HEERCAAR H55E SOl 202649 A

- 802 - Journal of China Medical University Vol.55 No.9 Sep. 2026
N S aE-
e

ATR/ICHEK1BERRET5BESTMB/MSI-HIRSHXERE
X EEIaT R ER

MEF AEHE AR A ER, R, R
(. [ BERI R E S — ZE Be i R, PR 1100015 2. HFE A RS RS B A — B2 o AR Wiy 7R JE T 100853)

WE B ®TEE (GO BHEFLALMDET KETARRadIA X I (ATR) Foib & 5881 (CHEK]) AR £ L E
M E R A (TMB) T 2K A (MSS) B A2 AP 5L T Bk 1 (PD-L1) KA 6948 % bk, 346 AR A4 TR o0 76 77 2 R A WA 4
N TR RS AT5945) GCE A 6948 R LARE T A8 3L LAEAR A A T — R B AREMATR/ICHEK T A B R % |
TMB#A=MSS, Jf i it 5. 7% 28 2248 5 4 PD-L1 & 35 o 5K A Fisher# M0 5 % | x 4 36  Wilcoxondk Fo 44 B FeSpearman s 5 47 7 4%
TR 8RB R 5940 B P M B ATR R %2241 (3.7%), £ 361 B 8+ 4 W CHEKI R % (0.5%) . ATRE L &%+,
2 I % K R AT (TMB-H) ¥edd] (63.6%) Fo iy JEM T E R4 (MSI-H) Wt (57.1%) E 5% . 3BIATR/ICHEKI K & %% ¥
ATMB-HA=MSI-H, B % & TMBIL R % 3 TATRE R %28 (P < 0.05) o & BALE S5 B , ATRA B 1774Y (%545 A % %
TMB-H (35.7%) #2MSI-H (41.7%) %% ¥ S h I, ATRE TP H27.3%4 & FPD-LIFEA A E3E o (CPS) = 1,451 ATR/
CHEKIA B R, 5 32 3B R L A21774Y (%58 5 % %, 5 GCHTMB-HA=MSI-HAK A48 % , 2 9T 4818 1L s SRDN AR 45 15 £ 18
FEIG SR IY B IR . ATRICHEKT R T AR SR 2 R A TRM GC S J& 78 7 SR 0 37 B A AR &4 .

KR R HFRALMREY KT TR RN Rad3AI K ; A5 EIREE BT A AT MEERS; AR TERA]
RESHES R735.2 MHEFRERG A MEHS  0258-4646 (2026) 09-0802-05

2% HARHE  hiips:/link.cnki.net/urlid/21.1227.R.20260921.1355.012

DOI: 10.12007/j.issn.0258-4646.2026.09.006

Relationship between ATR/CHEK1 gene mutations and high TMB/MSI-H status in gastric
cancer and their predictive role on immunotherapy efficacy
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Abstract Objective To explore the correlations between mutations in ataxia telangiectasia and Rad3-related kinase (ATR) and checkpoint
kinase 1 (CHEKI) genes and tumor mutational burden (TMB), microsatellite status (MSS), and programmed death-ligand 1 (PD-L1) expression
in patients with gastric cancer (GC) and to evaluate their potential as biomarkers for predicting the efficacy of immunotherapy. Methods A
total of 594 formalin-fixed paraffin-embedded tissue samples from patients with GC were retrospectively analyzed. Next-generation sequencing
(NGS) was used to assess ATR/ICHEK1 gene mutations, TMB, and MSS, and immunohistochemistry was performed to analyze PD-L1 expression.
Fisher’s exact test, chi-square test, Wilcoxon rank-sum test, and Spearman correlation analysis were used to assess the associations among varia-
bles. Results Among the 594 enrolled patients, ATR mutations were identified in 22 patients (3.7%),including three concurrently harboring
CHEKI mutations (0.5%). Patients with ATR mutations had significantly higher proportions of high tumor mutational burden (TMB-H, 63.6%)
and microsatellite instability-high (MSI-H, 57.1%). All three patients with concurrent ATR and CHEK1 double mutations presented TMB-H and
MSI-H status , and the TMB level in the double mutation group was markedly higher than that in the ATR single mutation group (P < 0.05). Muta-
tion site analysis revealed that the frameshift mutation 1774Yfs*5 of the ATR gene occurred at a high frequency in patients with TMB-H (35.7%)
and MSI-H (41.7%). In the ATR mutation group,27.3% of patients had a combined positive score (CPS) of PD-L1=1. Conclusion  This study
confirmed that ATR/CHEK]I gene mutations , especially double mutations and the hotspot mutation 1774Y{s*5, correlate with TMB-H and MSI-H
status in GC,indicating that these mutations may enhance tumor immunogenicity by disrupting the DNA damage repair pathway. Collectively,
ATR/CHEK]I mutation status can serve as a novel biomarker for predicting the sensitivity to immunotherapy in GC.
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Tab.1 Distribution of mutation sites in ATR mutation patients divided by TMB

TMB Mutation site Detection count  Detection rate (%) | TMB Mutation site Detection count Detection rate (%)
TMB-H R1631H 1 5.56
A1417V 1 5.56 R2356H 1 5.56
A470V 1 5.56 Y1773*fs*1 1 5.56
A979V 1 5.56 TMB-L
F2221fs*11 1 5.56 K1813T 1 12.50
G606D 1 5.56 R177* 1 12.50
1774Nfs*3 1 5.56 L1746F 1 12.50
1774Y{s*5 5 27.78 S601F 1 12.50
L596R 1 5.56 FO90L 1 12.50
N1135%fs*1 1 5.56 E293V 1 12.50
N2381D 1 5.56 L477F 1 12.50
R1051C 1 5.56 1434R 1 12.50
K2 REBEMSIKISHATRRERERTMNANT
Tab.2 Distribution of mutation sites in ATR mutation patients divided by MSI
MSI Mutation site Detection count  Detection rate (%) MSI Mutation site Detection count  Detection rate (%)
MSI-H MSS
Y1773*fs*1 1 8.33 K1813T 1 10.00
R2356H 1 8.33 R177* 1 10.00
R1631H 1 8.33 L1746F 1 10.00
N2381D 1 8.33 R1051C 1 10.00
NI1135%fs*1 1 8.33 S601F 1 10.00
1774Y1s*5 5 41.67 L596R 1 10.00
F2221fs*11 1 8.33 F990L 1 10.00
A1417V 1 8.33 E293V 1 10.00
L477F 1 10.00
1434R 1 10.00
%3 SHIATR/ICHEK1 X REERENREM SN FHTMBE T PA L R 28745 |2 3% | HATR-1774Y(s*5F5 15

Tab.3 Distribution of mutation sites in 3 patients with co-muta-
tion of ATR/CHEK1

Patient No. ATR mutation site CHEK]I mutation site
1 N1135%fs*] R372Q
G606D Y8IH
2 1774Y{s*5 Y8IH
A470V T226Hfs*14
3 1774Y{s*5 T226Hfs*14

AHFSE F R T ATRICHEK 1K R 575 P[] 14
588 5 R 2 AN T I RN, DA 1774 Y s 53R,
S TETMB-H/MSI-HV A H 1 S0 SEAPAIE AR B SE
IR AEGCEA S i R GEESE T ATR/CHEK IR R %
A B [ i e o DR 2R e P, SR SR IR 58 7%

ZRAZFETMB-H/MSI-HE B 5 43 5 4 (35.7%~41.7%)
X — A& B 5 DDR B %O R W) 2= e — B ATR/
CHEK 5538 B& AT > 1 o i A 20, FL D fig ik 2k m]
SPEDNAFE 15 SR, P 9R 3h s s As et
4 L3 TP ATR/CHEK 17 538 B 9% ik 55 2 PLK-4 1 Ui
() S BUR UK S N T, PLK-4i8 1 B 3454 I F 0
ATR, JE 1B B2 ALCHEK 1, 412 1F 41 it J& 39) 0 72 Fn 42
28 A B AT S R R A KO SR T
SR, GCAY i 45 M £F T CHEK 128 7% 5 MSI-HI) 38 56
1, 3% T B 5 GCREAT 1Y 2 ULast 1% 4% AH OC . % Ak
M FAE , ATRICHEK 157 AT AR GCHE R ZHANFR & 1)
BRI bR 7 A WE T, 63.7%HIATRSE S 854
HTMB-H,57.1%KMSI-H, . 3% & FAERAE B H (P <



+ 806 -

HREERRESR H55%

0.001) . 5 L AT B9 1390 ¢ T-DDR1-HIF 1odith 1 A 5
TR AN, RVDDR 13 2 F2 e HIF Lot 3 17826 18, i
ATR/CHEK 15 [ 0] ] bﬁﬁﬁﬁzk% S,
[Fi] 3 385 iy B2 S e TR i B

ATR/CHEK1%& 7% 5PD- Ll%% 1 78 43 S B (A
W5 HF75% 578 % CPS=1) 42 7% , DDR I [ 7] BE 18
ﬁzﬁﬁﬁéiﬁ%%ﬁfé@& DDRR [ FR R i) 241 A ot
DNA# 2L cGAS-STINGS 5 i #6175 5 1 B T = B
B, S HEPD-L1E3E N X — & B DDRAE [i] 25 ) 5
B EIRIT IR A AR PR AL T B0 S P9 R,
ATRAN il I VE-82 15 G CAH A o it 4801 50 8 44 7431

5, HL R RIPD-L1ZEA o MAHFZE Ho o 5748 £ 5 O ey

TMBHFAE (7P (75518.5 mut/Mb) 275 HXFPARPH 41 31

BRIUER TR, =25 G (DDRI IR fie e
?ﬂ]fﬁhﬁ%‘mﬁﬂﬂ%ﬂ FBCE T B+ A7 75 5 G2 i P
HET) AT RE Rk S XU - B AT R IR 7R £ o

ARWFFEAFAE LT SR BRI : CHEK 15878 RE A2 i
b AT BESE MR e 18007 IS B0 A e 4 s = D g
'@izﬁzﬁiﬂwwfs*sﬁ?%f}‘Eh,mﬁDNA{WEL

ELASZ M, XE DL ST WA 9 PR AR G & s FFPERE AR
’\JDNAB%%ﬂﬁb%ﬁNcs;MEvﬁié-PD-u%%iﬂs
B T CPSPF4), HAEAAN M, H 5 5828 0GR Y
A2 7 AP T BE R BAFN B IE s R 5 B A A8
P IR YT A R A B, TR TTAN 3 2 4 TR A 1 I

PRIGUS B8 o (AT T S A2, MSIARS I Hh e 1451 (5

0.17%) 2 J5 R KRS ARG, $2 73 g ) 25 5 ot
PERT BESZ A 234 AU HER 1 ﬂ%ﬂélﬂ%ﬁTﬁﬂmﬁ
GCAr ¥4 1, B MR RATR/ICHEK 1 5 28 4R A1
SRy B SR RE VA T R T R v A AR R AL R Y
W1, WK TGS 7o )2 3R B

25 LRIk, AR 5K 8 78 T ATR/ICHEK 153 7% 3
I BEIRDDRE 9K 3h G CHE R A AR Fa e M, T e
TG C e 16 YT SURME T FE A= A 4 o I K
ATR/CHEKIR] 4§ AGC4y ¥ 43 zﬂﬂﬁ%a&&@ﬂ X
KRR B E AR SAEAAICTIHR B IRYT AR T dh eI 4R
W2 FEARRIEH S SR IR YT T R e, e 25
Mo F TR 3 R R eI T o

SE 3k

[1] SUNDAR R,NAKAYAMA I,MARKAR SR, et al. Gastric cancer [ ] ].
Lancet,2025,405 (10494) :2087-2102. DOI:10.1016/S0140-6736

(25) 00052-2.

[2] BRAY F,LAVERSANNE M,SUNG H,et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries [J]. CA Cancer J Clin,2024,74 (3) :229-
263. DOI:10.3322/caac.21834.

[3] GUAN WL, HE Y, XU RH. Gastric cancer treatment : recent progress
and future perspectives [J1. J Hematol Oncol ,2023,16 (1) :57. DOI:
10.1186/s13045-023-01451-3.

[4] SHITARA K,SHAH MA,LORDICK F,et al. Zolbetuximab in gastric
or gastroesophageal junction adenocarcinoma [JILN Engl J Med,
2024,391(12) : 1159-1162. DOI: 10.1056/nejmc2409512.

[5] 1 AR, 56 H)%/J\ VK, AR H R 2V P HER-2 MISurvivinds Y
FIR M REE SC LI ] P AR %5410, 2016,45 (7) :616-619.
DOI:10.12007/j.issn.0258-4646.2016.07.009.

[6] LI F,KOZONO D,DERASKA P,et al. CHK1 inhibitor blocks phos-
phorylation of FAM122A and promotes replication stress [J]. Mol
Cell, 2020,80 (3) :410-422.e6. DOI: 10. ]0]6/j molcel.2020.10.008.

(7] v Sus D2 R RS IR T Ll 22 bl 2. AR BORTEW 1k
FRGIRIG R Y b L G R [T IR SR iRy A4k,
2024,10(1) :69-92. DOI: 10.1215/JMCM.2024.01-11.

[8] FRAMPTON GM,FICHTENHOLTZ A,OTTO GA,et al. Develop-
ment and validation of a clinical cancer genomic profiling test based
on massively parallel DNA sequencing [J]. Nat Biotechnol,2013,31
(11) :1023-1031. DOI: 10.1038/nbt.2696.

[9] CHALMERS ZR,CONNELLY CF,FABRIZIO D,et al. Analysis
of 100,000 human cancer genomes reveals the landscape of tumor
mutational burden [J]. Genome Med,2017,9 (1) :34. DOI:10.1186/
513073-017-0424-2.

[10] ZHANG LY,GUAN B,LI W, et al. The effective molecular charac-
teristics of PD-1 inhibitor combination regimen as the first-line
treatment for Chinese patients with HER2-positive gastric cancer:
a real-world retrospective analysis study [J]. Transl Gastroenterol
Hepatol ,2025,10:23. DOI: 10.21037/tgh-24-95.

[11] SETHI NS,KIKUCHI O,DURONIO GN,et al. Early TP53 altera-
tions engage environmental exposures to promote gastric premalig-
nancy in an integrative mouse model [J1] Nat Genet,2020,52 (2) :
219-230. DOT: 10.1038/s41588-019-0574-9.

[12] XUE KM, LIU L,LIU YX,et al. Radiomics model based on mul-
ti-sequence MR images for predicting preoperative immunoscore
in rectal cancer [J]. La Radiol Med,2022,127 (7) :702-713. DOI:
10.1007/511547-022-01507-3.

[13] SMITH J,THO LM,XU N, et al. The ATM-Chk2 and ATR-Chk1
pathways in DNA damage signaling and cancer [M] //Advances in
cancer research. Amsterdam: Elsevier,2010:73-112. DOI:10.1016/
h978-0-12-380888-2.00003-0.

[14] BAO J,YU Y,CHEN JN,et al. miR-126 negatively regulates PLK-
4 to impact the development of hepatocellular carcinoma via ATR/
CHEK]I pathway [J]. Cell Death Dis,2018,9:1045. DOI:10.1038/
s41419-018-1020-0.

[15] WEI ZW,LI J,ZHONG L, et al. DDR1 drives malignant progres-
sion of gastric cancer by suppressing HIF-1la ubiquitination and
degradation [J]. Adv Sci,2024,11 (35) :2308395. DOI:10.1002/
advs.202308395.

[16] JASIM SA,GUPTA J,UTHIRAPATHY S, et al. A comprehensive
review of immunotherapy in gastrointestinal tumors with a focus on
the role of combination therapy with PARP inhibitors [Jl Naunyn-
Schmiedeherg's Arch Pharmacol,2025,398 (11) :15095-15111.
DOI: 10.1007/s00210-025-04336-z.

(5E EXX%)



