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Abstract m°A (N6-methyladenosine) refers to the methylation modification that is observed at the N6

position of adenosine and is the most prevalent epigenetic modification seen in eukaryotic mRNA. Disruptions in
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mP®A methylation can result in aberrant gene transcription and translation procedures, thereby facilitating the onset

and progression of cancer. Recent investigations have indicated that m°A methylation not only impacts tumor cell

proliferation and inhibitory networks but also regulates tumor immunogenicity. The objective of this analysis is to

investigate the pertinent mechanisms of m°A regulatory factors in governing vital signaling pathways in tumors and

elucidate how m®A epigenetic modification controls the expression of immune checkpoints. By undertaking this,

this study offers a fresh perspective on the role and mechanism of m°A epigenetic modification in regulating tumor

immune escape. Furthermore, the article emphasizes the potential and future direction of targeted combination im-

munotherapy strategies based on m°A modification, which could enhance the effectiveness of immune checkpoint

inhibitors.
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RNA F AL B 2 — Fh E 2L RNABE A, 4
N6- F 3 RIS (mCA) . N1-HJE AR IS (N 1-methyl-
adenosine, m'A). 5-F 3 JUMEIE (5-methylcytidine,
m°C). iR ¥ 0E (pseudouricdine, W) A 5-F% B & ffy
BEIE (5-hydroxymethylcytosine, hm®C)!", 15 24 i &
S Z P AR AR . S PR MR E I, mOA
& FLAZ 20 M b b o AR ST I A AR I T P, A
£ mRNA. £K3EZIYS RNA(long non-coding RNA,
IncRNA). miRNA(microRNA)%E P mSAil i 7
RNAMIEE AN E Aot B R Ep e, i
Wi RNAFIAR EVERIEIRE . b4, RNA AL
5 TR RS 2 MY R, O R R AR R
J&& R BT R .

m°A I BRI IR R e . 5 O
A AN me AR ) B T AR SE I o AT 40 AR B
N ZEREGR A mC A, SN H m°A RNAK)
Z AR, IERFFmCA B B (BT D7 m°A
et m DLE I 2028 H b ik R B 2B 7K T, 2T 52 e
FHOCAM M AR A A BRI R . 72 F AL |, m°AS
5 RNAB B &P, S5 mRNARIE. FEMF
BT S B, Bk A FE R B, mSABIRIE 1 4%
T G A B A IR 15 G 95 20 AR IR Vi 3 IR A 4R
(tumor microenvironment, TME)EF‘ , R AT BE 52
PEIRTT T RO ARZRRE S T mC AT
T HIEBCHT 7 R, ELFE mCATE B8 2 A RN e i i3F

mPA methylation; tumorigenesis; tumor immunity; immunotherapy

JE IR D e B m® AR LB A% A8 1 U ] R 1 SR BE AL 5
MUERIE , W 3T mOA F S A0AG U 1) i JRg 4 s
TSR TR B

1 m*AETREEEMEFRNER
1.1 mASA

méA 5 N7 (writers) & — ML mCATE B 1)
SR, ClEd 2 A YR mC AR B AL RNA E.
m°A I FE [ 5 A ) (methyltransferase complex,
MTC)H H R R g e 2 5 3- R G FE R A
14(methyltransferase like 3 - methyltransferase like
14, METTL3-METTL14)5% — %4k, Wilms/J& 14
JEE 1 (Wilms tumor 1-associated protein, WTAP).
RNA%ZE & 78 [ 15(RNA binding motif protein
15, RBM15). RNAZS &7 8 H 15B(RNA binding
motif protein 15B, RBM15B). CblJ5J&# %&£ 1(Cbl
proto oncogene like 1, CBLLIE#F#/EHAKATL).
BEFE m°A R 2 I AH OG5 1 (Vir-like m°A methyl-
transferase associated, VIRMAtHFR/E KIAA1429) 1
FBER CCCHZY 13(zinc finger CCCH-type containing
13, ZC3HI13)ZH i1,

Hrf, METTL3/2 m°A MTCHIMEAZ L, FIFH S-
iR FAR 202 (S-adenosyl methionine, SAM){E A H 3
A U5, T METTL14y METTL3 #2450 3 %,
5P B E W R R OE S, T RY
M A O B IS, METTL3-METTL14 54k A
T mCALEMT LB RNA TR U8 72 A [3] 1) i 8
BRI AR LS B0 [ — R e R e i ERURI 408 22 K]
(PIXCEE A T 13T, 4 METTL3 B2 e 3 20bs 2
AL FE R J7 A2 K K] 32 A4 (epidermal growth factor re-
ceptor, EGFR)FHippoit % XN ) TAZZ5 HIEH ¢, {H
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Fig.1 m°A RNA modification machinery and its biological functions

ANHREX —DIRE RS B A EEN T 1, St
i & [ 197 (acute myeloid leukemia, AML)*H, MET-
TL3FRIE KT, 16 AMLAH 36 5 o 9y 38 4 75 0 £
0, FFRT YR AMLAN MR 73 AR B R AE /N R Fhf%
MR AMLIF R At FE 28 SC B B2, JE 43 FIKF
b, METTL33# i i i 350y 0 25 R ) B 028 R AR HT
ol an A% 1 g S 350 4 S MY C3 7 mRNA . 784
FEERIE /N B, METTL3 T 18 2 5 04t i i 45
Wit L 40 A S TG A R AR A PO, R
E METTLI47E U5 s A W35 208, (HHAE AML
et e JE IR, 38 I myc iR T AOR FEAE P
ZHOUZE B P, 1515 1% B 40 U9 (clear cell renal
carcinom, ccRCC)H , mCA T K FHIM A SE T
m°AZK- 5 GAE A AE SILE N IR I PR 2 B0 AL 2 18] 1)
% KB, VHL-HIF-METTL3/14 @8t 25 7
ccRCCHmCARATE, PIBK-mTORAIpS315 5 il i n]
A& ccRCCH m°A Y i #E 5 . 4N, METTL14
% 5 '8 * mC AIE T A1 524K P2RX6(purinergic
receptor P2X, P2RX6) 4 H #H M N . 78 e,
METTL3 i % ik S B4 il [K] 715 5 % 5 40 i 5] 7
2(Suppressors of cytokine signalling2, SOCS2) mRNA
Bfige, NI B2 i AR 4 B9, JF 2 BUSNAILEY %
WA, TS e 400 B K A b R —TA) e s Ak . T MET-
TL14%E A&, #UEW B 5 METTL3AH [ #1E
MR 5 A B 4 2 &%) DGCR8AH BLAE FH Al

HEmMIRNA Jl 2R B i 40 R 5% RS T e 0. 7E T
i METTL3 I 80@ /E A kiE . 5 IE% 42U
b, METTL3 7 A fifidis 20 23 ot 550, METTL 144K
A AR Rk B A o

WTAPASBAT HEEATEE, & E AW I
e HEE I SEMETTL3-METTL 145 &Y% 4k
oty , YEA T4 RNART, METTL3 b it 14
YIS EWTAPE (AKX L, $27R METTL3/KF-7E
WTAPH RS S EH . 281, X E I WTAP
T %A T AEE METTL3 R A2 DA 1 40 Ao 184 4 .
Ik, WTAPH 0 D) 6e -5 D REMEmeA B AL 5 &%
PItHR. W R, WTAPF M MAPK (mitogen-acti-
vated protein kinase)®*). AKT!', Wnt®'HI NF-kB?*"
F gl g, W s TR A EGR3PY, HK 2P,
ETS1IRICAV-15 g 3 g it &

RBM 15 /& SPEN(split-end) X i It o 47T G i fak
1p13.3. ‘BRI mIL RNALE A 25 1 RBM15/RBMI15B
)2 E [FJEY . RBM15/RBM15BE WTAPH) HAE
AR, BT 45 A F & UM RNASE R 7 5104 HAE 52 3
RNA 4 A7 25 20 AT 7E XISTAIZH A mRNA A /¢
SmeATER P, R RV, mERBMI15/15BIIRIA
2 2 B mO AR SRR, R RBM15/15BEMTC
HRORPEEEAE I BY, fE MRk D71, RBM15STE
MTCH R AE AR FAAE (s FF A g b $i
.
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KIAA1429(VIRMA )& MTCI{) B BV HLAT B AE
MTCH R AFE S SER . KIAA1429i@ 1 355 MTC |
3-UTRFIZEIR 21 B3 ST 1 B M, G - H
Fetk. WHICA I, KIAA14296E 1% S GATA3HTAmRNA
3-UTR Em°AHFAL, FELGATA3HTAMRNAREf#, M
TMAERE R R RS . Al , KIAA 142975 iFE
M2 FI, R8I B s DNASS &1 Kl 1-2(in-
hibitor of DNA binding 2, /D2) mRNA Hf{im°A7K-F-3k
D231, MM s 40 H Fr e A= 2800

BOHE A R B, ZC3H13 /2 —Fh A (R e R4S
PR R T, B RNA mOA FF AL 7 5 B £y
o, Wit FZC3H13-WTAPE A1 HK% N & A K 15
PR, Z K1 2 Pl vh X, HE S5 TG A
KB, BEfe CCCHZE M & 1 13(zine finger CCCH-
type containing 13, ZC3H13)F Z{2#MTC5RNA
SEA PR, AN, CAEM] ZC3H13 E A R i
43 BB I Ras-ERK AT Wntfs 538 #3101 45 E
e R 7L e P 3 F AN B A5 19400,

FAh, BRI R I B B B A SR 16(MET-
TL16)*'2& U684 /MZ RNA(snRNA) [ F L £ F2
A, HiE “UACAGAGAA” T A AL IR 1 715
SAMIFEAS . TESAMBRRZ4AF T, METTL161% 5 8Y
FE—NMRENE T, AT MAT2 AR R IEFIE &
SAMIIZK o $RT, METTL167ESAE H HIAE F 75 2
S
1.2 mlARERRES

201 14F, JTASE g IRAEAR A IE W g i & R0 IE
JPEAH DS HE 1 (fat mass and obesity-associated protein,
FTO) "] Ui m°A . IX B H FTOZ 3 — Ml K I
FmeA 2 LA EE 42, 20174 8 AR IE FTORE R %}
Jigeg i3k Fe s (1, LRI, FTOW] LAFEAIK ASB2
FIRARA mRNAFE A b ImeATKF-, i 71X L
BRI, M #EAMLIEJE . tb4h, FTOW 76 5 «
filiges  FLIRSEE . AU A 4 B 1 SR ke ke
FIRFEAE R B0, TR R . FOIR e A
JIEE e o, FTOHAT rivgg 4l /E 91,

EFTOZ )G, R T 8 A m°AZ: AL Eg, Bl
ALKBHS. ALKBHS5Z 5 £ Floi i 1) AE W 24 3k i
I RAEHE B AP OE AR . EFLIRE 1, AL-
KBHS5 133 52 )ik 4175 5: K 1~ La(hypoxic inducible
facter 1o, HIF1a)ATHIF1Bi%-S, i #AALKBHS A LA
FETC AR SA R 57 15 DL T PR IK NANOG mRNA ) FH £

K, 38 i LR T 41 M (9 25 E 2
1.3 m*ABREIZENES

mCAE N\ 7RI B 25 I AH LA 6 me ARSI
AR E e EER . AFEFZEmeA
AR FEE Tm AR IIRER 2 1% . mCATEHL
23035 YTHZE M348, (YTH N6-methyladenosine RNA
binding protein F1, YTHDF) % % & [ i & 2 FF
AR T -2 mRNAZE & £ (insulin growth factor 2
mRNA binding protein, IGF2BP) X % & [ »

P F4HHR BT ) Y THDF Sk 53 B 45 Y THDF 1
YTHDF2M YTHDF3. i oRix = Ffhi i as %
P AR E IS . Y THDF L2 # mRNA ()8 3%,
YTHDF2{£ i mRNA K F£f#, YTHDF3 {2 mRNA
)02 AT B A, B T IX = A 2 R AE AR A )
REFIAL ] i ANIE 2 B0, BF SR, YTHDF /3755
i o R B Bom /E FH Y, TCGA SR 1 43 i B
YTHDF 1 7£ i 41 ffi % (hepatocellular carcinoma, HCC)
R RIEEE LR, JFH S5m0 2 EMEX.
Kaplan-Meier7> #7 & 7%, YTHDF 1K /K - %14 5 HCC
B I AAF R, AN, YTHDF I RE A
) GO KEGGIH #% 7> #r#& W, YTHDF1{E 15 HCC
24 1) 4 SR AT AR U R FE B E/E . YTHDF2
FEfE A i, R n AR K, IF 5 6- B IR
] % R R it U (glucose-6-phosphate dehydrogenase,
G6PD) 3'-UTR ) m AR g5 &« IXFER i
T 4Nt G6PD mRNARIEIE, H9 T BRI
Hit 842 (pentose phosphate pathway, PPP)if &, M
e TR A K B2, #E 45 H Y (colorectal cancer,
CRC)H', IncRNA-GAS5(long noncoding RNA GASS5)
5 Yes#i 5% H (Yes-associated protein, YAP)H] WW
S E RS, I R ZN SR
fiR, XIS T YAPA S YTHDF3% e . W&
7RNY THDF3REME 1 i 5 mOA FHIEAL I GASS 45 &)
H A& ATy, il B fif T 7% i GAS5-YA -YTHDF3
B it ] i, AT #ECRCH) K e,

5 YTHS MK E A F, IGF2BP X R &
P o KH 25 AL 3800 57 1 TR 3 meA B i T RN A, A2
BE mRNA 4 fi# 17 /& £ 2 mRNA. IGF2BPF A%
IGF2BP1. IGF2BP2F1IGF2BP3. X442 [ 7F £ Fif
FE R ERIE, HS 5T ZAFN S TP
IGF2BP 1 F1 IGF2BP3 /& £ iR Fl iR ) LZH 237 A6 1
WE A, HERNHL PR RIE T RIERK
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i, IGF2BP1fE 5S0X2 mRNA[#3"-UTR m°Af i 45
&, 0] SOX2 mRNAI AR, AT L HET~ 5 P IR
20 R B B AN e R, AR, METTL3 MK #iIGF2BP1
FEK 3K 5 8(chromobox 8, CBX8)mRNA -5 |
CBX8% 5 it 2 g F 5 4% #% 11 2B (lysine methyltrans-
ferase 2B, KMT2B)H Pol-11% & & 5% &% #2741
1 G2 5K 32 44 S(leucine rich repeat containing G
protein-coupled receptor 5, LGRS i 2l T I 4i 7
H3K4me3IRZ . XL 2L A LGRS RIX, &
L Y4 CRCAM M -4 88 5 H AL 7 i 245 5

23 EPTA , m°A RNAMEM %A 4 B 7> 5
REE VIR, EA 1B A (L AE R . 2R,
EATRIVE L] LA SR E BERNALT 5 i R A
Ko

2 mARIRSHMERE

IR G R T L O BRI E VAR T R IR T Tk
o, AR T R E IR . Sk A A ) (im-
mune checkpoint inhibitors, ICIs) & 5 5 1) %3 15 I7
251, 5 EEHE R 40 R B PR TR L A0 R A OC B (1 4(cyto-
toxic T-lymphocyte-associated protein 4, CTLA4). F%
P ST 52 441 (programmed cell death-1, PD-1)F1F£
BT 32 AR -B A4 1 (programmed cell death-ligand 1,
PD-L1), fE1d 25 JUH4E P U 182 1T, B 1
W S R TS - R ICISER & HoAt T 15 IS
T AR, B VF 2 B T REIR T TG R B S B
IS, DRI 245 A0 52 ) LR 1 24 1 BRI ST AERR DT
AR, 22 TR 7T 2 B mO A S 1A 76 1 15 b 8 4 58 %
LR R T EEAE ), me AR ] DL B
B A B2 R A ICISHE 23 (L 45PD-1. PD-L1. CTLA4%%
R R B SESCHR AR 5l R B ZRIB 7K, AT AR K
HhFZIAICTSTT AL -
2.1 m°’A5PD-1

53T PRI SRR B 22 b IE B T meA TR 28 R 1 1Y
AL 5PD-11) 1k K- 2 A7 1R i35 KBk, YANG
SR, A MFTOME I 2 FRRNA meAf& i 7F 2
IR K R AESUEE R, JEREC HTPD-1BH KT 4
PEIRIT R NL . TIFTO T 1 £ 388 i O B 1) 3508 1 22
0, 3 98 41 i 9 75 JE [RIPD-1. CXCRAFISOXI0fm°A
HI3E ALK, G E0E I me AL B A% Y THDF2 [ RNAZE
ARSEIN, TR 1 /N B HUPD- TR IT (1 s B, 2 1]
FTOAE Jy—Fhm°A 2 H AN Bl £ {2 1F 56 €0 22 98 Jih 78

RAEFNGTPD-11 24 14 e 5 2 OB EME Y, 5
— THE 78 R I, IGF2BPI1RIA 5PD-13R1A8 2 IEFK,
& WIGF2BP 5 1 4% (I mC A& i 1 E X 42 %2 ICIs TR
97 B Jl e BB A VAR 2R A, A I ST ST meA Sy
HOITJE AR R I, ey R VT 3 2 Pl M 1 e ST 91
Fa b, e RV PP 230k e, B o A %) A A7
i%; (Rm°ALF7> 5PD-1MICTLA-4RMKFE A%, $R
mCALE TR f55 Ji e B IC sy T 25 e PR B2 FH oh B
AR 0,
2.2 m°‘A5PD-L1

YE N PD-1FC/A, PD-L1AE 5 —Fh S i S e i
EAEA, HEPD-1454, T (ks 24 M 1) G0 % ik
o WFFCRT, mC ARSI TR 7 1R 2R 1 7™ E RS
PD-L1f5RIL. fEFLIRMEH, METTL3 Rk 7K
S HFE W AAE M CD8Y. CD4" T4 i35 11 % 7
Ko MUK METTL3 W] &3 /> PD-L1 mRNA) m°A
1B, £43 IGF2BP3Xt mCA R k> M i i i3k PD-
LI mRNAFIBEAR Y, FEREHESEH, INKAS 58 %2
BEMETTL3 /)%, #Efi#idi] TME CD8" T4H i)
AEo HMHIINK/METTL3/5E 5l f5 Yk E CD8" T4H i
AATTRE, A0 R 1 R A K . METTL3H
B IAIGER T PD-L1 mRNA 3'-UTR [X {5 [l m° A& 11,
IGF2BP1 5 mRNAZS & J5 /- F PD-L1ERIE, ] 1
CDS' TAIBRIZhAES, B4k, 75 AR/ Nl (non-
small cell lung carcinoma, NSCLC)-FMETLL3 4 A] LA
i I FZ M FR IGF2BP3 AR >k i 4 PD-L 1 1) 381k
IR IGF2BP 33 i PKP3 4K #i (1) 77 s Fa 2 OTUBI
mRNA, M &% NSCLC4H g+ PD-L1113Z & ALK
-, FEPD-LIRIE KT T 5, BN F ki,
5 NSCLCHHAL, A& (cholangiocarcinom, CCA)H
) METTL 1431 7 3'-UTR [X 45 & Siah2(Seven in ab-
sentia homolog 2) mRNAf & m° A&, LY THDF2/K
M7 AL LB . 2% FR Siah2 )5 , METTL 1434
JNT PD-L1MER (AR 1, SRS 7 T4 2 4 A
THHH A TP M, %9 METTL14-Siah2-PD-
LUV HI/E CCASRIEIRIT IR 71, fEFFA
JIH& ¥ (intrahepatic cholangiocarcinoma, ICC)+H , AL-
KBHS ik 2 LY THDF2 4% 86 (1) 77 s i 7 PD-L 1
FESEAR 3 -UTRIX I m AT FESJE i 7 PD-L1RIE.
1EFL I - PD-L1 14185 METTL3 A1 IGF2BP3 1
Fik B IEAHSE, METTL33E 14 m°A-IGF2BP3 K i 1)
77 AR EPD-L1 mRNAIFRE, i - IHPD-L1 1R
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RO BRIz A, mCATE TR R T AR S A
JEAEHPD-L1I 2%, §1 U0 m{RIGF2BPI T i{PD-L1
AR TF IO G L AL, I 00 1) 440 i 1) 3
Jetes1 . T LEAIT 5 5 5 g L e R 200 P e 55 e i )
SRR YT B TR
23 mASHMRERES

me A2 PD- 1A PD-L1, 4 i oA S 2
A UTCD80. ICOSH! VISTA(V-type immunoglobulin
domain-containing suppressor of T cell activation).
5 PD-1#1PD-L13&4L, W78 A 9L METTL3 g5 i 2t
CDSOFEIFER L, i meAHH ) 77 sCAR HER TR
S L P 3% A R R 7 b Ah ) METTL3 I i 1 m°A
e 2E E IR 4 B M T4H fi(follicular helper T cell,
TFH)/r 4t . 7E METTL3 8k TFHAHEH, m°A/K
“FANR] 5 S L5 F (inducible synergistic co-stim-
ulation molecules, ICOS) R IA K-35 FFAK, K1
m A& AT LU T ICOSH#IL . [A]#, YTHDF1
£ CRCHI EL m° A 1 75 3038 55 PD-L 141 VISTAF)
HEAKFO, — e FEN A AE TR, mCAR
BB S S iG T #E S PD-1. PD-L1. CTLA4.
TIGITR LAG3RIE KR, 75 T m° ABAifE L i
S I BU IR S BRI T SR T R AR R . il
T mAF AL AH T PR R4 B mOAVF 73 B mCAAH 9%
{1 e AR AR 2 2 AR 4 PD-1. PD-L1#1 CTLA-4%
LA PR RN 2 e RIK X (1, B G AE /N0
e« PSR« Sk ETTER SR M s A1 B U5
WHFTEE RN, XL G e Ao 15 5 B0 57 5 3R 50 R
YT A S

3 HEmAETRRERERRRT P
BENH

B RPITERAG 7 St f , (A AR S Rk
PySRAFAE . £5 E, moAMBURLE R Se B ia T T R HE
HENEH, Z5N0 FRERE RS, i, Pk
AT TR AR 1 750 /A 77 R RE A2 50 iR e %
822 — AT RIS BV T SN, 5 ICTsBRH Wl g fil
bR 240 T e 2 RGBSR 7] sl
FUTGAR T Z R T I RS B, (H £ T AE Zh YR o
Ot B R A A BT

Horb, FTOSE H i e A A BT A A7 B meA
TR 24 Rk, ERILE L 105 FTOHM
70, I HiayT BORAEA B b 2 50 7, H

HOR R 2 56— NFTOHHI 77, il it SFTOR b 45
FB AT Wit 2 4 M FTO TR 1) meA 25 34k, Jf
HEAABRKA M. YANZUVUREL, KR
P R R B 411 77 (tyrosine kinase inhibitors, TKI)Ek
AR TN I 4t M LA B A R i 25 4
Ot TS B0 7 % TR, SR, H Ar
KA KT RERR S G697 WG S X I8 520 1)
WEFARIE . 4, GNPIPP12MAZ —F 13 FTOH
il AR R S AT 2 25 55 IR (meclofenamic acid,
MA) ) GSHAEW NG K E A M BE. 38 5 A 23k
H ik (glutathione, GSH)#E3E AJ P A% 41 L 9 GSH/K
PFEIET. . AMLYH AT A I T 40 i (leukemia
stem cells, LSCs)# X GNPIPP12MA, GNPIPP12MA
I8 I 72 3E TAH IR 3 A TFN-y 73 WA >k 38 3 4t PD-L 136
JTIIT R s Sl F AT FE AR i 2k FTORT DL 2k i
JeHH CD8" TAH M ¥R , AT A1 Jieb 89 1 A K P
Wr FTOA 3 1) %% 063 . 37 28 FTO# i 75 DacS 118
TR TR MR i Sk 1 5 PD-L 1 BH BTG TT ORCR , A
TS 2 4 ) g A A I — e ] o 3 R 3R
Je FINSCLC Fo 5 B 25 (A BRI O

STM24574F ;—F METTL3 #1571, 4 AML
SR T AR M T, 1 5 AMLIRMER AL BRI
AMLIJIE 3071, 155 SR 40 e 4 (cervical squa-
mous cell carcinoma, CESC)H, F &% 4> 1 1COS.
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