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Hematologic Malignancies Gene Regulatory Factor Alterations

Acute Promyelocytic Leukemia RARα fusions
Myeloid Malignancies

(AML, MPN, MDS)
TET2, DNMT3A, IDH1/2, ASXL1, Cohesin, 
PRC2

T-ALL TAL1, NOTCH1, PRC2
B-ALL CREBBP, CTCF
Mixed Lineage Leukemia MLL rearrangement
Diffuse Large B-Cell Lymphoma MYC, BCL6, ARID1A, MLL3, CREBBP, 

EP300
Burkitt lymphoma MYC, ID3, SWI/SNF

Multiple Myeloma MYC, TP53, NSD2, MAF, KDM6A, IRF4



NIBR

Functional Genomics Screen
400 cell lines | 20 Cancer Types

8000 genes | 20 shRNAs per gene
Mutation | Copy Number | Expression

MacDonald et.al., Cell 2017

- drugged target

UndruggabilityOutlier Analysis

ESR1

MITF

ESR1

MITF

Project Drive

https://oncologynibr.shinyapps.io/drive/
The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019



NIBR
A New Science of Therapeutics

The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019



NIBR
The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019

Target

Drug Molecule

DNA tag

DELs | A Bigger Haystack



NIBR
The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019

RNA Glue | LMI070 in Spinal Muscular Atrophy
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Grupp et al., NEJM 2014;371:1507-17 

Advanced Cell Therapy | CART
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Rock Brynner and Trent Stephens, Dark Remedy 2001

Dr. Heinrich Mückter

Dr. Frances Kelsey

thalidomide
2006

lenalidomide
(2005, 20066)

pomalidomide
(2013)

(S)-thalidomide

phenobarbital
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Thalidomide Therapy for Erythema 
Nodosum Leprosum (M. Leprae)

Thalidomide Package Insert

TNF-α

Sampaio et.al., J.Exp.Med 1991 Rowland et.al., Immunopharm. 1998

IL-6

McHugh  et.al., Clin. Exp. Imm. 1995

IFNγ
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control

J. Folkman et al PNAS 91:4082- 4085, 1994

+ thalidomide

Seema Singhal et.al., N Engl J Med 18 November 1999

Antitumor Activity of Thalidomide in
Refractory Multiple Myeloma
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Handa and colleagues, Science 2010

FR259625

thalidomide

Thalidomide Target Identification
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Cereblon Substrate Identification – Myeloma

With B. Kaelin, Science 2014
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Cereblon Substrate Identification – Myeloma

B. Ebert, Science 2014
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Cereblon Substrate Identification – Phocomelia

Knobloch and Ruther, Cell Cycle 2008 E. Fischer, eLife 2018
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Cereblon Substrate Identification – Phocomelia

E. Fischer, eLife 2018

The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019



NIBR

Handa and colleagues, Science 2010

FR259625

thalidomide

E2

CRBN
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Ub

Biological 
Substrate
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Handa and colleagues, Science 2010

FR259625

thalidomide Therapeutic
Target

E2

CRBN

Ub
Ub

Ub
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Therapeutic
Target

E2

CRBN

Ub
Ub

Ub

rationale for targeted protein degradation

targeting entire protein vs. single domain

the addressable domain may not be active

pairs well with shRNA and CRISPR validation

improved Emax

kinetic advantage: prolonged duration of effect

catalytic turnover feasible

overcome mechanisms of resistance

a new path to the waterfall
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US 6,306,663 (Filed 1999)

Hydrophobic Tagging
HyT13; Crews, NCB 2011

TX2-121; Gray and Crews, NCB 2014

Shield System
Shield-1; Wandless, Cell 2006

F. Stegmeier, Nature Biotech 2015

PROTACS
PROTAC-1; Crews & Deshaies, PNAS 2001

TrkA-PPFRS2α; Crews, PNAS 2012

SNIPER System
Cpd 4; Naito, JACS 2010

SNIPER(ER); Naito, Cancer Science 2013
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technological challenges

engineered approaches predominated

peptide synthesis challenging

limited biochemical characterization

absent mechanistic controls

low intracellular permeability

poor potency

poorly reproducible

inactive in vivo

not extensible to diverse targets

Hydrophobic Tagging
HyT13; Crews, NCB 2011

TX2-121; Gray and Crews, NCB 2014

Shield System
Shield-1; Wandless, Cell 2006

F. Stegmeier, Nature Biotech 2015

PROTACS
PROTAC-1; Crews & Deshaies, PNAS 2001

TrkA-PPFRS2α; Crews, PNAS 2012

SNIPER System
Cpd 4; Naito, JACS 2010

SNIPER(ER); Naito, Cancer Science 2013
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degradation to overcome resistance to BET bromodomain inhibition
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MYC

Bradner Lab, Nature (2010), Cell (2011), Cancer Cell (2013)
With R. Young (2013)
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With C. Mitsiades Cell (2011)

Tensha (Roche) | Armand, Deangelo, Roboz, Shapiro

Baseline RG-6146

With Vakoc and Lowe Nature (2011)
Baseline RG-6146
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Bradner and Polyak Labs, Nature 2016

SUM149 SUM149R
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an all-chemical solution for targeted protein degradation
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Bradner Lab (Unpublished)

JQ1-Rev JQ1-SAHA

Phthalimide Conjugation v1.0The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019
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technological challenges

engineered approaches predominated

peptide synthesis challenging

limited biochemical characterization

absent mechanistic controls

low intracellular permeability

poor potency

poorly reproducible

inactive in vivo

not extensible to diverse targets

Winter et.al., Science 2015

not extensible to diverse targets
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Bradner Lab, Angewandte Chemie 2017

q-Value

Bradner Lab, Nature Chemical Biology 2018

q-Value

dTRIM24

Bassi and colleagues, ACS Chemical Biology 2018
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emerging themes in targeted protein degradation
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Bradner Lab, Molecular Cell 2017

Target Potency Reveals Catalytic Activity
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Bradner Lab, Molecular Cell 2017

Target Inhibition = Target Degradation
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Bradner Lab, Angewandte Chemie 2017 With N. Gray, Cell Chemical Biology 2017

Ligand Specificity = Degrader Selectivity
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Bradner Lab, Nature 2017

dTAG-13

Bradner & Gray Labs, Nature Chemical Biology 2018

dTAG-13 (8 hr)

Useful in Target Validation
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With Nathanael Gray, eLife 2017

Useful in Target In-Validation
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Useful in Target Identification
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Useful for Fast Biology
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dTRIM4

dTRIM5

dTRIM6

q-Value

Bradner Lab, Nature Chemical Biology 2018

Ligases Have Preferences
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Jan Krönke, ACS ChemBio 2018

MD-224

Shaomeng Wang, J.Med.Chem 2018 Kronke &  Gutschow, Chem Comm 2019

Ligases Degrade Ligases
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Arvinas, Chemistry & Biology 2015 Alessio Ciulli, Chemistry & Biology 2015 Crews, Cancer Research 2018

Reproducible & Extensible

The End of Undruggable | Jay Bradner, M.D. | ASCPT 2019



NIBR

Reproducible & Extensible

Tinworth ert.al., ACS Chem. Bio. 2019W. Tang ert.al., BMCL 2018 Arvinas, SABCS Poster 2017
[arvinas.com/wp-content/uploads/2017/12/2017-SABCS-poster.pdf]
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1999 2001 2015

Kenten & Roberts
PROTACS patent

Deshaies & Crews
PNAS | July 17, 2001 | vol 98 | no. 15

Protacs: Chimeric molecules that target
Proteins to the Skp1-Cullin-F box complex

for ubiquitination and degradation

Bradner Lab
Science | June 19, 2015 | vol 348 Issue 6241

Phthalimide conjugation as a strategy
for in vivo target protein degradation

JQ1

Ciulli et al.
ACS Chem. Biol. | 2015. 10, 1770-1777

Selective Small Molecule Induced Degradation
Of the BET Bromodomain Protein BRD4

ALK FAK

TRIM24 AR

BTKCDK4/6

CDK6

CDK9

SIRT2

HDAC6

PCAF
GCN5

BRD9

GSPT1
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FRB:Rapamycin:FKBP12
Schreiber & Clardy, Science 1996

FKBP12:FK506:Calcineurin
Kissinger, Nature 1995

Griffith, Cell 1995

Cyclophilin:Cyclosporine A:Calcineurin
Ke , PNAS 2002

PYL:Abscisic Acid:ABI1
Tanokura, Nature 2009

COI1:Jasmonate:JAZ1
Zheng, Nature 2010

TIR1:Auxin:IAA7
Zheng, Nature 2007
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Protein:RNA
LMI070

Protein:Protein
dBET1

Conformational Glues
SHP099

Molecular Glues
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Undruggable targets will be drugged

Elusive pathophysiology will be explained

Sciences and medicine will converge

Humanity will be quantified

Patients will drive healthcare

Disease will be treated pre-emptively
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