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Category GO Analysis Term FDR
5.54E-36
cellular nitrogen compound metabolic process (GO:0034641) 2 07E-34
nucleic acid metabolic process (GO:0090304)

Hypomethylation GOTERM_BP DIRECT nucleobase-containing compound metabolic process (GO:0006139) 4 40F-34
heterocycle metabolic process (GO:0046483) | 88E-31
cellular aromatic compound metabolic process (GO:0006725)

3.68E-31
membrane-enclosed lumen (GO:0031974) 8.28E-49
intracellular organelle lumen (GO:0070013) 1.24E-48

GOTERM_CC_DIRECT  organelle lumen (GO:0043233) 2.48E-48
intracellular anatomical structure (GO:0005622) 1.79E-38
intracellular organelle (GO:0043229) 1.88E-38
RNA binding (GO:0003723) 7.92E-37
binding (GO:0005488) 1.04E-31

GOTERM_MF DIRECT protein binding (GO:0005515) 3.28E-30
nucleic acid binding (GO:0003676) 4.60E-24
Unclassified (UNCLASSIFIED) 1.03E-21

Hypermethylation

4.47E-40
detection of chemical stimulus involved in sensory perception of smell (GO:0050911)
detection of chemical stimulus involved in sensory perception (GO:0050907) 4.57E-40
sensory perception of smell (GO:0007608) 9.16E-39

GOTERM_BP_DIRECT  detection of chemical stimulus (GO:0009593) 5.74E-38
sensory perception of chemical stimulus (GO:0007606) 5.43E-37
protein-containing complex (GO:0032991) iﬁﬁ:iz
nucleus (GO:0005634)

GOTERM_CC_DIRECT intracellular membrane-bounded organelle (GO:0043231) 793E-27
nuclear lumen (GO:0031981) 3.18E—25
intracellular organelle (GO:0043229) 1: |6E-24
RNA binding (GO:0003723) 2;25;‘
G protein-coupled receptor activity (GO:0004930) '

GOTERM_MF DIRECT transmembrane signaling receptor activity (GO:0004888) | 47E-30
signaling receptor activity (GO:0038023) 1 03E-28
molecular transducer activity (GO:0060089) 1 29E-28
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Evaluation of DNA Methylation Changes in CTNNB1 and GPRASP1 Genes in the Signaling
Pathway of Interleukins 4 and 13 as Radiotherapy Resistance Biomarkers in Serum Cell-Free
DNA of Patients with Non-Metastatic Rectal Cancer: A Bioinformatics and Experimental Study

Seyed Mohammad Sadat Eshkevaril?, Zahra Bagheri-Hosseinabadi ', Solmaz Khalighfard’, Mehdi

Mahmoodi "4, Ali Mohammad Alizadeh’
Received: 20/10/26 Sent for Revision: 26/11/26 Received Revised Manuscript: 15/06/26 Accepted: 17/06/26

Background and Objectives: Inflammation and epigenetic changes are considered major factors in developing rectal cancer. The aim
of this study was to determine methylation changes of CTNNBI and GPRASP1 genes in the signaling pathway of interleukins 4 and 13
in patients with non-metastatic rectal cancer.

Materials and Methods: In this quasi-experimental study, bioinformatics analysis was first performed using GO, UALCAN, and
DNMIVD databases to identify signaling pathways of target genes. Subsequently, blood samples were collected from 43 patients with
rectal cancer (before and after radiotherapy) and 10 healthy individuals. We determined methylation changes in the CTNNBI1 and
GPRASP1 genes by methylation-specific PCR and measured serum levels of interleukins 4 and 13 by ELISA. We analyzed parametric
data using an independent t-test and non-parametric data using the Mann-Whitney U test.

Results: In bioinformatics analysis, CTNNB1 was identified as a hypomethylated gene (with high expression), and GPRASP1 was
identified as a hypermethylated gene (with low expression). After radiotherapy, increased methylation of CTNNB1 led to a significant
decrease in its expression, while decreased methylation of GPRASPI resulted in a significant increase in its expression (P<0.05).
Moreover, serum levels of interleukin-13 significantly decreased, and that of interleukin-4 significantly increased after radiotherapy
compared to before (P<0.05).

Conclusion: The results of the current study demonstrated that radiotherapy, by inducing changes in DNA methylation accompanied by
alterations in serum levels of interleukins 4 and 13, could serve as an effective model for monitoring treatment response in patients with
non-metastatic rectal cancer.

Keywords: Rectal cancer, Cell-free DNA, DNA methylation, Radiotherapy, Interleukin 4, Interleukin 13
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