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Objective of this research

Tumor heterogeneity is an important factor for drug resistance and metastasis and it is necessary
to understand the generative molecular mechanism for development of the next-generation cancer
treatment. We perform integrative omics analysis of clinical samples based on three-dimensional
tissue sampling to reveal the interplay between genomic and epi-genomic structuring. We perform
single-cell sequencing to reveal the generative mechanisms of tumor heterogeneity. We also aim at
clinical application leading to new therapies and diagnostics that will ultimately prevent drug
resistance and metastasis.

1. Reveal elementary processes of acquiring tumor heterogeneity by single-cell sequencing (by Kato)

To investigate the generative mechanism of intra-tumor heterogeneity, we used a mouse model
based on 3D culture derived from a single cell and allograft. We sampled tumor cells at 3 different
time points, performing single-cell DNA and RNA sequencing. We set up pipelines for the sequence
data and established the methods of variant calling and expression level calculation at the single-cell
level. In transcriptome analysis, we identified genes varied across single cells. We found that new
subpopulations with distinct cellular functions were generated under the environmental change from
the 3D culture to the mouse skin. In exome analysis, variants were already accumulated before the 3
time points and the genetic diversity did not greatly change. In phylogenetic tree analysis, cells were
not separated on the tree, which indicates that selective sweep did not occur at the environmental
transition. In conclusion, 1) we proved that genomic and transcriptomic diversity were actually
generated from a single tumor cell, and 2) cancer cells with enough genetic alterations may adapt to
drastic environmental changes such as transplantation, largely by changing their transcriptional
expressions (possibly through epi-genetic changes), resulting in new subpopulations without great
genetic differences.

2. Unveil the intra-tumor genomic/epigenetic heterogeneity leading to invasion and metastasis (by
Mimori)

We performed multi-regional analysis of advanced/early cancers and precancerous lesions to
examine the evolution from the genomic and epi-genomic perspectives. As a result, we found that
genomic variants increased according to age in all primary regions. Furthermore, hyper-methylation
occurred in important tumor suppressors at the early stages of tumorigenesis. It is indicated that
neutral evolution plays an important role on the generation of heterogeneity in advanced cancers,
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while selective force may play an important role in early cancers and precancerous lesions. We thus
delineated a synopsis of genomic and epi-genomic evolution from precancerous stages to advance
cancer.

3. Utility of cell-free DNA from the viewpoint of tissue-local heterogeneity (by Maeda and Takai)
We examined the influence of intra-tumor heterogeneity on detection of tumor variants that were
identified from cell-free DNA, in order to establish a platform that identifies genetic aberrations
related to metastasis and drug resistance from cell-free DNA. Collecting autopsy samples, we
successfully sampled tissue from 16 autopsies. Of them, we used 2 cases for analysis to examine the
relationship between variants in multi-regional tumor tissue and those in cell-free DNA. We
identified tumor heterogeneity, in which driver mutations were accumulated in different metastatic
regions even in the sample patient, and we further identified more variants from cell-free DNA than
those. Cell-free DNA analysis may more comprehensively detect variants than tissue-based
sequencing.

4 . Establish three-dimensional primary cultures of clinical samples that show recurrence,
transformation, and drug response associated with intra-tumor heterogeneity (by Yokoi)

How is intra-tumor heterogeneity generated according to time in clinical samples? To complement
the above three issues, we tried to analyze intra-tumor heterogeneity in clinical samples. We stored
113 cases of primary cultures derived from the biopsies or surgical tissue of lung cancer patients, of
which 8 cases were paired primary-metastasis samples and multi-recurrent tumors at different time
points.

In conclusion, selective force plays an important role from precancerous lesions to early cancers
through genetic heterogeneity or methylation changes, while adaptation through gene expressions is
more important than genetic changes in advanced cancers for generating intra-tumor heterogeneity
and for malignancy/metastasis. From a combination analysis of tissue heterogeneity and cell-free
DNA, cell-free DNA method may capture more variants than those identifiable by tissue-based

clinical sequencing.
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