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〈 Introduction 〉 
“Recent Advance in Cancer Genomics” 

Hiroyuki Mano, MD., PhD.  
 

 

Cancer genomics has revolutionized the way we diagnose and treat cancer patients with.  

Discovery of molecular targets has substantially prolonged patients’ survival with 

corresponding inhibitors, and prognostic biomarkers has further sophisticated therapeutic 

intervention. Identification of the same oncogenes across a wide array of cancers also paved 

the way to genomic medicine. Further understanding of cancer provides a variety of cancer 

models with better prediction of clinical efficacy for drugs than conventional cell lines. This 

symposium will discuss these hot issues with the world-leading scientists. 
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Abstract 
 

Our discovery of EML4-ALK oncogene in lung cancer brought highly effective ALK 

inhibitors to the patients carrying this fusion gene. Identification of other ALK fusions in 

various cancer subtypes further led to realize the importance of beyond-organ, gene-based 

cancer classification scheme (Cancer Discov 2:495-502), ushering in the “cancer genomic 

medicine” to the clinics. To assist clinical sequencing of cancer specimens, we developed the 

“Todai OncoPanel (TOP)” multigene test that can sensitively and reliably detect gene 

fusions in addition to single nucleotide variations from formalin-fixed specimens (Cancer 

Sci 110:1464-1479). Further, to functionally annotate variants of unknown significance 

(VUS) in the cancer genome, we have created the MANO method that screen hundreds of 

VUSs in a high-throughput manner (Sci Transl Med 9, eaan6556). 

     Japan planned to adapt gene-panel testing to optimize cancer treatments under the 

national health insurance system. To discuss a necessary platform to perform such cancer 

genomic medicine in a nation-wide manner, The Expert Meeting for Cancer Genomic 

Medicine Promotion Consortium was held in the Spring of 2017 in The Ministry of Health, 

Labour and Welfare (MHLW). The Expert Meeting recommends a step-wise adaptation of 

genomic medicine, i.e. such medicine should be first conducted only in designated hospitals, 

and the number of these hospitals shall be increased gradually. Another important proposal 

from the Expert Meeting is to set a central datacenter to aggregate genomic as well as 

clinical information of gene-panel tests. MHLW accordingly designated, in the Spring of 

2018, eleven Core Hospitals for Cancer Genomic Medicine and 156 of Cooperative 

Hospitals for Cancer Genomic Medicine. The Ministry also established, in June 2018, The 

Center for Cancer Genomics and Advanced Therapeutics (C-CAT) to store and utilize 

genomic/clinical information.  

     The genomic medicine platform in Japan, consisting of these hospitals and C-CAT, 

officially started at June 1st 2019 with two approved cancer gene panels, “OncoGuide NCC 

Oncopanel” and “FoundationOne CDx”. We are preparing the “C-CAT Cloud” system so 

that such genomic and clinical information shall become available to academia and third 

parties.  

<MEMO> 
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Abstract 
 

Stomach cancer (gastric cancer) is a leading cause of global cancer mortality. Particularly 

prevalent in Asia, previous genomic studies have shown that gastric tumors are high intra-tumor 

and inter-tumor molecular heterogeneity. In this talk, I will outline recent studies attempting to 

dissect this heterogeneity at the genetic and epigenetic level, revealing new potential strategies 

for treatment. 

 

 

 

 

References:  
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Abstract 

Cancer progression, relapse and resistance are the result of an evolutionary optimization process. 

Vast intra-tumoral diversity provides the critical substrate for cancer to evolve and adapt to the 

selective pressures provided by effective therapy. Our previous work has shown that genetically 

distinct subpopulations compete and mold the genetic makeup of the malignancy (1, 2). 

Additionally, we have shown that epigenetic changes in cancer may be similar to the process of 

genetic diversification, in which stochastic trial and error leads to rare fitness enhancing events 

(3). These studies demonstrate the need to integrate genetic, epigenetic and transcriptional 

information in the study of cancer evolution, specifically at the single-cell resolution – the 

atomic unit of somatic evolution. To enable this work, we have developed a single-cell 

multi-omics toolkit, and apply it to chart the evolutionary history and developmental 

topographies of normal and malignant blood cells. 

 

First, we have applied single-cell multi-omics to chronic lymphocytic leukemia (CLL),  a 

highly informative model for cancer evolution (4). We applied multiplexed single-cell 

reduced-representation bisulfite sequencing to healthy B and CLL cells, and demonstrated that 

epimutations serve as a molecular clock. Heritable epimutation information therefore allows to 

infer high-resolution lineages with single-cell data, directly in patient samples. CLL tree 

topography showed earlier branching and longer branch lengths than normal B cell trees. These 

features reflect rapid drift after malignant transformation and CLL’s greater proliferative history. 

Multi-omic single-cell Integration of methylome sequencing with whole transcriptome and 

genotyping capture validated tree topology inferred solely on the basis of epimutation 

information. To examine potential lineage biases during therapy, we profiled serial samples 

during ibrutinib-associated lymphocytosis, and identified clades of cells that were preferentially 

expelled from the lymph node after treatment, marked by distinct transcriptional profiles 

involving TLR pathway activation. The single-cell integration of genetic, epigenetic and 

transcriptional information thus charts the lineage history of CLL and its evolution with therapy. 

 

Second, charting the transcriptomes of clonally mutated cells is challenging in the absence of 

surface markers that distinguish cancer clones from one another, or from admixed non-neoplastic 

cells. To tackle this challenge, we developed Genotyping of Transcriptomes (GoT), a technology 

to integrate genotyping with high-throughput droplet-based single-cell RNA sequencing (5). With 

GoT we profiled thousands of CD34+ cells from patients myeloproliferative neoplasms to study 

how somatic mutations corrupt the process of human hematopoiesis. These data allow to 
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superimpose the two differentiation trees; the native wildtype tree and the one corrupted by 

mutation. High-resolution mapping of malignant versus normal progenitors showed increased 

fitness with myeloid differentiation with CALR mutation. We identified the unfolded protein 

response as a predominant outcome of CALR mutations, with dependency on cell identity. 

Notably, stem cells and more differentiated progenitors show distinct transcriptional programs as 

a result of somatic mutation, suggesting differential sensitivity to therapeutic targeting. We 

further extended the GoT toolkit to genotype multiple targets and loci that are distant from 

transcript ends. Together, these findings reveal that the transcriptional output of somatic 

mutations in blood neoplasms is dependent on the native cell identity. 

 

 

Reference:  
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2. Landau, D. A., Tausch, E., Taylor-Weiner, A. N. et al., Mutations driving CLL and their 

evolution in progression and relapse. Nature 526, 525-530 (2015). 

3. Landau, D. A., Clement, K., Ziller, M. J. et al., Locally disordered methylation forms the 

basis of intratumor methylome variation in chronic lymphocytic leukemia. Cancer Cell 

26, 813-825 (2014). 

4. Gaiti, F., Chaligne, R., Gu, H. et al., Epigenetic evolution and lineage histories of chronic 

lymphocytic leukaemia. Nature 569, 576-580 (2019). 

5. Nam, A. S., Kim, K. T., Chaligne, R. et al., Somatic mutations and cell identity linked by 

Genotyping of Transcriptomes. Nature 571, 355-360 (2019). 
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Abstract 

Cancer is thought to comprise a heterogeneous population of neoplastic cells showing a complex 

hierarchical structure in terms of gene mutations. According to recent studies, the entire cancer 

hierarchy by itself might be further embedded in higher level hierarchies that are recursively 

generated by multiple rounds of positive selections, where acquisition of driver mutations plays a 

central role. Thus, before a cancer develops, many independent, precancerous populations of 

clones are presumed to be present within apparently or physiologically normal tissues. However, 

it is poorly understood how those clones evolve from early infancy to the end of the life span in 

terms of their frequency and size and how its dynamics is affected by environmental/genetic 

factors to contribute to cancer. In this study, we investigated clonal expansion in physiologically 

normal tissues and those exposed to chronic inflammation by collecting a large number of 

micro-scale samples from aged esophagus as well as inflamed colorectal tissues from patients 

with ulcerative colitis, followed by an unbiased detection of somatic mutations and copy number 

abnormalities (CNAs) using whole-exome sequencing (WES). We demonstrated pervasive 

expansion of clones in aged esophageal tissues and inflamed colorectal epithelium in UC patients. 

Driver genes mutated in these expanded clones showed significant overlaps to those involved in 

cancer development of corresponding tissues, suggesting that these expanded clones represent 

the origin of cancer. Nevertheless, the frequency and patterns of mutations were substantially 

different between normal and cancer tissues, likely reflecting discrete underlying mechanism of 

clonal selection between both conditions. Thus, a mutation which is positively selected in 

non-cancerous expansion might not promote clonal selection but even negatively affect cancer 

development. For example, NFKBIZ mutations are highly prevalent in UC epithelia but rarely 

found in both sporadic and colitis-associated cancer, suggesting negative selection of 

NFKBIZ-mutated cells during colorectal carcinogenesis, which was further supported by 

significantly attenuated colitis-induced tumor formation in Nfkbiz-deficient mice and 

compromised cell-competition of NFKBIZ-disrupted colorectal cancer cells.  To summarize, 

our results disclosed discrete mechanisms of clonal selection and remodeling between aged or 

inflamed tissues and cancer development, which may unmask novel cancer vulnerability 

potentially utilized for therapeutics of colorectal cancer. 
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2004-2008 NH&MRC (Australia) CJ Martin Travelling Postdoctoral Fellowship; Physician Scientist 

Postdoctoral Fellow, Department of Pathology, St. Jude Children's Research Hospital 
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Abstract 

Acute lymphoblastic leukemia is the commonest childhood tumor, a leading cause of cancer 

death in the young, and associated with poor prognosis in adults. Karyotyping of ALL has 

enabled a degree of risk stratification and tailoring of therapy, and has demonstrated the 

potential of risk adapted therapy in which leukemic features at presentation and early response 

have enabled modulation of therapeutic intensity to optimize outcomes. However, the full range 

of leukemia subtypes and their drivers have been poorly understood. This has been transformed 

with the application of sequencing approaches in large cohorts of childhood and adult ALL 

samples. Such studies have examined thousands of patients with ALL and have provided 

several key insights relevant to ALL and cancer in general that will be reviewed in this 

presentation. These include the power of transcriptome sequencing to integrate multimodal 

genomic data to define ALL subtypes and their driving genetic alterations; the notion that ALL 

subtypes may be defined by heterogeneous alterations of multiple partners of rearrangement to 

a single driver; the recurring theme that perturbation of chromatin modifying genes and 

transcription factors is central to multiple subtypes of ALL, and that specific transcription 

factor mutations exert primacy in defining ALL subtypes. Moreover, studies across cohorts of 

ALL, AML and lineage ambiguous leukemias have demonstrated that specific genetic 

alterations arising in early progenitors can define leukemia subtypes that transcend a single 

lineage. These findings have important implications for therapeutic targeting. While several 

subtypes have logical targets for therapeutic repurposing (e.g. Ph-like ALL) these studies have 

also begun to reveal additional vulnerabilities, including HDAC inhibitors, BCL2 inhibitors, 

and FLT3 inhibitors. Mutational profiling also offers the opportunity to track disease in real 

time an detect relapse-promoting mutations and modify therapy to avoid treatment failure. 

These concepts that exemplify ALL as a paradigm of genomically-informed precision medicine 

will be reviewed. 
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Abstract 

 

Chromosomal rearrangements are common cancer-associated mutations that often result in the 

generation of therapeutically actionable gene fusions. Unfortunately, until recently this class of 

mutations has proven challenging to recapitulate using conventional gene targeting methods. To 

overcome this limitation, we have recently developed a CRISPR-based strategy to model a broad 

range of chromosomal rearrangements, including inversions, deletions, translocations, and 

tandem duplications (Maddalo et al., 2014). Since this strategy can be used to induce the desired 

chromosomal rearrangement in somatic cells—ex vivo or directly in vivo—of adult animals, it 

enables the rapid and cost-effective generation of novel mouse models of human cancer. As 

proof of concept, we have applied this strategy to generate a novel model of EML4-ALK driven 

lung adenocarcinoma, and to show that a novel gene fusion observed in a few human gliomas is 

a potent oncogenic driver and a therapeutic target (Cook et al., 2017; Maddalo et al., 2014; 

Ventura and Dow, 2018).  

In my presentation, I will discuss how my group is using these novel technologies, as well as 

conventional gene targeting methods, to recapitulate the genetic complexity of human cancers in 

vivo. I will present new and unpublished models of pediatric brain cancers driven by BRAF gene 

fusions we have recently generated using in vivo and ex vivo CRISPR-mediated chromosomal 

engineering and show how we are using these models to test novel therapeutic strategies and to 

gain insights into the molecular pathogenesis of human cancers. 
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Evacuation route on the 1st floor of the building  

 
 非常口；Emergency exit 

From the upper floor 

This aea is not available as an evacuation route  

in the case of earthquake 
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