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Summary

To bypass the resistance to conventional chemotherapy, attention is paid to the inhibition of alternative
targets such as members of the DNA damage response pathway. In the present study, we performed a three-step
virtual screening of potential ATR inhibitors followed by evaluation of antiproliferative and chemosensitizing
properties of selected compounds in vitro on a panel of cancer cell lines. According to pharmacophore
resemblance to standard ATR inhibitor VX-970, a total of 17 compounds were purchased and tested. Among
those 17 compounds, two proved antiproliferative efficacy in monotherapy, whereas ten compounds were
effective in cisplatin co-treatment on the panel of ten different human cell lines.
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Introduction

Cancer imposes a global health problem with a significant mortality rate and increasing incidence worldwide.
The number of new cases inexorably rises with population aging and exposure to risk factors (1). The treatment
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of cancer represents one of the biggest challenges in modern medicine. The goal is to selectively kill cancerous
cells, while sparing the healthy ones. To pursue that, we must aim at the hallmarks of cancer (2). Currently, cancer
treatment mostly relies on surgical resection, radiation therapy, chemotherapy intervention, or targeted therapy.
While surgical resection and targeted therapy are robust tools, they are not suitable for all patients. Most patients
thus rely on broad-acting radiation and chemotherapy. Those modes of treatment exploit the sustained and
uncontrolled proliferation and disrupted genome maintenance. Although different types of cancer are susceptible
to chemotherapy, multimodal resistance to these agents is frequently occurring as a consequence of the evolu-
tionary process (3). Such deliberate processes result from DNA mutations and metabolic changes in the affected
cell lines to ensure their survival, for example, by activating cell cycle checkpoints, leading to the cell cycle
arrest (4).

Different approaches have emerged to counteract the drug resistance depending on the acquired mechanism
of resistance. To circumvent the phenomenon of resistance, research concentrated on alternative agents to DNA-
damaging drugs such as ataxia telangiectasia and Rad3 related kinase (ATR) inhibitors that can target the DNA
damage response signalling pathways (5). ATR is a serine-threonine kinase that, in co-action with ataxia
telangiectasia mutated (ATM) and DNA-dependent protein kinase (DNA-PK), establish a backbone network
responding to DNA-damage (6). All of these kinases are members of the phosphatidylinositol-3-kinase related
kinase (PIKK) family. ATR is activated mainly during replication stress, but in general, it responds to a variety
of DNA damage types, both endogenous and exogenous, e.g., from UV radiation, treatment with DNA cross-
linking agents, or alkylating bases (7). Under physiological conditions, activated ATR facilitates DNA repair
by S-phase slow down, and by G2/M cell cycle arrest via Checkpoint 1 (CHK1) kinase, preventing cells'
progression into mitosis (6). The actions of ATM and DNA-PK are more restricted to the repair of DNA double-
strand breaks (DSBs), the events caused by ionizing radiation (IR), or e.g., topoisomerase II inhibitors. Both,
ATM and ATR kinases, share a high degree of structural homology with overlapping roles in maintaining cell
survival. The function of ATM is frequently disrupted in tumor cells; complete loss of its activity is often associated
with cancer progression and conventional therapy resistance (8). Moreover, the loss of ATM activity shifts
the dependence for cell survival to other DNA damage repair kinases like ATR. Under these conditions, several
studies have disclosed that cancerous cells exposed to DNA damaging agents are sensitive to ATR inhibition (9, 10).
Accordingly, normal cells can tolerate ATR inhibition by compensatory mechanism orchestrated via ATM-
mediated pathway (11). Large body of evidence also corroborates the monotherapy with ATR inhibitors for some
types of tumors as well as combination therapy with other repair protein inhibitors like poly(ADP-
ribose)polymerase (PARP) and CHKI1 inhibitors (12—16). ATR inhibition lies on the borderline between
chemotherapy and targeted therapy. On one side, it disrupts the response to DNA damage of all cells, on another
it can exploit the defectiveness of various cancer types allowing selective targeting.

The finding that chemosensitizing agents enhance the cytotoxic potential of DNA-damaging agents preferably
in cancer cells, motivated researchers in the field to actively search for new selective drugs to target DNA repair
pathways in cancer cells (17). Out of them, ATR represents the target of particular interest since it is rarely
mutated, its activity is triggered by most cancer chemotherapy strategies, and in tandem with frequently disrupted
ATM/p53 pathway, ATR demonstrates synthetic lethal interactions (11, 18). The knowledge about ATR kinase
gained so far has clearly pointed out that its inhibition can sensitize cancer cells to radio- or chemosensitizing
insults with a high vulnerability rate directed to cancer cells while preserving healthy ones (19). All these findings
support the role of ATR as a drugable kinase to aid combating highly aggressive and resistant hypoxic tumors
(20, 21).

The current portfolio of ATR inhibitors developed by academia and pharmaceutical companies is relatively
narrow (5, 22, 23). The challenges that are associated with their discovery can be classified as the difficulties
in obtaining viable protein for the testing of potential ATR inhibitors, the lack of standardized screening methods,
the scarcity of structural information related to ATR kinase, and highly conserved catalytic site among the members
of PIKK family resulting mostly in low selectivity of the final entity. Despite challenging tasks, the known ATR
kinase inhibitors were either identified from natural sources or developed by medicinal chemistry approaches, and
are reviewed elsewhere (17, 23-25). To name a few, berzosertib (M6620/VX-970/VE-822), ceralasertib (AZD6738),
M4344 (VX-803), and BAY 1895344 (Fig. 1) are known most advanced clinical candidates with selective pattern
to ATR inhibition (25).
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Figure 1. Chemical structure of ATR kinase inhibitors currently evaluated in the clinical trial testing.

Study design

Structure of ATR kinase complexed with ATR-interacting protein (ATRIP) has been elucidated by cryo-electron
microscopy analysis at 4.7 A resolution recently (26). The study disclosed that ATR is endowed with a large
N-terminal a-solenoid-shaped coil, FAT and kinase domains, and a C-terminal short section known as FATC.
Overall, the complex mimics a hollow heart shape from the front view.

Our working hypothesis was built on the structural resemblance to the template scaffold VX-970. Studying
the structural requirements predicted by ATR homology molecular modelling based on PI3Ky kinase (PDB ID:
1E7V) (27), or docked ligand into ATR kinase domain of cryo-electron microscopy structure (PDB ID: 5YZ0) (26)
revealed several critical interactions (Fig. 2). Indeed, VX-970 occupies a deep pocket dedicated to ATP binding where
the substrate is phosphorylated. 2-Aminopyrazine moiety is lodged in the vicinity of the adenine-binding site
of ATP. Herewith, the apparent hydrogen bonds were predicted between the amine group of 2-aminopyrazine and
the backbone amide of Glu2378, NI pyrazine and amide group of Val2380 and parallel n-w stacking with Trp2379.
Isoxazole heterocycle of VX-970 is nested close to the ribose-binding site of ATP contacting hydroxyl group
of Tyr2365 residue. Protonated terminal secondary amine of VX-970 forms several hydrogen bonds with oxygens
from Asp2330, Asn2480, and carboxyl group of Asp2494. Isopropylsulfonyl group of VX-970 is merged
with the phosphate group of ATP, displaying interaction with Gly2385. All the highlighted interactions have been
considered as critical aspects in the search for novel potential inhibitors in the current study. To this end, we have
applied a sequential virtual screening campaign using ZINC Purchasable ligand library (28). In the first step,
we filtered 7,307 hits based on the pharmacophore resemblance to VX-970. The second phase included semi-
flexible molecular modeling prediction selecting 293 compounds. In the last step, all the ligands underwent flexible
docking studies with eight amino acid residues highlighting a total of 17 compounds that were purchased and tested
(Table 1). The compounds were then evaluated for their cytotoxic potential compared to VE-821 using ten different
cell lines. Chemosensitizing properties were evaluated with cisplatin co-treatment using different cell lines.
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Figure 2. Predicted binding pose of VX-970 in ATR homology molecular modeling based on PI3Ky kinase (PDB ID: 1E7) (27)
with highlighted interactions between ligand and ATR kinase rendered as three- (A) or two-dimensional (B) representations.

Table 1. Compounds selected from ZINC database as potential ATR kinase inhibitors, their chemical structures, and calculated

binding affinities by AutoDock Vina software.

Compound ZINC code Chemical structure binding
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Results and Discussion
Identification of new hits using in silico screening

Our three-step protocol identified 17 novel potential ATR inhibitors (Table 1). Indeed, all the compounds to some
extent mimics the binding pattern of VX-970 occupying the ATP binding pocket of ATR kinase (Figures 3-6).
Closer exploration revealed that 3H-benzo[f]chromen-3-one moiety from 1 (Fig. 3A) is anchored via n-r stacking
to Trp2379 in adenine binding pocket of ATP. Besides, Val2380 is also engaged in ligand binding by hydrogen
bond to heterocyclic oxygen of 3H-benzo[f]chromen-3-one moiety. 1 also protrudes towards the ribose binding
site of ATP, forming hydrogen contact with hydroxyl of Tyr2365. Similarly, compound 2 is nested in the vicinity
of Trp2379 (Fig. 3B). [1,2,4]Triazolo[3,4-a]phthalazine ring centres the ligand towards Tyr2365. In a slightly
different manner, compound 3 accommodated the ATP binding pocket of ATR, but preserving the critical hydrophobic
interaction (Fig. 3C). The most peculiar interaction observed is the hydrogen bond between 1,2,4-triazole and Lys2327.
Docking studies also highlighted a very similar analogue of 3, namely 4 (Fig. 3D), that generally demonstrated
very close binding occupancy to that of 3 around Lys2327, but the rest of the molecule is 180°rotated.
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Figure 3. Two-dimensional representation of ligands 1-4 (A-1, B-2, C-3, D-4) bound to ATP-binding pocket of ATR kinase.
Negatively charged area is colored by red residues or contour surrounding them, positively charged area by dark blue, hydrophobic
interaction in green, polar interaction in light blue, solvent exposure via grey color, n- stacking in green line between the residue
and the ligand, cation-n in red line between the residue and the ligand, and hydrogen bond is displayed by the single-oriented

LEU 0
2482 -
8. \.679 o
THR
2383
VAL

293
N= ASP

J (240
VAL ’
2380

v N\l Y
2379 Gy
78,
1LE
271 (s —— VAL
MET

——
2325 2327

2335
D VAL oo
2380 2379\
ILE
LEU F F 2377
2482
i TYR
N~ 2365
P> / VAL
N* 2493
§ o \ASP
N 2367
SER / | (2494
2305/ \ ASP
35
ALA
2304

MET _om I3

2325 2327\
(s

purple arrow. The figure was created by Maestro v. 11.4 (Schrodinger, LLC, New York, NY, 2017).

Another 1,2,4-triazole-containing analogue 5 is also anchored to Lys2327 (Fig. 4A). More importantly, Gly2385,
usually binding the phosphate group of ATP, is implicated in contact with the ligand via van der Waals interaction.
Trp2379 centrally accommodates N-(2,4-dimethylphenyl)acetamide of 6 (Fig. 4B). An interesting binding pattern
was exerted by 7, forming 7-r contact between Trp2379 with 2,1-benzoxazole scaffold, hydrogen bond between amide
group of 7 to Lys2327, and contact with Gly2385 (Fig. 4C). Several amino acid residues of ATR are presumably
involved in binding ligand 8 (Fig. 4D). It accounts, among others, cation-t and n-m interactions with Lys2327

and Trp2379, respectively.
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Figure 4. Two-dimensional representation of ligands 5-8 (A-5, B-6, C-7, D-8) bound to ATP-binding pocket of ATR kinase.
Negatively charged area is colored by red residues or contour surrounding them, positively charged area by dark blue, hydrophobic
interaction in green, polar interaction in light blue, solvent exposure via grey color, n- stacking in green line between the residue
and the ligand, cation-n in red line between the residue and the ligand, and hydrogen bond is displayed by the single-oriented
purple arrow. The figure was created by Maestro v. 11.4 (Schrédinger, LLC, New York, NY, 2017).

In the case of 9 complexed with ATR, Trp2379 orchestrates tethering to ligand by n-7 interactions with two
different regions of 9, namely 4-methylphenyl and 1,3,4-oxadiazole moieties mimicking the appendage of template
VX-970 (Fig. 5SA). Two lysine residues (Lys2327 and Lys2329) displayed cation-r contacts with terminal 2,3-
dihydro-1,4-benzodioxine moiety of 9. Moreover, oxygen from amide group generated hydrogen bond interaction
with hydroxyl from Tyr2365 and amine from Asp2494. 3 Nitrobenzene moiety of 10 faces towards Trp2379,
and its nitro group is implicated in hydrogen contact with Thr2383 (Fig. 5B). 3-Methyl-2,3,4,9-tetrahydro-1H-
carbazole occupies ribose binding site of ATP in ATR active site, where Lys2327 established cation-m interaction
with this moiety of 10. Moreover, Asp2335 demonstrated hydrogen contact with secondary amine of carbazole
heterocycle. The binding pattern of 11 is of particular interest since the ligand also spans the phosphate-binding
site of ATP in ATR kinase defined by Gly2385 (Fig. 5C). The drawback might be seen in not establishing
the crucial interaction with Trp2379 from the adenine binding site of ATP. On the contrary, the interaction
with Trp2379 is visible with 2,3-dihydro-1-benzofuran moiety in 12 (Fig. 5D). Notably, Tyr2365 plays a dual role
in anchoring the ligand mediating the n-n stacking with pyridine ring as well hydrogen contact with closely
attached amide group.

For the compound 13 (Fig. 6A), its methylphenyl moiety occupies the hydrophobic region of the kinase
with the most apparent contact to Trp2379. The other pole of 13 is lodged to the ribose binding site of ATP, making
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Figure 5. Two-dimensional representation of ligands 9-12 (A-9, B-10, C-11, D-12) bound to ATP-binding pocket of ATR kinase.
Negatively charged area is colored by red residues or contour surrounding them, positively charged area by dark blue, hydrophobic
interaction in green, polar interaction in light blue, solvent exposure via grey color, n-n stacking in green line between the residue
and the ligand, cation-m in red line between the residue and the ligand, and hydrogen bond is displayed by the single-oriented
purple arrow. The figure was created by Maestro v. 11.4 (Schrodinger, LLC, New York, NY, 2017).

hydrogen contact between Asn2496 and 2,3-dihydropyridazin-3-one heterocycle. Ligand 14 (Fig. 6B) is bound
in a very similar fashion to 13, however, not displaying any characteristic interaction with the ribose binding site
of ATP. Interestingly, 1 H,5H-[1,2,4]triazolo[4,3-b]pyridazine of 14 is not in direct touch with lysine residues
(Lys2327 and Lys2329). On the contrary, such type of interaction can be observed in the case of ligands 15 (Fig. 6C)
and 16 (Fig. 6D). Classical n-n contacts are present between 6-nitronaphthalen-2-ol from 15 and 3,4-dihydro-
2H-1,5-benzodioxepine from 16 with Trp2379 and Tyr2365, respectively. Ligand 17 is mostly lodged within
the adenine-binding and ribose binding regions of ATP in ATR kinase staying outside the ATP-phosphate group
binding site (Fig. 6E).

To conclude, our virtual screening has identified 17 different novel hits with potential affinity to interact
with ATR kinase. Some of the structural features are common to more than one ligand like ortho-condensed
pyrazole-based (or its triazole isosteres) tricyclic fragments present in compounds 2-6, 6-amino-2-methyl-3,4-
dihydro-2H-1,4-benzoxazin-3-one (for compounds 7 and 8), or various lactam-containing scaffolds (e.g., 7, 8, 11,
12, 13, and 16).
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Figure 6. Two-dimensional representation of ligands 13-17 (A-13, B-14, C-15, D-16, E-17) bound to ATP-binding pocket
of ATR kinase. Negatively charged area is colored by red residues or contour surrounding them, positively charged area by dark
blue, hydrophobic interaction in green, polar interaction in light blue, solvent exposure via grey color, n-n stacking in green
line between the residue and the ligand, cation-7 in red line between the residue and the ligand, and hydrogen bond is displayed
by the single-oriented purple arrow. The figure was created by Maestro v. 11.4 (Schrédinger, LLC, New York, NY, 2017).
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In vitro screening of antiproliferative activity and chemosensitizing properties

To evaluate the antiproliferative effect of 17 compounds of interest, the primary screening was performed. Nine
human cancer cell lines with various histotype (Jurkat, MOLT-4, A549, HT-29, PANC-1, A2780, HeLa, MCF-7,
SAOS-2) and one non-tumor cell line (MRC-5) were exposed to each compound at a concentration of 10 uM
for 48 hours. VE-821 (10 uM) and doxorubicin (1 pM) were used as positive controls. Heat map reflecting the changes
in cell proliferation after treatment with single compound is displayed in Figure 7. Among the compounds tested,
1 and 8 stand out as the most active. Compound 1 showed a significant effect on A2780 cells, decreasing the proliferation
to 35 %. Similarly, the effect of compound 8 was profound in A549 cells, where the proliferation dropped to 29 %
of control cells. Contrary, the compound 14 boosted the proliferation in almost all cases. It can be speculated
whether this is some nonspecific interaction between 14 with WST-1 assay (increase in absorption) or increased
mitochondrial activity, especially in A2780.

VE-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 821 DOX
Jurkat
MOLT-4
A549
HT-29
PANC-1
A2780 - .
HeLa
MCF-7
SA0S-2
MRC-5

proliferation

max min

Figure 7. Antiproliferative capacity of tested compounds, VE-821 and doxorubicin as positive controls. Heat map represents
effect of each compound on proliferation of 10 different cell lines. Cells were treated with the concentration of 10 uM for 48 hours,
their proliferation was established by WST-1 assay and expressed as percentage of control cells (0.1% DMSO treated,
proliferation 100 %).

To evaluate the overall antiproliferative capacity of each compound, the growth percentage was calculated.
Mean growth percentage (GP) value is an average of 10 cell lines proliferation after 48 hours single-dose exposure
of one individual compound at a concentration of 10 uM. Not surprisingly, compounds 1 and 8 displayed the lowest
GP values of 78 and 75, respectively (Fig. 8).
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Figure 8. Mean growth percentage (GP) value was calculated for each compound as an average of 10 cell lines proliferation
after 48 hours long single-dose exposure at a concentration of 10 uM.
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For compound 1, the GP ranged from 35 to 108 % of control cells, with A2780, MCF-7 and Jurkat being
the most sensitive. Regarding compound 8, the GP varied from 29 to 102 % of untreated cells, with A549, MOLT-4,
MCF-7 being the most sensitive (Table 2).

Table 2. Mean growth percentage (GP) value was calculated for each compound as an average of 10 cell lines proliferation.
Range of growth percentage and three most sensitive cell lines with proliferation values for compounds 1 and 8 are listed.

Compound Mean GP Range of GP Most sensitive cell lines % of control proliferation
A2780 35
1 78 35-108 MCF-7 63
JURKAT 66
A549 29
8 75 29-102 MOLT-4 51
MCF-7 60
JURKAT 34
VE-821 71 34-116 MCEF-7 39
MOLT-4 52

According to the current knowledge, an inhibition of ATR kinase could sensitize cancer cells to other types
of therapy (22). Therefore, we performed a set of experiments to assess the chemosensitizing properties of 17 com-
pounds of interest toward cisplatin. First, we evaluated the sensitivity of each cell line to cisplatin (data not shown).
For most of the cell lines, we selected the concentration that decreased the proliferation to 70-90 % of control cells
and allowed us to monitor the chemosensitizing effect of inhibitors. Established cisplatin concentrations; 2 uM
(MOLT-4, Jurkat, A2780), 10 uM (MCF-7, MRC-5) and 15 uM (A549, SAOS-2, PANC-1, HT-29, HeLa), were used
in combination with 10 uM compounds 1-17 in all cell 10 cell lines. At the end of the incubation period (48 hours),
WST-1 assay was carried out. Similarly, as in the primary screening, the proliferation of treated cells was compared
to that of control cells (only solvent treated). Moreover, we compared the proliferation of cisplatin only treated
cells to combination treated cells concomitantly with compound only treated cells to combination treated cells.
Among the compounds tested, compound 1 proved chemo-sensitising effect in 5 cell lines tested (Jurkat,
MOLT-4, A549, HeLa, MCF-7), compound 2 in 3 cell lines (MOLT-4, PANC-1, HeLa,), compound 4 in 4 cell lines
(MOLT-4, HeLa, PANC-1, SAOS-2), compound 5 in 3 cell lines (MOLT-4, HeLLa, SAOS-2), compound 6 in 5 cell
lines (MOLT-4, A549, PANC-1, HeLa, SAOS-2), compound 8 in 1 cell line (MCF-7), compound 9 in 1 cell line
(MOLT-4), compound 11 in 2 cell lines (MOLT-4, HeLa), compound 16 in 2 cell lines (MOLT-4, HeLa) and
compound 17 in 3 cell lines (MOLT-4, SAOS-2, HeLa). The rest of compounds did not show chemisensitizing
effect (Figure 9).

Conclusion

In this work, we performed a three-step in silico screening of novel potential ATR inhibitors and subsequent
in vitro evaluation of antiproliferation capacity of 17 selected hits. First, 7 307 compounds were identified from ZINC
Purchasable ligand library based on their pharmacophore resemblance to VX-970, a standard ATR inhibitor. Further,
the number of compounds was narrowed to 293 according to semi-flexible molecular modelling prediction,
and finally 17 hits arose from ultimate flexible docking studies. Structural features mimicking binding pattern
of VX-970 were established, some of them being common to more than one compound. Among the compounds
tested, compounds 1 and 8 caused significant decrease in proliferation to 35 % and 29 % respectively, compared
to only solvent treated cells. Moreover, 10 of 17 compounds tested proved chemosensitizing effect, that was established
by cisplatin co-treatment. Taking together, we described a set of novel potential inhibitors with chemosensitizing
properties suitable for further evaluation of anticancer properties or representing a promising pattern for subsequent
structural modifications.
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Figure 9. Chemo-sensitising properties of tested compounds. Cells were treated either with the inhibitors in concentration of 10 uM
or cisplatin (concentration from 2 to 15 uM according to the cell sensitivity) or combination of both for 48 hours, their proliferation
was established by WST-1 assay and expressed as percentage of control cells (0.1% DMSO treated, proliferation 100%).

Experimental section
Virtual screening and hit validation

The virtual screening campaign was done in three steps: pharmacophoric search and two molecular docking steps.
The pharmacophore models were designed based on set of known ATR inhibitors as templates — N,N-dimethyl-4-
[(6R)-6-methyl-5-(1H-pyrrolo[2,3-b]pyridin-4-yl)-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-3-yl]benzenesulfonami
de, AZD6738, 3-amino-6-(4-((1-(dimethylamino)propan-2-yl)sulfonyl)phenyl)-N-phenylpyrazine-2-carboxamide (29),
and N,N-dimethyl-4-[(6R)-6-methyl-5-(1H-pyrrolo[2,3-b]pyridin-4-y1)-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-
3-yl]benzenesulfonamide (30). The poses of ligands were taken from the co-crystal structures — PDB IDs: 4WAF (30),
SUKS (29), SUKJ (29), and SUL1 (29). The software Chimera aligned their crystallographic structures. The on-line
environment of ZINCPharmer was used for building the pharmacophore models and for screening the ZINC
database (ZINC Purchasable, last update 12/20/14) (28). A total of 6 models were used in total. All of them contained
at least two aromatic features and two hydrogen bond acceptors. Some models included a hydrophobic region
or a hydrogen bond donor. Each model included a minimum of five features. These screenings gave in total unique
7,307 hits.
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The second phase used all the unique hits as ligands for molecular docking. Their 3D structures were built
and converted into pdbqt-format by software OpenBabel (v. 2.0.2) (31). The receptor structure was gained
from the RCSB database (PDB ID 5YZ0: Cryo-EM Structure of human ATR-ATRIP complex; 4.7 A). It was prepared
for the docking by the function DockPrep by the software Chimera (v. 1.14) (32) and MGLTools (v. 1.5.4.) (33).
The semi-flexible docking calculations were done by Vina (v. 1.1.2) with flexible ligands and the rigid receptor (34).

A total of 293 hits were selected for the third phase. They were docked against the receptor structure PDB ID
5YZO0 by Vina software. The ligands and the eight receptor residues were set as flexible in this phase. Each ligand
was docked 20 times and then manually inspected to find the optimal pose.

In vitro screening of antiproliferative activity

Selected human tumor and non-tumor cell lines Jurkat (acute T cell leukemia), MOLT-4 (acute lymphoblastic
leukemia), A549 (lung carcinoma), HT-29 (colorectal adenocarcinoma), PANC-1 (pancreas epithelioid carcinoma),
A2780 (ovarian carcinoma), Hela (cervix adenocarcinoma), MCF-7 (breast adenocarcinoma), SAOS-2
(osteosarcoma) and MRC-5 (normal lung fibroblasts) were purchased from either ATCC (Manassas, USA)
or Sigma-Aldrich (St. Louis, USA) and cultured according to the provider’s culture method guidelines. All cell
lines were maintained at 37 °C in a humidified 5% carbon dioxide and 95% air incubator. Cells in the maximum
range of either 10 passages for primary cell line (MRC-5), or in the maximum range of 20 passages for cancer cell
lines (Jurkat, MOLT-4, A549, HT-29, PANC-1, A2780, HeLa, MCF-7 and SAOS-2) and in an exponential growth
phase were used for this study.

Each cell line was seeded at previously established optimal density (1.10° to 50.10° cells per well) in a 96-well
plate (TPP, Trasadingen, Switzerland) and cells were allowed to settle overnight. Cells were treated for 48 hours
with compounds in the final concentration of 10 uM. Doxorubicin (Sigma-Aldrich, St. Louis, USA), at a concentration
of 1 uM, was used as a positive control. At the end of the cultivation period, the WST-1 proliferation assay (Roche,
Basel, Switzerland) was performed according to the manufacturer’s protocol and the absorbance was measured
using a Tecan Spark (Tecan, Ménnedorf, Switzerland). Each value is the mean of three independent experiments
and represents the percentage of proliferation 0.1% DMSO mock treated control cells (100%). The growth
percentage (GP) value was calculated for each compound tested. GP represents the mean of the proliferation
decrease in percent of all the 10 cell lines treated with the same compound.

To evaluate the chemo-sensitising effect of compounds, each cell lines was treated with increasing concentration
of cisplatin in order to set the optimal concentration for each cell line. According to the data obtained, 3 concentrations
of cisplatin were selected for combination assays: 2 uM (MOLT-4, Jurkat, A2780), 10 uM (MCF-7, MRC-5) and
15 uM (A549, SAOS-2, PANC-1, HT-29, HeLa). Cells were treated for 48 hours with the compound in the concentration
of 10 uM and cisplatin in appropriate concentration. Again, at the end of the cultivation period, the WST-1 proliferation
assay (Roche, Basel, Switzerland) was performed according to the manufacturer’s protocol and the absorbance
was measured using a Tecan Spark (Tecan, Mannedorf, Switzerland). Each value is the mean of three independent
experiments and represents the percentage of proliferation 0.1% DMSO mock treated control cells (100%).
Difference between only cisplatin treated and combination treated cells was considered together with compound
only treated and combination treated cells.

Supplementary Materials

The followings are available online, Figure S1. Antiproliferative capacity of tested compounds, VE-821 and
doxorubicin as positive controls. Table S1. Antiproliferative capacity of tested compounds, VE-821 and doxorubicin
as positive controls.
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