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1 mABIFSEE

1.1 m°Af&(f
FLAE 20 42 70 44X, Desrosiers &5 '* 7EME L
P A mRNA th AL T m°A AFETE, (B2 m°A
(1) T BE FNAE FHAIL I A B Ry e AR MR R — A B
HHN 20114, Zhnaf KA far 1] 0432 A B4 7R m°A
MR, (1 meA BRI ST A Tk ok 1
m°A & A 7E RNA #7535 K B /R F 15 6 47
B, S-MRETTH B ERRIE N meATE Y B SR AEA, FR
Fme A P mCA SRR DTEN P R ARTESE, A
K2y 25% 57 ABA m°A B, JIf H m°A B
BT LA BT, S5-I 3 -HE R IX R R
[ 40 5 22 meA o A B SR A R ST
TEFTA meA N 5 H 24 90% A7 5 & B0 T AR 5F 10 G-
A-CFIA-A-C S5 22
1.2 mAEImRYIEE
Z 5 mABWR R B S 3R G

ihas” ( “writer” ) ——HEEHH, “IHLEE”

( “eraser” ) —— KW ELE LW A P A%

( “reader” ) ——HIELPUHIE T . moA B 1Y)
ALTE MR AT EAYR CTHEET HE
PR CMgmERE A A RS 3
(methyltransferase like 3, METTL3) . H 544 5% fifg
14 (methyltransferase like 14, METTLI14) . #E/RK4k}
W H 18 H (Wilms® tumor 1-associated
protein, WTAP) FIHABE I, £145 RNA LS 5L
J¥ % 1 15 A1 15B  (RNA-binding motif protein 15/
15B, RBMI5/15B) . KIAA1429 (VIRMA) . #£4f
CCCH %5 &4 % 11 13 (zinc finger CCCH domain-
containing protein, ZC3H13) #l casitas b Z itk [
Ak 7 5 FE 2 1 1 (casitas B-lineage lymphoma-
transforming sequence-like protein 1, CBLL1), H
HMETTL3 #2420, METTL14 7254 146 Bl
METTL3 % (1, WTAP i i 4 5 METTL3 Al
METTL14 2I#5E P i m°A &1 ) RBM15S
F1RBMI15B 454 METTL3 A1 WTAP, B X W~
FLT 51 5 2 45 G (19 RNA 7 5 0 F1 meA & i
KIAA1429 WIS 5 31 HE B ORI E 25 51X
3o BRHIT A mPA R AL 2520 ZC3H13 5 Ho A A B
F U WTAP — 2 75 il % m°A ' . CBLLI 4] J2&: i
i1 5 WTAP A EAE R R, HEMFEET
Y Y . WL FE N 16 (methyltransferase
like 16, METTL16) J&— 81 & B m°A H L%

P, + 2 H 3L mRNA 3'9E B 9% X A m°A 7
ST H AT E AR AT DL mOA B Y s H R
% Tl 40 45 IE B AH OC 28 11 (fat mass and obesity-
associated protein, FTO) Fl a- i 18 — FRAK A1 XU
S i alkB [R] J5 5 H 5 (a-Ketoglutarate-dependent
dioxygenase alkB homolog 5, ALKBHS) ***'. m°A
A “pEaay” EEA 2R, P S YT521-B A
PEPEZE M8 H (YTH domain-containing proteins)
(4045 YTHDF1/2/3 I YTHDC1/2) . & ZREE K
F 2454 % A 1/2/3 (insulin-like growth factor 2
mRNA-binding protein 1/2/3, IGF2BP1/2/3) . %
HIRAF 3 (eukaryotic translation initiation factor 3,
EIF3) . B A — K Hi&E 1 A2/B1 (heterogeneous
nuclear ribonucleoprotein A2/B1, HNRNPA2BI1) .
¥ A ¥ — B B 25 11 C  (heterogeneous nuclear
ribonucleoprotein C, HNRNPC) . A — M2
H G (heterogeneous nuclear ribonucleoprotein G,
HNRNPG) . Jiii t X & S (& M HEH  (fragile X
mental retardation protein, FMRP) F1Z2 fiffi 2 ik 15
e (proline rich coiled-coil 2A, PRRC2A) "',
e AR A LA mA B, 25
mRNA MBI, FooE . Byl 2 . ARl
B ST EAVTRERIEANFIDIGE: AR
PR “EEA%AR” (W HNRNPC, HNRNPA2BI Al
YTHDCI1 fit 57 RNA 45 4 %% 4 | % % M 5 £z |
microRNA B . RNARUENE . RNA KT AT X Jefa
PR s AR h Y “BEb4s” # 1 YTHDF1/2/
3 #l YTHDC2 F % i 3¢ mRNA i B % 1 %
fi = (1) .

2 mAEBHEUEMARTERLEIAREFH
3=

Ok 2 i R, m°A SRR R K
JEEUIAOG . moA 1 2 R R A A Je b i) i
BRI, HERDOKE S IR AR B T
JEE (A B R 11 0 T T, mOA PR R B
PR Rk, e mzL i > . o —J5 i,
mA P EE ( “writer” . “eraser” F1 “reader” )
38 3 mOA R B AR AORE Y X2 5 3R
JE (R D) mA SRR MR 3 EE . B RS A
RIESEYIASE, XA meA DA NAH G 35 ) e
SEVETER YR A
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21 “mEET — REEBE
2.1.1 METTL3

METTL3 J& m°A H RSB AP0 — 14
fIERE DY, 76 TR 2 N 28 1 B A% A 0 v v O
SF B4 Wang 48 12 %% 38 METTL3 76 3L g9 v i 36
KT, METTL3 (9 38 in L e s 40 i v
mRNA HEEAKSF, Siil A ge T, (] A s
JeR A TE RN I A L R DRE M mPA-qPCR 25 21 Bk
7, METTL3 21K By el A8 a] DL 5 2L 4 i B

W40 g% 2 (B-cell lymphoma-2, Bel-2) 3
mRNA ) m°A /K3 12 METTL3 #9261k 1] DL 4% 9
HEHOMxEA-MHEAEMHEA (hepatitis B virus x
interacting protein, HBXIP) JH#%, HBXIP i i #j
il # [7] METTL3 Y miRNA let-7g 2 ik /K 3 | 4
METTL3, METTL3 #F} i i 1F 2 538 i mRNA
rh mCA 1845 AT 45 55 HBXIP 1Y K-, A1 3k L 9
HagE
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Fig. 1 m°A modification and their regulatory proteins in breast cancer
Bl FERESmA SGRERATES
“Ut T MR AL $EMETTL3, METTLI4, WTAP, KIAA1429, RBMI5, RBMI5B. CBLLIFIZC3HI3; “JHi#s” 2K 1445 FTOHI
ALKBH5; “Bfat” H|EAMIGYTHR &M . IGF2BPF % . EIF3H., HNRNPC, HNRNPA2B1, HNRNPG, FMRPHIPRRC2A. £{7
REEFIME TSRS, & EARAEFUREHIRRE, A ORI A BN P 1L AR HGE s 3%

2.1.2 METTLI4

METTL14 7E3L i h i R A e & TR
I Hol i 98 55 meA {2 FE LR i 40 1 T B8 F iR
78 1 METTL14 7] Pk I ¥4 hsa-miR-146a-5p ) %
ik, SRR AN AT R AR R AN, K
% A 4% % RNA LINC00942 (LNC942) 5

METTL14 ) ZA eSS A AL S S TEAT G,
LNC942 7] LfiE 7 METTL14 A 2 (1 m°A, 85 H:
LR C-X-C B 7 #7521k 4 (C-X-C motif
chemokine receptor 4, CXCR4) Fl4H ifi {4 2 P450
FWE1TWREB 51 1 (cytochrome P450 family 1
subfamily B member 1, CYPIB1) %3 ik flfE
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PE, SR UEFLAR AR A AR R B BRI, S — A
FIBFFT 2 B METTL3 Al METTL14 1] fig /& FLIRIE A9
PR L D B WS 3 25k X K [ Oncomine F1 The
Cancer Genome Atlas (TCGA) EUHE ZE 1 36 X L IE
S M 55 L8 B AT & B0, 46 METTL3 Fl
METTL14 78 N B BT A m°A B 5646 R il 7 L AR e 40
U R FIRABREAR T . X BRI BR T E R EIAH
FE AR AT HER2 PHYEZH 2, METTL3 A1 METTL14
P IE 5 FLRAE TRRNAS fes B L B 0 R0 vp () 226 02 1
JERY B

2.1.3 WTAP

WTAP & m°A H SRS 52 6 ) i) d B4 Ak
GO FLBRE TCGA KU s, SIERH8UH L,
FLARIEERE AR WTAP B 280k T 1.883 1% FIIH
Ife A LR e £ 4 2004 T PCR AN & B, WTAP Y
Pk A T IEH LR 12080 69.04% B . LAb,
WTAP mRNA ¥ Ik 7K F 5 i 33 £ 32 /& (estrogen
receptor, ER) PHPEEE 228 K Z 1K (progesterone
receptor, PR) FHMRZASAHE, WTAP ) mRNA 7&
SRR TP RO s, HON IE R FLIR
FERUZL AR Y
2.1.4 KIAA1429 (VIRMA)

KIAA1429 (VIRMA) & m°A HILEBEE &
PP i b1 . KIAA1429 J2&—AN Koy 1 i 8 1
AT REAE A WY B A% il 5 5 I Y S 4R, 3 ik L N-
KIAA1429 &5 #4318 , £ METTL3/METTL14/WTAP
HIEAAZ O 250 5 RNA EY) 2 [P RVE A,

S meA FE R E A B R e Y U R
T 26 38 KIAA1429 #4528 77 0 8 4 T (R 6 3k
KIAA1429 19 50 AR A7 3 . 4 P9 R0 LA S 52 6 3% B
KIAA1429 5 ZLIR I I 3 58 AL B G . RNA s
TLIE S L 4 7 JE) 3 B AR PR B8 1 (eycelin-
dependent kinase 1, CDK1) J&KIAA1429 J#755#)T
WERER B (EAR I A2, KIAA1429 13 CDK1
(23K T A meA JEARSE Y 7= B
2.1.5 RBMI5/15B

RBM15/15B 7EFL RS th i pF e AR A PR . A
B FR RBM15/15B fEiR M FLAR e b 2 s ik, 3
HEABREP M REZDENA it —2
F5E e
2.1.6 CBLLI

CBLL1J&—fl E3{Z R4, 417 E 855
# (E-cadherin) HYPIAERT, 76 240 L3 58 i
Jo R h R AE AR R LR T, R R Y

CBLL1:#lid %5 ERa 25 5] T ERo % 36 M
0 H Al T T AR SR I A T ERo AR
(LI A R S AT A% . R, CBLL1AE MFLIR
See 20 M P e SR R R R Y PR R AR A

BZ, mA “HtEs” BEWRAN R FERL
P 1 R v A AR SRR BRI, (BRI R R
YA PR . METTL3 F1 METTL14 €4 19 2 FE1E
e 2L A L R R PRAEAS B S v . R, 3
o i — R A BB R S R S P I, IT HL i W]
m°A “Yaids” B A YR TR R A R R
rh ) ELARYE B R T AL
22 “iHfgER — EHREREBEE

2.2.1 FTO
AT, meA T (ETLBLA

b7 A ) A B R A L IR RS SR, FTO
TR E A R R AR AR R Y, R HL
1 = B P 3L IR % (triple-negative breast cancer,
TNBC) 1, FTO FRik/K-im i B R AR
ESR RS AR 1) Bl B — T 5T K W], HER2
FEPEFLIRIE LS, FTO #AK - B TR, bR
FTO IR FEAAR PN S ARG i B S 0 i) L A9 40
(R 3E 5 FEERS ) E— L B SERR I, FTO N
BCL2 # HAEH# H 3 (Bcl2 interacting protein 3,
BNIP3) ZE£[H mRNA 3'UTR i m°A 2= H L4 )54 S
HgfR 2 pbh, A SCERIRIE FTO By A 98 16
HLKIFE T2 5 ATP A Gt 72, 44638 i PI3K/AKT
ol AR U R LR A AT
2.2.2 ALKBHS5

LR T 48 M (breast cancer stem cells,
BCSCs) J&—4Lifiad [ 7% 55 RE % ToBR 4% 58 1) 41
W, BCSCs MBI R Kk sl 5 e 1k g ) . L
I 96 200 0 7 S SR B R 5 B I BCSCs Y LA, 53X
JEMRR AR TV AL BT T A5, I ELIX AR S N B
TR S AT (hypoxia inducible factor, HIF)
(G . B4 A 25 S moA 25 F ALl ALKBHS
TE FLNR R A P 9 263k, ALKBHS 3 i 25 F 34k
fifi Z 5 M I F NANOG 1 mRNA e, i i g i
BCSCs ' NANOG 1y # 35, M MHE i BCSCs 1Y Lt
6] FESIRE |, R ALKBHS H2 P Al 410 ) 2L i i 4
WM& 71 s BEIE AN AN MRS 4. BeAh, HIF b
it ZNF217 (—Fh m°A B 5L 576 2% g 4 i ) A
ALKBHS 415 19 RNA F Ak R 8 928 2L 1t 8 4 e
HiAth Z fe A 731k . ZNF217 5 ALKBHS #H H.AE
JE 4 £ et 7 NANOG H1 KLF mRNA i m°A
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Table 1 List of the expression and function of m°A regulatory proteins in breast cancer
F1 IBREAmARTEANFRILSIIEE
meAIIEHA moA ik LB 37| FURE R AR R Sk
B [EES
METTL3 writer i HBXIP R fif 33 5 (12, 34-35]
i Bcl-2 SR ENT 0N N
METTL14 writer if has-miR-146a-5p et gn g sh . TR MIEZE. (Rt gmmgEsm (32, 34, 36]
T CXCR4. CYPIBI B AR A
V) 5 T e R A P Y
WTAP writer N ifE — — [34]
VIRMA/KIAA1429  writer L3 CDK1 R B T R 7S [37]
RBMI15 writer L3 —_— — [38-39]
RBM15B writer i — — [38-39]
CBLLI writer — ERa 5 4 L S TR A2 [40]
FTO eraser s BNIP PEEAN I AL RS . (0 k400 M v e T B i [33, 41-43]
PI3K/AKT TREMATP 5, {2HENE R i A FLBRTE 1
ALKBHS5 eraser — NANOG TEREAHIIE 1. ERE T AN [44-45]
IGF2BP1/IMP1 reader i UCAL (e G SE, MR R NS [46-49]
N ¢-MYC. IGF-II SR IPHEEER S
IGF2BP2/IMP2 reader i PR TEREER . SRR K . (kR [50-53]
RPSAP52
IGF2BP3/IMP3 reader i WNT5B fEREEm it it , RBMER . RSMRmT 2. [50, 54-60]
BCRP AR R4 fif
CD44
CERS6
EIF3H reader el YAP PR BT R 72 [61-62]
HNRNPC reader il — {23k 3 5 [63-64]
HNRNPA2BI reader i STAT3. ERKI1/2 fRBEAnAR LG,y T [65-68]
T ERK-MAPK/Twist ElEalEa ) ke

GR-beta/TCF4
PFN2

LMk, &S HKLF4 MINANOG #ikTHE, M
(IR NSpae RE~ a N § W/ o & Y E ]
SrATEE L, ALKBHS 76 LI 5 1E & FLAR 41 40
IFRIRTC R EZES ", #n ALKBHS 76 7L
(FRIA ] B R ZEAZ ARSI S Y
XUZERRI ) mCA TSR TEFLIRE &
R EAEZER, WrTaRILIEIaIT
TETEZ YR AL,
23 WS — BREIRFIEA
23.1 YTHEWGEM
S YT521-B 6] Y5 M8 (YTH) 19 2 (A
YTHDF1. YTHDF2, YTHDF3, YTHDCI1 #i
YTHDC2 # %5~ mRNA | m*AFRICH) “TEides”
AT BN meA B AL ) mRNA 125 FT H

K F AL A mRNA (5 10~50 1% . 4 7E A [a] () 20 i 2R
Bz 2T, B YTH R EE A S AR
m° AN AR TR, IR A 7 A AN R Y
5 M . TCGA % ¥ 4 #7 & 7/ , YTHDF1 #
YTHDF3 7EFL IS A 2 b 52 s ek I HL Ak e 25
BRARTUGEA Y BRI, F YTHREE A
TEZLIRIE A I AILE] v ARGl AAFAEAR KA
FE75 (0]
2.3.2 IGF2BPHK G

KW DLk, fU 45 IGF2BP1. IGF2BP2 il
IGF2BP3 7£ N 1Y IGF2BP 5 i i\ Ay 2 FL AR g 0 e
(1) 22 15 - B0 7Y U IGF2BPL Af LA | MDA-
MB-231 2 U 34 58 F1 4% 7% 147 Oy — T pF5R 3R B
IGF2BP1 5 K &5 4i i3 RNA——UCA1 ML AR,
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Jf 38 i 47 55 CCR4-NOT1 fif W2 % il &2 5 W) % fit
UCAL. #f — 2 525 % B UCAT n] LUAE by P IR 1
miR-122-5p (4> F U4, 1 miR-122-5p J& Z F 4
i = 28 KH 56 5L PR A mRNA B9 30 ) 7 . R
IGF2BP1 5 UCA1 (9 # B AEBH 1k T miR-122-5p 5
UCAL 454, MM miR-122-5p #0821 #E L K 1)
mRNA |, DI/ UCAL /SRy 4afifE2e ) =
ZHT—IitsE £ W], IGF2BP1 7F MCF-7 4l th
Fika AL, (AXTTZLARE A A vE Y i Re ) 2
WA ARy 40 TGF2BP2 {E FLIR s 4 4 v B v 6
ik el sl O B IR 2R RS2 /K (progesterone
receptor, PR) F&[A Y mRNA Fa & PEAEUE = FHERL
B9 (triple-negative breast cancer, TNBC) W #%
00 BEAh, IGF2BP2 5B 3L K RPSAPS2 AH B 4
FH, ik Lin28b 4 8 AEE AR A8 A HL I A2 2F let-7 7K
SRR, DT AR B FLORE R Y B BE R R
IGF2BP2 W] DL i if 45 & 45 4f 2 2 4 K B+
(connective tissue growth factor, CTGF) 3 [A A9
mRNA Jf H 4 & H mRNA Jai /0 40 i 40 Jt J5f 66 7 2K
ek, A o 20 0 0 40 i i A B8 Y L WA
IGF2BP3 1L 5 75 1= 28 v = B M 2L i A o6 B0
55 KM, 1GF2BP3 & EGFR /3 M FL I T iz
RN N7, EGFR/MEK/MAPK 15 518 % 1] LA
P& 95 IGF2BP3 [y # 1k 5 | IGF2BP3 1 = B ¥ 3L I
i v v 2 I8 4 O A B TR 2 AR 25 e AR T 2
P E = BAEFLIRE T, IGF2BP3 ik 1yl /b . %
HEOINT 2L B 5 20 B X BT 7R 2R R OR R 1 sk
WF 58 b % B, IGF2BP3 ¥ 5 7L IR % it 245 26 &
(breast cancer resistance protein, BCRP) [ ik,
1fif BCRP {31 2 L B A0 e = A i 25 1k A 2 28k
Np PR - 50 Liu 48 P IESE, IGF2BP3 i it 45 &
CD44 ) mRNA, H4JiiCD44 ik, [AEHE gt
P 20 BB TR e ) RN 254, 8 i A 20 B e
B Z A KB F 2 (insulin-like growth factor 2,
IGF2) /K~F. It4F, IGF2BP3 [A] IGF2BP1 —4f,
A5 K AE 4 % RNA A B AE . K JE 4 5% RNA—
CERS6-AS1 7EFLIR IR 8L i 3Rk, AT D2 o 24
o3 I3 A0 T . IGE2BP3 /A CERS6-AS1
I RNA S5 G, 7T LME#E CERS6 mRNA [ E
P, S5FUIERIERE 5 LRSI P miRNA-
3614-3p 0] LAAE ] = FE ¥ 25 14 25 (tripartite motif-
containing, TRIM25) & 1y 3R w5 X,
IGF2BP3 1] D) 45 & TRIM25 14 3'dE 4 15 X 45 Ht
miRNA-3614-3p, ##] miRNA-3614-3p i BLAE

FLARE G AE . 7 AR 2L A M T At R R
JiT, IGF2BP3 & #% HEWIEH . IGF2BP3 1£
T b m RS, fFEXA S BT, IGF2BP3 4545
SLUG (snail family transcriptional repressor 2) [ 5'
et XA 2F T SLUG T2 K SOX2 (SRY-like
HMG box gene 2) 5%k, fEdk2miEny F 3R EHr e
J1 0 IF Bk A SCHR I 18 7E 2R T 48 A
IGF2BP3 1] LA # miR-34a JH$2 '

{EAFTEREA S, Tk & B IGF2BPs if LIfE
S meAHIY AL T, RERENE meA B 1Y
SEAS TR AR T SE LRI 7, PR LTI IGF2BP
TEFLIE TP I DR A5 5 HAE g meA 2 8 N )
REAH ATt — 2L e, XT IGF2BPs (IIF5T iR 45 o
JRE A ]
233 EIF

EIF3 W A m°A () “328% 7 Dhfg . ik 70
mRNA 5" 4 5 X ) m°A & i, o] LS
METTL3 #EATAHEAEH, MG smBHRe, TE s 5
HEFN W 2R ™ BT, EIF3H Y B = 2k
O 7 AL 45 FL R g A2 N 19 22 i iE A8 81 0E S o
Zhou % ' L BIF3H n]1E k217 AL & #4573
JEAEH . EIF3H v LUEAL YAP iz 21k, e
MRS Hippo- YAP 38 [ At 2F FL R e 1 4= 28 Fn e
B HE, EIF3/EN m°A S48 S5 2L 0 ot
ARAHIE .
2.3.4 HNRNPCHIHNRNPA2BI

TERERNA ST H], HNRNPC FllHNRNPA2B1
mA WA CRASERT, BT DGR meA
I ZE R LML 5 AR T & RNASS & 7L il i) —
TRFFT I, HNRNPC 78 7L AR b Rd 41 40 e 55
ik, MCF-7 # T47D ZLARE 4 L T4 HNRNPC (1)
FiRfE, AOMEIEEE 2 BN . et B, B RNA
& B AR 2 R 5 5 3L A (retinoic acid-inducible
gene I, RIG-1) 430 T & & N 7 o7 10 il
HNRNPC (452G 0 1 . HNRNPA2B1 76 ¥ IR g
HABRAMYINE R P RIFE R RS, FL w4 rh
iy f% HNRNPA2B1 A] 75 5 4 j 4 12 1 i ok,
HNRNPA2B1 7] DL {5 5 1% 5 5 % s s K7 3
(signal transducer and activator of transcription 3,
STAT3) FIZH AN &Y 8 F P 1/2 (extracellular-
signal-regulated kinase 1/2, ERKI1/2) {5 5 i %,
HOmAn e B RE ) 7L BRI, —IES A Y
WF5E W7~ , HNRNPA2BI 335 5 LR 56 7L 52 1
AHIG . FEAR N BARS 255 % 8 HNRNPA2B1 A LA
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i = B FLR SR 40 i MDA-MB-231 55655 . k25
WF 9% % #1, HNRNPA2BI [ &% % 4 3% T ERK-
MAPK/Twist Fl GR-beta/TCF4 {5 53 f%, (H4MH 1
STAT3 F1 WNT/TCF4 {5 5 f% 1 . Z fr A& M
S5 T 2 iS008 I (o FH A LR A A R Y
SR BRSBTS A5 AT RE XS AN
{14 P H 9 4 B R S A [) 2L g ST A0 1 FHAS . 8%
I, XFEEERIORTEMmA “E%” TiRef)
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Abstract Breast cancer is the most common cancer and the leading cause of cancer death in women worldwide.
Although huge progress has been made in managing early-stage breast cancer, no effective strategy can prevent or
treat breast cancer metastasis which has high recurrence rate and high mortality rate. Thus, identification of new
molecular markers for the diagnosis and prognostic prediction of metastatic breast cancer and development of
innovative therapeutic measures are urgently needed. Recently, epigenetic regulation of the expression and
function of oncogenes by aberrant N°-methyladenosine (m°A) modification of mRNA in aggressive breast cancer
is investigated widely. In this review, we retrieve and analyze the most recent studies on m°A modification, and
summarize the expression and the function of m°A regulatory proteins, including the writers, erasers and readers,
in the tumorigenesis and progression of breast cancer, and point out the defects in the recent field of m°A-related
researches, so as to provide scientific basis for diagnosis, therapies and prognosis in breast cancer.
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