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Size and shape of the nucleus are hallmarks of

cancer cells

Colorectal cancer

Normal colon tissue

What are the molecular changes that occur in the 3D genome of cancer genomes?



Topological atlas of colorectal cancer genomes
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175 libraries, > 28 billion reads




Hi-C data measures 3D interactions genome-
wide
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Hi-C: unbiased all-to-all interactions
HiChlP: interactions mediated by a DNA binding protein

Lieberman-Aiden et al. Science, 2019



Chromatin is folded in a hierarchical structure
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Figures from Johnstone, Reyes, et al. Cell, 2020



Chromatin loops are 2D distant genomic
regions that are closeby in the 3D space
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Chromatin loops can link SNPs to distal

genes
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Enhancer-promoter loops contribute to
oncogenic programs
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Topologically associating domains
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Topologically associating domains are largely
stable in tumors
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Topologically associating domains are largely

stable, except for CIMP tumors
CIMP: CpG island methylator phenotype
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Chromatin compartments

Chromosome 7
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Peripheral localization of compartments is
disrupted in tumours
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Hypomethylated A TADs change their
interaction preferences towards B
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HiC interaction revealed a novel compartment

with intermediate properties
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Topological changes in tumour mirror
features of accumulated cell divisions

Primary tissue:
Tumor vs Normal
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Topological changes induce gene expression
programs that restrict tumour progression

TCGA data: hypomethylation as Score built on genes downregulated
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Conclusions

« Enhancer-promoter loops contribute to rewiring of oncogenic
expression program.

* TADs are largely stable except for boundaries that are
hypermethylated in CIMP tumors.

« Compartments structure changes in association with
hypomethylation to induce tumor-supressing gene expression
programs.

Johnstone, Reyes, et al. Cell, 2020
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