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Targeted protein degradation is a new therapeutic concept
within medicinal chemistry that has the promise to expand the
scope of what can be achieved with small molecules. The ap-
proach relies on the use of bifunctional molecules that can bind
simultaneously to the protein of interest (POI) and an E3 ligase
such as CRBN (Cereblon) or VHL (Von Hippel Lindau). In
the ternary complex which is formed, the POI is positioned in
proximity to the E3 ligase, which can lead to ubiquitination
of the POI. The polyubiquitinylated protein is thereby flagged
for decomposition and can be recognized and degraded by the
proteasome upon dissociation from the ternary complex (see
Fig. 1). The heterobifunctional molecules used are often also
referred to as PROTACs (proteolysis targeting chimeras). Pos-
sible advantages compared to traditional approaches in me-
dicinal chemistry have been outlined in multiple reviews[1] and
include:
• Potential to address so far undruggable targets (e.g. transcrip-

tion factors) or functions of a POI (e.g. scaffolding effects of
kinases)[2]

• Possibility to have higher selectivity compared to the starting
ligand used for binding to the POI[3]

• Catalytic mode of action as a PROTAC can potentially de-
grade more than a single protein[4]

• Transient interaction with the target might be sufficient to
achieve efficacy

On the other hand, degrader molecules are characterized by a
high molecular weight which typically ranges from 700 to 1000
Da, translating into challenges to achieve sufficient permeability
and oral bioavailability. For oncology indications, there are also
risks associated with the development of resistance mechanisms
which may be dependent on the E3 ligase as well as the target
protein.

The first experimental example of targeted protein degrada-
tion was published in 2001 but the utility of initial compounds
was hampered by large peptidic E3 binders leading to unfavor-
able physicochemical properties.[5] The first in vivo active mol-
ecules[6] were published only in 2015 and a key driver for this
recent progress was the use of potent and small E3 ligase binders
that target either CRBN or VHL E3 ligases conferring improved
degrader properties.As a consequence, the interest in the area has
grown significantly and the concept has been rapidly expanded
to multiple targets including RIPK2,[7] BCR-ABL,[8] FKBP12,[6a]

ERRa,[9] AR[10] and bromodomains[3b,6a,11] (for some representa-
tive examples see Fig. 2).

So what is next? Advancing degrader molecules to the clinic
for several targets is needed to ultimately prove the concept and
development activities for some targets includingARdegraders are
quite advanced.However, optimizing degradermolecules that have
successfully demonstrated an in vitro proof of concept to clinical
candidates is a complex and challenging task and recent publica-
tions showcase concepts that might be helpful in these efforts:
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Fig. 1. Bifunctional degrader molecule forms a ternary complex with POI, which is not a natural substrate of the E3-ligase, and the E3 ligase.
Ubiquitin moieties are transferred to the POI and the polyubiquitinylated POI is recognized by the proteasome and degraded. The degrader molecule
is available for another catalytic cycle.
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Optimizing Ternary Complex Formation
X-ray structures of ternary complexes using BRD4 degrader

moleculeswithCRBNasE3 ligase have been reported recently.[3b]

Interestingly, the authors do not observe a positive cooperativ-
ity between the two proteins suggesting that attractive protein–
protein interactions are not mandatory for efficient degradation
and this finding points towards a broad applicability of this con-
cept to various targets. Analysis of the ternary complex led to the
identification of degraders with favorable and more ‘drug-like’
properties and revealed underlying interprotein contacts distant
from the immediate binding site that could be utilized to design
BRD4 selective degraders such as ZXH-3-26 (Fig. 2) able to dis-
criminate between the closely homologous BRD3 and BRD2. A
better understanding of ternary complexes is therefore expected
to provide valuable information to guide medicinal chemists in
optimizing linker length and trajectory in a rational manner in
order to improve potency and selectivity.[12]

Understanding the Kinetics of Targeted Protein
Degradation

Effective formation of a ternary complex is considered to be
essential for targets where the ubiquitination of the POI is slow
compared to the reversible formation of the ternary complex. It
is also conceivable that the ubiquitination is not the rate-limiting
step leading to systems which follow a ‘hit and run’ model where
very low levels of a ternary complex are sufficient to induce ro-
bust protein degradation.[13] To guide medicinal chemistry efforts
new tools will be required to better characterize the complex bio-
logical events and kinetic processes leading to degradation.

Utilizing Improved E3 Binders of CRBN, VHL or other
E3 Ligases

The rapid progress of the identification of small, potent E3
binders indicates that improvement in this area has the potential
to further advance this technology. As more than 600 E3 ligases
are known, the identification of new binders for the therapeuti-
cally untapped reservoir of E3 ligases is a vector for future in-
novation in the field of targeted protein degradation. In addition,
intense focus by the medicinal chemistry community might lead

to improved CRBN andVHL binders with enhanced degradation
potency, catalytic efficiency as well as physicochemical proper-
ties.

In summary, progress has been made on multiple fronts, and
while vast optimization potential exists, the field is expected to
accelerate towards identification of candidates that can be ad-
vanced into clinical studies. Progress in the area of targeted pro-
tein degradation is certainly closely watched by the small mol-
ecule drug discovery community and expectations remain high
that this fascinating new technology will further equip the armory
ofmedicinal chemistry and provide new hope for patients in need.
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Fig. 2. Examples of bifunctional molecules that in vitro degrade different
target proteins. The E3-binding part depicted in red recruits either
cereblon or VHL E3 ligases.


