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For the past 20 years, drug development has relied heavily on antibodies and enzymatic
inhibitors, allowing some groundbreaking advances but also revealing limitations in these approaches.
Antibodies are highly selective, but because of their large molecular weight, they can only block
extracellular domains of target proteins, which limits their therapeutic use for certain disorders. In
addition, they require intravenous or subcutaneous administration, i.e., invasive delivery approaches
that are not always well tolerated by patients and represent a drain on health care time and resources.1,2
Enzymatic inhibitors, on the other hand, have a low molecular weight (usually <600 Da, which
makes them rightful members of the “small molecules” class), relatively simple chemical structures, and
are cell permeable, allowing them to engage intracellular targets and, most importantly, cross the blood–
brain barrier. They can be optimized for oral bioavailability and metabolic stability, thereby facilitating
their administration and storage, as well as reducing costs for health care systems and patients. 3
However, these molecules possess important limitations. Owing to their occupancy-based model, they
require high systemic drug levels for therapeutic efficacy, often leading to off-target and side effects.
They typically disrupt the activity of a single domain, usually insufficient to inhibit all functions of the
multidomain proteins. Most importantly, as inhibitors usually target active sites, they are unsuitable for
targeting proteins lacking those (e.g., non-enzymatic proteins, or transcription factors), which represent
75% of the human proteome, and are therefore considered “undruggable.”4,5
These limitations have prompted scientists to develop a new modality for potential therapy called
“targeted protein degradation,” whereby small molecules (referred to as “degraders”) redirect newly
translated proteins toward the proteasomal machinery. In other words, degraders selectively target
proteins for removal, rather than inhibiting their activity.3 As such, degraders offer a valid therapeutic
alternative to inhibitors and antibodies, since they combine the drug-like properties of small molecules
(e.g., solubility, permeability, metabolic stability) with the benefits of event-driven pharmacology, i.e.,
binding-induced elimination of the target protein. These specificities make them exceptional tools for the
selective degradation of targets previously considered ‘undruggable’. 6–9
Several methods have been developed to artificially induce degradation of target proteins.
Interestingly, they all aim to control E3 ubiquitin ligase activity. E3 ubiquitin ligases act sequentially,

together with E1 ubiquitin-activating enzymes and E2 ubiquitin-conjugating enzymes, to catalyze the
covalent binding of multiple ubiquitin molecules to protein substrates targeted for degradation. 10–12
Ubiquitin ligase activity can be controlled through (i) small molecule degraders (i.e., bifunctional and
molecular glue degraders), (ii) macromolecule conjugates, or (iii) genetically encoded degradation
tags.13
Several small molecule degraders and macromolecule
conjugates have been developed as therapeutic agents in the past few
years. PROTACs (proteolysis-targeting chimeras or bifunctional
degraders) were developed to simultaneously bind a protein of interest
and a component of the ubiquitin E3 ligase complex (Figure 1).14 Such
molecules have the ability to degrade the entire target protein, its
enzymatic and non-enzymatic domains, and can successfully
dissociate from the target after promoting its polyubiquitination,
suggesting a potential efficiency at very low doses. Additionally,
because their inhibition process is event-driven, and not occupancydriven (unlike enzymatic inhibitors), PROTACs are less susceptible to
mutations and target protein’s expression dysregulation, thus
overcoming potential resistance observed for current therapeutic
treatments.15 At present, PROTACs have been successfully used
against cancers, neurodegenerative disorders, viral infections, and
immune diseases.16
Similarly, molecular glue degraders can force an interaction between the protein of interest and
a component of an E3 ubiquitin ligase complex. Thalidomide and indisulam, both examples of molecular
glues, induce the degradation of their substrates by redirecting them to this very complex. Withdrawn
from the market due to its teratogenic effects, thalidomide has now been approved by the FDA for the
treatment of leprosy complications and multiple myeloma, while indisulam is currently being tested for
the treatment of solid tumors.6,13
An example of macromolecular conjugates is TRIM21. This ubiquitin ligase displays a broad
antibody isotype specificity, and the ability to ubiquitinate itself. These properties have been exploited
by scientists to redirect target proteins-antibody complexes to the ubiquitin-proteasome system, thus
degrading endogenous proteins for which specific antibodies are available (Figure 2).17 However, it has
been shown that using TRIM21 can induce target protein’s binding partners degradation, as well as a
rapid recovery of the main target.
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activity can also be controlled through genetically
encoded degradation tags. Although not fitted for
therapeutic use, these approaches provide optimal
preclinical models when developing treatments through
targeted-protein degradation. Different methods have
emerged in the past 10 years, including the small
molecule–assisted shutoff system, or SMASh.
This system, a novel tag comprising the
hepatitis C virus (HCV) NS3 protease, was developed in
2015 by Michael Z. Lin and his team.18 In the absence
of the protease inhibitor, the SMASh tag self-cleaves,
producing an intact protein, whereas in its presence, all
newly synthetized tagged proteins are rapidly degraded
(Figure 3).18 The SMASh system possesses many
advantages over other targeted protein degradation methods: it is inducible, reversible, and requires
only limited engineering.

Today, targeted-protein degradation has become a promising field in drug development.
Combining optimized preclinical models using genetically encoded degradation tags such as SMASh

with small molecule degraders or macromolecule conjugates as therapeutics promises to expand the
list of druggable proteins. This should provide new opportunities for novel treatments for diseases
previously considered to be “undruggable.”
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