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Technologies regulating protein expression and their application to drug development

Mikihiko Naito

It has been almost two decades since the first molecular target drug imatinib was approved for
treatment of chronic myelogenous leukemia (CML). Imatinib is a potent inhibitor of BCR-ABL tyrosine
kinase, an oncogenic driver protein that causes CML. Thus, understanding the disease mechanism and
development of a potent inhibitor against the disease causative protein is a powerful strategy for novel
drug development. This strategy works well especially if the target protein has enzymatic activity
closely related to the disease mechanism. However, there are many proteins without enzymatic
activity, and they are often called “undruggable proteins”, which account for more than 70% of the
total proteins expressed in the cells. These include scaffold proteins and transcription factors. To
target undruggable proteins, it is effective to suppress the expression of target proteins. There are
two approaches to downregulate the expression of target proteins: inhibiting de novo synthesis and
facilitating degradation. To inhibit the protein synthesis, genome editing technologies such as CRISPR/
CAS9 can be employed to destroy the genes encoding the target proteins at DNA level, and RNA
interference mediated by antisense oligonucleotides to suppress the expression at RNA level. To induce
the degradation of target proteins selectively, PROTAC/SNIPER technology is recently established.
PROTACs and SNIPERs are chimeric small molecules, where a target ligand is linked to a ligand
for an E3 ubiquitin ligase, and they induce ubiquitylation and proteasomal degradation of the target
proteins in the cells. Since any intracellular protein can be rationally targeted by substituting target

ligands, PROTAC/SNIPER technology attracts attention as a platform for novel drug development.
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