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The bromodomain and PHD-finger containing transcription
factor (BPTF) is part of the nucleosome remodeling factor
(NURF) complex and has been implicated in multiple cancer
types. Here, we report the discovery of a potent and selective
chemical probe targeting the bromodomain of BPTF with an
attractive pharmacokinetic profile enabling cellular and in vivo
experiments in mice. Microarray-based transcriptomics in pres-
ence of the probe in two lung cancer cell lines revealed only
minor effects on the transcriptome. Profiling against a panel of

cancer cell lines revealed that the antiproliferative effect does
not correlate with BPTF dependency score in depletion screens.
Both observations and the multi-domain architecture of BPTF
suggest that depleting the protein by proteolysis targeting
chimeras (PROTACs) could be a promising strategy to target
cancer cell proliferation. We envision that the presented
chemical probe and the related negative control will enable the
research community to further explore scientific hypotheses
with respect to BPTF bromodomain inhibition.

Introduction

Bromodomain-containing proteins recognize acetylated lysine,
an epigenetic mark found on histone tails, and modulate gene
expression through multiple mechanisms. They can function as
transcriptional co-regulators, as scaffolding proteins for the
assembly of larger complexes of transcription factors, or as
chromatin remodelers acting through various catalytic
functions.[1] The bromodomain and PHD-finger containing tran-
scription factor (BPTF) is a component of the nucleosome
remodeling factor (NURF) complex[2] and comprises one of the

61 bromodomains encoded in the human genome.[3] BPTF
binds both acetylated lysine on histone H4, through its
bromodomain, as well as di- and tri-methylated lysine 4 on
histone H3, through its PHD fingers[4] (Figure 1a). BPTF is
essential for early embryo development[5] and for the main-
tenance of adult stem cells of the mammary gland[6] and the
hematopoietic system.[7] Additionally, it has been implicated in
multiple cancer types, including melanoma,[8] bladder cancer,[9]

glioma,[10] and B-cell lymphomas.[11] The underlying mechanisms
are likely diverse. For example, BPTF is required for the full
activation of the MYC-dependent transcriptional program in
MYC-driven lymphomas and pancreatic cancer models.[12]

Others have suggested that BPTF can modulate tumor cell
immunogenicity by regulating the antigen processing
machinery.[13] A highly specific chemical probe would support
the research community to unravel the complex role of BPTF in
physiological and pathological processes.

Well-characterized chemical probes are valuable tools to
analyze the effects of inhibiting protein interactions and/or
enzymatic functions in cells and in-vivo.[14] Pioneer and prime
example for the potential impact of a high quality chemical
probe on the research community is the BET bromodomain
inhibitor JQ1,[15,16] which enabled the later advancement of
several compounds to human clinical trials[17]. Based on this
success, increasing efforts to identify chemical probes for non-
BET bromodomains have been initiated, leading to coverage of
about half of the human bromodomain family.[18] Two respec-
tive probes are available for the BPTF bromodomain, which
fulfill the stringent criteria set by the research community.[19]

The data for the dual CECR2/BPTF probe and the BPTF probe
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NVS-BPTF-1 have been made available prior to publication on
the website of the Structural Genomics Consortium (https://
www.thesgc.org/chemical-probes). Synthesis and biological
evaluation of the latter one has been published in a separate
study recently.[20] The probes are described as potent and
selective inhibitors for cellular studies, but unfavorable ADME
properties hinder potential in-vivo experiments. Here, we set
out to develop a chemical probe which is suitable for in vivo
studies in mice.

Results

Discovery of the chemical probe BI-7190

While developing the chemical probe BI-9564 (BRD9 Kd=

5.9 nM), for the bromodomain of BRD9, the structure activity
relationship of dimethylpyridones was explored (Figure 1b).[21]

The substitution in 4 or 6 position of the pyridine core led to
high selectivity against the BET family, which was rationalized
with a preferred torsion between the pyridine anchor and the
aromatic rings occupying the ZA channel. A tool compound of
the same structural class, BI-7189 (BRD9 Kd=2.2 nM, Figure 1c)
was used in parallel to elucidate the dependency of myeloid
leukemia cells to BRD9 bromodomain inhibition paired with a
bromo-swap strategy.[22] Interestingly, both molecules exhibited
weak off-target binding to the distal bromodomain family
member BPTF (BI-9564: BPTF Kd=790 nM; BI-7189: BPTF Kd=

310 nM). Based on this observation, and the desire to elucidate
the role of the BPTF bromodomain, we set out to profile

selected compounds of this structural class against BPTF and
BRD9 using assays of the DiscoveRx Corp. BROMOscan platform.
One of the selected compounds, 1 (BI-7190) (Figure 1d),
addressing the ZA channel with a methoxy-phenyl ring
substituted with a conformationally restricted cyclopropyl
methylpiperazine, exhibited outstanding binding affinity for the
BPTF bromodomain (BPTF Kd=3.5�2.8 nM). Interestingly, this
cyclopropyl methylpiperazine substituent decreased the affinity
for BRD9 (Kd=18.4�7.6 nM) opening an attractive selectivity
window. Profiling of a very close analog 2 (BI-4827), exhibited
very weak binding affinity to the bromodomains of both BPTF
(Kd>10 μM) and BRD9 (Kd=1570�310 nM) and was selected
as potential negative control compound (Figure 1e). The bind-
ing affinity and the bromodomain selectivity of 1 were
consecutively confirmed with Isothermal Titration Calorimetry
(ITC) (BPTF Kd=131�24 nM, BRD9 Kd=810�200 nM, BRD7
Kd=5720�1130 nM, Figure 1f, and Supporting Information (SI)
Figure 1). A parallel shift of the affinities determined by the
BROMOscan platform and ITC measurements is observed,
highlighting the importance of confirmation with cellular target
engagement measurements. To rationalize the unexpected
selectivity for BPTF on a structural basis, we subjected 1 to co-
crystallization experiments.

Structural basis of the selectivity

Co-crystals of 1 in complex with the BPTF bromodomain (amino
acids 2917–3037)3, diffracted to 1.0 Å and contained one ligand
bound monomer per asymmetric unit in space group P21.

Figure 1. (a) Schematic representation of the domain architecture of the BPTF (Bromodomain PHD Finger Transcription Factor) protein (b–e) Chemical
structures of and affinity data obtained by using the DiscoveRx BROMOscan platform. Data for (b) BRD9 Probe BI-9564 and (c) BRD9 tool compound BI-7189
have been reported previously. Data for (d) BPTF probe 1 and (e) BPFT negative control compound 2 are reported as mean of 3 independent experiments (in
duplicates)� standard deviations (shown in Table 1) (f) Isothermal titration calorimetry analysis of 2 (Kd=131�24nM; ΔH= � 20.1 kcalmol� 1;
ΔG= � 39.1 kcalmol� 1; � TΔS= � 19.0 kcalmol� 1); DP, measured power differential.
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Compound 1 binds as expected to the acetyl-lysine binding site
of the BPTF bromodomain (Figure 2a, SI Table 1). The ligand is
anchored deeply in the cavity via hydrogen bonding between
the pyridone carbonyl to both Asn2881 side-chain as well as a
conserved buried water network. The ligand’s polarized N-
methyl group interacts with the sulfur lone pairs on Cys2877
while the single aromatic CH on the pyridone is in contact with
the backbone carbonyl of Pro2825. The rigid biaryl scaffold of
the ligand positions a phenylene ring adjacent to the backbone
CH of Pro2825 and the side-chain of Trp2824 leading to CH-π
and edge-to-face π-π-interactions respectively (similar π-inter-
actions to the corresponding Trp81 in BRD4 have been
described earlier).[23] The cyclopropylene linkage imposes an
almost orthogonal orientation of phenylene and piperazine ring
plains allowing the L-shaped ligand to contact the solvent-
exposed rim of the bromodomain binding pocket. The proto-
nated piperazine binds to a strongly negatively charged region

forming a direct salt bridge to Asp2834 and profiting from
additional contacts between the positively polarized N-methyl
group and Asp2831. The striking binding selectivity can be
attributed to a combination of conformational rigidity and
electrostatic complementarity specific to the BPTF binding site.
Molecular mechanics and quantum mechanics based conforma-
tional explorations identify L-shaped conformations close to the
bioactive ones as lowest energy conformations of 1. In contrast,
the negative control 2, bearing an amide linkage instead of the
cyclopropylene conformational lock adopts majorly different
ligand shapes at low energy levels. In the binding site context,
the positive charge carried by the piperazine ring of 1 is placed
in a hot spot of negative partial charges in proximity to
Asp2834 and Asp2831. Both residues correspond to neutral
amino acids in BRD9 (Ile53/Thr50) which provides a molecular
basis for the experimentally observed selectivity (Figure 2b).

Characterization of the chemical probe BI-7190 for cellular
experiments

Based on the attractive initial characteristics we decided to
profile the probe 1 and the negative control 2 for potential off-
targets, which could influence the cellular activity. In-class
selectivity was assessed on a bromodomain panel (SI Table 2)
and those targeted with <20% ctrl at a concentration of 10 μM
were subjected to Kd determination (SI Table 3). In addition to
the known off-target BRD9, only three additional bromodo-
mains showed significant inhibition with a binding affinity
below 1 μM: BRD7 (close family member of BRD9), BRPF1 and
CECR2 (Kd: BRD7=68.7�25.7 nM; BRPF1=40.3�18.8 nM;
CECR2=390�98 nM) and were nominated for further selectiv-
ity studies in cells. For a more general view on selectivity, we
performed a kinase panel for 1 (SI Table 4) and a Safe-
tyScreen44™ Panel for compound 1 and the negative control 2
(SI Table 5) suggesting no significant liabilities. To investigate
the suitability of 1 as a cellular inhibitor of the BPTF
bromodomain, cellular target engagement was determined
using NanoBRET[24] (Figure 3a). The in vitro potency for BPTF
translated into a potent BPTF cellular engagement (NanoBRET
EC50 BPTF=58�40 nM), whereas the probe 1 showed only
weak cellular target engagement against the off-target bromo-
domains and therefore revealing a sufficient cellular selectivity
window with regard to other relevant bromodomain family
members (NanoBRET EC50: BRD9=1100�250 nM; BRPF1=

2960�1690 nM; 13200�6410 nM). As expected, the selected
negative control 2 did not exhibit any relevant activity in the
BPTF NanoBRET assay (Table 1, Figure 3a). Finally, the selectivity
profile of 1 and its negative control 2 over a range of diverse
targets was assessed. 1 was profiled in a kinase panel (SI
Table 4) and a SafetyScreen44™ Panel (SI Table 5), and the
negative control 2 was profiled in a SafetyScreen44™ Panel for
(SI Table 5). No significant liabilities were identified for both
compounds.

Figure 2. (a) Binding mode of 1 observed in the crystal structure in complex
with the BPTF bromodomain2917–3037 (pdb ID: 8AG2). 1 is shown as stick
model, color coded by atom type with carbon shown in green. The refined
2Fo–Fc electron density shown in blue is contoured at 1.0 σ (b) Superposition
of the crystal structure of compound 1 in BPTF and BRD9 in complex with BI-
7189 (pdb ID: 8AHC) (C α r.m. s.d. 0.80 Å). 1 is shown as stick model, color
coded by atom type with carbon shown in green and the respective BPTF
protein is shown in grey, BI-7189 is shown as stick model, color coded by
atom type with carbon shown in blue and the respective BPTF protein is
shown in blue. Protein residues deemed important for selectivity are shown
as sticks in the respective colors.
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Characterization of the chemical probe BI-7190 for in vivo
experiments

Favorable aqueous solubility, high absorptive permeability and
low efflux ratio in the Caco-2 in vitro assay and low in vitro
CYP450 inhibition suggested promising in vivo pharmacokinetic
properties of 1 also for oral dosing (Table 1). Therefore, we
assessed in vivo pharmacokinetic profiles in C57BL/6 mice.
Despite the observation of relatively high plasma CL upon i. v.
dosing, with doses of 30 and 100 mg/kg as single dose or
100 mg/kg bid, high plasma exposure and bioavailability were
obtained upon oral dosing (Figure 3b and Table 1). Together
with the moderate plasma protein binding and cellular target
engagement at 58 nM, the favorable oral PK properties suggest
1 as a suitable tool compound for in vivo efficacy and mode-of-
action studies.

Impact of BPTF bromodomain inhibition in cells

We tested the probe 1 on a panel of 46 cancer cell lines in a 7-
day viability assay. The observed GI50 values ranged from 2.47
to 36.05 μM and did not correlate with either BPTF mRNA
expression (source: CCLE) or the BPTF dependency score from

two depletion screens[25,26] (Figure 4a). Cells from hematopoietic
malignancies were slightly enriched among those with lower
GI50 (SI Table 6 – not significant). Since chromatin remodeling is
expected to modulate global transcription, we performed
microarray-based transcriptomics in two cell lines, NCI-H1437
and NCI-H157, treated with 1 at a concentration of 1 μM over
120 h. Surprisingly, the treatment had only minor effects on the
transcriptome. Principal component analysis revealed that most
of the variation between samples could be ascribed to the time
component (Figure 4b-left) likely reflecting confluency-depend-
ent and nutrient availability-dependent transcriptional changes,
while the treatment groups did not clearly separate (Figure 4b-
right). Both cell lines behaved similarly (SI Figure 2a). When
considering changes across time points, we found only three
genes significantly modulated in NCI-H1437, namely CLCF1,
CLMP, and CLSPN, while we did not observe any significantly
modulated genes in NCI-H157 cells (Figure 4c and SI Figure 2b).

Figure 3. (a) Determination of cellular target engagement using NanoBRET;
see Table 1 for a summary of EC50 values (b) In vivo pharmacokinetic profiles
of 1 in C57BL/6 mouse plasma upon i. v. bolus and p.o. dosing. Data show
mean values and standard deviations from n=3 animals per dose group.

Figure 4. Treatment with BI-7190 induced minor transcriptional modulation
in NCI-H1437 cells over 120 h. (a) Correlation of BI-7190 GI50 and BPTF
expression (transcripts per million reads, TPM – left) or BPTF depletion score
(from the AVANA depletion screen – right) Each dot represents one cell line
tested. (b) Principal Component (PC) plots showing the variation among all
samples analyzed in the transcriptomics experiment. Each dot represents
one sample and dots are colored by time point (left) or treatment (right).
The percentage of variation explained by the top two principal components
is indicated in the axis labels. (c) Expression of the top differentially
expressed genes over time in vehicle- or BI-7190-treated cells. Basal values in
untreated cells are shown for reference. (d) Expression of the indicated BPTF
targets as in (c).
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No significant regulation was observed for the reported BPTF
target genes MYC, HPSE, or PSMD8[13,27] (Figure 4d and SI
Figure 2c).

We then focused on the top 50 genes showing some
modulation over time, independent of the adjusted P value. As
expected, probe 1 only induced minor changes in both cell
lines and the modulated genes did not form obvious functional
clusters (SI Figure 2d). However, the MYC-target BUB1B, which
was shown to be reduced in Bptf-heterozygous Eμ-Myc
lymphomas was slightly down-regulated in NCI-H1437 cells
after 120 h treatment at 1 μM concentration (not significant –
not shown).

Discussion

BPTF is a multidomain protein that has been implicated in
multiple physiological and pathological processes, including
various cancer types. Here we report the discovery of a
chemical probe BI-7190, which is suitable to investigate the
impact of chemical inhibition of the BPTF bromodomain in cells
as well as in vivo. The probe, discovered within a structural class
of BRD7/9 bromodomain inhibitors, was characterized with
respect to in vitro target binding and possesses an attractive
selectivity window towards other bromodomain family mem-
bers. The translation of potency in a cellular context was

confirmed using NanoBRET target engagement assays. Broader
selectivity profiling outside of the protein family did not
indicate any major off-target liabilities. The chemical probe
displayed attractive in vitro and in vivo pharmacokinetic profiles,
making it suitable for studies in both settings. In vivo studies
might be particularly important to further investigate the
proposed role of BPTF in tumor cell immunogenicity.

Despite its high affinity and selectivity for BPTF, the
chemical probe had only a small effect on cell viability in a
panel of cancer cell lines as well as on the global modulation of
transcription in two cancer cell lines. Future studies might
reveal similar or different effects in non-cancerous cells and
tissues. Of note, BPTF binds acetylated histone tails also with its
PHD finger, which is sufficient for the binding to nucleosomes[28]

and interacts with transcription factors.[12] It is therefore possible
that the inhibition of the bromodomain alone is not sufficient
to fully abrogate all BPTF functions. This suggests that depleting
BPTF by proteolysis targeting chimeras (PROTACs) could be a
promising strategy to target cancer cell proliferation. A similar
approach was successfully pursued for a significant number of
bromodomain containing proteins.[29] Most prominent examples
for this approach are SMARCA2/4 bromodomain inhibitor based
PROTACs, whose targeted degradation phenocopied the anti-
proliferative effects observed in genetic experiments[30] and
BRD9 PROTACS, CFT8634 and FHD-609, in clinical

Table 1. Summary and properties of BI-7190 and BI-4827. DiscoveRx Kd values are reported as mean of 3 independent experiments (in duplicates)�
standard deviations.

Probe 1
BI-7190

Negative Control 2
BI-4827

BPTF-BD Affinity/Activity
KD(BPTF, DiscoveRx) 3.5�2.8 nM >10 μM
KD(BPTF, ITC) 131�24 nM n.d.
Bromodomain Selectivity
KD measurements for <20% CTRL DiscoveRx at 10 μM/all other >300 nM
KD(BRD9, DiscoveRx) 18.4�7.6 nM 1570�310
KD(BRD7, DiscoveRx) 68.7�25.7 nM 2833�420
KD(BRPF1, DiscoveRx) 40.3�18.8 nM >10 μM
KD(CECR2, DiscoveRx) 390�98 nM >10 μM
Kinase Selectivity
% ctrl inhibition at 10 μM

No hits >17% n.d.

Eurofins Cerep Safety Screen44™ Panel
% ctrl inhibition at 10 μM

No hits >36% No hits >23%

Target Engagement
BPTF NanoBRET (EC50) 58�40 nM >50000 nM
BRD9 NanoBRET (EC50) 1100�250 nM >50000 nM
BRPF1 NanoBRET (EC50) 2960�1690 nM >50000 nM
CECR2 NanoBRET (EC50) 13200�6410 nM >50000 nM
In vitro ADME Properties
Aqueous solubility (pH 6.8) >84 μg/ml >100 μg/ml
Hepatocytes pred. CL mouse/rat/human (% QH) 91/40/12 n.d.
Plasma protein binding mouse/rat/human (% bound) 61/48/59 n.d.
Human Cytochrome P450 inhibition IC50 CYP2 C8: >50 μM

CYP2 C9: >50 μM
CYP2 C19: >50 μM
CYP2D6: >50 μM
CYP3 A4: 25 μM

n.d.

Caco-2 permeability Papp, a-b/efflux ratio 54 ·10� 6 cm/s/1.5 n.d.
In vivo PK profile
Mouse 5 mg/kg i. v. bolus plasma CL (% QH)/Vss 64/2.1 L/kg n.d.
Mouse 30 mg/kg p .o. AUC(0-inf)/cmax/Foral

Mouse 100 mg/kg p.o. AUC(0-inf)/cmax/Foral

Mouse 100 mg/kg p.o. bid AUC(0-inf)/cmax/Foral

33,200 nM·h/7.9 μM/145%
93,100 nM·h/13 μM/122%
241,000 nM·h/25 μM/158%

n.d.
n.d.
n.d.
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development.[31] In order to enable the research community to
test scientific hypotheses with respect to BPTF bromodomain
inhibition or prospective PROTAC approaches, we generated
the chemical probe BI-7190 (1) and the related negative control
BI-4827 (2), which will be made available via EUbOPEN
(EUbOPEN Chemical Probes (https://www.eubopen.org/chem-
ical-probes)) as well as the Boehringer Ingelheim open
innovation portal opnMe (BPTF inhibitor jBI-7190 jopn-
Me jBoehringer Ingelheim).

Methods

Protein purification

The construct for expression of BPTF protein (residues 2917–3037,
UniProt ID: Q12830) containing a N-terminal GST-tag vector with
TEV cleavage site is based on a previously reported structure.[3] The
protein was expressed and purified as described in detail in the
Supporting Information, concentrated to 3 mg/mL, and frozen at
� 80 °C.

Isothermal titration calorimetry

Calorimetric experiments of were performed on a MicroCal PEAQ-
ITC instrument (Malvern Panalytical Ltd). Protein solutions were
buffer exchanged by dialysis into buffer 25 mM HEPES pH 7.4,
150 mM Sodium Chloride and 1 mM TCEP. All measurements were
carried out at 23 °C. Titrand and titrator concentrations were
adjusted to 3% DMSO. The cell was loaded with protein solutions
in the range of 0 to 25 μM. All injections were performed using an
initial injection of 0.5 μL followed by 19 injections of 2 μL of
compound in the range of 180–400 μM. The data were analyzed
with the MicroCal PEAQ-ITC analysis software package (v1.1.0.1262).
The first data point was excluded from the analysis. Thermody-
namic parameters were calculated according to the Gibbs-Helm-
holtz equation (ΔG=ΔH� TΔS = � RTlnKd).

Protein crystallography

Crystals of the BPTF bromodomain (amino acids 2917–3037 of
UniProt ID: P129830) were obtained using the sitting drop vapor
diffusion method. At 4 °C 0.2 μl protein solution (8 mg/ml protein,
concentrated after addition of 1 mM compound 1) were mixed
with 0.14 μl reservoir solution containing 20% PEG 1000, 100 mM
sodium cacodylate pH 6.5 and 0.2 M Magnesium chloride. Rod-like
crystals grew to a final length of about 300 μm within 2 days.
Crystals were flash-frozen in liquid nitrogen using reservoir solution
supplemented with 35% PEG 400. Diffraction data was collected at
beamline X10SA of the Swiss Light Source (Paul Scherrer Institute,
Switzerland). Images were processed with autoPROC[32] and reso-
lution limits were determined using default settings of autoPROC
and STARANISO. The structure was solved by molecular replace-
ment using the previously solved structure (PDB ID: 5R4O) as search
model. The crystal structure of BI-7189 in complex with BRD9 was
obtained as previously described. Model building and refinement
was performed using standard protocols using CCP4,[33] COOT[34]

and autoBUSTER (http://www.globalphasing.com). Statistics for data
collection and refinement can be found in SI Table 1.

NanoBRET

HEK293 cells (4×105) were plated in 6-well plates and transfected
with NanoLuc-BPTF ((NM_182641), BRD domain amino acids 2805–
2905, cloned into pNLF1-N [CMV/Hygro] (Promega)), NanoLuc-
BRPF1B, NanoLuc-BRD9, or NanoLuc-CECR2 (Promega), respectively.
Twenty hours after transfection cells were collected, washed with
PBS, and exchanged into OptiMEM I Reduced Serum Medium, no
phenol red (ThermoFisher Scientific). Cell density was adjusted to
2×105 cells/ml and cells were re-plated in white 384-well poly-
propylene plates (Ultracruz). For BPTF, the in-house developed
energy transfer probe (ETF) 5961 (https://www.thesgc.org/chemical-
probes/NVS-BPTF-1, to be published) was added at a final
concentration of 1 μM and for the remaining targets, NanoBRET ETF
BRD_02 (Promega) was added at final concentrations of 0.2 or
1 μM, respectively. DMSO was added to each assay as control (no
ETF control). 1 and 2 were then added directly to the wells at final
concentrations starting from 50 μM and the plate was incubated for
2 h at 37 °C/5% CO2. To measure BRET, NanoBRET furimazine
substrate (Promega) and Extracellular NanoLuc Inhibitor (Promega)
were added at final concentrations of 10 and 5 μM, respectively.
Readings were performed within 10 min using a PHERAstar FSX
(BMG LABTECH) equipped with a 460 nm BP filter (donor) and
618 nm LP filter (acceptor), with a 0.5 s reading setting. A corrected
BRET ratio was calculated and defined as the ratio of the emission
at 618 nm/460 nm for experimental samples (i. e. those treated with
ETF) and the emission at 618 nm/460 nm for control samples
(DMSO controls, not treated with ETF). BRET ratios are expressed as
milli-BRET units (mBU), where 1 mBU corresponds to the corrected
BRET ratio multiplied by 1000. Apparent EC50 values were
determined for each test compound using Prism (GraphPad)
assuming a sigmoidal dose-response (variable slope).

Cell lines

All cell lines were acquired from ATCC and periodic STR analysis
and mycoplasma PCR testing were performed. Cells were cultured
under standard conditions (37 °C, 5% CO2, 20% O2) according to
the ATCC recommendations.

Cell viability assay

Cells were plated at low density in 384-well plates (500–1000 cells/
well) and compounds were added on the next day. Cell viability
was measured after 7 days with CellTiter-Glo luminescence system
(Promega) following the manufacturer’s instructions. Luminescence
was measured in an Envision Plate Reader.

Microarray analysis

We measured time-resolved gene expression at 0, 2, 4, 8, 24, 48, 72,
and 120 hours in untreated and BI-7190 treated cells (NCI-H1437
and NCI-H157) with three replicates per condition using ClariomTM S
human microarrays. Data processing, analysis and visualization was
done using the R programming language. After reading in the raw
CEL files, we performed background correction and normalization
using the Robust Multichip Average (RMA) algorithm provided by
the “oligo” package[35] using standard parameters. As the data was
acquired in two batches (replicate 1 versus replicates 2 and 3), we
confirmed that RMA normalization was sufficient to remove any
batch effects and that batch correction using “removeBatchEffect”
from the “limma” package[36] did not have any additional beneficial
effect. We used the “annotateEset” function from the “affycoretools”
package to annotate the microarray probes with the information
provided in the “p.clariom.s.human” package. Unannotated genes
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and genes with low expression values were removed from the
expression matrix. We defined contrasts between BI-7190-treated
and untreated samples for each time point and identified differ-
entially expressed genes using linear models followed by empirical
Bayes correction as implemented in the “limma” package. Genes
showing differential expression behavior over time were identified
using limma’s “topTableF” function. Raw p-values were corrected
using the Benjamini-Hochberg method.

Chemical development

Synthesis and the respective characterization are reported in the
Supporting Information. Reactions were carried out in standard
commercially available glassware using standard synthetic
chemistry methods unless stated otherwise. Reagents were ob-
tained from commercial sources and used without additional
purification.

Animal studies

In vivo pharmacokinetic studies in mice were carried out at WuXi
AppTec (Shanghai) Co., Ltd under the animal ethics license PK-01-
002-2017v1.2 (Institutional Committee Animal Care and Use
Committee, Shanghai Site (IACUC-SH).
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