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A joint research group led by Dr. Keisuke Kataoka at Keio University/National Cancer Center 
Research Institute Japan has completed a large-scale whole-genome sequencing study of adult T-
cell leukemia/lymphoma (ATL). This research was conducted together with Professor Kazuya 
Shimoda at University of Miyazaki and Professor Seishi Ogawa at Kyoto University. The results of 
this study were published in the online edition of the American journal Blood on October 25, 2021. 
 
Recent cancer genome studies have broadened the catalog of driver alterations and highlighted 
the promise of genome-driven oncology care. However, such large-scale genetic studies, 
especially those incorporating whole-genome sequencing (WGS), have not been adequately 
performed for rare cancers, hindering novel driver discovery and refinement of their treatment 
strategies. In this study, we present a high-depth (95.5× depth) WGS analysis of 150 paired tumor-
normal samples with human T-cell leukemia virus type-1 (HTLV-1)-induced adult T-cell 
leukemia/lymphoma (ATL) to uncover the overall picture of genetic alterations in ATL. Our findings 
are summarized as follows: 
 
1. Combining the analyses for coding and non-coding mutations, structural variations (SVs), and 

copy number alterations, we discovered 56 recurrently altered driver genes, including 11 novel 
ones, in ATL. Clustering of patients using these driver genes identified two molecular 
subgroups with distinct genetic and clinical characteristics. 
 

2. We identified frequent (33%) loss-of-function mutations and deletions preferentially targeting 
the long isoform of CIC, a tumor suppressor frequently mutated in several cancer types. 
Notably, the long isoform-specific exons were recently discovered but previously overlooked 
by whole-exome sequencing studies. In addition, through mouse phenotyping, we found that 
long but not short isoform-specific inactivation of Cic selectively increases Foxp3-positive T 
cells in vivo, providing novel insights into T-cell biology. 
 

3. We have elaborated the analytical approach for identifying gain-of-function SVs by calculating 
breakpoint frequency per intron. With this approach, we identified recurrent 3´-truncations of 
REL (13%), encoding an NF-κB subunit c-Rel. These truncations induce transcriptional 
upregulation and generate gain-of-function forms of c-Rel protein. More importantly, REL 
truncations are also common in diffuse large B-cell lymphoma (12% in germinal center B-cell-
like and 6% in unclassifiable type). These findings not only highlight shared mechanisms 
driving T- and B-cell lymphomagenesis but also have implications for genome-wide cancer 
driver discovery. 
 

4. Our study derives insights into the etiology of mutations and SVs, associating immune-related 
molecules and EP300 with an increased burden of various alterations. We also 
comprehensively characterize the non-coding genome of ATL, identifying recurrent mutations 
in non-coding elements (particularly splice sites) of several driver genes. 

 
The results of this study manifest the potential of whole-genome sequencing analysis and represent 
a significant advance in understanding the genetic and biological basis of ATL pathogenesis with 
clinical implications. 
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For further information, please refer to the Japanese version of this press release (PDF file). 
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