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Targeting microsomal prostaglandin E, synthase-1 (mPGES-1) represents an efficient strategy for the devel-
opment of novel drugs against inflammation and cancer with potentially reduced side effects. With this
aim, a virtual screening was performed on a large library of commercially available molecules using the
X-ray structure of mPGES-1 co-complexed with a potent inhibitor. Combining fast ligand-based shape
alignment, molecular docking experiments, and qualitative analysis of the binding poses, a small set of mol-
ecules was selected for the subsequent steps of validation of the biological activity. Compounds 2 and 3,
bearing the 3-hydroxy-3-pyrrolin-2-one nucleus, showed mPGES-1-inhibitory activity in the low micromo-
lar range. These data highlighted the applicability of the reported virtual screening protocol for the selec-
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Introduction

The functional relationship between inflammation and cancer
has been broadly debated in the scientific community."™ It is
noteworthy that inflammation triggers proliferation, invasion
and migration of cancer cells.” Also, the onset of pre-
cancerous lesions at various anatomic sites has been related
to inflammatory events.®® Prostaglandins (PGs) are bioactive
effectors of inflammation, and they represent key mediators
involved in physiological functions as well as in further patho-
logic conditions, such as tumorigenesis.” PGs are initially
formed from released arachidonic acid (AA) by cyclo-
oxygenases (COX), and subsequently they are converted into
different PGs species by specific terminal PG synthases."
Among them, prostaglandin E, (PGE,) exerts a number of
physiological functions, mainly upon activation of down-
stream signaling cascades through the interaction with trans-
membrane EP receptors located on the cell surface."* In this
way, PGE, regulates cell proliferation, apoptosis, angiogenesis
as well as inflammation and immune surveillance.'>** Also,
high levels of COX-2 and the elevated production of PGE,
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tion of new mPGES-1 inhibitors as promising anti-inflammatory/anti-cancer drugs.

have been detected in human colon adenomas and in
adenocarcinomas.'*"”

The identification of potent anti-inflammatory agents has
become a valuable and synergic pharmacological strategy to
develop new anticancer drugs.'® In this context, nonsteroidal
drugs (NSAIDs) still represent the main agents used for the
treatment of inflammatory symptoms, mainly inhibiting COX
enzymes and acting as suppressors of PG biosynthesis."” Al-
though NSAIDs are widely used for the treatment of inflam-
mation, they are also responsible for important side effects
due to their action on COXs, such as cardiovascular, gastroin-
testinal and renal complications.'® For these reasons, the dis-
covery of new and safer drugs targeting different proteins at
the terminal level in the AA cascade is urgently required, espe-
cially for long-term therapies. In particular, prostaglandin E,
synthases (PGES, namely mPGES-1, mPGES-2 and cPGES) that
are responsible for the biosynthesis of PGE, from PGH, (ref.
19 and 20) have been recognized as promising targets for the
development of new anti-inflammatory/anticancer agents with
potentially lower risk of side effects. Among PGES, mPGES-1
is the inducible membrane-bound isoform, and it is involved
in a number of acute and chronic disorders,*" such as pain,
fever, rheumatoid arthritis, arthritis, inflammation,** and
cancer.”® Specifically, mPGES-1 inhibition lowers the COX-
related side effects and facilitates the development of new
promising and safer drugs blocking the chemical conversion
of PGH,, enzymatically produced by the COXs, to the terminal
PGE,.>* To date, a high number of mPGES-1 inhibitors, show-
ing chemical variability, have been disclosed,*>*® but only two
inhibitors entered clinical development phases. Specifically,
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GRC 27864 (Glenmark Pharmaceuticals Ltd) and LY3023703
(developed by Eli Lilly) are under evaluation in phase II clini-
cal trials.

On the other hand, the rational design and the identification
of new inhibitors have been strongly encouraged in the last few
years by the release of different crystal structures of mPGES-1,
both in the apo form (PDB code: 4AL0)*” and co-complexed with
potent mPGES-1 inhibitors (mPGES-1 co-complexed with sub-
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strate competitor inhibitors, PDB codes: 4BPM, 4WAB, 4YKS5,
4YLO, 4YL1, 4YL3, 5BQG, 5BQH, 5BQI; mPGES-1 co-complexed
with substrate/cofactor competitor, 4AL1).%!

Also, the catalysis events required for the conversion of
PGH, to PGE, have been recently elucidated, disclosing the
involvement of the thiolate group on glutathione (GSH) as co-
factor, and a mutual interaction between Arg126 and Asp49
(on the adjacent chain).*?
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Fig. 1 mPGES-1 structure: A) on the left, transparent molecular surface representation of the mPGES-1 trimer, with chains A, B and C depicted in
red, black, and blue ribbons, respectively; on the right, focused representation of the mPGES-1 binding site with transparent molecular surface col-
ored in yellow, orange, and green (see text for details, glutathione (GSH) cofactor and key residues in the mPGES-1 binding site are represented in
sticks, C grey, O red, N, blue, polar H white); B) on the left, mPGES-1 co-complexed with LVJ inhibitor (PDB code: 4BPM, LVJ represented in sticks,
C cyan, O red, N, blue, polar H white, Cl green, F light green); on the right, two-dimensional panel representing interactions between LVJ and resi-

dues in mPGES-1 binding site.

This journal is © The Royal Society of Chemistry 2018
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In this scenario, we have been interested in the discovery
of novel mPGES-1 inhibitors featuring different chemical
scaffolds.**™** A powerful strategy regards the use of fast com-
putational tools for selecting new compounds, and we have
shown the efficient use of fragment virtual screening to iden-
tify new valuable chemical scaffolds that were subsequently
modified, obtaining interesting inhibitory activities and pav-
ing the way for the development of novel potent mPGES-1 in-
hibitors. With the aim of identifying new chemical species
able to inhibit mPGES-1, here we report a virtual screening
protocol starting from a library of commercially available
compounds using the crystal structure of mPGES-1 co-crystal-
lized with the potent inhibitor named LV]J (PDB code:
4BPM).”® The use of different filters restricted the initial large
library of compounds to even smaller groups of predicted af-
fine hits, with the final identification of two potent mPGES-1
inhibitors. The effects of the selected lead compounds were
also tested against 5-lipoxygenase (5-LO), an enzyme that ini-
tiates the biosynthesis of leukotrienes (LTs). Indeed, the dual
inhibition of PGE,/LTs production is considered a novel strat-
egy for developing new potent and efficient anti-
inflammatory drugs, again with a potentially safer profile as
compared to classical NSAIDs.** The identified mPGES-1 in-
hibitors were then tested against 5-LO, with the final discov-
ery of 3 as new promising mPGES-1 inhibitor also able to par-
tially inhibit 5-LO.

Results and discussion
Structural analysis of mPGES-1

mPGES-1 is organized as homotrimer in the endoplasmic re-
ticulum membrane, featuring three equivalent active site cav-
ities within the membrane-spanning region at each monomer
interface.”” Each active site is toward the cytoplasmic part of
the protein, between the N-terminal parts of helix II and IV
of one monomer and the C-terminal part of helix I and the
cytoplasmic domain of the adjacent monomer (Fig. 1). The
accurate analysis of the mPGES-1 binding site disclosed sev-
eral sub-regions featuring hydrophobic/polar residues, shed-
ding light for the structure-based design of opportunely func-
tionalized ligand counterpart (Fig. 1). Moving from the
cytoplasmic to the external part of endoplasmic reticulum
membrane, the following sites are identifiable:

a) A groove between the GSH binding site and a region
close to the cytoplasmic part of the protein, featuring aro-
matic (C:Phe44, C:His53) and polar (C:Arg52, C:Asp49) resi-
dues (colored in green, Fig. 1). We have highlighted that a
mPGES-1 binder establishes n-n contacts with these aromatic
residues in this region, as occurred for the co-crystallized
LV],*® 4DV, 4DZ, 4U8, 4U9,>° and as emerged from molecular
modeling studies performed on various mPGES-1 inhibi-
tors.*®?%*% Also, a recent study that aimed at identifying the
catalytic residues through site-directed mutagenesis/activity
assays disclosed the interaction between C:Asp49 and A:
Arg126 essential for the mPGES-1 catalysis.*

2030 | Med. Chem. Commun., 2018, 9, 2028-2036
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b) The cofactor (GSH) binding region (colored in orange,
Fig. 1). Specifically, GSH is characterized by a particular
U-shape conformation due to the interactions between its
two terminal carboxylic functions and the positively charged
residues in the deeper part of the binding site (C:Arg38, A:
Arg73). In this region, Ser127 on chain A was firstly supposed
to participate to chemical events behind the isomerization of
PGH,, to PGE,,”” but recent evidences based on site-directed
mutagenesis highlighted that this residue is nonessential for
the catalysis;*

¢) A binding groove between helix 1 of chain C and helix 4
of chain A (colored in yellow, Fig. 1), with polar (A:GIn134),
aliphatic (C:val24) and aromatic residues (C:Tyr28 and A:
Tyr130, the latter interacting with the gamma peptide linkage
between the cysteine and the glutamate of GSH).

Virtual screening workflow

The protocol employed for the identification of novel mPGES-
1 inhibitors involved ligand-based and structure-based com-
putational methodologies. The workflow is summarized in
Fig. 2. With the aim of identifying novel mPGES-1 inhibitors,
a virtual screening was performed starting from a large li-
brary of commercially available compounds from Otava, Ltd.
(~3.1 x 10° compounds). mPGES-1 crystal structure (PDB
code: 4BPM) was used for the structure-based molecular
docking experiments (3D-protein structure), whereas the co-
crystallized 3D structure of the potent inhibitor LV] was
employed for ligand-based computation of the “shape simi-
larity” parameter (see Fig. 2). The preliminary analysis of the
starting library highlighted its high promiscuity, since it was
composed by small fragments up to “heavy” commercially
available compounds (16 Da < molecular weight (MW) <
1307 Da) also showing a large range of hydrogen bond do-
nors (HBD) and acceptors (HBA) (0 < HBD < 8; 0 < HBA <
16). Prior to performing molecular docking experiments, a
fast shape alignment was performed between the starting
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Fig. 2 The virtual screening workflow for the identification of mPGES-
1 inhibitors.
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library of compounds and the co-crystallized mPGES-1 inhibi-
tor LV] as reference compound (Phase software). With the
aim of selecting the most promising items, a restricted set of
compounds was selected from the original library with a
chemical shape comparable to that of LV], following the prin-
ciple that similar molecules could likely show similar binding
modes on the protein counterpart, as demonstrated in virtual
screening studies.*>*° Specifically, this protocol envisages a
first conformational search round, and afterwards the
obtained conformers are aligned and compared to the refer-
ence compound. Then, the arithmetical parameter termed
“shape similarity” is computed for each screened molecule,
and it could range from 0 (no one atom matching between
screened and reference compounds) to 1 (all atoms
matching). Using this filter, the starting library of 310657
molecules was reduced to 7220 items. In this way, a new li-
brary of promising molecules was obtained showing intrinsic
conformational and pharmacophoric features, then compati-
ble with the binding mode showed by LVJ reference com-
pound and prone to be submitted to the molecular docking
step.

Structure-based molecular docking experiments were then
performed using the selected library of compounds and the
mPGES-1 3D protein structure, using Glide software. Specifi-
cally, a first round of docking experiments was performed set-
ting the high-throughput virtual screening (HTVS) precision
mode of Glide that allows a first enrichment from the starting
library of compounds with a high fastness. The top-ranked
poses (selection parameter: docking score, see Materials and
methods) were then saved and submitted to a second set of
docking experiments, using the standard precision (SP) Glide
precision mode in order to obtain more accurate sampling
and scoring if compared with the HTVS mode. The output
poses were then further filtered computing their “in place”
shape similarity against LVJ. In details, differently from the
above reported ligand-based shape similarity computation that
requires a free conformational sampling for the alignment,
here accounted conformers were those arising from the
structure-based docking calculations sampling, and then they
could be directly compared to the LV] pose originally co-
crystallized with the protein structure (“in place” shape simi-
larity). The selected poses (see Materials and methods) were
then submitted to a third docking round, setting in this case
the extra-precision (XP) Glide mode that outperforms the SP
mode for both sampling and scoring. Again, the docking poses
showing a promising “in place” shape similarity referenced to
LV]J-co-crystallized structure were filtered and subsequently
carefully analyzed for selecting new putative mPGES-1 binders.

The selected docking poses, featuring a promising shape
similarity to LV], were also visually inspected in order to filter
those better interacting with mPGES-1, considering the pro-
tein form in the presence of the cofactor. Since the selected
docking poses shared a similar shape with that of LVJ-co-
crystallized ligand, the binding mode was evaluated
ascertaining the respect of the following key interactions as
detected for the reference compound:

This journal is © The Royal Society of Chemistry 2018
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e edge-to-face n-m interaction with C:Phe44 and/or C:
His53;

e contacts with A:Pro124, A:Thr131, C:Asp49;

e contacts with GSH;

e also, the interaction with A:Tyr130, another key residue
in the mPGES-1 binding site interacting with the GSH cofac-
tor, was considered evaluating the possible edge to face n-n
contacts with ligand counterpart.

Following this procedure, 296 poses were roughly selected,
corresponding to 50 unique compounds.

Among them, we selected 8 final compounds as promising
mPGES-1 binders after removing compounds showing chemi-
cal groups classified as “Pan-Assay Interference Compounds”
(PAINS) (SwissADME web tool,*” see Experimental section),
and accounting the chemical variability while preserving the
most promising XP GlideScore values (Table 1).

Biological assessment of mPGES-1 and 5-LO inhibition

Subsequently, in order to assess the ability of compounds
1-8 (Table 1) to interfere with the activity of mPGES-1, a cell-
free assay using the microsomal fractions of IL-1fB-treated
A549 cells (as source for mPGES-1) was applied. In a first
screening round, all the compounds were solubilized in
DMSO and tested at a final concentration of 10 uM. Biologi-
cal data (Table 1) disclosed 2 and 3, bearing the 3-hydroxy-3-
pyrrolin-2-one nucleus, as the most promising compounds
(~70 up to ~80% of mPGES-1 inhibition). We were intrigued
by this result, since this chemical core has shown a wide
spectrum of biological activities, such as anticancer and anti-
viral, and chemical procedures have been reported for its dec-
oration using multi-component reactions, then paving the
way for future studies for the identification of chemical
analogues.*®° On the other hand, 5 and 8 showed a modest
activity ranging from ~30 up to ~40% of mPGES-1 inhibi-
tion, suggesting further investigations to identify the mini-
mal pharmacophoric portions in order to obtain more potent
analogues. We then investigated the biological activities of
compounds 2 and 3 in more detail. Specifically, the related
IC5, values corroborated the activities of the two lead com-
pounds, able to inhibit mPGES-1 in the low micromolar
range (ICso = 3.7 = 2.7 uM for 2; IC50 = 1.9 = 1.5 uM for 3).
The analysis of three-dimensional poses from molecular
docking experiments, showed the good accommodation of
the two identified compounds onto the mPGES-1 binding
site, establishing a wide set of polar interactions (C:Asp49, A:
Ser127, A:Thr131, C:GIn36, C:Arg38, C:His53), H-bonds (A:
Ser127, A:Thr131, C:GIn36, C:Arg52), and n-n and m-cation
contacts (A:Tyr130, C:Phe44, C:His53, C:Arg52) (docking
poses featuring the highest shape similarity with LVJ
reported in Fig. 3 and 4). Furthermore, 2 and 3 were also
tested at 10 pM ligand concentration against 5-LO, another
key enzyme involved in the AA cascade.** The obtained re-
sults highlighted no inhibitory activity for 2 and a modest in-
hibition exerted by 3 (see Table 1).
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Table 1 Chemical structures of compounds 1-8, with related Glide XP Score, best shape similarity value (related to LVJ reference crystallized confor-
mation), mPGES-1 and 5-LO residual activities tested at 10 uM ligand concentration, and mPGES-1 ICsq values

Glide XP LV]J shape mPGES-1 mPGES-1 IC5, 5-LO
D Chemical structure score similarity (residual activity at 10 uM) (wM) (residual activity at 10 uM)
1 —-7.462 0.506 80.1 £ 3.9 — —
2 —6.494 0.585 30.5+34 3.7+27 92.5 £10.0
3 —6.406 0.538 25.0 £ 6.5 1.9+1.5 56.6 + 8.5
4 -6.323 0.657 86.8 £ 4.2 — —
5 —6.284 0.660 72.1+4.1 — —
6 —6.241 0.517 88.6 £ 3.7 — —
7 -6.193 0.515 82.6 £ 2.4 — —
8 -6.155 0.507 65.3 £ 11.1 — —

—: Not determined.

Materials and methods

Input files preparation for molecular docking

The starting library of compounds was retrieved from the
Otava Chemicals database (~3.1 x 10° compounds). The com-
pounds were prepared using LigPrep software (Schrodinger
Suite).”" Specifically, all the possible stereoisomers, tauto-
mers, and protonation states at pH = 7.4 + 1.0 were generated
for each compound, and finally the structures were mini-
mized using OPLS 2005 force field. Protein 3D model was
prepared using the Schrédinger Protein Preparation Wiz-
ard,”” starting from the mPGES-1 X-ray structure in the active
form co-complexed with the inhibitor LV] (2-][2,6-
bis(chloranyl)-3-[(2,2-dimethylpropanoylamino)methyl|phenyl]-
amino]-1-methyl-6-(2-methyl-2-oxidanyl-propoxy)-N-[2,2,2-tris-

2032 | Med. Chem. Commun., 2018, 9, 2028-2036

(fluoranyl)ethyl]benzimidazole-5-carboxamide) (PDB  code:
4BPM).>® The visual inspection of the protein crystal struc-
ture revealed that the binding of the co-crystallized inhibitor
LV]J was not assisted by structural water molecules, thus, we
proceeded to remove them. All hydrogen atoms were added,
and bond orders were assigned. Docking calculations were
performed on the protein structure in the presence of the co-
factor GSH, whereas LV] was removed.

Ligand-based shape screening

The starting library of compounds was submitted to a fast
“shape screening” alignment, using the 3D structure of the
co-complexed mPGES-1 inhibitor LV]J as shape query ligand.
With this aim, Phase software (Schrodinger, LLC)>® was

This journal is © The Royal Society of Chemistry 2018
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Fig. 3 A) Selected 3D pose of 2 (colored by atom types: C, ochre; N, blue; O, red; S, yellow; polar H, light grey; Cl, light green) featuring the
highest shape similarity to LVJ, in docking with mPGES-1 (chains A, B and C depicted in red, black, and blue ribbons, transparent molecular surface
on the binding site colored in yellow, orange, and green, see text for details, glutathione (GSH) cofactor and key residues in the mPGES-1 binding
site are represented in sticks, C grey, O red, N, blue, polar H white); B) related two-dimensional panels representing interactions.
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Fig. 4 A) Selected 3D pose of 3 (colored by atom types: C, indigo blue; N, blue; O, red; S, yellow; polar H, light grey; C|, light green) featuring the
highest shape similarity to LVJ, in docking with mPGES-1 (chains A, B and C depicted in red, black, and blue ribbons, transparent molecular surface
on the binding site colored in yellow, orange, and green, see text for details, glutathione (GSH) cofactor and key residues in the mPGES-1 binding
site are represented in sticks, C grey, O red, N, blue, polar H white); B) related two-dimensional panels representing interactions.

employed; in particular, for the screened compounds, the
sampling was performed allowing the conformers around the
amide bond to vary freely, and finally, 1000 maximum num-
ber of conformers were considered for the shape computa-

This journal is © The Royal Society of Chemistry 2018

tion. Once associated a shape similarity value for each com-
pound against LV], a ranking from the best to worst values
was obtained, and we set a threshold = 0.627 (value chosen
starting from the best value = 0.727 and reducing it of 0.100)

Med. Chem. Commun., 2018, 9, 2028-2036 | 2033


http://dx.doi.org/10.1039/c8md00497h

Published on 20 November 2018. Downloaded by RSC Internal on 1/17/2019 3:15:34 PM.

Research Article

for saving the most promising compounds to be submitted to
the subsequent docking calculations. Specifically, a new li-
brary of 7220 unique compounds was filtered out.

Molecular docking and structure-based shape screening

The molecular docking virtual screening campaign was
performed using the Virtual Screening Workflow using Glide
software® as implemented in Schrodinger Suite, following
the scheme:

e High-throughput virtual screening scoring/sampling
(HTVS): 7220 unique compounds as input, saved 10 maxi-
mum number of poses for each compound, saved first 10 000
ranked poses (selection filter: docking score) as output, corre-
sponding to 4546 unique compounds.

e Standard precision scoring/sampling phase (SP), and
structure-based shape screening: 4546 unique compounds
from HTVS phase as input, saved 10 maximum number of
poses for each compound. Each produced pose was submit-
ted to an “in place” shape screening (see Results and discus-
sion) against LV]. Choosing a threshold = 0.400, 4120 unique
compounds were selected for the subsequent step.

e Extra precision scoring/sampling phase (XP), and
structure-based shape screening: 4120 unique compounds
from SP/shape screening step as input, saved 100 maximum
number of poses for each compound. The produced poses
were submitted to an “in place” shape screening (see Results
and discussion) against LV]. Choosing a threshold = 0.500,
914 unique compounds were selected. The selected com-
pounds were then further filtered considering their binding
mode with the receptor counterpart (see Results and
discussion).

PAINS screening

Selected compounds were screened with SwissADME"” web
tool, in order to evaluate the presence of chemical species be-
longing to “Pan-Assay Interference Compounds” (PAINS)
chemical class, implemented from the paper by Baell et al.;>
the final library of compounds selected for the biological as-
says (1-8) were not PAINS.

Bioactivity assays

Cell-free mPGES-1 activity assay. Microsomes of IL-1f-
stimulated A549 cells (source: ATCC) were used as source for
mPGES-1. Expression of mPGES-1, preparation of micro-
somes and determination of mPGES-1 activity was performed
as described previously.>® This protocol showed a high ro-
bustness and accuracy, since it was applied in previous stud-
ies considering mPGES-1 inhibitors as standard drugs, like
FLAP/mPGES-1 inhibitor MK-886 for which the related
mPGES-1 IC;, value was correctly reproduced.’®”® In brief,
A549 cells were treated with IL-1B (1 ng mlI™") for 48 h, cells
were harvested, sonicated and the homogenate was subjected
to differential centrifugation at a) 10 000xg for 10 min and b)
174000%g for 1 h at 4 °C. The microsomal fraction (pellet)
was resuspended in 1 ml homogenization buffer (0.1 M po-
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tassium phosphate buffer, pH 7.4, 1 mM phenylmethane-
sulfonyl fluoride, 60 ug mL™" soybean trypsin inhibitor, 1 pg
mL™" leupeptin, 2.5 mM glutathione, and 250 mM sucrose),
the total protein concentration was determined, and micro-
somes were diluted in potassium phosphate buffer (0.1 M,
pH 7.4) containing 2.5 mM glutathione.

Test compounds (or DMSO as vehicle) were added, and af-
ter 15 min at 4 °C reaction (100 pl total volume) was initiated
by addition of 20 uM PGH,. After 1 min at 4 °C, 100 pul of
stop solution (40 mM FeCl,, 80 mM citric acid, and 10 pM
11B-PGE,) were added.

PGE, was separated by solid-phase extraction and ana-
lyzed by RP-HPLC as described previously.”®

Cell-based 5-LO activity assay. Freshly isolated human
neutrophils from peripheral blood were resuspended (5 x 10°
cells per ml) in PBS pH 7.4 plus 1 mM CacCl, containing 1 mg
mL™ glucose, pre-incubated with test compounds (1 pl in
DMSO; final DMSO concentration: 0.1%) for 10 min and then
treated with 2.5 uM Ca>" ionophore A23187 plus 20 uM ara-
chidonic acid.

After 10 min at 37 °C the reaction was stopped on ice by
addition of 1 mL of methanol. 30 ml 1 N HCI and 500 ml
PBS, and 200 ng PGB; were added and the samples were
subjected to solid phase extraction on C18-columns (100 mg,
UCT, Bristol, PA, USA). 5-LO products, namely all-trans iso-
mers of LTB, and 5-hydro(pero)xy-6,8,11,14-eicosatetraenoic
acid (5-H(P)ETE), were analyzed by RP-HPLC and quantities
calculated on the basis of the internal standard PGB;.

Compounds. Compounds 1-8 were purchased from
OTAVA chemicals, Ltd company. For all the compounds the
company has undergone quality control to confirm their
chemical structures. "H NMR spectra of 1-8 are provided in
ESL} In addition, we performed analytical reversed-phase
HPLC on both the active compounds 2 and 3, in order to ver-
ify the purity. An Agilent Technologies 1200 Series high per-
formance liquid chromatography system was used for the
analysis. The binary solvent system (A/B) was as follows: 0.1%
TFA solution in water (A) and 0.1% TFA solution in CH;CN
(B). The adopted conditions were: a Fusion, C18 reversed-
phase column (250 x 4.6 mm, 4 uM, 80 A, flow rate = 1 mL
min™"), a gradient from 5% B ending to 100% B over 40
min, and the absorbance was detected at 240 nm (¢t com-
pound 2 = 30.209; ¢z compound 3 = 29.835). Both the sam-
ples showed a high grade of purity in the HPLC analysis
(>98%).

Conclusions

We have reported the identification of the two novel mPGES-
1 inhibitors following a multi-step virtual screening protocol.
In particular, compounds 2 and 3 showed interesting inhibi-
tory activities in the low micromolar range, disclosing
3-hydroxy-3-pyrrolin-2-one as a new promising template for
developing anti-inflammatory/anticancer agents.

The reported multi-step virtual screening workflow is a
useful tool for facilitating the ligand/structure-based

This journal is © The Royal Society of Chemistry 2018
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identification of novel mPGES-1 inhibitors by means of com-
putational techniques and will be opportunely applied to fur-
ther libraries of virtual compounds. The discovered
3-hydroxy-3-pyrrolin-2-one scaffold represents an interesting
chemical core that could be easily decorated according to
convenient multi-component organic reactions. In summary,
we provide a suitable strategy based on virtual screening for
the identification of new mPGES-1 inhibitors useful for the
treatment of cancer and inflammation.
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