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Effect of chromatin opening state on colon cancer-related functional pathways: a bioinformatics analysis

KANG Zheng-chun®, YAN Fei-hu”, WANG Zhen, ZHAO Zi-ye, YU En-da, XING Jun-jie’
Department of Colorectal Surgery, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract] Objective To explore the effect of open chromatin state on functional pathways related to colon cancer
using the data of assay for transposase-accessible chromatin using sequencing (ATAC-seq) and RNA sequencing (RNA-
seq) from The Cancer Genome Atlas (TCGA) database. Methods ATAC-seq and RNA-seq data of colon cancer were
downloaded from TCGA, and the quality of ATAC-seq data was controlled using R 3.5.3 software. The ATAC-seq peaks of
all samples were annotated, and the Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG)

pathway enrichment analyses were carried out. The key genes of colon cancer, including APC regulator of Wnt signaling
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pathway (4PC), Kirsten rat sarcoma viral oncogene (KRAS) and v-raf murine sarcoma viral oncogene homolog B1 (BRAF),
were selected to analyze the correlation between ATAC-seq peaks of the 3 genes and the fragments per kilobase of exon model
per million mapped fragments (FPKMs) of RNA-seq. The tissue samples of TNM stage Il +1V and I + Il were selected to
analyze the differential ATAC-seq peaks, and KEGG pathway enrichment analysis was performed for up-regulated and down-
regulated peaks annotated genes. Results The ATAC-seq peaks of colon cancer were evenly distributed in the chromosome,
and most of them were located in promoter region (30.17%, 5.42% and 3.88% in the distance from transcription initiation
site <1 kb, >1-2 kb and >2-3 kb, respectively) and distal intergenic region (26.17%), which were consistent with 2 main
types of chromatin open region. GO function and KEGG pathway enrichment analyses showed that the peaks annotated genes
in ATAC-seq data of colon cancer were significantly enriched in cancer-related functions and pathways, such as intercellular
signaling conduction of Wnt signaling pathway and epidermal growth factor receptor (ErbB) signaling pathway. The RNA-seq
FPKMs of APC, KRAS and BRAF were positively correlated with ATAC-seq peaks in promoter region. The up-regulated peaks
annotated genes were significantly enriched in ErbB signal pathway, Wnt signal pathway, PI3K-Akt signal pathway, p53 signal
pathway and other signal pathways related to proliferation, invasion and metastasis, while down-regulated peaks annotated genes
were significantly enriched in T cell receptor signaling pathway, B cell receptor signaling pathway, cell adhesion molecule

signaling pathway and other immune recognition related signaling pathways in patients at TNM stage Il + IV than at stage

I +1I . Conclusion Open chromatin plays an important role in the functional pathways related to colon cancer.

[Key words | colon neoplasms; The Cancer Genome Atlas; high-throughput sequencing; open chromatin
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Fig1 Covered length of ATAC-seq peaks of colon cancer

The abscissa represents the chromosome position, and the red band represents the standardized value of peaks. ATAC-seq: Assay for

transposase-accessible chromatin using sequencing; Chr: Chromosome.
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Fig2 Pie chart and Venn diagram of location characteristics of ATAC-seq peaks of colon cancer

ATAC-seq: Assay for transposase-accessible chromatin using sequencing; UTR: Untranslated region.
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Fig3 Heat map of distance from peaks to transcription
initiation sites in ATAC-seq data of colon cancer
The negative value represents the 5’ end of transcription initiation
site, the positive value represents the 3 end of transcription
initiation site, and the red line represents peaks. ATAC-seq: Assay

for transposase-accessible chromatin using sequencing.
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Fig4 GO function (A) and KEGG pathway (B) enrichment analyses of annotated genes of colon cancer ATAC-seq peaks

ATAC-seq: Assay for transposase-accessible chromatin using sequencing; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes

and Genomes; MAPK: Mitogen-activated protein kinase; TNF: Tumor necrosis factor; ErbB: Epidermal growth factor receptor.
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ATAC-seq: Assay for transposase-accessible chromatin using sequencing; KEGG: Kyoto Encyclopedia of Genes and Genomes; TGF:
Transforming growth factor; PI3K-Akt: Phosphatidylinositol 3-kinase/protein kinase B; NOD: Nucleotide-binding oligomerization domain;
MAPK: Mitogen-activated protein kinase; ErbB: Epidermal growth factor receptor; cGMP-PKG: Cyclic guanosine monophosphate/protein
kinase G; AMPK: Adenosine monophosphate-activated protein kinase; ABC: Adenosine triphosphate-binding cassette.
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