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Chemoproteomic approach to epigenetic ecellzome
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e Introduction
« Chemoproteomics target profiling of HDAC inhibitors

e Tripartite interaction proteomics: BET complexes
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Who we are ..

#cellzome

 Biotech company spun off from
the EMBL in Heidelberg

« 100 people in Heidelberg
(Germany) and in Cambridge
(UK)

* Use of Chemoproteomics
Platform to discover small
molecule drugs for novel targets
(kinases, epigenetic enzymes and
reader proteins)

* Therapeutic focus on chronic
iInflammation and oncology

e Collaborations with Pharma and
Academia
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Gerard Drewesi, Oliver Rausch?, Marcus Bantscheff3* and Gitte Neubauver:*
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Epigenetic Target classes

Modification
Histone tall

“Reader” Eraser

DNA

. — enzymes that add modifications to histones:
Methyltransferases, Acetyltransferases...

* ‘Erasers’ —enzymes that take modifications off histones:
Demethylases, Deacetylases...

 'Readers’ — proteins that recognise the modifications:
Bromodomains (acetylated lysines), Chromodomains, PHD domains (methylated lysines)
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Epigenetic Targets Operate “cellzome

In Large Protein Complexes

Modification
Histone tall

“Reader” Eraser

DNA

» Epigenetic targets are part of large multi-protein complexes
« Complex components regulate activity, location and specificity of enzymes
 Action of drugs is determined by interaction with entire protein complex
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Epigenetic Enzymes as Drug Targets

« Opportunity for selective inhibitors with

well understood MoA Histone K/R Methyltransferases 64
Histone Demethylases €8
* First small molecule inhibitors have .
Histone Acetyltransferases 21
been approved for cancer:
. : - Hi D | HDA 11
 First demonstration of beneficial effect Istone Deacetylases ( Cs)
targeting epigenetic enzymes Sirtuins 7
. Non_—selective HDAC inhibitors Poly [ADP-ribose] polymerases 17
(Zolinza®, Istodax®)
Bromodomain proteins 40
- But: lack of suitable assays hampers ~ CNfomedomain proteins 29
lead optimization Tudor domain proteins 40
- Often unreliable data with recombinant
proteins

- Selectivity cannot be measured reliably
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HDACS are catalytic subunits of scellzome
megadalton protein complexes

Can we use these protein complexes directly for
Target Profiling and Drug Discovery?

A Truncated or full-length [ B Heterodimer of C Multiprotein D Transcriptional
enzyme purified from catalytic subunits complexes complexes assembled
recombinant source with chromatin

@ @ Histones
Small molecule Smlall | s!@ DNMTL
indi i molecule
b'”d'rlg site inhibitor COREST complex Goa

RbAp46 ‘
SAP30 piiag
SIN3

RbAp46 Sin3 complex .

HDAC1 ‘ HDAC1 HDAC2 *

NuRD complex DNA
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Basic chemoproteomics workflow
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Typical Experiment Design: scellzome

Chemoproteomic competition assay

1. Add inhibitor to cells or 2. Incubate - inhibitor 3. Add affinity matrix 4. Elute beads, digest, 5. Mix, run LC-MS/MS and

cell lysate over a range of binds to targets in to lysates label with TMT6* quantify in MS/MS spectrum
concentrations cells or lysate () (tandem mass tags)
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Target Classes

Hiorechnolozy

* Protein kinases Bititie
(9/2007)

Quantitative chemical proteomics reveals mechanisms
of action of clinical ABL kinase inhibitors
!, Sortja Bastuch!, Markes Boesche!, Sostt Hiobren!,
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Chemoproteomic approach to epigenetic ecelizome

drug targets
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HDAC Target Profiling Strategy

Protein does not bind to drug
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Panel of 20 HDAC inhibitors used in this study

compound class status

SAHA

TSA

Belinostat (PXD-101)
Dacinostat (LAQ-824)
Scriptaid

Panobinostat (LBH-589)
PCI-24781

PCI-34051

MC 1293

Bufexamac

Entinostat (MS-275)

Cl-994 (Tacedinaline)
Mocetinostat (MGCD-0103)
BML-210

AA-1

AA-2

Valproate

Apicidin

Romidepsin

hydroxamates

aminobenzamides

fatty acid

cyclic peptides

marketed drug
tool

Phase Il

Phase |

tool

Phase Il

Phase I/1I
preclinical

tool

screening hit / marketed drug
Phase Il

Phase Il

Phase Il

tool

screening hit
screening hit
marketed drug
tool

marketed drug
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Examples of HDACI profiles in human
leukemia cells

benzamide

Substitution of headgroup

leads to:

« HDAC3/NCoR selectivity

* Impaired binding to the Sin3

complex

« different off-target profile
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HDAC complexes

residual binding

#cellzome

Novel target examples

residual binding

10 100 10 100 10 100 1000
[compound] (UM) [compound] (UM) [compound] (uUM)
—=— HDAC1 —©— GATAD2A BZW2
- & - HDAC2 A~ LSD1 DNTTIP1
-+-- HDAC3 —o— MTA3 1ISOC2
—=— HDACS6 --A-- NCOR1 MIDEAS
--»- HDAC8 —o— RCORI1 PDXK
- &% - HDACI10 —o— SIN3A

A... TBLIXR1
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HDAC inhibitors: benzamides '
display target and complex selectivity “cellzome
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HDAC inhibitors "recognize" protein complexes

Clustering of all
affected proteins
versus the 16
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95

protein space

o o |
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RREB1

MIER1
ZMYM3
RERE
EHMT2

MBD2
CHD4
CDK2AP1

relative potency

PCI-34051
MC-1293
Valproic acid
PCI-24781
Romidepsin
Tacedinaline
Entinostat
BML-210
Mocetinostat
Scriptaid
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Belinostat
Apicidin
Panobinostat
Dacinostat
Trichostatin A
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Screening with native protein complexes

------------
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Chemoproteomic library profiling identifies ecellzome

selective HDAC inhibitors

B "Complexes" screened: HDAC1, HDAC2, HDAC3 and HDACG6
B Focused small molecule library, screening at 10uM
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The NSAID bufexamac is a selective HDAC6/10 inhibitor
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 treatment of HeLa cells with bufexamac
elicits hyperacetylation of tubulin

e treatment with the HDAC3 compounds
leads to hyperacetylation of histones.
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Summary

« HDAC inhibitors "recognize" protein complexes differentially

« Some HDAC1/2 inhibitors (benzamides, Valproate) display clear complex

selectivity

* Benzamides show preferential inhibition of the HDAC3/NCoR complex vs.

HDAC1/2 complexes
* We identified novel HDAC1/2 complexes including a complex upregulated
IN Mitosis

 NSAID Bufexamac is a selective HDACG6/10 inhibitor
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Chemoproteomic approach to epigenetic ecelizome

drug targets
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e Tripartite interaction proteomics: BET complexes
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Epigenetic Target Classes amenable to
chemoproteomic approaches

« HDACs
(3/2011)
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Chemaoproteomics profiling of HDAC inhibitors reveals
selective targeting of HDAC complexes
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* Bromodomain

proteins
(10/2011)
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#cellzome

national weekly journal of science

doi: 10.1038/nature10509

Inhibition of BET recruitment to chromatin as an
effective treatment for MLL-fusion leukaemia

Mark A. Dawson'?*, Rab K. Prinjha’®, Antje Dittman**, George Giotopoulos', Marcus Bantscheff', Wai-In
ten Hopf*, Mikhail M. Savitski*, Carola Huthmacher®, Emma L.ud,,m Dave Lugo”,

Samuel C. Robson’, Ehun wa Chung’, C:

Soren Beinke”, Trevor D. Chapman’, Emma J. Roberts, Peter E. Soden”, Kurt R. Auger®, Olivier \[Irgue( Konstanze Doehner®,

Ruud Delwel®, Alan K. Burnett'®, Phillip Jeffrey”, Gerard Drewes®, Kevin Lee®,

the mixed lineage
leukaemia (MLL) gene initiate aggressive forms of leukaemia, which
are often refractory to conventional therapies'. Many MLL
partners are members of the super elongation complex (SEC), a
critical regulator of transcriptional elongation, suggesting that
aberrant control of this process has an important role in leukae mia
induction™. Here we use a global proteomic strategy to demon

strate that MIL fusions, as part of SEC* and the polymerase-
associated factor complex (PAFc)™, are associated with the BET
family of acetyl-Iysine recognizing, chromatin ‘adaplor’ proteins.
These data provided the basis for therapeutic intervention in MLL-
fusion leukaemia, via the displacementof the BET familyof proteins
from chromatin, We show that a novel small molecule inhibitor of
the BET family, GSK1210151 A (I-BET151), has profound efficacy
against buman and murine MIL-fusion leukaemic cell lines,
through the induction of early cell cycle arrest and apoptosis.
1-BET151 treatment in two human leukaenia cell lines with differ-
ent MLL fusions alters the expression of a common set of genes
whose function may account for these phenotypic changes. The
mode of action of I BET151 is, at least in part, dueto the inhibition
of transcription at key genes (BCL2, C-MYC and CDK6) through
the displacement of BRD3/4, PAFc and SEC components from
chromatin, In vivo studies indicate that I-BET151 has significant
therapeutic value, providing survival benefit in two distinct mouse
models of murine MLL-AF9 and human MLL-AF4 leukaemia.
Fioally, {12 eiicacy of I-RET151 & geluat I leaksemla siest
o tent thera-

?, Brian J. P. Huntly'* & Tony Kouzarides™®

of 1-BET762 (ref. 9) were incubated with HL6D nuclear extracts and
bound proteins were analysed by quantitative mass spectrometry
(Supplementary Table 1). This approach identified the BET isoforms
and a large number of co-purifying proteins (Supplementary Tables 1
and2), indi the BET isofo rms resi stinct protein
complexes, In the second approach, immunoprecipitation analyses
with selective antibodies against BRD/3/4 were performed (Sup-
plementary Fig. | and Supplementary Tables 3and 4. This was com-
plemented with additional immunoprecipitaions using selected
antibodies against complex members (*bails') selected from the subset
of proteins that were identified in the first approach (Fig, 1b right
panel, Supplementary Fig. 2and Supplementary Table 3). In the third
approach, bead immobilized histone H4( K5acK8acK12ac)
acetylated peptides were used to purify protein complexes. These data
were combined to highlight 2 list of complexes identified in all three
methods (Fig. 1b left panel, Suppleme ntary Fig. 3 and Supplementary
Table 1). Finally, specificity of the 1-BET762 and histone tail matrix
was further assessed by competition experiments (Fig, Ic, Supplemen-
tary Figs 4, 5 and Supplementary Table 2). This strtegy ensbled
thedirect , and the proteins
associated with the targel, with subunits of protein complexes
exhibiting closely matching half- maximum inhibitory concentration
) values® Taken together these stringent and complementary
approaches provide a high confidence global data set er compussng
all known'*-* and several novel BET protein complexes (Fig, 1bai
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PAFC and:n;. (Fig, b, c), whichwere confirmed by
reciprocal umnmmp:mpimms in HL60 cells (Fig 1b). Moreover,
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BET — bromodomain and extra-terminal scellzome

domain proteins

« Bromodomain: Acetyl-lysine recognizing domain — targets BETs and associated
complexes to chromatin

 Facilitates transcriptional activation
» Highly conserved Bromodomains are target for small molecule inhibitors
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Tripartite interaction proteomics strategy #cellzome
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I-BET Histone Tail Immunopurification
Chemoproteomics Purification (IP-MS)
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PTEFb-SEC and PAF are BRD3/4
associated complexes

“cellzome
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Summary cellzome
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* We used three orthogonal proteomic approaches to identify BET associated

complexes

» Epigenetic complexes PAF and PTEFb-SEC are associated with BRD3 and BRD4

 PTEFb-SEC subunits (AFF4, AFF9...) are often found fused with MLL methyl-
transferase in mixed lineage leukemia, resulting to a deregulation of gene

expression and aggressive leukemia

* BET inhibitors offers a therapeutic
solution by preventing the

recruitment of the chimera complex
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