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Abstract

Targeting the first protein complex of the mitochondrial electron transport chain
(MC1) in cancer has become an attractive therapeutic approach in the recent years,
given the metabolic vulnerabilities of cancer cells. The anticancer effect exerted by
the pleiotropic drug metformin and the associated reduction in hypoxia-inducible
factor 1a (HIF-1a) levels putatively mediated by MC1 inhibition led to the develop-
ment of HIF-1a inhibitors, such as BAY87-2243, with a more specific MC1 target-
ing. However, the development of BAY87-2243 was stopped early in phase 1 due
to dose-independent emesis and thus there is still no clinical proof of concept for
the approach. Given the importance of mitochondrial metabolism during cancer pro-
gression, there is still a strong therapeutic need to develop specific and safe MC1
inhibitors. We recently reported the synthesis of compounds with a novel chemotype
and potent action on HIF-1a degradation and MC1 inhibition. We describe here the
selectivity, safety profile and anti-cancer activity in solid tumors of lead compound
EVT-701. In addition, using murine models of lung cancer and of Non-Hodgkin's B cell
lymphoma we demonstrated that EVT-701 reduced tumor growth and lymph node in-
vasion when used as a single agent therapy. LKB1 deficiency in lung cancer was identi-
fied as a potential indicator of accrued sensitivity to EVT-701, allowing stratification
and selection of patients in clinical trials. Altogether these results support further
evaluation of EVT-701 alone or in combination in preclinical models and eventually

in patients.
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INTRODUCTION

Since 2000, a growing body of evidence has rehabilitated the im-
portance of mitochondrial metabolism in tumor growth, muzzled
for long by Warburg effect supremacy. The very aggressive type of
Non-Hodgkin's (NH) B-cell lymphoma, that is, diffuse large B-cell
lymphoma (DLBCL) was the first tumor entity in which an increase in
the expression of mitochondrial-related genes was identified in the
so-called oxydative phosphorylation (OxPhos)-DLBCL subset.! Two
other independent studies unraveled the key role of mitochondrial
metabolism in supporting the growth of KRAS-driven lung tumors in
mouse models.?® Since then, many studies demonstrated increased
mitochondrial metabolism in melanoma, lung and brain tumors com-
pared to normal tissues.*”

Furthermore, tumors seem to develop from clones with ampli-
fied and functional mitochondria®’ while clones with mitochon-
drial dysfunction cannot undergo tumorigenesis.’® Recent work
suggests that such metabolic reprogramming is a continuous pro-
cess, allowing dynamic adaptation as tumor requirements change

from initiation to metastasis,“
12

and in response to anti-cancer
therapies.

Mitochondrial complex 1 (MC1) is the first and major compo-
nent of the electron transport chain (ETC), oxidizing NADH from the
tricarboxylic acid (TCA) cycle (and fatty acid B-oxidation pathway)
to initiate the electron and proton transfer necessary for ATP syn-
thesis.*>** It comprises 44 subunits of which 14 are necessary and
sufficient for catalytic activity.is’16 Given the number of accessory
subunits, its roles in metabolism and cell fitness are multiple and dif-
ficult to disentangle. Nevertheless, recent studies shed light to the
important roles of MC1 in tumorigenesis and tumor adaptation in
nutrient- and oxygen-poor surroundings.

First, the electron transport chain is operational in hypoxic envi-
ronments, even at oxygen levels below 0.5%" and it can still contrib-
ute to ATP production and tumor cell survival.*8%?

Second, another important role of ETC is to support aspartate
biosynthesis. Aspartate is a proteogenic amino acid involved in nu-
cleotide (purines and pyrimidines) biosynthesis, and therefore in
proliferation. Active ETC also favors aspartate biosynthesis in order
to maintain the level of TCA cycle intermediate levels compatible
with cell energetic needs. Furthermore, increased expression and
activity of MC1 is correlated with resistance to chemotherapy in
pancreatic cancer?® and with metastatic potential in colon cancers.?!
Finally, MC1 is fully functional in moderate hypoxic conditions and
so sustainably maintains low levels of oxygen in tumor. This, in turn,
restricts damaging ROS levels and stabilizes the transcription factor
HIF-1a.

Consistent with the important role played by MC1 in tumor
survival and growth, a handful of approved drugs inhibiting MC1
(among other targets) have shown anticancer effects in clinical stud-
ies. Metformin, for instance, improves the survival of patients with
breast, colorectal, ovarian, and liver tumors.2%23 Mechanistically,
metformin prevents stabilization of HIF-1 under hypoxic conditions

in hepatocellular carcinoma.?* This reprogramming of HIF1-driven

metabolism  eventually  prevents  mitochondrial-dependent

biosynthesis.?

Among more specific compounds developed over the last
decades, BAY87-2243 is of special interest as it was identified
from a screen for inhibitors of HIF-1a-mediated gene transcrip-
tion under hypoxic conditions. This very potent compound was
shown to inhibit MC1 and to induce mitochondrial depolarization
and ATP depletion.?¢ It also increased ROS production, leading to
activation of AMP-activated protein kinase (AMPK) signaling and
apoptosis.27 Unfortunately, clinical development of BAY87-2243
was terminated at phase 1 due to massive and dose-independent
induction of emesis in patients. IACS-010759 is a potent and se-
lective MC1 inhibitor identified through a medicinal chemistry
program building on the structures of HIF-1a modulators and
known to inhibit oxidative phosphorylation. The agent showed
some promise in the treatment of brain tumor and leukemia,?® and
a recent phase 1 study in 18 patients with advanced solid tumors
showed that the compound was well-tolerated, with initial indica-
tions of anti-tumor activity.29

Nevertheless, the clinical potential of MC1 inhibition in cancer
remains largely unexplored. Given the complex nature of the target
and the limited number of specific agents available, the develop-
ment of new potent and specific MC1 inhibitors based on different
chemotypes is highly desirable.

2 | MATERIALS & METHODS

2.1 | Celllines and reagents

Lewis lung carcinoma tumor cells, LL/2 (CRL-1642™), Hep3b.1-7 (HB-
8064™), MDA-MB231 (HTB-26™), H460 (HTB-177™) and H1299
(CRL-5803™) cells were purchased from ATCC®, KARPAS 422
were from ECACC, purchased from Sigma-Aldrich. The NCI-H460-
luc2 human lung cancer cell line was kindly provided by Dr Alain
Le Pape (Research Director, Scientific Director of Centre For Small
Animal Imaging, CIPA of CNRS Orleans Campus, Orléans, France).
LL/2 and MDA-MB-231 were grown in DMEM, H460 and H1299 in
RPMI-1640 and Hep3b in MEM, each supplemented with 10% Fetal
Bovine Serum, 2 mM Glutamax, 1 mM sodium pyruvate and 1 mM
MEM NEAA (non-essential amino acids). ATCC-formulated DMEM,
MEM-Earle's medium, RPMI1460, PBS, Hepes, sodium pyruvate,
MEM NEAA trypsin, Glutamax and L-glutamine were from Gibco,
fetal bovine serum (FBS), BSA, rotenone, antimycin A, iodoacetate,
Carbonyl cyanide-p-trifluoromethoxy-phenylhydrazone (FCCP), so-
dium bicarbonate, D-glucose were from Sigma-Aldrich, Penicillin and
streptomycin from Life Technologies, PBS-buffered formalin from
Fisher Scientific, mouse standard diet from SAFE, Rompun®2% from
Bayer Health Care, Imalgene®1000 from Merial, sodium pentobarbi-
tal from Ceva, Isoflurane® from Axience, NaCl 0.9% from Aguettant,
Hexomedine® from Sanofi Aventis, Matrigel® from BD Biosciences,
D-Luciferine salt from Molecular Probes, PEG200 from Alfa Aesar
and Solutol®HS15 from BASF.
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Mouse primary Ep-Myc cells (murine malignant B-cells) ob-
tained from B-cell lymphomas of independent C57BL/6 Ep-Myc
transgenic mice (line hosted at C3M), were isolated as described
previously,30 maintained in DMEM supplemented with 10% FBS,
2-mercaptoethanol (50 uM), L-asparagin (0.37 mM) and HEPES
(pH 7.4, 10 mM) and previously characterized as OxPhos or
Glycolytic.3!

Anti-human Ki-67 (Rabbit 1gG) was obtained from Abcam (all
used 1/200X), anti-human carbonic anhydrase IX (Goat IgG) from
R&D System (used 1/100X), anti-human Caspase-3 (Rabbit IgG) from
Cell Signaling Technology (used 1/500X), anti-mouse CD31 (Rat IgG)
from Biolegend (all used 1/500X); Anti-rabbit, anti-rat HQ, anti-
goat HQ and anti-HQ-HRP, Ultra Map DAB kit, ChromoMap DAB
Kit, Omnimap anti-Rb HRP and hematoxylin were obtained from
DISCOVERY, Roche Diagnostics (all used 1/500X).

2.2 | Invitro inhibition of Complex 1

MitoTox™ Complex | OxPhos Activity Assay Kit (ab109903), de-
signed for testing the direct inhibitory effect of compounds on
Complex |, was used according to the supplier's instructions. The
assay uses Complex | purified from bovine heart, immunocaptured
by specific antibodies on the plate. Complex | activity is observed as
a decrease in absorbance at OD 340 nm, which denotes the oxida-

tion of NADH by mitochondrial complex .

2.3 | Mitochondria respiration profiling

Twenty thousand cells/well were seeded in a VP3-PS cell culture
microplate adapted to an XF96 analyzer (Seahorse Bioscience),
and allow to adhere overnight. Growth medium was exchanged
with pre-warmed assay medium (XF base medium supplemented
with 25 mM glucose, 2 mM glutamine and 1 mM sodium pyruvate;
pH 7.4) and incubated at 37°C for 1 h without CO, to allow pre-
equilibration in assay medium. Pre-warmed oligomycin, FCCP and
rotenone plus antimycin A were loaded into injection ports A, B,
and C of the sensor cartridge, respectively, to give final concentra-
tions of 1 pg/ml oligomycin, 1 uM FCCP, 1 uM rotenone & 1 uM
antimycin A. For assessment, the compound was loaded into the
injector port A and oligomycin, FCCP and rotenone plus antimycin
A into the ports B, C, and D, respectively. The cartridge was cali-
brated by the XF96 analyzer, and the assay was performed with the
following parameters: 4 min mix, 3 min measure. Oxygen consump-
tion rate (OCR) was detected under basal conditions followed by
the sequential addition of 10X solutions containing the different
doses of the compound to evaluate, followed by three sequential
additions of FCCP at a final concentration of 0.3, 1, and 3 uM to
uncouple mitochondria. Control injections were with medium. Data
are presented as the fold of the OCR of the given dose of com-
pound to vehicle. Figure S4 shows a representative OCR curve of a
Seahorse experiment with H460 cell line.
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2.4 | Quantification of total and mitochondrial
ATP content

Total and mitochondrial ATP content was measured by using Cell
Titer Glo assay (Promega) according to the manufacturer's proto-
col. lodoacetate was used as specific glycolysis inhibitor to define
the origin of ATP and to isolate the effect of compounds on mito-
chondrial function, since it inhibits glycolysis by the alkylation of
the essential cysteine residue in the active center of GAPDH, which
results in impaired enzyme activity.32*33 Thus, the compound ef-
fect is measured on the total ATP content and on the mitochondrial
ATP content (measured in the presence of 100 uM iodoacetate).
Cells were seeded at 8000 cells/well in 80 pl of complete medium
(96-well plates) and incubated at 37°C (95% air; 5% CO,) for 18 h.
Compounds were added (10 ul of a 10X solution in culture media to
obtain half-log dose-response with final concentrations in 10 nM to
10 uM range) to pairs of plates and the cells were incubated for 1 hiin
the presence or not of iodoacetate (addition of 10 ul of culture media
or of 10 pl of a 10X iodoacetate solution). At the end of the incuba-
tion time, the ATP content was measured by using the Cell Titer Glo
according to the manufacturer's protocols. The luminescence signal
was recorded with a microplate reader (2103 EnVision™ Multilabel
Plate Readers—PerkinElmer). Raw data (Relative Luminescence
Units) were analyzed using Microsoft Excel 2016 software; values
represent mean + standard deviation. Mitochondrial ATP is deter-

mined with iodoacetate, global ATP without.

2.5 | Proliferation & apoptosis measurement assays
Cells were seeded at 5000 cells/well in 80 ul/well in culture media
using 96-well plates. After overnight incubation at 37°C (95% air,
5% COZ), 10 pl of 10X solutions of the compound were added to
the appropriate wells (in culture media to obtain dose-response
with final concentrations in 10 nM to 10 uM range). For apoptosis
determination, an additional 10 ul of Caspase-3/7 green reagent
(Essen Bioscience, Catalog # 4440) diluted at 1/200 in correspond-
ing media was added to the wells. Caspase-3/7 green reagent only
emits fluorescence when it is cleaved by activated Caspase-3/7, re-
sulting in the release of the DNA dye and green fluorescent staining
of nuclear DNA, which allows the monitoring of the kinetic activa-
tion of caspase-3/7. Plates were immediately placed in Incucyte
live-cell, time-lapse imaging system allowing the visualization and
quantification of cell proliferation and apoptosis over time (Incucyte
Zoom, Essen Bioscience Sartorius) for image acquisition. Two images
were acquired under phase and green fluorescence (400 ms acquisi-
tion time by default) every 3 h, at 10X magnification for 96 h for the
first experiment and then for 72 h for the three subsequent experi-
ments. Assessment of cell confluence was based on phase images
and apoptosis assessment was based on green fluorescence images.
The Incucyte software (Incucyte ZOOM Version 2018A) was used
to generate the kinetic graphs from the proliferation and apopto-
sis data. Changes in % of cell confluence for proliferation and of
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fluorescent counts for apoptosis were represented as % or fold to
vehicle both for apoptosis and proliferation. Proliferation: Although
there were changes in cell morphology as cells proliferate and con-
fluence increases, we decided to use confluence as the measure
of cell proliferation to assess the effect of the small molecules on
cell proliferation. Cell proliferation was monitored by analyzing the
occupied area (% confluence) of cell images over time. Apoptosis:
Apoptosis was monitored using the caspase-3/7 green apopto-
sis assay reagent. When added to the tissue culture medium, this
inert, non-fluorescent reagent crosses the cell membrane where it
is cleaved by activated caspase-3/7 that releases the DNA dye and
that results green fluorescent staining of nuclear DNA. Apoptosis
was determined by counting the number of fluorescence objects in
each well and was expressed as cells/mm?. The fluorescence thresh-
old was set to 1 GCU, meaning that each object above this threshold
was detected in the image.

2.6 | Invitro cell death assay in the Ep-Myc model
Ep-Myc cells (2 x 10°) were seeded in 96-well plates in the presence
or absence of EVT-701 (at indicated doses) for 24 h. Cells were then
labeled with DAPI (Molecular Probes; 0.5 pg/ml) and analyzed im-
mediately by flow cytometry using a MACSQuant Analyzer (Miltenyi
Biotec). Cell death induction represents the percentage of DAPI pos-
itive cells in EVT-701-treated conditions divided by the percentage
of DAPI positive cells in control (DMSO) conditions.

2.7 | Animals

Female C57BL/6, male Balb/CJ-Nude, and female CB17 SCID mice
were purchased from Charles River Laboratories. The nycthemeral
cycle in the housing room is 12/12-h light/dark, the room tempera-
ture was at 22 + 2°C with 55 + 10% of relative humidity. The mice
were fed ad libitum with a standard diet and filtered tap water. The
laboratory animal care program and the animal facility have been
fully accredited by AAALAC organization. All the experimental pro-
cedures were approved by the local ethics committee of the com-
pany and were registered at the French Ministry of Higher Education
and Research.

2.8 | Orthotopic LL/2 lung tumor model

Cell implantation procedure: LL/2 cells were grown in a 5% CO, hu-
midified atmosphere (90%) at 37°C, in DMEM medium supplemented
with 3% FBS and L-glutamine 2 mM. The cells were trypsinized,
washed with PBS and adjusted to a concentration of 50 000 cells/
ml in Matrigel and PBS/BSA 0.1% (1:4; v:v). The cell suspension was
kept at 4°C until inoculation into mice. 7-week-old female C57/Blé
mice were anesthetized with a mixture of Rompun®2% (20 mg/
kg) and Imalgene®1000 (100 mg/kg) in NaCl 0.9% at 10 ml/kg

by intraperitoneal injection. A small skin incision to the left chest
wall (<1 cm) was made at about 5 mm tail side from the scapula.
Subcutaneous fat and muscles were separated from costal bones.
LL/2 cells (1000 cells suspended in 20 pl) were directly injected
through the intercostal space into the left lung. The area of injec-
tion was cleaned with Hexomedine®. The incision was closed with
a surgical skin clip. At study termination, the mice were euthanized
by barbiturate overdose (sodium Pentobarbital). The ribcage was
opened and the left lung and the mediastinal lymph nodes were re-
moved. Lung tumors were measured using an electronic caliper in
order to determine the tumor volume (V) according to the formula:
V =1?x L x 0.52 (I = width and L = length) and the mediastinal lymph
nodes were weighed. Statistical analysis was performed using t-test
for tumor volumes and lymph node weights. Treatment schedules:
Mice were allocated to experimental groups based on body weight
at the initiation of the treatment. At the end of the studies, mice
without tumors were excluded from the statistical analysis. LL/2
tumor-bearing mice were dosed orally with either placebo (vehicle)
or with EVT-701, 14 mice were allocated to each group. Mice re-
ceived 14 (from D10 to D23 post cell inoculation) or 4 (from D19 to
D22 post cell inoculation) consecutive single oral daily administra-
tions with 10 and 30 mg/kg of compound according to the study
design. EVT-701 was prepared daily as 1 and 3 mg/ml solutions in
PEG200/Solutol®HS15/water (30%/5%/65%) and administered to
mice at 10 ml/kg by oral gavage.

2.9 | Orthotopic H460 lung tumor model

Cell implantation procedure: H460-Luc?2 cells were grown in a 5%
CO, humidified atmosphere (90%) at 37°C, in RPMI1640 medium
supplemented with 10% FBS, D-Glucose (4.5 g/L), Glutamax 2 mM,
Sodium pyruvate 1X, sodium bicarbonate (2 mM) and Hepes buffer
(10 mM). The cells were trypsinized, washed with PBS and adjusted
to a concentration of 20 million cells per ml in PBS. The cell sus-
pension was kept at 4°C until inoculation into mice. Seven-week-
old male Balb/c Nude mice were anesthetized with a mixture of
Rompun®2% (20 mg/kg) and Imalgene®1000 (100 mg/kg) in NaCl
0.9% at 10 ml/kg by intraperitoneal injection, and subsequently
placed on an angular board in order to visualize the glottis using
a light source, an otoscope, and a modified spatula. The mice were
inoculated with 25 pL of cell suspension using a S/L First PICC 26G
(1.9F) blunt-end silicon catheter inserted into the bronchus through
the mouth. Tumor progression was followed by bioluminescence
imaging (BLI) at D7, D14 and D21 post cell inoculation. Animals
were anesthetized with isoflurane® vaporized to 2.5% in O,/Air
= 1 L/min. D-luciferin was applied by intraperitoneal injection
(2 mg/mouse in 200 ul). Bioluminescence was measured 12 min
after using an IVIS spectrum imager (PerkinElmer). At termination,
the ribcage was opened, the lungs were removed and tumors were
measured as described for the LL/2 model. Statistical analysis was
performed using t-test for tumor volumes and weights, and two-
way repeated measures ANOVA for bioluminescence. Treatment
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schedule: Mice were allocated to experimental groups based on
bioluminescent signal of the tumors at the initiation of the treat-
ment (D7 post cell inoculation). H460-Luc2 tumor-bearing mice re-
ceived 15 consecutive single daily oral administrations with 30 mg/
kg of compound according to the study design. EVT-701 was pre-
pared daily as 3 mg/ml solutions in PEG200/Solutol®HS15/water
(30%/5%/65%) and administered to mice at 10 ml/kg by oral gavage
(n = 9 mice/group). Control mice received PEG200/Solutol HS15/
water (30%/5%/65%) as vehicle (n = 9 mice/group).

2.10 | EVT-701 level assessment in plasma and
tumor of LL/2 tumor-bearing mice

Blood samples were collected from the abdominal aorta and trans-
ferred into glass tubes containing lithium heparin. Immediately
after sampling, the individual blood samples were centrifuged at
8000 g for 10 min at 4°C. Plasma samples were frozen at -20°C until
analysis. LL/2 tumors were collected, pooled (3 mice per sampling
time), weighed, and frozen at -20°C until analysis. One gram of tis-
sue being mixed with 2 ml of water for homogenization. After the
addition of the precipitant solution (CH,CN), EVT-701 was quanti-
fied by LC-MS/MS. LC-MS/MS conditions: Analysis performed on
Thermo Accela LC with HTC CTC-Pal autosampler. Column: Luna
C18 Phenomenex (50 x 2.1 mm) 3 um; Elution conditions: Eluent
A = H,0 + ammonium acetate 0.015% (w/v) + formic acid 0.2%
(v/v); Eluent B = MeOH 20% (v/v) + ammonium acetate 0.015%
(w/v) + formic acid 0.2% (v/v), CH,CN to 100% volume. T = 25°C.
Gradient: 10% B for 0.5 min, to 90% in 1.5 min, 1 min 90% B, back
to 10% in 0.5 min and 1.5 min 10% B; Flow rate = 0.7 ml/min; injec-
tion 5 pl, retention time 2.3 min. Analysis conditions: Thermo TSQ
Quantum Ultra 4 mass spectrometer, ES+, cone tension 46V, capil-
lary T=350°C, vaporizer T = 350°C. m/z transition 630.03 = 270.05;
Software: Excalibur version 2.1.0. Preparation of quality control
and calibration samples: Quality Control samples and Calibration
Samples were prepared daily by spiking mouse plasma with work-
ing solutions prepared from independent EVT-701 weightings. The
calibration curve was calculated from calibration levels at 1 (n = 3),
2.5, 5, 10, 25, 50, 100, 200 (n = 3), 500, 1000, and 2000 (n = 3)
ng/ml. The concentrations for Quality Controls were 5, 50, 150,
450, and 1500 ng/ml. Analysis used quadratic regressions (not
forced through the origin) weighted by 1/x. The limit of quantifica-
tion (LOQ) was estimated to 2.5 ng/ml for the plasma and 10 ng/
ml for the LL/2 tumors. The pharmacokinetic parameters were cal-
culated from the arithmetic mean of the plasma concentrations or
the LL/2 tumor concentrations using the program WinNonLin 5.2,
non-compartmental model 200.

2.11 | B-cell lymphoma in vivo studies

Lymphoma transfer of isolated Ep-Myc clones was realized
into syngeneic, non-transgenic, 6-week-old C57BL/6J Ola Hsd
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females (Envigo) by tail vein injection of 1 x 10° viable Ep-Myc
cells per recipient mouse (in 150 ul of sterile PBS). As the in-
guinal lymph nodes became “palpable” (six days after cell injec-
tion), the animals were treated daily with 30 mg/kg of EVT-701
(oral; 10 ml/kg) or vehicle. EVT-701 powder was dissolved daily
in PEG200/Solutol HS15/water (30%/5%/65%). Control mice
received PEG200/Solutol HS15/water (30%/5%/65%) as vehicle
(n = 10 mice/group). Food and water were given ad libitum. Mice
weight and palpation of the inguinal lymph nodes were deter-
mined every two or three days. Eu-Myc lymphoma-bearing ani-
mals were sacrificed as soon as they presented several signs of
iliness. Upon sacrifice, all lymph node tumors and spleens were
collected and weighted. Two hours after the last EVT-701 ad-
ministration, mice were anesthetized with pentobarbital (75 mg/
kg i.p). 500 ul of blood was collected for plasma isolation (lithium
heparinate-coated tubes [BDMicrotainer®] were centrifuged at
6000 g for 1.5 min at room temperature, according to the manu-
facturer's instructions) before mice sacrifice. Upon sacrifice, all
lymph node tumors and spleens are immediately collected and
weighted.

Mice were maintained in specific pathogen-free conditions and
experimental procedures were approved by the Institutional Animal
Care and Use Committee and by the regional ethics committee
(PEA232 from Comité Institutionnel d'Ethique Pour I'Animal de
Laboratoire - AZUR).

2.12 | Gene set enrichment analysis

The publicly accessible transcriptomic data from The Cancer
Genome Atlas Lung Adenocarcinoma (TCGA-LUAD) and The
Cancer Genome Atlas Lung Squamous Cell Carcinoma (TCGA-
LUSC) cohorts were used in this study. GSEA was performed using
DESEQ2 and fGSEA R packages. Gene sets were downloaded from
GSEA  website
Volcano plots and enrichment maps were used for the visualiza-

(https://www.gsea-msigdb.org/gsea/msigdb/).

tion of the GSEA results. For each gene signature, its Normalized
Enrichment Score (NES) and False discovery rate (FDR) consider-
ing the p-adjusted values (padj) were evaluated. NES with FDR
<0.05 were considered significant.

2.13 | Statistical analysis

Data are expressed as mean (+SD). Otherwise notified, these are
means of three independent experiments, with three replicates
per experiment. Differences in calculated means between groups
were assessed by two-sided Student t-tests. For time-to-event
variables, the survival functions were estimated with Kaplan-
Meier method and compared with log-rank tests. All statistical
analyses were done with Prism software. A p-value of less than
.05 was considered to indicate statistical significance (*p < .05,
**p < .01 and ***p < .001).
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2.14 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharmacology.
org, the common portal for data from the IUPHAR/BPS Guide
to PHARMACOLOGY,** and are permanently archived in the
Concise Guide to PHARMACOLOGY 2019/20.%° More specifically,
we referred to the chapter of the 2019/2020 Concise Guide of

Pharmacology focusing on enzymes.36

(A) (B)

3 | RESULTS
3.1 | EVT-701is a highly potent, selective, and safe
mitochondrial complex 1 inhibitor

EVT-701, 1-(3,4-dimethoxyphenyl)-2-[4-[2-[4-[2-(3,4-dimethoxyphenyl)-2
-hydroxy-ethoxy]phenyl]-thiazol-4-yl]-phenoxy]ethanol (Figure 1A)
results from our efforts to identify novel, potent and selective
compound degrading HIF-1a.3 We first investigated time- and
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FIGURE 1 EVT-701is a MC1 inhibitor. (A) Chemical structure of EVT-701. (B) Dose- and time-dependent inhibition of ETC | by EVT-701,
using the MitoToxTM complex 1 kit. MC1 activity is monitored by following the decrease in absorbance at OD 340 nm due to the oxidation
of NADH, which correlates with reduction of ubiquinone (NADH + H* + ubiquinone = NAD" + ubiquinol). (C) Plot of dose-dependent
modulation of oxidation and phosphorylation rates by EVT-701, measured by polarographic experiment using isolated mitochondria isolated
from liver of OF1—female from Charles Rivers. (D) Glycolytic ATP percentage in Hep3B (OxPhos high), MDA-MB231 and U87MG (OxPhos
low) cell lines. (E) Dose-dependent inhibition of mitochondrial ATP in Hep3b, MDA-MB231, and U87 cell lines by EVT-701. (F) Selectivity
kinase DiscoverX panel performed on Jurkat live cells using 10 uM EVT-701, by assessing the phosphorylation state of specific substrate
peptides for each kinase. DiscoverX panel has been run once, in duplicate and compared to vehicle treatment tested in duplicate or
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dose-dependent effect of EVT-701 on isolated MC1 complex. EVT-
701 reduces NADH abundance with an IC,, of 300 nM (Figure 1B).
To assess the effect of EVT-701 on the respiration of isolated mi-
tochondria, we performed polarographic studies. EVT-701 dose-
dependently inhibits NADH oxidation and phosphorylation of ADP
into ATP by 80% at 7.5 uM (Figure 1C). Next, we selected three
different cancer cell lines in which metformin was reported to
dose-dependently inhibit mitochondrial function and/or ATP pro-
duction, namely MD-MB-231,%8 Hep3B®? and U87%C cells. While
MDA-MB-231 and U87 cells mainly produce ATP through glycoly-
sis, Hep3B cells produce only 40% of their total ATP through gly-
colysis (Figure 1C). Nevertheless, EVT-701 inhibited mitochondrial
ATP production at nanomolar concentrations in all cell lines (IC, of
52 + 18, 81 + 12 and 74 + 38 nM for MD-MB-231, Hep3B, and
U87, respectively), regardless of their basal metabolism (Figure 1E).
Selectivity of EVT-701 was assessed on live Jurkat cells through a
kinase selectivity panel from DiscoverX®, based on the KiNativ® In
situ kinase profiling assay. " Among the 198 kinases evaluated in the
panel, no kinase activity was inhibited by more than 30% and only
MLK2 activity was increased by more than 30% by 10 uM EVT-701
(Figure 1F), as determined by assessing the phosphorylation state
of specific target peptides for each kinase. To evaluate the develop-
ability of EVT-701, we performed further safety and ADME assays.
The first of these was the in vitro safety screen from Cerep®, based
on the ability of EVT-701 at 10 uM to compete for the binding of ref-
erence ligands to 300 receptors. Only one receptor (A2AR) showed
ligand binding decreased by more than 50%, while increase greater
than 50% was only seen with CCK1R and CCK2R (Figure S1A). While
evaluating EVT-701 in mouse acute myeloid leukemia, we verified
that its inhibitory effect on respiration was rescued by succinate
(Luna Yolba, in revision). Pharmacokinetic parameters of EVT-701
were determined using C57BL/6J mice following intravenous ad-
ministration of EVT-701 (3 mg/kg) and escalating oral dosing (10,
30, and 75 mg/kg). Blood was sampled over 48 h to obtain key PK

variables (C__ .t

maxe tmaxs AUC, 1y 5, £, clearance, volume of distribution,

and bioavailability). The plasma concentrations of EVT-701 over the
48 h time-course are shown in Figure S1B and PK parameters sum-
marized in Figure S1C. Key features of the data were the extended
t,,, (4.1 h), good bioavailability (64%) and the observation that
dose-proportionality was conserved from 10 to 75 mg/kg. These
measures are all supportive of further in vivo evaluation using oral
route and a QD regimen. Tissue distribution was measured in the
same strain of mice after single oral administration of 30 mg/kg, this
showed accumulation of EVT-701 (compared to plasma) in all tissues
except the brain (Figure S1D), making EVT-701 potentially suitable
for the treatment of several cancer types to the exception of CNS
tumors. Specifically, tissue versus plasma AUC ratio was 5.9 for liver,
4.5 for kidney and pancreas, 4.2 for heart, 2.3 for lung, and 0.25 for
brain. In order to investigate the mechanism underlying this wide-
spread distribution and address potential efflux issues, we evaluated
the interaction of EVT-701 with key transporters from ATP-binding
cassette (ABC) and solute carrier (SLC) families, expressed either
in CHO, HEK, or MDCKII cells. The compound inhibited OATP1B1,
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OATP1B3 and BCRP-mediated transport with respective 1C;ys of
1.1+ 01, 2.4 + 0.2, and 4.1 + 2.7 uM, whereas IC.ys for OAT1,
OCT1, and MRP2 were higher than 30 uM and P-gp transport was
not affected (Figure S1E). Collectively, these results are consistent
with a massive uptake of EVT-701 in the liver, kidney, and intestine
but could also provide a potent mechanism of elimination via kidney
excretion. Finally, to examine to what extend safety issues reported
for BAY87-2243 could be relevant for EVT-701, we tested the com-
pounds in a ferret model of emesis at Porsolt. Ferrets were exposed
to increasing doses of both compounds. For BAY87-2243, we chose
as target concentration C_, reported in first patients treated with
recommended starting dose in clinical phase 1; for EVT-701, we

chose as target dose the estimated C__ obtained at steady state

max
in patients to be treated with predicted Dose-to-Man. This was as-
sessed by allometric methods, using rat & mouse PK parameters
and considering in vitro proliferation I1C;, as the minimum concen-
tration at steady state. Dose escalation was eventually limited by
toxicity for BAY87-2243 and by solubility for EVT-701. In conclu-
sion, BAY87-2243 induced retches and vomits from half of the first

patient C whereas in similar conditions EVT-701 didn't, showing

max’

its safer profile.

3.2 | EVT-701 reduces mitochondrial ATP
production and the development of OxPhos
but not of glycolytic NH B-cell lymphomas

Targeting mitochondrial metabolism of OxPhos-dependent NH B-
cell lymphomas demonstrated a high potential as anti-cancer strat-
egy.*? Accordingly, EVT-701 treatment dose-dependently inhibited
mitochondrial ATP production with IC,, of 393 + 83 nM (Figure 2A)
and proliferation with IC., of 188 + 50 nM (Figure 2B) in the human
OxPhos-DLBCL cell line KARPAS 422.*3 This was accompanied by
an increased glucose consumption and lactate release (Figure 2C).
We previously established that murine primary Myc-driven B-cell
lymphomas arising from the Ep-Myc mice model** display distinct
metabolic profiles and energetic status.3! Moreover, we demon-
strated that Eu-Myc lymphomas relying on OxPhos for energy
production are sensitive to specific inhibitors of mitochondrial me-
tabolism such as phenformin, in in vitro and in vivo settings while gly-
colytic counterparts were resistant. In vitro, using five independent
OxPhos-Eu-Myc and five independent glycolytic-Eu-Myc lymphoma
cells, we show that OxPhos-Eu-Myc cells are more sensitive to 10 uM
EVT-701 than glycolytic-Eu-Myc cells (Figure 2D,E). To further test
the specific anti-tumor efficacy of EVT-701 on B-cell lymphoma
development, one OxPhos-Eu-Myc (clone 506) and one glycolytic-
Eu-Myc (clone 504) lymphoma were transferred to syngeneic wild-
type immunocompetent C57BL/6 mice. Six days after cell injection,
mice were daily dosed with 30 mg/kg of EVT-701 (or Vehicle) given
orally. EVT-701 treatment had no effect on the overall survival of
glycolytic-Ep-Myc-bearing mice (Figure 2F) nor on the progression-
free survival (data not shown). Accordingly, the weight of lympho-
mas from Vehicle or EVT-701-treated glycolytic-Eu-Myc-bearing
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FIGURE 2 EVT-701 is active in vitro and in vivo in NH B-cell lymphoma models. (A) Dose dependent inhibition of mitochondrial ATP by
EVT-701 in KARPAS 422 cell line, with an IC,, of 394 nM. (B) Dose-dependent inhibition of KARPAS 422 proliferation by EVT-701, with

an IC,, of 188 nM. (C) Dose-dependent modulation of glucose and lactate levels in KARPAS 422 by EVT-701. The compound induces a
significant increase in glucose consumption and lactate secretion. (D) OxPhos-Ep-Myc (lymphomas 249, 506, 549, 585, 508) and Glycolytic-
Ep-Myc (lymphomas 504, 251, 115, 136, 337) cells were seeded in the presence (EVT-701) or absence (DMSO) of indicated concentration

of EVT-701 for 24 h. Cell death was determined by DAPI staining and analyzed by FACS. Cell death induction represents the percentage of
DAPI positive cells in EVT-701-treated conditions divided by the percentage of DAPI positive cells in control (DMSO) condition. (E) Summary
as the mean of 4 independent experiments (n = 5 independent clones per group) is presented. (F) Kaplan-Meier curve of overall survival

of syngeneic C57BL/6 mice intravenously injected with glycolytic-Eu-Myc lymphoma cells and treated with 30 mg/kg (p.o, QD) or vehicle
until ethical endpoint was achieved. 10 mice per group were used. (G) Inguinal, submaxillary, axillary lymphomas and spleen weights upon
sacrifice of glycolytic-Ep-Myc-bearing mice. (H) Kaplan-Meier curves of overall survival of syngeneic C57BL/6 mice intravenously injected
with OxPhos-Eu-Myc lymphoma cells and treated with 30 mg/kg (p.o, QD) or vehicle until ethical endpoint was achieved. Ten mice per group
were used. (1) Inguinal, submaxillary, axillary lymphomas, and spleen weights upon sacrifice of OxPhos-Eu-Myc-bearing mice. In vivo data
represent an average of two independent experiments

mice is similar (Figure 2G). However, EVT-701 treatment signifi- and in the progression-free survival (not shown) of those mice.
cantly reduced the progression of OxPhos-Eu-Myc-lymphomas as Lymphomas harvested from EVT-701-treated OxPhos-Eu-Myc-
shown by a significant increase in the overall survival (Figure 2H) bearing mice were significantly smaller than those of Vehicle-treated
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OxPhos-Eu-Myc-bearing mice (Figure 2l). Altogether, our results
demonstrated that EVT-701 holds potential as anti-cancer treatment
in the context of highly aggressive type of NH B-cell ymphomas de-
pendent on mitochondrial metabolism.

3.3 | EVT-701 inhibits OxPhos metabolism and
proliferation of non-small cell lung cancer (NSCLC)
lines in vitro and in vivo

A previously published cohort study of over 7000 patients with
NSCLC identified that those receiving concomitant metformin treat-
ment had improved outcomes, suggesting that the anti-metabolic
drug could influence cancer progression.*> We therefore considered
that NSCLC was a good candidate for further evaluation of the anti-
tumor potential of EVT-701. We used a syngeneic mouse model of
NSCLC involving orthotropic injection of LL/2 cells. This cell line was
selected as the parent line—Lewis lung carcinoma (LLC)—is report-
edly relevant for assessment of both antitumor and anti-metastatic
effects.*® LL/2 cells poorly rely on glycolysis (18%) to produce ATP
(not shown) which suggests an important role of mitochondrial
metabolism. In vitro, EVT-701 dose-dependently inhibited mito-
chondrial energetics in LL/2 cells, as shown by a reduction in ATP
production with an IC,, of 512 + 109 nM (Figure 3A) and prolifera-
tion with an apparent IC,, of 295 + 52 nM (Figure 3B). In vivo, when
used as a single agent, EVT-701 reduced tumor growth of LL/2 cells
injected orthotopically into C57BL/6 mice left lung. Both doses of
10 and 30 mg/kg of EVT-701 significantly inhibited tumor growth
(-57% and -69% volume respectively). PK performed during first
day of treatment showed accumulation of EVT-701 in tumor com-
pared to plasma, tumor/plasma AUC ratios being 2.9 and 2.5 for 10
and 30 mg/kg, respectively (Figure 3C,D). We then evaluated the
influence of time to treatment onset on metastasis in addition to
tumor growth. LL/2 orthotopic tumors were treated with EVT-701
(30 mg/kg) either for 14 days from D10 (early onset) or for 4 days
from D19 (late onset). The effect on primary tumor growth was simi-
lar (66% and 65% decrease of tumor volume, respectively) whereas
early onset gave an enhanced benefit in terms of lymph node inva-
sion (64% vs. 34% decrease of lymph node weight—Figure 3E,F).

Among NSCLC tumors, those carrying LKB1 mutations or with
LKB1 downregulation (~20% of all NSCLC) have been reported as
highly sensitive to metformin and phenformin.*’” We therefore used
the NCI-H460 (hereafter H460) cell line as a model of LKB1-deficient
NSCLC. In vitro, EVT-701 not only showed dose-dependent inhibi-
tion of mitochondrial ATP production (with an IC;, of 203 + 53 nM;
Figure 3G); OCR (Figure 3H); and proliferation of H460 cells (with
apparent IC,, of 68 + 27 nM; Figure 3l), but also induced apoptosis
with an IC,, of 96 + 28 nM (Figure 3J) whereas no significant cell
death was induced in LL/2 even at 10 uM.

We next assessed the activity of the BAY87-2243 in same model
under the same conditions and identified a clear discrepancy be-
tween the effects of EVT-701 and BAY87-2243. While mitochon-
drial ATP production, proliferation and apoptosis were significantly
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inhibited by BAY87-2243 at doses less than or equal to 1 nM, we only
detected an effect on OCR at doses above 100 nM (Figure S2A-C).
These findings support the hypothesis that the undesirable emetic
side-effects of BAY-2243 are due to off-target effect(s) rather than
inhibition of oxidative metabolism.

To evaluate in vivo effect of EVT-701 in LKB1-deficient NSCLC,
luciferase-expressing NCI-H460 cells, hereafter H460-luc2,*® were
orthotopically injected into Balb/CJ-Nude mice and treated daily
for 14 days with EVT-701 30 mg/kg starting from D7 (Figure S3A).
Mice were randomized based on bioluminescence imaging (BLI—
Figure S3B). Unfortunately, BLI could not be used to monitor tumor
growth until the end of the experiment as signal was partially lost
after D14 (data not shown), presumably due to large the hypoxic
and apoptotic zones appearing in vehicle-treated group tumors
(Figure S4C shows CAIX, Ki67 and Caspase 3 staining in those tu-
mors). Nevertheless, tumors could be harvested at D21, allowing us
to determine that EVT-701 significantly decreased tumor volume by
60% and weight by 57% (Figure S3D,E).

3.4 | LKB1 status is an important factor driving
sensitivity of NSCLC cells to EVT-701

Metformin and Phenformin are reportedly highly active on LKB1-
mutant NSCLC models. This is potentially linked to the inability of LKB1-
mutated cells to modulate AMPK signaling and adapt to metabolic
stress. According to this view, LKB1 tumor cells continue uncontrolled
growth despite the inhibition of OxPhos, leading to rapid depletion of
energy resources and eventually triggering apoptosis.** To evaluate
LKB1 proficiency/deficiency effect on EVT-701 activity, we estab-
lished LKB1-overexpressing H460 cell line (H460-LKB1) as compared
to wild type H460. Both cell lines were relying more on glycolysis to
produce ATP (59% and 75%, respectively—Data not shown). In H460-
LKB1, similar to the effect observed with wild type H460, EVT-701
dose-dependently inhibited mitochondrial ATP production with 1Cy,
of 232 nM (Figure 4A); however, we saw no induction of apoptosis
even at 10 uM in the LKB1 proficient cells oppositely to LKB1 defi-
cient cells (Figure 4B). In addition, we could monitor that the phospho-
rylation cascade downstream of AMPK is activated in EVT-701-treated
H460-LKB1 cells, as shown by an increased phosphorylation state of
4E-BP1 on Serine 65, Raptor and Acetyl CoA carboxylase (ACC) within
minutes after exposure to EVT-701, whereas parental H460 couldn't
(Figure 4C). A growing body of evidence is accumulating of increased
TCA cycle activity, mitochondrial membrane potential, and mitochon-

drial respiration‘”’51

in LKB1-deficient cancer cells to support their
proliferation and survival.>? Borzi and colleagues proposed that even
NSCLC showing low expression of wild-type LKB1 could undergo this
metabolic evolution and may accordingly be more sensitive to antimeta-
bolic drugs.>® We therefore interrogated the TCGA database to see if
there was evidence to support this metabolic evolution model in larger
NSCLC patient cohorts. We addressed lung adenocarcinoma and squa-
mous cell carcinoma cohorts (LUAD and LUSC, respectively) separately.

Within each cohort, patients were divided into LKB1 high and LKB1 low
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sub-cohorts based on median LKB1 mRNA expression levels. We per-
formed gene set enrichment analysis (GSEA) in LKB1 low versus LKB1

high sub-cohorts and observed that mitochondrial metabolism-related

pathways are enriched in LKB1 low group (Figure 4D,E), in alignment
with the conclusions reached by Kaufman and Borzi. Altogether, those
results support use of EVT-701 in LKB1 deficient and LKB1-low NSCLC.
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FIGURE 3 |Invitro and in vivo EVT-701 activity in lung cancer. EVT-701 decreases OxPhos and proliferation in vitro in several lung cancer
cell lines, and shows efficacy in vivo in LL/2 orthotopic model. (A) Dose dependent inhibition of mitochondrial ATP in LL/2 by EVT-701, with
IC,, of 512 nM while in same conditions global ATP remains unchanged whatever the dose of EVT-701. (B) Dose-dependent inhibition of
LL/2 proliferation by EVT-701. (C) EVT-701 efficacy in LL/2 in vivo orthotopic model. Comparison of efficacy of 10 and 30 mg/kg EVT-
701QD dosing for 14 days. Lower dose inhibited tumor growth by 57% while 30 mg/kg inhibited by 69% and the difference between the
effects of the two doses was not statistically significant. (D) Evaluation of EVT-701 blood exposure after single administration of 10 or

30 mk/kg. Exposures and exposure ratio (AUC) were consistent with pharmacodynamics studies shown in Figure S1. (E) EVT-701 4-day
treatment reduced tumor growth by -65% (right) and lymph node weight by -34% (left). (F) EVT-701 14-day treatment reduced tumor
growth by —66% (right) and lymph node weight by -76% (left). (G) Dose-dependent inhibition of mitochondrial ATP in H460 cell line by EVT-
701, with IC,, of 203 nM. Under the same conditions, global ATP remains unchanged at all doses of EVT-701. (H) Dose-dependent reduction
of oxygen consumption in H460 cells by EVT-701 measured by Seahorse. (I) EVT-701 dose-dependent inhibition of proliferation in H460. (J)
EVT-701 dose-dependent apoptosis induction in H460 cells. In vivo data represent an average of two independent experiments

4 | DISCUSSION

We present here the preclinical characterization of EVT-701, a
structurally novel mitochondrial complex 1 inhibitor. The results
demonstrate that EVT-701 is a highly potent and selective MC1 in-
hibitor in a range of biochemical and cell-based assays. Significantly
the compound is free of the side effects that interrupted the clinical
development of BAY87-2243. While first-in-human trial results with
IACS-010759 were reassuring with regard to toxicity, it shares the
BAY87-2243 backbone and so uncertainty about its safety remains.
EVT-701 is the product of a discovery program aimed at finding HIF-
la-destabilizers with a new scaffold to circumvent the aforemen-
tioned side effects.

Pointing to the therapeutic potential of EVT-701 for solid tumor
treatment, proliferation of non-small cell lung cancer (NSCLC) and
DLBCL cell lines in vitro and tumor growth in syngeneic and xe-
nograft NSCLC and NH B-cell lymphoma models were potently
inhibited by EVT-701. Mice bearing NH B-cell lymphoma tumors
originating from high OxPhos clones showed prolonged survival
after EVT-701 treatment. Functional studies showed that reduc-
tion of tumor cell growth was correlated with inhibition of NADH
oxidation, oxygen consumption rate and mitochondrial ATP forma-
tion, paralleled with an increase in glucose consumption and lactate
production, altogether concurring with MC1 inhibition. Using and
growth of syngeneic and xenograft NSCLC and NH B-cell lymphoma
models we demonstrated that EVT-701 hold potential as anti-cancer
agent dedicated to OxPhos-dependent tumors since it prolonged
survival of OxPhos-Eu-Myc lymphoma-bearing mice, but not for
glycolytic-Ep-Myc-lymphoma-bearing mice.

It became clear over the last decades that despite their glucose
addiction, tumors still largely use oxidative phosphorylation to sup-
port survival and growth.

Liver kinase B1 (LKB1), also known as serine/threonine kinase
(STK11) has been characterized as a tumor suppressor gene. In
a cancer setting, LKB1 suppressed malignant cell transforma-
tion and drastically decreased tumor progression.54 Mutation in
LKB1 has been identified as a possible causative factor for Peutz-
Jeghers syndrome,® a genetic disorder where patients show an
increased risk of cancer.>® This has been evidenced for pancreatic
and non-small cell lung cancers, where heterozygous LKB1 coop-
erates with KRAS mutation to the development and progression

of tumors.’” %% LKB1 activates members of AMP kinase family
(AMPK) which in turn, phosphorylate effectors to repress ana-
bolic and stimulate catabolic processes, thereby re-establishing
energy homeostasis to overcome energetic stress. AMPK re-
presses lipogenesis by inhibiting sterol regulatory element-
binding transcription factor 1c (SREBP1c) and acetyl-coenzyme
A (CoA) carboxylase (ACC) and impairs cholesterol synthesis by

61-63 while

inactivating hydroxymethylglutaryl-CoA reductase,
preventing oxidative stress secondary to defective mitochon-
dria accumulation via ULK1-mediated mitophagy.é4 The idea
of inducing a “metabolic catastrophe” to attack LKB1-deficient
cancers has been tested with metformin,®®> phenformin® and
BAY87-2243.2° However, the poly-pharmacology of these com-
pounds makes it hard to draw firm conclusions about how bene-
ficial different aspects of metabolic catastrophe can be exploited
to fight cancer. For example, LKB1-independent AMPK activation
has been reported for metformin,®® which could offer more flexi-
bility to cancer cells to circumvent MC1 inhibition-mediated met-
abolic catastrophe. In this study, we show that EVT-701 did not
modulate AMPK signaling in LKB1-deficient H460 cells and could
inhibit tumor growth as a single agent in vivo. Our findings there-
fore point to EVT-701 as a valuable tool to explore the metabolic
catastrophe approach, particularly in combination with other
therapeutic approaches. We reported partial activation of MLK2
in the kinase screen. This kinase is part of the first subgroup of
the Mixed Lineage Kinase family of serine/threonine protein ki-
nases (MLK1-MLK4, sharing high sequence identity) that regulate
signaling via JNK and MAPKs.¢” MLKs role in disease has essen-
tially been described in neurodegeneration, and the potential
role of MLK2 in promotion of proliferation and decrease of sen-
sitivity to gemcitabine of pancreatic cancer was also reported.®®
Nevertheless, we do not expect this to be relevant for EVT-701
mechanism of action, since the circulating EVT-701 doses would
need to be sustainably higher than 10 uM to potentially modu-
late MLK2, which was not the case in in vivo studies presented
here. EVT-701-mediated HIF-1a degradation could be both MC1-
dependent and independent. Indeed, it's been reported that
Manassantin A, the natural compound from which EVT-701 was
derived from Ref. [37], directly interacts with filamin A, prevent-
ing its hypoxia-induced cleavage by calpain, and stabilizing its
interaction with HIF-1a, eventually preventing its nuclear trans-
location and favoring its degradation.®’
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In summary, EVT-701 is a novel, highly potent and selective
MC1 inhibitor with an original chemical scaffold. Preclinical valida-
tion has shown in vitro and in vivo efficacy on models of NSCLC and

NH B-cell lymphomas. EVT-701 is well distributed in mouse and

accumulated in several tissues compared to blood, which supports
its use in a range of indications. Importantly, EVT-701 presents
a safer profile than previous compounds specifically designed to
inhibit MC1 and to induce HIF-1a degradation. However, EVT-701
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FIGURE 4 LKB1 expression as stratification marker. Exploring possible target patient populations responsive to EVT-701 treatment. The
importance of LKB1 expression status on sensitivity to EVT-701. (A) Dose-dependent inhibition of mitochondrial ATP in LKB1-proficient
H460 cells, with IC,, of 230 nM. Under the same conditions, total ATP remains unchanged whatever the dose of EVT-701. (B) Comparison
of the dose-dependent induction of apoptosis by EVT-701 between LKB1-proficient H460 and WT H460 cells. Absence of LKB1 expression
sensitizes H460 cells to EVT-701-induced death. (C) Modulation of mTOR/AMPK pathway signaling by EVT-701 in LKB1-proficient H460
(left) or H460 WT (right) cells over 60 min. In LKB1-proficient H460 cells (left), 4E-BP1 and Raptor phosphorylation is increased by EVT-
701 treatment whereas ACC phosphorylation is inhibited. However, in WT H460 cells (right) 4E-BP1, Raptor and ACC phosphorylation are
unaffected by EVT-701 at any time point. (D) Left: volcano plot showing the signatures enriched in the low versus high LKB1 expression
group in The Cancer Genome Atlas Lung Adenocarcinoma (TCGA-LUAD) cohort. The enriched OxPhos and mitochondrial gene sets are
highlighted in black. Right: a plot showing differentially expressed gene sets in TCGA-LUAD low LKB1 expression group (FDR <0.05)
highlighted in the volcano plot with their normalized enrichment score (NES). (E) Left: volcano plot showing the signatures enriched in the
low versus high LKB1 expression group in The Cancer Genome Atlas Lung Squamous Cell Carcinoma (TCGA-LUSC) cohort. The enriched
OxPhos and mitochondrial gene sets are highlighted in black. Right: a plot showing differentially expressed gene sets in TCGA-LUSC low
LKB1 expression group (FDR <0.05) highlighted in the volcano plot with their normalized enrichment score (NES)

shows dose-dependent interaction with efflux pumps, which im-
pairs its accumulation overtime when dosed chronically in QD
regimen. Short-term treatments of tumors presenting de novo
or acquired sensitivity to inhibition of respiration, and therefore
vulnerable to induced metabolic catastrophe, would be preferred
options. LKB1 deficiency, through mutation or low expression lev-
els, increases the sensitivity of NSCLC to EVT-701, probably due
to the inability of such tumor cells to manage metabolic stress.
OxPhos Non-Hodgkin's B-cell lymphomas, expressing low levels
of GAPDH, are also highly susceptible to EVT-701. Patients with
tumors of the aforementioned types may benefit from EVT-701
treatment. Another approach would be to combine with therapies
that induce metabolic switch towards oxidative phosphorylation
and so susceptibility to MC1 inhibition. EGFR inhibitor-resistant
NSCLC could be a potential indication’® as well as acute my-
eloid leukemia treated with cytarabine-containing regimens.!?
Altogether, these results support further investigations of EVT-

701 in additional preclinical models and, eventually, in patients.
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