 21 0] DL
%7 C/EBPB [k, &= FTO W] fEJ2 X C/EBPa
Ml C/EBPB ¥ FUHES A MW, tsh, FTO i
1) PI3K-Akt {5538 P& A 2 i 105 240 it 1 5 7 534k
MR IALEAS R TERE , fRA ATHES mRNA m°A
BHiAIC, S35, TERRT& MARHE L5 T
FTO X}Rg iR i VE T, Al %k HoAth OB
PRHAH S B UEF T2 B BF T o B3 AR I i mT Xk
i 107 B8 43 A A 1 O B E A T mRNA m®A F 384k
T IRE

R 1 AJLUE H, B FTO M55 fy w5
fRZ2, [ESZI6 A PSRN AR AR 296 20 i ELAE 15
& F TR HAR D, FTO /%89 mRNA m°A £
HOEAR AR 2E T Sh W BRI DO, =22 )5 AT X e i
i LB S VAT /NG, BRI
TERE 7 4 M FIE e /I BB RY | A LAl FTO
TEPERYRE ST o Fh T8 T 6 v G o 40007 24
AR AR IOH0OTOT S R R DGR | 9k
Sl AR TR I 45 R 1) S 00T
LT BE IR ERES TR . BT LRSI T 2%
FHE N T B i A O IR BB T R RS 4N
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KA GG A VS A, R ot
Fari 25 HY B AL 1 FTO Y 36 4 K 0 1B LA 5 SUA
R /NG -3 FR0ATS AT BE R 3 o I PREE < A
PEBG B — D EETr ) . HEAh, BETORE 0 ik
H A FTO /NG A pt 8845, A BT
WFFE N BLER AFR ST mRNA mCA &4 Xt fig i (LA
AL o
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