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Scientific rationale - ATADZ2 as an anti-cancer target R

ATAD2 domain structure: AAA ATPase and bromodomain
AAA ATPase and bromodomain are both required for chromatin binding
ATAD2 was published to function as a transcriptional co-activator of ERa, AR, E2F and c-myc

ATAD?2 is not significantly mutated or focally amplified in any cancer types
-> i.e. there is no clear oncogenomic link

In most normal tissues ATAD?2 is barely detectable (highly expressed only in testis)

In several cancer types ATAD2 is highly expressed: ALL, CML, Ewing’s sarcoma, AML, DLBCL, breast and lung cancer cells,
and its expression correlates with the proliferation state of the cancer and with the poor patient prognosis

» ATAD2 is one of the “70-gene signature” that predict disease outcome and one of the “76-gene signature” that predict
disease outcome and distant metastasis in breast cancer

ATAD?2 is highly expressed in high grade breast tumors High ATAD2 expression correlates
(breast tissue samples) with poor prognosis of breast
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Disease hypothesis based on literature data R

> Published literature:

* ATAD?2 functions as a transcriptional co-activator

of ERa, AR, E2F and C-MYC
Ac Ac
* ATAD?2 co-regulates estrogen- and androgen-
induced gene expression required for cell
proliferation TN

* ER-positive breast cancer cells are particularly
sensitive to ATAD2 knockdown by RNAI

X= ERaq, AR, E2F, MYC

. e . proliferation in MCF-7 cells after siRNA transfection against ATAD2
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Research Question: Can inhibition of ATAD2 bromodomain phenocopy gene knock down?
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ATAD? inhibitors: past and present R
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: 2 Abstract: 2 is a cancer-associated protein whase
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Table 1: Micromotar lead to nanomolar ATADZ inhisitors.
see Table ST, Supporting Information.
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[ piAD2B o wregulator cancer-associated ). correlate with poor outcomes
= PE in several cancers, and its nockdown modulates multipic

- HA/B/CI(3) tumor cell growth factors ™ Effort to target this protein
have focused on competitive binding to the acetyllysine  ATADZ TRFRET piC,

BRPFIA;'}

1(3) N

srp\®”/(3) \
O o 8RD; /\ <
R S
o 8RDY \

CEcp. TAF1
Cr> . Fl(Azg,

T 2 voowstol

) 56
5 ) "E’{A/B/C](A) (KAc) site of its bromodomain, but the role of the bromo-  ATAD2 Bromosphere pIC,, 54
° domain in the biology of ATAD2 is unclear. We have 8804 DI TRFRETpIs, 54

developed chemical tools o try 1o understand this, and  TRFRETselectwty fogs) 02 18 19 09 21 24 22 20
PHIP(2) recently reported the discovery of quinolinones and naph- S IogD (M 24) 33
thyridones such as 1-3 and 5-7 that bind 10 the KAc site of »

Polar surface area (A N2 e 1% 2 8
Antficial membrane per- 130 <3 <3 138 <3 <10 86 395
meabiiey (nws', pH 7.4) romodomains nthe BROMOscan ™ panel

“oreiare)(2)

™ 3 _BRWD3(1)

o (2 B N ATAD2 has been classified as “hard to drug” BD
Accordingly, literature on ATADZ inhibitors was scarce

0000
3
&
>
S

BRD8(A/B)(1,

pROBB(2)

. BBP
creser

—_&P300

e ‘ * s g until recently, when a series of promising ATAD2

: "*’ ) T :;u'. inhibitors was reported by GSK (J Med Chem. 2015)
. w r) . 1:): The first select_ive & cell-active ATAD2 chemical probe
% g w \ «% g is an orthosteric “BRD-like” inhibitor of both isoforms

(ATAD2A and ATAD2B)
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Lead Finding Strategy: DNA-Encoded Library Screen R

,,Off-DNA‘“ synthesis
Comb.'ne Target Incubate Capture Wash & DNA and confirmation with:
and Libraries in solution complexes Elute Sequenc.'ng
- TR-FRET

3 11 Libraries
65 Billion ecmpds

110 million-membered library

H
150 formyl acids N—R
H G 2341 amines
(o] ’N

=%

N

300 amino acids

- Bromoscan™
Enriched - SPR
— Library —— TSA
Members - ITC
- MST
- NMR

) ) - Native MS

X-CHEM . Initial hits

PHARMACEUTICALS
* Advanced compounds.

X

11 different DNA-encoded libraries totaling 67 billion compounds combined
and incubated with GST-ATAD2 bromodomain

Affinity-mediated selection by capturing target on glutathione agarose, washing
and elution steps followed by 2nd round of selection

Eluted library members were amplified using PCR and deep-sequenced using

the lllumina® platform

Enriched combinations of building blocks were identified and used to design
off-DNA compounds for re-synthesis

Most promising hits were discovered within a 110-million member library
generated by combining 300 amino acids, 150 formyl acids and 2,341 amines
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BAYER
Probe discovery R
Hit ON O ° Lead Probe
2 % N% OH
HN/_(N— |_IN/’—/
oH
N0 = o W) BAY-850
ol cl N |0 cl
/
= UM hit with an unprecedented = Sub-pM biochemical = Result Of.
structure for a BD inhibitor activity and cellular target systematic SAR
engagement shown exploration
Hit Lead BAY-850

ATAD2 HTRF ICq,
ATAD2 TSA AT

BRD4 BD1/BD2 IC5, (HRTF)

Cellular target engagement

-

Hit-to-Lead optimization started from a DNA encoded library hit to deliver BAY-850
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Profile R
H » Molecular Properties * PhysChem
N: , N N|-|2
MW [g/mol] 654 Sw PH65mg/L] >500*
MWcorr [g/mol] 638 log D (pH 7.5) 29
/©/L TPSA [A2] 125 *(measurement of powdered HCI salt
Rotatable bonds 13
BAY-850
* Pharmacology = |In vitro PK

ATAD2H4ACK12 |C, (HTRF) 0.17 uM Clint [L/h/kg] Fmax [%]
ATAD2H4ACKS/8/12116 |C, (HTRF) 0.02 uM
LLE'o9D 2.6
ATAD2 TSA AT100uM) 13.9°C
BRD4 BP1|C,, (HRTF) >20 UM
BRD48BP2 |C., (HTRF) >20 uM A-B [nm/s] B-A [nm/s]
DI = Qi T plerslo (] ATAD2A @ 10 uM
DiscovereX ATAD2A K, 0.12 yM
MST K, 0.08 uM

ITC Kp 0.75 uM
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ATADZ2 negative control BAY-460

Profile
HN/ = Molecular Properties * PhysChem
NS ° MW [g/mol] 569 SwPH6S [mg/L] 6.0
HN o MWocorr [g/mol] 553 log D (pH 7.5) 3.2
N o] TPSA [A2] 107
Rotatable bonds 11
BAY-460

= Pharmacology

ATAD2H4ACK12 |G, (HTRF) >20 pM
ATAD2H4ACK5/8/12/16 |C50(HTRF) 16 HM
L LElouD <1
ATAD2 TSA AT(100uM) 0.1°C
BRD4 BD1 |C,, (HRTF) >20 UM
BRD4802 |C,, (HTRF) >20 UM

Discoverex BromoScan™

No hits @ 10 uM

Discoverex ATAD2A Ky n.d.

MST Kp n.d.

ITC Kp n.d.

= |n vitro PK

Clint [L/h/kg]

Fmax [%)]

A-B [nm/s]

B-A [nm/s]

Ratio
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Biochemical potency and selectivity 2
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; 8 100 - m ane aw:;‘j) . A Q »10°c
b eroTD) sRor) O 2-10°C
< z ‘g CREEEP BRD8B(1) BRD8B(2)
a s
— PB1(4)
C c 201 P60 s ”B‘(S)smmcm
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m = @ BAY-850 TR-FRET (H4K12) -© BAY-460 TR-FRET (H4K12) 1= oho e
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0 l *ﬂ ﬁ m I 1 IIIII_'I'_n
gl I I o =T
BROMOscan™ (DiscoverX)
l'. 1 T T T T L] T L] L] L] L] L] L] L] T T L] L] L] L] L] L] L] T L] L] T L] L] T L] L] L] L] T L] L] L] L] L] L] T L] L] L] L] T L]
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Percent Control E SGC =
® w
C ISl BAY-850 is a potent and selective ATAD2A inhibitor in:
® 01-1% |8 h q | |
S 1o In-house and external panels
BAY-850 @ 10 puM ETErEl = Orth | biochemical and biophysical
- M e 10-35% It ogonal piocnemical an lopnysical assays
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Biophysical validation and MoA studies R
TSA: Dose-dependent thermal stabilization || MST: Nanomolar affinity 1SGC
- - = . o Kp=849nM

B assigned

B unassigned
I Fast exchange
Il Line broadening
I siow exchange

H4AcK12
peptide

I assigned

B unassigned
I Fast exchange
Il Line broadening
I slow exchange

BAY-850‘s
congener

= Dose-dependent thermal
stabilization of tag-free
ATAD2 bromodomain

= Saturatable, dose-

dependent thermophoresis
with K;<100 nM

= Dose-dependent NMR
chemical shift induction
(=target engagement)
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Biophysical validation and MoA studies R

A) 10 uM ATAD2 BD . ATAD2 BD Dimer Induction
) u pe+ Natlve MS (Native-M S Qu:ntific:t(i:o:)
100 pr i

P = protein monomer 7 B 5Av-850

Dimer

%

P&+ p2L10+

100 P,L9* Deconvoluted

dimer

= P, = protein dimer oo Bl 5Av-460
P por P,L = protein-ligand complex (2:1)
0 m/z s
1000 1500 2000 2500 3000 3500 4000 N
B) 10 uM ATAD2 BD + 5 uM BAY-850 P,L
100 31517 0
S R P

[Compound], pM

= —_—
\ 2 118 Monomer Dimer 23
AN 3 108 Dimer 154
0 m/ 0t . T ] 94 7 18
1000 1500 2000 2500 3000 3500 4000 . =0
= 5 133 =
<< < <
C) 10 UM ATAD2 BD + 5 uM BAY-460 o £” c
100 £ s8 £ 9 £
100 pi+ Deconvoluted a3 . G s o
dimer < T N
48
~569 Da 2 :
—_—
P2L 10 :
30924 31432
[ 31494 U @ 0 20 40 60 80 100 120 140 @ 0 20 40 60 80 100 120 140(2]
2 ke (8 8 Ve (mL) Ve (mL)
mass etm
1000 1500 2000 2500 3000 3500 4000 mz 31000 32000 (| ATAD2 notag, apo  ATAD2 notag, BAY-850 ATAD2 GSTtag, apo  ATAD2 GSTtag, BAY-850

BAY-850 induces dose-dependent dimerization upon binding to ATAD2, whilst acetylated

histone peptides and AcK mimetic ligands do not induce dimerization (not shown)
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BAEER
Cellular target engagement & pharmacology R
FRAP t _BAY-850 Lon 26+
Pre-bleach kie: . - o)
- —
0s § % %15-
. o > WT 2.0
2s = - ATPase mut § *
E % BD mut
. = 4 1uM BAY-460 ®
« MCF7 cells 5s # 1uM BAY-850
* 1uM Compound 0- . . Y
treatmentfor1h 10sE 0 20 o o 9‘;&—"’" 94"“"
at 37 °C time (<) W

Proliferation inhibition

Ha Le:;aAc HAK12Ac pep MCF7 NCI-H526 MDA-MB-231

“ IC,, biochem IC,, biochem MaxInh(%) MaxInh(%) MaxInh(%)

BAY850 22 nM 170nM 3,2uM 100% 2,40 uM 100 % 1,84 pM 99,9 %

BAY460 16 pM > 40 uM >30 uM 0,5% >30 uM 0% 24,7 pM 60,8 %

= BAY-850 (1 uM) displaces ATADZ2 from chromatin to the same extend as BD mutation

= BAY-850 inhibits the proliferation of three different cancer cell lines (in line with KD results)
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Summary / Conclusion 2

BAY-850 is an ATADZ2 inhibitor fulfilling all chemical probe criteria:
« Nanomolar biochemical activity (IC;,/Ky in 20-150 nM range)
« Favorable membrane permeability and maximal on-target cellular activity at 1 uM
(FRAP assay in MCF7 cells)
« Selective against all family members (ATm and BromoScan™ panels). No
additional/off target activities are expected from this structure class

« Additionally, a structurally related compound with no relevant ATAD2 activity was
identified and will be provided as negative probe (BAY-460)

« BAY-850is a potent, cellularly active and exquisitely selective ATAD2 BD inhibitor,
which will allow to further study the biology of ATADZ2 in vitro

* BAY-850 represents a novel and unprecedented chemotype for a BRD inhibitor

We ask for acceptance of ATADZ2 inhibitor BAY-850 as chemical probe,

accompanied by BAY-460 as negative control
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Biophysical validation and MoA studies R

ITC*: Sub-micromolar affinity and atypical stoichiometry (> 1)

a
e atad2a-bayer-37c-run2.nitc Corrected Heat Rate (pJis) E atad2a-bayer-37c-run2.nitc Normalized Fit (kcal/mol)
mm atad2a-bayer-37c¢-run2.nitc Normalized Fit (kcal/mol)
Time (s)

02 -1 0‘00 ? 10|00 20|00 30|00 40|DD 50‘00 GOIOD 70}00 BOIUO SOIOO 10?00

Kd=753.3 nM 0

N=1.45 rl 'F _ [ ‘ [

0.2

DH=-2.16 kcal/mole
DS= 21.11 cal/mole°K

0.4 -

-0.6 4

-0.8 4

1.0

Corrected Heat Rate (pJ/s)

1.5

*. Experiments were
performed at 37 °C (no
binding at RT)

l V I 1 T V I
[_j; SGC s 05 10 Mole Ratio 15 20 25

Normalized Fit (kcal/mol)

1T TITT T0TT 1707 7007 100 70T TT7T TITT TTT101 T 17 TTT TTT TTT TTIT LI TT1T
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validation and MoA studies

Biophysical

>

BAYER

Relative Fluorescence(-]

Relative Fluorescence(-]

MTBAADIS100 ——

Analysis-Set #4 - MST-Trace

MST experiment time [s]

MTBAADIS100 ——

Analysis-Set #5 - MST-Trace

MST experiment time [s]

Vs, 3 dug 2006 105145 SMT

Vi, 3 dug 2006 11:06-18 5HT

MST: Binding is independent from GST tag

GST-ATADZ2: Binding with Kd = 84.9 nM

| 8404
5 )
L 830
O
820 T T T T
0.1 10 100 1000 10000 100000

nM ATAD2 Probe

Fnorm

865

860

855

850

845

840

0.1

1 10 100 1000 10000 100000
nM ATAD2 Probe

GST-BRD9: No binding

10 100 1000 10000 100000
nM ATAD2 Probe

Fnorm

960
A

A

958 A
A
A A
A a A
Aa N
956 A
A
A
954 . T T T T
0.1 1 10 100 1000 10000 100000

nM ATAD2 Probe

1SGC

900
\4
895 1 \¢
E
[=]
[=
w
890 1
885 T T T T T
0.1 1 10 100 1000 10000 10000
nM ATAD2 Probe
870
u
u
u
5865' H m u
o u
(= u L]
w | ]
860 n
T T T T T
0.1 1 10 100 1000 10000 10000

nM ATAD2 Probe
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Biophysical validation and MoA studies R
Native MS: specific binding to dimerized ATAD2
1007 154950 A 15429 £120 23 1007, 4 +peptide 1.3626 100+ 1;29'50 4548
o} 18476.50 £
£ DMSO + 5 AcK- S
DMSO = é Peptide = € mimetic =| = P +cpd
1546750 (HAACK12) é 18493.00 96715 00 Tool Cpd. 15930 50 +2cpd
30859.00 37472.00 16431.00
0 -t mass 0 ..!.“,"L.L.L.L'T‘,'l Ll Ll b s o b Jork Mass
20000 130000 20000 30000 40000 15000 20000 = 25000 @ 30000
100, ~15429.50 8.37e6 100- 115;5,3?_?00
i ? speptide 100 | 2.96e6
% BAY-850 5 Tool de. t *peptide
c +cpd £ . .
BAY-850 = 15 ‘i’ + Peptide % g + Peptide 18477.00
31429.60 (H4ACcK12) = (H4ACK12)
15467 50 Dimerl ) 2[17?5 5 1530955 308595 334300 o000 g 2314200 30859.00 33430-50 38673.50
0 nass P 1 T ¥ IllLIHhIIh Lol v nass
15000 20000 25000 30000 15600 | 20000 | 25000 | 30000 | 35000 40000 20000 30000 40000
« BAY-850 binds to  H4AcK12 peptide * AcK mimetic
ATAD2 dimers binds to ATAD2 compounds bind to
not present in monomers and ATAD2 monomers and
DMSO treated prevents binding of H4AcK12 peptide
samples BAY-850 prevents their binding
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