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[ Abstract ] Circulating tumor DNA (ctDNA) is cell-free DNA released by tumors or
circulating tumor cells, containing abundant tumor-specific information that can serve as
biomarkers for cancer early screening, monitoring, prognosis, and prediction of treatment response.
This is particularly attractive in the field of gastric cancer, where high-quality screening, monitoring,
and prediction methods are currently lacking. Gastric cancer exhibits significant tumor
heterogeneity, with large differences in genetic and epigenetic characteristics among different
subgroups. Methylated ctDNA has high sensitivity and specificity, which can help clarify tumor
genotyping and facilitate the formulation of precise diagnostic and therapeutic strategies.
Furthermore, numerous studies have confirmed the unique advantages of methylated DNA in
predicting treatment response, adjuvant therapy, and drug resistance assessment, which may be

used in the future to enhance the efficacy of chemotherapy regimens and improve patient
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chemotherapeutic response, and even treat multidrug resistance. However, there are several
challenges associated with methylated ctDNA, such as low sensitivity and specificity at single-target
sites, limited association between some gastric cancer subtypes and ctDNA, off-target risks, and the
lack of large-scale and high-quality clinical research evidence. This review mainly summarizes
current research on the methylation status of ctDNA in gastric cancer and connects these findings to
early screening, recurrence monitoring, and potential treatment opportunities for gastric cancer.
With advances in technology and the deepening of interdisciplinary research, ctDNA detection will
reveal more disease information and become an essential foundation for gastric cancer research and

precision medicine treatment.
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S Ao PR A T ARG TR I T 22 Bk L e LA St RO 1) T E IR
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haematopoiesis of indeterminate potential , CHIP) #H 3¢ %€ 2% 4
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HE AR EY CAT2-4 BA KD, 7] i — 25 4 s Hoa2
. HIBLTT I HRA 2Rl 2 2 hR AR W alE 1T 22 00 UK T AT B
2 R IO A A A T e 2 —

(=) BT A0HE DNA H L0 7 15 e 0 A o 14
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Xof 5 98 1 G AR TF 5T 22 B, ctDNA K630 1 A A2 A Ji5 8501 1 1k
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ARG E R, o DNA A TE R, B AR5l f et
I H A 21 ctDN A T2 7% 10 Y3 2w ] 6 A A S 98 4
B R AL, I, RS «tDNA fYAFEFE , BRI eI T]
AETETE MRD. A TF 58 & 8L, RJG ctDNA # F 3L AR 45 2
MRD BYH 7 00 PR -, B A0 BH 1 64 H 3 3R 77278 MRD Al
SR IEIN . 5) — T 9E &3, CHFR .\RUNX3 . MGMT
A RMLHT AE R R B g b s 990R F 34k, Lk 6 R Ak 3
DA A il B 000 7 X3 ECL 65 vl A I B e A A . ML
2 3 W AE ) 22 90 5 Ak A3 B T 5 9 bk 2 25 5 B8 XU
A e B E R PESY . 2012 4F Chen ZE2UKG I T ALX2
TMEFF10,CHCHD3 . IGFBPI FINPRO B W R AL AR5 & 30,
CpG 5 H F AW T B w2 10 18 i, A A 3 0 i O 2 179 e
ELE5 85, 010 T 22 B B A0 2, T B B 400 L 2 T O
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PR R 3 Ak 7K ST 35 BH AT RE A7 A G 20 11 s H 2k Ak 8 40
Jif0, 3¢ S 95 41 T g FLA AR AR R S BT R, A
1 H e R D B RO SEfE R 5 MRD /9 ¢ R

SRR, BRI B ST R, 6T B ctDNA
FARAE 5 MRD 26 R A7 7E i (HEUA 5T L&
#1275, ctDNA HT JE A R 75 & MRD B9 — AN 209 B0 B 1,
RETEAR ST HE 7R 2 35 AR TR SR SR A JC M B NIk A &L
IO FT RE A R R LA R R WL R TR R I E K
RS, 48 5 B2 E DA 7 5 o 5 AR D IR T A A A
CtDNA FEEARARZS TR MRD B, AT LATE S 3T 471
U & A8 R AT 3R AR TR YT, T 26 5 B Bh Ry 5 R
MRD B, WA AT R T5 2k — B AT MR fR VR YT
WM SREIR ST AT R P RRE 1 5 H B ek
PA ctDNA ARSI BRI iy 4. IRl 2,

2. ctDNA 7EBUNIG YT SOV Gl BB 7 48 T Tid 24 1 31
Al AR X FARIATE DI BR AR T W R B3, B i
BTN T BORITAN 538 2 75 BB A5 M5 22 1l Bh ALy rh 3k
o I AT 259 % e ) 8 g 4T O B, LR RE
WG B SR BB T R R B . BTSN BB AR IE, W
HER2 .MMR/MSI . TMB-H . Claudin18.2"*'Fl FGFR2b'** /45 , 7¢
TSR F D IRYT 1A — R PR A, E0 A T M
A AR TE A T SR AT I

BeAh, ARTF R 250k 2 2 5 DNA b A 26, 4] I 5%
B AR AT LR BT RO Y . T A DNA 3
A6 55 10T U YE B 5-FU IR 0098 25 Wt 245 % 006 %,
W KLAL Y TFAP2E . TMS1 ,PYCARD Fl DAPK 0] it 5 5-FU 1y
M 24 M BB, i 7 TP 31k (9 CDKN2A 1 DCTPPI W) A RE 42
TR 5-FU UK, 55 4 =5 B 840 1) BMP4 F GSTPI Wl RE54A
FHUEA &, TR F R AL B9 ADGRL2 F1 GTSET 7] fiE 5 15 98
of MG A0 28 2 ) S SRR AT S0 AN BF 5 R B
CDO1 Ja T X3 P Iy i3, AR5 7 B i A A7
B B AL F AR AT B, B 7R T e = S0 AT BN 1)
TRTEAR R, WA 2B R, B 9Kk MAGE-AT JE A (4 !
FEAL B AE T B 5 T BN =2 A1 A A e, R H SRk ] il
s H 0 52 1 X 2 P M R N R AZ R T 2 1 L 5 —
TAAIAIFST K IR, MAGE-A3 AT BA T 22 74 38 1 45 42
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PP TR 2 PR O AR — TR R B, oA H 3
A1 SOX 17 F1 RASSFIA JER )3 8l 5407 O R AFAH G,
7T A I ) 5 Ak 7 R AN RAHSE Y, s AT, Jie
AT DL 3 B0AE DNA 9 HF AR 2SR 3 il 18 9 14 2

ST R, A0 DNA BY5F5 F L0 mT LA il 8
f & A I, AT 0 DNA 3K 5% 8% i 10 i) ) (DNA
methyltransferase inhibitors, DNMTi) ) 25 91 F 58 1E 76 B I
. ORI 2 BIEYE 22 W], DNMT % S8 Ak 7 186 4 il T ]
VIR S8 1) 3 Mgt A A8 Ak, DT S 330 A 2% 1 5000 15 2 T
2h1E . N, M PG Al A 5-FU BCA 25 0 TFAP2E 15 8 5
SRR P AT 2 AR SR SO N R Ak, 3
FE A8 R BIFST T BT LA AR Sy 25 H Ak e
B R TR B — 0 T G RS0 . T4 5 98 AR
EOX Jr 4 (R LR (BLYDHRIE R B i) B4l B Ak iy
FH 5-BrFL AR, 25 50 R, iR A 56 55 B A7 4 HPP
TIMP3 ,CDKN2A . ESRI F1 MGMT 3 3141 W 5L 4k, 1 BLw) 2
TE 5 2% 135 6 B VEOX 7 Fe it 52 M K47, 4k y7 mir I 5-BiT 4L
JE AT T BB S B SR ALY T AL . M AR T 2 1 e T
WEALBF T RIS T 204 B 7 28 R it — D i e X R G
ARI7 AT RO SR B AT

B EH AR 1k, 56T B8 05 BT AR 2 R i
AN IR L8 R 3 0] LU BT 2 25 . AR R
SRR AH 563 R 174 1 P AR R R 0 T B 1 T AN AR A
JTHEHL , B AT 1] B A 4R 3L 1R 1Y) DNA FE SE ARk 78
WA BT RO . 202048, Hh EIRESE I BA R T DNA &
2 FE I I 3l 1 WY 64k AR R (RPMIB A58 ) S 1510 4t By
BT RCR 75 RPMB 4 J0 A= 77 SR 0 R I IR 45 )0,
SR DR >T2 Jifyd R B 1 94k B2 45 1T 42 A2 i B O 9 75 RPMIB
BFENT AN ARG KB, 5> DNMT BE G5 5 8 40 i 1Y
T AR, T AR S T e S A 1 A 1) A R R
DNMTis 54057 254 R i a7 B B RIVE L, vl FAEARYT
WO EARR . U, L DNA HT 354k R 8 509 DNMTis 78 R
e F R TR B L 2T 2 Ak . 8 T B AR
AXTHARST R BT R 1.

2P FRIIR AL 2 e — AR TR T RS L 0 S T

VAT U, 02 LT BE DR a3 0 S A R O00 A B A, A
MIAIFHR ., L DNMTI A HE 5 A A 56 20 M ok ik & |
1538 % DNMT 90 il 5] Zebularine , {2 H Hij 1F 7% I JR 1l IR
S P A R RS . 5 DNMTi A L, 4 26 1 /P 91k 24
LRI S M= OF WA CIRTEY Ny o (1 (BN E I L R | i
PPIRAS o HEAE A B 58 £ W] CRISPR-Cas9 R0 —FRA
560 DNA F A0 HE a8 7 Mg T DRI, 1l R
Ak 4 %5 AT 8 Lk DNMTis 3 B 07, B0 475 G 6 1 B2 97 1
M.

DA A 2 A6 A5 s BT (PD-1/L1) AR A0 e 3y 77 v, 7 /D
HH R P BRI RS T AL, A NHIER 2, K
2RI R AR 25 AR D i L8 B YT R R A
SIRART 251 . RELHFTER T, Iib R (5B B8 7 i i Jee v
WA 2 T LA VE |, 70 20 A 2ok -5 A e SR 58 1 o
E RSk A A BAE R TR 2R A A AT U B
(R4 B AR A g A e R B B T n 5@ i
4% GABRA3 () HEEAROIR 2547 B3 5 98 19 PD-L1 3k Al
IR G S A A S R B, PD-L2 F AL 5 i
EABET B YIAHIE , BEFMPL PD-1 B 697 M " S8 4k
WA LI, HELE DNA B IEAA SC R I8 BT R ik 5
5 98 0 G P S A SR R 2% DO AR G, 58 i 4 7 DNA R 2
AL 34 (DNA methylation score, DMS) P4k g 3 Y
AR B, & B DMS 5 345 S B2 1697 TR0 6
(Rt 38 3 25 0 A IR TR AR P S T PR R A 2, A AT g
TR AN ) B4 S 8 ey 2 TR0 18 50 X B 88 ¥R 97 I Nz e 4
TR T3 PEAk XA T I 25 0] Re v A R B A T
AL WER2 I 2,

= R clDNA AEYIFR S TG A Pk AR 5 e 2R

FEAAL VR AR UE S AE B0 R A kR rhle ) f 2
YEF, e DNA H AL BV g — A 2R, © BUE st
TESIE 0 A R SR v B OGS E T o A R SRR D B
SIS M E TR T 2 oGHE .. BRTH 1 bhrk
At 5 T I 1) e Bk ik TT E AR T 3R E L B 0 A A
Yo BN, AE R AR R AR &, BRI ctDNA 1
S IE AR N B ST A AR AR R R [ iR A7

R T ACRA PR RO 2%

TR I ] AR S HEPIRES EE BTN
fEAHRTT FREDER 24 TFAP2E.TMSI.PYCARD . DAPK ,CPTIC ,NOTCH3,FSCN1 R [15].096].097].0981.[99].[105].[109]
SRR I E B ADGRL2FI GTSE1 mist  [96].[110]
BB BMP4.,GSTPI mist [96].[98]
T2y CDKN2A R DCTPPI EWHAL [98].[106]
LRI MAGE-AT, MAGE-A3,CHFR £ [101].[102].[111]
HUETIZE AL HPPL, TIMP3,CDKN2A  ESR1 . MGMT, TFAP2E £t [105]
FALS 7 B CDOI FEAL [100]
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