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Recently, PROTAC (PROteolysis TArgeting Chimeras, proteolysis—inducing chimeric proteins) or
SNIPER (Specific and Nongenetic Inhibitor of Apoptosis Proteindependent Protein Eraser)
(hereinafter collectively referred to as PROTAC/SNIPER) has attracted attention as a new modality
for difficult-to-treat diseases. PROTAC/SNIPER is a ligand that binds to target proteins, ligand
for binding to the ubiquitin ligase, and a cross—linker connecting the two terminal ligands. This
allows PROTAC/SNIPER to simultaneously bind to the target protein and the ubiquitin ligase
leading to polyubiquitination of the target and proteolysis by the proteasome system.
PROTAC/SNIPER has attracted much attention for its promise as a new drug modality, but because of
its novelty, safety evaluation is an important issue, especially the possibility of toxicity due
to degradation of off-target proteins (off-target substrates). This study aimed to establish an
evaluation system for PROTAC/SNIPER off-target proteins by applying a novel method for
identifying ubiquitinated substrates

(1) Establishment of cell lines stably expressing probes for off-target evaluation

Five types of ubiquitin ligase genes frequently used in PROTAC/SNIPER were obtained, and
ubiquitin ligase probes for capturing substrates were incorporated on retrovirus expression
vectors. Two types of probes were produced for each gene, yielding a total of 10 probe plasmids
This method requires stable expression of the probes in cells. Retroviruses were generated using
the probe vector, and cell lines stably expressing the probe were established

(2) Identification of PROTAC/SNIPER target proteins using established cell lines

Using the cells prepared in the previous section, we examined conditions such as PROTAC/SNIPER
treatment concentration, treatment time, and use of proteasome inhibitors based on Western blot
analysis using antibodies against known substrates, A protocol was developed to perform mass
spectrometry for off-target evaluation. Cell lines established under the conditions determined in
the previous section were treated with drugs, and the ubiquitinated proteins were purified. The
purified off-target evaluation samples were comprehensively measured by mass spectrometer.

(3) Validation of identified PROTAC/SNIPER target proteins

Western blot analysis of PROTAC-treated, non—treated, proteasome inhibitor alone, and
PROTAC/proteasome inhibitor combination treated groups was performed to evaluate the amount of
degradation by PROTAC. Immunoprecipitation of ubiquitinated proteins was performed under each
condition using wild-type cell lines. Using candidate substrate antibodies, we tested whether
ubiquitination of candidate target protein molecules was increased by PROTAC treatment

As a result of a series of analyses, actual off-target substrates were identified for several
PROTAC/SNIPERs. In addition to establishing an off-target evaluation system, we developed a
protocol for stratification of off-target substrate groups.

Through this research, we have established an evaluation system that comprehensively and rapidly
predicts off-target proteins which PROTAC/SNIPER ubiquitinate. In this study, we generated
substrate identification probes corresponding to ubiquitin ligases frequently used in
PROTAC/SNIPER and established cell lines that stably express these probes. This should enable the
elimination of unintended toxicity in safety pharmacology studies. In addition, PROTAC products
under development can be administered to this cell line for rapid evaluation of off-target

substrates, and thus can be expected to be utilized in the screening phase of basic research.
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