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Key resources for this group meeting:
Burslem and Crews, “Small-Molecule Modulation of Protein Homeostasis” Chem. Rev. 2017, 
117, 11269
Zhao and coworkers, “PROTACs: An Emerging Targeting Technique for Protein Degradation
in Drug Discovery” BioEssays 2018, 40, DOI: 10.1002/bies.201700247
Huang and Dixit, “Drugging the undruggables: exploring the ubiquitin system for drug 
development” Cell Research 2016, 26, 484
Hughes and Ciulli, “Molecular recognition of ternary complexes: a new dimension in the 
structure-guided design of chemical degraders” Essays in Biochemistry 2017, 61, 505

Key players in the field:

Protein Degradation in the Press:
https://cen.acs.org/articles/96/i8/targeted-protein-degraders-are-redefining-how-small-
molecules-look-and-act.html
http://blogs.sciencemag.org/pipeline/archives/2015/06/16/protac_goes_smallmolecule
http://blogs.sciencemag.org/pipeline/archives/2015/05/26/targeting_proteins_for_destruction
http://blogs.sciencemag.org/pipeline/archives/2017/04/12/protein-degradation-time
http://blogs.sciencemag.org/pipeline/archives/2018/01/04/catching-up-with-protein-
degradation

Outline:
I. Introduction to Protein Degradation
II. Thalidomide and Protein Degradation
III. Proteolysis-Targeting Chimeric Molecules (PROTACs)
IV. Hydrophobic Tagging
V. Conclusion

Proteostasis: protein + homeostasis (Kelly and coworkers, Science 2008, 319, 916)
– controlled by translation (ribosomes), chaperone proteins (folding), and degradation

Proteostasis-based therapeutic strategies:
1. CRISPR
2. Anti-Sense Oligonucleotides (ASO); see “DNA Chemistry” (Peters, 2017)
3. siRNA/shRNA 
4. Proteosome–Mediated Protein Degradation using Small Molecules (this group meeting)

I. Introduction to Protein Degradation

Overview of the ubiquitin proteasome system (UPS):
Leestemarker and Ovaa, Drug Discovery Today: Technologies 2017, 26, 25
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Controlled Proteostasis: the control of protein function via the control of protein levels
(Crews)

Proteosome: protein complex that degrades proteins via proteolysis
26S: Complex consisting of 20S core complex and two 19S complexes
20S: Comprised of two β-subunits (responsible for proteolysis) and two α-subunits
19S: Contains recognition elements for ubiquitinated proteins; deubiquinates and unfolds 
proteins for degradation
Ubiquitin: comprised of 76 amino acids; found in all eukaryotes; contains 7 lysine residues 
for additional ubiquitin ligation; Lys48 ubiquitination is canonical pathway for degradation
E1 Activating Enzyme: two enzymes in human proteome; starts ubiquitination process
E2 Conjugating Enzyme: ca. 40 enzymes in human proteome; ubiquitin-carrier enzyme
E3 Ligase: estimated between 500–1000 E3 ligases (affords specificity); recruits loaded
E2-enzyme, binds POI, and assists in ubiquitin transfer

How are proteins degraded?
1. Extracellular digestion (i.e. digestion of food, proteases)
2. Intracellular degradation
    a) Lysosomal Degradation (often non-selective; requires protein uptake to lysosome)
    b) Ubiquitin-Proteasome Mediated Degradation (selective)

Ubiquitin Transfer
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Western Blot (immunoblot): for detection of specific proteins; antibodies react with a 
target protein, allowing for visualization

1. Tissue Preparation: Solid tissues or cells are broken down/proteins are denatured

2. Gel Electrophoresis: Sample is loaded onto a gel; proteins are separated by molecular 
                                        weight, electrical charge, or isoelectric point

3. Transfer: proteins are transferred from the gel to a membrane (nitrocellulose or PVDF) 
                    using an electrical current

4. Blocking: membrane is soaked in bovine serum albumin (BSA) or non-fat dry milk; 
                     prevents antibody from binding to entirety of membrane

5. Incubation: membrane is incubated with (1) primary antibody and (2) secondary 
                        antibody (often linked to horseradish peroxidase)

6. Visualization: conducted by colorimetric, chemiluminescent, radioactive, or fluorescent 
                            detection (based on reporter incorporated to secondary antibody)

Potential Advantages Compared to Traditional Small Molecule Inhibitors
1. Access to “undruggable” targets (for example, transcription factors) because binding,   
not inhibition, is required
2. Can reduce and counteract compensatory protein overexpression
3. Potentially catalytic in substrate
4. Reduced off-target effects (enzyme does not need to be flooded with inhibitor)

Potential Advantages Compared to Other Methods of Controlled Proteostasis
1. Does not require genetic modification (CRISPR-CAS9)
2. Increased cell permeability relative to nucleic acids or peptides (ASO)
3. Off-target interactions with mRNA are unlikely (siRNA/shRNA)

II. Thalidomide and Protein Degradation: Immunomodulatory Drugs
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Brief Timeline of IMiDs
1957 – thalidomide (Immunoprin) marketed as anti-nausea therapeutic
1964 – Israeli physician Jacob Sheskin serendipitiously found thalidomide treats leprosy 
complications
1994 – Dr. Judah Folkman found that thalidomide inhibits angiogenesis (development of new 
blood vessels)
1998 – thalidomide (Thalomid) approved by FDA to treat erythema nodosum leprosum
2006 – Revlimid® and Thalomid®  approved by the FDA for the treatment of multiple myeloma
2010 – Cereblon identified as target of thalidomide (Science 2010, 327, 1345)
2014 – IKZF1/IKZF3 identified as neo-substrates for lenalidomide-depedent degradation
2015 – CK1α identified as neo-substrate for lenalidomide-dependent degradation
2016 – GSPT1 identified as neo-substrate for CC-885-dependent degradation

Quick Definitions and Facts:
Multiple myeloma: plasma cell cancer; > 100k deaths in 2015
MYC: regulator gene for cell proliferation; often persistently expressed in cancer
IRF4: interferon regulatory factor 4; implicated in acute leukemia
lymphopoiesis: generation of lymphocytes (type of white blood cell)
Ikaros (IKZF1)/Aiolos (IKZF3): zinc finger transcription factors; regulate lymphopoiesis;
activate transcription of IRF4, which can activate c-MYC in multiple myeloma cells
del(5q) MDS: myelodysplastic syndrome with deletion of chromosome 5q
CK1α: casein kinase 1α; negative regulator of p53 in del(5q) MDS
GSPT1: G1 to S phase transition protein 1 homologue; degradation can lead to cell cycle arrest
by not facilitating transition from cell growth (G1 Phase) to DNA replication (S Phase)
Cereblon (CRBN): target of thalidomide; an E3 Ligase

O
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How immunomodulatory drugs (IMiDs) work:
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–IMiDs are like “molecular 
glue”
– recruit new substrates to 
Cereblon → neo-substrate 
degradation
– glutaramide moiety 
interacts with three 
tryptophan residues

Identification of Cereblon as target of thalidomide:
Handa and coworkers, Science 2010, 327, 1345
Key Experiment:
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1. Incubation with HeLa cell extract
2. Purification/Gel Electrophoresis
3. Digestion/Mass Spec
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Thalidomide

ferrite-glycidyl
methyacrylate 

(FG) beads

Direct interaction 
with CRBN;

indirect interaction 
with DDB1

Results:
– thalidomide binds CRBN
– CRBN forms an E3 Ligase complex with DDB1 and Cul4A
   (coimmunoprecipitation)
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Nature 2014, 512, 49
– (S)-enantiomer binding is favored (more active 
in vivo)
– lenalidomide and pomalidomide promote
   IKZF1/IKZF3 degradation more readily than 
thalidomide (amino group helps in recruitment)
– large groups at C4 position inhibit IKZF1
  degradation

Lenalidomide Results in Degradation of IKZF1 and IKZF3
Ebert and coworkers, Science, 2014, 343, 301
Kaelin and coworkers, Science, 2014, 343, 305

Key Experiment (Kaelin):
1. Generated ORF library fused to Fluc.
2. Dosed 293FT cells with lenalidomide
3. Observed degradation of IKZF1/IKZF3.
Key Experiment (Ebert):
Observed decreased abundance of IKZF1/IKZF3 (SILAC)
in cells treated with lenalidomide.

Lenalidomide Can Induce CK1α Degradation
Nature 2015, 523, 183
Nature 2016, 532, 127
– lenalidomide treats del(5q) MDS (remission in >50% of patients)
– casein kinase 1A1 (CK1α) is a therapeutic target for myeloid malignancies 
– lenalidomide degrades CK1α (SILAC); results in p53 activity/growth inhibition
– structural basis for degradation shows that both CK1α and and IKZF1 share a common
binding interface
– C3 carbonyl group of thalidomide and pomalidomide clashes with CK1α in 
   CRBN/CK1α complex

Roc1

Conclusions from Both Studies:
1. Dose-dependent reduction of IKZF1/IKZF3.
2. IKZF1/IKZF3 are ubiquitinated by CRBN.
3. CRBN-knockdown results in lenamolide resistance. 
4. Myeloma cell lines sensitive to lenamolide showed IKZF1/IKZF3 down-regulation and had
high CRBN levels.
5. Down-regulation of IKZF1/IKZF3 resulted in reduced cellular fitness in lenamolide-
sensitive cell lines.
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Key questions for the future:
1. Can new “undruggable” targets be recruited to cereblon by IMiDs?
2. Will new IMiD design enable the identification of these neo-substrates?
3. Can other E3 ligases interact with IMiDs to identify additional neo-substrates?

CC-885 Can Induce GSPT1 Degradation
Nature 2016, 535, 252 (Celgene)
– GSPT1 is a translation termination  
factor (mediates stop codon recognition
and protein release from the ribosome)
– CC-885 has anti-proliferative activity
in patient AML cells (sub-nanomolar) 
– found to degrade GSPT1 via UPS;
decreased cellular fitness upon 
degradation
– GSPT1, IKZF1, CK1α all feature a 
key glycine residue
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III. Proteolysis-Targeting Chimeric Molecules (PROTACs)
PROTAC: proteolysis targeting chimera
– heterobifunctional compounds consisting of ligand for protein of interest (POI), 
   an E3 ligase igand, and a linker
– dual-binding results in proximity-based ubiquitination/degradation
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Crews and Deshaies, PNAS, 2001, 98, 8554

Initial Studies Towards the Development of PROTACs

PROTAC-1

from ovalicin

IκBα (SCFβ-TRCP)

Background:
– ovalicin inhibits MetAP-2 (methionine aminopeptidase-2) via covalent modification of His-
231
– MetAP-2 implicated in cell proliferation and angiogenesis; arrests G1 phase of cell cycle 
(p53-dependent)
– SCF is an E3 ligase complex
– MetAP-2 was not a known substrate for SCF
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Kuduk and coworkers, Bioorg. Med. Chem. Lett. 1999, 9, 1233
–geldanamycin binds Hsp90 chaperone; results in degradation of signaling proteins
– HER2 and ERs are overexpressed in many different cancers
– estrogen binding stimulates cell proliferation
– conjugating geldanamycin to estradiol resulted in degradation of HER2 and ER
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From WO2000047220A1, 2000
(Proteinex Inc)

Key Findings:
– MetAP-2 binds PROTAC-1 in vitro; PROTAC-1 recruits MetAP-2, and SCF
– PROTAC-1 Facilitates Ubiquitination of MetAP-2
– MetAP-2 was degraded in Xenopus egg extracts in a proteasome-dependent manner

Questions to answer:
1. Can PROTACs be used in live cells? How will they enter the cell?
2. Can other proteins of interest be degraded?
3. Can other E3 ligases be recruited?

Mode of Action of Lenalidomide in MM

IKZF1/3IRF4c-MYC

cell proliferation

IMiD,
CRBN IRF4IKZF1/3 c-MYC

cell growth
inhibition

X
OncoImmunology, 2014, 3, e941742-1
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First Cell-Permeable PROTAC:
Crews and coworkers, J. Am. Chem. Soc. 2004, 126, 3748
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Key Experiments and Observations:
– Fused FKBP12 to EGFP; generated HeLa cell line expressing this protein
– Loss of fluorescence was observed in HeLa cells treated with 25 µM; not observed in 786
-O cells (VHL is not produced in these cells)
– also used VHL sequence with poly-Arg tail with dihydrotestosterone to degrade androgen 
receptor (target for prostate cancer, promotes growth and survival of prostate cells)
Development of a Two-headed PROTAC:
Kim and coworkers, ChemBioChem, 2010, 11, 1531

Key Finding:
–  superior binding to ER as well as induced degradation compared to mono-PROTACs
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Other PROTACs featuring HIF-1α-mediated VHL recruitment:
1. Aryl hydrocarbon receptor: ChemBioChem, 2007, 8, 2058
2. MetAP2: Bioorg. Med Chem. Lett. 2004, 14, 645
3. Smad3: Biochem. Pharmacol. 2016, 116, 200
4. Akt: J. Pept. Sci. 2016, 22, 196
5. Bcl-xL: Biochem. Biophys. Res. Commun. 2016, 470, 936
Small Molecule PROTACs

First all-small molecule PROTAC:
Crews and coworkers, Bioorg. Med. Chem. Lett. 2008, 18, 5904
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receptor modulator 

(SARM, Ki 4 nM)
Background:
– nutlins were shown to disrupt MDM2–p53 binding (nM to µM IC50)
– androgen receptor agonism or antagonism can be therapeutically
   beneficial; SARM was developed as steroid alternative
Key Findings:
– PROTAC is cell-permeable
– androgen receptor could be degraded in HeLa cells at 10 µM
– degradation is proteasome dependent (epoxomicin treatment)

SARM-nutlin PROTAC

Why are all-small molecule PROTACs important?
1. Easier synthesis and purification
2. Greater stability
3. More traditional “drug-like” properties

Development of a VHL Small-Molecule Inhibitor and Application to PROTACs:
Crews and coworkers, J. Am. Chem. Soc. 2012, 134, 4465
Ciulli and coworkers, J. Med. Chem. 2014, 57, 8657
Crews, C.M. and coworkers, US2013/021141 (2013)
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Key Findings:
– 50% degradation of ERRα was observed at 100 nM PROTAC_ERRα
– 50% degradation of RIPK2 was observed at 1.4 nM PROTAC_RIPK2
– degradation is catalyic in PROTAC
– PROTACS can bind other related proteins but are specific for their targets
– 100 mg/kg dose (3x daily) of PROTAC_ERRα in mice led to ERRα reduction in 
   heart (44%), kidney (44%), and MDA-MB-231 tumors (39%)

A High Potency VHL PROTAC
Crews and coworkers, Nature Chemical Biology 2015, 11, 611
Background:
– ERRα (estrogen-related receptor alpha) regulates many processes including
 cellular energy homeostasis and regulation of genes associated with mitochondrial biogenesis
– RIPK is a mediator of innate immune signaling; recruits kinases associated with
NF-κB and MAPK activation

Recruiting Cereblon Using PROTACs
Crews and coworkers, Chem. Biol. 2015, 22, 755
Bradner and coworkers, Science 2015, 348, 1376
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Background:
– Myc consists of regulator 
genes; c-Myc is frequently 
expressed in cancer (such as 
Burkitt’s Lymphoma)
– BRD4 helps regulate c-MYC 
expression
– BRD4 inhibitors like JQ1 and 
OTX015 can suppress c-MYC 
and cell proliferation but 
sometimes result in BRD4 
upregulation

Key Findings (Crews):
– BRD4 inhibitors like JQ-1 can result 
in BRD4 accumulation
– DC50 < 1 nM for BRD4 despite 3µM 
affinity of pomalidomide for CRBN

Key Findings (Bradner):
– >85% BRD4 degradaton at 100 nM dBET1
– degradation was proteasome dependent
– no degradation in CRBN-deficient cells
– decreased tumor size (xenograft of human 
MV4;11 leukemia cells)

(Cereblon)

General Observations:
– BRD2 and BRD3 are also degraded (lack of selectivity with JQ1)
– ARV-825 features >500 fold potency than dBET1 in 22Rv1 cells (human prostate carcinoma 
line)
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Targeting BRD4 with a VHL-Binding PROTAC for Prostate Cancer Treatment
Coleman (Arvinas), PNAS 2016, 113, 7124
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Background:
– prostate cancer is second
   leading cause of cancer 
deaths in the United States
– often treated with androgen 
  deprivation but this can stall
– BET may affect AR levels;
BET inhibitors disrupt AR 
bindingARV-771
Key Findings:
– ARV-771 degrades 
BRD2/3/4 with DC50 < 5nM
in 22Rv1, VCaP, and 
LnCaP95 cell lines
– greater apoptotic cell 
death than BET inhibitors
– induced tumor regression 
(30 mg/kg) in mice
–downregulation of cMYC
  and AR
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Bradner and coworkers, Science 2015, 348, 1376
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Key Findings:
– selective for BRD4 (previous PROTACs targeted multiple BET proteins)
– more limited transcription response than   JQ1
– H1Fα (natural VHL ligand) is not stablized due to PROTAC binding (accumulation 
could result in hypoxic response)
– does not degrade JQ1 off-targets like DDB1 and RAD23B
– MZ1 resulted in MYC downregulation (like JQ1) but did not affect other JQ1-
modulated genes
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J. Med. Chem. 2018, 61, 462
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Other PROTACs Not Discussed (Selected Examples):
BRD9 (CRBN), Angew. Chem. Int. Ed. 2017, 56i, 5738
Sirtuin 2 (CRBN), J. Med. Chem. 2018, 61, 482

Background:
– JQ1 affects expression of several genes (FAS, TYRO3, FGFR1, MYC)
– Other BET degraders are not selective for BRD4
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Key Findings:
– degrades BRD4 as low as 30 pM (24h); IC50 = 51 pM (cell growth, RS4;11 cells (acute 
leukemia))
– dosing of mice with RS4;11 xenograft tumors w/ 5 mg/kg 3x/week afforded tumor regression 
(up to 90%)
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Specific and Nongenetic Inhibitors of Apoptosis Protein (IAP)-Dependent Protein Erasers
(SNIPERs)
Hashimoto and coworkers, J. Am. Chem. Soc. 2010, 132, 5820
Hashimoto and coworkers, Bioorg. Med. Chem. 2011, 19, 3229
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Modular Approach to PROTAC Design Confers Key Degradation Differences:
Crews and coworkers, Angew. Chem. Int. Ed. 2016, 55, 807
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CRBN ligand
(from pomalidomide)

VHL Ligand

Summary for Modular
Protein Degradation:

Imatinib + CRBN → no degradation
Imatinib + VHL → no degradation
Bosutinib + CRBN → ABL/BCR-ABL degradation
Bosutinib + VHL → no degradation
Dasatinib + CRBN → ABL/BCR-ABL degradation
Dasatinib + VHL → ABL degradation

Background
– chronic myelogenous leukemia (CML) results from overactive c-ABL kinase domain
– Imatinib, Bosutinib, and Dasatinib are TKIs targeting c-ABL and BCR-ABL
– Inhibits by competitive binding at the ATP-binding site of c-ABL (inhibits cell proliferation and 
apoptosis)
–Treatment is lifelong due to leukemic stem cells (compensatory signaling pathway 
independent of BCR-ABL kinase function)
– prior to this work, no examination of modular PROTAC strategy had been conducted as
part of a single study
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Why Linkers Are Important:
– Success depends on stable ternary structure; linker length and composition
   can have a drastic effect
– too short of linker may prevent from ternary structure formation (steric clash)
– too long of linker may prevent transfer of ubiquitin

Linker Length Studies:
Kim and coworkers, Mol. BioSyst., 2011, 7, 359

Me OH

11: 9 atoms
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A High Potency VHL PROTAC
Crews and coworkers, Nature Chemical Biology 2015, 11, 611
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n = 3, 2 µM
n = 4, 0.8 µM

n = 5, no effect
(concentration for

maximal degradation)

from vandetanib
(tyrosine kinase inhibitor)

Similar observations 
were noted with ARV-825 

and dBET1

Linker Synthesis Through Click Chemistry
(Amgen) J. Med. Chem. 2018, 61, 453

ligand 
for
POI

linker
(PEG)

ligand 
for

E3 ligase

N3
ligand 

for
POI

N
N N

cat. Cu

– studied using JQ-1 for BRD4 (POI)
– ‘click’ reaction is essential for PROTAC activity (individual parts do not degrade POI)
– induce degradation (DC50) between 0.20 and 0.63 µM (varied by linker length; for CRBN, the 
longest linker was best; for VHL, intermediate length was better)

Application of this strategy to a new target: Sirtuin 2 (CRBN), J. Med. Chem. 2018, 61, 482

IEDDA For PROTAC Assembly
ACS. Cent. Sci. 2016, 2, 927
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– sequential dosing to cells (10 µM) 
resulted in degradation of BRD4
– smaller fragments should have greater 
cell permeability
– many practical therapeutic limitations
– also shown to be effective with 
ERK1/2 (kinase) degradation (ERK1/2 
are part of RAS signaling cascade)
– cannot pass into cell if IEDDA occurs
  in extracellular space

+

HN
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O
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N N

NN Me

O
R1

Many linkers for PROTACs are installed through amide-bond forming reactions, SN2 
substitution reactions, or ketone condensation (not as common); attached to ligands 
via carbon-heteroatom bonds
Un(der)explored Functional Groups in PROTAC linkers:
alkenes, alkynes, sulfones, sulfoxides, ring systems, etc

HO



Therapeutic Protein DegradationJacob T. Edwards
Baran Group Meeting

6/16/18

N

O
AcHN

OH

OHN

S

N Me

N
H

O

N
NN

N

S Me
ClMe

S Me
Me

AT1
Ciulli and coworkers, 

Nature Chemical Biology 
2017, 13, 514

First X-Ray Crystal Structure of Ternary Complex
Nature Chemical Biology 2017, 13, 514
Background:
– PROTAC design was largely based off of a “plug-and-
play” strategy where a POI–PROTAC–E3 Ligase complex is 
the sum of two binary interactions
– MZ-1 was selective for BRD4 degradation but some 
effects were obseved for BRD2/BRD3

N

O
N
H

tBu
OH

OHN

S

N Me

N
H

O

N
N

N
N

S

Me

Me
ClMe

O O

O

2 MZ-1
Ciulli and coworkers, 

ACS Chem. Biol. 2015, 10, 1770

Structure-
guided

Optimization

Obtaining Selectivity Through Degradation
Crews and coworkers, Cell. Chem. Biol. 2018, 25, 67
Crews and coworkers, Cell. Chem. Biol. 2018, 25, 78
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from foretinib

Background:
– foretinib is a c-Met (kinase) inhibitor (abnormal MET activation can result in tumor growth, 
angiogenesis, and metastasis)
– development was discontinuted in 2015
– foretinib is known to inhibit multiple kinases
– PROTACS to date typically featured high affinity and selectivity for POI

Key Experiments and Findings:
– 133 kinases found to bind foretinib; VHL-PROTAC bound 52 kinases, CRBN-PROTAC
   bound 62 (binding profiles were not identical)
– 9 kinases were degraded by VHL-PROTAC; 16 by CRBN-PROTAC
– no observed correlation for affinity and PROTAC-induced degradation (for example,
   for VHL-PROTAC and CRBN-PROTAC, SLK was bound with high affinity but was not
   degraded)
– DC50 can be lower than binding affinity (favorable protein-protein interactions)

N

O

O

MeO

FHN

O

O

N
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O

foretinib

morpholine unit was
solvent exposed in 

co-crystal
of foretinib/c-Met 
kinase domain

new linker

Key Findings:
– Used isothermal titration calorimetry to measure ΔpKd; Brd4BD2–MZ1–VCB was 
   complex with highest population (favorable protein-protein interactions, selectivity)
– AT1 affinity for VHL: Kd = 330 nM (VHL-032, Kd = 185 nM; MZ-1, Kd =  66 nM)
– Only BRD4 was degraded at 1–3 µM

Me

from VHL-032
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The Hook Effect
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POI

E2 S

O
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E3

POI

Increased
PROTAC

concentration

At higher PROTAC concentration, protein degradation can be reduced 
due to unproductive dimerization (reduced ternary complex formation).
Linker optimization can reduce this effect.

Crews and coworkers, 
Nature Chem. Biol. 

2015, 11, 611

Background
– Protein folding is driven by the shielding of hydrophobic residues from water
– Molecular chaperones aid in folding of proteins by preventing incorrect folding
– Misfolded proteins are degraded and cleared from the cell (unfolded protein response)
– Addition of a hydrophobic tag moiety to a target protein could destabilize it, resulting
   in proteasomal degradation

IV. Hydrophobic Tagging

Me

H

OH

H H
HO S+

CF3

FFO-

Fulvestrant (ICI-182,780)

Fulvestrant: A Selective Estrogen Receptor Degrader (SERD)
PNAS 1992, 89, 4037
Structure 2001, 9, 145
J. Biol. Chem. 2011, 276, 35684 For an alternative discussion

of fulvestrant’s activity:
Biochem. Pharmacol. 2011, 82, 122

– Faslodex
®

 (Astra-Zeneca)

V. Conclusion

IMiDs
– validated in the clinic (FDA-approved)
– recruit neo-substrates to CRBN (IKZF1/IKZF3, CK1α, GSPT1)
– require CRBN; neo-substrate scope is potentially limited
– development of novel IMiDs required for identification of additonal neo-substrates

PROTACs
– demonstrated in vivo with high potency (pM)
– require clinical validation
– potential for high, general applicability (more E3 ligases and POIs identified
   compared to IMiDs)
– small changes in composition (linker or either ligand) can have large effects
   on activity (requires X-ray crystal analysis and SAR)
– novel linker technology may facilitate advances in field

Hydrophobic Tagging
– validated in the clinic (Fulvestrant)
– potential for high, general applicability 
– poorly-understood degradation mechanics
– many compounds have poor properties

Me

H

OH

H H
HO N Me

Me

O

ICI-164,384

– potent breast cancer treatment
– ICI-164-384/ER structure shows
large hydrophobic patch (could 
result in unfolded protein response)
– degradation occurs via ubiquitin
proteasome system


