3022 B 475 R K2 2A 4, 2025,47(24) http : //aammt. tmmu. edu. cn

W - LA B

FERARMESE FATEREFNPAS2RIE(RHBEBERETRENIEAHR

EHeE 4 " AREY kst R AEANL T R, K TEERRESR, RS
R B %, P P R R e e, 5 DG P A 22 B L T DG R ZE ZE B k2 KB IE B i AL I R L 1k 2 4
SRR Y5 34 T D T 7R A S0 2 O R T A 1 X R PR B T Ak N R 7R

(MZE] Hy HEFRWE B SR BRIt T isem . itk BEaija
5t n] K A (assay for Transposase-accessible chromatin with high-throughput sequencing, ATAC-seq) .2H
LU S 0 P (RNA sequencing, RNA-seq) 5 B4 g 4% 5% 20 I 15 (single-cell RNA sequencing, scRNA-
seq) BIUH , DG (5 0 T K A i 42 0 40 0 6 A1 ik ) B 7 0 A B P R T I G B ] BT 55 5 AR
HERH O 1 B S D] 1 NPAS2. R A UG e 20 A e (0 R A= 700 #r B NPAS2 Ry 35 5 1 s i e
I RIS ARG . PR D RE T T, AR )15 27 20 A 4 s 9 A DR 7 NPAS2 5 2k A0 T 38 6 8 8 R O 5 449 A
Ik Jeid F238 NPAS2 B AL bE , 456 CCK-8 . N %% (malondialdehyde, MDA ) & il & .BODIPY %4t ¢
S AR D RE L5, RS NPAS2 X B A0 R SE T VE . 85k B st H -+
NPAS2 1t 15 8 #E & ' mRNA FE KR s B W2 I, HHE RS 8H A R UG SV,
NPAS2 5 3 35 5 8 J0 T3 % 2% I A5G, NPAS2 R 65 23 il 15 i 4L 2 b 22 1> BR A0 T 4100 4 22 9 (i
SLC7AIT ACSL3) 321K 3 Ty o AN WA S 90 A, 16 B i A0 ML o ik NPAS2 35 2R A0 TR HL
BTy, I NPAS2 WIfE LA A AR ARAE T ahie B P IPCRe (i nl B A A 5 NPAS2, ol i
T 5 e 200 K S TR P O e e 0 R, SR TR TR R IR Y T RE AL

[REEE ] HMR Qe BT E I RAE T N NPAS2 T BT

[HEESYZES ] R394.3;R730.23;R735.2 [SCERIRERD ] A

Accessible chromatin upregulates circadian rhythm transcription factor NPAS2 to

promote Ferroptosis Resistance in Gastric Cancer Cells

LI Yaping'’, HU Xiao' *, QIN Ziyun’, ZHANG Qiaoqiao’, CHU Zhaole”*, ZHOU Zhili’, WANG Bin”’, QIU Qiu’
'School of Medicine, Chongqing University, Chongqing; “Jinfeng Laboratory, Chongqing; 'Southwest University

Medical Research Institute, Chongging; ‘College of Pharmaceutical Sciences, Southwest University, Chongqing;

"Department of Gastroenterology, Chongqing Key Laboratory of Precise Prevention and Treatment of Digestive

Malignancies, Daping Hospital, Army Medical University, Chongqing; ‘Department of Gastroenterology, People’ s

Hospital of Chongqing Hechuan, Chongqing, China
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circadian genes on ferroptosis in gastric cancer cells. Methods The data from Assay for transposase-

(HE4TWB] EFEAETH(2023YFC3402102) ; & PTHTRF LBES EEE R0 H (2020FY YX028) ; 211 A E % (2024) 1092 B Rk g A A 71 H
[@BEMEE] T wt:wb_tmmu@126. com
BB Fk:360894544@qq. com

2097-0927/Copyright © 2025, A2 K2 (5 =2 K %%) o X RIFHORIUCCE #EG CC BY ¥ 7] P (https: //ereativecommons. org/licenses/by/4. 0/)
SI AR AN B, 285025 A e Binl vk A B A D T NPAS2 FAA (L ik B B T RBT M AE SR [T ). 2522 5 241, 2025,
47(24):3022-3032. DOI: 10. 16016/j. 2097-0927. 202509102.

Citation: LI Y P,HU X, QIN Z Y, et al. Accessible chromatin upregulates circadian rhythm transcription factor NPAS2 to promote Ferroptosis Resistance in
Gastric Cancer Cells[J]. J Army Med Univ,2025,47(24) :3022-3032. DOI: 10. 16016/j. 2097-0927. 202509102.



http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24) 3023

accessible chromatin with high-throughput sequencing (ATAC-seq), bulk RNA sequencing (RNA-seq), and
single-cell RNA sequencing (scRNA-seq) were integrated to identify candidate transcription factors recruited
by open chromatin regions in gastric cancer. Then, NPAS2, a circadian rhythm-related transcription factor,
was identified as a key regulator. Immunohistochemical assay and survival analysis were performed to
investigate the relationship of NPAS2 overexpression with tumor progression and poor prognosis.
Bioinformatics analysis was conducted to analyze the correlation between NPAS2 and the ferroptosis pathway.
Functional experiments were carried out through NPAS2 knockdown and overexpression in gastric cancer cell
lines. Cell viability (CCK-8), malondialdehyde (MDA) measurement, BODIPY fluorescence staining, and flow
cytometry were employed to confirm the role of NPAS2 in inhibiting ferroptosis in gastric cancer cells.
Results NPAS2 was significantly highly expressed at both mRNA and protein levels during gastric cancer
progression, and its high expression was strongly correlated with poor prognosis. Its high expression was
associated with inactivation of ferroptosis pathway, and ferroptosis-suppressive genes such as SLC7A11 and
ACSL3 were markedly up-regulated in NPAS2-high gastric cancer tissues. In vitro, NPAS2 overexpression
enhanced ferroptosis resistance, whereas NPAS2 knockdown significantly promoted ferroptosis in gastric
cancer cells. Conclusion Open chromatin in gastric cancer can upregulate the rthythm factor NPAS2, which

promotes tumor progression by conferring ferroptosis resistance to gastric cancer cells and serves as a potential

therapeutic target.
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A': Workflow of multi-omics analysis in this study; B: Strategy for screening key transcription factors involved in gastric cancer

progression; C: Validation of NPAS2 overexpression in gastric cancer across multiple independent cohorts. ACRG: Asian

Cancer Research Group; DEGs: Differential expressed genes; GC: Gastric cancer tissues; Normal: Normal gastric mucosa

tissues; TCGA-STAD: The Cancer Genome Atlas Stomach Adenocarcinoma
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Figurel Identification of NPAS2 asakey up-regulated transcription factor in gastric cancer through integrative epigenomic analysis
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A, B: Immunohistochemical assay and quantification of NPAS2 expression in gastric cancer; G, D: Kaplan-Meier curves for NPAS2

expression in gastric cancer. GC: Gastric cancer tissues; HR: Hazard ratio; Normal: Normal gastric mucosa tissues
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Figure 2 NPAS2 is highly expressed in gastric cancer and associated with poor prognosis
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A: Schematic diagram of the analytical workflow for Figure 3; B: KEGG pathway enrichment analysis of high- versus low-NPAS2 groups;
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Figure 3 Correlation of NPAS2 expression with ferroptosis-related features in gastric cancer cells
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A: RT-qPCR analysis of NPAS2 overexpression efficiency; B: Western blotting validation of NPAS2 overexpression; C: Cell viability

under different concentrations of erastin treatment; D: Relative intracellular MDA levels after erastin treatment. Cirl: negative control
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Figure 4 NPAS2 overexpression enhances ferroptosis resistance in gastric cancer cells
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A: RT-qPCR analysis of NPAS2 knockdown efficiency; B: Western blotting validation of NPAS2 knockdown; C: Cell viability under

different concentrations of erastin treatment; D: Relative intracellular MDA levels after erastin treatment; E, F: Analysis and

quantification of intracellular lipid peroxidation levels following erastin treatment. Cirl: negative control
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Figure 5 NPAS2 knockdown increases ferroptosis sensitivity in gastric cancer cells
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