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The role of RNA m’G modification in tumorigenesis and tumor development

QIAN Yongmei, XU Ke (Tianjin Key Laboratory of Lung Cancer Metastasis and Tumor Microenvironment, Tianjin Lung Cancer
Institute, Tianjin Medical University General Hospital, Tianjin 300052, China)

[Abstract] N’-methylguanosine (m’G) is one of the most common RNA modifications in epigenetic regulation, it plays an important
role in the processing and metabolism of a variety of RNA molecules such as messenger RNAs (mRNAs), ribosomal RNAs (rRNAs),
transfer RNAs (tRNAs) and microRNAs, and thus participates in many cellular processes such as cell proliferation, differentiation,
apoptosis and migration. Increasing evidence suggests that m’G methylation is involved in tumorigenesis and tumor development. The
abnormal m’G methylation is closely related to tumor development and progression by regulating the expression of multiple oncogenes
and tumor suppressor genes, to promote or inhibit, the progression of various types of tumors. Molecules modified by m’G methylation
and their regulators can be potential targets for tumor diagnosis and therapy. In this article, the recent advances in m’G modifications,
the detection methods of m’G modification and the potential molecular mechanisms of the role of m’G modification in tumorigenesis
and tumor development cancer are reviewed.
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¥ X iR # (N-methyladenosine, m°A)  N°, 2'-0- —
B A B H (N, 2'-0-dimethyladenosine , m°Am) . N'-
B 7 (N'-methyladenosine , m'A) . 5— ¥ X jwg
"€ (5-methylcytosine, m’C) &, m'G & & vZ b N fiL
B FEAGN, ERENHWRNABIFZ —, £ &
7% T mRNA 5' 48 X . tRNA.TRNA £, 4, 77 % T mRNA
W E A miRNA £ o A~ [F #r A o & 2K B RNA £ B9 m'G
i B A B B B LR A . R SR F BRI R AR
N F AN LR, AT RN NGB A H A
FHEEH. AAEARIEELnGCEH A HL BT EF
ELEMMHBTRR, EEARNEE . RE . TH
M EL MR AEFIRT AR, A XHET
REWCE L MIFE X E X R T 1ER B &R #*
Je , 18] BR 3 T M b B R T AL, ORF R RE O e R
8 96 9T Ao B A8 B MR T S R B R 7 .

1 RNAmM'GEIHHEXER

Hel, X ToGBinbe R EMF XML THEN
Bt,m'G RNAF BB T A A LR UK H
MMM ERER AEEEHALRE, KTER
WIH LA RNA o GBIm R L RTEH T, L P F
R H BB A E G 1 (nethyltransferase 1-like
protein,METTL1)/WD E &4 (WD repeat domain 4,
WDR4) & 447 1& ft. mRNA , tRNA 2 miRNA = 8 m'G 151 ,
il mRNA 5" 3 8 B9 m'G 16 1ff £ 2 by RNA 5 " wb -7 1 5
% F2% (RNA guanine—7 methyltransferase, RNMT)/
RNMT 3 7 /N & & (RNMT-activating miniprotein,
RAMD & &= £, Bt DUSh, i B B H7-18 B
% A& 22 5 F & & X 3 (Williams—Beuren
syndrome chromosome region 22, WBSCR22)/tRNA ¥
HE M E T & 11-2(tRNA methyltransferase
activator subunit 11-2, TRMT112) & & 4 ¥ DL 1
¢ TRNA B9 m'G B =GB 4% . ] X AL RNA £ B9 m'G 5
VT R 5 AR B0 R £ E L 1F B B9 METTLL RNMT
1 WBSCR22 _E B A S-iR ¥ -L-%& & B (S—adenosyl-L-
methionine, AdoMet) ¥ # % % B 0 {R <F 4 4 B A
K {E BBl oy A = R AR T A # 4 A B A
WS e A, UME MR8 &Y F W BOR A R
PREGRNAJE Ao X 2454 B2 9 RNA B9 A &R m T
e R %, 4k TR 12 A T AR 3k F R R 40 Y A A F
#HAE,

1.1 mRNA

5'IMVEME M FET A A AZ £ EmRNA £,
A B ERTFY . RAMZE FFRNMT W £ i #6211, 38
58 H M E . RNMT/RAM & & 44 7 &£ n 5| & 18 i
N fr & b, 7 & m'GPPPN By 5' 3 18 45 10, X i 4E

M A3 % T RNA 5 A 8. 477 B 47 ) 10 5 30 B 1k
mRNA #9 & ", b 2 18 4 & & 4 1K (cap-binding
complex, CBC) . & % # & & 44 [ F 4F (eukaryotic
translation initiation factor 4F, elF4F) fn £
N EHIARTE FRTA . ERHEFARFREN
EAKM B A, ZRIETRNATE N LT EH
FR BB E G R A R E, B R IESE,nG e 4
MEARZTEEFEEGEEEE 6% G (cap-
binding protein, CBP)80/CBP20 4 /& ¢4 CBC, & & /)~
5 m'G ¥ 45 # 7E mRNA 3 B B AR M B A X
NSWEL S 7 EH IR . mRNA KBTS\ 48 8
elFAE E # 5 m'G1E 4 4, R m'G T8 —e [FAE-RNMT =
REE6Y, T HBERNABBERE, A, n'cF
EHBHIAUATSRNAR AT I AXEH FHEEE
Ji R R 9 4 U, BRAE A R & BH L RNMT ®] DA
CDKl-cyclin BI BB, R R A L4 R G H X EH
BAREEEAE, E— RPN EAFENLTE L4
0 4 3L 5k BR b x5k 3K e 4 e 7 B TR 3 fE
Al

mRNA # . m'G B T, R AR Z B X B
® W, BF 5" ~UTR. %% & 5 % 2 3' ~UTR. mRNA By m'G &
EEHRIR - RIKE AW METTLL/WDRS # 4T 18 14
Rk, B # METTLL /-5 9 2 015 1 1] WDR4 12 £ & A&
MR E AW ERNA B 4 A, nRNA Y m'G B A
IE B, ¥ DA 3T 3 F% e o o (R R 3 4 M R
(EZE4) BERNAG A, # T v nRNA 5 45 6 &
B AR AR R, B A4 M R #E mRNA B9 B E, T A
&% % Tt 2 F 85 F2 tRNA B AL 2o, mRNA B
m'G 151 45 1 T 3 A, £ REOR R B R, AR
G 75| 3 -UTRR B E £ R E AER S, ME
5'-UTR IX B U T F&", R & METTL1/WDR4 & 4 1k &
1. mRNA B9 m'G 151 , 18 55 B tRNA BE 45 4 ; 4k, 5 m'G-
seq 3k /& B tRNA m'G 151 £ 5 48 Ht. ,mRNA m'G 151t By
EREREAY, XBEWELERKH,METTLL 7 &
T2 —HImRNA m'G ¥ 2 #0e, 5 © 7 AR B
F WDR4 DL Ah Y E AL RNA 45 4 & & & iR 5 mRNA. BEAE
BT R B8R, 7E Hela 40 A 9 B fK METTL1 = BA & (K
mRNA B9 m'G ¥ # At , 2 T 447 % 30 4 METTL1 ¥ 4% X489
BF . WA, Um'G R BB 7 3 Ar VEGRA
mRNA B B0 15 7] LUMR 28 A B 8 ik 9 % 40 B 8 78 AT A% o
R, ERF R, mRNA B m'G 51 B H E
ZIRE,
1.2 tRNA

AR T E b 25 AURNA, tRNA B H & £ # 8 fn ff £
BB i . 1 2e 454 BT LL &2V tRNA B 45 4 (T B Fo AR
T W R TR R R TR R R R
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P, tRNA m'G46 -1 BFF X E N — A . &V
S5 41 & & METTL1/WDR4 & 4 %7 8 37 #7 tRNA 7] & 31
FH GBI EE N ERRTFH, ZHLT LRNAT L
XHy46 5L &, # IE B A A m'G46 5 C13-G22 £ =
FERRT R — AN Z RS, F T2 R B tRNA
Z R EA R AR tRNA Bk R A, IR B R YR
B ,METTL1/WDR4 £ % # & JE F R A &, A n'G &
1 B tRNA £ B3 i, #7278 60 m'G—tRNA AR A5 25 A
B EmRNA B F R R BB B E . B,
METTL1 3K WDR4 #% % 5 2t tRNA m'G 151 A& F F& 1K, %
W) tRNA 3 RE , 3 Am A% 48 1R 72 m'G—tRNA 1R 81 &5 A F A&
MEE EREFE AN ERNERN R,
LIN £ "8 283 52 ,m'G tRNA DAMR B 540 F 19 77 R &
we AR B B A S e R T E, S 5AT
RN E A . B, tRNA B9 m'G 4 S iz BE
IR EE R, FA R EE WA
WEA .
1.3 miRNA

EmiRNA F 4 B2 let-7, 54 G X H 48 n'c
4% 4 &, B METTL1/WDR4 & A& #7182, w'G & vH
pri-miRNA 3 2 A 5 B 2, B 2 = K45 M G- 1D BX 4R
MM L AT, A _BRENGRELE
i B IR pre—miRNA P #9 G- BR AR G A 0w — ] & &
45 M BN TV R, FF 38 78 A 18] pre—miRNA £ ik 2 miRNA By
L™, RBmiRNA 5 Ago & B % H M4 o 3
Bl % i RNA % & JU Bk & & 1& (RNA-induced
silencing complex,RISC) )&, 4F 5+ 14 4 & %E mRNA #
3'-UTR, 5| A2 48 5% #7 mRNA #% 3 J5 #1147,
1.4 rRNA

Bud23/Trml12 & & 41 /- % B £ 18S rRNA # &y
mG1575 B A A B, AR, A K4AHE P 18S rRNA #
G1639 fr EMN-FE A BHEXFELEE H 1
(metastasis—associated methyltransferase 1,
MERM1) & fk. , £ 4 4 #7 & WBSCR22™, WBSCR22 &
TRMTL12 W B a4, 55 T A K40 8 18S rRNA B AR HY
AL, B AT 40S AR R £ A H O BB A, (8
T B A AL VE M 5 47 % WBSCR22 T LA v 48 g A%
18S rRNA BI RN AL &, F L 2% 18S rRNA HY A 3™,
18S rRNA m'G ¥ U A AZAE 1R A 4 & A A0 B F o N T
RERAENB A RHE— T AR, B1EEETS T mRNA,
tRNA.miRNA F2 rRNA B9 m'G ¥ £ 048 15 AL %)

2 m'GREAEIRRIEN T A

EAHIE, BEFRT £ MEARTRIAF
KRARNA LBy EMBIFERME, ¥R H *®
ARERNAEEENF. WFEHRAAEE-

& % T i 3% (1iquid chromatography—tandem mass
spectrometry, LC-MS/MS) , B LAl 43 RNA % & 9 m'G
ACF 5 G 2 T LUARSE AR B 5 4 o B ) A R
m'G A O i, 45 25 T 470 AR B m'G— 2 L RNA 2 UL
JE M| F (m'G-methylated RNA immunoprecipitation
sequencing, MeRIP-seq) 1 2 T ft. = 4 i 84 m'G |
JF A 2 %8 B m'G W F (AlkAniline—seq) .m'G ¥ %
H 0L 4 2 B fe %, 9% U0 W F (0'G individual-
nucleotide—resolution cross—linking and
immunoprecipitation  with sequencing, mG
miCLIP-seq) . tRNA & J& Ao 47 #| J /& (tRNA
reduction and cleavage sequencing, TRAC-seq)
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tRNA
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o= e
P, AW SR >
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\fiwiRNA &3 m’ﬁmmi BIGPre-miRNA | o e
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N\ A g P we R
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18S rRNA 2

1 m’G REALIEIRRIHH

2.1 LC-MS/MS

1Z 77 i B o R AZ R B 55 5 RNA T8 8 4 M
TR, EARREnCFEMEH. EEFREESE
EHHRELBREEERA#TLE, URS)EH
o A A% H R Fo EL A AZ H R ; R B R R UK BB
AR ELERRANFMENS B NZTR, AT H
F RNA 5 vZ b NTH B iy e fn £ E ™, X b
TERBERHEREEGR A BNELHRELSE
3K, LC-MS/MS 4 7] LA & 4F 2 B 1f iy AR AF, B
HEA oy AR E , 648 1 A1 4 AT £ A RNA
m'G F E A, (E T T REAR N1 By B AR R R
BEANZHRABIRRS,
2.2 MeRIP-seq

MeRIP-seq & — f 2 T UMK 2 JU € B9 & 3 &
WF k. €8 %6 k%% F* I E (chromatin
immunoprecipitation, ChIP) # RNA | /& (RNA
sequencing,RNA-Seq) ¥ A #H 4 &, LA K & Fh 4
FERNA B S R A A TG &
WA, B K RNABE A B Bfb, A5 A S R
1K S, 9% U U B A m'G 5 1 B9 RNA JF #E 4T & 1 =
T M FEREHATENGERF LN, T UET



+ 1038 -

rp [ R AR IR T A&, 2023, 30(12)

m'GE I EDRNA F N A B FE, S H A BB A GA
KGRI EF", EXMERRBTHAEN S
B RAENERETRATHERNERETE
M, B U546 & £ T A EIRNA Bt & & £ T ik
HIITIE

ZHANG %" L JF & T — F K % 3 B m'G-seq
AR Z T R B K A m G AL R F O A AR
e, AW ENREBENRER, AW EF T EBR
TATURE MR ETE €, ETXERTRE,
Y AL T A ZE tRNA A7 mRNA # 89 m'G £ &, L3 T
ERENEE XMFT T EAEBUERREERRE
FE 4| A GBI R B AL E A F B T
2.3 AlkAniline-seq

B A 3 R A4 8 R e K R B AR T B
AT—RMNFHEAULAGEERNHNME R, &
F I FT DA U — 45 2 40 RNA B9 m'G L &, (E H 7= A 1
T BB, LU K E E RNA F ' A1,
MARCHAND % " 3¢ it 9 AT T fh 4k, 38 5 37 B9 A6 10 38 ws
AlkAniline-seq, iX ff 77 & ¥ DL A& U 8% & Fo A 2K 40
B # tRNA F7 rRNA + B9 m'G fo 3- ¥ X jg HF (3-
methyleytidine,m’C) 4fi. © &&= FELMNFL
. H 5%, RNA Z R KRR i A B s AR B AR
ML B BB AT RS M3 - RS B
— 25 R 3K Fk AL AT B B B N AL & BE N+
Aemk L S5 BB A & B R 5 Bk E B
EEERMBMAEMBIRNA FBEGFHTRENF. B2,
AlkAniline-seq % Al .5 77 & fn if B W 5 # K, 7
AR 4 #E T B BT AR I tRNA 2 rRNA H m'G 7 m’C
Bin L EE s RBEAMRE.
2.4 m’G miCLIP-seq

MALBEC " FF % 7 m'G miCLIP-seq, % 7 i ¥
TG AREZENEES L5 RIZBFAALE A UK R
P A ) mRNA B9 m'G 1 , B T % A BR AT I 2 AR
RNA Z 6N M 46, SR EZH ] R T AW,
[l AR %2 T MeRIP SC B B9 i 8%, miCLIP SO Wy fr BE *E
m'G A 1 A N B AR v BRI
2.5 TRAC-seq

TRAC-seq % T % 77 7 , ¥ LL#2 A tRNA %% %
A o DL AZ R 4 3 3T tRNA B9 m'G 51 #E 4T T2 fm
AR EM. tRNAREESMNHWEREFERE
Bt , XA EE 2 T4 cDNA SCEM BT B R 4 %,
TRAC-seq ¥ £ ¥ % 1k B A1kB /5 B9 tRNA il 7 7 %
ERE A/ KEF SN G A B 4, § 4k
Jl ATKB 4 3£ <200 nt RNA A2 [ tRNA = 89 {5 1,
RERAMENMHNTEn G EHFARKBREFENE
RALE AN FRNASENTE, RERHBLEEEL

g, UNERTERENFHCE, Z7 &M
RNA P46 3 45 A AKB = FEN S B, A RE BT
tRNA B T 22 B 7 1y 25 4% 5, B b 7 tRNA m'G & 1
TP AT ERRHEMERM ., T TRAC-seq &
A, T DAE B BTF & Ak 2 77 vk LA I tRNA E 3
XA RNA SR, LA REATFEEAE/NRNA, &
TREF T — L mamt,

3 RNAm'GREAMEIREMBELELRPIIER

% T 5% & ,m'G F A B E L MBEEN L
AARIBFIMEEENAC, nCFERBBWERE
PR KL B HRNA TS S o' 10, # T B
v AR R R E A R A E T B RN A F T
Bo ATREETnGRETEFEAR G RL
ACF, LR % miGAE i 4 I R A AR
F R EABEANH
3.1 M B

Jiti i 2 BT R B O R A o B B B K R R A
LT, MA Z B 5T & BH  METTL A2 WDR4 75 fif 8 4 27
BRIk, R B TR AR R N AN T R R A
T, R EHETEA R, XEZEEdHTMETTLL/WDR4
2 44718 1§ m'G—tRNA A8 A5y 55 A5 F 4 8 77 A (R g
% 4m CCND3 F1 CCNE1 72 7 B4 48 A J&| HA 18 7 1 2% mRNA
FBNE , X 26 mRNA B 448 R B m'G—tRNA [ VR 25 A5 7
77— TR 520 R B R OB o METTLL 18 4 o £ 1 @
I$ 78 Akt/mTORC 1 ¥ 7% 3 % 40 fE 3 7E 8 2D B %
AT, A A R A R YR BR A2 R 40 A Y R
METTL1 % tRNA # 89 m'G 15 1 K F fo BAR B EF XA &
¥ B/vA ;M R, METTLL # 33 /-5 pri-let-7e miRNA m'G
FEAL S 1R R U H 4 X K ) pre-let—Te miRNA o
let=7 miRNA, & ## let—Te miRNA %t £ & HMGA2 =
A A, BT AT A ABAO M B A, PR R X
B, % B E AR R 5 DL B G B i A R R

PR .
32 W A&

el R B NMEEMmEZ —, BARS
B & 5 2R Fu g B =9, MEETL1/WDR4 72 AT 40 f 7% &
PR CENBENRERESTRERKIER, BE5E
BEWTE E A k", XIAE"™ % I, MYC/WDR4/
CCNBL B (R H T AP RAMMN S TR KA, X
FFMYCE5WR4 B TR & A BERLET. EA
%98 B F ,WDRA 72 AT & 40 B ¥ & & £ B AL B F
J& 71 H F 2A(eukaryotic translation initiation
factor 2A,EIF2A) 5 CCNBI mRNA % 5 & # 4 4,
CCNB1 i 1 3% ¥ 5 G2/M %% 4% LL 37 | 20 g & = [¢] B
3 Jim P53 iz & 1k fu PI3K/AKT 8 8% 14, DLR 3t AT J& 48
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fil & &£ EMT An & $r 4E Rf 25 B b DS, B METTLL
PR T AT 2 48 8 o m'G 51 B9 tRNA B9 R 34, I\ T 47 4
FEoE ey & & o LAY R B, m'G 15 1 B9 tRNA B &
K P& AR T R 59 m'G tRNA (R B 55 A5 F B & 9 #E mRNA By
BE, XL IFRREEE I ACET AHES
A2 .EGF/EGFR #1 VEGFA/VEGFR1 ; 44 1 52 3 3F 52, 5 ¢
BE /N BRAH B METTLL 2 B s IR m9 /0 ROR B b 8 2
KB R AR ENA LR . IR ESL,
A & T 25 IF % 40 A % METTL1/WDR4 | A~ 5 8y
tRNA m'G 3T & {5 4 1% ¥t EGFR i % % [ B 8138, T
Sl &M A, U BB R RN, % 5 METTLL/WDR4 £ &
My 5 B G A5 B O I HY A T R T R,
33 HAEEE

FFREERZSE —F N EREHA R LK
FEE , A7 0T i AR ™, B T & 4T AR
FA R M B TR V6 T 2 A R A i R B T B T R e . AR
781 % I, METTLL = WDR4 e fiF 9 JIE & & 34 7+ & B2
HTBURERNINERK EERTE., 5FH
BT 9 BF 5 45 B AR 0 METTLL 38 3F m'G tRNA A% 5 fy
B F AR A7 AR B BB mRNA B B DL e 38 O
J s B METTLL =] DA 15 1% 2 Ab g % 1 4% 10 19 40 J
J& #7 (CCNA2. CCND2. CDK6 #1 CDK8) #u EGFR # #%
(EGFR. AKT #7 mTOR) A8 % £ [F %% 5 A B9 8 % A F &
Ko XHFHIEEBIERIETHERE T
34 BEHRKmICKE

EEREAARECGER . RESRAEERL
FETA, E70%A LY, & F 8R4 KR Y B
EHRANBE AW R, REHFAFEEY
K, EVMFERTERFBRWIET AR, THAH
U7 % F,METTLL A0 WDRA £ & E 95K A B + 7 %
FR.ESEHFTFRTESFAE X ERASRK
2 it & A METTL1/WDR4 & BR H x4 T & & 85 3k 40 f =
K Aot BW R SRR . HL% L, 90 % METTLL #=
WDR4 3 f% B9 tRNA m'G 15 1 B9 T [ 38w 7 & A (R &
mGH XX F LT E, XRAGIREEHRRE
B i 4= B F [mTOR 89 1 % 48 % & & (mTOR
regulatory related protein, RPTOR) F# Unc—51 %
B "% ¥ & ¥ B 1 (Unc—51-like autophagy-
activated kinase 1,ULK1)] mRNA & & & K F T
W&, [ M, % i METTL1/WDR4/RPTOR/ULK1/ B % % %
TR LU BB TR RAEL ELE.
3.5 MRESE

METTL1 & Bt o K E B0R 1E . LU0 %™ & 3L,
METTL1/m'G/EGFR/ 4 EGFHiF £ G4 g 4 % i G 1
(EGF-containing fibulin-like extracellular
matrix protein 1,EFEMP1) %1% ¥ B it )& 4 B . METTLL

EREME T Rk FE S MR R R GRS R BT
K TG 48 % , 1B WDR4 7 IE % Fo fib g 41 41 2 |8 ke ik K
THEZR, T EEKHMETTLL 745 m'G 51 # tRNA,
) B, 2T DA m'G—tRNA A% A5 64 55 A8 F (R i 09 7
1% #f EGFR A7 EFEMP1 mRNA &4 #3% 3 3 — % #0E T
W, AR, JTERMETTLL N0 &) s At e iy 2t e . (EL7%
EREMZ, TREMETTLL # DL G /N RAnse B £ 09 5
BTG kA%, B LA METTLL <€ BA miRNA
H AR 2 m'G B4, AT miR-T60 e A Hy 4 Ak Fn k34,
FE AR 3 40% 2 F ATF3 mRNA B9 & 47 , B 4 A o b8
EORE N L A
3.6 &miE

& M = R B A & E L E U R % b
B, — Tk T4 M W ot s 52 METTLL &
ik 3 3T 98 F miR-149-3p/S100A4/p53 % (£ 45 1 7% I
AT 25 40 P X3 40 28, H B R AL S Y METTLL i %
15 %[ IE 1] B 47 S100A4/p53 % b i By 4T B £ R
miR-149-3p, ¥ T 5 £ S100A4 & ik T[4 . p53 kA F
BT REIAN WA EER. dl TN,
METTL1# 3 ¥ miRNA By R £ 5 5 4 g # &, iX ¥
Bb 4 W AR HTHIA T B

AN, WBSCR22 E & e PRI R L B E F &, 7
BN B# E£FA BTN E &, WBSCR22 #Y & 7
DR B Fl4nE S M AT, REME TR
DR M, ELXR G @G REERAURH
BT gb ALE R frit — TR
3.7 BRE

— WA KRBT mG 5 R AR AL R F
METTLL £ 2HE T (R . FUAKE®ZE FFF R
%K % T F (arylhydrocarbon receptor
nuclear translocator, ARNT) T i 5| A2 METTL1 7+
7, 3 A tRNA B9 m'G 5 1 , 3 T 4 58 m'G 5 1 #Y tRNA
R T 5 mRNA %5 A F B9 1R A, b 8 4F % mRNACWNT/
B-Catenin i ¥ x 9 4 7 ) Wy B %, A3 EMT #£42 , (R
B B & KB ROE 4R T IIRAA A £ T AR
i 25 .
3.8 HAEE

% A R & I, METTLL 78 2 A 2K BV B o &k ik
LR, BB LIRS A g
B, ERMENAEKT A EEE . 2HFS
AT & B METTLL 42 £ F% JE By mRNA A0 2 & KCF | B A
EAMEWNEEEY A/ . REWMETTLL &4
St B AR FUEA A, ek HTRA, B T METTLL
Fh%5 B [ F WDR4 4, RNA 8 %7 [F 5 F1 DNA & & & &1 72
BIEFRESMETTLI A E B L EEA . k1 R4
TnCHREMBIHEEMBL LR TNER.



- 1040 - Hh R AR R T Ak K, 2023, 30(12)
F1 m'GHRENBIGEMBELELZRPIIER
2%
Je fi m’G i K7 FiLAKF m'G M RNA B YEH ik
it METTL1/WDR4 i tRNA METTL1/WDR4/CCND3/ CCNE1 g [36]
METTL1 i tRNA METTL1/AKT/mTORC] 1258 [37]
METTLI A miRNA METTLI1/pri-let-7e miRNA e [38]
JHH: METTLI A tRNA METTLI1/CyclinA2/ EGFR/ VEGFA fess  [41]
WDR4 i mRNA MY C/WDR4/EIF2A/CCNB1 g [40]
JH P4 AR METTL1/WDR4 i tRNA METTL1/WDR4/4H A ¥ F1 EGFR A=K {20 [44]
LA
TEGRRAIRSE  METTLI/WDR4 i tRNA METTL1/WDR4/RPTOR/ULK 1/ I e [47]
JE5 bt e METTLI i tRNA METTL1/m’G/EGFR/EFEMP1 g [48]
gl METTL1 T miRNA METTL1/miR-149-3p/S100A4/p53 g [51]
WBSCR22 LA RNA e [52]
ELR METTLI i tRNA ARNT/METTL1/WNT/EMT 1 [53]
s41568-020-0253-2.
4 45 iE

m'G A A B m'G 51 U8 A B $E RNA B9 45 2
£ & , %" tRNA.mRNA .miRNA F7 rRNA % RNA 4 F # 7=
B oaFHEMAf i IRHA, RAZHBEFLRE, 0’6
BRREETEHTFEMBLELRRMGRIE SR
BEEXEZWNERM. 0cBIFE—EXT 8], H K HE
EABRBEEMEFRLRELCRNER. B,
METTL1 Fu WDR4 #£ fiti & ', FF 40 B " BT 9 B &
B kR BED FEREY R E SR A
B R B A A AR R R SR E
F AR 2 b B % e R A fn R A R, METTLL & 4
Faigtl e R ERE IR . A, 0'G FEMN G A
BT 24 k. G W A AT AT AR X AR R B
Jot Fa 2 fr 4 RO B 25 METTLL B8 o] 3% fm &
S X I 4R g R ME©Y, 78 Hela 28 A METTLI #k 4 7]
DAKE 78 33T 5 AR T R . [ G, 1B Al m'G
AL A B A AR Y BB B A T R B T
B,

BANCFENBHNARCETMAT KR #
BAEMAFZEAEEH—FHE. &%,.0GHBIF
B A R R o F S — A A, mG B
il 5 VR BRRT 4 R O, M R (R B R, BLAR AL T
FRNEW WA, & FH KA mG A& i B R R
B R B AT, TR 8 B 2 1w vk 0T Ao e T
F 40, W m'G B in B BT A BT T R R A K K
aki:Xid (LR E e

(& £ x #]

[17 BARBIERI I, KOUZARIDES T. Role of RNA modifications in
cancer[J]. Nat Rev Cancer, 2020, 20(6): 303-322. DOI: 10.1038/

[2] SHI H H, CHAI P W, JIA R B, ef al. Novel insight into the
regulatory roles of diverse RNA modifications: re-defining the
bridge between transcription and translation[J/OL]. Mol Cancer,
2020, 19(1): 78[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/
32303268/. DOI: 10.1186/512943-020-01194-6.

[3] SONG P Z, TAYIER S, CAI Z H, et al. RNA methylation in
mammalian development and cancer[J]. Cell Biol Toxicol, 2021, 37
(6): 811-831. DOI: 10.1007/s10565-021-09627-8.

[4] ZHAO LY, SONG J H, LIU Y B, e al. Mapping the epigenetic
modifications of DNA and RNA[J]. Protein Cell, 2020, 11(11): 792-
808. DOI: 10.1007/s13238-020-00733-7.

[5] LIANG S, ALMOHAMMED R, COWLING V H. The RNA cap
methyltransferases RNMT and CMTRI1 co-ordinate gene
expression during neural differentiation[J]. Biochem Soc Trans,
2023, 51(3): 1131-1141. DOI: 10.1042/bst20221154.

[6] CHENG W L, GAO A L, LIN H, et al. Novel roles of METTL1/
WDR4 in tumor via m’G methylation[J]. Mol Ther Oncolytics,
2022, 26: 27-34. DOI: 10.1016/j.0mt0.2022.05.009.

[7]1 QU X, ZHANG Y, SANG X, et al. Methyladenosine modification in
RNAs: from regulatory roles to therapeutic implications in cancer
[J/OL]. Cancers (Basel), 2022, 14(13): 3195[2023-8-10]. https://
pubmed.ncbi.nlm.nih.gov/35804965/. DOI: 10.3390/cancers14133195.

[8] COWLING V H. Regulation of mRNA cap methylation[J]. Biochem
J,2009, 425(2): 295-302. DOI: 10.1042/BJ20091352.

[9] FURUICHI Y. Discovery of m’G-cap in eukaryotic mRNAs[J].
Proceedings Japan Academy Ser B: Physical And Biological
Sciences, 2015, 91(8): 394-409. DOI: 10.2183/pjab.91.394.

[10] VARSHNEY D, PETIT A P, BUEREN-CALABUIG J A, et al.
Molecular basis of RNA guanine-7 methyltransferase (RNMT)
activation by RAM[J]. Nucleic Acids Res, 2016, 44(21): 10423-
10436. DOI: 10.1093/nar/gkw637.

[11] BUEREN-CALABUIG J A, BAGE M G, COWLING V H, et al.
Mechanism of allosteric activation of human mRNA cap
methyltransferase (RNMT) by RAM: insights from accelerated
molecular dynamics simulations[J]. Nucleic Acids Res, 2019, 47
(16): 8675-8692. DOI: 10.1093/nar/gkz613.

are



b

Bk 3K, 55 . RNA N7 IR 5 FR AR AR A iR A 22 A J v it/

+ 1041 -

[12] KATAOKA N. The Nuclear Cap-Binding Complex, a multitasking
binding partner of RNA polymerase Il transcripts[J/OL]. J
Biochem, 2023: mvad081[2023-08-10]. https://pubmed. ncbi. nlm.
nih.gov/37830942/. DOI: 10.1093/jb/mvad081.

[13] GONATOPOULOS-POURNATZIS T, COWLING V H. Cap-
binding complex (CBC) [J]. Biochem J, 2014, 457(2): 231-242.
DOI: 10.1042/bj20131214.

[14] OSBORNE M J, VOLPON L, MEMARPOOR-YAZDI M, et al.
Identification and characterization of the interaction between the
methyl-7-guanosine cap maturation enzyme RNMT and the cap-
binding protein eIlF4E[J/OL]. J Mol Biol, 2022, 434(5): 167451
[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/35026230/. DOI:
10.1016/j.jmb.2022.167451.

[15] BURATOWSKI S. Progression through the RNA polymerase I
CTD cycle[J]. Mol Cell, 2009, 36(4): 541-546. DOI: 10.1016/j.
molcel.2009.10.019.

[16] AREGGER M, KASKAR A, VARSHNEY D, et al. CDKl1-cyclin
B1 activates RNMT, coordinating mRNA cap methylation with G1
phase transcription[J]. Mol Cell, 2016, 61(5): 734-746. DOI:
10.1016/j.molcel.2016.02.008.

[17] ZHANG L S, LIU C, MA H H, et al. Transcriptome-wide mapping
of internal N’-methylguanosine methylome in mammalian mRNA
[J]. Mol Cell, 2019, 74(6): 1304-1316. DOIL: 10.1016/j. molcel.
2019.03.036.

[18] BOULIAS K, GREER E L. Put the pedal to the METTLI: adding
internal m’G increases mRNA translation efficiency and augments
miRNA processing[J]. Mol Cell, 2019, 74(6): 1105-1107. DOI:
10.1016/j.molcel.2019.06.004.

[19] MALBEC L, ZHANG T, CHEN Y S, et al. Dynamic methylome of
internal mRNA N’-methylguanosine and its regulatory role in
translation[J]. Cell Res, 2019, 29(11): 927-941. DOI: 10.1038/
$41422-019-0230-z.

[20] ZHAO Y C, KONG L Q, PEI Z Q, et al. m’G methyltransferase
METTL1 promotes post-ischemic angiogenesis via promoting
VEGFA mRNA translation[J/OL]. Front Cell Dev Biol, 2021, 9:
642080[2023-08-10]. https://doi. org/10.3389/fcell. 2021.642080.
DOLI: 10.3389/fcell.2021.642080.

[21] SUZUKI T. The expanding world of tRNA modifications and their
disease relevance[J]. Nat Rev Mol Cell Biol, 2021, 22(6): 375-392.
DOI: 10.1038/s41580-021-00342-0.

[22] RUIZ-ARROYO V M, RAJ R, BABU K, et al. Structures and
mechanisms of tRNA methylation by METTL1-WDR4([J]. Nature,
2023, 613(7943): 383-390. DOI: 10.1038/541586-022-05565-5.

[23] TOMIKAWA C. 7-methylguanosine modifications in transfer RNA
(tRNA)[J/OL]. Int J Mol Sci, 2018, 19(12): 4080[2023-08-10]. https:
//doi.org/10.3390/ijms19124080. DOI: 10.3390/ijms19124080.

[24] KATSARA O, SCHNEIDER R J. m’G tRNA modification reveals new
secrets in the translational regulation of cancer development[J]. Mol
Cell, 2021, 81(16): 3243-3245. DOI: 10.1016/j.molcel.2021.07.030.

[25] LIN S B, LIU Q, LELYVELD V S, et al. Mettll/Wdr4-mediated
m’G tRNA methylome is required for normal mRNA translation
and embryonic stem cell self-renewal and differentiation[J]. Mol
Cell, 2018, 71(2): 244-255. DOI: 10.1016/j.molcel.2018.06.001.

[26] KOUZARIDES T, PANDOLFINI L, BARBIERI I, et al. Further

evidence supporting N’-methylation of guanosine (m’G) in human

microRNAs[J]. Mol Cell, 2020, 79(2): 201-202. DOI: 10.1016/].
molcel.2020.05.023.

[27] BARTEL D P. MicroRNAs: target recognition and regulatory
functions[J]. Cell, 2009, 136(2): 215-233. DOI: 10.1016/].
¢ell.2009.01.002.

[28] HAAG S, KRETSCHMER J, BOHNSACK M T. WBSCR22/
MERMI is required for late nuclear pre-ribosomal RNA processing
and mediates N’-methylation of G1639 in human 18S rRNA[J].
RNA, 2015, 21(2): 180-187. DOI: 10.1261/rna.047910.114.

[29] THAKUR P, ABERNATHY S, LIMBACH P A, et al. Locating
chemical modifications in RNA sequences through ribonucleases
and LC-MS based analysis[J]. Methods Enzymol, 2021, 658: 1-24.
DOI: 10.1016/bs.mie.2021.06.023.

[30] GUO G Q, PAN K, FANG S, et al. Advances in mRNA
S-methylcytosine modifications: detection, effectors, biological
functions, and clinical relevance[J]. Mol Ther Nucleic Acids, 2021, 26:
575-593. DOLI: 10.1016/j.0omtn.2021.08.020.

[31] MENG J, LU Z L, LIU H, et al. A protocol for RNA methylation
differential analysis with MeRIP-Seq data and exomePeak
R/Bioconductor package[J]. Methods, 2014, 69(3): 274-281. DOI:
10.1016/j.ymeth.2014.06.008.

[32] WINTERMEYER W, ZACHAU H G. Tertiary structure interactions
of 7-methylguanosine in yeast tRNAPhe as studied by borohydride
reduction[J]. FEBS Lett, 1975, 58(1/2): 306-309. DOI: 10.1016/
0014-5793(75)80285-7.

[33] MARCHAND V, AYADI L, ERNST F G M, et al. AlkAniline-seq:
profiling of m’G and m’C RNA modifications at single nucleotide
resolution[J]. Angew Chem Int Ed, 2018, 57(51): 16785-16790.
DOI: 10.1002/anie.201810946.

[34] LIN S B, LIU Q, JIANG Y Z, et al. Nucleotide resolution profiling
of m'G tRNA modification by TRAC-Seq[J]. Nat Protoc, 2019, 14
(11): 3220-3242. DOLI: 10.1038/s41596-019-0226-7.

[35] SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer statistics,
2022[J]. CA A Cancer J Clinicians, 2022, 72(1): 7-33. DOIL:
10.3322/caac.21708.

[36] MA J Y, HAN H, HUANG Y, ef al. METTL1/WDR4-mediated m’G
tRNA modifications and m’G codon usage promote mMRNA
translation and lung cancer progression[J]. Mol Ther, 2021, 29(12):
3422-3435. DOI: 10.1016/j.ymthe.2021.08.005.

[37] WANG C, WANG W, HAN X D, ef al. Methyltransferase-like 1
regulates lung adenocarcinoma A549 cell proliferation and
autophagy via the AKT/mTORCI signaling pathway[J/OL]. Oncol
Lett, 2021, 21(4): 330[2023-08-10]. https://doi. org/10.3892/
01.2021.12591. DOI: 10.3892/01.2021.12591.

[38] PANDOLFINI L, BARBIERI I, BANNISTER A J, ef al. METTLI
promotes let-7 microRNA processing via m’G methylation[J]. Mol
Cell, 2019, 74(6): 1278-1290. DOI: 10.1016/j.molcel.2019.03.040.

[39] VOGEL A, MEYER T, SAPISOCHIN G, et al. Hepatocellular
carcinoma[J]. Lancet, 2022, 400(10360): 1345-1362. DOI: 10.1016/
s0140-6736(22)01200-4.

[40] XIA P, ZHANG H, XU K Q, et al. MYC-targeted WDR4 promotes
proliferation, metastasis, and sorafenib resistance by inducing
CCNBI translation in hepatocellular carcinoma[J/OL]. Cell Death
Dis, 2021, 12(7): 691[2023-08-10]. https://pubmed. ncbi. nlm. nih.
gov/34244479/. DOI: 10.1038/s41419-021-03973-5.



+ 1042 -

Hh R AR IR TT 4K, 2023, 30(12)

[41] CHEN Z H, ZHU W J, ZHU S H, et al. METTLI promotes
hepatocarcinogenesis via m'G tRNA modification-dependent
translation control[J/OL]. Clin Transl Med, 2021, 11(12): e661
[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/34898034/. DOIL:
10.1002/ctm2.661.

[42] HUANG M L, LONG J T, YAO Z J, et al. METTL1-mediated m’G
tRNA modification promotes lenvatinib resistance in hepatocellular
carcinomal[J]. Cancer Res, 2023, 83(1): 89-102. DOI: 10.1158/0008-
5472.CAN-22-0963.

[43] JOB S, RAPOUD D, DOS SANTOS A, et al. Identification of four
immune subtypes characterized by distinct composition and functions
of tumor microenvironment in intrahepatic cholangiocarcinoma[J].
Hepatology, 2020, 72(3): 965-981. DOI: 10.1002/hep.31092.

[44] DAI Z H, LIU H N, LIAO J B, et al. N’-Methylguanosine tRNA
modification enhances oncogenic mRNA translation and promotes
intrahepatic cholangiocarcinoma progression[J]. Mol Cell, 2021, 81
(16): 3339-3355. DOIL: 10.1016/j.molcel.2021.07.003.

[45] SMYTH E C, LAGERGREN J, FITZGERALD R C, et al.
Oesophageal cancer[J/OL]. Nat Rev Dis Primers, 2017, 3: 17048
[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/28748917/. DOIL:
10.1038/nrdp.2017.48.

[46] WATERS J K, REZNIK S I. Update on management of squamous
cell esophageal cancer[J]. Curr Oncol Rep, 2022, 24(3): 375-385.
DOI: 10.1007/s11912-021-01153-4.

[47] HAN H, YANG C L, MA J Y, et al. N’-methylguanosine tRNA
modification promotes esophageal squamous cell carcinoma
tumorigenesis via the RPTOR/ULK1/autophagy axis[J/OL]. Nat
Commun, 2022, 13: 1478[2023-08-10]. https://doi. org/10.1038/
s41467-022-29125-7. DOI: 10.1038/s41467-022-29125-7.

[48] YING X L, LIU B X, YUAN Z S, et al. METTL1-m'G-EGFR/
EFEMPI1 axis promotes the bladder cancer development[J/OL].
Clin Transl Med, 2021, 11(12): ¢675[2023-08-10]. https:/pubmed.
ncbi.nlm.nih.gov/34936728/. DOI: 10.1002/ctm2.675.

[49] XIE H'Y, WANG M C, YU H F, et al. METTLI drives tumor
progression of bladder cancer via degrading ATF3 mRNA in an
m’G-modified miR-760-dependent manner[J/OL]. Cell Death
Discov, 2022, 8: 458[2023-08-10]. https://www.nature.com/articles/
$41420-022-01236-6. DOI: 10.1038/541420-022-01236-6.

[50] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer statistics
2020: GLOBOCAN  estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA A Cancer J
Clinicians, 2021, 71(3): 209-249. DOI: 10.3322/caac.21660.

[S1] LIU Y, YANG C Y, ZHAO Y, et al. Overexpressed
methyltransferase-like 1 (METTL1) increased chemosensitivity of
colon cancer cells to cisplatin by regulating miR-149-3p/S100A4/
p53 axis[J]. Aging, 2019, 11(24): 12328-12344. DOI: 10.18632/

aging.102575.

[52] YAN D M, TU L L, YUAN H N, et al. WBSCR22 confers
oxaliplatin resistance in human colorectal cancer[J/OL]. Sci Rep,
2017, 7: 15443[2023-08-10]. https://www. nature. com/articles/
541598-017-15749-z. DOI: 10.1038/s41598-017-15749-z.

[53] CHEN B B, JIANG W, HUANG Y, et al. N’-methylguanosine
tRNA modification promotes tumorigenesis and chemoresistance
through WNT/p -catenin pathway in nasopharyngeal carcinoma[J].
Oncogene, 2022, 41(15): 2239-2253. DOI: 10.1038/s41388-022-
02250-9.

[54] LI L, YANG Y, WANG Z S, et al. Prognostic role of METTLI in
glioma[J/OL]. Cancer Cell Int, 2021, 21(1): 633[2023-08-10]. https:
//pubmed. ncbi. nlm. nih. gov/34838021/. DOI: 10.1186/s12935-021-
02346-4.

[55] CHEN J, LI K, CHEN J W, ef al. Aberrant translation regulated by
METTL1/WDR4-mediated tRNA N’-methylguanosine modification
drives head and neck squamous cell carcinoma progression[J]. Cancer
Commun (Lond), 2022, 42(3): 223-244. DOI: 10.1002/cac2.12273.

[56] HUANG Y, MA J Y, YANG C Y, et al. METTLI promotes
neuroblastoma development through m’G tRNA modification and
selective oncogenic gene translation[J/OL]. Biomark Res, 2022, 10
(1): 68[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/36071474/.
DOI: 10.1186/s40364-022-00414-z.

[S71MA X, QIU S P, TANG X, et al. TSPAN31 regulates the proliferation,
migration, and apoptosis of gastric cancer cells through the METTL1/
CCT?2 pathway[J/OL]. Transl Oncol, 2022, 20: 101423[2023-08-10].
https://doi. org/10.1016/j. tranon. 2022.101423. DOI: 10.1016/.
tranon.2022.101423.

[58] CAMPEANU 1 J, JIANG Y Y, LIU L X, et al. Multi-omics
integration of methyltransferase-like protein family reveals clinical
outcomes and functional signatures in human cancer[J/OL]. Sci
Rep, 2021, 11(1): 14784[2023-08-10]. https://pubmed.ncbi.nlm.nih.
2gov/34285249/. DOI: 10.1038/541598-021-94019-5.

[59] ZOU H L, YANG F, YIN Z J. Identifying N'-methylguanosine sites
by integrating multiple features[J/OL]. Biopolymers, 2022, 113(2):
€23480[2023-08-10]. https://pubmed. ncbi. nlm. nih. gov/34709657/.
DOI: 10.1002/bip.23480.

[60] OKAMOTO M, FUIIWARA M, HORI M, et al. tRNA modifying
enzymes, NSUN2 and METTLI, determine sensitivity to
S-fluorouracil in HeLa cells[J/OL]. PLoS Genet, 2014, 10(9):
¢1004639[2023-08-10].  https://pubmed. ncbi. nlm. nih. gov/
25233213/. DOIL: 10.1371/journal.pgen.1004639.

[WFaHEA]  2023-08-28 [f&EIHH]  2023-11-12
[ARCHREE]  IFIIESE, b



