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Advances in anti-cancer research of active ingredients of traditional Chinese
medicine through regulation of m6A methylation modification
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Abstract: As the most common internal modification of mRNA, m6A is enriched in many mammals and plants, which affects RNA
processing, translocation, translation, and degradation. The current expansion of research methods on m6 A RNA methylation and the
in-depth excavation of its mechanism make it promising as a biomarker for the prevention and detection of tumorigenesis. More and
more studies have shown that traditional Chinese medicine has the advantages of multi-targeting, significant effect and little adverse
reaction in the treatment of tumors, and some progress has been made in this area. In order to summarize the mechanism of anticancer
effects of active ingredients of traditional Chinese medicine through regulating m6 A modification, this review is divided into two parts,
the first part briefly describes the classification of m6A modification-related proteins and their functions, and the second part
summarizes the research progress of anticancer of active ingredients of traditional Chinese medicine through regulating m6A
methylation modification and its therapeutic prospect in cancer. The aim is to further deepen the understanding of the pathogenesis of
antitumor and to provide ideas for TCM to exert antitumor effects by regulating m6A modification.
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BEIAS SR RERER KA. THER, K
H 424 (traditional Chinese medicine, TCM)
TR B 23 A IR YR T R T ) S A VS U TR K
WA o O 2 IR W S FAT A VDA o N T
W7 b HERE , I BFEE A LA B &
WIS H AT, ARS8 2500 R IR YT RORAS 2
UESE, AHHIRITRIERINLHI A VF 2 A, R
il 7 HIGIRAE A . DRIk, AR e i B s AT
R AR LA T IR A L2

RMIBAE FRABE A DNA FP AR |
YT PR A A AT IR AR ARG ) — 1] %7 B}, 145 DNA H
B, RNA AL, HER BB MRS RNA 1
ARl Hof, DNA FI RNA ) B Ak 84 2 i 5
Wi 22 A bR, 7RI MR AU )2 D). Ne-
BREFER 244k (Ne-methyladenosine, m6A) ZIZ4>
ik B =R 1 RNA H 3 0BG, 248 RNA
PRE TRV 6 Ar &M AL, BEE R MBI AT
R EnE I P R e, LT A 2R RNA
¥R moA B, 1997 4E5H 1 4> m6A AL
P HEFEH H 3 (methyltransferase like 3, METTL3)
PRI T REPIDL K 2011 5528 1 4> m6A 25 &1k
Mg AEBEAH 8L 1 (fat mass and obesity-associated
protein, FTO) W€, K moA H AL IZ 12
A A, X R BAL F AT SN TR
AL, B RFFERH, moA E1HH 9 H & m6A
A 1 % TR AE i IR Ak e rh R A R Ok LI
Mo BILBENHE moA B E 2K &I
g, JELAEh SRS BT meA HIEALE
W A 4 e e 9ed 1 FH RO RIE e e
1 m6A FRELESR L K The
1.1 m6A FREEFHE

L fh ¥ % B ( methyltransferase ) 1 #x
“Writers 7, ¥R RNA k145 & 2L 7 51
(RRACH, #,H R=G/A , H=A/C/U) K4 m6A
HSEAL I MG - B A% 0 B2 METTL3.METTL14.
WTAP . RBMI15. RBMI5B. HAKAI. VIRMA
(KIAA1429) Fl ZC3H13 H i) B E 51
fp0, METTL3 1 METTL14 fERBE b L fr
TR REEEY (MTC). HH METTL3 J&i@
i S-IRH HF AR (S-adenosylmethionine, SAM)
VEJy WA A FH B IR R A2, #8115 5 RNA
(] GAC 1 AAC Bl Fr 41 A F A o KB 2 1)
W7, METTL3 Z5MygiAdK. 1238, T8

L2 A J7m . an, METTL3 W] i@ i
m6A/YTHDF2 {56 (1) 75 XA il JH- 40 A e v 4 i
F15 54 FH# K ¥ 2 Csuppressor of cytokine
signaling 2, SOCS2) IFKIE, FHAETNRE LYITER,
MR HCC 4 sE 5iE/ 1% METTL3 i&
AT 38 I A TR R RE B T A R R AR
J&, 51 R 45 B s AR IR B AT
F&E04, 5 METTL3 Ak, METTLI14 75 K21
AR ER, ARETE. BE. FEA
B RN . B, B SEE
ZEUS1, ThRE I METTL14 £ 8+£1% S RNA ) GAC
B 771 AR, Rtk Ab, HABE AHLZ RNA
LGS 1. WTAP 1E9 m6A HI AL FE R g 11
FF %, 5 METTL3 A1 METTL14 #H HAE R 36 3
SRR PO, BT RN, WTAP 535
FIE 5 e P 1) 2 PP G DI ARG, LS A0 A 3
R AR, . BRI, bR AL
(epithelial-to-mesenchymal transition, EMT) Fjfif %
45081, RBMI15 1 RBM15B 454 METTL3 Al
WTAP, FHH4HAEHEE 1] moA &1 5 11 RNA {7
A B0, H AT R 2 MR AT 7T R A £ RBMIS
(RS RAR, AL )5 1 FOBR AR 00, i R A
19521 % il 22145, VIRMA @it 5545 MTC SR 45
X Sk 1 FF AR I & A, EAE 3°UTR IR b
Pz /3 moA &1, VIRMA DL m6A i
1753, BT DNA 25430+ 2 (inhibitor
of DNAbinding 2, ID2). GATA 454 M 3 (GATA
binding protein 3, GATA3). 4 & B & (A A8 14 3%
i 1 (cyclin-dependent kinase 1, CDKI1) %75 A
I 368 i R P A e AE 241, ZC3H13. WTAP & CBLLI
SZ B TR ILEIER, wA R R A
m6A H LB, s, N e,
FEAESSLIY RNA L2 METTL16, RJ 440
e SAM /KF- 32 5 U6 #% N /s RNA (small nuclear
RNA, snRNA) 1] m6A E1i2,
1.2 m6A EEELES

L HIALHE (demethylases) R “Erasers”,
m6A AL FTO!'Y & alkB [F] &4 SCALKBHS)
IR I, KB moA B AR AW . ALKBHS 5
FTO ¥J29 Alkb FIEMFIREE, DL o-Fi & BRI
TR RO T AL moA BRI R 2 H
FeAp20, FTO 5 ALKBHS {3k 540/ 1 m6A
BARS BB, HEFREAREREREOvEL
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méA & M Ne- 2 W i B Ng-hydro-
xymethyladenosine, hm6A), A4 hmoA ik A
A No-FFBE R TR (Ne-formyladenosine, f6A), it
J& f6A KIRENARE (A). FTO FEEIEAE KM, ]
DL 5 g 0 7= A FA LR e A &5 127, FTO RS iE
(1 FAE SR 3008 Hh i IRAS BIESE RS, BRitkz 41,
FTO TEA [P A Th &g St e ik 11 5 0 1,4 4%
PEUESE . ALKBHS 78S AL (P RIA ey, 7RO AT
K Hp I FIE ARG, EE % RNA [Wi%iE
K HFERFRIEP), WFFF I ALKBHS i@ i i1y
FOXMI1 IRk, MG 1 1Ko R4 M yes 40 M i) B
W ANIG G, A R ) K AR BO, EA,
ALKBHS 72 2 s i TG fa s, T DL 5 s
AR, WM. R28. TR FERAMIE
A SER . I FfE T 75— m6A £ H
FALEE AKB [F] 24 3 (ALKBH3), HAHHLZiE
P S (RNA TiJE mRNA 5% rRNA # ] m6A 15
i, [EIAE AT DL EaR L 58 R 2 P AL FR B2,
1.3 m6A REFIZER

FFAE G B 132 85 . ( RNA N6-methyladenosine
reader) X FR “Readers”. m6A [5iL2E HA] LLE R
MFFEE R RERE) RNA AR 1%
RIS, s A= TRe . AFE PR
HEAEAAFN moA EMIIGE, B3 YTH 4544
% H X % YTHDFl . YTHDF2. YTHDEF3 .
YTHDCI1 A1 YTHDC2, HEA LT moA 45445
i, FTRAS 5 moA B RNA 25503, Hr,
YTHDCI i F4ifit%, FEHS 5965 RNA [155H:
eSS RNA /- SHEEFTUER, 52 RNA H% 5
haeld, HACEanibss . me&Em. BrELh
YA Th e 2 E RS, HoAth 4 ANE ARG R
R IETIRE, YTHDC2 454 T H AL Z 1 mRNA
JF 5 b 32 v FL R R AR B, 7 IR kAR R R
YTHDC2 #2175 T %M R A & (A BB BT 26 F5 1
YTHDF1 5% %601 HHE K moA frmdis, 42
R IEM RNA FIEIPERCEBT; YTHDF2 BE8F; =
PEIZE moA 1B1MiH) mRNA, 6550 N B R
HRNA fRsE e, (2 HFEA#EPS; YTHDF3 BERT 5
YTHDF1 # [FIfFE H {2 248 RNA B8, [FIF L AT LA
i H#: S5 YTHDF2 A8 EAE AR INE mRNA [
fif#3%, YTHDF £ [ v] AR S0 1 (e ik i 1
RAEJR IR, TRV ESS A 0] DUAE A fieofag 10 o) AL - A 4 ) B
BegsiE R ARl BR T YTH S5 P38 S ik 54 A1

A HAME moA HIRAMAREEH, BFEZAARY
—PERZFERZ B - (HNRNP ) 5% % it HNRNPA2/B1 .
HNRNPC FI HNRNPG, fif & Z 4 K K F 2 mRNA
4 - (IGF2BP) KRR IGF2BP1/2/3 ALK K
AL LARF 3 Ceukaryotic initiation factor 3, elF3).
HNRNPA2/B1 W] DL iR 5] A /& microRNA  ( pri-
miRNA) Ff) m6A 167 21, {21 pri-miRNA I
T.41; HNRNPC F1 HNRNPG 7EiH 5] m6A Jg il i
1T mRNA = BRI BT M R M RNA [ 2045
Fyi2l, 1IGF2BP1/2/3 TG LL meA #fiTs s fe ik
mRNA 58 HEAEFEIE S5 mRNA BT Y141, elF3
eGP S YTHDF1 AHEAEH, 5
RNA 5°UTR EHARMRRIHEE: 7 5145 &2 1 mRNA
MBI B AN [RIZH R g B R Rk i — 2
Z 5, moA EiAHICEE A FEAN R R b 0 4 FH AL
HH KA o IR IR TR, mOA 1B TE i
Jo R R R CEEE T, moA B IAR G EE
WEIAIE R 2 P VTR A Db . DAV 8
H1 RNA ) m6A BT N R, WERRIR . (KEE
s SR TR 259, R RE N R R TR AR
IT SR AEHET I 78 7 1]

2 FHEMRSIETIEAT meA BEWEIRAER

FhERIER
2.1 PHEMRSBEET meA REFLBEN
iz

METTL3 {4 m6A R, Eils SAM
ORI R BB RNA BB R
FAk RNA. C A W7 % B METTL3 76 A [F) 28 24 11
FERE T RIE K& R B REARK IR . S8R
B AT i E B0 METTL3 #3218 52 H g4k
wEE, R & A R Bl (integrin beta-1,
ITGB1) mRNA | m6A /K, ] ITGBI ik,
BETTAE SN 40T 7% 2SR R AR,
125 380 00 o) i s a2 PR () L B 15T M R B A — b
Z UIRe LA, FTRRACO A B . AR AL
AR5 i e i SR (1) f T 400, AT AIF LR M R 2R
@ FHERE)EE A 2 ( matix
metalloproteinase-2, MMP2). %248 (Ezrin).
P-#EEH (P-glycoprotein, P-gp) Al METTL3 ik
S i 009 A M ) A 2 U g T I 3 i s I
RV T E 1), e At B S A M s o7 otk
b, RN IEAIE 7t 2 SR AR B B 2 T LA METTL3
EALE, BB EMEAR-IRAEEY, 1R
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METTL3 5] 771 400 1) Fob 8 4t S G 1480, e if v 4y
—MfLgi Ry, LG H TR OME . BigiE. |
FHEEZN, UTFEAERAERT T S —E it . B
FARYIE M ORI R8I T METTL3 3%
& IFFEAC METTL3 A T-#0#) 2 H  Cinhibitor of
apoptosis, IAP) ZJR 1] i 71 A A7 2 (survivin) mRNA
(1454, KK survivin mRNA 7] m6A &1 LAk
DRI, el A A M A T R B AR
HoJw i v e A7 B R B e M AR K, 2
PR, A RSB R, R —Fl
WERIL Y, TERIET % . IR RS
HWIEAER T METTL3, T CPEsBEEIERER 1
(hexokinase domain component 1, HKDC1) ] H %
b & Bl HKDC1 ik T, &%l
HKDC1/JAK2/STAT 1/caspase-3 i@ #1755 JT-4H it
o, i 2 BOBEPRIE 5 R I I R AR R R, 1N
ZH F T TR AG TT Z AhE PR 5 3 PR JH e I R B
R T B AR HERD,

METTLI14 {f ) “Writers” [ 55— BEE R, &
VFZ IR R A R 7, B HEES Bt BRIt
e 2R L MR o B & . B M R R
(isorhapontigenin, 1SO) & M/ SE bk ik HH H2 B4R
K, BRI EA YRR, BRI ISO Al T
PR A (vimentin, Vim) 35 RANH B2 B e
M 28, AFEHALEIN 1SO AbEE 5 bR sk K+
FOXO3a [k H¥#i% METTL14, METTL14 Fif
EMT FJGRH OB Vim FR 22 3 1T 400 /% fe
P 40 o 142 28154, Delicaflavone (DLL) J& = E KR
T gia BRI S, BRI RS
PUMRE I o BB T2 B DLL 188 i 4100 ] it e 4 i
Fiff) METTL3 il METTL14 3k _E1 STAT1 A1k
Z T 1 (interferon regulatory factor 1, IRFI1)
()% DA S AR B IRl () 20, B0 LR e e kAT
i1 it e 240 AR 5,

2.2 PEGEMMRIEIZIET moA EEREAE MR

FTO 1EN—H m6A 2R TN, Ak
FENE AR SRBI h R AR R, IR AEWT FER ] FTO
LA m6A A J7 i R B, BAE 2 Hue
T B FRIE T ST BEFURIN, AR B SR B
Bt 45 B 5-9 JRWENE (5-fluorouracil, 5-FU)
M 51— E AR R BCEAE ], SEgags REW] FTO
I p53/GPX4 EEIHIEERIT, HSE B-MEMH
WG E I 5-FU T 251113 #2058, FTO 1 oG

B A I 0 A DA L3 48 2 A o TR A
HEIEERHP), RAMBERATEY SR, ER
FTO [#0fI7n] LA 40N FTO & A MERIA
K, 55 M3 B TVERE & I 48 HL-60. NB4
A PR EL4H M Nalm6 & 2E J8 11601, Rt mm 2 At
H G E R TR AR, S S R S AR AR 1 i
i R () SR, A 73R B IX T B S AR AR
W FTO [ IA (R P A1 101 s Je 248 i (1) 38 B 5 0T
FeRe 1A SO0, SR g B — P = s B AL
E YR -D WE B FTO, $5 FTO
A F0 moA FEAAB IR H R AR MYC.
CEBPA. ASB2. RARA [ A £ 1975 24 i 384
FAOA, AT R, 2R T R R e R
AR INEERR,  nE I BRI FTO Fl i e+ B 3%
WEAKEET L FTO MEARIEKT, %
ik mO6A 2 RNA &4 12 21 1 775 e T 40 il
(1 H B, T A AR B /NBEBR AT e AE N — T
B mo6A F LAV I T RILE 45 e (R T TR R FEAE
FHLO3), i 5 2 S5 OV SR RE A “ 2 2T AL (14 J5 ) A
FOWLIBE A% YA 3% 75 THI 98 7~ 2025 e g 2002 g 2 K
THMLH, RIESFH Y _LE moA FILHER
METTL3 F1 METTLI14 [J&iEH T2 HREERE
FTO 1 ALKBHS [J#%i&, i m6A FI:AL &
MRS Suv39H1 LR kPRSI U) R P&
WA 3 P4 FH
2.3 HHEMRS BT ET
EERBEIER

m6A HEAL I A E B IR IR RS A
HEL LB EHEM G RNA 0 m6A {74, HEfikE
HRNA AR 25 1) K AR DR« s it S B
B R @ TR IR R ZC3HI3 RIA, B
k25 DNA #if%#) PHD #5825 H 10 (PHD finger
protein 10, PHF10) [¥) m6A 1&1fi, f#i YTHDFI iR
HMEMIJE I PHF10 JEA20E HRIA M DhRep s,
755 DNA 545 315 117 5 FE o ok Ji e PR 4 I (01, | 42
FUREAE N — RS R ARG 2 By 2 E R R R AR T
PEVIIR, RIESZ HBA ZMAEY DR AR
B 22 7 i Al @I fR K YTHDF2 %k 7K F A1 m6A
Ak A N 40 HepG2 15 5 AR 5
Fge B AR, T 20 PR P 1 B R g ool R 2
ON T AR I — B ) R AR AE DI ) R A
PR ZE, vl R E 40 S ) METTL3 1fi
BEAR M B4R RNA m6A E17KF, Tt T

m6A BAEAFIEER
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HIFRFEA (claspin, CLSPN) 1 B 4 fg itk 2983 -2 (B-
cell lymphoma-2, Bcl-2) ] mRNA m6A [J1&1fiK
-5 [RlB Al I N 248 i YTHDF3, B#1K Claspin
F1 Bel-2 1) mRNA A8 P sz e Rk KCF, 4
1 Pt i £ L 1 36 7 0 4 ) B3 A (R 3 4 AR
2107, AZ 24 Rhy RO SHFFHE B H R, B
Bl Z PR R, AR A AS B Rhy 18
N RIS A KK KIF26B (kinesin family
member 26B, KIF26B) FiA R M50 F I 54 A5 il
ZC3H13/CBLLI1 [ gL, AKX BUE K T SRF
(1) m6A 1&1fi, {f m6A H AL %15 1 IGFBP1 &
m6A 1&1fiJ5 SRF mRNA | 3°UTR 45 &b, 4k
AR SRF MR ek b 3Rk a2k 2 i i
AN AE KA Res); hAh, A R E B IE
B AT e HE IGF2BP1 32 2% 4k 400 1 BT 200 it Je 486 5
LR, gy 3 B B R 2, ]
# TR meA HA S H IGF2BP3 IFRIA, T3
L 1) (R BT SR T A RUR B O A O 3
R A7 il BHE RN B MR R A 35 L, 48R 7 i S
Bl 2% S NG5 W A0 HCT116 20 i 35 1 i 72
g3 F B 00,

3 SESRE

m6A H AN A B I ) RNA B HTE R K
Je AR, JELILE T meA B 2 AT
WATZEF M RIE K N FH IR o i 5
W R R R, TSR m6A &1t T RERE
BEEAMHI R R . [FIT meA 1M E Ak
N2 R AR B RE R FR Y R B T, TR R 1)
RIEP R RS HE/EH . B2, m6ARNA HIA
MW TR ERGE A JE Je m6A  S9EEE 2 (A1 LI
RNYZH8AG B T 48 7T i R R I CEAL I 71

e AR A R, S rIIGIRIGTT
JTROA L, X ek | B2 B SE PR R 1R BRI R0
Benil FAA AR AR . FUEER, R
A T BB Re % 7 338 5 T 280 R B 982 £
i AT SRR RN .. B KR T
ZILERERE VR YT TR IR AL U2 AR SCERIR T moA 15
MRAHDCER A 2R RIThRE, AR R 24578 30 4 4
L. W R, IR . A, A%
FE . NS B Rhy S EHHE T moA BIHFHRE A
L meA AT 75 3 A DG IE B R PR 1
FHIBFEHERE (R 1. B 1. A0 878 H i 48 e

®1 HMERTAEYRS AR

Table 1 Anti-tumor active ingredients of traditional Chinese medicine and their effects on enzymes

LB BT B S £ i) S A SCHR
S genistein Tz AT ERMEY) METTL3 fit e 45
T E N quercetin TR T B KRR METTL3 B 3 47-48
pAIIR resina draconis 1] I AR METTL3 e 49
L baicalin e METTL3 JFBEET: 50
S K&K isorhapontigenin /b7 LK METTL14 5% It Jes 54
delicaflavone delicaflavone Ve & METTL14 i 55
B-H A I B-elemene AR 4 FTO ¢ H e 58
KM rhein RH FTO SRS 60
TR arecoline AR FTO s 61
SR D saikosaponin D LEH FTO =R 62
/INBER, berberine Wik FTO g 1 63
AT baicalin A FTO. ALKBHS5 B M 3 64
BER fisetin Hp YTHDF1 o Ji e 65
SE-ayi resveratrol Gkl YTHDF2 iR 66
HARAR celastrol EPA: METTL3. YTHDF3  [ifis@ 67
ANSREH Rh:  ginsenoside Rhz A5 IGFBP1 25 68
T coptisine HIE IGF2BP1 e 69
B R 2 humantenirine Gl IGF2BP3 25 e 70
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Fig. 1 Regulatory mechanism of m6A methylation modification by different active ingredients of traditional Chinese

medicine
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