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Cancer gene panel tests using next-generation sequencers (NGS) have great potential in cancer genome
medicine, which lead to molecular targeted therapy. We considered that using standards would be useful for
evaluating the entire complex test system and created standards for various mutations using cultured cell
lines that are close to clinical samples and can be stably supplied. We have already completed a mutation
standard covering the NCC Oncopanel 114 gene (ver4) by 16 cell lines, including genome-edited cell lines,
in a previous AMED study. In this study, we conducted a similar approach to create standards for
structurally aberrant mutations, for which standards are lacking compared to point mutations.
To artificially synthesize a new fusion gene, we introduced two target sgRNAs and Cas9 vectors into
HEKZ293T/17 cells and tried to clone a cell with the targeted translocations based on the translocation-
specific PCR.
We could succeed in obtaining two clones for ALK/SMO fusion genes. One clone showed the targeted
reciprocal translocations confirmed by chromosome painting. Another clone showed more complex

translocations that can be explained by a Breakage-Fusion-Bridge cycle of chromosomes, supporting the
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involvement of chromothripsis by genome editing. Then we examined the induction of chromosomal
aberration after genome editing using chromosome painting and obtained a frequency of around 20 %. This
result suggests the importance of on-target toxicity of genome editing by Cas9, which is a valuable by-
product of this study.

Then we attempted to design and synthesize novel fusion genes that have been clinically reported. For the
clinically reported ALK/KIF5B translocation, we designed sgRNAs for ALK/KIF5B translocation and
introduced them with Cas9 into HEK293T/17 cells. Using translocation-specific PCR as an indicator, we
succeeded in cloning cells with the translocation.

On the other hand, we also examined the use of existing cell lines for the preparation of standards for
translocations. Based on the information in databases such as COSMIC and CCLE, we have listed the
candidate cell lines for translocation standards. Among them, cell lines available in the JCRB cell bank
were obtained and sequenced. The WGS data of four cell line mix (HCT-15, HEC-1, Jurkat, and Mewo) were
analyzed by MapCaller, and six translocations were detected. Two of them on chromosome 2 located in
PDGFRA, the translocation target gene of NCC Oncopanel and Todai Oncopanel. The breakpoint on
chromosome 12 was located in NAV3, and its fusion partner was found to be JAK3, the target gene for
Todai Oncopanel. These cell lines are useful as standards for both point mutations and translocations with
less restriction for use. Because all of the fusion genes discovered were not registered in the database and,
inversely, registered translocations could not be confirmed in the same existing cell line, it suggests that
the fusion genes vary between different cell origins, and, therefore, a direct confirmation in the cell lines for
use is necessary.

A recent review article* summarized our experience in the preparation of reference standards and proposed
the new term "next-generation reference standards" for the new types of reference standards required for
the evaluation of increasingly diverse new drugs and diagnostics. Research on next-generation reference
standards, including the design of what should be used as standard, as well as their preparation and
evaluation, is expected to become an important task in regulatory science, and we hope that this study will

provide a starting milestone in that direction.

* T. Suzuki: Creation of next-generation reference materials —Preparation of reference materials for cancer

gene panel tests by genome editing—, Bull. Natl. Inst. Health Sci., 140, 1-9(2022)



