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WELCOME MESSAGE

The Scientific and Organizing Committees are pleasadetoomeyouin Bari for attending
the 27" National Meeting in Medicinal Chemistry (NMMC27), organized byMhBdicinal
Chemistry Division of the Italian Chemical So¢§FSCland sponsored by th&uropean
Federation of Medicinal Chemistry and Chemical BiolegyMC)Bari isa beautiful seaside
town, rich in churches, palacepiazzastheatres and restaurants, with a special charm
throughout the year.

NMMC27, joinly with the 14" . 2 dzy 3 aSRAOAYIf [/ KSYA&da {@&YLRa
| KAYAOI CF NXYI OS dziive @duthe opportunitCtm sharg viesws dbéut ti
challengesaroundthe corner, as well as medicinal chemistry hot topiédter two years of

virtual meetings, lhe 2022 edition of the NMMC/NPCF symposiwith be a presential event

although restricted to fily vaccinated individuals.

Themeeting will cover advances in drug discovery in major therapeutic areas, including the
treatment of bacterial and viral infections, withparticularfocus onthe emergingCOVIBL9

pandemics, but also neurodegenerative andrdiovascular diseases, rare diseasmsd

cancer. In five scientific sessions, artificial intelligence and machine learning techniques as
applied to drug discovery, the ol f f SR aySé Y2RIfAGASEa Ay YSRAC
recent advances in stanable chemical and biophysical technologies will be also featured.

More importantly, participants will have the chance to establish and strengthen collaborative
networks, a key option for successful research.

The meeting stagon September 1% with the Opening Ceremony and contirses the Aula

Aldo Moro (Palazz®el Prete, Pizza Cesare Battisti) from 12 to 14 September 2022
scientific program will include five plenary and ten keynote lectures, as well as numerous oral
and poster presentationdVe actively encourage the participation of young scientists through
dedicatedgrantsand reduced registration fees

More than250delegates from academia and industry are expectdgon applicationmore
than forty grants for young people, covering full registration fees and suitable
accommodationshave beerprovided by DGISCI and other Institutional Sponsors.

Welcomein Bari!

Prof. Gianluca Sbardella Prof. Maria Laur&olognesi Prof. Cosimo D. Altomare
Scientific Committee Chai President DGBCI Local Organizing Committee Cha
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EFMC

European Federation
for Medicinal Chemistry
and Chemical Biology

EFMC is an independent association founded in 1969,
representing 30 societies from 26 European countries, and more
than 9000 scientists. It's main objective is to advance the
science of medicinal chemistry and chemical biology.

‘E EFMC-YSN MedChemBioOnline g‘ﬁ:::emBlo

g Webinars mixing science, soft-skills training e

w i i gm ists

= & round table discussions T e

£ www.efme.info/efme-ysn-medchembioonline

£ —_

o

Q

S i ; EFMC

= 17th EFMC Short Course on Medicinal Chemistry i Short Course
Oegstgeest, The Netherlands | April 23-26, 2023 L 3?:?‘;1‘53:?E?fﬂ?‘gm
EFMC-ASMC’25 EFMC-ASMC
IX International Symposium on Advances in Synthetic Lo nternational symposium
and Medicinal Chemistry ;f:; Mechcinal Chemistry
Zagreb, Croatia | September 3-7, 2023 September 37,2023
EFMC-YMCS 2023 EFMC-YMCS
10th EFMC Young Medicinal Chemists’ Symposium k Chemists' Symposium

Zagreb, Croatla

Zagreb, Croatia | September 7-8,2023 Sptembor 7-8,2023
EFMC-ISCB 2023 EFMC-ISCB
International Symposium on Chemical Biology k on chemicatioisgy
Basel, Switzerland | November 16-18, 2023 ﬁzf,z'ﬁ;‘;':igf';;{“;m

» — The Nauta Pharmacochemistry Award for Medicinal Chemistry and Chemical Biology

?' — The “UCB-Ehrlich Award for Excellence in Medicinal Chemistry”

5 — Prous Institute - Overton and Meyer Award for New Technologies in Drug Discovery
Visit www.efmc.info/awards for more information

§ — EFMC Prizes for Young Medicinal Chemists in Industry & Academia

= Visit www.efme.info/prizes for more information

EFMC-YSN

The Young Scientists Network

Building a strong network at an early stage in your career is crucial!

The aim of the EFMC-YSN is to inspire, connect and provide opportunities to medicinal

chemists and chemical biologists in their Early Career.
Visit www.efmc.info/ysn for more information

WEBSITE EFMC.INFO AND SUBSCRIBE TO THE MONTHLY NEWSLETTER

MedChemBioWatch

FOLLOW EFMC ON

n m ,@EuroMedChem
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SCIENTIFIC PROGRAM

Sunday, September 11", 2022

14.30- | REGISTRATION
17.00

Aldo Moro Hall

17.00 | OPENING CEREMONY

1745 | Stefano Bronziniz Rector of the University of Bari Aldo Moro

Antonio F. Uricchioz President d ANVUR

Francesco Leonettiy Head of the Department of Pharmadgyharmaceutical Sciences

, OECE $6! | AQViddgdsidenthiF@EA OE

Regional Political Authorities

Gianluca Sbardellaz Chair of the Meeting

Maria Laura Bolognesi President of the MedicinaChemistry Division

Cosimo D Altomare z Chair of the Local Organizing Committee

1745 |- AAEAET Al #EAT EOOOU S$EOEOEIT 1T &£ OEA ) OAIE
18.15 | Francesco MerlingUniversity of Naples Federico I, Italy

Laura Scalvinj University of Parma, Italy

Best Doctoral Thesis Awards

Design and Synthesis oew PETradiotracersin drug discovery

Marco Masperq University of Milan, dy

Design and synthesis of (pro)electrophilic compoundsifimestigating themultifactorial nature
of neurodegenerative diseases: focus on inflammatidrivenevents

Filippo Basagnj University of Bolognaaly

18.15 | Musajo Medal of the Medicinal Chemistry Division of the Italian Chemical Society

18.45 | Recipient:Gabriele Costantino, University of Parma, Italy

Chair: Maria Laura Bolognest President of the Medicinal Chemistry Division

18.45- | PL1:Exploring molecular promiscuity through activity data analysis and explainable artificial
1945 | intelligence

JurgenBajorath, University of Bonn, Germany

20.00 | WELCOME BUFFET
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Monday, September 12", 2022

Aldo Moro Hall
Chair:Cosimo D. Altomare
9.00- PL2: Going with the flow the use of continuous processing for synthesizing Active
9.50 Pharmaceutical Ingredients
C. Oliver KappeUniversity of Graz, Austria
Aldo Moro Hall Vincenzo Starace Hall
ChairsVincenza AndrisandOrazio Nicolotti ChairsVioletta CecchettiStefano Alcaro
10.00- | KN1: Computational approaches to the KN2: Unleashing the potential of
10.30 | design of covalent drugs Translocator Protein as a therapeutic and
Marco Mor, University of Parma, Italy diagnostic target: a successfiledChem tde
ChemMedChem Lecture Sabrina Talianj University of Pisa, Italy
10.30- | OC1:SQMScore: Universal Quantum OC2:Functionalized &1-dibenzo[c,e]thiazine
1050 | Mechanical Scoring Function f&tructure- 5,5-dioxides are potent suppressors of the
based Drug Design toxicity mediated by the cellular prion protei
Adam Pecing Czech Academy of Sciences GiuseppeManfroni, University oPerugia
Prague Czech Republic Italy
1050- | FC1:Machine learning applied to early FC2:Extra virgin olive oil extracts enriched in
11.00 | prediction of drug metabolism secoiridoids induce aanti-inflammatory
Marta Lettieri, S-IN Soluzioni Informatiche sri | profile in PBMGfrom obese children
Vicenzaltaly Stefania De Santis University of Bari, Italy
11.00- COFFEE BREAK
11.20
11.20- | OC3:The 3DQSARCOMportal as tool to OCe6:Discovery of orexant and anorexant
1140 | develop predictive ligandased and agents with irdazole scaffold endowed with
structure-based models for SARSoV-2 main peripheral antiedema activity
protease inhibitors Adriano Mollica, University ofChietiPescara
Rino Ragno, SapienzaJniversity oRome "8 $6! lithyOT UET
Italy
1140- | OC4:Development of a L&VS platform for OC7:New class of potential antidiabesity
12.00 | monoclonal antibody characterization to agents targeting DPPIV andAs enzymes
assist the production of a rituximab biosimilg | LauraFumagalli, University oMilan, Italy
from plants
FrancescaRinaldi, University oPavig Italy
12.00- | OC5:A proof-of-concept of the analgesic OC8: Towards the characterization of
1220 | effect of nonpsychotropicCannabis sativa . correctorARN23765 mechanism of action vi
and its main components on peripheral photo-affinity labeling (PAL) approach
neuropathy FrancescoSaccoliti, Italian Institute of
FedericaPellati, University oModena and Technology, Genoa, Italy
ReggieEmilig Italy
12.30 LUNCH
14.00
14.00 POSTER SESSION & COMMERCIAL EXHIBITION
15.30
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Monday, September 12", 2022

Aldo Moro Hall Vincenzo Starace Hall
Chair:Gabriele CostantinpGiovanni Lentini Chair:Maria Laura BolognesRoberto Di
Santo
15.30 | KN3: Synthetic lethality for next generation KN4: A nature inspired approach to develop
16.00 | precision oncology covalent enzyme inhibitors with antnfective
Andrea Cavalli,University oBologna Italy and anticancer activity
Paola Conti University oMilan, Italy
16.00- | OC9:New nicotinamide mimic scaffold OC11BOT AA OP A A O odottmabed
16.20 | allowed nanomolar inhibition of humaRARP inhibitors: new tools against clinically
enzymes relevant carbapenemases
Oriana Tabarrini, University oPerugia Italy Loretta Lazzarato, University offurin Italy
16.20- | OC10:Spindlin-1degraders: stairway to OC12:Novel dipeptide nitriles as
16.40 | heaven (?) antitrypanosomal agents targeting rhodesair|
MonicaViviano, University oSalerng Italy of Trypanosoma brucei rhodesiense

development and combination studies
Roberta Ettari, University of Messina, Italy

16.40- COFFEE BREAK

17.00

17.00 | OC13:TRPM8 ion channel: new target in thg | OC15:The PADAM oxidation route fahe

17.20 | treatment of castrationresistant prostate synthesis of SARE0V-2 main protease
cancer (CRPC) inhibitors
VeronicaDi Sarng University oSalerng Italy Sveva PellicciaUniversity of Naples Federic(

I, ltaly

17.20 | OC14CEAT 1 AT CA OOAT OAA| | OCi6:Discovery of diketo acid derivatives

17.40 | OET OE @kpiesgionbibrhakkers and targeting the SARSCoV-2 NSP13 helicase
fluorescent imageguided surgery probes Valentina Madia, SapienzadJniversity of
identification for ovarian cancer Rome Italy
Antonio Scilimati, University of Bari, Italy

17.40 | FC3:Combining massspectrometry and OCL7: An integrated medicinal chemistry

17.50 | nuclear magnetic resonance for the study of| | workflow for the development of new
ligand:G-quadruplex interaction peptides as SARE0V-2 MPro covalent
Erika Oselladore, University oBrescialtaly inhibitors

SimonaMusella, University oSalerng Italy

17.56 | FC4:Carbazole derivatives as muitarget
18.00 | agents in breast cancer treatment
JessicaCeramella University ofCalabria Italy

18.00- NETWORKING

19:00
Tavola rotonda Workshop
Malattia di Lafora: dalla ricerca di farmaci ai Why was my paper rejected®ptimizing
diritti dei pazienti manuscripts for successful submission and
Per una stretta cooperazione tra ricerca e publication
assistenza David Peralta, Editorin-Chief

'8 A8/ OOEh 48 " OAOOA | chemMedChem, WileyCH
Liantonio, G. Costantino, C. Altomare
19:30 CONCERT OF CORUS HARMONIBASILICA DI S. NICOLA
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Tuesday, September 13", 2022

Aldo Moro Hall
Chair:Nicola A.Colabufo
9.00- PL3: Innovative strategies to target noooding RNAs with synthetic ligands
9.50 Maria Duca Université Cote d'Azur Nice, France
Aldo Moro Hall Vincenzo Starace Hall
ChairsPatrizia DianaFrancesco Leonetti ChairsEnzal acivita Tiziano Bandiera
10.00- | KN5: Targeting dopamine D4 receptor as a KNG6: Identification of ARN21641, an orally
10.30 | thrilling challenge to explore new therapeuti¢ | available and CNfenetrant Acid Ceramidase
opportunities inhibitor with target engagement in mouse
Fabio Del Bellg University of Camerino, Italy| | models of Gaucher and Krabbe diseases
Rita Scarpellj Italian Institute of Technology,
Genoa, ltaly
10.30- | OC18: Development of novel enzyme OC: Hijacking the folding process for
1050 | inhibitors oftheAT AT AAT 1T AAET 1 targeted protein degradation
catabolism for the treatment of epilepsy and AndreaAstolfi, University of Perugjdtaly
neuroinflammatory conditions
Stefania Butini, University oSiena Italy
1050- | FC5:Targeting the mycobactin biosynthesis FC6:Development of hydrogersulfide-
11.00 | pathway inM. tuberculosisa step towards the| | releasing hybrids as novel multitarget drugs
improvement of the antivirulence activity of Angela Corvino, University of Naples Federic
Mbtl inhibitors I, Italy
Matteo Mori, University of Milan, Italy
11.00- COFFEE BREAK
11.20
11.20- | OC20: The pivotal role of pyrrolidine ring as OCZ3: Nucleic acid aptamers: potential
1140 multitarget scaffold in neurodegenerative therapeutic agents for cancer and
diseases neurodegenerative disorders
Antonio Carrieri, University oBari, Italy JussaraAmato, University of Naples Federic
I, Italy
1140- | OC2: Pursuing the complexity obipolar OC2: Combining quantum mechanics and
12.00 disorder: rational design and optimization of machine learning in tb search of the
first-in-class D3R/GSR | T AOI1 A O] | bioactive conformation of drugdike
an in vivo proof of concept compounds
Rita M.C. Di Marting, Italian Institute of Antonio Viayna, University oBarcelona
Technology, Genoa, Italy Spain
12.00- | OC2: S.M.A.R.T. steroids: synthesis and OCZ: Challenging bioisosteric switch in
1220 | structure-activity relationship study towards AChE-MAO B duattargeting hit optimization
allosteric modulators oN-methyl-D- Leonardo Pisani, University oBari, Italy
aspartate receptors
Eva Kudova Czech Academy of Sciences
Prague Czech Republic
12.30 LUNCH
14.00
14.00- POSTER SESSION & COMMERCIAL EXHIBITION
15.30
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Tuesday, September 13", 2022

Aldo Moro Hall Vincenzo Starace Hall
Chair:Giannamaria AnnunziatpLaura Chair:lsabella RomepFrancesco Merlino
Scalvini
15.30 | KN7: From the catalytic mechanism to the KNB8: Fromnaturalresource topreclinical
16.00 | enzyme substrate selectivity: a study dh candidate:our experience with theemporin
acylethanolamine acid amidase derivedpeptide antimicrobial agents
Laura Scalvinj University of Parma, ltaly Francesco MerlingUniversity of Naples
Federico Il, Italy
16.00- | FC7:Discovery of 2(4-hydroxy-3,5 FC11Tetrahydropyran and cyclohexane
16.10 | dimethylphenyl}N-(pyridin-2-yl)-1H- linked novel bacterial topoisomerase
benzo[d]imidazole-6-sulfonamide a8ET inhibitors with improved balanced
inhibitor with selectivity for the first antibacterial activity and safetprofile
bromodomain Maja Kokot, National Institute of Chemistry,
AlessandraCipriano, University of Salerno, Ljubljana, Slovenia
Italy
16.10- | FCB8:Hrst-in-class selective inhibitors of the FC12:Miconazolelike scaffold is a promising
16.20 | histone acetyltransferase KAT8 lead for developindNaegleria fowlerspecific
FrancescoFiorentino, SapienzaJniversity of brain permeable CYP51 inhibitors
Rome Italy Valeria Tudino, University oRome Tor
Vergatg Italy
16.20- | FC9:Design, synthesis, and biological FC13:Structural modifications of triazine
16.30 | evaluation of new hybrid MORgonist/HDACI based compounds for higkfficiency PDK
compounds: an innovative approach for inhibition
persistent pain management CamillaPecoraro, University oPalermg Italy
GiulianaCostanzq University of Catania, Ital)
16.30- | FC10Visible-light photocatalytic activity of FC14:n silico assisted discovery of dual 5
16.40 | isocyanides: from the proebf-concept to the LOX/sHEnhibitors: in vitro characterization
synthetic application irJgi-like chemistry and in vivo antinflammatory properties
CamillaRussq University of Naples Federico | TaniaCiaglia, University oSalerng Italy
I, ltaly
16.40- COFFEE BREAK
17.00
17.00 In memoriam of Prof. Vincenzo Tortorella (19322022)
17.30 Celebrationof retired colleagues
17.30 DCFSCI GENERAL MEETING (ASSEMBLEA DELLA DIVISIONE DI CHIMICA FARMACEL
19.30
20.30 SOCIAL DINNER AT RISTORANTE ZONNO (Lunggre di Bari)
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WednesdaySeptember 14", 2022

Aldo Moro Hall
Chair:Marcello Leopoldo
9.00- PL4: Targeting chemokine receptor CCRErom insurmountable antagonists to affinitgased
9.50 probes
Laura Heitman, LeidenUniversity,The Netherlands
Aldo Moro Hall Vincenzo Starace Hall
ChairsMarco Cattq Marcello Leopoldo ChairsGianluca SbardellaCosimo D.
Altomare
10.00- | KN9: Development and handsn application KN10: The discovery opotent andselective
10.30 | of PyRMD: a new Ajowered virtual agonists ofhumantransientreceptor
screening tool potential Cation Channel Subfamily M
Sandro CosconatiLuigi Vanvitelli University, member 5from HTS toearly hit validation
Naples, Italy Alessio Barilli Aptuit, an Evotec
Companyeronataly
10.30- | OCX: exploring CCRLEZhemerin binding OC3B: The first in vivo proabf-concept for
1050 usingaccelerated molecular dynamics the efficacy of selective HDACS inhibition in
Antonio Coluccig SapienzaJniversity of cystic fibrosis: antinflammatory profile,
Rome Italy effects on bacterial load, formulation and
biodistribution studies
Margherita Brindisi, University of Naples
Federico I, Itgl
1050- | OCZ: Functionalized ligands targeting OC: New insights in the developmeraf
1110 protein-coupled adenosine receptors cannabinoid receptor subtype 2 (CB2R)
Stephanie Federicq University of Trieste, ligands
Italy MarialessandraContino, University oBari,
Italy
1110 COFFEE BREAK
11.30
1130 | OC30: Optimizing the choice of 3D query OC2: Novelcyclic uPAderiveddecapeptides
1150 | structures in liganebased virtual screenings reduce in vivdung dissemination ande-
with PharmScreen® educate CAPphenotype byacting through
Giorgia Zaetta, Parc Cientific de Barcelona, i OACOET 101V
Spain Alfonso Carotenuto, University of Naples
Federico Il, Italy
1150 | OC3L: Acomputational gridbased analysis t¢ | OC3: Screening of amineacid
1210 | map druglike peptide binding pockets of anthraquinone click chemistry conjugates
peptide-protein interactions systems targeting human telomerics-quadruplexes
Daniela Trisciuzzi, University oBari, Italy GiovanniRibaudo, University oBrescia ltaly
Aldo Moro Hall
Chair:Gianluca Sbhardella
12.10 | PL5: COVIB19 pandemic: what we learnt amtiviral drug discovery, successes, and failures
13.10 | Vincenzo Summa University of Naples Federico I, Italy
13.10 CLOSING REMARKS and POSTER PRIZES
13.30
13.30 LUNCH

1C
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OVERVIEWF THE SCIERM CONTRIBUTIONS

Giovanni Lentini, Enza Lacivita dddrco Catto

Herein, ve tried to draw a roughly sketched picture of the participation and communication
contents distilling some general notes from the submitted abstr§t€@®) for oral and flash
communications (47) and poster presentations (11B3)llowing is a graphicakamination
aimedat furnishing a general overview at a glance.

Based on the presenting authors, filtalian regions did not contribute any communication
(Figure 1) but it might be kept in mind that scholars from those regioag appear in the
abstractauthorship.

Foreign Country Contributions

Oral: Czech Republic (2)
Spain (1)

Poster: Croatia (2)
Turkey (2)
Finland (1)
Jordan (1)
Slovenia (1)

Figure 1/ 2 Y G NR 0 dzi 2 NEQ LINR @GSyl yOS

The international feature of the Congress issomehow supported by the 10 foreign
contributions and numerous (58) works performed in collaboration with foreign research
centres (Figure 2).

Contributions in collaboration with
at least one foreign university

Figure 2 Foreign Universities involved in collaborative studies

11
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The communication content uniformly overlaps the four main therapeutic areas with a

relatively higher prevalence in the amancer agent domain (FigureAB Among the

autonomic function diseases, relevant is the position of the studies on cystic fibvdisen
antimicrobials are concerned (Figu8®), the research on antifungals resulted in a relatively

less explored domain. The antiprotozoal agents mainlgeted P. falciparummalaria and

trypanosomiases.

A Therapeutic Relevance

25% Microbial Infections
Cancer

Authonomic Function
Disorders

CNS Disorders

36%

Antivirals

Antiprotozoal Agents

Antimicrobials

Antifungals
2%

52%

Antibacterials

Figure 3. A, Communication content dtribution per therapeutic area; B, Percentages of
communications reporting on new antibacterials, antivirals, antiprotozoal agents, and antifungals.

Roughly, most of the communications reported on disorders related to excitotoxic damages

in the CNS cells (neurones and glial célld). i KSN Ay Of dzRS &
4A). Most of the proposed works deal with enzyme inhibitors. Thrgeé#s grouped under the
YAONB2NBI yAAY
Interesting is the prevalence of communications inspired by the radtjet strategy (Figure

WhiKSNJ LINRPGISAYaAQ
4B).

A CNS Agents

Alzheimer’s
Disease
Parkinson’s
Disease

Other

Neurodegenerative
Disorders

Prion Disease

g 3

Neuroinflammation

Ay Of dzRS

Molecular Targets

Two-protein targets (multi-

target approach)

quorum sensing factors

1%
dual steric targets

GPCRs

membranes =
1%

ion channels

nucleic acids

2%

13%

other proteins

enzymes

SLIAtSLae |

Figured. A, percentages of communicationsporting on the various CNS disorders; B, communication

distribution based on molecular targets.
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As might be expected, the wide majority of communications presented new drugs based on
heterocyclic systems (FiguB®) with the largest group being the nitrogerontaining ones
(Figure5B). This trend is in perfect agreement with the prevalenceéholse systems in the
yearly newly approved drugs. Someone suggested that this observation may be explained
considering that enzyme inhibitors generally include heterocycles in their structures and that
aliphatic heterocycles are generally introduced in tlireg molecules as solubility enhancers.

A - Scaffold Classification B
Protein 1%  Other 8%

Heterocycle Classification

Taxane 1%
Sugar 2%
Macrolide 2%

B-Lactam 1%
Steroid 4%

Peptide 16%

Heterocycle 69%
Nucleotide 2%

Figure5. Communication distribution based on the type staffold (Ajand of heterocycle (Byresent
in the structures of the reported new compounds
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EXPLORING MOLECULAR PROMISCUITY THROUGH ACTIVITY DATA ANALYSIS AND
EXPLAINABLE ARTIFICIAL INTELLIGENCE

Bajorath, J.

Department of Life Science Informatics and Data ScieAde IBMES Unit Medicinal Chemistry,
University of Bonn, FriedrigtirzebruckAllee 5/6, D53115 Bonn.

bajorath@bit.unibonn.de

Multi-target activities of small molecules provide the basis of polypharmacology but are also
responsible for undesired side effects in drug discovery. In addition, rationalizingtangét activities

is essential for drug repurposing. Furthermore, exploring the ability of small molecules to form

G LJa SHiROAFAOE AYUSNIOGA2yada 6AGK RAFFSNByYydG GF NBS
phenomena and devise multarget drug desigrstrategies. Complementing experimental target

profiling and proteomics, molecular promiscuity can be investigated in silico, for example, through
a2aiuSYFGAO Fylfeara 2F ailNHzOGdzNI & FyR FOGAQGAGE |
testing and explainable ML (XML). Computational approaches have been developed to rationalize
promiscuity predictions and investigate structural features that distinguish il singletarget

compounds. This methodological framework is generally applicahigentify chemical signatures of

active compounds. Going forward, XML is expected to play an important role to further increase the
acceptance of predictive modeling in the practice of medicinal chemistry.
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GOING WITH THE FLQWHE USE GFONTNUOUS PROCESSING FOR SYNTHESIZING
ACTIVE PHARMACEUTICAL INGREDIENTS

Kappe, C. O.

Institute of Chemistry, University of Graz, 8010 Graz, Austria

oliver.kappe@ungraz.at

Continuous flow processes form the basis of the petrochemical andddiicals industry where
strong competition, stringent environmental and safety regulations, and low profit margins drive the
need for highly performing, cost effective, safe and atom efficient chemical operations. In contrast to
the commodity chemical ingstry, however, the fine chemical industry primarily relies on its existing
infrastructure of multipurpose batch or serhatch reactors. Fine chemicals, such as drug substances
and active pharmaceutical ingredients (APIs), are generally considerably roorplex than
commodity chemicals and usually require numerous, widely diverse reaction steps for their synthesis.
These requirements generally make versatile and reconfigurable multipurpose batch reactors the
technology of choice for their preparation. Hoves, the advantages of continuous flow processing
are increasingly being appreciated also by the pharmaceutical industry and, thus, a growing number
of scientists, from research chemists in academia to process chemists and chemical engineers in
pharmaceuttal companies, are now starting to employ continuous flow technologies on a more
routine basis

Flow technology has considerable advantages in raagt heat transfer, safety and ease of seaje

when compared to traditional batch reactions. Furthermohazardous chemistries such as highly
exothermic reactions, or those involving unstable or toxic intermediates can be operated safely in flow,
whereby this technology acts as a powerful roeteabler.

In this lecture, contributions from ouesearch group in the field of continuous flow processing will be
highlighted® Emphasis will be given to highly atom efficient and process intensified chemical
transformations useful for the synthesis of APIs or key intermediates that are often toadbazao

be executed in a batch reactor. These involve azide, diazomethane and nitration chemistry, oxidation
reactions involving pure oxygen, catalytic hydrogenations and flow photochemistry/electrochemistry
applications.
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INNOVATIVE STRATEGIES TO TARGETCOIING RNAS WIBYNTHETIC LIGANDS

Vo, D.D3Tran,T.P.A2Maucort,C.2 Martin, C.2 Staedel C.” Darfeuille,F.? Sazoulay S.2 Di
Giorgio,A.2Ducg M.2

3nstitute of Chemistry of Nice (ICN)y' A @S N& A i § CNRS,2Savddge!Valrds,J06100 Nice,
France
bLaboratoire ARNA, University of Bordegi\NRS, 146 rue Léo Saignat, 33076, Bord&aamce

maria.duca@unicotedazur.fr

RNA is one of the most intriguing and promisbiglogical targets for the discovery of innovative
drugs in a large number of pathologies and various biologically relevant RNAs that could serve as drug
targets have already been identifiédAmong the most important ones, it is worth to mention
prokaryoic ribosomal RNA which is the target of a number of currently employed antibiotics, viral
RNAs such as TAR, RRE and DIS RNAIbHbvicogenic microRNAs that are tightly involved in the
development and progression of various cancers. However, difésutftithe rational design of strong

and specific smatholecule ligands renders this kind of molecules relatively rare.

In this presentation, we will show our recent results about the struchaeed design of new RNA
ligands targeting oncogenic RNAs thedl us to the identification of new compounds bearing a
promising biological activity but also to a better understanding of the formed interactions toward the
design of optimized compoundsln parallel to the design of bioactive compounds, we also perfo

the screening of chemical library thus increasing the available chemical tools for the development of
efficient and specific RNA binders for a wide number of therapeutic applicatkeswill also show

the validation of a new antibacterial target anidet design of original compounds bearing potential
antimicrobial activity against resistant bacterial strains.
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TARGETING CHEMOKINE RECEPTORRRCR2 INSURMOUNTABLE ANTAGONISTS TO
AFFINITSBASED PROBES

Heitman, L.H:°

a0ncode Institute & Division of Drug Discovery and Safety, Leiden Academic Centre for Drug
Research, Leiden University, Einsteinweg 55, £&833The Netherlands

|.h.heitman@Ilacdr.leidenuniv.nl

In early drug discovery pharmaceutical companies optimize the properties of drug candidates for a
given therapeutic target, focusing on standard pharmacological parameters of affinity, potency and
intrinsic activity. Despite these intensive efforts, thesess rate of a candidate drug moving to the
pre-clinical development phase is disappointingly low.

We have recently focused on the chemokine receptor CCR2, which is a Gpmipiad receptor,

an important family of drug targets. This receptor is paiity activated by the endogenous
chemokine CCL2. Several small molecule antagonists have been developed to inhibit this receptor,
as it is involved in many diseases characterized by chronic inflammation. Unfortunately, all these
antagonists lack clinicafficacy warranting a better understanding of their mechanism of action.
During this talk, | will show how our work on novel drug discovery concepts (e.g. target binding
kinetics and allosteric modulation) and novel tools, such as an AfBPP, contributéssto
understanding, and how they open new avenues for CCR2, and GPCR small molecule drug discovery.
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COVIB19 PANDEMIC: WHAT WE LEARNT IN ANTIVIRAL DRUG DISCOVERY,
SUCCESSES AND FAILURES

Summa, V.

aDepartment of Pharmacy, School\éédicine and Surgery, University of Naples FedericiaID.
Montesano 49, Napoli, 80131, Italy

vincenzo.summa@unina.it

Covid19 pandemic represents the most challenging and devastating worldwide infection of the last
centuries. In this context, the scientific community with an unprecedented effort is deeply involved in
the fight against SARS0V/2 infection approaching aflossible strategies to find a solution to block

the spread of the virusTo this purpose, innovative and traditional drug discovery strategies have been
engaged, directed at both viral and host biological targets. While the global population was derrifie
by the pandemic and its consequence, the scientific community has produced very preliminary and
hurried results- based more on the emotional stress than on a relevant scientific soundribas

were quickly demonstrated to be faulty or inconclusivevaltheless, the scientific rational approach
cleaned up the initial chaotic scenario of possible treatments and was able to capitalize on all the
previous experience acquired in antiviral drug discovery research. These focused efforts delivered, in
less thtan three year, five vaccines and three drugs approved being a record for the drug discovery
process. This lecture will focus on the small molecules approaches that led to the approval of three
drugs and many candidates in clinical trial. In particular, idygid evolution in the field will be
showcased in parallel with the fast increasing knowledge of the virus and its pathophysiology. Target
selection and drug development approaches will be presented, considering both failures and
successful examples leadi to theapproved drugs. Finally, a perspective regarding the future
RSOSt2LIYSyid 2F GKS FASER FYyR (KS a2 OFffSR WLINBL

Main Protease (Mpro) (b J
o Pl
: mRNA-based
“°
o

RNA-dependent RNA .
polymerase (RARp)
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COMPUTATIONAL APPROACHES TO THE DESIGN OF COVALENT DRUGS

Mor, M.2

aDipartimento di Scienze degli Alimenti e del Farmaco, Parco delle Scienzd 2124 Parma,
Italy

marco.mor@unipr.it

Covalent targeting of protein residues has emerged as a successful strategy to get effective drugs in
different thearpeuticareas, including cancer, viral and other infectious diseases, sickle cell disease
and platelet aggregation. A covalent drug can irreversibly inhibit an enzyme, overcoming competiton
with high substrate concentration, or provide reversible interactions wiith target, improving
compound affinity. The design of a covalent drug must consider both compound recognition at the
binding site and the propensity of the reactive warhead to selectively bind the target residue,
avoiding or minimizing its intrinsic nespecific reactivity. While the arsenal of druggable warheads

is gradually expanding beyond the classical acrylafinas=d thiopiles, the ability to predict selective
reativity toward a specific target is still a challenging task, in spite of the amousirudtural
information and of the improved computational techniques and resources now available.

Based on his experience in the field of endocannabinoid modulators and covalent kinase inhibitors,
the speaker will present case studies on mechanistic moglebig MD simulations and/or QM/MM

hybrid simulations, of: activeite directed inhibitors of the -Arachidonoylglycerol hydolyzing
enzime, monoglyceride lipaseeversible, covalent and allosteric inhibitors of the same enzyme;

the design of selective kase inhibitors targeting the classical cysteine target of EGFRhe
GOFiGlrtedaros feaAryS 0e* EkplorigdaheBe yaek, the& finfe2rdd BfS &6 N
conformational equilibria, drugarget complementarity and warhead reactivity will be anatyand
discussed.
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UNLEASHING THE POTENTIAL OF TSPTHERAPEUTIC AND DIAGNOSTIC TARGET: A
SUCCESSFUL MEDCHEMETA

Taliani, S? Castellano, .Cosconati, S:Barresi, E3;Da Pozzo, B Costa, B3Martini, C.2Da
Settimo,

aDepartment of Pharmacy, University of Pisa, via Bonanno 6, 56126 Pis&Deggrtment of
Pharmacy, University of Salerno, Via Giovanni Paolo Il 132, 84084 Fisciarf@igalBiF,
University of Campania Luigi Vanvitelli, Via Vivaldi 43, 81100 @akaly

sabrina.taliani@unipi.it

The Translocator Protein 18 kDa (TSPO), discovered in 1977 as an alternative binding site for the
benzodiazepine diazepam, is an evolutionary wwetiserved and tryptopharnich 163amino acids

protein mainly stretching tb outer mitochondrial membran&TSPO is implicated in a variety of
fundamental cellular processes including steroidogenesis, heme biosynthesis, mitochondrial
respiration, mitochondrial membrane potential, cell proliferation and differentiation, celldéath

balance, oxidative stressTSPO expression is ubiquitary, with higher levels in steroid producing
tissues; in the central nervous system, it is mainly expressed in glial cells and in neurons. Altered TSPO
expression has been found in some patholab@onditions. In particular, high TSPO expression levels
have been documented in cancer, neuroinflammation, and brain injury. Conversely, low TSPO
expression levels have been evidenced in anxiety disorders. Therefore, TSPO is not only an interesting
drug target for therapeutic purpose (anticonvulsant, anxiolytic, etc.), but also a valid diagnostic
marker of relateddiseases detectable by fluorescent or radiolabeled ligdiidBased on the
research conducted in this field since 2004 in collaboration wétonal and international teams,

the aim of this report is to present the most recent obtained results, in terms of both the
identification of smatmolecules with promising pharmacological profile and the development of
fluoresecent or radiolabelled pobes with high potential as diagnostic tools, as well as the exciting
future perspectives of targeting this multifaceted protein.
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SYNTHETIC LETHALITY FORGENXERATION PRECISION ONCOLOGY

Cavalli, A2 Ortega, J.A2 Myers, S.H? Previtali, Vi3 Girotto S;¢ Roberti, M?

aComputational & Chemical Biology, Italian Institute of Technology, Via Moregd&063 Genova
®Dept. of Pharmacy & Biotechnology, University of Bologna, Via Belmelet6128 Bologna
Structural Biophysics & Translational Pharmacology Facility, Italian Institute of Technology, Via
Morego 30416163 Genova

andrea.cavalli@unibo.it

Synthetic lethality is a mechanism that causes cell death when two genes are simultaneously
compromised. In contrast, the cell survives when only either of the two genes is altered. Synthetic
lethality was first demonstrated in Dsophila Melanogaster in 1922. Then, the concept has remained
relatively unexploited until recently (after 2010), when scientists have looked at it in the pursuit of
innovative anticancer compounds. In the last few years, the synthetic lethality paradigrelea
extensively discussed within the oncology community, with the number of scientific contributions
increasing exponentially.

Olaparib was the first PARP inhibitor (PARPI), followed by other PARPi drugs, used in BRCAness
ovarian cancer. This drug fasnilvas then approved for breast and, since December 2019, for
.w/1lySaa LI yONBFGAO OF yOSNW ¢KS O2yySOGA2y 0Sig¢
and demonstrated retrospectively, with their discovery occurring somewhat serendipitously.

Our graup has pioneered the field of synthetic lethality, developing a new concept, "small melecule
induced synthetic lethality," with the final objective of transforming a purely genetic mechanism into
a chemical one. In this keynote lecture, we will present distuss medicinal chemistry's role in
discovering novel anticancer compounds that exploit the synthetic lethality mechanism. Starting with
RAD51 and its role in the DNA doubteand break repair mechanism, we will present the most
recent strategies/appraches in targeting mechanisms at the basis of the cancer genetic instability
and how they can be turned into the Achille's heel of cancer cells. Subsequently, other backup
pathways (including the repair mechanism, sirgfiand annealing) will also be #linated, and some

of its key molecular actors will be introduced. Interactions with clinicians will finally be discussed
towards the practical application of synthetic lethality in precision oncology. We will conclude by
illustrating the potential for evaition in the field through the combination of cancer immunotherapy
and synthetic lethality, which has the potential to be one of the most challenging yet promising signs
of progress in anticancer therapy in the coming years.
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A NATURE INSPIRED APPROACH TO DEVELOP COVALENT ENZYME INHIBITORS WITH ANTI
INFECTIVE AND ANTICANCER ACTIVITY

Conti P.
Department of Pharmaceutical Sciences, University of Milan, Via Mangiagalli 25, Milano, Italy

paola.conti@unimi.it

The last decade has witnessed a resurgence of interest in covalent inhibitors in medicinal chemistry, with
several approved drugs, and many others under developri€uvalent inhibitors are composed of affinity
element showing ligh affinity for the target protein, coupled to warhead which is an electrophilic group
capable of forming a covalent bond with a nucleophilic amino acid residue. The covalent reaction should be
driven by proximity and correct orientation of the warhetmvard the specific residuelhus, the control of
warhead reactivity is a pivotal parameter in the development of covalent chemical tools and drug candidates.
The ability to fingune warhead reactivityavoiding offtarget reactions with cellular nucletyes including
glutathione, could lead to highuality irreversible chemical probes.

Nature is an excellent source of inspiration in the design of covalent inhibitors, since many natural
products possess mildly electrophilic moieties abledwalently engage the target protefn.

Among the naturederived irreversible molecules, acivicin (Fig.pthduced byStreptomyces sviceulsas been
reportedto have significant anticancer, antimicrobial and antiparasitic actiily biological profilés linked to
the amino acidic structure, mimickingglutamine @ffinity elemenj, and to the 3Chisoxazoline ringwarhead,
which irreversibly reacts with the catalytic Cys of several target enzymes, mainly glutdepiardent
amidotransferaseg.Throwgh a direct comparison between acivicin and its synthefr analogue (BA, Fig.1),
we discovered that-BA was more potent than acivicin Biypanosoma bruc&@TP synthetase inhibitor, resulting
in higher antiparasitic activity.

Warhead
X Br
7 (0] — O Arivie
N . X = CI.. aciviein I:> N?/I Affinity
0" oH X = Br: 3-Br-acivicin (3-BA) 0 Element
NH>

Figure 1

Afterwards, we exploited the -Br-isoxazoline scaffold as a nowehrheadfor the design of covalent
inhibitors for different classes of cystehgentaining enzymes, by coupling it with selectdfinity elements
Herein, the development of covalent inhibis of glyceraldehyd@-phosphate dehydrogenase (GAPDH) will be
discussed. GAPDH igey glycolytic enzyme that has raised considerable attention as a potential drug target in
pathological conditions in which the glycolytic flux plays a crucial rolédy asi@arasitic infections and cancer.
Extensive investigation of the structueetivity relationships around the-Bromo-isoxazoline core led us to
identify promising antimalarial/antileishmanial agents showing high selectivity index with respect to miammal
cells®

In addition, the results of our recentvestigation of a panel o8-bromo-isoxazoline derivativesas
inhibitors of human recombinant GAPDH will be disclosed. Assessment of the antiproliferative effect on
pancreatic ductal adenocarcinoma cells and in a mice xenograft model allowed to pinpoint one derivative as
potential anticancer agent without apparetoxicity.

Interestingly, we also assessed the intrinsic reactivity é@r-Boxazoline derivatives with thiols,
demonstrating that this novekarheadhas a moderate, drutike reactivity, and could find broad application in
the design of safe and effa@ee covalent inhibitors.
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Since its identification and cloning in early 90s, the dopamited2ptor (QR) has been suggested to

be an attractive target for the treatment of neuropsychiatric diseases, such as schizofrenia.
Unfortunately, DR antagonists that were developed astipsychoticsfailed in the clinicmaking
researchers lose their interest inRas a therapeutic targetand work in this area was silent for years.
Novel findings have renewed the interest in such a receptor as an emerging target for the management
of different diseases, including brain cancers, alcohol or substance use discodgrisive deficits and
eating disorderd. The resolved crystal structures ofs® in complex with the potent ligands
nemonapride and 4745870 successfully helped to identify noveRxthemotypesand continue to
support medicinal chemists in drug design. Further help in the design of new drugs may derive from
the study of the LR ligands showing functional selectivity fofpfdtein activation ori -arrestin
recruitment, which will improve the knowtige of the biological functions associated with each
pathway.

Herein, our recent advances on tdevelopment of subtype selective brain penetranRDigands and

their potential involvement in the treatment of some of the abewventioned diseasewill be
presented. The new derivatives are analogshef knownM; muscarinic bitopic agonist A/H28-1,

that has recently demonstrated to be also a potent and subtype selectiReabtagonist (Figure 1).
Interestingly, 77LH28-1 bears an aliphatic butyérminal, that makes it different from the classical
piperidine/piperazine D4R agents reported so far.

-

IA\/\/"\)Z

A = nuclei selected from D4-selective ligands known in the literature

o (\Z/R
&KX/Y

X = alkyl chains of different lengths

Figure 1 Modifications on the chemical structure of - TH28-1
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IDENTIFICATION OF ARN21641, AN ORALLY AVAILABLE
AND CNPENETRANT ACID CERAMIDASE INHIBITOR WITH TARGET ENGAGEMENT
IN MOUSE MODELS OF GAUCHER AND KRABBE DISEASES

Scarpelli B¢ Di Martino, S&Tardia, P#Cilibrasi, V#Caputo, SMazzonna, M%Russo, [¥;
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Sphingolipids (SphLs) are a diverse class of bioactive molecules that are regulated by a complex
network of enzymatic pathwaysA disturbance in these pathways leads to lipid accumulation and
initiation of several Sphtelated disorders. Acid ceramidase (AC) is a cysteine hydrolase that plays a
crucial role in the metabolism of lysosomal ceramides and glycosphingolipids, whichpanrdaint
members of the SphL famify.

Herein, we present the lead optimization studies of a class of benzoxazolone (BOA) carboxamides
(Figure ). Targeted modifications on different positionsRégion Aand B of the scaffold led to the
identification ofthe piperidine22m, as the first potent and selective human AC inhibiték@i) with
good oral bioavailability and brain penetration in mice. Furthermore, we demonstrated target
engagement o22min two animal models of neuropathic lysosomal storage dis€ad = DI dzOK SN &
YN} 60SQa RAaSIaA8et daity Drfrapdritgnital administration at 90 mg/ kg2m
significantly reduced the brain levels of the toxic lipids glucosylsphingosine (GluSph) in 4L;C* mice
(GD model) and galactosylsphingosinel8ph) in Twitcher mice (KD model). These results suggest
that 22mis a lead molecule that can be further developed for the correction of neurological states
of LSDs, where GluSph or GalSph plays a significant role in the disease pathogenesis.

Regmn A

N Oy N
Y 2 ?’ Reduction of Brain Levels of
>= o SAR and SFR N>= o PEr—— Pathogenic Candidate Species
explorations o studles GluSph | ] in 4L;C* mice (GD model)
Reglon B ,N GalSph || in Twitcher mice (KD model)
BOA carboxamides 22m
potent and selective hACi in vivo target engagement
oral bioavailable
brain penetrant
Figure 1
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FROM THE CATALYTIC MECHANISMBGNAYME SUBSTRATE SELECTIVITY:
A STUDY ON-ACYLETHANOLAMINE ACID AMIDASE

Scalvini, L2 Ghidini, A2 Palese, P Callegari, D?Lodola, A%Rivara, $Piomelli, D%%and Mor,
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laura.scalvini@unipr.it

N-acylethanolamines (NAEs) aadarge family of endogenous lipid transmitters characterised by an
acyl chain, which differs among the NAEs for length and degree of unsaturation, linked to
ethanolamine through an amidic bond. NAEs exert several biological effects, and among them
palmitoylethanolamide (PEA) takes a major role in analgesia and inindlathmatory and
YSAzZNPLINP GSOGAGS LINROS&aasSa YihRdclvily SIRPEAiSterdinadd by OG A O I
its degradation to palmitic acid and ethanolamine catalysed\kgcylettanolamine acid amidase
(NAAA), a member of thid-terminal nucleophile (Ntn) hydrolases superfamily, mainly expressed in B
lymphocytes and macrophagés$where it concentrates in lysosomes and shows an optimal activity at
acidic pH: The catalytic mechanism of PEA hydrolysis has been recently investigated ‘eydreg
studies in the QM/MM framework which have shown that acylation represents the critical step of
the reaction, with the catalytic cysteine acting both as an acidrotomate the ethanolamine leaving
group, and as a nucleophile, to attack the PEA carbonyl carbon. The ethanol fragment of PEA did not
appear to play an indispensable role in acylation, a result further supported by kinetic experiments
showing that NAAA hydlyses palmitoyl methyl amide (PMA) with high catalytic efficiency. On the
other hand, a complete overview of the substrate selectivity of the enzyme is required, and while it is
known that NAAA preferentially hydrolyses saturated fatty acid ethanolam(BA&s), a detailed
profile of the relationship between catalytic efficiency and fatty azhdin length or modifications of

the leaving group would be of critical relevance for the design of specific substrates.

In this report the effects of acyl chairr polar head modifications on substrate recognition and
hydrolysis by NAAA have been investigated. The results of molecular modelling studies combined with
biochemical studies reveal that the catalytic efficiency is strictly dependent upon fatty acyl chain
length, whereas there is a wider tolerance for modifications of the polar RéEts relationship
reflects the relative stability of enzyrsubstrate complexes in molecular dynamics simulations.

References

1. Solorzano, C.; Zhu, C.; Battista, N.; Astarita, G.; Lodola, A.; Rivara, S.; Mor, M.; Russo, R.; Maccarrone, M.FAntonietti
Duranti, A.; Tontini, A.; Cuzzocrea, S.; Tarzia, G.; Piom8INAR009 106, 2096&20971.

2. Ueda, N.; Yamanaka, K.; Yamamotd, Biol. Cher®001, 276, 35552,35557.

3. Tsuboi, K.; Sun, Y.; Okamoto, Y.; Araki, N.; Tonai, T.; UdBjd. Chen2005 280, 11082,11092.

4. Wang, J.; Zhao, L.; Uyama, T.; Tsuboi, K.; Tonai, T.; UBaxh. Biophys. Acta008 1781, 710717.

5. Scalvini, L.; Ghidini, A.; Lodola, A.; Callegari, D.; Rivara, S.; Piomelli, D.;AGS, Ghatalys020 20, 1179711813.

6. Ghidini, A.; Scalvini, L.; Palese, F.; Lodola, A.; Mor, M.; PiomklEm2lnhib. Med. ChenR021, 36, 14111423.

27



] 6 9
Q@dr 14
XXV
Natlonal Meeting on 14t Young Medicinal Chemists’ Symposium . ’
Medicinal Chemistry Nuove Prospettive in Chimica Farmaceutica  [=yN=M=FIEV#Z Mol N217 &)
September 11-14, 2022 Divisione dfi Chimica
Farmacevutica

KN_08 UNIVERSITA
GEGLL SYUDI DY BARL
ALDO MORO

FROM NATURAL RESOURCE TO PRECLINICAL CANDIDATE: OUR EXPERIENCE WITH THE
TEMPORINDERIVED PEPTIDE ANTIMICROBIAL AGENTS

Merlino, F.
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Naturally occurring antimicrobial peptides (AMPSs) are valid tools to tackle the antibiotic resistance
phenomenon as they act thorough alternative mechanisms of actions with respect to conventional
antibiotics? Among them, the frog skiderived Temporins possess interesting properties for
biological investigations due tpshort sequence lengtli) activity against a wide range of pathogens,

iii) additional chemotactic activity and immunomodulatory effe¢f§he 13mer temporin L (TL)
peptide is one prominent isoform, showing elevated antimicrobial potency, strong affinity for-Gram
negative such aB. aeuginosaandE. colj although it also exhibits a significant hemolytic activity at
microbicidal concentrationdOur recent efforts have been aimed at improving its therapeutic index
and druglike features through the application of different chemical aggwhes. A library of
macrocyclic peptide analogues of TL was obtained by embracing different intramolecular linking
strategies €.9.,lactam, 1,4triazolic and hydrocarbon bridgesyyhile chemical tag motifs, including
fatty acids, were introduced at kdgcations, to further control target cell specifictyzrom these
studies peptidomimetics with greater broagbectrum antimicrobial activity, including resistant
bacterial strains, and less toxicity, were identified as encouraginglprieal candidateto be further
FaaSaaSR F2NJ 4KS RS@OSt2LISyd 2F ySo FYGAYAONROAL
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DEVELOPMENT AND HANIM APPLICATION OF PYRMD: A NEWLY DEVELOPED Al
POWERED VS TOOL

Cosconati, 8.

aDISTABIF, Universita della Campania Luigi Vanvitelli

sandro.cosconati@unicampania.it

A new atrtificial intelligence (Apowered virtualscreening (VS) software will be presented in this
contribution. In particular, the Random Matrix Discriminant (RMD) algorithm has been implemented
in a new fully automated tool called PyRMDhis liganebased VS tool is trained using target
bioactivity dda directly downloaded from the ChEMBL repository without manual intervention. The
A2FG oINS ldzi2YFGAOFffte €SIENya GKS RAalGAYOUGAOS
activity/inactivity. PyRMD allows to easily screen millions of compounds umshthrough an
automated workflow and intuitive input files allow to finely tune each parameter of the calculation.
In addition to the description of this new tool, its application to the discovery of polypharmacological
anticancer agents will be discussaldng with the obtained biological effect of the identified leads.
Finally, preliminary results will be described on the application of PyRMD in massive rduaggdr

VS calculations.

)
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THE DISCOVERY OF POTENT AND SELECTIVE AGONISTS OF HUMAN TRANSIENT RECEPT
POTENTIAL CATIQHMANNEL SUBFAMILY M MEMBER 5: FROM HTS TO EARLY HIT
VALIDATION
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Transient Receptor Potential cation channel subfamily M member 5 (TRPM5) is-selactive
monovalent cation channel activated by intracellular Carease. Within the gastrointestinal
system, TRPMS5 is expressed in the stoma, small intestine, armd tokive search for novel chemical
matter to be utilized as a starting point for the development of potent and selective agonists of
hTRPMS5, a High Throughput Screening approach was selected. A divassitycompound library

was screened with a fluorontéc imaging plate reader (FLIPR) membrane potential (FMP) assay
protocol. The first hits were progressed to hit confirmation and to two counter assays to exclude false
positives, and the resulting confirmed hits were further selected for follow up wititeotration
response curve based on several criteria: TRPM5 activity in the FMP assay higher than a defined
threshold, low activity in a Gaflux assay and low activity on the Cid@d type in an FMP assay.

From CRC, the most promising compounds werecsaieto be profiled in the electrophysiology
assay and clustered and prioritized based on potency and calculated properties. This process led to
the discovery of 16 potentially interesting chemical series for which the Early Hit Validation was
performed bymeans of compound acquisition and wet chemistry.

350 compounds for CRC / selectivity vs
hTRPM4 — 73 compounds

73 compounds in QPatch
assay. LE / LLE — 16
chemical series

Figurel: HTS screening cascade
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SOMSCORE: UNIVERSAL QUANMBTHANICAL SCORING FUNCTION FOR STRUCTURE
BASED DRUG DESIGN
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Due to the enormous advances in computational power, quantum mechanical (QM) methods have
been incoporated into the process of drug design in all its preclinical stages. Last decade, QM
methods have been gaining in importance especially in strudtased drug design, where a reliable
description of proteidigand interactions is of utmost significanétowever, strategies i.e. QM/MM,
fragmentation or semiempirical (SQM) methods have to be pursued to overcome the unfavourable
scaling of QM methods.

Parametrizations of SQM and implicit solvent methods in our laboratory have been instrumental to
obtain areliable SQMbased scoring functioh® The experience gained in its application for activity
ranking of ligands binding to tens of protein targets resulted in setting up a faster scoring approach,
i.e. SQMScorewhich outperforms standard scoring methods in native pose identification for two
dozen protein targets with ten thousand posEsTheSQMScorewas also tested in the first affinity
ranking study that used a challenging set of 10 inhibitors binding to carbonic anhydrase I
metalloprotein through Zn ion in the active sit&Recently, SQM-Scorewas effectively applied in a
proof-of-concept study in virtual screening with the aim to prioritize 72 active ligands over ~4500
inactive ones toward a HSP90 tar§et.

Here, we present a largecale affinity ranking performance 8QMScordested on a unique dataset
of ten diverse protein systems with higlhsolution crystal structures, each in a complex with >10
ligands with known experimental inhibitory constanj)(#r IGo. We are confident that the successful

applications ofSQMScoreand its feasibility and chemical generality showed its great potential to
become a general tool during the #it-lead stage of structurbased drug desigh.
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"FUNCTIONALIZIBE—DIBENZO.[e]THIAZINE S5;DIOXIDES ARE POTENT SUPPRESSORS OF
THE TOXICITY MEDIBRTEY THE CELLULAR PRION PROTEIN
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Prion diseases, usually rapidly progressive and always fatal, are rare neurodegenerative conditions of
human and animals associated with conformational changes of the cellular prion protefi t@tRe

scrapie form(Pr9.1 Priitself has been shown to participate in several other pathologies of the nervous
system by acting as a toxicitsansducing receptor for different misfolded protein isofordsA growing

body of evidences indicate that Prplays a dual r@ in prion diseases by supporting the Ptemplated
propagation and by mediating itself neurotoxic effects, underscoring a distinction between prion
infectivity PrP<mediated and PrRinduced toxicity’>L Y RSSRXZ +a |y Ff SNy GdA@S
approach of inhibiting the Pfnto PrP¢conversion, blocking the priemediated downstream neurotoxic
signals is another possible strategy for treating prion diseases, especially those caused by a mutated PrP
such as the Creutzfeldiakob disease andh¢ GerstmanfStraisslerScheinker syndrome. However, no
current single assay can bring out the gmtion activity of a compound acting on the Pri®@ PrFc
conversionand/or on the PrRinduced neurotoxicity. In this context, the Dr8gised Cellular Assay
(DBCA), a novel cellular assay for studying mutantéafed toxicity, represents a unique tool to identify
compounds capable of suppressing the toxicity induced by a mutated version @ffPyP &aseenings of
chemical libraries by using DBCA led several promising hits, including the commerciaH-6
dibenzoE,eJthiazine 5,5dioxide analoguel(D24,” that was selected by us as starting hit due to our
chemical experience/expertise in managing this scaffold. In this fweekreport the medicinal chemistry
optimization process performed arouridD24carried out by combining the selection of commercially
available analogues with the ligafihsed design and synthesis of a large series of new derivatives.
Medicinal chemistry efforts culminated with the identification of some dibenzothiazine compounds
capable to rescue, at nM concentrations, cell viabilitR d&zO S R 6 & signdl texicity Nt HEK cells
(DBCA). Several compounds showed a strong potency improvement with respebR#bIn depth
SELISNAYSYy(Ga RAALA &SR GKIG | O02YLRdzyR LRGSYy(dte Ay
induced and Prrdeperdent detrimental effects in primary neurons. Interestingly, one of the most potent
compounds also exhibited the ability to rescue Rdelivered synaptotoxicity in mouse brain slices. The
mechanism of action for these compounds is still unknown as notieof was able to directly bind PYP

or inhibit prion replication in cell cultures or brain slices. Accordingly, we prepared a biotinylated probe
to perform target fishing experiments which are currently underway.
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THE 3BQSAR.COM PORTAL AS TOOL TO DEVELOP PREDICTNEASHEANKND
STRUCTUREASED MODELS FOR S8R82 MAIN PROTEASEHIBITORS

aProia, E%Antonini, L3and Sabatino, MandRagno, R

2Rome Center for Molecular Design, Department of Drug Chemistry and Technology, Sapienza
University of Rome, P.le Aldo Moro 5, 00185 Rome, Italy

rino.ragno@uniromal.it

The SARSov2 main proteaseé (Mpro) of is the essential enzyme for maturation of ftional
proteins implicated in viral replication and transcription. The peculiarity of its specific cleavage site
joint with its high degree of conservation among all coronaviruses promote it as an attractive target
to develop broaespectrum inhibitors, wh high selectivity and tolerable safety profile. Herein is
reported a combination of threglimensional quantitative structuractivity relationships ( QSAR)

and comparative molecular binding energy (COMBINE) analysis to build robust and predictilse ligan
based (LB) and structuiHzased (SB) statistical models, respectively. Models were trained on
experimental binding poses of @ystallized Mpreinhibitors and validated on available literature
data. Analysis of the models led to a joint&B unique D structure-activity relationships (® SARs,
Figure 1) that were found in agreement with nirmatrelvir chemical features properties, a novel oral
Mpro-inhibitor that has recently received U.S. FDA emergency use authorization (EUA) for the oral
treatment of mld-to-moderate COVIR9 infected patients.

Predictive ability of the models was assessed by means of crystallized and modeled test set.

As most of calculation were performed through the web portalo@dr.con? the results confirmed

the portal as a usefubol for drug design
OH
~ 0
< H
A N N o
N Hog
NH

Figure 1 Graphical depiction of-B Q§AR plots in the tTinding site of compo@r{dray)- Mp© minimized complex (PDI
code = 6XHM). Residues are colored depending on their higher activity contribution:-gg&&npositive, yellowSTE
negative, red HB positive, orangeDRY positive (see legend in Figure 5).
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DEVELOPMENT OF AMIEPLATFORM FOR MONOCLONAL ANTIBODY
CHARACTERIZATION TO ASSIST THE PRODUCTION OF A RITUXIMAB BIOSIMILAR FROM
PLANTS

Rinaldi, F2 Tengattini, S%;PerezFernandez, \P Fabbri, A Donini, M;¢ Marusic, G¢ Sferrazza, &
Pierimarchi, BY Zonfrillo, M;¢ Calleri, E¥Massolinj G.2 Psano, G° Temporinj C?
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Despite the high efficacy and safety of mAbs, the high costs associated with their traditional production process
in mammalian host cell lines still represent a serious lirfitie use of plants as expression systems to produce
functionally active recombinant therapeutic proteins started 1989 and has significant potential advantages
such as easy scalability and distribution and low production ¢oskéowever, the production ofmAbs in
different expression systems might result in speapscific modifications which reflect the unique features of

the biochemical machinery typical for each production environment, which can negatively impact on protein
structure and properties. Ithis context, a detailed structural characterization of the product is a crucial aspect
that can address the selection of the most appropriate expression system or support the choice of engineering
strategies to obtain the desired product.

Rituximab (RTXs the first monoclonal antibody (mAb) approved for clinical use in the therapy of cancer. It is

a mouse/human chimeric monoclonal antibody produced in Chinese hamster ovary (CHO) mammalian cells
and directed against the CD20 antigen found on the surédgermal and malignant B lymphocytes. RTX has
been approved for the treatment of various lymphoid malignancies, includiogllBionHodgkin's lymphoma

and Bcell chronic lymphocytic leukemia, and more recently its therapeutic indication has been edtémde

other areas such as autoimmune disorders. The patent on the original Rituximab products, MabThera (EU) and
Rituxan (US), expired in 2013 and 2016, respectiVEfys, the development of RTX biosimilars is an interesting
goal for biotech companies.

In this presentation, an analytical platform based on the use of liquid chromatography (LC) and mass
spectrometry (MS) will be discussed as a tool for the characterization of RTX obtained from two plant
expression systems (rice and tobacco) in comparisadhéanammalian celtlerived reference mAb.

Reversed phase liquid chromatography (RPLC), hydrophilic interaction liquid chromatographic (HILIC), cation
exchange chromatography (CEX) and size exclusion chromatography (SEC) methods, hyphenated to UV or high
resolution MS detection, were developed. The application of the methods to intact or digested mAbs allowed
to assess several critical attributes such as primary structure, glycan composition, speties
heterogeneity, glycosylation degree, charge &atj aggregation tendency and enzymatic stability.

Data highlighted the features and criticalities of each production approach; the use of rice led to heterogeneous
but stable products over time, suggesting the absence of proteases in seeds, while tobacco expression system
generated mAbs with a more homageous glycosylation profile but characterized by a lower stability probably
due to the presence of proteases.

The developed analytical system supports the selection of the best plant expression system and guides the
choice of engineering strategies foretiproduction of recombinant humanized mAbs of interest.
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PROOOFCONCEPT OF THE ANALGESIC EFFECTRSYREBROTRORIBNNABIS
SATIVA.. AND ITS MAIN COMPONENTS ON PERIPHERAL NEUROPATHY

Borgonettj V.2 GovernaP.? Anceschil.£ Brighentj V.¢ CorsiL ;¢ Galeotti N.2
Manetti, F.>and Pellati, F

a Department of Neuroscience, Psychology, Drug Research and Child Health, University of Florence,
Viale G. Pieraccini 6, 50139 Florence, Italy
b Department of Biotechnology, Chemistry and Pharmacy Department, University of Siena,
Via A. Moro 253100, Siena, Italy
¢ Department of Life Sciences, University of Modena and Reggio Emilia,
Via G. Campi 103/287, 41125 Modena, Italy

federica.pellati@unimore.it

Neuropathic pain affects@0% of the world populatioh.Multiple causes of neuropathic pain have been
described and its incidence is likely to increase owing to the ageing global population, increased incidence of
diabetes mellitus and improved survival from cancer after chemotherd@yrrent therapiesinclude
antidepressants, antiepileptics, local anesthetics and opiéitisese treatments are effective in less than 50%

of patients, and they are characterized by many side effects, that limit theirtemg use !

Cannabis sativa. is used in the treatmentf@hronic pain, thanks to its interaction with the endocannabinoid
deaitasSye ¢KS Yzaild Ay@3468 R €8 RNDDIAC)aDEgnFaRidol (GBDNBUt n
GKS Llae OK2 GNP EIHO, inkdNdrd iBSindract®riwitik GRteptors, affect patient quality of life,

thus making cannabis unsuitable for a letlegm medical usé.

For these reasons, in this work we evaluated the possibletymteralgesic effect of nepsychotropicC. sativa

oil extracts in animal models of acutand persistent pain. To identify the possible synergy and interaction
between cannabinoids and terpenes, we compared an extract devoid of terpenes and with high a concentration
of CBD (K1) with an extract containing a high level of both cannabinoidegrehes (K2).

The detailed chemical characterization the oil extracts was carried out by-hiffreperformance liquid
chromatography (UHPLC), coupled with higholution mass spectrometry (HRMS), using a target
metabolomic approachAmong all the identied cannabinoids, the most representative ones were further
guantified by HPL-OV3 Volatile compounds in the oils were fully analyzed byM&3

The antihyperalgesic effect of K2 and K1 after oral administration was assessed by measuring mechanical and
thermal allodynia ispared nerve injury§NI) mice. The mechanism of action of K2 was investigated using spinal
cords samples in a cédhsedin vitro model of neuroinflammationOral administration of K2 at 25 mg®kg
ameliorated mechanical and thermall@ynia in SNI mice, with a rapid and a ldagting effect, without
inducing an alteration of locomotor activity, with an efficacy higher than K1. K2 reduB&®Kp#38 and p

JNK1 protein levels compared to the untreated mice. Moreover, the extrachthgulated protein expression

of neuroinflammatory factors (HDATG p-65, NOS2).

To deeper investigate the possible synergism of CBDi acatyophyllene (BCP), which are the two main
compounds among cannabinoids and terpenes, respectivelyjnasilico structure-based approach was
performed on CB2 receptors. CBD and BCP were simultaneously docked into the binding site of CB2 (PDBID:
5zty), using AutoDock Vina 1.2.0. CBD was predicted to bind close to the binding site entrance, while BCP was
docked deeperrito the binding site. Together, CBD and BCP were able to resemble the experimental binding
mode of the reference ligand and the interactions with the binding site residues better than CBD or BCP alone,
which could explain the higher activity of K2 compai@i1.In vitrobinding and functional assays are currently
ongoing to validate thén silicoresults.
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DISCOVERY OF OREXANT AND ANOREXANT AGENTS WITH INDAZOLE SCAFFOLD
ENDOWED WITH PERIPHERAL ANTIEDEMA ACTIVITY

MollicaA2
a5 SLI NI YSYyld 2F t KFENXIOezx !PyshataSaEe iestini3IDBB10R Q! y Y dzy
Chieti, Italy.

a.mollica@unich.it

The endocannabinoid system represents an integrated neuronal network involved in the control of
ASOSNIf 2NHIFIYAAYAaQ FdzyOQiA2yas adB&chloragphedyBISRAY 3 0
(2,4-dichloro-phenyl}4-methykN-(piperidin1-yl}-1Hpyrazole3-carboxamide (rimonabant), a well
known inverse agonist of the tygke cannabinoid receptor (CB1), once used as an antiobesity drug,
and the N(2S)substitutes of 3[(4-fluorophenyl)methyllindazole-carboxamide with Jamino-3-
methyl1-oxobutane (AB-ubinaca), Jamino-3,3-dimethyll-oxobutane (ADB-ubinaca), and -3
methylbutanoate (AMB-ubinaca), endowed with potent agonistic activity towards cannabinoid
receptors CB1 and CB&re synthetized in solution ast€rminal amides, acids, methyl esters and
N-methyl amides. These compounds have been studied by binding assays to cannabinoid receptors
and by functional receptor assays, using rat brain membranes in vitro. The mostantve them

as an agonist, (8)(2,4dichlorobenzybN-(3,3-dimethyll-(methylamino)l-oxobutan2-yl)-
1Hindazole3-carboxamide (LONI11), and an antagonist2(&@)}(2,4-dichlorobenzyblHindazole3-
carboxamido)y3-methylbutanoic acid (LONI4), were testedvivo in mice, to evaluate their ability to
stimulate or suppress feeding behavior after intraperitoneal (i.p.) administration.
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DB-FUBINACA (R = CH3) LONI4: R = jso-propyl
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RIMONABANT
Figure 1

For a LONI11 formalin test and a tail flick test after an administration by the subcutaneous (s.c.) and
intracerebroventricular (i.c.v.) routes, respectively, were also carried out in vivo in mice to investigate
the antinociceptive property at the central and peripheral levesl. We observed a significant orexant
e_ect for LONI11 and an intense anorexant e_ect form@hyl 2(1-(2,4dichlorobenzyhlH
indazole3-carboxamidoj3,3-dimethylbutanoate (LONI2) and LONI4. In zymdadnced edema and
hyperalgesia, LONI11 reduced the percent of paw volume increase and paw latency after s.c.
administration, also suggestingpassible peripheral aninflammatory activity.
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Type 2 diabetes (T2DM) is a chronic condition characterized by dysregulatiarbohydrate, lipid,

and protein metabolism and results from impaired insulin secretion, insulin resistance, or a
combination of both. Of the three major types of diabetes, T2DM is far more common (accounting
for more than 90% of all cases) than eitheraypdiabetes mellitus (TLDM) or gestational diabétes

Dt 20l ffe&x coHy: 2F GKS ¢g2NIRQA LIRLJAFGA2Y Aa | F1
Europe show higher prevalence rates that continue to rise despite the public health measures. The
distribution of T2DM generally matches so@oonomic development even if the burden of suffering
due to diabetes is rapidly rising in lower income countridhus, T2DM is recognized as a global
public health concern which directly impacts on human life aedlth expendituresMoreover,

T2DM incidence has risen in lockstep with the obesity pandemic during the lasehaliry. In fact,

the numbers of individuals with T2DM parallel the numbers of adults with obesity generating a
worldwide dual epidemic whicls an important public health issue4. The detrimental health effects

of diabetes and obesityarewdlly 2 6y a2 YdzOK GKF G GKS@ I NForRS&ONMA G
these reasons and considering that the two conditions share key pathophysiologidemsus, the
management of patients with T2DM is shifting from cardémtric goal to a new weigktentric, or,

even better, adipose&entric treatment goH. Given the relevance of Dipeptidyl Peptidase IV (DPP V)
and Carbonic Anhydrase (CA Il and V) rivlébe pathology of T2DM and in the weighting loss we
herein report a new class of multitarget ligands addressed on the previously mentioned enzymes.
The study moved from the observation that known inhibitors for these two enzymes share some key
moietieswhich thus can be merged in a uniqgue molecule endowed with a suitable scaffold to attain
effective multiple inhibitions. The starting scaffold was identified by repurposing analyses focused on
reported adrenergic ligands. The selected repurposed molectl@w (i K S -pR/ighibitor, WBa

4101, which was progressively modified through a tailored morphing strategy to optimize the
potency on DPP IV and CAs, while losing the adrenergic activity.
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 TOWARDS THEHARACTERIZATION OF CORRECTOR ARN23765 MECHANISM OF ACTION
VIA PHOTEFFINITY LABELING (PAL) APPROACH

Saccoliti, F;Romeo, E’Bandiera, T2; Pastorino, C¢Pedemonte, NS;and Bertozzi, E.

2 D3-PharmaChemistry, Istituto Italiano @ecnologia (IIT), Genova, Itdlstructural Biophysics and
Translational Pharmacology, Istituto Italiano di Tecnologia (lIT), Genova; {TADYC. Genetica
Medica, Istituto Giannina Gaslini (IGG), Genova, Italy
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Cystic Fibrosis (CF) is a rare genetic disease characterized by deficiencies in the synthesis or function
of the CF transmembrane conductance regulator (CFTR) anion channel, caused by mutations in the
CFTR gene. Smaiblecule ompounds addressing the basic defect of the disease have been
described, and are referred to as CFTR modulators. Among thB§23765a potent F508deCFTR
corrector discovered by our group, showed high potency in rescuing the function of mutant CFTR in
primary human bronchial epithelial cells from F508del/F508del CF patients.

CFTR correctors can act either directly binding to CFTRr by interacting with the protein
machinery responsible fo€CFTRsynthesis and maturationGenerally, ndications of correctors
binding to CFTRerivefrom either indirect proofs or by experiments with purified wild type (wt)-full
length protein or singl domains®® No data are so far available disclosing the interaction of
modulators with CFTR (either war F508del mutant) i native cellular environment.

To investigate thepossible biologicakrget(s) ofARN23B5 in living cells, #hoto-Affinity Laeling
(PALY® approachhas been pursued as a convenient strategy to enable small motpontiein
trapping andsubsequent target identificatiariTo this purpose, severphoto-affinity probes (PAR)

have been designed and synthesized by introducingsmdl photo-reactive moiety and a
reporter/purification tag(or a chemical handle suitable for conjugation to such adaghe scaffold

of ARN23765

Diazirine was selected as convenient phogactive small heterocyclic moietsince itsactivationby

UV lightproduceshighly reactive transient chemical species that crosslink in a covalent manner to
bio-molecules in close proximifyOn the other hand, suited tags or chemical handles were employed

to allow probetarget adducts identificatin via different approaches(e.g., electrophoresis
experiments, western blgand mass spectrometry studies

Notably, hese chemical manipulations were applied in such a way as to produce minimal
perturbations on the structure of the parent compound inaer that novel synthesized PARsuld
maintain bioactivityin a standard assay in CFBE4Adalls

After a preliminary evaluation of their activity in rescuing F5082IETR functiomovel PAPs were

used in both cell lysates and intact cells demonstratingrtimesitu binding to wild type and mutant
F508delCFTR in CFBE4¢taells.

To the best of our knowledge, our study is the first to disclose the interaction of a corrector probe to
wild type and mutant F508deCFTR in an integral cellular setting.
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NEWNICOTINAMIDE MIMIC SCAFFOLD ALLOWED NANOMOLAR INHIBITION OF HUMAN
PARP ENZYMES

Tabarrini G
a Department of Pharmaceutical Sciences, University of Perugia, 06123 Perugia, Italy

oriana.tabarrin@unipg.it

The PARPs and tankyrag$€blKSdprm a family ofL7 structurally and functionally diverse enzymes,
which are involved in the regulation of various key biological and pathological processes such as DNA
repair, cell differentiation, gene transcription, aséynal transduction pathway<. These enzymes

use NADto transfer an ADFibose unit onto target proteins or nucleic acids with a release of
nicotinamide andcan catalyze both monéDRribosylation (moneARTspr poly-ADPRribosylation
(poly-ARTS).

The discovery of synthetic lethality tfe poly-ARTPARP1 inhibition in the context of BRCA deficient
cancered to the first approved drug, Olaparib,20143 Addtional PARhibitorssuch asucaparib,
niraparib, and talazoparib were approvéat use in various clinical settings more recently

In contrast to polyARTs, mon@RT inhibitor development has lagged behtnd

Here we report theidentification ofa set of compounds based on a new nicotinamide mimicking
chemotype.® By varying substituents around the comee were able to takedvantage of distinct
features of the conserved active sites of the PARP engyonmtionalize the selectivityWe have
identified analogs showing selectivity to péWpRribosylating PARP1, PARP2, alNKSas well as
towardsmonc-ARTs such @&ARP7, PARP11, PARP12, PARRAPARP1With nM potencies one
compoundemerged ashe mostpotent PARP10 inhibitor desb&d to date with an 1§ of 7.8 nM.

The binding mode of the compounds was studied through their complex crystal structures with poly
ARTs (PARP2 and TNKS2), and mdtits (PARP14 and PARP15).

The newscaffold does not possess inherent ¢eXicity and by using PARP10 as an example we show
that the inhibitors can enter cells and engage with the target prot&his, together with favorable
ADME properties, demonstrates the potential of the scaffold for development of selective inhibitors
agdnst specific enzynme
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SPINDLIN DEGRADERS: STAIRWAY TO HEAVEN (?)
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Histoneposti N} yaf I GA2y+f Y2RATFTAOIGA2ya 6t ctadv KI @S o085
which helps to organize genetic information at the chromatin level, and glaiyotal role in gene
expression, cell differentiation, and developmért.dzZNA y3 GKS LI 4G RSOIFRS:Z |
modules have been characterized for histone PTM recognition particular, the detection of
methylated histone tail lysineesidues by Tudor domains plays important roles in epigenetic control

of gene expression and DNA damage respoAseong them, Spindlinl (SPIN1) is a protein of the
SPIN/SSTY family implicated in the regulation of gametogehiesithermore, its overexpreson

perturbs the cell cycle, induces chromosome instability, and leads to tumorigeniesien if the

molecular mechanisms remain poorly understood.

Starting from ad f A @MNI NEBNIJ NB ¢ & ONIWE edestld identifiidN#itstdnkclass

chemcal probesfor the SPIN1Imethyklysine reader domaif Prompted by our interest in the

discovery ofpromising alternative to the traditional inhibitionof epigenetic targetsa targeted

protein degradation approach was used, in ordereduce the intracellular cacentration of the

protein of interest by inducing its proteolytic degradatiddere we report the design, synthesis, and

cellular activity ofa series ofPROTAQ®roteolysis Targeting Chimeras)din-cell clickproteolysis

targeting chineras (CLIPTAC9aving the way for future progress in Spindlinl biology and its
therapeutic applicationgFigure 1)
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Figure 1 Aim of the work
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BROAD SPECTRUM METAMLABCTAMASES INHIBITORS: NEW TOOLS AGAINST
CLINICALERELEVANT CARBAPENEMASES

Lazzarato, t2Failla, M2 Gianquintg E ;2 BersaniM.;? Bertarini L;° Verri, A.? VasconF.;¢ Sannig
F.;9VerdirosaF.;¢ Beatrice N.;° De LucaF.;" Costj M.P.;* CrucianiG.;®* Docquiet JD.; CendronL;°
Spyrakis, BTondj D.P
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Italy; Department of Biology, University of Pad\i#a U. Bassi 58/b, 351Padua, ItalydDepartment of
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Bacterial multidrug resistance poses a real menace to public hezdtling for new discoveries and
innovation in antibiotic researchCarbapenems are last resort antibiotics belonging to the most widely

dza SR ¥ |-I¥ctaf antibbofics. Their efficacy is currently challenged by the increasing prevalence of
carbapenerresistant clinical isolates, essentially Gegn® I G A S o0 OGSNA | - LINE RdzO;
lactamases (carbapenemase). Carbapenemases show a variable substrate profile and belong to molecular
Ot FaasSa ! Yt/ ao I yR -actamases brickss Britdeper@eént igefilld a SNRA Y S i
lactamases (MBL3S)Among these, VIMand NDMtype variants are the most widespread and have been
identified in many bacterial species and are therefore recognized as a global health threat and critical drug
targets. Efficacioushibitors for MBLs are still missing, in fact, many MBLs are able to hydrolyse even the
last resort antibiotics.

In a previously multidisciplinary approach integrating in silico/in vitro analysis for the design and
identification of novel norD 2 @I f-I&tdniasel inhibitordwe identified 4H1,2,4triazole-3-thiol as a
promising scaffold of NDM inhibitors, and thiosemicarbazone derivatives as potential bigettrum
inhibitors, i.e. active on both serinand metalloi -lactamases.

Here we report on theoptimization of 4HL1,2 4triazole-3-thiol* and thiosemicarbazone inhibitors,
through the synthesis of new analogues carrying substituents with different electronic features, their in
vitro biological activity, as well as in silico simulations amdyXcrystallography analysis of complexes,
allowing a better understating of their mechanism of inhibition.

Among 4H1,2 4triazole-3-thiol derivatives, the best compounds were able to inhibit both class A and
class B enzymes and to significantigtentiate the activity of meropenem in in vitro antibiotic
susceptibility assaysSimilarly, screening a library of thiosemicarbazone derivatives, we identified
compounds inhibiting NDM in the submicromolar range and CT®-15 at low micromolar level,ral

showing up to 50dold reduction of meropenem MIC, when tested on N@2Ndroducing strains. Most
interestingly, some of the above compounds also showed a daetimg antibacterial activity against
different Grampositive and Grammegative clinical isates showing various antibiotiesistance
phenotypes.

These results suggest that the new identified compounds might be promising leads for the development
of new dualacting broadd LJS O (i-Isdiviasé inhibitors, critically needed in the fight towardsiiotic
resistance.
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NOVEL DIPEPTIDE NITRILESNASTRYPANOSOMAL AGENABGETING RHODESAIN OF
TRYPANOSOMA BRUCE|I RHODESIERNMIH OPMENT AND COMBINATION STUDIES

Ettari, R;2Di Chio, C¥* Previti, S2Cosconati, S.Hellmich,U. A.¢ SchirmeisterT.2 Zappala, M.
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Human African Trypanosomiasis (H&T0aused by protozoa @fypanosoma genusvith two subspecies

able to induce the disease in humaiis:brucei gambienss responsible for a chronic form of HAT, while

T. brucei rhodesiengeable to cause thacute lethal form of HAT, with a high mortality rdte.

/ dZNNByYy G 11 ¢ (RSENSRE RNEAGA BERM K2YWSOGNYzY 2F 1 OlA2y T (2
G2 GKS LI NBYGSNIf WRGOA GG (287 | FROEMYYMERI NI 20 AS22/M0k 2 NIA §/ G N
FRYAYAadN: GA 2y 2 GKdza AYLINRGAY3I LI GASYG O2YLIX Al yOST
1 e¢ GKS LINBHEFRSEHIOSYI NARS YI 6 @W@S»Eymmm
F LINPYAAAY3I MRMNECHSIRMI IIKBORNAA2TF (KS NK2RSaiSyasS
Our research team has been involved in the last fifteen years into the development of novel
antitrypanosomal agenttargeting rhodesain. In our more recent work, we synthesized novel dipeptide

nitriles 1-2a-e to explore the reactivity of the novel warhead, considering that literature data suggest the

strong ability of this electrophilic moiety to react with the catadytysteine of rhodesain.

Ly 4KS RSaA3IySR RSNAGI (iAgSar GKS twm aAdS oSIFNER | K
iKS GFNBSG SyilevySz 6KAtS tKS FyR [Sdz NBaARdzSasz y2N

AAAAAA

AAGS D ¢IHNP deLY A2yF2 GKS tH & dzo a aGAGdzSyd s a LINPGSOGSR ¢
to NBIA2YS (G2 2LWGAYATS (GKS AyGSNYOGAzya 2F G(KS Tf d:
2AUKAY GKS Yzad AydéNJéé(])\yaoa@z%@z%mﬁ%xwﬁmq@eé%mﬁuéuﬁ
G261 NRa NKRKRSEAAY O02dzLX SR 6AGK LF da2@@dS yIGiASLY NIINBAGS
GKFG wRAINBOSt @ oAyRa (2 (GKS | OGA@S ardisS 2F NK2RSal
CAylrttez 6S OFNNASR 2dzi/ K202 YYRPUKRRE @ YdzRKS ly@@BN.
2W@IR dzK R O iZNIHZVIAR/SY  Ydzt O A RIONE 3§/ 3 RIdkENY S dedizhyOF I
6S RSYZ2Y&aUNI (SR 2 YAPKAGADSNKNEZREENDY LKy (KA F:
SR | /2Y0AYylGA2Yy LYRSE f m0F 20NE dddk Sa dyHESja MBIz
Ji ANRB Y RA ONNDEANHA & GA O t 368 UKY K VAR U NBRRK2 FIERNY £ |
FGA2Y GKS (6% FMyspgdo A 62N SELINB&AaSR o0& |y
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Figure 1.Structures of novel dipeptide nitrilels2a-e and combination studies witburcumin
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TRPMS8 ION CHANNEL: NEW TARGET IN THE TREARGESTRATIORESISTANT
PROSTATE CANGERPL
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Prostate cancer (PC) is the second most frequently diagnosed cancer in men and several therapeutic
approaches are currently available foatients Nevertheless, PC might escape the treatments, giving
rise to more aggressive forms of cancAt this stage, PC often spreads, with a signifigasrease in

the mortality rate! TRPM8 gene wafirst identified as a reporter of the androgen receptor (AR)
transcriptional activity in PC celland subsequently proposed as a PC biomarker. Its expression,
indeed, increases during the initial stages of the disedaeljningafter androgen deprivation thepy.

3 Although TRPMS8 expression depennis AR transcriptional activiti/biochemical findings have
reported a direct TRPMS8 interaction with androgens or androgen receptor®@&), TRPM8 has
become a druggable target in prostate cancer and TRPM8 mindsilzave been proposed as potential
anticancer agents in this pathologyn the last years, our research group has contributed to the
discovery of new chemotypes as TRPM8 modulators and, furthermareecently investigated the
effects exhibited by TRPMBodulators in different kinds of RPderived cell lines. We demonstrated in

2D and 3D models of ARPE cells, including the CRPC cells, the effectiveness of TRPM8 antagonists, in
reducing tumor proliferation, migration, and invasiveness. Our researchialsaled the involvement

of the AR pathway in the efficacy of TRPMS8 antagonists as anticancer agents, relying ayjeadrit
pathway’ Given our previous results, in the present work we describe the design and the synthesis of
a new series of TRPM8 antamsts. To this aim, fluorimetric calcium assays have been used for the
preliminary assessment of synthesized compounds potency and sele@ihétyreliminaryscreening

allowed the identification of several potefd.11aM < 1G, < 0.49aM) and selective compounds'he

most potent derivatives were further characterized by patthmp electrophysiology assays,
confirming theirinterestingactivity. Moreover, the behavior of these compounds was investigated in

2D and 3D models of PC. These TRPM&ganists showed remarkable efficacy in inhibiting the
growth induced by androgen in various PC cells as well as in CRPC models, confirming their potential
as antiprostatecancer agents.
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Ovarian cancer ighe second most prevalengynecologic malignancy, and the Ovarian Serous
Cystadenocarcinoma (OSCA) is the most common and &thglpe of ovarian cancéCurrent screening
methods have strong limits in early detection and, despitegery and chemotherapy, the majority of
OSCA gtients relapse and eventually succumb to their disease, suggesting that further efforts are
required to improve early diagnosis.

Furthermore,the identification and removal of all gross and microscopic tumor to render the patient
disease free representstaige challenge in ovarian cancer treatment. The presence of residual disease is
an independent negative prognostic factor.

In this presentation, it will be described the development and crka@diglated method for detecting gene
expressionbiomarkers able to discriminate OSCA tissues from healthy ovarian tissues and from other
cancer types with very high accuracy.

¢CKSyz Al oAttt 06S RSAONAROSR (KS aeyikKSairia &@CAIdz2NBO X
hoc developedprobes for fluorescent imagguided surgery, particularly useful in the resection of not
palpable and not visible at naked eye lesiéfis.
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Figure.Chemical structure of florescent probes and image of RR11 uptake in ovarian cancer developed by xercaraft m
treated human ovarian cancer OVCAR cells.

The probes bearing fluorochromes with different fluorescent properties were used to challenge the
GNYyaloAfAGe 27F aA y-cildigalnmddel ofioMdtian dahardbuilibg immglaktgd hdfad 2 € LIN.
ovarian cancer cells in miée.
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In 2019, SARGoV2 caused worldwide the current outbreak named CQAD Despite multiple
countermeasures implemented and approved DNA, RNA and protein subunits vaccines an additional
step forward has éen made thanks tapproved drugs targeting the CoV RdRp (e.g. Remdesivir i.v.,
Molnupiravir p.0.) and the CoV 3CL Protease (Nirmatjeitliough they suffer of modest efficacy or
suboptimal PK properties.i an urgent global need to identify new diteacting antiviral drugs (®As)
against this pathogen and new emerging virugesyder to prevent the progression to severe disease
or new pandemic. In particular, the main protease’Mof SARE0V2 is a cysteine protease playing
the essential role in viral replication, thus being identified as a solid target for the development of
effective antiviral drugs.The knowledge of both catalytic mechanism and substrate specificity of the
MPrtriggered the idea to exploit multicomponent reiions (MCRS) as a fast and versatile synthetic
tool toward novel M™ inhibitors. Accordingly, the Passerini react@mine deprotectioracyl
migration (PADAM) oxidation route, was employed for the development of novel small
peptidomimetic compounds witla ketoamide warhead behaving as covalent reversible inhibitors
(Figure 1¥. The peptidomimetics prepared were evaluated in SAR82 MP° biochemical and
antiviral cellbased assays, showithGo and EG in nanomolar / low micromolar range. Furthermore,
Xray cocrystal structures of proteasinhibitor complexes were determined as a part of this study
revealing the molecular determinants of the interaction with théand providing key hints for
further optimization.
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Figure 1A. ThePADAM strategy for thie-hydroxy -amino amidesB. General structure of our synthesizeeetoamides.
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The severe and acute respiratory syndrome coronavirus 2 (SAR®) is a plus singlad 4§ NI Yy R~ wb ! i
coronavirus belonging to Coronaviridae, closely related to Middle East Respiratory Syndrome Coronavirus
(MERSCoV) and Severe Acute Respiratory Syndrome Coronavirus 2E8¥RSThis virus is responsible

for an ongoing global pandemic of the disease namely CQ¥bat caused many deaths in the human
population. Because of this, it is imperative to fiidigs able to solve this global health issue as fast as
possible. The development of vaccines is essential in the containment of the diffusion of the virus, and an
incredible joint effort led to a global vaccination campaign in about 1 year after the €@\ditbreak.
However, vaccines may be less or no effective against emerging variants eE8¥R&8nd, also, it is still
unknown how long this vacciAaduced immunity will last. Therefore, the development of antiviral drugs
against SARG0V2 is of piveal importance.

The SARS0V,2 nonstructural protein 13 (nspl3) has been identified as a target for antiviral drugs thanks

to its critical role in viral replication and to its high sequence conservation within the coronavirus family.
Indeed, the amino adisequence of SARRV nspl3 and SARSV2 nspl3 shares a sequence identity of
99.8% and a sequence similarity of 100.0%, with only a single amino acid difference between nspl3s of
SARE 0V (1570) and SAR®V2 (V570): Nspl3 is a member of the SF1B ¢tadie family, targeting the
natural nucleotides and deoxynucleotides as substrates when performing its adenosine triphosphatase
(ATPase) activity. Nsp13, in fact, utilizes the energy of nucleotide triphosphate hydrolysis to catalyze the

unwinding of doubled 4 NI Y RSR 5b! 2NJ wb! Ay | p G2 o RANB O A
L2aasSaasa wb! p GNRALIK2ALIKFGF&aS I OGAGAGEY &adA3ISAGA
mMRNA cap.

Although the roles of nspl3 in the viral lifete, there is a paucity of information about small molecules
compounds reported in literature endowed with nspithibitory activity. Aryl diketo acids (DKAs) have
been previously described as inhibitors of nsp13 of SB&RA 2 Basing on these literaturdata and thanks

to our longstanding expertise in the design and synthesis of DKA derivatives, we carried outanskemi
screening on our imouse library of DKA compounds with the aim to identify new effective compounds
endowed with inhibitory activityagainst nsp13. In particular, we found a set of ouhduse indolyl DKA
derivatives as new SAR®V2 nspl3 helicase inhibitors. Also, we designed and synthesized a new series
of analogues structurally related to the identified inhibitors. The data cgrfriom the biological assays will

be shown and discussed.
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" AN INTEGRATED MEDICINAL CHEMISTRY WORKFLOW FOR THE DEVELOPMENT OF NEW
PEPTIDES AS SAE3Y2 MPRO COVALENT INHIBITORS

Musella, 2 Sala, M2Di Miccq S;° Di Matteo, F2 VivenzioG.;? Andrej G.;° SnoeckR ;¢ Marquez,
J. A.9 RahimovaR ;¢ FasangA.®° and CampigliaP.;2

2 Department of Pharmacy, University of Salerno, Salerno, H&lyropean Biomedical Research
Institute of Salerno, Salerno, ltaffDepartment of Microbiology, Immunology and Transplantation,
Leuven, BelgiupdEMBL Institute, Grenoble, Frang®lucosal Immunology and Biology Research
Center, Massachusetts GeneraldditakkHarvard Medical School, Boston, MA, United States

smusell&@®unisa.it

The outbreak of novel coronavirus disease caused by the pathogen@ARSas resulted in over
61.8 million infections and over 1.4 million deaths worldwide. These reported estimations highlight
the need forthe development of antiviralherapiesto tacKe this deadly virusDespitevaccinegplay

a pivotal role in thdight againstCOVIBL9 pandemicantiviral drugsshould provide many distinct
advantagesvhile maintaining a complementary approaéiherefore, tiis evident that discovergf

small molecwds and peptidomimeticas antiSARSCoV2 agentgepresent a valid alternative
approach toexpandinganti-SAR$C0oV2 therapeutic arsenalWe recently demonstrated that the
zonulin inhibitor AT1001 (Larazotide acetateyrrently in phase 3 trials in celidisease, binds the
Mpro catalytic domain. Specifically, we observed that it shares a similar structural pattern to the
peptidomimetic inhibitor N3 and 13bThese structural motifs led to the development of a new
rational and ambitious research program act to investigate AT1001 derivatives as potential new
inhibitors of M enzyme*

Based on previous results concerning AT1001 analogues, we collected piuetato design a new
series of more potent ®° covalent inhibitors. In the present work, we discuss a chemical workflow
process leading to the development of a new series of reversible covalent tripeptide derivatives from
the lead compound AT1001.

Driven by in silico approach, we desagha small library of tripeptidebearingdifferent structural
modifications.MP™ inhibitory activity of the synthesized peptides waskiatedby FRET methasd

The experimentaivorkflow led to the identification of new hit compound %) showingan activity
profile comparableto calpeptin, a known reversible covalent inhibitor of Mpro used as reference
compound® UsingX ray crystallography, we demonstrated the covalent bond formation between
compound5 and cys145 of K. Starting from compound a hit-to-lead development process was
carried out, leading to the identification of compound8 and 44. These modificationdave
increased lipophilicity, while preserving the binding properties towards tP& khus facilitating the
penetration of peptides across biological membranes and improving pharmacokinetic properties
Computational studiegredicted compound44 (AcGGVLVQREH) as the most membrane
permeable derivativesThese results justify thenicromolar rangeantiviral activity showed by
compound44 (EGo = 17.6 = 2.4 u¥y in a cellular model dBARSC0V2 infection, usingvero cells
transfected withtwo different clinical isolated SAR®V2 strains.
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CATABOLISM FOR THE TREATMENT OF EPILEREYRNINFLAMMATORY
CONDITIONS
Butini, S.
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The main endocannabinoids (ECs) anandamide (AEA)-aratiidonoylglycerol (AG), by stimulating
cannabinoid CB1 and CB2 receptors (CB1R and CB2R), regulate relevant signaling pathways. The key
enzymes involved in ECs catabolism fatey acid amide hydrolase (FAAH) and monoacylglycerol lipase
(MAGL). Their unique role in terminating ECs signaling and regulating the intracellular levels eAGEA, 2
and other ECs supports their potential as therapeutic targets. Selective or dusivatian of ECs
degrading enzymes represents an attractive approach for eliciting the desirable effects of CBR activation,
while avoiding the negative (psychotropic, among others) effects of CB1R stimulation.

Epilepsy is the second most commueurological disorder with an incidence rate of ©.5% worldwide.

Most of conventional antepileptic drugs have narrow therapeutic margin and require therapeutic drug
monitoring. Despite the introduction of many-géneration antiepileptic drugs, phar@coresistant
epilepsy has not been significantly reduced. A reduction of AEA in patients affected by temporal lobe
epilepsy (TLE) has been clearly documented. Similarly, the neuroprotective role of AEA was confirmed by
the kainic acid induced increase oEA in hippocampus, which, without affecting 202 LINR A RS & &
RSYIFIYyRéE LINRGSOGAZ2Y F3IFAyad 0dziS SEOAG2G2EAOAGE D ({
influx of calcium. Over time, impaired neuronal calcium homeostasis increasestivieyaf pro-oxidant

cellular systems. The enocannabinoid system can delay or prevent excitotoxic damadmalancéng the

main excitatory/inhibitory systems and directly modulating mitochondrial function, thus preventing
oxidative stressrelated epileotogenesis. This rationale led to the proposal of FAAH inhibitors as
therapeutic option for the prevention of epileptic disorders. To strengthen this hypothesis we
demonstrated that our potent and selective FAAH inhibitor (NF1245, Ki=160 pM [1]) amalidhate

acute epileptic behavior and prevented hippocampal oxidative damage in rat model of pilocarpine
induced epilepsy when tested at 10 mg/kg.[2] The same dose was also effective in TLE generated by
electric kindling. Based on our recent results,[3] ratibstructural modifications produced improved
analogues that were able to reduce the oxinflammation state by decreasingbididing activity of NF

kB p65, devoid of cytotoxic effect and unwanted cardiac effects while being able to reduce the severity of
the pilocarpineinduced status epilepticus. [2]

Neurainflammation, mainly regulated by microglia and astrocytes, is a common feature of several
neurodegenerative diseasesmyotrophic lateral sclerosignd multiple sclerosis. In fact,emrological
disordeiscan be triggered by chronic neumaflammatory conditions that, through different mechanisms

in which the oxidative stress is involved, may lead to neuronal cell dexitlative stresss caused by
increased levels of reactive oxygen species (ROS)rdepfiom mitochondrial dysfunctions. Elevating
endogenous levels of theCs through FAAH and MAGL inhibition is a valuable approach to enhance the
anti-inflammatory, antinociceptive [4, 5] and neuroprotective effeatsediated by the ECs. On these
bases, w have recently designed a new library of FAAH and MAGL inhibitors of nanomolar potency
embedding ionizable functions, for improving water solubility and the chemical stability. For these
compounds, effective in reducing ROS production in 1321N1 astrodiesntiinflammatory activity

was evaluated ex vivo in hippocampal slice cultures.
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HIJACKING THE FOLDMR®OCES®R TARGETED PROTEIN DEGRADATION

Astolfi, A;? SpagnolliG.;°> Massignan T2 Faccioli, P Biasini, E¢ and Barreca, M.E.

a Department of Pharmaceutical Sciences, University of Perugia, 06123 Perugia,
PG, Italy”Sibylla Biotech SRL, 37121 Verona, VR, i@agpartment of Physicklniversity of Trento,
38123 Povo, TN, ItglyDepartment of Cellular, Computational and Integrative Biology, University
of Trento, 38123 Povo, TN, Italy

andrea.astolfi@unipg.it

Targeted protein degradation (TPD) is an emerging and powerful totdrget diseasecausing
proteins difficult to hit with traditional small molecule inhibitors. The approach is based on inducing
protein degradation by using a specific molecule, called degrader, that prantloge selective
redirectionof the boundprotein to the protein degradation pathways

Very recently, we havproposeda novel drug discovery approaédr the rational identification of
non-conventional small molecule degraders acting on profeiding processThis novel class of
compoundslowers the protein levelsof a target of interespreventing it from reaching the native
state. We refer to this sategy as Pharmacological Protein Inactivation by Folding Intermediate
Targeting (PPFIT)?

The PRFIT approackvasapplied to target the prion protein (PrR)cell surface glycoprotein playing

a pivotal role infatal and incurable neurodegenerativesdrdersknown asprion diseasesDespite
considerable drug discovery efforts to identify effective gton agents prion diseass currently
represent @ unmet medical need. The absence of obvious biologically relevant binding sites and a
large amount of negative screening data ultimately lend further support to the idea that PrP may
aAYLXt e oSfz2y3a (2 GKS OfFraa 2F LINRGISAya yOofl aaaits
protocols?

In our study, lhe reconstruction of the PrP folding pathway throughkaatims MD simulation allowed

the identification of a metastable intermediate of the PrP folding pathway characterized by a
druggable pocket. Virtual screening of a comnmarcsmall molecule library resulted in the
identification of thirteen potential binders, four of which capable of selectively lowering the load of
PrP into the cellular membrane and promote its degradation.

The most interesting compoun8M875(1Go = 7.875 M ® mwas abke to iyeducePrP loads in
several different cell lines, either expressing the protein endogenously or exogenously, without
decreasing PrP mRNA) selectively promote the degradation of nascent PrP molecules by the
autophagylysosomapathway,while the molecule neither binds nor exerts any effect on mature cell
surface PrPand iii)exhibit an dose dependent arpirion activityin prionrinfected mouse fibroblasts.
Collectively, these data provided strong experimental support for thgon that SM875 acts by
targeting a folding intermediate of Pdéhd paving the way to hib-lead optimization efforts.
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THE PIVOTAL ROLE OF PYRROLIDINE RING AS MULBCARBHIN
NEURODEGENERATIVE DISEASES

Carrierj A.;? BarbarossgA.;2 de CandiaM.;? Purgatoriq R;? Brunetti, L.2 PiemonteseL.;?
Limongelli, F&Lentini, G.;2 CarocgiA.?

a Dipartimento di Farmaci&cienze del Farmaco, Universita degli Studi di Bari, Via Orabona, 4,
70125 Bari, Italy

antonio.carrieri@uniba.it

In pharmaceutical science and drug design the versatility of the pyrrolidine scaffold in rapport
spatial arrangerant, synthetic accessibility and pharmacological profila iargely explored and
most likelyinteresting one* In this scenariogur previous studyeported thedesign and synthésof

a series ofN-substituted aryloxymethyl pyrrolidines amantiopure chiral compoundsxploiting the
stereochemical requirements for-@p binding? We then challenged the enrolling in the field of
Alzheimer diseasef so far not ravelledargets of thischemical clichévith a structure baseand
computeraided design strategy focusing on mul#irget action, versatile synthesis as well as
pharmacological safenesk achieve tlese hits, novel derivatives were obtainezhd tested, andhe
biological data will be here prested and discussed

o}
Arz
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PURSUING THE COMPLEXITY OF BIPOLAR DISORDER: RATIONAL DESIGN AND
OPTIMIZATION OF FIRSACLASSD3R/G®K ah5! [ ! ¢hw{ ¢h2! w5{ ! b
PROOF OF CONCEPT

Di Martino, R. M. & Russo, D*Penna, 12 Tripathi, S. K2 Ottonello, G 2 Bertozzi, S. MAGirotto, S3
Armirotti, A.2 Cruciani, G¢Bandiera, T2,Cavalli, &%and Bottegoni, G

2 |stituto Italiano di Tecnologia, Via Morego 30, 16163 Genova, ftBigpartment of Pharmaceutical
Sciences, University Biemonte Orientale, Via Largo Donegani 2, 28100 Novara,9@épartment of
Chemistry, Biology and Biotechnology, University of Perugia, Via dell'Elce di Sotto 8, 06123 Perugia, Italy;
d Department of Pharmacy and Biotechnology, University of Bolagad@elmeloro 6, 40126 Bologna,
Italy; ¢ Department of Biomolecular Sciences, University of Urbino, Piazza Rinascimento 6, 61029 Urbino,
Italy;  Institute of Clinical Sciences, University of Birmingham, Edgbaston, B15 2TT Birmingham, UK

rita.dimartino@uniupo.it

Bipolar disorder (BD) is a complex neuropsychiatric condition, in which the same patient can exhibit
alternating episodes of mania and depressiérSince molecular details of BD etiopathology remain
rather controversiaf fully validatedin vivo models capable of emulating cycles/switches between
disorder states are still missidd3D represents a global unmet medical need that lacks diseaskfying

and multimodal treatments.

We attempted to overcome the limitations of singlerget drugs byevising multitargedirected ligands
(MTDLS)to simultaneously modulate dopamine D3 receptor (D3R) and glycogen synthasedinased D { Y
0l 0T G662 &A0GNHzOGdzNI f & dzyNBfFGSR GFNBSGAa GKFG LI @
regulation®”

Combining computeaided drug design, synthetic efforts, am vitro pharmacology, we discovered
ARN24161hat bears a 2x0-6-(3-pyridyl)}3H-benzimidazolel-carboxamide moiety directed to both the

D3R specificity binding pocket (SBP) andG8K Krigyo@ad a 2 Blichlorophenylpiperazine to target
ASP110 in the orthosteric binding pocket (OBP) of BBRI24161s a promising prototype endowed with

a partial agonist profile at D3R in the low nanomolar range and high nanomolar inhibition -of GBI
showed acceptable drulike properties irin vitro stability and PK studiés.

A combination of computational predictions and crystallographic studiesoroGSK f SR G2 | NJ (A 2
exploration of the chemical space arouA&RN24161We were able to bost the affinity for the enzyme

and to improve itsn vitro ADME properties and PK profile. Furthermore, a Mds$aSite approach was
applied for metabolites analy$isn mouse liver microsomes of some D3R partial agoniststGSK
inhibitors.

Eventually, some webalanced lead compounds endowed with improved dlikg properties have been
selected for further PK and BBB permeability studies, with the ultimate objectiirevestigating their
antipsychotics effects in behavioral studies on mice.
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S.M.A.R.T. STEROIDS: SYNTHESIS AND STRACTIMREY RELATIONSHIP STUDY
TOWARDS ALLOSTERIC MODULATORSIERHY1D-ASPARTATE RECEPTORS

Kudova E?VyklickyL "

nstitute ofOrganic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingesto nam
2,16610Prague 6Czech Repubjitinstitute of Physiology, Czech Academy of Sciences, Videnska
1083,14220Prague 4Czech Republic

kudova@uochb.cas.cz

Neurosteroids are compounds synthesized in the nervous tissue from cholesterol or steroidal precursors
from peripheral sources. It is believed that neurosteroids execute their effects by modulating the activity
of different membrane receptors, including ehglutamatergic ionotropic receptors, e.g-methytD-
aspartate receptors (NMDARs). The NMDARs play an important role in development, synaptic plasticity,
learning, and memory; however, abnormal activation of NMDA receptors have been shown to mediate
neuronal degeneration/cell death. To find novel potentially beneficial drugs to treat neurological damage
or neurodegeneration is one of the most investigated areas in contemporary pharmacology and
neuroscience. Therefore, we have designed and synthesizedaaylibf SMART Steroids Seroidal
Molecules As Rapid-acting Therapeutics. Our SMART steroids are neuroactive molecules, acting as
positive or negative allosteric modulators of NMDARs depending on their structurén Vheo effect is
evaluated by manugdatch-clamp technique on human embryonic kidney cells (HEK293) transfected with
plasmids encoding GIuN#/GIUN2B/GFP genes assessing NMDAR inhibttaympotentiatior? rates and
IC50/EC50 valueblext, ourADMET screening pipelihécurrently covers physicochemical and biological
properties like{i) solubility;(ii) Cace2 and PAMPA permeabilitgiii) plasma and microsomal stabilitfy)
pharmacokinetic profile. Then, our compounds are tested in a series of experiment on neuwribmasc
assessing neuroprotection against glutamate and NAhtRiced neurotoxicity (survival rate, caspeie
intracellular calcium levels, RG*®)Finally, our compounds are testéd vivotargeting desired effect
including the models of animal behavi@pen field, elevated plus maze, forced swim test, étct).

Our results indicate that these compounds do afford neuroprotective effect and as such, SMART steroids
may be beneficial in the treatment of several neurological diseases. A broad patertlipohifis been
developed protecting compounds, production and its use for treatment in neurology etc. (US 10,017,535;
CZ 307648; US 8575376; EP 2675821).

For details, seéattps://kudova.group.uochb.cz/en

Ths work was supported by the Czech Science Foundation GACR1N®428; the European Regional
Development Fug@ w5 Ck 9 { C t NP 2SOl dt KFENXYIF . NIAYyéS b2d [/ %daH
the Academy of Sciences of the Czech Republic (AS CR) (grath8B3483).
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NUCLEIC ACAPTAMERSPOTENTIAIHERAPEUTIKGENTEFORCANCER AND
NEURODEGENERATDIEORDERS

Amato, J.andRandazzaoA.

Department of Pharmacy, University of Naples Federico I, via D. Montesano, 49, 80131, Naples,
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Nucleic acid aptamers ar@énnovative and promising candidates for therapeutic and diagnostic
applications. Also known as chemical antibodies, they fold into peculiar-threensional structures
capable of binding specific targets with high affinity, thus inhibiting their functi@ptamers exhibit
significant advantages relative to protein therapeutics in terms of size,-imamunogenicity,
manufacturing cost, synthetic accessibility, and modification by medicinal chemistry. Indeed, they can be
easily modified and engineered intbdi  YSNL RNHz3 O2y2dzatk GdSa +yR GFNBSGSR
their therapeutic applications. The first aptamer approved for a therapeutic application was pegaptanib
(Macugen, Pfizer), which was approved by FDA in 200d4e RNA and five DNA aptamars currently

being evaluated in advanced clinical trials for several diseases, including cancer andelaggog
disorders?

AS1411 is a firsh-class anthucleolin aptamer with canceselective antiproliferative activity in humdn.

The mechanism of 31411 action of is still under debate and multiple nucledépendent and
independent biological effects have been described51411 folds into a noncanonical DNA structure,
termed Gquadruplex (G4), which makes it more stable against the serum nucleadeéscreases cellular
uptake efficacy. With the aim of optimizing AS1411 structural features to find aptamers with improved
anticancer properties, a small library of AS1411 derivatives has been designed, synthesized, and
investigated for their enzymatiesistance in serum and nuclear extract, molecular binding mechanism,
and ability to affect the viability of MEGF human breast adenocarcinoma cells. Most of them showed
better antiproliferative activity on MCGF cells than AS1411 despite weaker bindingntacleolin,
supporting the hypothesis that the antiproliferative properties off8dming aptamers are due to muti
targeted effects

Moreover, some Gdorming RNA aptamers showed a high affinity for the physiologically present cellular
form of the prion protein (Pr® and a remarkable ability to prevent the hallmark event in the prion
diseases, namely its conversion into the pathological formSPrBuch antprion aptamers containing

four- or eighttandem repeats of the r(GGA) sequence (R12 BR2d, respectively) need chemical
modifications for effective therapeutic activity. In this frame, the rational design, synthesis, and
characterization of chemically modified R12 and R24 derivatives will be discussed. The results show the
possibility of enlancing antiprion aptamer properties through straightforward modifications, thus paving

the way for the development of effective negeneration aptameibased drugs against prion diseases.
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BIOACTIVE CONFORMATION OF BIRKESCOMPOUNDS
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Institute of Biomedicine (IBUB) and Institute of Theoretical and Computational Chemistry (ITQCUB),
University of Barcelona, Av. Prat de la Riba 1708®1 Santa Coloma de Gramenet, Spain
b Department ofPharmacyDrug Sciences, University of Bari Aldo Moro, Via E. Oraboii@ 2%
Bari, Italy

E-mail: toniviayna@ub.edu

In the last years, Machine Learning (ML) has emerged as a promising tool for an efficient calculation of
molecular properties and chemiceeactivity. ML techniques may alleviate the computational burden
required to obtain an accurate description from hilglvel guantum mechanical (QM) computations.

As an example, we limit ourselves to quote the series of ML ANI methods developed by dRaitber
coworkers to predict the total energies of organic molecules containing four atom type: H, C, N and
O2and subsequently extended to molecules containing F, Cl and S atoms.

In this talk, our aim is to present the results oE@mparative analysis about the suitability of ANI
methods to explore the bioactive species of diikg compounds, which is dictated by a subtle balance
between ionization, tautomerism and conformational preferences of flexible molecules. Our approach
to solve this challenging question has relied on the definition of the Multilevel Strétegshich
combines a lowevel sampling method to explore the conformational space of dikkegcompounds
(generally resorting to semiempirical QM methods or Moleculgnddnics simulations), and a high
level QM approach to estimate with chemical accuracy the relative stability of the main conformational
species (generally involving MP2. Calculations with extended basis set in conjunction with solvation
effects via the IBFCMMST continuum solvation model). Though the Multilevel Strategy has proven
valuable for the analysis of the bioactive species in a variety of molecular sydtesmsain limitation

is the sizable computational cost, which could be significantly redticesigh ML techniques. A
critical evaluation of the implementation of QM/ML techniques will be presented.
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CHALLENGING BIOISOSTERIC SWITCH IMACIEEDUAITARGETING HIT
OPTIMIZATION

Pisani, L; Rullo, M.2 GiaccheN.;” Catta M. La SpadaG.;*and Altomare, C.B.

a Department of PharmaelPharmaceutical Sciences, University of Bari Aldo Moro, via E. Orabona 4
- 70125 Bari, Italy® TesPharma s.r.l., Vi&.Togliatti 20¢ 06073CorciandPG) Italy

leonardo.pisani@uniba.it

The development ahultitargeting ligands represents a fascinating field of research that aims, among

others, at providing diseasmodifying drugs against neurodegenerative diseases, such as

lf T KSAYSNND&E RA&ASHFAS o6!50% GKIFG &0Afde wé ha@] & | NJ
developed diverse dual ACIEAO B inhibitors as anAD probes by decorating a coumarin

template?! Indeed these efforts provided promising hit compounds (Figure 1) endowed with potent

AY GAGNR LINRPTAESA 2F 0 N@Simddrugike Ratafes @.4.2hygh | £ 6 SA
lipophilicity, low aqueous solubility). To overcome these drawbacks, different types of (bio)isosteric
switches have been envisaged.

H->F OH->CF,H Phenyl ring bioisosteres

oo G 64 <6
"YU SAARAY IS @ T

OH

1(1,3) 1(1,4) 11(1,3) 11 (1,4) n
IC;, h AChE 1.0 uM 1.7 uM 1.8 uM 1.2 uM 0.42 uM
IC;oh MAO B 0.030 uM 0.11 uM 1.5 uM 0.48 uM 0.010 M

Figure 1.Chemical structure and biological data of starting Hiiesigned bioisosteric replacements are underlined with
different color codes.

In particular, by following a ligadohsed approach we investigated classic H/F exchange and the
replacement of alcoheDH with a lipophilic hydrogen bond donor group A@&2 Moreover, the
availability of the Xay complexes for compounidl with both target enzymes (mouse AChE and
human MAO B) guided the study of phenyl ring bioisostetemg a structurebased design stratedy.

The effect of bioisosteric replacement was assessed by focusing on both in vitro enzymatic activities
and, prelimnarily, earlyADME features (solubility, permeability, metabolic stability).
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EXPLORING CCRL2 CHEMERIN BINDING USING ACCELERATED MOLECULAR DYNAMICS

Coluccia, A2 Bufano, M2 Laffranchi,M.:*? Sozzani, $.Raimondo, R Silvestri, R%;

a Department of Drug Chemistry and Technologies, Sapienza University of Rome, Laboratory
Affiliated to Istituto Pasteur Italifcrondazione Cenci Bolognetti, Piazzale Aldo MorO®&185
Roma, Italy;
b Department of Molecular Medicine, Sapienza University of Rome, Laboratory Affiliated to Istituto
Pasteur ItaliaFondazione Cenci Bolognetti, Piazzale Aldo MorO&L85 Romaltaly

antonio.coluccia@uniromal.it

Chemokine (€C maotif)receptorlike 2 (CCRL2), is a seven transmembrane receptor closely related
to the chemokine receptors CCR1, CCR2, CCR3, and).®eRértheless, CCRL2 is unable to activate
conventional Grotein dependent signaling and to induce cell directional migratiThe only
commonly accepted CCRL2 ligand is the nonchemokine chemotactic protein chemerin (RARRES?2)
The chemerin binding to CCLR2 induce leukocyte chematagigenetic targeting of CCRL2 was
shown to modulate the inflammatory response in differ@xperimental model®. This mechanism

was shown to be crucial for lung dendritic cell migration, neutrophil recruitment, and Natural Killer
celkdependent immune surveillance in lung cancer. To gain more insight in the interactions involved
in the CCRL2hemerin, the binding complexes were generated by prajpintein docking, then
submitted to accelerated molecular dynamics. The obtained trajectories were inspected by principal
component analyses followed by kernel density estimation to identify thedigaceptor regions

most frequently involved in the bindindBy visual inspection, the studied conformations were
grouped into two general chemerin binding modesmed BM1 and BM2 (Fig. 1 and 3); alsottier

BM1, two patterns of interactions were obserddFig. 1 and 2)To conclude, the reported analyses

led to the identification of the putative hegpot residues involved in CCRitmerin binding.

Fig. 1 BML1 first pattern of interactions  Fig. 2 BM1 second pattern d@fiteractions Fig. 3Proposed interactions for BM2
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University of Wirzburg, Versbacher Str. 9, 97078 Wirzburg, Gerfidnlecular Modeling Section

(MM9), Department of Pharmaceutical and Pharmacological Sciences, University of Padova, 35131
Padova, ltaly
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Functionalization of ligands for a specific target has different aims that include target probing, drug
delivery,theranostic and bitopic or multitarget pharmacology. Adenosine receptors (ARs) belong to
family A of G proteirtoupled receptors (GPCR) and four different subtypes are present in humans:
A, An, Asand A. AR subtypes are intracellularly coupled witHeatigént G proteins that, along with

their peculiar distribution, give them a wide variety of implications in both physiological and
pathological conditions. In particulars#R is overexpressed in inflammatory and cancer cells, thus
making it a potential teget for therapy! Over the years, our research group has developed highly
potent and selective AR antagonists that has served as the base to develop functionalized
congeners:® In fact, development of a functionalized ligands involves the use of argtaphore
which is conjugated to a functiofvearing moiety by means of a linker. Thus, ligand have to present
a covalently modifiable functional group (i.e. amino, hydroxy, carboxylic acid, iso(thio)cyanate, azide
or alkyne groups). The orientation of tikenjugable moiety in the GPCR binding site is of extremely
importance: if it is oriented towards the inner part of the receptor, the conjugate could not bind the
receptor with the same optimal pose, leading to a decrease of affinity and selectivityct]ritfa
conjugable moiety has to point towards a solvent exposed part of the receptor oriented to the
extracellular side of the membrane. For this reason, a deep knowledge of the pharmacophore
structurecactivity relationship is needed.

In our group,taking advantage from our expertise, we have developed varigdR Aantagonists
bearing different conjugable moieties and investigating the effect of the linker. We have reported
also some possible application such as the development of fluorescent anbtitagrobes>® While
fluorescent probes could be useful both for more classical drug discovery and diagnostic purposes,
magnetic probes are quite new objects that could serve for separation of biological species, drug
targeting and/or delivery, imagingnd localized magnetic fluid hyperthermriased treatments. In

our case, we have developed:AR ligands conjugated to magnetic carbon nanotubes, that
unfortunately failed to shepherd ;AR overexpressing cancer cells. However, ongoing structural
optimization of this structures opens the door to the investigation of new possible applications of
AAR ligands in cancer treatment.
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THE FIRSN VIVOPROOOFCONCEPT FOR THE EFFICACY OF SELECTIVE HDACG6
INHIBITION IN CYSTIC FIBROSIS:INNDIAMMATORY PROFILE, EFFECTS ON BACTERIAL
LOADFORMULATION AND BIODISTRIBUTION STUDIES

Brindisi, M;2 Barone, S Cassese, B.Rossi, A Del Gaudio, N&Feliz Morel, A® Filocamo, G¢;
Montesano, C¢Bragonzi, A%Altucci, LS and Summa, ¥.
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dExiris s.r.l., Via di Castel Romano, 100, 00128 Castel Romano, Italy
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Compelling new support has been provided for histaleacetylase isoform 6 (HDAC6) as a common thread in
the generation of the dysregulated proinflammatory phenotype in cystic fibrosis (CF). HDACG6 also plays a crucial
role in bacterial clearance or killing as a direct consequence of its effects on CF imgspoases. Inhibiting
HDACSG functions thus eventually represents an innovative and effective strategy to tackle multiple aspects of CF
associated lung diseaddn this study, we provided the firsh vivoPoC of the efficacy of a selective HDAC6
inhibitor in contrasting the GBssociated proinflammatory phenotype and effectively reducing bacterial load in
treated animalsFirst, we embarked a careful compound selection by performing a thorough analysis of scientific
literature and relevant patents in théeld. We thus identified compound as the most suitable candidate to be
engaged inn vivoPoC studies based on iggh HDACSG inhibitory potency and relevant selectivity over other
HDAC isoforms (Fig. We reprofiled compoundL in house on its HDAC1{@®tency and its ability in selectively
increasing levels of acetylated tubulin in HeLa and A549 cells. We also evaluated solubilitytioé vehicle
selected for the planned aerosol administratidaratifyingly, compound demonstrated no toxicity in mouse

and was able to dosdependently reduce the total cell counts and neutrophils in bronchoalveolar lavage fluid
(BALF), when locally administered (5, 10 and 20 mg/kg) in a mouse model of dPsentomonas aeruginosa
(PA)infection using a Pen@entury MicroSprayer® Aerosoliser. We also performed a cytokines/chemokines
profiling by Bioplex assay, which highlighted relevant changes in the levels of interleukindedl-llb, IL-6)

and other inflammatory markers, thus firming the potential ofL in effectively reverting the prinflammatory
phenotype. Moreover, we proved thdtis able to reduce bacterial load in the same model at the three tested
doses, as determined by the reduction of coldoyming units (Fig. 1). @ntitative determination ofl in plasma
samples collected from treated mice showed that the compound is not distributed in the body even after a 7
day treatment, thus supporting the safe profile dfin our administration settings. Our study is of partaou
significance since it demonstrates for the first time the utility of selective HDACS6 inhibitors as innovative
therapeutic option for CF, using a relevantvivomodel. Our data pave the way to the development of novel
HDACS inhibitors specifically Itaied for chronic administration in CF patients, thus improving thas36ciated

inflammatory phenotype and promoting an effective immune response against infections.
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Figure 1(A) General workflow for proedf-concept (PoC) compound identification;ieéfcy of selected compouridon (A)
bacterial load and (B,C) inflammatory cell count in a murine modet@fidomonag\eruginosachronic infection.
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NEW INSIGHTS IN THE DEVELOPMENT OF CANNABINOID RECEPTOR SUBTYPE 2 (CB2R)
LIGANDS
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Cannabinoid receptor subtype 2 (CB2R) and the daino& receptor subtype 1 (CB1R), belong to the
EndoCannabinoid System (ECS), today considered part of a more complex system, i.e. the endocannabinoidome
(eCBome},exerting pivotal impact in several diseasés.

In the last years, CB2R gained a graténtion as its activation may mitigate neuroinflammatory events
without the psychotropic effects due to CB1R stimulation. Differently from the CB1R, mainly localized in the
CNS, CB2R, that is physiologically expressed in the immune system, is indygé#ttelogical inflammatory

states, both in periphery and in the CNS. Diverse classes of ligands have been developed as CB2R agonists and
studied for their therapeutic potential in the oncologic and neurodegenerative fle@B2R agonists are also

under nvestigation for their potential application to face the cytokines storm in Ga9idThanks to the
recently released crystal structures of the CB2&nd with the aid of molecular modelling simulation, we
designed and synthesized diverse CB2R ligandsvesdl with high CB2R affinity and selectivity. We also
RSSLISYSR (KS Y2t S0dzZ  NJ RSGSNY¥AyYyLyida NBaLRyarotsS F2N i
well-established role of this subtype in many multifactorial pathologies, such as canceearatlegenerative

disease, makes CB2R an ideal hit for a multitarget strategy CA analysis proposed HDAC, FAAH and sigma
receptors as the partner targets for the development of such dual drugs. Thus, we successfully synthesized and
evaluated dual drug acting on CB2R and FAAH (both involved in the ECS system and overexpressed in
inflammation states) with promising results.

Moreover, with the aim to better study the mechanisms involving CB2R in inflammatory diseases we developed
fluorescent ligands stéing from a quinolone scaffold, as CB2R pharmacophore, linked to different fluorescent
moieties® Among these ligands, our derivative SM15 emerged for the valuable pharmacodynamic and
pharmacokinetic profile that candidates it as a greener and safer tw@B2R biological evaluation.
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OPTIMIZING THE CHOICE OF 3D QUERY STRUCTURES-BASEANIRTUAL
SCREENINGS WITH PHARMSCREEN
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Molecular alignment is a key step in 3D ligdrabed virtual screening (3CBVS) methods. To
perform this step a finite ensemble of conformers per molecule is typically used and aligned to a
query molecule. In many projects it is not clear however howeted the query molecule/s and
which conformer/s should be used.

In this work, we evaluate various protocols for preparing the 3D structure of the query and assess
what is the impact of using a @ystallized structure vs a minimized structure or usingtiple query
molecules in 3BLBVS studies. This evaluation has been done with thReB3I5 tool PharmScreen,
which exploits the MS€ontinuous solvent model to define 3D hydrophobic surfaces [1,2] and the
DUDE+ [3] dataset that contains up to 92 pharmatieaily relevant targets and multiple eo
crystallized bioactive ligands to each target.
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Results show that when using a single reference structure, there are no significative differences
between using a low energy conformation and the bioactive con&tion on VS performance, in line

with previous studies [4,5]. This demonstrates that the 3D bioactive conformation is not essential
when performing 3D virtual screenings, allowing purely lighased approaches while considering

3D information to search fonew bioactive scaffolds. The usage of multiple reference structures,
either multiple conformers or multiple active scaffolds shows to be valuable to improve the virtual
screening performance and, therefore, should be considered when uskid¥1 tools.
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A COMPUTATIONAIRIBBASEMANALYSIS TO MARRUGLIKE PEPTIDE BINDING
POCKES OF BPTIDEPROTEIN INTERACTESINSTEMS
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Peptideprotein interactiors (PePls) systenpay apivotal role for many cellular and metabolic
processes involved in the onset of largely spread diseases such as cancer and neurodegenerative
pathologies. Although recent studielBave been conducted to get insight into PeRlystens, the
identificationand characterizatiorof peptide-protein binding sites is still an open challenge

In this scenario, wenvestigated physicochemical property spacat peptideprotein interface
considering arin housenon-redundant collection of higlguality 3D crystallographic structures of
peptide-protein complexes (i.e., PixelDB databaseSeveral interpretable geometrical and
energeticaBD GRIBMIFs molecular escriptors have been thus reciprocally computed in ordento
silicoexplore the peptideprotein chemical space. Additionally, an exhaustive investigation ef 3D
GRID energetic distribution of the most frequent peptjg®tein residue pairs at the binding
interface has been carried out in order to study the peptide affisitjhancing interactions compared

to the proteinprotein systemg

Subsequentially, an innovative machine learning based model has been developed demonstrating to
be highlypredictive in detecting the putative protein binding regions of small peptides. Based on 3D
GRIBMIF molecular descriptors, advanced computational strategies (i.e., clustering algorithm, LDA
based protocol implemented in BioGlP8ave been employed to regaize the actual interacting
druggable peptide regions at peptigeotein interface. Our model ls&been successfully challenged

on two highquality external benchmarks of peptig@otein pocketsto be effectiveto further run
peptide-protein virtual screning campaigns.

We are confident that our encouraging results pave the way to get insights the identification and
structuratenergetic charactereion ofdrug-like peptide binding pocket® be further exploited in

drug design strategies.
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NOVEL CYCLIC UPERIVED DECAPEPTIDES RHRNMWMEOLUNG DISSEMINATION AND

REEDUCATE CAF PHENOTYPE BY ACTING THROUGH INTEGRIN

Carotenuto, A
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alfonso.carotenuto@unina.it

In the past, solid tumors were regarded as relatively homogeneous groups of hyperproliferating cells
with the ability toinvade neighboring tissues and, possibly, metastasize. More recently, a large body
of evidence has convincingly revealed that tumors are complex organs composed of multiple cell
types and extracellular matrix (ECh)Intensive studies on solid mammaryng, intestinal and
prostatic cancer have described a surrounding tumor microenvironment (TME), that includes-cancer
associated fibroblasts (CAFs). Mechanistically, CAFs can contribute to cancer progression via integrin
linked mechanisms, through the gemion of promigratory tracks favoring cancer cell invasion in

the stromal ECM? This communication is focused on the design, conformational and functional
analysis of novel decapeptides endowed with the ability to prevent tumor migration and invasion.
Previous work indicates that the serine protease urokinase (UPA) has a catalytidelhendent
motogen activity that resides in its connecting peptide region (CP, residued 382 ° Most of the
chemotactic activity of the CPp (residues 118B) is reténed by its @erminal segment uPAL44

158). In contrast, the #erminal, uPA(135;143) peptide, is a potent cell migration inhibitor.
Conformational analysis of the @Brived, antimigratory peptides, have suggested the development

of novel linear andcyclic peptides with specific substitutions. The novel decapeptides inhibited
migration and invasion of HT1080 fibrosarcoma and MMIBA231 breast carcinoma cells without
affecting cell proliferation and apoptosis. They also induced a partial reversiba GAF phenotype

and markedly reduced the psmvasive ability of peritumoral CAFs from breast cancer patients in
combination with MDAVIB-231 mammary adenocarcinoma célld.ead cyclic peptide, named
uPAcyclin, prevented mouse lung metastases by HT10&)iealivoand inhibited vasculogenic
mimicry formation by glioblastoma cells. Regarding the mechanism of action, uPAcyclin is a
YEYy2Y2Ft N A3y R7.58) addsiuradiéto dompede With vitpnedtil for binding
G2 h@ip AY ttiweassdy.L{! O2YLIS

CKSNEF2NES dzt ! OO0t Ay Aa ftA1Ste (2 AYyaGSNI Ol gA0K
independent site, suggesting its further development as a noveliavdisive agent.
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SCREENING @MINO-ACIDANTHRAQUINONE CLICK CHEMISTRY CONJUGATES
TARGETINBUMAN TELOMERIGQWADRUPLEXES

Ribaudo, G; Memo, M% Sissi, €andGianoncelli, A.

a Department oMolecular and Translational Medicine, University of Brescia, Viale Europa 11,
25123 Brescia, Italy
b Department ofPharmaceutical and Pharmacological Sciences, University of Padova, Via Marzolo 5,
35131 Padova, Italy

giovanni.ribaudo@unibs.it

Nucleic acidsire flexible biomolecules that can fold into peculiar thdimmensional arrangements.
Besides the canonical double strand, sequences showing repeats of guanines (Gs) can form secondary
structures known as -@uadrupkex (@), for which multiple roles in gene regulation are well
supported. Most importantly, such @ich sequencesthat can give rise to the peculiaG4
arrangement have been detected in human oncogenes and in the telomeric regions of
chromosomes.

This aspet is of primary relevance in medicinal chemistry, sincertening of telomeres during
replication leads to cell senescence and limits its lifetime but telomerase enzyme, inactive in somatic
cells, is reactivated in 90% of cancer cells in which it el@sgatiter ends of chromosomes, leading

to immortalization.Interestingly,G4sconstitute an obstacle to functioning of telomerase, and G4
stabilization using small molecules therefore represents an appealing stritedgveloping novel
therapeutic agentg?3

G4 ligands quarfloxin and &X61 reached clinical trials (ClinicalTrials.gov IDs: NCT00780663 and
NCT02719977), but no GQ ligand has been approved yet due to lack of bioavailability, toxicity issues
and overall insufficient driiikenessOn the othethand, Igands based on an anthraquinone scaffold
and decorated with peptidic side chains were previously reported.

In this contribution,we describe the improvement of this ligand concept leveraging the click
chemistry approach. This flexible, higielding synthetic strategy allows an elongation of the side
OKIFAya |yR Iy &yIOdBhoadEntdedians with the nucleobases through the
triazole ring?

The synthesized compounds were tested for their ability to interact with G4 DNAawhultiple
analytical approach, demonstratiragselectivity foiG4 over double stranded DNH. particular, we

report the setup and application of amssay based on the use of native electrospraass
spectrometry (ESMS) toquantitativelydetect norrcovalent interactions between small molecules

and Gls.
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MACHINE LEARNING APPLIED TO EARLY PREDICTION OF DRUG METABOLISM

Lettieri, M2, Sartori, B, Broccardo, &

a2 SIN Soluzioninformatiche srl, via G. Ferrari 14, 36100, Vicenza, Italy
marta.lettieri@sin.it

Metabolic reactions impact on determining drug fate: endogenous reactions e.g., (de)activation and
(de)toxification have a crucial role in the modification of a drivoreover, metabolism accounts for
roughly the 70% of drug cleararfcEor these reasons, drug metabolism represents a key phase in drug
screening for drug discoverydachine Learning (ML) can be applied for the prediction of drug
metabolism, to allow identifyig the interaction between drug candidates and endogenous metabolic
reactions, drug metabolizing enzymes (DMESs) driven reactions, biotransformation pathways, the
generation of potential toxic metabolites or ADMET properties. ML tools include the applicéiion

silico models e.g., quantitative structueetivity relationship (QSAR) based on trainable database,
GKAOK NBLINBaSyid GKS fSIFIRAYI aFFAf SFENIe FyR FlAf
Exploiting the Machine Learning approaches, ACD/Percept&€hathTunes/ToxGPS software can be
fruitfully employed to predict early drug metabolism. ACD/Percepta gives the opportunity to predict
cytochrome P450 Inhibition, P450 Substrates specificity and Regioselectivity of Metabolism, covering
five major isoforms (€., CYP3A4, CYP2D6, CYP1A2, CYP2C9 and CYR&Cd@lity and reliability

of the prediction can be assessed by means of a Reliability Index (RI). ACD/Percepta models have been
developed using wide datasets, providing robustness to the model and to gadliction, which is

also supported by experimental data from the training set. ACD/Percepta models present the
advantage of being trainable with additional experimental data provided by the users.
ChemTunes/ToxGPS Liver BioPath allows to generate mig¢stmf a molecules, deriving from human
phase | and phase Il reactiéns

The scopes of this communication are to present how early drug metabolism can be predicted by ML
algorithms, to discuss the prediction quality and reliability, and to underline thisvproves to be a
costeffective approach.
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EXTRA VIRGIN OLIVE OIL EXTRACTS ENRICHED IN SECOIRIDOIDS INDUCE AN
ANTHNFLAMMATORY PROFINEPBMG FROM OBESE CHILDREN

De SantisS;? PiacenteL.;® Mestice A.;°Crupi, P, Pontrelli,P& Moschetta A;% ClodoveoM.L.;
Faienza, MP:and Corbo, P.

aDepartment of Pharmael?harmaceutical Science, Aldo Moro University of Bati25Italy;
Pediatric Unitpepartment of Biomedical Sciences and Human Oncology, Aldo Moro University of
Bari, 70124ltaly;
*Hematology Unit, Department of Emergency andadrgransplantation, Aldo Moro University of
Bari,70124ltaly;  Department of Interdisciplinary Medicine, Aldo Moro University of Bati24
Italy; ®Nephrology Unit, Department of Emergency and Organ Transplantation, Aldo Moro
University of Barif0124ltaly

stefania.desantis@uniba.it

Extra virgin olive oil (EVOO) is one of the most important functional foods from the Mediterranean Diet
and exerts healtipromoting effect for different pathological conditions not only due to its major
(monounsaturated fatty acids) but also to its minor (phenolics) components, as reported in the last years
Several studies demonstrated the EVOO -arftammatory activity to reduce inflammation, a typical
feature of chronic disordefs Among these, obesi represents an important public health challenge of

the 215 century reaching epidemic proportion worldwide. In particular, more than a tenfold increase in
the number of schoshge and adolescents with obesity in the last four decades was regorted

Theefore, starting from our in vitro data identifying a defined EVOO chemical profile correlating with an
anti-inflammatory effect, we studied the ability of this secoiridoigsriched EVOO extract to modulate

the inflammatory profile ex vivo. Specificalpgripheral blood mononuclear cells (PBMCs) collected from
obese children were treated with secoiridoidariched EVOO and refined olive oil (OO) extracts,
characterized by a low polyphenol content, to study the ability of secoiridoids to dampen the
inflammatory response. A specific reduction of proinflammatory COD4.6 monocytes was detected by
cytofluorimetric analysis when PBMCs were treated with EVOO as compared to OO extracts. According to
this, a dowAamodulation of MIPL and MCPL chemokines involag in the recruitment of inflammatory

cells, such as monocytes and macrophages, was reported at protein level in the surnatant of EVOO relative
to OO extracts treated PBMCs. Moreover, the hierarchical clustering otimeaPCR gene expression

data studyng the PBMCs molecular profile in the contest of the inflammatory pathways, showed a distinct
segregation between EVOO and OO when compared to untreated sample. Ingenuity Pathway Analysis
(IPA) revealed that the modulated genes were linked to obesity iamplprtantly, some of these genes

were involved in the pathway promoting the development of severe obesity.

Overall, our ex vivo data demonstrated the ability of secoirideitisched EVOO to reduce the
inflammatory milieu of PBMCs from obese childrerpiaitein and molecular levels. These results could
support the use of secoiridoieenriched EVOO in preventive and/or adjuvant treatments for obesity and
severe obesity and, potentially, for the related noncommunicable diseases even if additional stedies ar
needed to verify the antinflammatory ability in this pathological context.
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COMBINING MASSPECTROMETRND NUCLEARAGNETIRESONANCE FOR THE
STUDY OF LIGANBQEADRUPLEX INTERACTION

Oselladore, B Ribaudo, G* Miller, D.? Schwalbe, H;Memo, M.2and Gianoncelli, A.

3DMMT, Universita degli Studi di Brescia, viale Europa 11, 25021, Bresci&|risiityte for
Organic Chemistry and Chemical Biology, Center of Biomolecular Magnetic Resonance (BMRZ),
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Nucleic acids fold in solution into secondary structures that result in peculiar -thireensional
arrangements. It has been demonstrated that in human, bacterial and viral genome aldateanCrick
pairings are prsent, leading to the formation of alternative secondary structures, such-qga@ruplex

(G4)! Bioinformatic studies highlighted its prevalence at gene regulatory regions, in telomeres, chromatin
DNA and in specific RNA sequent8&ince enzymatic machiries that process DNA or RNA are hindered

by Gd4s, their stabilization with small molecules represents a strategy for interfering with key cellular
functions, such as transcription, translation and telomerase activity inhibiting their unwinding to other
nudeic acid speciésand has been studied for its potential therapeutic effect, especially in uncontrolled
cellular proliferation and cancer progression.

Our group tested a series of ligands with different scaffolds, comprehending newly synthetized and natural
or semisynthetic compounds. Our screening protocol includes an optiniizeitro andin silicoscreenings
based on Electrospray lonizatigiMass $ectrometry (ESMS) and molecular docking, respectively. Thanks

to ESIMS technique, which guarantees the conservation of-nowalent liganeDNA interactions, we can
calculate parameters such as the binding affinBy screening the compounds toward$fetient DNA
arrangements, it is possible to investigate sequence selectivity and through caltidisced dissociation
(CID) experiments the stability of the complexdi#®”) can be determinedMolecular docking simulation

on the different G4 topologiesllows to predict the possible thregimensional arrangements upon binding.

The screening of the same compounkiough NMR techniqueis currently ongoing, witthe collaboration

of Goethe University where | am currently attending the research projecfopring 1D NMR titrations

and 2D HSQC, NOESY, HMBC on the sequences with the most promising compounds which would lead us
to structural elucidation.

Thanks to the screening, we can obtain a preliminary struetgtévity relationship studies. Moreovghe

effects of derivatization of natural compounds are being currently explored together with the investigation
of the role of alkylating functional groupghat can promote covalent DNA modification, allowing an
additional mechanism of action for deliveribdNA damage®®

The results of the study of difjands interaction are strongly dependent on the experimental technique
and conditions used, therefore the combination of different techniques can give complementary
information on structurerecognition and binding. E®IS has the great advantage to be a rapid screening
technique with low sample consumption and NMR gives the possibility to follow each signal and therefore
to see real time which parts of the arrangement are involved in theibgnd
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Over the yearscarbazolesare largely studied fotheir numerous biological propertiesncluding
antibacterial, antimalarial, antioxidant, antidiabetic, neuroprotective, eamicerand many more-.In
particular, tisscaffold has gained great intereiteto its anticancegrctivity on breast cancewhich
still representsthe most frequenty diagnosed cancer iwomen and remains serious health
emergencydespite many research efforf<Considering the complexitf this diseasgthe toxicity of
traditional therapeutic treatmentandthe resistancenset risk it isurgentthe development ohew
and effective antbreastcancer agents with improved pharmaceutical profilesthis contextwe
studied the anticanceractivity of a seriesof carbazole compoundgFigure 1) againsivo breast
cancer cellsnamely MDAVIB-231 and MC¥ cells Amongthem, compounds3 and4 were found to
be the most activéowardsthe triple negative breast cancer cell line MBB-231, whichisthe most
aggressiveand metastatic (IGo values equal to 1.44+0.97 and 0.73x0.74 uM, respeciively
Furthermore,they did not interfere with the growth of the normal cell lifdCF10A, contrarily to
Ellipticine, a welknown carbazole derivativeused as a reference moleculBoth compounds
selectively inhibitedhe human topoisomerase | and were also able to interfere \lih regular
organization of the actin syste triggering apoptosis as final effedhus,compounds3 and4 could
represent promising candidatas be further investigatedor the development of new mukliarget
agents in the treatment of triple negative breast cander whichsafetherapeutic regimens have
not yet beenadopted

Al Gl §
SR S
)RS
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4

Figure 1 Molecular structurs of the studied carbazole derivativets-5$).
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TARGETING THE MYCOBACTIN BIOSYNTHESIS PATHWABERCULOSIKSSTEP
TOWARDS THE IMPROVEMENT OF THEVARRNUILENCE ACTIVITY OF Mbtl INHIBITORS
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The COVIR9 pandemic has left many cotiies struggling to ensure an adequate medical support to
the population. The difficulties of the healthcare systems have had particularly devastating
consequences on the diagnosis and treatment of tuberculosis (TB) infections, especially in the poorest
communities. Hence, the development of antitubercular agents is vital, now more thart ever.

In this context, the design of antirulence compounds,e., molecules targeting pathways involved in

the pathogenesis oM. tuberculosisbut not essential for its survival, is emerging as a promising
strategy. This innovative approach has several advantages, the principal being the prevention of
resistance phenoena. lron uptake constitutes a notable example of such pathways. Its suppression
can be achieved by the inhibition of a mycobacterispecific enzyme, namely the salicylate synthase
Mbtl, which is involved in the biosynthesis of higffinity iron chelatos 2

Starting from a structurdased virtual screening, our group developed a new class of potent-furan
based inhibitors of Mbtf.Cocrystallization studies led to the definition of their unexpected binding
mode and, incidentally, shed light on the catialgl mechanism of the enzynfeConsidering the
modest, albeit promising, antimycobacterial effect of the lead compound, we explored the possibility
of introducing modifications on its scaffold to enhance the crossing of the mycobacterial cell wall.
Inspired by the crystallographic data, we designed new derivatives bearing different lipophilic moieties
to increase their permeability, without disrupting the interaction with the enzyme. Based on our
encouraging results, the best compounds were tested on tefeanacrophages to verify their
protective effect against the pathogen. The preliminary results of our tests will be presented to support
the potentialities of this novel antitubercular strategy.
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Hydrogen sulfide (#$) is now well recognized as the third endogenous signaling gasotransmitter,
along with nitric oxide (NO) and carbon monoxide (CO)ldtdgely known as a pleiotropic mediator
endowed with antioxidant, aniinflammatory, preautophagic, and neuroprotective propertiés.
Noteworthy, work over the last decade revealed the importance 8 i inflammatory diseasés.
Moreover, current data sugest the therapeutic potential of 43 releasing compounds, individually

or in combination with other drugdAmong antiinflammatory molecules, glucocorticoids (GC) are
one of the most prescribed. Despite being the most effective-iaffimmatory treatmen for chronic
inflammatory diseasessome patients seem to be resistant to GC treatmddénce, aiming to
overcome these limitations, we designed and synthesized novel multitarget molecules, combining
glucocorticoids with welknown HSdonor moieties*® Firstly, synthesized compounds have been
evaluated for their potential b6releasing profile. Furthermore, the;8l donor hybrids have been
studied inin vivo models of inflammation, showing an improved pharmacological activity,
simultaneously modulating nitiple targets of the native drugsThe most interesting compounds
have been selected and further investigated to elucidate the possible mechanism of aotiothis
basis, the use of 4% releasing hybrid compounds could represent a potential iatriguing strategy

to be pursued for the treatment of inflammatory diseases whesg I involved.

References

1. Wallace J.L; Wang R.Nat. Rev. Drug Discox2p15 14, 329345

2. Bhatia, M. Scientific2012 159680

3. Caliendo, G.; Cirino, G.; Santagada, V.; Walldcd, dMed. Chen01Q 53, 17, 62756286
4. Corvino, A.; Valentina, C. et al. J AdvR22 35, 26277

5. Giordano, F.; Corvino, A. et Bur J Med Chen2021,221:113517.

71



] 6 9
: H@dr- 14

XXV
Natlonal Meeting on 14t Young Medicinal Chemists’ Symposium . ’
Medicinal Chemistry Nuove Prospettive in Chimica Farmaceutica BARI, Palazzo Del Prete )
September 11-14, 2022 Divisione dfi Chimica
Farmacevutica

FCGO7 KNIVERSIA

Al
ALDO MORO

DISCOVERY Q#4-HYDROX$,5DIMETHYLPHENWLPYRIDIN-YL}1H-
BENZQf]IMIDAZOLE-SULFONAMIDE AETINHIBITOR WITH SELECTIVITY FOR THE FIRST
BROMODOMAIN

Cipriano, A% Milite, C.2Feoli, A2 Viviano, M2 Pepe, G&Campiglia, P»Sarno, G%Picaud, S?;imaide,
S.% Makukhin, NS Filippakopoulos, P.Ciulli, AS Castellano, Siand Sbardella, G.;

aDepartment of Pharmacy, University of Salerno, via Giovanni Paolo Il, 132, 84084 Fisciano (SA), Italy;
®Nuffield Department of Medicine, Oxford University, OX3 7DQ Oxford, United KiriBidsipn of
Biological Chemistry and Drug Discovery, School of Life Sciences, University of Dundee, Dundee, DD1 5EH,
Scotland, United KingdorfPresent address: Discové@igchnology Research Laboratories, Ono
Pharmaceutical Co., Ltd., Osaka, JapBresent address: AstraZeneca, Oncology R&D, Tumour Targeted
Delivery, QMB Innovation Centre, 42 New Road, London, E1 2AX, United Kingdom

acipriano@unisa.it

Bromodomains (BRDaje epigenetic readers able to selectively recognize the abtgdiyie group on histone and
non-histone proteins. The Bromo and Exffarminal Domain (BET) family is perhaps the most important group
of BREcontaining proteins, whose members (BRD2, BRDB4BRnd BRDT) contain two highly homologous
bromodomains: BD1 and BB Zheir role in different biological processes makes them attractive therapeutic
targets2To date, several ligands have been identified as potent BET ligands and some of théradregntered

in clinical trialssHowever, most of these compounds are pan BET ligands, with no selectivity between each BET
member and/or their singular BD1/BD2 domaifrihus, the identification of selective chemical probes for the
clear definition of tke physiepathological role of individual BET domains is highly demanded.

Herein, we report the design, the synthesis, and the in vitro evaluation of a small library of benzimizeede
compounds (Figure 1). The benzimidazole nucleus was formally etitajpplying a frozen analogue approach
to the diazobenzene moiety of MS compounds that exhibited preference for the BD1 over the BD2 oTB&Ts.
most promising compound identifie@ML765 showed good binding potency, improved metabolic stability and
sekctivity towards BD1 with respect to the parent compounds.

Frozen analogue

o Ot approach H Rl R2
N -
AN o N OH N o /CE an Wl
oy / R*N/é\b i
X E o) H 5 4

MS compounds Benzimidazole-based compounds

Identification
of new

H

i E—y P BET BD1
@ Qé N)—QOH - selective ligand
NN D \

EML765
Figure 1 Aim of work: Identification of benzimidazebased compounds as BD1 selective ligands.
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FIRSAN-CLASS SELECTIVE INHIBITORS OF THE HISTONE ACETYLTRANSFERASE KAT8
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KATS (also called MOF) ikistone acetyltransferase (HAT) mainly catalyzing the acetylation of Lys16 of histone
H4 (H4K16), as well as transcription factors such as p53 and KI&Z8 is the catalytic subunit of the male
specific lethal (MSL) and the napecific lethal (NSL) multiprotein complexes, which regulate cell cycle
progression, embryonic stem cell development, DNA damage response, autophagy, and apgdpiosisits
manifold functions, KAT8 dysregulation is linked to the onset, progression, and metastasis of multiple cancer
types, including norsmall cell lung cancer (NSCLC), breast cancer, acute myeloid leukemia (AML), endometrial,
and hepatocellular carcinomdn linewith this, disruption of the MSL complex, and consequent loss of the
H4K16ac mark, causes chromosomal instability and abolishes the proliferative potential of canéetamdis,

potent and selective KAT8 inhibitors (KAT8i) would represent promisirigaanéer therapeutics, beyond
serving as chemical tools to clarify KAT8 function. To date, only a few KAT8i have been reported, and none of
them displayed selective activityTo this end, based on the structure of C646, a known p3dd HDAE
inhibitor, we developed a series of derivatives bearing a phenylpyrazolone td& Fig. 1) which were tested

for their activity against three HATs: KAT8, p300, and PCAF.

Among them, compound$9 and 34 exhibited 1Go values in the low micromolar range-{ puM),along with
selectivity over p300 and PCAF, as well as a panel of HDACs. They also possessed dissociationkgpnstants (
measuredviasurface plasmon resonance (SPR)-4fiiM, in line with the observed KATS8 inhibition. Finally, we
validated both inhibitorsn a panel of cancer cells, including NSCLC (H1299 and A549), breast cancer (MCF7),
colorectal carcinoma (HT29 and HCT116) and cervical carcinoma (Hel-Bps€glassays demonstrated
selective decrease of H4K16ac inducedlBynd 34 thereby confirming their ability to inhibit KAT8 in cells.
Moreover, both molecules impaired cell viability of NSCLC, colorectal and cervical carcinoma cell lines in the
mid-micromolar range, while not affecting the viability of ntransformed cells (AAHe RPE) at 200 puM.
Overall, through this study, we developed fiistclass selective and cellulaidgtive KAT8i which represent
promising tools for elucidating KAT8 biology. Given their simple structure, these molecules are also encouraging
Iead compouds for future studles aimed at gaining submlcromolar/nanomolar KATSI.
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Figure 1 (A) Development of compounds19 starting from C646\(ll). (B) Chemical structus@f compounds20-43.
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Inflammatory pain is a pathological condition caused by the inflammatory response to a tissue damage.
Despite existing different pharmacological approaches, nowadays, opioid analgesics continue to be the
hallmark of acute and chronic pain treatmén©piod analgesic effects are predominantly mediated by

mu opioid receptor (MOR), whose activation elicits also severe adverse effects. Given the impossibility to
segregate the analgesic effect from side effects arising from MOR activation, recently the medicina
chemistry approach focused on the new target involved in pain transmission, such as the histone
deacetylase (HDAC) enzyme. Several evidences suggested that epigenetic regulation is involved in
development and maintenance of chronic pain. It has been exmmtally demonstrated that
inflammatory conditions increase the expression of HDAC and that histone deacetylase inhibitors (HDACI)
attenuate inflammatory pain. Moreover, the hypoacetylation state of histones H3 and H4 contributes to
the decreased expre&m of MOR in the dorsal root ganglion (DR@)deed, HDACI reversed the-up
regulation of HDAC enzymes and restored the MOR expréssiam these reasons, hybrid MOR
agonist/HDACIi molecules could represent a good strategy for the management of inflamprpaio.

adzZf GAGI NBSG ahw F32yAaidk 151/ A O2YLIRdzyRad K+ @S 0SSy
and have been synthesized through classical synthetic methods (Figure 1). Intermediates and final
compounds have been appropriately purified througtash chromatography. The structural
characterization was determined Bi#-NMR,'3GNMR and MS.

" taber )

Figure 1.General structure of novel hybrid compounds

In vitro their affinity profileversusopioid receptors was performed through competition binding assays.
Some assayed compounds showed a relevant MOR affinity witdu€s in the range of 1-5.9 nM and

the most promising molecules were tested vivoby mouse vas deferend®VD) assay. Theareclinical
evaluation of the new ligands is currently ongoing. Due to the encouraging results, a novel compound is
undergoing inin vivo studies to evaluate its pairelieving activity in Tail flick assay and in complete
Freund's adjuvant (CFA) inflamroat pain model. Moreover, the HDAC fluorometric assay is
programmed to study the inhibition properties of our new synthesized compounds.
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Isocyanides represent a class of very special organic compounds, thanks to their chameleonic electronic
properties and multiple reactivity modespanning from carbene/nucleophile, to electrophile, to
somophile behaviors. Their ability to act as geminal radical acceptors has recently been undergoing a
renewed interest, with the advent of the visiblight photocatalysis era. Whitin this context, leér we
present our recent findings about the photocatalytic activity of both aromatic and aliphatic isocyanides in
i K SminoC(sph b | T dzy O (it Figuyel1f. WHild atomatig/isocyanides can reach an electronically
excited state upon visibiight absorption, and thus promote the oxidation of aromatic tertiary amines,
aliphatic isocyanides are able to induce the oxidation of tertiary aromatic armiaéise formation of an
electrondonor-acceptor (EDA) complex. These photocatalytic properties cdrabressed in the three
component crosslehydrogenative coupling di,N-dimethylaniline derivatives with isocyanides and
water, leading to amide products under very mild conditions, in high yields, and with a wide substrate
scope. Moreover, the use of a ediftic loading of an aromatic isocyaniggomotes the cross
dehydrogenative coupling df-phenytl,2,3,4tetrahydroisoquinoline with a range of (pro)nucleophiles
affording Mannich, StreckermazaHenry, Michaehddition, and phosphonylated adducts in gooadl t
excellent yieldsthus providing the proebf-concept for their use as a new class of organic vidighd
photocatalysts. Furthermore, the photocatalytic activity of isocyanides can be preserved in the presence
of different nucleophiles to perform vidie-light triggered Ugilike multicomponent reactionsunder
unprecedented metafree reaction conditiors A collection of different transformations leading to
multifunctional molecular architectures has been developed; they include: (33CRi(Nu: bothliphatic

and aromatic carboxylic acids), (2) itkfrazole3CR (Nu: TMSN (3) JouilldJgir3CR (cyclic tertiary
aromatic amines as starting materials), (4) synthesis of secondary imides by usidgn2#hoxybenzyl
isocyanide as a cleavable one, and §5pnepot domino sequence of UGCR/deprotection/Mumm
transacylation affording densely functionalized-aiside derivatives.
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Bacterial type Il topoisomerases, such as DNA gyrase and topoisomerase |V (topolV)-eaédatid
targets for antibacterial chemotherapy. Inhibition of their function leads to perturbations in the native
spatial DNA topology, which results in bacterial cell déafino decades ago a new class of promising
FydAaol Ol S NMNbvél Bactdrigi@pbigomerasdyW A 0 A 1 2 NEQ Ob. @Hdvévers SNE RA
until today there is no antibacterial agent from this class on the market. Despite their potent antibacterial
activity, they suffer from a detrimental classlated hERG blockage manifed as cardiotoxicity and
arrhythmias® We designed and synthesized an optimized library of NBTIs that exhibit improved hERG
safety profile and retained inhibitory potencies on DNA gyrase and topolVStauareusindE. coliThe
balance between antibact@l activity and safety (hERG inhibition potency) should be achieved for the
compound to be an effective antimicrobial drug.sfgnificant parameter that correlates these two
important properties is the hERG/MIC ratio. The higher the ratio, the more aptsafety profile
compound exhibit. It is evident that compoun@sand 3 have 3.512 fold higher hERG/MIC ratio
compared to theimpredecessorl in Grampositive bacterigFigure 1)} This suggests that an acceptable
therapeutic window can be achieved ind@&rpositive bacteria (e.g.$. aureusMRSA). However, for
Gramnegative bacteria the hERG/MIC ratio is of particular concern, since the antibacterial activities of
the studied NBTIs are notably weaker and nearly in the same order of magnitude. Consgquinther
optimization is needed in terms of achieving an optimal balance between the antibacterial activity and

safety profile of this series of NBPIs.
.
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Figurel. Structural optimization strategy towards reducing hERG inhibitory activity of aminopiperidine linked NBTIs with 1
hydroxyethylene cyclohexyl and oxymethylene tetrahydropyréinker moiety.
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Primary amoebic menimgncephalitis (PAM) due to the frdiwing ameboflagellateN. fowleriis a
fulminating brain infection that can result in death within days, with a worldwide distributioncsed

97% fatality rate:? Currently, there is no standard regimen for the treatmeniNafegleriainfections in
humans.Only seven patients out of 38&ported PAM cases worldwide have been treated successfully
with Amphotericin B (AmpB), either alone or in combination with other dfugewever, clinical use of
AmpB is limited due to its toxicity, including acute infusielated reactions and doseslated
nephrotoxicity? For these reasons the development of effective and safe drugs for the PAM treatment
represents a real unmet medical need. Over the past few years, we validated several steroidogenic
enzymes as drug targets. In particular, disruptidnC'P51 function by sterol biosynthesis inhibitors,
induced massive autophagocytosis in cultured trophozoites leadimd; fowlericell death after 24h of

drug exposuré.Notaby,in vitrogrowth inhibition ofN. fowleriby sterol biosynthesis inhibitors)cluding
antifungal azole drugs, has been reported in literature and a variety ofdppfved CYP51 inhibitors,
such as miconazole, have been used in combination therapies with AmpB for the treatment of PAM
patients.®” In this work, we provide evidenddat miconazole analogs could be considered as drug
candidates for the treatment of PAM. We used a combination of cheminformatics, biochemiegl, X
crystallography and phenotypic methods to identify a lead scaffold conducive to-bladd barrier (BBB)
permeability. 124 compounds pigelectedin silicowith an average MW of 345.6 + 43.1 and cLogP of 3.79

+ 0.50 were tested againbt. fowleritrophozoites, allowing to identify nine hitd&i) with EGoXX Mn xa @
The top hit 2a) was identifiedviacrossvalidation in cecrystallization with theN. fowleriCYP51 (NfCYP51)
target that singled out a miconazeli&ke scaffold having the best drdgrget fit. Based on the eorystal
structure, eleven new analogs were synthesized and biochemically and striictiratacterized to assess

the optimal configuration of substituents at the phenghd benzoyl moieties and the role of the ester
linker. Some of the newly synthesized compounds exhibited improveglalB@ I compared to2a,
demonstrated better drugarget fit, and indicated brain penetration potential. Synthetic pathwags,

vitro activities, Xray crystallography data and pharmacokinetic (PK) study will be shown and discussed.
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STRUCTURAL MODIFICATIONS OF TREBXHHD COMPOUNDS
FOR HIGHEFFICIENCY PDK INHIBITION

Pecoraro, C.

Dipartimento di Scienze e Tecnhologie Biologiche Chimiche e Farmaceutiche (STEBICEF), Universita
degli Studi di Palermo, Via Archirafi 32, 90P2Brmo, Italy

camilla.pecoraro@unipa.it

Deregulation of cellular metabolism has gained increasing interest for its role in sustaining survival,
proliferation, migration and invasiveness of malignant cancer t8kveral research efforts have
focused on developing novel agents targeting protein kinases or pathways involved in cancer cell
metabolism. Particularly, among the main regulators of metabolic imbalance of tumor cells, the
pyruvate dehydrogenase complex and pyruvate dehydrogenase k{R&xe€) isoformsc¥ play a key

role in metabolic shift from oxidative phosphorylation to aerobic glycolysis, known as Warburg effect
and associated with resistance to standard chemotherfdggreover, overexpression of PDK isoforms

was observed in severdipes of cancer and is frequently related to cancer resistance, invasion and
metastasis. Besides the dichloroacetate (DCA) and DCA mimetics, characterized by side effects and
lack of specificity, few chemotypes of PDK inhibitors have been described, amdsmecific and
selective molecules able to halt the PDK activity are neédérefore, in order to discover new PDK
inhibitors we previously synthesized a series of 1,2,4 triazine compounds, characterized by an excellent
degree of PDK inhibition withsubtype selectivity for PDK1 and PDK4 isoforms, ability to reduce cell
migration and induce apoptosis. Moreover, the most promising derivatives induced the depolarization
of mitochondrial membrane potential (MMP) of cancer cells with mitochondrial damagdecancer

cell death. Considering these promising results, we focus our attention on the structural modifications
of these triazinebased compounds, in an effort to provide new insights into how to improve the
potency and selectivity against PDK1. Hereinreport the synthesis and biological evaluation of the
new library of triazine analogues, providing a deep characterization of their ability to inhibit the PDK
enzymatic activity, anticancer properties and their role in cancer cell metabolism.
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IN SILICO ASSISTED DISCOVERY OB-DOMHEINHIBITORS: IN VITRO
CHARACTERIZATION AND IN VIVO-INRLAMMATORY PROPERTIES

CiagliaT.;*Musella, S%Cerqua, 1%Peltner, L.KS;5 Q! @ A yD2Sarnd WGranato, E? Vestuto,
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a Department of Pharmacy, University of Salerno, Via Giovanni Paolo Il 132, 84084, Salerno, Italy
b Department of Pharmacy, University Federico Il of Naples, Via D. Montesano 49, 80131, Naples,
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The inflammatory response involves several converging signaling pathways that cootidizec|

of inflammatory mediators and the recruitment of inflammatory céliEhe arachidonic acid (AA)
cascade represents a key biochemical route for targetingrimfiatory pathological condition®A

is synthetized from membrane phospholipids by cytosolic phospholipase A2 (cPLA2) and transformed
via three separate enzymatic systenay:COXs lead the conversion into prostaglandins (PG) and
thromboxane, b) cytochrome P450 (CYP450) transforms AA to amlammatory
epoxyeicosatrienoic  acids (EETs)that are converted to the pro-inflammatory
dihydroxyeicosatrienoic acids (DIHET#s@poxide hydrolase (sEd)lipoxygenases (LOdjive AA
conversion to leukotriendOn these premises the synergic inhibition ef X and sEH represents a
valid approach for the development of a new clasardf-inflammatorydrugs. Therefore, the present
work describes the design, the synthesisdthe pharmacological characterization of indolbased
5-LOX/sEH double inhibitors. The development of these molecules was carried out starting from
virtual screening protocol performed usiray inrhouse molecular libraryNine different zileuton
inspired® molecules were initially selectedlhe in vitro analysi®f these moleculesevealed
compound43 as a suitable, indolinbased hitcompound with low micromolar inhibitory potencies
against 5LOX. Therefore, a structutmsed design of compoundl3 analogues was carried out,
leading to the synthesis of 19 new molecules. These molecules underwent to extensive in vitro testing
revealing a remarkable dual inhibitory profile oveill X and sEH, rationalized on the basis of
molecular modelling studies. Compalii@3 emerged as the most potent compound of the series
(IGos= 0.41+0.01rM and 0.43+0.10vM against isolated £OX and sEH, respectively). This is why
derivative 73 was challenged for its aninflammatory activity in two in vivo murine models
(zymosarinduced peritonitis and ovoalbumiimduced asthma). CompounB displayedemarkable

in vivo antiinflammatory properties suggestinghat 5-LOX/sEH dual inhibitors can be taken into
consideration for further development as therapeutic tools in inflammattisgases
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TWO MIXED VALENCE DIRUTHENIUM (IL,111) ISOMERIC COMPLEXES SHOW DIFFERENT
ANTICANCER PROPERTIES

Baglini,E.2 Taliani, S3;Da Settimo, P Barresi, E3Tolbatov, 15 Marzo, T2 Zappelli, E3;Poggetti,
V.2Marrone, AfRe, N¢Pratesi, A*Martini, C.2La Mendola, D.

aDepartment of Pharmacy, University of Pisa, Via Bonanno Pisano, 6, 56126, Rismdtalt de
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University of Pisa, Via G. Moruzzi, 13, 56124 Pisa, Italy.
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Platinumbased agents, i.e., cisplatin, carboplatin and oxaliplatin, are some of the most used and active
chemotherapeutic drugs currently prescribed for the treatment of many types of human cdncer
However, behind their effectiveness, their use is limited by drug resistance and adverse2effects
Accordingly, several effective strategies, including the ugeaokition metals different from platinum,

have been developed Among these, paddlewheel ruthenidbased complexes characterized by the
presence of a direct metathetal bond and a (I1,111) mixed valence are very interestihg this regard, we
recentlydeveloped the Rufll,111) compound [R(EB10&CI] where EB106 is an indolylglyoxylyl dipeptide
endowed with anticancer activity against glioblastoma multiforme (GBM) cells (FigbifeAljogether,
[Rw(EB106)Cl]-at variance with EB10&vas completel inactive in GBM models, as a consequence of its
high stability that in turn is due to the nature of the ligand; namely, the steric protection operated by the
indolylglyoxylyl moiety prevents the attack of the water molecules or other potential liganthe &u

metal centers, inhibiting the release of active ligands, and therefore its anticancer effect. Thus, to deepen
our studies on these systems, we developed the complex(ERT7&Cl] (Figure 1), featuring EB776
(isomer of EB106), which coordinateg tRu core” This complex should be more reactia®d thus more

active as anticancer agenbecause of the increased accessibility of the Bare to the attacking

nucleophiles, compared to [REB1OGCI].
SOy T
3 NH (‘: R
/ 7
R= O 3 HZ‘Z\;< \O/O\Q/C\O
v /R\/L

Figure 1 Structures of EB106 (top letihd EB776 (bottom left) and general structure of the paddieel Ru(ll,111) complexes
(right).
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EFFECT OF PHARMACOLOGICAL INHIBITION OF TRANSGLUTAMINASE ON CARDIAC
REMODELING IN HEART FAILURE RATS

AkdzQ R | &AbESars, ®andAl-Dwairi, A2

2Department of Physiology and Biochemiskgculty of Medicine, Jordan University of Science and
Technology, Irbid, 22110, Jordan.

dgaludati@just.edu.jo

ABSTRACT

Background and AimgCardiac fibrosis is involved in all types of cardiac diseases that progress to heart
failure. Cardiac fibrosis is characterized by excessive deposition and crosslinking of collagen which
leads to myocardial stiffness and ventricular dysfunction. Trarteginases are collagen crelisking
enzymes that exert several functions during cardiac remodeling. This research was conducted to
examine the protective effects of cystamine on isoprotereimoluced cardiac fibrosis in rats.

Methods and ResultsA modelof cardiac fibrosis was established in rats by daily intraperitoneal
injection of isoproterenol (7.5 mg/kg/day) for 7 days, followed by 5 weeks of transglutaminase
inhibitor (cystamine) injection. Our data showed thgstaminedecreasedliastolic and mean arterial
pressures and improved lipid profile along with a decrease in liver enzymes, urea, and creatinine in
the isoproterenol rat modelCystamine inhibited the isoproterenmiduced increase in LV fibrosis and
hydroxyproline contentMoreover, cystamine modified the mRNA abundance of some profibrotic
markers in the LV and LA of the isoproterenol rat model.

ConclusionsTG inhibition by cystamine exerted cardioprotective effects on isoproterieoiniced
cardiac fibrosis in rats by molding the abundance of several profibrotic markers. TG1 and TG2 may
represent new therapeutic targets for cardiac fibrosis.

This abstract has been withdrawn

References
Upon request
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A NOVEL CYANINASED NIR FLUORESCHEMURAFENIB ANALOG TO PROBE
THERAPEUTIC BRAF INHIBITION IN MELANOMA CELLS

Barresi, E2 Roncetti, M.2 Baldanzi, C2Baglini,E.2 Poggetti, V3_epori,l.;” Vitiello,M.;®> Salerno S.2
Tedeschil.? Da SettimoF.2 Talianj S.# Poliseng L

aDepartment of Pharmacy, University of Pisa, via Bonanno Pisano 6, 56126, Pi%adtitiyte of
Clinical Physiology, CNR, 56124 Pisa, Italy
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One of the most common skin cancersusaneousmelanoma whichaffects manypeople per year
ranking 18' among most common cancers worldwide. One of the nfegjuentgenome aberrations

in such disease is represented by BRAFV600E mutation, which causes the transition from a valine to a
glutamic acid at position 600 within the kise domairt. BRAF protein is a member of the Raf family of
serine threonine kinases, which are part of the Ras/RAF/MEK/ERK mitogen activated protein kinase
(MAPK) signal transduction cascade that controls cell proliferation and survival. Behind thismutati

the protein remaingonstitutively activatedvith an 8006fold increased kinase activity with respect to

its wildtype counterpart, leading to uncontrolled proliferation and growth of cells expressing
BRAFV600H the past decades, a great deal of rasdh has resulted in the development of a targeted
therapy thanks to the discovery of-M&af inhibitors, represented by Vemurafenitheir greatest
exponent? Vemurafenib (Vem, PLX4032, Plexxikon/Roche) was discovered as a highly specific
BRAFV600E kinasehibitor with selectivity against melanoma cebéd, it is actuallyclinically
approved for the treatment of metastatic and n@asectable BRAFV600&LItant melanoma’

In this context, with the aim to develop a fluorescent probe to image therapeutic BiRAlion, a
modifiable derivative of Vemurafenib was synthesized by replagrthlorophenyl with p-
aminophenyl ring generating a free pdtoup, which waghen conjugated with a selected fluorophore

by means of a polyethylene glycol chalie biological validation evidenced the ability of thew

probe, namely Verl-Cy5,to penetrate inside cancer cells, specifically bind to its elective target
BRAFV600E, anchibit MEK phosphorylation and cell growth with a potency comparable to that of
the native Vem. Taken together, these data highlighted \eBy5 as a useful tool to image BRAF
inhibition in melanoma cells in order to acquire precious information for theréutiesign of safer and

more effective BRAFV600E inhibitors.
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DESIGN, SYNTHERISLECULAR MODELING AND PHARMACOLOGICAL EVAOFATION
2,7-DIAZASPIRO[4.4]NONABRERIVATIVES A®VEL SIGMA RECEPTORS LIGANDS
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Sigma receptors (SRs) represent a unique receptor class involved in several biological and pathological
conditions. Two subtypes are distinguished and termed sifimeceptor (S1R) and sigrareceptor

(S2R), having different struge, biological functions, and pharmacological profile. The S1R is highly
expressed in both central and peripheral nervous system, in areas of great relevance for neuroprotection,
neuroinflammation, neurotransmission, and neuroplasticity. Alterationdiéftinction of S1R have been
associated with neurodegenerative diseases, pain, stroke, and retinal degenération.

Over the years, spirocyclic compounds have gained increasing interest in the development of bioactive
compounds and contribute to a variety approved drugs and drug candidate$he introduction of a
spirocyclic moiety in a molecule grant a peculiar spatial arrangement that may influence important
parameters, such as potency, selectivity and physicochemical properties.

Here we report the deMepment of novel 2,tliazaspiro[4.4]Jnonane derivatives where the central core
has been flanked with hydrophobic groups at a certain distance to the central basic amine being this a
common structural requirement of potent SR ligands as identified by prewiauks (Figure 1).

AMINE /’*\\
SITE

g spm, \ Glu172
N J Phe10
d PRIMARY 4
HYDROPHOBIC SITE

SECONDARY
HYDROPHOBIC SITE

Figure 1.General structure of 2;diazaspiro[4.4]nonan&R ligands.

This chemical matter has been developed according to struitfnaity relationships approach consisting

in the following steps: (i) design of nevandidate ligands; (ii) in vitro radioligand binding assays; (iii)
iterative compounds design based on affinity and selectivity; (iv) synthesis of the new compounds for
further pharmacological evaluation. Several compounds have been synthetized anddlataitbanistic

studies performed to understand the binding with the SR. Molecular modeling analysis was carried out to
deeply analyze the binding mode and the interactions established between the ligands and S1R and S2R.
Finally, the most notable compoundisive been subjected to toxicity evaluation and thus screened for
phenotypic effects in in vitro and in vivo models.
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DESIGN AND SYNTHESIS OF NEW PEPTIDOMIMETIC MEMBRANOLYTIC COMPOUNDS AND
PRELIMINARY EVALUATION OF THEIR ANTIMICROBIAL ACTIVITY
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Over the years many antibiotics with different mechanisms of action have been developed however
most of them undergo to antimicrobial resistance, especially when their mechanism of action depends
on enzymatic inhibition.

Nowadays it is known that a nespecific mechanism, such as the membrane physical disruption is less
susceptible to resistance, and it could be obtained through specific molecule including antimicrobial
peptides (AMPs). Despite their peculiar mechanism of action, there are many reasoiimththe

AMPs antimicrobial activity, primarily their high susceptibility to proteolytic degradation by
endogenous or microbial enzymes.

To counteract proteolytic degradation and to improve the knowledge around these novel antibacterial,
we planned tosynthetize a library of antimicrobial peptides overcoming specific weaknesses related
to this class of molecules, such as their metabolic instability. Additionally, we attempt to obtain
compounds that are not just peptidomimetics but also membranolytichsas the AMPs, to reach the
direct disruption of the bacterial membrane.

The molecular template for the development of our library of peptidomimetics compounds is
represented by Brilacidin which is a defensiimetic molecule. This molecule was shownhiave
activity against S. aureus, Enterococcus faecium, E. Coli andC8MRS

Based on Brilacidin structure and literature, we identified the hypothetical pharmacophore for the
synthesis of structurally related analogues, where side arms length shoutit#ied to obtain the
specific conformation for the perpendicular insertion on the phospholipidic bilayers. The firsts
compounds have been already synthetized and they show preliminary eagiog antimicrobials
activity.
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Fig. 1:Hypothetical pharmacdpnre for the synthesis dftructurally related analogues
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IDENTIFICATION OF COMPOUNDS TARGETING HuD. ANOTHER BRICK IN THE WALL OF
NEURODEGENERATIVE DISEASE TREATMENT
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RNAbinding proteins (RBPs) play a prominent role in the fate of target messenger RNAs J[mRNAs
Among the RBPs, HuD (Figure 1) has been intensively studied, it is expressed in nervous tissues, and
AYLIE AOFGSR Ay (GKS LI GK23SySara 2F 't1 KSAYSNRaA RA
of new ligands able to bind HuD, interfering witthactivity. Virtual screening studies were performed

using a database of natural compounds and Food and Drug Administrationgpirdyed drugs.

Starting from about 51000 compounds, 10 promigdiitgwere selected. Considering the commercial
availabilty and the suitability for NMR analysis, 4 compounds were purchased and submitted to
saturation transfer difference (STD) NMR investigations, which proved their ability to bind HuD. For
each compound, molecular dynamics simulations were performed to desggtigate the behavior

of the ligands in HuD binding site. Finally, a clear correlation between modeling outcomes and STD
NMR results, was observed. Among the four identifiétd, folic acid is the most interesting one,

being able to well recognize théuD binding site. Lastly, cblhsed assays were performed, and the
biological results support the molecular modeling and-8IMR data, highlighting the ability of folic

acid to recognize and affect HuD expression. These findings could be an imponttng staint for

future treatment of some neurological diseases, in particular fof AD.

Figure 1.3D representation of HWINRNA complex. The protein and the mRNA are showed as pink and blue cartoon,
respectively.
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HITTING DRUG RESISTANT MALARIA INFECTION WITH IRNKED ELAVONGID
CHLOROQUINE HYBRID COMPOUNDS
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Malaria still represergithe most severe parasitic infeoth in humansAiming at designing new
antimalarialsable to circumvent the resistance issues responsible fofathere of first-line therapies
the exploitation of naturatelated compounds appeaas a promising approach.smalkeries

of hybrid molecules waghen designed by linking the -@hloroquinoline core of the frontline
antimalarial drug chloroquinéCQ)Xo different parafluorinated chalconerelated scaffoldsin order

to take advantage of both the anitifective activites reported for flavonoids and the efficacy
and safety profile of CQ itsélfA triazole linker was selectedihose key role as a privileged
structural motif in antiparasitictlig discovery has recently been emphasfzethdcompounds (Figure
1) were prepaed applying a more sustainable chemistry approach, limiting the use of toxic solvents
and operating in mild reaction conditiondhe new moleculeshowed in vitro submicromolar
antiplasmodial activity against the. falciparumCQsensitive D10 strain, and increased potency with
respect to chloroquine in the G@sistant W2 strain. Derivativdd and 1cwere themost promising
compounds of the serieshowingthe highestin vitro activity and a favourable selectivity index with
respect to mammalian cellsThese compounds alsproved to inhibit the host degradation of
haemoglobin and the resulting hemozoin formation. Compofiadhowed a promisingransmission
blocking potential, beingnore effective tharCQagainst stage V gamatyptes ofP. falciparunparasite;
this effect is of pivotal importance for eradicating and preventing malaria infettion
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Figure 1Design of the new molecules
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Plenty of investigations have tightly associated carbonyl stress with a multitude of biological mechanisms,
like normal agedecline as well as different diseases. More in detail, the carbonyl stress pathway is
characterized by an increase in the level of reactive carbonyl species (RCS), derived from botmendo
exogenous sources, together with upregulation of the advancgdogidation products (AGEs) and its
receptor (RAGE)These RCS interact with the nucleophilic portion of some amino acid residues to form
covalent adducts. Moreover, they can also lead to DNA and phospholipids damages. The natural mechanism
against carbowl stress is the detoxification through a combination of aldehyde dehydrogenases and a
family of glutathione S$ransferase enzymes. Nevertheless, other compounds have the ability to scavenge
intracellular RCS, producing unreactive adducts that can be texcia the uriné. One of the most
promising pharmacological agents is the natural dipeptidel NJ/ 2 zalangtShistidine). This dipeptide

has been extensively studied due to its beneficial effects which can involve diverse molecular pathways,
including antioxidant, antinflammatory, and antaggregate properties among othérsThe RGS
sequestering ability of carnosine is based on a ratéip mechanism that includes Michael addition, Schiff
oFasS F2NNIFGA2Y S FYRK2NJI t I lprimary gimheland theBnhidazolk eng play 8§ 6 KA O
role. Unfortunately,L-carnosine bioavailability is limited due to the rapid degradation by the carnosinase
enzyme in tissues and serdniherefore L-carnosine analogs endowed with enhanced plasma stability
together with efficient RCS scavenging activity need to be developed.

Thus, we synthesized a novel set@ | N} 2aAYyS RSNA O A @PSas sK2asS RSaAdy
structures, as well as by the recently published interesting results obtainedPhyi-His*. This histidine
containing dipeptide is characterized by a higher scavenging activity together with greater plasma stability
than L-carnosine. The stronger affinity toward RSC is due to the secondary amine function that gives an
iminium intermediate which in turn is more conducive to the final Michael adduct.

Hence, the role of the secondary amine in the quenching activity has been further investigated by
considering different secondary amines, evaluating the role of both the sdteritance and the electronic
properties.

All synthesized compounds have been tested for their quenching activity agdigdtdxytrans-2-nonenal

(HNE), chosen as prototype of alpha, beta unsaturated RCS produced by lipid peroxidation. The assays
comprisemonitoring the kinetic by HPLIQV analysis and the formation of corresponding adduizsnass
spectrometry analyses.

Finally, the metabolic stability study of the tested compounds in human serum has been also investigated.
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Multidrug resisance against antibiotics currently available in clinics is a main problem of theettury.

To prevent the risk to enter in a peantibiotics era, WHO gave some rules in order to repristinate the
efficacy of current antinfective drugs, to avoid the spread of multidrug resistance and to obtain new
molecules with an innovative actionewhanismt This latter strategy could be achieved targeting new
validated antibacterial targets such as the microbial carbonic anhydrases{@Ajuperfamily of
metalloenzymes which catalyzed the reversible hydration of carbon dioxide in bicarbonagatod.®

This reaction is important in many physiological processes such asar@OHC® transportation,
biosynthetically processes, electrolytic secretion, photosynthesis, pH regulation, virulence, growing and
acclimatation of the pathogehWe proposethe development of penicillitbased CA inhibitor hybrids to

yield new potent antibiotics which combine the innovative @nfective mechanism based on CA inhibition
with that of betalactam antibiotics€.g.amoxicillin and ampicillin). The designed hglbnivere designed to
selectively target bacterial cells according to their affinity for the enzymdaD-Ala transpeptidase,
important for the synthesis of the microbial wall. The synthetized derivatives were submitted to a wide
kinetic enzymatic screengnto evaluate their inhibitory activity against CAs from Graygative and Gram
positive bacteria and their antibacterial action (MIC) was evaluated against multidrug resistant and ESKAPE
bacterial strain.
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Nowadays it is widelyecognzed i K & ! £ T KSAYSNDR&a RAaSIFasS o6!'503% |
disorder, is the outcome of a wide variety of factors highly interconnettedthe core of such

complex scenario, oxidative stress emerges as an important factor in the progression cfdhiedi

since it could trigger many pathological cascatiEise limited clinical efficacy of current symptomatic

treatment and minute effect on progression of AD has shifted the research fammssingle targets

towards multtarget directed therapeutic sttegies® Thus, the development ofnultifunctional
ligands,possiblyendowed with antioxidant capacities, may greatly improve the treatment of the

disease. Herein we propose a new family of multitardeected ligands obtained by linking
phenothiazine nucleys known for its antioxidant effect with N-benzylpiperidine or N-
benzylpiperazine fragmentsnimicking the core structure of donepezil, one of the few symptomatic

drugs approved to datein AD treatment. The investigation of theesulting hyrids (Figure 1)
demonstrated, in addition to antioxidant properties, their activity against relevant molecular targets

Ay 1'5 &dzOK Fa GKS Oflaairld Qiefdrehafiod andShereseBta o K! / K
proposed endocannabinoid system (FAAFurthermore,molecularmodelling studiessupported

the obtained results.
R4 o
ID)‘\
BOANONE)
N n X
H |
L 1

Figure 1 General structure for compounds under study.
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l dzYFy ! FNAOLFY ¢NBLI Yy2a2YAlLaraa ol ¢ox faz (yz26y
disease spread in 36 stBaharan African countries. The disease is caused by two protozoan parasites
of the genus Trypanosoma, calleffypanosoma brucei gambis@ and Trypanosoma brucei
rhodesiensgandis transmitted by the tsetse flyDespite the recent advances in drug development,
few therapies have been approved for the treatment of sleeping sickness, but most of them are toxic,
expensive, or ineffectiv€Therefore, novel drugs with improved safety profiles are needed.
Hydrazones represent a class of compounds endowed with interesting features sastioagdant,
anti-inflammatory, anticancer,antiparasitic,and antimicrobial propertieg Recently, pyrazolone
based hydrazonedave beenused to coordinate Ru(ll) affording complexes wglomising
anticancer activity

In this studynovel pyrazolonédased hydrazones and their Zn(ll) and Cu(ll) complexes were
synthesized and characterized.€lbiological activity of ligands and their complexes agdirtstucei

was evaluatedn vitro, as well as the safety profile in mammalian cells.

Moreover, a hypothetical mechanism underneath the angpanosomal activity was proposed.
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EXTRACT OF PROCYANIDINS FROM VITIS VINIFERA SEEDS IN HEALTHY VOLUNTEERS

Baron, G2 Gado, F%Della Vedova, EFumagalli, L35 Q! Y I & &ltBmate AT Carini,M.;2Del
2Q» Morazzoni, PzZand Aldini, G2

a Department of Pharmaceutical Sciences (DISFARM), Universita degli Studi di Milano, Via Mangiagalli
25, 20133 Milan, Italy®Department of Food, Environmental and Nutritional Sciences, Universita degli
Studi di Milano, Via Luigi Mangiagalli 25, 20133aMjlItaly;° Divisione Nutraceutica, Distillerie Umberto
Bonollo S.p.A, 35035 Mestrino, Italy.

giovanna.baron@unimi.it

Proanthocianidins (PACs) froiitis viniferaseeds are a class of bioactive compounds effective in
preventing some human diseases suah CVD and diabetes, through an amtidant and ant

inflammatory effect. The molecular mechanism through which these compounds exert their effect is far

from clear, especially considering that PACs are not bioavailable ad Jineh aim of the present

investigation is to fully elucidate the main metabolic species in the plasma and urine of human volunteers

treated for one week with a dose of standardized extract of PACs (EC¥\(BOS mg twice a day) in

respect to a placebo group and to elucidateithiaiological action. HPEXZS/MS studies carried out with

a triple quadrupole and orbitrap as MS analyzers identified the sulfated and glucurinated formsmf5% n
dihydroxypheny - £ S NP f -V)@si tReyn®in BAC metabolites after one week of treatt. In

particular, after the last dose, the urinary content of the conjugated metabolites, as well as of the free

form, increased 4 hours after the last dose reaching a plateau within 12 hours and then decayed time
RSLISYRSyiGfted ¢KS @2y NEESHGIRNERIEMIE dnetaddlite from the gut

microbiota) and our results well indicate that such metabolite is widely absorbed and excreted in
conjugated forms in urines. We then explored whether the biological activity of PACs can be attributed

G £ St adild+®dy CRINNI EVviag dyddhNdizied saBdits biological activity tested in phenotypic

cell models to evaluate its anbixidant and antinflammatory efficacy. The antioxidant activity was tested

in a cell model with a reportegene for Nrf2 activation while the artiflammatory activity in cells with a
NBLI2ZNISNI 3SyS T2NJ bC¢ . vy dz0f-@wadable dMibohzaétizae Nif2inzh¢g A y R dzO
range 10200pa | YR (G2 AYKAOA (G bpMSconcentriom ResultshaBo/indi€aheéRhet | ™ N
the molecular mechanism can be attributed to thgo-R A LIK Sy 2 £  -WwghiktSisiagtivazed to the
corresponding quinone which is an electrophilic residue able to activate Nrf2 by binding the thiol groups

ofYO! t M® bNFuH FOGAGFGAZ2Y Ay Gdz2NYy NBRdzOS&a (GKS AyTFtlY
gene activation of several artiffammatory proteins, including heme oxygenase.

To confirm such a mechanism and in particular the activati@ntifoxidant and antinflammatory genes

related to Nrf2 nuclear translocation, we then isolated the proteome from the buffy coat isolated from
volunteers treated with ECOVIP#ad placebo for one week. Quantitative proteomic studies are carried

out by usng the TMT method and a nafidC system coupled to a Orbitrap Fusion Tribrid MS analyzer.

Ly O2yOftdzaAizys ¢S F2dzyR G KI {-Viwhiohd rapidiySabsyised and 2 f A O f
SEONBGSR Ay O2yedAl G§SR ¥F2 N¥Ya-Vavdsdéundltaibe a dubagtivel SR |y
compound able to induce a Nrf2 induced aokidant and antinflammatory activities as found in

phenotypic cell models as well as in in vivo conditions by proteomic studies.
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Glioblastoma Multiforme (GBM) is the mosbmmon and highly aggressive primary brain tumor,
representing approximately 57% of all gliomas and 48% of all primary malignant CNS cancers. Currently, the
standard therapy for GBM includes surgical resection, followed by radiotherapy, and concomitant and
adjuvant temozolomide (TMZ). However, GBM remains an incurable disease associated with treatment
resistance and high recurrence rates, leading to a poor prognosis with a median survivdl6ifihths

and a 5year survival rate of 5%?Therefore, therds an urgent need to develop new effective treatments

to fight GBM. Novel therapeutic targets, including kinases, are being explorgzbrtantly, the aberrant
activation of receptor tyrosine kinases (TKs) and their downstream signaling cascade, gntthedinonr
receptor TK Src, provide a strong rationale for investigating Src inhibitors in* GBiMcent years, our
research group has obtained significant results in developing new compounds active against GBM by
inhibiting Src; in particular, the pyrap§3,4-dlpyrimidine SI306and its prodrugCMP1 which allowed to
overcomeSI306sub-optimal water solubility, were identified~{gure 3.5 Both compounds were activia

vitro andin vivoGBM model$:6 In vivg combination treatment o§1306with radiotherapy showed strong
activity in arresting tumor growth compared to control and single treatméfiiaking advantage of these

data, we focused on the development of a new theranostic prodeildR2 of SI306 bioconjugated with
radioactive®®G&* chelate through a suitable linkerFigure 3. The new agent wadesigned to target GBM

cells after hydrolysis and to monitor the distribution and concentration of the injected labelled molecule
through PET imaging. Synthesi<CofiP2and the first prelimmary results will be discussed.

HN/©\Br BrQNiO/\/Q/
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Figure 1 Structure ofSI306and its prodrug€MPland CMP2
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Cystic fibrosis (CF) is a recessive genetic disease found primarily in Caucasians and caused by mutations
that impair the function of the CFTR chloride chanAahong the 2000 known CF mutations, deletion of
phenylalanine at position 508 (F508del) is thestncommon one, causing multiple folding and stability
defects in CFTR protein which result in premature degraddtidPharmacological correction of mutant

CFTR defects is an effective therapeutic strategy for CF. In particular, combinations of cenéittor
complementary mechanisms can be used to maximize the rescue of FBDBTH proteif.

We have recently identified a very promising class of small molecules, PP compounds, in the rescue of
F508delCFTR in cell lines and in primary airway epithelial cells, particularly in combination with type 1
correctors such as v809. Very interesting redts emerged for compound PP28 that elicited a strong
synergism when combined with 809, causing improved trafficking to the plasma membrane and an
increased abundance of the mature form (band C) of the protein. A translational approach based on
multidisciplinary studies is now driving our efforts to generate more effective and potent analogues as
useful tool for precision medicine in CF. Several iterative cycles of chemical synthesis and evaluation of
the corrector activity have provided so far usefuloimation about the structureactivity relationship

(SAR) of the chemical entities synthetized. More than 300 new compounds have been obtained, clustered
into: a) analogues of the parent core; b) new chemical scaffolds. All of them have been testeéetororr

i) on primary airway epithelial cells (bronchial and/or nasal); ii) in biochemical assays and by microscopy
to evaluate the effect on F508d€IFTR maturation/trafficking. Some new potent analogues emerged as
F508delCFTR correctors, producing a scomparable to that of V809 and a strong synergism when

used in combination with it. The pharmacological insight indicates that PP compounds possibly act as class
3 correctors, since they inducgynergistic effect when combined with class 1-80%) am 2 (3151)
correctors but not with class 3 (4172)heoptimizationprocess of ADME profile is ongoing, in order to
improve medchem propertiepreserving the activityWe aim to obtain the best tradeff between
LI2GSyOék STTAMMWIORY SayuR dexdidpr@iNFbized lead compound that could be
considered for preclinical and clinical development.

We acknowledge the Italian Cystic Fibrosis Research Foundation (grant number FFC#3/2020 and
Molecules 3.0) and FSE, PON Ricerca e Innovazion2@P4 DM 1062/2021 for fundings. We thank

Dr. Tiziano Bandiera, Italian Institute of Technology (IIT), providing correctors 3151 and 4172 for the study.
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NOVEL PYRIDINBASED HYDROXAMATES ANAMINOANILIDES AS HISTONE
DEACETYLASE INHIBITORS: BIOCHEMICAL PROFILE AND ANTICANCER ACTIVITY
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Our research group acquired extensive experience in the design of HDACI in the last two detadesl,

we described a new class of selective HDACKe8oy1H-2-pyrrolyl}N-hydroxy2-propenamides (APHAs,
Figurel 1) as agents capable of inhibiting HDAC activity in the micromolar range, characterized by an aroyl
moiety as CAP+CU, a pyrrylacrgiigiety as HS, and the hydroxamate group as ¥B&ensive structure
activity relationship studies performed on tiHemodel led to analogues with improved HDAC inhibitory
potency and good anticancer properties in mouse A20 édllather optimizations orl amongst other
modifications the replacement of the pyrrole with benzene or pyridine ring in the scaffold Btiacting

as anticancer agents through HDAC inhibition. A further change of the oxopropenyl with an amide moiety
led to the Nhydroxy3-(acylaminophenyl)acrylamide8)¢ as an additional class of HDACI potent up to
nanomolar levef.Next we prepared based on compouBgreviously described by us as a HDAC inhibitor,
four azaanalogues, as regioisomers containing the pyridine nucleus inugagositions. We developed

both pyridylacrylie and nicotiniebased hydroxamates and-aminoanilides to be tested against HDACs.
Among them, some nicotinic hydroxamates displayedsaiomolar potency and selectivity up to 34 000
times that of HDAC4 anddim 100 to 1300 times that of all the other tested HDAC isoforifise 2
aminoanilides were classstlective HDAC inhibitors, generally more potent against HDAC3. The
biochemically most potent compounds were tested in several cancer cell lines sudt&&2itHCT116, and
A549 cancer cells, displaying antiproliferativey i@lues at singleligit to submicromolar level.
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FROMAHIT TOA PRECLINICAL DEVELOPMEANDIDATHHE DISCOVERY OF
ARN23765, A NOVELOMOLAR CORRECTORTHES08lel-CFTRPROTEIN
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Cystic Fibrosis (CF) is a lethal genetic disease caused by mutation€lthesmembrane conductance
Regulator (CFTR) chloride channel, resulting in reduced ardoductance on epithelial cells of multiple
organs. Among the ca. 2000 mutations of the CFTR gene, the most frequent is the deletion of phenylalanine
at position 508 (F508del\This mutation causes a severe defect in protein folding and stability, aectsff

the gating behavior. An effective treatment for F508del CF patienjgires at least aorrector, to increase
CFTR levels at the cell surface, ambtentiator, to increase the opening frequency of the mutant CFTR
channel? Only few correctors forhte treatment of CF patients bearing the F508G8ITR mutation have
been so far approved in combination with a potentiator. Trikafta®, a recently approved combination of two
correctors, i.e., tezacaftor and elexacaftor, and the potentiator ivacaftor, rgmtssan important step
forward in the treatment of CF. However, there is still the need to continue developing new CF therapies.
Using a highthroughput functional phenotypic assay, based on the HaBidasitive Yellow Fluorescent
Protein (HSYFP¥,a setof about 15,000 maximally diverse commercial smallecules was screened in
two different cell types (FRT and CFBEX&t@bly expressing F508eeFTR.

‘ . =

" ARN23765
2 °
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Figure 1.SAR evolution to the discovery of ARN23765

Starting from primary hiARN5562more than 500 analoguesgere synthesized and tested in the MEP
assayRounds of chemical modifications and functional evaluation in different secondary assays provided
the information to build the Structurdctivity Réationships (SARSs) within this novel chemical cBased

on its potency and efficacy in all ecblised assay®yRN22081vas identified as the lead compound, and
used as starting point for further SAR evolutibtore advanced analogues were then identifieavinga

suited druglike profilefor further development. This work allowed the discovenABIN23765as a novel,
potent CFTR corrector that is currently under preclinical development investigation.
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NLC AS PROMISIRGATFORM TO DELIVER NEW PRODRUGSITIREAIBMENT OF
OPHTALMIC CANCER
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Among ocular malignant tumors in adults, the most common is uveal melanoma (UM), characterized
by a great ability to metastasize and by a 50% mortality in ay€heroleob 2 G K ~ MNBO© S LJi 2 N&
development of the tumor suggests a possible involvement oantagonistas a possible UM
treatment approach; moreoveralso HDAC demonstrated to exploit an important role in tumor
proliferation, thus HDAC inhibitors could lpotential adjuvants i therapy. Basing on these
considerations,(+)MRJF22,9- (¢)-MRJF22 andR-(+}MRJF22¢ prodrugs of (+haloperidol
metabolite Il conjugated with valproic acgldemonstrated to have a promising antiangiogenic
activity on 921 uveal melanoma (UM) cellsSince ophthalmic administration continues to be a
OKIffSy3aS F2NJ RNUzZAQ&a O0A2F @ AflFoAfAGeY GKS SyOl LI
into nanostructured lipid carrier (NLC), represent a valid approach to overcome ocular dratvbacks
and efficiently convey the drug to the target site. In this research work, NLC composaftisan

and Isopropyl myristateand loaded with(9-(¢)-MRJF22 andRj-(+}MRJF22were developed,
obtaining respectiveh\NLC andRrNLC. Phase Inversion Temperaturethod was selected as
preparation method after the ascertainment of the thermal behavior of the two drugs using
Differential Scanning Calorimetry (DST)e characterization of the produced nanosystems involved

the measurement of pH and osmolality values, which were into ocular physiological range due to the
use of TRIS buffer as aqueous medium. Moreover, Photon Correlation Spectroscopy (PCS) analysis
was performed in order to assess mean particle size and homogeneity (polydispersity index), which
were respectively below 150 nm and 0.230; zeta potential resulted to be almost neutral (&bout

mV). Encapsulation efficiency (EE%) resulted to be 57.17%-{q)-MRJIF22 int&NLC and 55.87%

for (R-(+)>MRJF22 int&NLC. Finallyn vitrocytocompatibility of blank and loaded NLC was analyzed

on 921 UM cell line, demonstrating good cell viability at concentration beldwuM. The obtained

results suggesthat the platform developed for the delivery 0§((¢)-MRJF22 andRj-(+}MRJF22

could be promising for the treatment of UM. Further studies aimed to the assessment of cellular
uptake andn vivoeye biodistribution using fluorescent probe will be perfaun
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EXTRACTION, PURIFICATION AND BIOACTIVITY OF POLICOSANOLS FROM NON
PSYCHOACTICANNABIS SATIVA
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Policosanols (PCs) refer to a mixture of lghgin aliphatic alcohols with the number of carbon atoms
varying from 22 to 34. These logbain fatty alcohols are arousing great interest, given their multiple
biological activities PCs are mostly known for their serum lipid and cholesteréring effects through
HMGCoA reductase gene modulation, but also other properties are described in the literature for PCs,
including antioxidant, aniinflammatory and antproliferative actvities2 There exist a large number of
natural sources from which PCs can be extracted; of great relevance as PCs sources are sugar cane, rice
bran, wheat and beeswax, their lomfain alcohol composition varying according to the specific raw
material. Beside the aforementioned natural sources, recently fityge Cannabis sativa. (hemp) has

been identified as a potential novel and unexplored source of PCs, with a different and peculiar
composition in fatty alcohols with respect to the other naturalises.

In the light of all the above, the aim of this project was the development of a highly efficient method for
the extraction, purification and analysis of PCs in hemp, as well @3 titeo evaluation of their biological
activities. In this resealcproject, the wax material obtained from the supercritiflaid extraction (SFE)

with CQ from nonpsychoactiveCannabis sativa. inflorescences (hemp), was investigated, which is a
byproduct obtained from cannabidiol purification process. To the bésiuo knowledge, this is the first
study aimed at the characterization of PCs in hemgx. A microwavassisted (MAE) procedure was used

for transesterification and hydrolysis of the compounds of interest from the starting material, as PCs are
usually presnt as longchain esters in natufe PCs were purified from reaction mixture by means of
preparative liquid chromatography under normal phase conditions. In addition, a new HPLC method with
evaporative light scattering detection (ELSD) was developed ar twafficiently quantify PCs in the final
purified mixture. The purified PCs mixture was found to be richpd®I€ and eOH. interestingly, odd

chain PCs (i.e. pentacosanals@H, and eptacosanol, C270H) were also identified.

The new HPLELSD methodeveloped was applied also for the quantitative analysis of PCs in thirteen
hemp inflorescences samples belonging to different varieties for scouting purposes.

In vitroassays were carried out on the purified PCs mixture obtained from heaxp in order toassess

their cholesterollowering, antiinflammatory and antiproliferative properties

This study demonstrated the relevance of hemgx as a novel source of PCs and it will pave the way
toward its future possible application in the pharmaceutical andrameéutical ambits, in a circular
economy perspective.
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TARGETING THE DIMERNOMER EQUILIBRIUM OF THYMIDYSXNHHASE, TO
ACCELERATE PROTEIN DEGRADATION AND CANCER CELL GROWTH INHIBITION
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Thymidylate synthase (hTS) is an homodimeric protein existingimer-monomer equilibriumThis
equilibrium can be altered when specific ligands can bind at the protein interface. Drugs that target
the hTS are widely used in anticancer therapy. However, treatment with classical substrate site
directed TS inhibitors shcas 5fluorouracil and others, induces, among other mechanisms, protein
over-expression and the development of drug resistance. Previous results suggest that the monomeric
form of the protein is involved in process leading to protein level regulation. X¥jgeat that dimer to
monomer shift can cause protein level reduction and anticancer efficacy. To discover interface binding
hTS inhibitors that can shift the equilibrium to the monomer and reduce drug resistance development,
we started a tetheringbased aproach targeting the interface residues. We mutated the tyrosine
residue to cysteine and developed a disulfide covalent library screening. Then a medicinal chemistry
program delivered an optimized lead. By combining structural, spectroscopic and kinestigation

of the effects of the small molecules we confirmed the dissociative mechanism towards the hTS target.
Then we showed that the best inhibitd/,accelerates the proteasomal degradation of hTS in cancer
cells.E7showed a superior anticancergfile to 5fluorouracilin a mousemodelof humanpancreatic

and ovarian cancerThus, over sixty years after the discovery of the first TS prodrug inhibitor,
fluorouracil,E7breaks the link between TS inhibition and enhanced expression in response,ipgovid

a strategy to fight drugesistant cancerg1]

Monomer
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FLUORESCENT NANODRUGS FOR NEUROINFLAMMNBUCED BEZOVIB19
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Although Coronavirus Disease (COYH), a SARS0V2 virusderived infection, has long been described as a
respiratory disease, numerous neurological complications have bééyhlighted, including the
neuroinflammatory syndromé An obstacle to the neuroinflammation treatment is represented by the blood
brain barrier (BBB) since many aimflammatory drugs are unable to cross it. The use of nanoscale vectors
could allow overaming the limits of the administration of these drugs to the central nervous system {@NS).
fact, nanesized vectorization is a strategy currently used to improve the targeting and delivery of compounds
for therapeutic use to CNS. It allows overcomiegesal of the limitations of conventional drug delivery systems
such as nosspecific biodistribution and targeting, reduced aqueous solubility, poor oral bioavailability and low
therapeutic indexé Drugs resistance could also be solved, or at least ratjuog using nangized particles,
which are able to accumulate in cells without being recognized by cell membrane efflux pumps, one of the main
mediators of multi drugesistance, with a consequent increase in the intracellular concentration of dTigs.
date, one of the main nansized particle formulation consists of covalent bonding of the nanoparticles with
drugs, resulting in the formation of a prodrug. This strategy can also offer a delayed drug effect since covalent
nano-prodrugs show greater stalfiy than nanoparticles obtained through other strategies (e.g. drug
encapsulation).
For this purpose, soft fluorescent organic nanoparticles (FONPs) have been prepared which, in addition to
having a remarkable solubility in aqueous media, exhibit bridi fluorescence properties (Figure 1A and
1B)?® Furthermore, FONPs surface can be grafted also with hydrophobic drugs and fluorochromes (i.e., Nile
Blue, Cyaniné)(Figure 1C)Such a conjugation would increase both the solubility and biodistribution of
hydrophobic drugs and provides probes that, for their fluorescent properties, can be studiednbgtto and
in vivoas an attempt to identify a possible treatment of COVIDO&8uced neuroinflammation.
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Figure 1.(A) Normalized absorptioffviolet) and emission (light blue) spectra of nanoparticles in w#Bmormalized 3D
excitation and emission spectra of nanoparticles in waf€) @neral chemical structure of@NPS binding drugandor
a fluorochrome.

References

1. SpudichS; Nath, A. Scienc&022 375(6578) 267-269.

2.CerqueiraS. R.Ayad N.G.Lee J.KFront. Cell. Neuros@020 14:576037 1-13.

3.Chg K;Wang X; Nie, S; Chen ZG.; Shin D.M. Clin Cancer Re2008 14(5) 13101316.

4. Dong, X.; Mumper, R.Nlanomedicine (Lon@010, 5(4), 597,615.

5. Daniel,J.;Montaleytang,M.; NagarajanS.;Picard,S.;Clermont,G.; Lazar,A.N.;Dumas,N.; Correard,F.; Braguer,D.;
BlancharéDesceM.; Eséve, M-A .; Vaultier, M.AC0mega2019,n 2 My onHbmMyopn

6. Perrone, M.G.; Vitale, P.; Miciaccia, M.; FerorelliC8mtonze, A.Solidoro, R.; Munzone, C.; Bonaccorso, C.; Fortuna,
C.G.Kleinmanns, K.; Bjgrge, L.; ScilimatP®armaceutical2022 15, 668693.

10C



Medicinal Chemistry Nuove Prospettive in Chimica Farmaceutica BARI, Palazzo bel Prete A
September 11-14, 2022 Divisione di Chimica
Farmaceutica

T Y 3 9 . : . £ . .. .
» | Qa4
XXVl
» ‘ Natlonal Meeting on 14t Young Medicinal Chemists’ Symposium

X

\w =

3 UNIVERSITA
DEG STUDI D BARI
ALDO MORO

PO-021

DEVELOPMENT OF NOVEL NONCOVALENT INHIBITORS OF 20S PROTEASOME
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The ubiquitinproteasome system (UPS) is a key pathway involved in the intracellular protein turnover of
eukaryotic cells. It is also responsible for the regular cell progression, immune surveillance and
homeostasis control. Problems related to the UPS can lead to an uncontrolled cell proliferation and to

tumor development. Proteasome is also involved in the degradation of many-pratoproteins, which,

if not removed from cells, can generate malignanéies

20S proteasome core is characterized by a bdikelstructure with four stacked rings: two innetrings,
O2ydFAyAy3 GKS OF (I f e-ingsOwhasdznra#i6r is th Baintayi R gate gheougk dzii S NJ !
which proteins enter the barrdlke struéi dZNE ® ¢ KS OF G f @ GA O &dzodzyAdGa | NB |
for the caspasdike, trypsinlike and chymotrypsitike activities, respectively. It is currently well
RSY2yaidNXGSR GKIG dGFNBSGAY3 (GKS i p ofroielantidaickrO & dzo dzy
agents both for solid and hematologic tumdrs.

Our research team has been involved in the last years into the development of new pseudopeptides as
covalent and noncovalent proteasome inhibitdrsin this work, we designed and synthesil a new

series of amideda-h as noncovalent inhibitors of constitutive proteasome (FigureThg structure of

novel amides bears a pyridone scaffold at the P3 site, as bioisostere of a leucine residue, whose function

is also to lock the peptide into ¢hbioactive conformation; while the amino group in position 5 of the

pyridone scaffold has been introduced with the aim to increase the polarity of the molecules.

Because of the lack of specificity at the P2 site, we initially introduced a glycine restuiethe amide

group, at the P1 site, was functionalized with aliphatic or aromatic substituents endowed with
hydrophobic properties, as requested for the accommodation into S1 site.

All the synthesized molecules were tested against constitutive psate® to evaluate their inhibitory

properties by means of fluorimetric assays. The results of this investigation will be presented and
discussed.

P,

GOy | e >
Yo

UM GINOIRAGENE S

la-h
Figure 1 Structures of novel amideka-h.
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TRIAZOLORIAZINEAS PROTEIN KINASE{OKHIBITORA FURTHER STEP TOWARDS
THE DEVELOPMENT OF POTENHBROPROTECTIVE AGENTS IN NEURODEGERATIVE
DISORDERS

Cescon, B Grieco, |12 Spalluto, G%Federico, S.

aDepartment of Chemical and Pharmaceutical Sciences, University of Trieste, Via L. Gi@4i&7 1
Trieste

eleonora.cescon@phd.units.it

t NPGSAY (AYyFaS /YMt A& (y26y F2N Ada [LhRakticudadNe LA O N
beddes its weHl Y26y NBES Ay O2yGNRffAy3a (GKS OANDIRAFY N
YySdZNPRSISYSNI A0S RA&A2NRSNA adzOK Fa !'ft1 KSAYSNRa R
sclerosi<. Thus, the lack of effective therapies has enemad the development of new CKinhibitors

with a view to achieving innovative therapeutic approaches. The focus of this work was to investigate the
triazolotriazine5,7-RA F YA Y S a Ol T F 2 { R-coingetitive SndilSitbre didce/th¥s nmucleus hais

PNRE @Sy (2 0SS | &adz00S&aaftdzZ NBLXFOSYSyid 2F GKS !¢t Qa
(Figure 1). Particularly, taking advantage of computational studies on previous trdaaloe seried at

the 7 position different diamine linkergere inserted to deepen the interactions with the solvexposed

domain of the protein. Several alkyl and cycloalkyl diamine chains with different lengths were used but also

the 1,4bis(aminomethyl)cyclohexane to evaluate the role of the chain flexib#ill the substituents were

easily inserted with microwave assisted synthesis. At the 5 position of the heteroaromatic system, a free

amino group was maintained while at the 2 position theéhgenil group proved to be the most promising

one. Interestingly compounds bearing at the 7 position a diamine alkyl chain with the terminal amine
protected by thetert-butyloxycarbonyl (BOC) group showeegbMalues in the micromolar range. Notably,

the most active compoundl( Figure 2) has thé&,4-bis(aminomethyl)cyclohexane as linker with agIC

@ tdzS 2F mdno >ad® ¢KSaS NBadZ Ga +Fftt2¢ dza G2-1 aadzys
protected 1,4bis(aminomethyl)cyclohexane chain and its spatial disposition in interactthghve kinase.

In addition, considering the activity of the compounds with the terminal amine-@Boiected, the

substitution of the terminal amino group with different aromatic systems or an acetyl group has been
performed to study the role of the sterliindrance in this position as any additional interactions with the

catalytic pocket. Unfortunately, the inserted groups have led to a worse or lacking inhibitory activity
G26FNRa& /YML® . dAf RAY3I dzllR2y GKS&S TAtg Rucidaiedt®e ¥ dzd dzN.
structure-activity relationship of this triazolriazine5,7-diamines series leading to a more focused

structural optimization.

R4= cCy4H7; cCsHg; 2-thyenyl;

3-OCHj3-Ph; 3-OH-Ph; NHz

)N\Hz N)\N,N S ‘

N
NZN-N PGP >_©

N\ = N

Rot  Rey A A=y . N
H H N (o) N
R2 =Cy4Hg; CsHio; CeHias X 1)( 1
cHex; piperazine; CHy(cHex)CH, 1C50 (CK18) = 1.01 uM

R3 = tert-butyloxycarbonyl; H; benzoyl; 1-naphtoyl;
benzyl; 4-phenylbenzoyl; acetyl

Figure 1.0n the left: General structure of the triazeldazine5,7-diamines synthesized as GKATRcompetitive
inhibitors. On the right: Chemical structure of the most potent compound of the series.
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NEWTRPM&BLOCKERXERANTICANCEACTIVITOVERCASTRATIORESISTANT
PROSTATE CANCER MODELS
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TRPMS has lately emerged as promising target in prostate cancertR6)TRPM8 modulators has

been suggested as potential anticanegients in thisnalignancy Their effectiveness has been recently
demonstrated in a castratieresistant prostate cancer (CRPC) model, that is considered the most
aggressive form of PC because it is usually resistant to androgen deprivation therapy: (& )his
reason, the discovery of potent and selective TRPM8 modulators would improve the standardized
treatments for PC currently being uséd In thiswork, we describe the design and the synthesis of a
new series of TRPM8 antagonists, firsthamcterized in vitro for their potency and selectivity by
fluorimetric calcium assay$his preliminary screening enabled to identify several selective and potent
compoundsfi MM 38 A L Batchclamp electrophysiological assays have bperiormed

for the most potent derivatives, corroborating their notable activity. Furthermore, we have also
investigated the behavior of these compounds in 2D and 3D model of PC. Again, the effectiveness of
the compounds has been confirmed in spheroid medall these results confirm a remarkable efficacy

of these TRPMS8 antagonists in inhibiting the growth induced by androgen in various PC cells and in
CRPC models.
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DESIGN AND SYNTHESIS OF INNOVATIVE CHIMERA COMPOUNDS TARGETING
TRANSTHYRETA t h{L¢L+9 /wh{{ Lb¢9w!/ ¢Lhb
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¢KS 3ANBIL (A 2Y 142 pPeptieVadstag d cRtical el ltriggérlinithe etiopathogenesis of

't T KSAYSNDA RA&ASIAS o60!50d 'y AYolLtlyOS 6SiGs6SSy LINE
spontaneous selfssociation intsoluble toxic oligomers and insoluble aggregates.

Transthyretin (TTR) is another potential amyloid protein that establishes a positivertesstion with

I .42t avoiding its aggregation and participating in its clearafce

Human TTR is a hontetrameric protein characterized by four identical subunits o 14 kDa each. The four
monomers, through hydrophobic interactions, are assembled in couples of dimers and two dimers are
associated back to back to form a tetramer. The TTR tetramer is charactbyizedo identical funnel

shaped named thyroxine binding sites {B8), located at a dimedimer interface, figure 1. The tetramer

is usually stable, exception when a single point mutation occurs and drastically decreases its stability, thus
promoting amybidosis. In contrast with its intrinsic amyloidogenic potential, as mentioned before, TTR

Oy AYUGSNI OO gAGK i FyR LXFe& | LINRPGSOGADBS NRES Ay
Alteration in TTR tetramer has been observed in AD pati&ttglies suggest that the HF helix of TTR is
ONHzOAFE F2NJ GK8 AyiSNIOGA2Y GAGK !

Rational multitarget drug design, which combine molecules having complementary modes of action, is a
promising strategy for the development of new aAfD drugs. In thigontest, our aim is to combine

through a linker a small molecule able to stabilizers TTR tetramer with a peptidomimetic, mimetic of TTR

helix, to modulate the favorable crodsy 4 SNI OG A2y 06Si6SSy GKS (620 LINRGSA,)
(figure 1).

mv = small molecule (tetramer-stabilizer)

'3
#{ = peptidomimetic foldamer

Figure 1:Graphical representation of chimera compounds

AB Glearance
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COMBINED APPROACHES OF SUSTAINABLE CHEMISTRY AND TARGET FISHING FOR THE
OPTIMIZATION OF PYRIDOBENZOTHIAZOLNES -ASANVIRUS AGENTS

Felicetti, T2 Gwee, C.PBurali, M.S*Chan, K.\K.? Cecchetti, V&Marcello, A¢Vasudevan, S.;
and Manfroni, G.

2 Dipartimento di Scienze Farmaceutiche, Universita degli Studi di Perugia, 06123, Perudia, Italy;
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The mosquiteborne viruses belonging to the genus Flavivirus, such as Dengue (DENV), Zika (ZIKV), West
Nile (WNV) and Chikungunya (CHIKV) viruseseaponsible of a high number of infections in humans,
causing from mild fiike symptoms to hemorrhagic fevers, hepatitis and neuropathi€s. date, no

specific treatments are available for flavivirus diseases and newlawitiirus drugs are strongherded?

Over the years, we identified a series of pyridobenzothiazolone (PBTZ) analogues as potitatiants

agents targeting the viral RNA polymerd&ased on these results, in this work, we report the development

of a sustainable threeomponent reaction (3CR) for the synthesis of functionalized PBTZ scaffol@®s at C
and G8 positions. Then, by exploiting a epet procedure, we combined an-gitu hydrolysis with the 3CR
affording PBTZ acid derivatives suitable for functionalization-#fp@sition? This new green procedure
allowed us to quickly synthesize a wide set of PBTZ analogues as potentil\dvitus agents. Of note,

we observed that theabsence of a carboxylic function at the4(ortion furnished analogues lacking
polymerase inhibition activity, while showing a boosting in the-lbafled antiflavivirus activity, with
compoundl (Figure 1) exhibiting B&£values in the sumicromolar range. Preliminary studies on the
mechanism of action (MoA) suggested the ability of these analogues to generate fatal mutations in the new
viral RNA. To perform more in depth investigations, we also synthesized a chemical probe, close analogue
of 1, to expbit a photoaffinity labeling approach for target identification. On the other hand, PBTZ
analogues having a carboxylic function a4 @osition retained a significant DENV polymerase inhibition,
but also gained a cellased antiviral activity at the prentry step, as observed by tiraf-addition
experiments. Indeed, derivative (Figure 1) exhibited a virucidal activity at low concentrations against a
wide panel of RNA enveloped virusés.(flaviviruses and SAR\2), highlighting a novel MoA for this
series of derivatives.

)
o N ) \\©\SO2NH2

S COuEt
/@: />_/ [} Replication inhibitor
R N MeO.__OMe One-pot 3CR ECso DENV-2 = 0.57 uM

1
CCsp Huh-7 cells = 70 uM

fo) N C-4 functionalization
Me”™ Me bt HO,C
R o o g
2 L™
0 N / Virucidal agent
[e]
2

OH ECso WNV = 0.30 uM

ECs CHIKV = 0.30 uM
F ECgo SARS-CoV-2 = 0.30 uM
OMe

Figure 1 Onepot 3CR and @ functionalization for the synthesis of anfiavivirus and/or virucidal agents.
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MULTHOBJECTIMEPTIMIZATION OF NEURAL NETWORKS FOR THE DE NOVO
GENERATION OF TARGETED CHEMICAL LIBRARIES
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We present an adaptation of a SMILES atrtificieglligence generative algorithm to the de novo
generation of chemical libraries fulfilling multiple objective optimalilshe algorithm, originally by
Olivecrona & at, is based on neural networks. The adaptation plugs in the training iterative ofcles
the network, where a scoring function addressing different objectives from a Paretian perspective is
introduced: such objectives may range in a large number of physicochemical requirements, such as
bounds on MW, logP, HBA, HBD and even synthesisatitityaffinity to chosen targets; this latter

bias currently being introduced only be means of similarity constraints to well known ligands. The
method has been tested applying it to the generation of chemical libraries targeting neuramidase,
acetylcholinestrase and the main protease of severe acute respiratory syndrome coronavirus 2. The
libraries generated by the proposed method have been extensively checked for validity, diversity,
druglikeness and respondence to the objectives. Finally, molecularrdpbkis been used to check

the capability of the method to effectively address the purpose of generating molecules with high
affinity to selected targets. The implementation has been made available to the public as open source
project at https://Github.CorfAlberdom88/Moo-Denovo.
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Severe acute respiratory syndrome coronavirus 2 (S20R&) is responsible for the COVID pandemic

and currently, specific treatments for SAB&\V2 are still neededThe spikeglycoproteinis located on

the surface of the SARSV2 envelope and medias virus entry by interacting with the host ACE2
receptor [1]. Recently, a large body of literature data hiaghlighted the critical role of disulfide bonds in

the dynamic structure of the Spike protein in receptor binding and entry/fusion protefj. Rreliminary
experimental studies performed by some of hayve demonstrated how\-C exposure of SARDW2
inactivates its infection capability. Mass spectrometry demonstrated that this occurs by the reduction of
key disulfide bonds in the spike structusehile surface plasmon resonance (SPR) analysis confirmed that
UV-C exposure causes a significant decrease in the spike binding affinity for ACE2.

Based on these premises, a model of SER®2 spike protein [5] has been used to performamturate
analysis of its dynamic behavior by an extensive molecular dynamics (MD) simulation at 500ns. Solvent
Accessible Surface Area (SASA) calculations on the MD trajectory revealed that, among the targetable
regions suggested by literature and by mapsctrometry;an intriguing transient pocket emerges as of
interest that includes one of the disulfide bridges. A repositioning strategy has been consequently applied,
screening with docking procedures anhiause database of drugs and traditional medicamenpounds.

40 thiokbased small molecules have been filtered and, among them, 8 compounds have been selected as
optimal candidates able to perform a disulfide bond with the cysteine residues of the target pocket. The
stability of two of the eight molecutehas been already evaluated by three MD simulations at 100ns, while
calculations on the remaining six complexes are currently running. The most promising compounds
identified will be presented and fully discussed. Computational simulations were supportde EGI

ACE Horizon 2020 project that granted access to EOSC infrastructure and platform services and ELIXIR
CNR.BiOmics, the research infrastructure fordifeence data.

As a prosecution of the research, mass spectrometry and SPR evaluations pelifdiened on the
selected compounds to ascertain their effective capacity to disrupt key disulfide bonds in the spike protein
and their ability at inactivating SAR®V2 infection will be testedh vitro.
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Nowadays, the nutritional and heaHlpromoting properties of extra virgin olive oil (EVOO) is well
recognized.A wide spectrum of nutraceutical properties has been attributed to EVQ@ to the
presence opolyphenols, such as oleocanthal and oleacein.

EVOO production shows great relevance from an environmental sustainability viewpoint due to difficulty
of treatment of related waste productsln fact, EVOO waste management is characterized by significant
amounts of byproducts such as a semisolid sediment residue, olive mill wastewater (OMW) and olive
leavesobtained during the harvesting or pruning process of olive fris the other handhese discards
contain phenolic compounds endowed with nutraceali properties, a promising font of bioactive
compounds to be valorized.

Recently, the development of biomedical devices constituted by biocompatible fibers incorporating olive
leaf extract (OLE) obtained by discarded leaves of olive trees have beemereffiéigure 3.* These
biodevices showed antnflammatory and antibacterial properties which are essential in wound healing
and tissue regeneration.

The aim of this work is the further valorization of EVOO and #wrbglucts (leaves, sediment a@MW),
developing new &luable BioDevices endowed with nutraceutical properties in biomedical field. The
project well aligns with the sustainable goals of Recovery and Resilience Plan (PNRR) concerning the re
evaluation of food waste supply chain, which significantly affectetiéronmental impact.

S
S

Figure 1 BioDevice based on olive leaf extract incorporated in biofibers
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The fight againsthe COVIEL9 pandemic has represented on the greatest challenges facing the
scientific community in the recent years. In these respibcee whey proteinderived peptides (IAEK,
IPAVF, MHI), endowed with ACE inhibitory actiyitiere examined fotheir antiviral activity against
the SARE0V2 3Clike protease (3CI°) by employingreliable and detailedn silicoanalyse&
Computational studies showembnsistentinding poses within 3€Efor the threeinvestigated small
peptides, considering dé&ing scores as well as the binding free energy vaMatdation by in vitro
experiments confirmed these results. dietails IPAVF exhibited the higheisthibitory activity by
returning an IC50 equal to 1.29M; it was followed by IAEK, which registead|C50 of 154.46M,
whereas MHI was less active with an IC50 equal to 2708\M2 Interestingly none of thethree
peptidesreturned a reliable binding pose withiduman Rhinovirus 3C protease {3)binding site,
and neitherregistered inhibitory actiity against 3€°. The results herein open the door to new
opportunities for the development of duddrget small peptides that are endowed wittelective
antiviral 3CE° and inhibitory ACE activities.

Figure 1 Panels (ec) report the best poseeturned from docking simulations for IPAVF (cyan sticks),IAEK (green sticks),
and MHI (magenta sticks) peptides, respectively. Red arrows and grednlwntines depict hydrogen bondg; p, and
electrostatic interactions, respectively. Black wirefransaew the original sidehain conformation of the 7LOD crystal
structures. Yellow arrows highligtite shifting of the side chains from their original positions, due to the induced fit.
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SYNTHESIS ANIHARACTERIZATION OF NEAMMBENOSINE RECEPTOR ANTAGONISTS
AS POTENTIAL NEUROPROTECTIVE AGENTS

Spinaci, A%Lambertucci, G Marucci, G&Buccioni, M2 Francucci, B: Angeloni, C%Volpini, R2
Dal Ben, B.

aSchool of Pharmacy, Medicir@hemistry Unit, University of Camerino, Via S. Agostino 1, 62032
Camerino, Italy’Department for Life Quality Studies, Alma Mater Studiorum, University of Bologna,
/| 2NBR2 RQ! dZAdzA G2 HOTI nNnTHOHM WAYAYAI L

diego.dalbe@unicam.it

Adenosinereceptors, classified in1AAa, As and A subtypes, are rotein coupled receptors
implicated in many functions both in central nervous system and in the whole body ..Abebtype

is of particular interest because it is involved in neuroprotectiviepsseslt has been demonstrated

that inhibition of Aa adenosine receptors exerts neuroprotective effects counteracting
neuroinflammatory processeand astroglial and microglial activatiddany Axadenosingeceptor
ligands were developed and some bétn, with antagonist activity, resulted being effective in animal
Y2RSta 2F t I NJ]AYyaz2y QanaRdgansteaddwied With dahthine StEi@ufef A Yy S =
have been approved in Japan and USA for the treatment of this disease used togetheredtipkev

The reference compound for the study of this receptor subtype is ZM 241385z adénosine
receptor antagonist endowed with a triazolotriazine scaffold. In this work, based on the structures
of ZM 241385 and of-8ubstituted 9ethyladenines, lig 9-ethyl-8-furyladenine 1), a new series of

2,8 disubstituted Sethyladenine derivatives has been designed and synthegkzgdre 1)

The synthesis was performed using common organic chemistry reactions starting from commercial
2,6-dichloropurine. All the new conqunds were tested on human recombinant adenosine receptors
stably transfected ortChinese hamster ovary (CHO) cells using specific radioligands. Compound
bearing the amino side chain present in the ZM 241385 and-iteimoxy analogue showed high
affinities at A, adenosine receptors, comparable to that of ZM 241385, but lower selectivity:for A
and A subtypes.Furthermore,one of themwas found to exert antinflammatory properties in a
microglial model of neuroinflammaitn, since it was able to reduce piaflammatory mediators and

to increase antinflammatory cytokines in microglia cells.
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ZM 241385
Figure 1Structure of 1, ZM 21385 and new synthesized moides
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STRUCTURECTIVITY RELATIONSHIP STUDIES LEADING TO SEOPEMNE D4
RECEPTARGANDS POTENTIALLY USEFUL FOR THE TREATMENBLASTOMA
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Glioblastomas (GBM) are the most common malignant brain tumors and are characterized by an
aggressive invasive behavior associated with a survival medianid @bnths and high resistance

to therapy.Temozolomide is the only chemotherapeutic showing positive outcomes, but its efficacy
is transient and occurs in a subgroup of patiehtus, the clinical need is to develop new specific
anticancer agents targeting regulatory pathways outside the traiiti chemotherapies. Dopamine

and its receptors are involved in the growth of cancers and, in particular, D4 receptor subtype (D4R)
has recently garnered interest as a potentially therapeutic target for GBM treatment, considering
that inhibition of D4R disipts the autophagytysosomal pathway of GBM neural stem cells, leading

to apoptosis? According to the Cancer Genome Atlas data on GBM gene expression, adult patients
with high D4R levels have worse survival than those with low expression. Howeverseattprfew

data suggesting that the D4R is crucial for the survival of GBM cells are reported.

Based on these observationis, this study, new ligands endowed with high affinity and selectivity for
D4R were discoverestarting from the brain penetrant an@®@4R selective lead compoune(3(4-
phenylpiperazirl-yl)propyl}3,4-dihydroquinolin2(1H)}one ().2 In particular, maintaining the\-
arylpiperazine moiety, the quinolinone portion was replaced by bioisosterédei and the propyl

linker by chains of diffrent lengths. Moreover, substituents with different electronic and lipophilic
contributions were inserted in orthometa and paraposition of theN-aryl terminal(Figure 1).

o (\ /© (\N,Ar
N : , A ‘:
(5:(/\/"\) \/Xv”\)
1
Figure 1 Modifications of the chemical structure of the lead compound

All the compounds were evaluated for their affinity B2R, D3R and D4R by radioligand binding
assaysThe most selective D4R ligands were also tested for their functional activities by BRET assays
to detect D4R @INR G SA Yy | O (arréstiniirdcuiginent. iRally, the most interesting
compounds werevaluated for their potential in affecting the viabjlof GBM cells lines and primary

GBM stem cells. The potent and highly selective D4R ligands emerged from this study might further
shed light on the role played by this subtype in GBM and, especially, become lead compounds for the
discovery of new alteratives to the standard treatments such as surgery and radiotherapy, that
cannot always be applied, and pharmacological treatments, that are still very limited because of drug
resistance.
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IPEROXO/DEQUALINIUM AND W84/DEQUALINIUM HYBRID LIGANDS: SYNTHESIS,
PHARMACOLOGICAL AND COMPUTATIONAL INVESTIGATEOMATRS
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The use of bitopic ligands to study the properties of Muscarinic Acetylcholine Receptors (MAChRS) is a
very active field of researc¥%2In this regard, bipharmacophoric molecular probes were found to switch
between two different binding orientations in the Msubtype, resulting in both active and inactive
populations of receptors bound by a given ligand, a behavior that has been ternmainday ligand
binding? Continuing our interest in this field, we focused our attention on the properties of Dequalinium
chloride, a bigyridinium quaternary ammonium compound, which was recently reported to act as a
potent muscarinic allosteric modulatashowing an overall selectivity towards the Bubtype? Starting

from this observationwe designed and synthesized two series of novel hybrid ligands incorporating in
their molecular skeleton the allosteric moiety of Dequalini(ffigure ). The first saes is based on the
combination of Dequalinium with the orthosteric superagonist Iperoxo and aimed at novel chemical
probes interacting cooperatively with both the orthosteric and the allosteric binding site. In the second
series, Dequalinium was hybridizewith the allosteric modulator \A84, affording new putative
allo/allosteric ligands.
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Figure 1 The new Dequalinium hybrid ligands.

In this study, the newly synthetized compounds have been characterized through titwepbkinding
assays at the fivemAChR subtype§ he activity on the allosteric site has been investigated by measuring
the affinity (logkcd at the PH]-NMSoccupied muscarinic hisubtype. Moreover, docking simulations
have been performed to highlight the interactions within the ortho/allosteric binding pockets of the hM
crystal structure addressing the role of linker lenglihe synthetic approach and the details of the
pharmacobgical and computational investigations will be illustrated and discussed.
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INSIGHTS ON HETEROCYCLIC SULFONAMIDES AND SULFAMIDES AS CARBONIC
ANHYDRASE INHIBITORS FOR TREATING CANCER DISEASES

Gitto, R;? DeLuca, L2 DiFiore, A”%De Simone G.;> Mancuso, F3Bucolo, F3Angeli, Aand
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Carbonic anhydrases (CAs) aré'Zontaining enzymes catalyzing theversible hydration of carbon
dioxide to generate bicarbonate and proton. There are distinct CA isoforms that are implicated in a
wide range of diseases, including cancer. Particularly, in solid tumors the isoforms hCA 1X and hCA XIlI
regulate pH thus comblling the differential pH microenvironment within cancer cells; as a result, the
microenvironment is favorable for cell survival under stressful conditions. Based on this evidence,
selective inhibition of hCA 1X and/or hCA Xll isoforms could offer arfeemadlecular targets for
development of theranostic in cancer therapin recent years, many new advances have been made
toward the development of CA inhibitors bearing sulfonamide or sulfamide moiety binding the zinc ion
present in the active site. In diion to the abovementioned crucial chemical features, these CA
inhibitors are characterized by structural fragments able to create a network of interactions in the CA
cavity as well as to address selectivity toward hCA IX/XIl isoforms over ubiquithudlhSearching

for new active and selective inhibitors, we have rationally designed a small series of compounds that
demonstrated high affinity towards tumor expressed hCA IX/XII isoféfnEncouraged by these
promising results, in this study we extid our exploration toward a new series of
sulfonamides/sulfamides (Figure 1) that were synthesized and tested in a stdlope€Q hydrase

assay. To better understand the mechanism of inhibition and isoform selectivity we performed
theoretical and struairal studies, that described the recognition process within catalytic binding site
(Figure 1).

Figure 1 Chemical structures of sulfamide/sulfonamidlased compounds and recognition within CA cavity
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SMALL MOLECULE INHIBITOR OF ABPNAGGREGATION: PREDICTION OF PUTATIVE
BINDING SITE AND MOLECULAR DOCKING
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Alphasynuclein {-syn) is a highly disordered neuronal presynaptiatein, that physiologically regulates

the release of neurotransmitterddowever,h-syn accumulation is the main histopathological feature of

some neurodegenerative disorders, called synucleinopathies grtteem, in Parkinson's disease (PD), the
hdey | O0O0dzvdzZ  GSa YIAyte Ay [Thke®drethe idemifcatiGndof smgllR [ Sg &
molecules able to inhiblt -synaggregation could be a viable treatment for PD.

To achieve this goal, the webrver SwissSimilarity was used to perform a lighaskd virtual screening
employing two promising -syn aggregation inhibitors as query compoutidg hree different approaches

have been independently employed to estimate the similarity between the eefee molecules and those
contained in the SPECS library, used as search database: FP2 fingerprints, Spectrophores and Electroshape.
Thirty-five hits were selected for the vitro studies based on their score, dHigeness properties and
structural divergy, allowing us to identify MESC RS NA @ (i A &$n agiegalidd imrtbifoi in b
Thioflavin T fluorescence assay. To investigate how ME®&@Is to"-syn, we performed a computational

strategy to map putative druggable pockets using a combinatib three different software, such as
fPocket, SiteMap and FTMap. To perform the planned computational analysis, we studied two structures

2 T (-8yS fibfils available on RCSB PDB databases (PDB code: 6FLT and 2NOA); through a clustering
approach we otained two possible druggable sites, called SiteA and SiteB. (Figlsirg.three different

software (Autodock, Gold, Glide), a consensus docking methodology was performed to explore the binding
ability of MESE. As result, we can suggest that MEIS@eferably binds the SiteA rather than to SiteB.
(Fig.1B).
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Figure 1:(A) Putative binding pockethighlightedin different color surfacesin magenta SiteA and in green SitéB)
Plausible binding nite of MES@ (orange stickdhto the binding &te A.
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DUALSTERMOLECULERARGETING AROMATASE ENZYME FOR BREAST CANCER
TREATMENT
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One of the firstline therapies for the treatment of hormordependent breast cancer is based on
suppression of estrogen production, through the inhibition of cytochrome P450 aesedAR), the

key enzyme for estrogen biosynthesis. Despite the remarkable efficacy of marketed aromatase
inhibitors (Als), serious siekffects and drug resistance can arise, limiting their therapeutic application.
The need to overcome the different issueslated to the use of these drugs has led to investigate other
potential mechanisms of inhibition of estrogens production. Recently, allosteric inhibition of AR has
emerged as an intriguing alternative strategy, since three putative binding sitesdrediffregions of

AR structure were identifiel. Among these, one was locatedose tothe most favorable access
channel for the catalytic site. As part of a project aimed at the development of novel Als, we recently
made a first attempt to develop duahode inhibitors? in which a rigigoentinyloxychain potentially

able to reach the access channglas inserted on some imidazolylmethylxanthohékat had
previously showrorthostericinhibition of AR. Unfortunately, the presence of thang andrigid side

chain on the xanthone cordid not lead to higheactivity. Thus to get further information about the
chemical space of the putative allosteric site and establish the most favorable structatates to
interact with the residues lining the enzyme access channel cualstericcompoundshave now been
designed with improved central core flexibilififigure 1) To this aim the rigid xanthone core was
replaced by a3or 4-imidazolylmethylbenzopenone scaffold, already reported by us in the structure

of compounds endowed witi\R inhibitingactivity, and alkoxyside chains of different length and
rigidity ¢ S NB AYAaASNILSR Anyfong Li#ed awid A seyes  of Qebmpounds3-
imidazolylmethylbenzophemes proved to be remarkably more potent than the corresponding 4
substituted derivatives, and the side chain also proved to play a role in ac@#gsical molecular
dynamics (MD) and mixed quantuohassical (QM/MM) MD simulations were performed to oaglize

the binding mode of this set of compounds, along with the key interactidtisenzyme residues.
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N

Figure 1 Design of novel benzophenones.
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QSPR STUDY: MULTIVARIATE APPROACHES IN THE ASSESSMENT OF THE PHOTOSTABILI
OF NEWLY SYNTHESIZED DIHYDROPYRIDINES
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1,4-dihydropyridines (DHPSs) represent the most important classtgpé calcium channel blockers,
widely used in the treatment of cardiovascular diseases, particularly hypertension and angina
pectoris! Recently, modifications of the DHP scaffold have utateéd the channel blocking activity
towards the ftype calcium channel allowing to obtain active molecules in treating a further variety
of disorders, including pain and epilegspHPs are characterized by a high tendency to degrade
when exposed to lightleading to an oxidation product deriving from aromatization of the
dihydropyridine ring’.In this study, the elaboration of a quantitative structyeoperty relationships
(QSPR) model has been carried out by correlating the light sensitivity of shedy synthesized
DHPs against theoretical molecular descriptors. Photodegradation experiments were performed by
exposing the drugs to a Xenon lamp following the ICH rules. The degradation was monitored by
spectrophotometry and spectral data were elabordtbéy Multivariate Curve Resolution (MCR)
methodologiest The data modelling suggests that most of the tested compounds furnished a
pyridine derivative as the only photodegradation product, according to adid#r kinetic. On the

other hand, for some copounds, together with the pyridine derivative, the formation of a secondary
photoproduct has been observed. The kinetic rates calculated for photodegradation experiments
were combined with a series of descriptors related to the chemical structures cadulat a
dedicate software. After an accurate variable selection, 15 molecular descriptors were used in the
elaboration of the QSPR model (Fig.1) to correlate the kinetic photodegradation rate to the molecular
structure.

This model was validated with @xternal set

of novel DHPs, yielding very satisfactory™ sy

“VR2Dzv

statistical results. The good agreement® e

between the predicted and measured. oato. g P!
photodegradation rate demonstrated the high? °- ) . o
accuracy of the QSPR model in predicting the: s S " SR

photosensitivity of the drugs belormgj to this £«
class. Accordingly, the calculated model could:
represent an effective tool to design new s  aaTSOm .
analogs characterized by higher <= osoe 0z 0 oz oees s
photostability.

Figure 1: Scores and loadingsiot of the QSPR model
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Letrozole(LTZ)is one of the most prescribed drugs for the treatment of breast cancer in- post
menopausal women, and it is endowed with selective peripheral aromatase inhibitory activity. The
efficacy of this drug is also a consequence of its-lasting activity, likgl due to its metabolic
stability. The reactivity of cyano groups in the letrozole structure could, however, lead to chemical
derivatives still endowed with residual biological activity. Herein, the chemical degradation process
of the drug is studied by copling multivariate curve resolution and spectrophotometric
methodologies in order to assess a detailed kinetic problegradation studies indicatiat LTZ,
although stable to light irradiation, generates three main derivatives under stressing chemical
conditions, such as changes in pH or oxidizing environment. The analytical data collected by UV/Vis
spectrophotometry duing the kinetic experiments arprocessed by chemometric methodologies
(Fig. 1, left} The soft multivariate curve resolution of the datetrices confirmshe role of pH and
oxidants in favoring the formation of the diamide, diacid anddXle degradation productsihe
capability of these compounds to accommodate into the active sitehef énzymehas been
investigated bymolecular dockingFig. 1, rightf.Our resultssuggest that the sustained inhibitory
activity of letrozole may be at least in part attributed to the degradation compougidse the
metabolism of LTZ could lead to compasrstill effective

Aromatase active site

. o
N._
« N

/NL:IZ\ SO

Figure 1. LTZ degradati@xperimentsmonitored by UV/Vis analysis and molecular dockinfidegradation products.
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DESIGN, SYNTHERISLECULAR MODELING AND PHARMACOLOGICAL EVAOFATION
2,7-DIAZASPIRO[4.4]NONABRERIVATIVES A®VEL SIGMA RECEPTORS LIGANDS
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Sigma receptors (SRs) represent a unique receptor class involved in several biological and pathological
conditions. Two subtypes are distinguished and termed sigimeceptor (S1R) and sigrareceptor

(S2R), having different structure, biological functions, and pharmacological profile. The S1R is highly
expressed in both central and peripheral nervous systie areas of great relevance for neuroprotection,
neuroinflammation, neurotransmission, and neuroplasticity. Alterations in the function of S1R have been
associated with neurodegenerative diseases, pain, stroke, and retinal degenération.

Over the yearsspirocyclic compounds have gained increasing interest in the development of bioactive
compounds and contribute to a variety of approved drugs and drug candiddtes.introduction of a
spirocyclic moiety in a molecule grant a peculiar spatial arrangertieit may influence important
parameters, such as potency, selectivity and physicochemical properties.

Here we report the development of novel 2drazaspiro[4.4]Jnonane derivatives where the central core

has been flanked with hydrophobic groups at a certdistance to the central basic amine being this a
common structural requirement of potent SR ligands as identified by previous works (Figure 1).

/ AMINE \ \ ‘*s» :

SITE )
P 'N—{ Spacer Glu172
aN (, B &
PRIMARY @
HYDROPHOBIC SITE

SECONDARY
\HYDROF’HOB&C SITE / \

Figure 1.General structure of 2;diazaspiro[4.4]nonan&R ligands.

This chemical matter has bedeveloped according to structwaffinity relationships approach consisting

in the following steps: (i) design of new candidate ligands; (ii) in vitro radioligand binding assays; (iii)
iterative compounds design based on affinity and selectivity; (iv)hegm of the new compounds for
further pharmacological evaluation. Several compounds have been synthetized and detailed mechanistic
studies performed to understand the binding with the SR. Molecular modeling analysis was carried out to
deeply analyze theibding mode and the interactions established between the ligands and S1R and S2R.
Finally, the most notable compounds have been subjected to toxicity evaluation and thus screened for
phenotypic effects in in vitro and in vivo models.
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N-ADAMANTYJANTHRANIL AMIDE DERIVATIVES: NEW SELECTIVE LIGANDS FOR THE CB2
RECEPTOR POSSIBLE THERAPEUTIC TARGET AGAINSIPCOVID
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Cannabinoid receptor 2 (CB2R) is a GPCR that, together with cannabinoid receptor 1 (CB1R), endogenous
cannabinoids and enzymes for themetabolism, forms the EndoCannabinoid System (ECS). Several
studies have shown that CB2R is involved in pathological states, such as neurodegenerative disorder,
neuropathic pain, cells and in inflammation associated with obesity, insulin resistancegaiattoholic

fatty liver disease. For this reason, the anfiammatory and immunenodulatory actions of CB2R ligands

are emerging as a novel therapeutic option for these diseases.

In late December 2019, a novel coronavirus (SBRE or CoV19) appeaed in Wuhan, China, causing a
global pandemic. SAR\2 causes mild to severe respiratory tract inflammatidhe stimulation of CB2
receptors is known to limit the release of pmflammatory cytokines, shift the macrophage phenotype
towards the antiinflammatory M2 type and enhance the immungodulating properties of mesenchymal
stromal cells. For these reasons, CB2R may also be a therapeutic target against€OVID

Unfortunately, CB2R has a high degree of homology with CB1R. We aimed to identigleetwe CB2R
ligands as potential drugs devoid of psychotropic side effects caused by CB1R activation. Supported by
computational studies performed on the recently released CB2R crystal structures in complex with a
synthetic antagonist, AM10257we focwsed our attention on the design and synthesis of new N
adamantylanthranil amides (General structure illustrated in figure 1B), ligands selective for CB2R.
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the general structure of ouN-adamantylanthranil amide derivatives (B).

We explored various substitutions on the indicated three arms as to igeatifational SAFIR and SAR
model. The interesting results from in vitro functional assay and from the cytokines production highlighted
the pivotal role of arml substitution on the CB2R activity profile (switch from agonist to antagonistic
activity).
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DEVELOPMENT OF A MICROSCALE THERMOPHBBRBEBISIETHOD FOR SCREENING
AND CHARACTERIZING INHIBITORS OF THE METHYL LYSINE READMRGAISOTEIN
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MRG15 is a transcription factor with a crucial role in embryonic development, cell proliferation and
cellular senescence Structurally, MRG15 contains, among all, a methylation reader domain
(chromodomain) which responsible for the interaction of the protein with histone andhistone
substratesDespiteMRG15 is involveih different physiological and pathological statasdate the

role of this proteinhas not been fully elucidated due to the lack of specific and potent chemical
probes. Therefore, as for other reader proteins, the interest in developing smalécule inhibitors

is very high?.

Here we report thalevelopment of a Microscale Thermophoresis (MST) assay for the reader protein
MRG15Figure 1)In the first part of the workthe labeling procedure of the protein was optimized,
andanassay developmentas appliedtesting different buffers and the efée of stabilizing agents

on MST signal. Subsequently,assayvalidaion was performedusing the reference compound
UNC1215 Finally,the screening of a small library of compounds was perforneatliingto the
identification of 10 compounds able tind MRG15vith affinities ranging from 37.8 nM to 59.1 pM.

In conclusionMSTresulteda robust and fast method for the identification of new ligands of MRG15

Protein
Labeling
Optimization

MST Assay
Optimization

Small Library -
Screening {

Figure 1 Workflow for the optimization and validation of the MST method
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| dzYly 5b! (2LR2A&2YSNI &S LLh O6KGLLhO A& 2yS 27F 0
catalyzes topological changes of the DNA molecule that are essential for the progression of
transcription and translation, and its levels are higher in rapidly dividing.cElisre are several ways

to tackle this established target, and agentstargehg L Lh | N RAGARSR Ayid2 (672
established group of topo Il poisons, a few molecules are routinely used in clinical practice. Due to the
frequent occurrence of serious side effects, especially cardiotoxicity and induction of secondary
tumors, as well as the observed resistance to topo Il poisons, further drug development efforts have
0SSy dzyRSNIi 1Sy (2 GFr1S FTROIFIYyGFr3IS 2F 20KSNJ AYKAD
has led to the development of catalytic inhibitors ofht b G Kl G 2FFSNJ ySg 2 LI NI
established target and inhibit it via alternative inhibitory mechanisms. Such molecules could, in
principle, possess an improved safety profile with comparable anticancer effidacyur previous
research4,6-substituted 1,3,8riazin-2(1H)-ones were discovered as monocyclic catalytic inhibitors

2F KOGLLh GFNBSGOXy3 AdGa !¢t OoAYRAYy3I airis

In order to improve the inhibitory activity and optimize the physicochemical properties of this class of
compounds, dvelopment continued based on the previously synthesized active compounds. We
retained the most promising substituted benzyl fragments at the position 4 of the trg{if)-one

scaffold and introduced new bicyclic substituents at the substitution sifehése substituents were

selected from an analogous series of purtiné & SR OF G I f & §. After ekiénsivie molekwakK A 6 A (0 2
simulations examining the molecular recognition between the substituted tr2¢ih)-one and

LIzZNR YS A Yy KA 06 A GEPNuading sit® seuekabtargétichnipbunds were synthesized and
SELISNAYSy(GlIftfte aONBSYySR F2NJ KGLLh AYKAOAGAZY D ¢K
LLh O2YLI NBR (2 (G4KS AYyAGAFEf aSNASAZ thegRlecteS OI G
active compoundslong with binding to the isolated ATPase domdihe developed series represents

a new step in the development of 4dubstituted 1,3,5riazin2(1H)-ones towards potentially safer
chemotherapies that exploit the paradigm®fl G f @ i A0 KGLLh AYKAOAUGAZ2Y D
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The major players of the endocannabinoid system (ECS), the cannabinoid receptors CB1R dothC82R,
multi-facetted therapeutic platrm for managing several neuroinflammatory disorders. Whilst CB1R
appears in high densities among neurons, regulating neurotransmitter release and synaptic strength, CB2R
is found mostly in glial cells and microglia, modifying the ratio between @nd ari-inflammatory
cytokines released by these ceMslarge volume of data indicates that compounds activatiagnabinoid
receptortype 1/ . mw0 OF Yy LINRPGSOG F3IFAYyad ySda2NByYyFf RFEYF3IS LI
limiting the release of glatmate, a key mediator in excitotoxic damage of neuronal cells and
oligodendrocytes. In fact, an excessive glutamate release may involveatouenulation of calcium,
resulting in excitotoxicity, a process common to many brain disorders that often leadsitonal deatht

Our group already investigated the ability of the rgpecific CB1R/CB2R orthosteric agonist@eMFigure

1) to inhibit the glutamate release by activating CB1R-6BMvas an effective CB1R agonist at presynaptic
CBI1R, controlling glutamate release, desibehaving as an agonist at the microglial CB28&e recently,

we reported for the first time that in the presence of the pure CB1R Positive Allosteric Modulator (PAM)
GAT229, known as the(§ enantiomer of the derivative GAT211, the glutamate redciakibitory effect of

FM6b was enhanced, and an inhibitory action on the release was revealed at lefb Ebhcentrations,

which wereper seineffective at the CB1R.

The combination of orthosteric and allosteric ligands at CB1R, therefore, might beoweféettively inhibit

the release of glutamate by promoting the activation of neuroprotective CB1R and, in addition, limiting the
psychoactive side effects frequently associated with CB1R direct activation thanks to the presence of the
allosteric ligandConsidering this evidence, we decided to translate this concept by developing a new series
of compounds, namehRF, potentially able to bind to both allosteric and orthosteric sites at CB1R
simultaneouslyRFligands were created by linking the pharmacoph portion of the PAM GAT2Mith

that of the orthosteric agonist FMb (Figure 1)Besides the synthesis, we hereby describe the preliminary
functional examination of this series of orthosteatiosteric dual ligands.
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Figure 1 General structure oFM6h, GAT21land compounds belonging to the twRFseries.
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The enzyme Aurora kinase A (AURKA) is involved in centrosomes maturation and separation. In
neuroblastoma, it displays a critical function independently of its kinase activity by binding to the
oncoprotein NMyc, preventing its degradation. This interactionnttbutes to the progression of
neuroblastoma due to the interference with the cellcle exit of neuroblasts. While intense efforts have

been made to develop AURKA inhibitors, the very low druggabilityMy®has prevented any successful

strategy for cemotherapeutic intervention. However, recent studies demonstrating the interaction

between AURKA and-&l@ O KI @S LINRPGARSR |y Ayy20FGiA@dS GKSNI LIS
LINEPYLIISR GKS ARSYGAUOFGAZ2Y 27F ySMycOapstiadmerRtda | 6f S
promote NMyc degradation. New studies indicated that some already known AURKA inhibitors were

capable of blocking this protejprotein interactiot. RPM1722has emerged as a promising orthosteric
bis-anilinopyrimidine AURKA inhibitor. hsomine atom of the benzene ring is thought to be responsible

for inducedRA L2t S FT2NOSa GKFG FNBST S-autldogiSy ¢Syd2yWwH2 NOWE (1A 2
However, although in vitro assajRPM1722was able to also inhibit the -Nlyc/AURKA interactiont i

seemed quite ineffective in cdbased assays. This is probably because the greater speed whereby the

more stable complex is formed removes free AURKA available to be bound by inhibitors. In this scenario,

we described the design and synthesis of a ribvaty of 2,4disubstitued pyrimidine structurally related

to RPM1722. The pyrimidine core and the-garboxyphenylamino substituent in position 2 have been

kept. Conversely, the nitrogen atom was replaced with an oxygen or sulfur and the phenyl risgionpo

4 of the pyrimidine was modified by introducing halogens in 2, 3 and 4 positions. On the other hand, it

has been also shown a covalent Coenzyme A inhibition of AURKA as a result of the formation of a sulfur
bridge between the thiol group of the pagtheine tail and the side chain of Cys290 residue located in the

activation loop of AURRR ¢ KA & YSOKFYyAayY Aa aLISOAUO yR LINPGARS
irreversible inhibitory mechanism of AURKA which would possibly keep the AURKA iranatiah

unsuitable for NMyc binding. Hence, we retained the(2carboxyphenylamino) pyrimidine core of

RPM1722as anchor site and decided to design a long branch with a terminal electrophilic warhead to

mimic the pantetheine tail of acetyfoA to reacffor the Cys290 residue.

All the newly synthetized compounds were testaditroto assess their ability to inhibit AURKA and most

of them were found active in the nanomolar randéne putative covalent inhibitor proved to effective in

the kinase inhibitin assay with an kgof 730 nM.The Xray crystal structure of the most potent inhibitors

were made to corroborate the biological results. Further investigations are needed to better understand

the mechanism of action of our compounds.
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Pharmacological regulation of theHbT system has a great therapeutic potential, and therefore it is the

subject of intense studiesOne of the most interesting-BIT receptors is the-BTiareceptor, involved in a

wide range of psychiatric disorders, apden in the proliferation of human tumor cells (PC3HTBa

receptor stimulates the secretion of various hormones and mediates several processes suelstaml

motility and secretions, wheredsHT,cis probably the one with the most widespread distriion in the

CNS and can mediate the action efi% in virtually all brain arealn thisstudy we report the synthesis of

two series of compounds, embodyingnbrbornene2-carboxamide nucleus, that have been evaluated for

their binding to the 5HTis, 5HT2a, and 5HTxc receptors. The designed molecules have been prepared

following the procedure depicted in scheme 1. The combination of structural elements (heterocyclic
nucleus, propyl chain, and -substituted

i i piperazine) known to be critical for fafity to 5
MOH i MNMC HTia receptors and the proper selection of
a b substituents led to compounds with high

i specficity and afinity toward serotoninergic
l receptors.Moreover, the compounds displaying
i better affinity and selectivity binding profiles
@)kg/\/\w/\ were selected in ordeto be tested byn vitroand

N in vivo assays todetermine their functional

Norbo 1-28 activity. Besides the outstanding-BTa receptor

Scieme 1: () GI(CHa)sNH; HOL DOC, HOBY TEA, GHON, 1. 24 1) 4-X-subsfute: piperazine, K00, affinity and selectivity oNorbo-14 supporting a

R 3,4 dichlorophenyl groupKki= 17.93 nM) and
Norbo-18 supporting a 4luorophenyt group (Ki = 18.65 nM) other interesting(i values were those of
compoundsNorbo-20, supporting a &rifluoromethylphenyl group(Ki= 22.86 nMwith), and Norbo-3,
supporting a 2,3limethyphenyl grougKi= 23.49 nM). When comparing the evaluated series of derivatives
to 5-HTxcreceptor selective ligands, as-BR&221, one can point norbornene derivatives supporting the 2
chloro (Norbo-10) and 2fluorophenylpiperazine Norbo-15) moieties as terminal groupre the most
promising, with their Ki values of 13 and 31nM, respectividiyne of the tested compounds expressed
significant antagonistic activity against the f@ceptor. Norbo 8 supporting a 4methoxyphenyl group,
showedan agonist profile(pEGy =6.78+ 0.09; &ax (%) =167 £ 2.3) towards the receptors. Finally, to
rationalize the different binding affinities/activities, molecular docking studies were carried out on the
complete series of derivative3he obtained results further support the choice bft5norbornene2-
carboxamide nucleus for the preparation of serotoninergic ligands endowedbwithia, 5-HTaand SHTxc
affinity and activity.
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Heme oxygenas# (HO1) is a stresénducible enzyme that exerts an active roleriaintainingcellular
homeostasis in response to oxidative stress. On the other handegudation of the H&L gene
(HMOX) has been linked to tumor aggressiveness and desistance phenomena in a cancer <ell
specific manner. AccordingliiMOX1gene silencing oHO1 pharmacological inhibition with both
competitive and norcompetitive inhibitors proved to be an effective strategy to enhance
chemotherapy efficacy in differénumor cell linest

To identify novel potent norcompetitive HGL inhibitors, wehave recentlyused a structureguided
fragmentbased approach talesign and synthesize the first set of hit moleciflédoreover, to
improve our previously reported 3QSARnodel? and refine it based on our4house library of azole
based compounds, we created an updated version of the old model. The n€$3R model has been
tested and compared to the previous one, and it showed improvement in predicting thé HO
inhibitory activity. Subsequently, the new model has been used to generate nowél iHidbitors
throughgrowing and scaffold hopping experiments, and the results are herein reported.

These findings support ouiig silicoapproach as a successful strategy to rapathd efficiently drive
the identification of new hit compounds for anticandarvitro evaluation andvalidate the use of our
updated 3D-QSAR model for the first time. The preliminary antiproliferative activity of the most
promising compound towardelected cancer cell lines is in progress and will be reported in due time.

In silico structure-guided fragment-based approach Synthetized compounds

N FN N FN
R riL
‘ /\O/\/\/N\/) /\o/\/\/N\/)
15t set 2" set
HN 0 HNY
RZ
RZ
general structure | general structure Il
R' = 3-Br, 4-Br, 5-Me R' =51, 5-Ph
R? = PhNH, PhCH,0 R? = Ph, Bn, ADM, (Ph),CH

Figure 1 Two steps ligand growingpproach and general structure of newly synthesized imidakzated compounds.
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The resolution of inflammation is a physiological process that leads to the restoration of normal
function in tissues damaged by internal or external insults. Chronic or unresolved inflammation is a
key pathological hallmark in various diseases, includexgodegenerative disorders. The resolution

of inflammation is finely orchestrated through the release of endogenous mediators, known as
Specialized Pro Resolving Mediators (SPMs), that induswitah from the production of pro
inflammatory toanti-inflammatory mediators. SPMs elicit their effects through the interaction with
specific membrane receptors, including the Formyl Peptide Receptor 2 (FPR2), which represent
valuable targets for developing new therapeutic approaches for the treatment of chronic
inflammation?

We recently identifieda class ofpotent non-peptidic FPR2 agonists with a ureidopropanamide
scaffold havingieuroprotective, antinflammatory, and preresolving activities in several in vitro and

in vivo models of Central Nervous System (QN$lisorders characterized by chronic
neuroinflammation?? Despite the encouraging pharmacodynamic properties, the ureido function
raises issues related to water solubility and potential toxicity. Therefore, the urea function has been
isosterically replaad with different heteroaromatic ringsWe report hereon the rational design,
synthesisand preliminary evaluation, supported by dockings to FPR2, of the observed activity of this
new set of compounds.

H H Q
T — O
CN

AMS-21
FPR2 EC50 uM (efficacy, %): 0.026 uM (140 %)
Metabolic stability (t1/2, min): 21 min

R4: F; Br; n: 0-1; X: O; S; Y: N; C; Z: NH; CHy;
R5: indolin-1-yl; 6-F-indolin-1-yl
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Owing to their high efficacand safety, macrolides have been in widespread clinical use for the
treatment of upper and lower respiratory tract infectiah$The reversible binding of macrolides to

the 23S rRNA of the large ribosomal subunit, at or near the peptidyl transferaser,celocks the
exiting tunnel for newly synthesized peptides and thus inhibits the synthesis of bacterial proteins.
The chemical structure of clinically relevant macrolides is characterized by a macrolactone ring,
usually consisting of 46 atoms, substiited by polar and no#polar groups and linked to one or
more carbohydrate units via glycosidic bonds. Despite the fact that new antibiotics have been
developed, some bacteria have acquired broad resistance, representing a global medical problem
which canonly be resolved by the discovery of new and more potent drugs. Our previous studies
have shown that linking known macrolide antibiotics to bioactive thiosemicarbazones resulted with
novel conjugates, the macrozones, efficient against multigesistant srains3# It has also been
reported that some thiosemicarbazones and their metal complexes possesgfaative, antitumor

and antiinflammatory activities.

In this work, we studied the interactions of new bioactive macrolide conjugates and their metal
complexes with thé&escherichia catlibosome by a combined use of NMR spectroscopy, fluorescence
measurements and molecular modelling simulations. Saturaticanstfier difference (STD),
WaterLogsy and transferred nuclear Overhauser effect (trNOE) NMR experiments provided valuable
data about ligand conformations and binding epitopes. Fluorescence spectra were further processed
by multivariate data analysis methotts assess binding constants. Molecular modelling simulations
revealed the macrolide binding sites at the colribosome.

The obtained results can further be exploited in the process of designing novel macrolide derivatives
with activity againstesistant pathogens.

Acknowledgenpents: This research was funded by HRZZ, grant numkH18B1-8098
dal ONRIT 2y Sa¢
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Psoriasis is a chronic and relapsing immumediated inflammatory skin disease, characterized by uncontrolled
keratinocyte proliferation and dysfunctional differentiatidriistological features of psasis plaques are
acanthosis (epidermal hyperplasia), increased vascularity in the dermis, and inflammatory irfi§rate. HS

has proven to be involved in inflammation, pruritus and cytoprotecfianplecular hybrids have been
developed for merging the beneficial effect af3+to pharmacological effect of the starting drug. Our research
group has indeed recently focused its attention on the hybridization of pharmacophoric units from different
bioactive compounds developing new chemical entities (by direct linkage, spacer linkage, fusing the moieties,
etc) able to retain the preselected characteristics of the original templates and exerting improved
pharmacological activity and/or reduced toxictty.

The project has been aimed to the synthesis of molecular hybrids containing an antipsoriasis drug, represented
by glucocorticoids or retinoids that have been coupled with differendS Hdonors such as-4
hydroxybenzothioamide (TBZ), -(&hydroxyphenyhB3H1,2-dithiole-3-thione (ADTOH), Sethyl 4
hydroxybenzodithioate (HBTA) andhygdroxyphenyl isothiocyanate (HPBetamethasone l-¥alerate and
triamcinolone acetonide have been selected as glucocorticoids, while acitretin and tazarotenic acid were
selected agetinoids: four series of molecular hybrids (compoutgéV) have been synthesized. Microwave
assisted synthesis has been adopted when opportune for a significant reduction in reaction times that is
associated with increased yields and improved puritpmiducts obtained reducing the use of solvents and
resolving agents in the worlp of reaction. Due to the involvement of proinflammatory mediators at different
stages of the psoriasis, herein we describe the-aftammatory activity of the k&releasirg glucocorticoids,

that has been evaluated through the quantification of TNE=6 and IE1 beta by using ELISA sandwich assay.
Moreover, two selected molecular hybrids, corresponding to compoMaisd Viliderived from triamcinolone
acetonide, were testd in vivoin a murine model of psoriasis.

In vitro Elisa assay demonstrated that betamethasdrevalerate and its derivatives were not effective in
reducing TNF levels, while triamcinolone acetonide and its derivatives limited TNF production and were the
most promising compounds. Triamcinolone acetoridZ Y/) and triamcinolone acetonidelPl ¥I) were the

most active. Similar results were found for the determination €8 And IE1 beta levels.

Based orin vitroresults, two molecular hybrid$/ and VIl were selected foin vivoevaluation: psoriasis was
induced by topical administration of imiquimod cream (IMQ) on mice dorsal skin for 5 consecutivédzys.
were then topically treated in the dorsal skin wigb mg of a nanodispersion (DLC) alone or DLC containing 1%
of selected molecular hybrids or 1% of triamcinolone acetonide. The determination of some Psoriasis Area
Severity Index (PASI), skin thickness and itch behavior were evaluatedrdtily last dg of evaluation (8),
treatment with 1% ofV or VIl based nanodispersion, rather than triamcinolone acetonide itself, was able to
reduce most of psoriasis scores. Pharmacological tests aimed to the assessment of the
synergic/complementary effect deriveay the release of £6 and of the retinoids are ongoing
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The nucleolus is a subnuclear structure whose primary function is the ribosome biogenesis. Emerging
evidence suggest that some chemotherapy drug§-&tuorouracil (8-U), commonly used for different
tumors, can perturbate ribosome biogenesis causing a condition known as nucleolar stress. In this
condition, some ribosomal proteins bind to murine double minute 2 (MDM2), the E3 ubiquitin ligase
involvedin p53 degradation, and inhibit MDM2 suppression of p53 activity. Thus, high levels of p53 result
in cell cycle arrest and/or apoptosidNevertheless, the majority of tumors escape death maintaining low
level of p53 by hyperactivating MDM2 aiMDMA4. In this context, it seems reasonable to improve the
efficacy of current chemotherapy and overcome drug resistance by exploiting a new therapeutic strategy
consisting in the combination of-BU with MDM2/4 inhibitors. Recent evidence indicates that
MDM2/MDM4 heterodimers produce a more effective inhibition of p53 than MDM2 homodimers in
terms of ubiquitination, degradation and p53 transactivation actignsequently, a more efficient p53
reactivation could be achieved targeting the MDM2 and MDMérfiace. So far, only a dodecapeptide

that overlaps the MDM4 COGidrminus domain, named Pep3, was reported as MDM2/4 disrdptor
Nevertheless, the size of this peptide did not allow defining the minimal structural requirements
responsible for the activityg prerequisite to obtain small organic compounds or low MW peptide ligands,
dzadzl tf & O2yairRENSBR OIRYWNRBARRNEA® hy (GKA& LINBYAaSasz |
disrupt the MDM2/4 heterodimer have been designed and developed, with fitioeom, VLPL3 and VLP

24, tenfold more potent than Pepg3In order to overcome the high susceptibility of the peptidemteivo
degradation, they have been loaded, alone or together witflL§ into specific nanoparticle (NPs) delivery
system, that have proved to be effective in activating the nucleolar stress pathway and reducing cell
proliferation on colon cancer cells (see Fey().

N Peptide PEGylated Cell uptake Cancer cell
Not interacting aminoacids loading shell Peptide-

\ loaded

NPs

—_— - - —
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and release of
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3
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o~ o
Shortening surface ! delivery MDM2/4 \ %
. ' disruptors  {*”
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Optimization A\ PLGA/PCL polymers W Peptide \Qjcleus
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Most active peptide- H,N. Cationic helper material
Figure 1
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The discovery of biased agonism has had important implications for the understanding of GPCR biology,
revolutionizing the traditional two state receptor model with a more dynamic vision of the receptors as
proteins able to switch among different states baesponsible of specific functional outcomé&me of

the most promising strategies leading to signaHlssdective (biased) GPCR modulaisrezpresented by
dualsteric compounds, consisting of allosteric and orthosteric pharmacophores combined in giee sin
ligand through particular spacers. These derivatives might show a GPCR modulation with a unique
receptorsubtype and signaling selectivity profile, fewer side effects and resistance compared to
monovalent compounds. We focused our study on cannabireidptor 2 (CB2R) synthesizing two new
classes of dualsteric ligands, nam@R/linking the pharmacophoric portion of the CB2R positive allosteric
modulator (PAMEC21awith that of LV62, a CB2R selective orthosteric agonist, with different spacers.
Thetwo classes differ for the attaching position of the linker at the level of the orhosteric portion (Figure
1).

H
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Figure 1.General structure of V62 EC21and compounds belonging to the twiiRseries.

Cdzy QGiA2yltf SEIFYAYIGA2Y KAIKEAIKGESRI FT2NJ GKS YI 22NA
of G protein activation over I NNJXectuitrieyft. Moreover, biological analysis showechadulation of

the interleukins release in human microgl@ll line (HMC3) exposed to LPS/aNEmulation without

any relevant cytotoxic effect. These resdiltglicate an ability to contrast inflammatory processes in

microglial cells, counteracting a mechanism that supports the onset, progression and severe
symptomatology of several neurodegenerative diseases.
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TACKLING ANTIMICROBIAL RESISTANCE WITH PLANT NATURAL COMRGHENDS
LSRK
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Beside COVHD9, anotherpandemic is underway in the world but, despite the warnings of the WHO, it
does not arouse the attention it should: the spread of bacteria resistant to one, several or all the
antibiotics available to kill them. Antimicrobial resistance (AMR) is expeotbddome the first cause of

death by 2050, thus the search for new targets and innovative antimicrobials has become mandatory. A
promising antibacterial strategy to deal with the development of AMR aims to interfere with bacterial
quorum sensing (QS). Th@S is the most effective ceéti-cell mechanism that bacteria use to
communicate, coordinate and act as a population, thereby gaining some benefits that otherwise were
dzy F GaGFAylrofS G LIXIFylaGa2yA0 adlaSo ¢ K Sndagen@ublR & ¢  dzi ¢
molecules called autoinducers (Als). One of the key bacterial enzymes that triggers and stoke® the Al
mediated QS cascade, in both Gram+ and Gramthe kinase LsrK. Thus, the exploitation of LsrK as a new
target for the development of noveQS quenching drugs may represents a huge opportunity in fighting
AMR. Because the LsrK pathway has been discovered quite recently, this target is still poorly explored
from a pharmaceutical standpoint; thus, searching for new and developable synthe€ignbgbitors is
challenging. Nature-aided drug discovery is a successful in strategy in the finding bioactive compounds.
Accordingly, we recently performed a combined Lig&aded and StructurBased Virtual Screening (VS)

on an inhouse library of plantsecondary metabolites. As a result, three natural compounds were
proposed, namely HibA, HibB, and ASME. They were isolated in milligram scale and in high purity from
the proper natural source$The binding of HibA, HibB and ASME at the purified Lsriéwafisated using

two complementary spectrophotometric approaches: circular dichroism (CD) and fluorescence
spectroscopy (FS). The accordance between the results obtained by CD and FS validates the binding of
both molecules at LsrK, withkgin the submicromolar range, and consequently the computational model

set up for the VS. Besides, a suitable synthetic strategy for theuse preparation of the LsrK substrate
(DPD) was developed. This is not to be taken for granted as DPD is not purchasablecenhy adtvigilable

through highcost custom synthesis; at the present, the unavailability of DPD greatly limited the research
around LsrK. With the substrate DPD in our hands, HibA and HibB were assessed for their LsrK inhibitor
activity resulting in an kgin the low>M range. Accordingly, further in vitro investigations to evaluate the
capability of the two compounds to interfere with QS and to restore the susceptibility of resistant bacterial
strain to antimicrobials are ongoing. Altogether, thdopted strategy may lead to novel antibacterial
compounds with new modes of action, thus providing a paradigm shift in fighting AMR.
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EXPLAINABLE MACHINE LEARNING AND FEATURES ANALYSIS FOR DIFFERENTIATING
SINGLE OR MUETARGET ACTIVITY AGAINST THE CANNABINOID SYSTEM

Gambacorta,N; Ciriaco,P; Feldmann, C, Janela, F; Nicolotti,Q 2, Bajorath, J.
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The endocannabinoid systeincluding the CB1 and CB2 receptor isofotras beerdemonstrated

to play apivotalrole in several pathlogical pathwayslt has beenmplicated inseveralpathologies
including neurodegenerative diseasemncer, neuropathic anthflammatory pain obesity, and
inflammatory bowel diseasaiven the high similarity of CB1 and CB2, finding selective ligands and
rationalizing potential selectivitgonferring features are difficult tasks. In the study presented
herein, machine learng has been used to predict compounds with doalsingle target CB1/2
activity!. For model derivation, CB1/2 compound activity data was extracted from the latest release
of the ChEMBL databasend different 2D molecular fingerprints were used asdafiptors. Finally,
Shapley valuéswere computed toidentify features determiningorrect predictionsand explain
machine learning models. The newly developed models are expected to aid in the identification of
new active compounds for CB1 and/or CB2 or repurposing of known actives.
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SYNTHESIS, ANTIPROLIFERATIVE AND ANTIOXIDANT PROPERTIES OF HIGHLY
FUNCTIONALIZED PYRAZOLES

Lusardi, M2 Brullo, C2Signorello, M.G*Ponassi, M%;and SpallarossgA.2
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Compounds 1 (Figure 1) showed promising antioxidant activity ibhibiting ROS formation in
platelet! The substitution of the catechol moiety (X group, Figure 1) modulates the ability of the
compoundsto block ROS formation. To further extend the structaagivity relationships (SARs) and
evaluate the insertion of aadditional substituent on the pyrazole ring, derivativzand 3 were
designed, synthesized and characterized. The adopted synthetic strategy involved a divergent
approach starting from the common intermedigté (Figure 1) The synthesis of pyrazaé was
carried out by a sequential, oot procedure which represents a cheaper alternative either in terms

of time or cost? The derivatization of either the ester or the amino functionalities led to the
formation of derivative® and 3, respectively.

HN X = O-alkyl,
J \ O-benzyl,
H,N N'N O-phenyl
R = methyl, (aryl)alkyl chains
1

N H e

HN§_{NH2 Et0OC. | NH, EI00C_ N~
(_\' {’-‘- /\ G

LN HN/Z:% — HN/Z—L

G = cycloalkyl,(substituted)phenyl

Figure 1general structurs of synthesized compmds

The obtained derivatives were screened for thaitiproliferative activityin celkbased assagn a panel
of tumour and normal cell linesAdditionally, thecompoundswere tested on human plateletso
evaluate their properties against ROS formation and aggregafldve synthetic procedure, the
structural assignments as well as the biological progsrof the preparegyrazoleswill be presented
and discussed in thgresentation
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RATIONAL DESIGN AND SYNTHESIS OF POTENTIAL SINGLEVPSE)OAN
COMPUTEOOMOGRAPHY (SPECT) RADIOLIGANDS FOR IN VIVO IWAGRG
RECEPTORS
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Madonna delle Carceri, 5, 62082merino (MC), Italy

imane.ghafir@uniba.it

The purinergic P2X7 receptor (P2X7R) is argatad channel activated by ATP and is involved in
microglial activation, proliferation, and apoptosis. Under physiological conditions, P2X7Rs expression
in the CN$s rather limited. Following a brain injury, the expression of P2X7Rs increases substantially,
thereby promoting inflammasome formation and the release of proinflammatory
cytokines/chemokines. Several studies have highlighted a link between P2X7R exqreasid
neurodegenerative disorders, such as sclerosis, amyotrophic lateral sclerosis, Alzheimer's disease, and
Parkinson's diseas€or this reason, P2X7R has been proposed as a target for in vivo imaging of
neuroinflammation asan alternative to the trankcator protein (TSPO). Several P2X7R antagonists
have been radiolabeled and studied during the last decade as potential PET radioligands, whereas no
SPECT radioligand has been developed sbSRECT radioligands offer several advantages over PET
radioligands iludinglongerhalf-life and ease of radiosynthesis

From a literature survey, we identified compound 1 and compound 2 as a valuable starting point for
developing a potential SPECT radioligand for the in vivo imaging of P2X7R. In facorbptiunds

had inhibitory activity in the nanomolar range and have functional groups amenable for further
functionalization with a linker bearing the SPECT radionuclide. A preliminary docking study on
compounds 1 and 2 evidenced that the benzamide moiatyiented towards the extracellular part of

the binding site. Therefore, the methoxy group on the benzamide moiety will be the anchoring point
of the linker bearing the SPECT radionuclide. Different linker lengths will be studied, and technetium
99m (T€99m) will be selected as SPECT radionuclide.

We will report the rational design and the synthesis of the potential SPECT P2X7R radioligands.
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NEW AMIDINBBENZENESULFONAMIDES AS iNOS INHIBITORS FOR THE THERAPY OF THE
TRIPLE BREAST CANCER
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Triple negative breast cancer (TNBC) is a specific breast cancer subtype, and poor prognosis is
associated to this tumour when it is in the metastatic forfihe overexpression of the inducible

Nitric Oxide Synthase (iNOS) is considered a predictor of poor outcome in TNBC patients, and this
enzyme is reported as a valuable molecular target to compromise TNBC progression.

As part of an ongoing project on tlievelopment of new iNOS inhibitors able to counteract cancer
progressiort*new amidines containing a benzenesulfonamide group were designed and synthesized
as selective iINOS inhibitors. An in vitro biological evaluation was performed to assess compounds
activity against both the inducible and constitutive NOSs. The most interesting compbloiadsi

2b (Figure )} were evaluated on MDMB-231 cells as antiproliferative agents, aticapability to
counteract cell migration was also studied. Finally, ateipth docking study was performed to shed

light on the observed potency and selectivity of action of the most promising compounds.

NH
NH O\\S’/O
SEACEACUNCR ST
_S
H H N
H
NO,
1b 2b
INOS 1Cg,=0.065 Vi iNOS 1C5,=0.832 "M
eNOS/iNOS selectivity >770 folds eNOS/iINOS selectivity >60 folds

Figure 1.Chemical structure of the most active benzensolfonamide derivafitsemnd 2b.
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SCREENING WORKFLOW FOR PROBING THE BINDING OF SMALL MOLECULES TO
PHOSPHODIESTERABE MASS SPECTROMETRY
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Paralleling life expectancy increase, neurodegenerative diseases are predicted by Méailth
Organization to become the second most prevalent cause of death by'2@é@idwide, 44 million people

are affected by dementia, and current treatments are mostly limited to symptoms management rather
than providing an effect on the underlying bi@hical mechanisms triggering disease onset and
progressior?. Thus, the need for the identification of novel targets and new therapies overcoming limited
efficacy and adverse effects of approved drugs emetges.

The growing interest on the therapeutic potégit of natural compounds against neurodegeneration is
often paralleled by a limited understanding of the undergoing biochemical pathways in which these
molecules may be involved. Although, computational tools and efficienfreellligandtarget interacton

studies are nowadays enrolled and combined in the drug discovery and/or repurposing workflow.
Importantly, Y SdzNB LINR G SOGA2Y YR O23yAGAGBS SyKIgSYSyd | |
FRSYy2aAyS Y2y2LK?2 3a LiydidigianasiGe! nemphdsphaty RGMPRIEveIIN brain,
resulting from the inhibition of phosphodiesterases (PDESs). In particular, PDE5 and PDE9 are gaining
attention as potential targets to modulate signal transduction by regulating cAMP and/or cGMP, thus
mediating neurotransitter release, amelioration of microvascular dysfunction and neuronal plasticity.

In this contribution, we describe a screening workflow for the identification, or thdigeovery, of
compounds targeting PDE9. The features of this isoforchyding its expression in the brain, the presence
within its structure of a peculiar accessory pocket, the asymmetry between the two subunits composing
the dimer, and the selectivity for chiral species, prompt the development of neuroprotective agents
targeting this enzyme.

The evaluation of PDE inhibitors through commercial screening kits requires the use of a luminescence
reader and such tests are often not scalable and expensive. In this contribution, we will describe the
development of a ceflree ligand screening protocol based on mass spectrometry, which allows to detect
noncovalent ligandarget interactions rapidly and quantitatively thorough an inexpensive and potentially
highthroughput workflow. In particular, electrospray ionization (ESI) andtrix-assisted laser
desorption/ionization (MALDI) mass spectrometry (MS) techniques will be considered, and advantages
and disadvantages of each will be dissected. We will report the preliminary screening towards PDE9 of a
small panel of natural and sersynthetic molecules, and according to the results of MS experiments,
compounds will be ranked in terms of calculated binding affinity (BA) values. Moreover, céticuaed
dissociation (CID) experiments will be used to investigate the relativplges stability of the complexes.
Taken together, this information allows accelerating hit identification and optimization, and th&an
validation of preliminary data.
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CYCLOHEPTATHIOPHBIMARBOXAMIDES AS INFLUENZA POLYMERRBE PA
PROTEINPROTEIN INTERACTION INHIBITORS
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Viruses can infect humans through different interactions occurring between viral and host proteins,
indicating that targeting these PPtan represent a promising approach for identifying new antiviral
agents. Influenza virus (flu) RNdependent RNA polymerase (RARP) is an heterotrimer complex
composed of PB1, PB2, and PA subunits, which extensively interact with each other and witle inosdtip
factors, playing vital roles in virus replication, host adaptation, interspecies transmission, and
pathogenicity. Inhibition of flu RARP functions by PPI disruptors clearly represents a valid means to identify
compounds endowed with a broad speatnuof action and a reduced propensity to develop drug
resistance, which are the main issues of antiviral ditfgsmong PPIs by RdRP subunits, our group focused
on the development of PRB1 interface inhibitors. In particular, compounds based on the
cycloteptathiophene3-carboxamide (cHTC) scaffold showed the ability to disrupPBA complex
formation, to potently inhibit flu RARP and viral growth, and a high barrier to drug resistance.

NO,
U
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s cl
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Starting from the recently identified compourig*® in the present study, additional cHTC compounds
were synthesized by alternately modifying the moieties at tHe &hd G3 position of the cHTC core, but
also combining the best moieties emerged into alditional set of analogues. The study led to identify
new potent antiflu compounds characterized by the ability to interfere with-PBL association and to
inhibit RARP functions. In depth studies were performed to determine their activity against aop#oél
and fluB strains and their ability to interfere with 81 heterodimerization in a cellular context. Finally,
the pharmacokinetic profile was investigated to assess the -tikegproperties of the new small
molecules.
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COMBINING PHARMACOPHORE MODELING AND MOLECULAR DOCKING FOR THE
VIRTUAL SCREENING OF TARGETED REACTIVE LIBRARIES AS POSSIBLE COVALENT RIP
INHIBITORS
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Receptor interacting protein kinase 1 (RIPK1) has emerged as a promising therapeutic target for the
treatment of a wide range of human neurodegenerative, autoimmune, and inflammalispases. By
modulating a type of programmed necrosis called necroptosis, RIPK1 was reported as a potential
therapeutic target for ocular diseases, including glaucoma, dryrelgeed macular degeneration, and
retinitis pigmentosa. Non-covalent RIPK1 inthitors have been developed and have demonstrated safety

in preclinical models and clinical tri&lslowever, the development of covalent inhibitors could potentially
increase target selectivity and residence time, thus reducing the dose and frequencynivfisichtion

and, consequently, the risk of possible adverse effects. Indeed, covalent inhibitors have the advantage of
very tight and irreversible binding, allowing the design of compounds with small molecular mass but with
high potency? Computational méhods can be exploited to improve the selectivity of a reactive compound

by both optimizing the nomovalent interactions with the binding site and tailoring the chemistry of
reaction with a specific site of alkylatidn.

The aim of this project is to idéfy and develop novel selective RIPK1 covalent inhibitors, combining
pharmacophore and structurebased virtual screening to target possible reactive residues identified
through structural analysis of the available RIPK1 crystal structures.

We leveragedhie Reaxys® database for mining the available literature to select 55 potent RIPK1 inhibitors,
44 of which having an 4€in the nanomolar range. 54 out of 55 compounds had a molecular weight
between 300 and 550 and contained several aromatic moietiesthegavith at least one amide group.

A structural similarity clustering based on Tanimoto similarity index was then performed, leading to the
selection of 23 different compounds, which were then used to generate a 3D common feature
pharmacophoric hypothesesonstituted by two hydrogen bond acceptors, a hydrophobic group, and an
aromatic ring, as well as excluded volumes.

From the analysis of RIPK1 3D structure, lysine 45 was identified as a good target residue for covalent
binding of ligands, as it is ihé proximity of the inhibitors binding site, with good solvent accessibility.
Sulphonyl fluoride exchange (SuFEx) compounds are known to react with lysine and tyrosine with high
selectivity** Thus, 989 SuFEx compounds with molecular weight between 300 and 550, and containing
aromatic groups and at least an amide, were retrieved from the Reaxys® database.

After a preliminary pharmacopho#ieased virtual screening40 compounds were docked into the active

site of RIPK1 (PDBID: 4itj) using the recently developed AutoDock Reactive Dockingwietoal)ows
prospective prediction of covalent binding sites on a protein through the simulation of the reaction event
between the covalent residue and the warhead of the ligdhd’he combined pharmacophorend
structure-based virtual screening used in this work allowed the identification of 6 possible covalent RIPK1
inhibitors, which are currently undeén vitro validaton.
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DEVELOPMENT OF A POTENT BICYCLIC PEPTIDE INHIBITOR OF HUMANTYREKINASE
PLASMINOGEN ACTIVATORR®TEASE INVOLVED IN CANCER PROGRESSION
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Humanurokinasetype plasminogen activator (huPA), a trypike serine protease that participates

in the turnover of extracellular matrix (ECM) proteins, is implicated in tumor growth and invasion
inhibitors of huPA are being developed for therapyleren we report the development of a novel
bicyclic peptide inhibitor of huPA that is around-ftld more potent than the best bicyclic peptide
inhibitor previously isolated to this targétand crystallized the complex. This revealed an extended
structure ofthe peptide with both peptide loops engaging the target to form a large interaction surface
with multiple hydrogen bonds and complementary charge interactions, explaining the high affinity of
the inhibitor. The interface resembles that between two proteamsl suggests that such small highly
constrained bicyclic peptides (<2 kD) have the potential to act as small therapeutic protein mimics.

References

1. Masucci, M.T.; Minopoli, §Di Carluccio, G.; Motti, M.L.; Carriero, M@ance2022 14, 498
2. El SalamounN.S.; Buckley, B.J.Ranson, M; Kelso, M.J.Yu, H.Biophysical Reviev&022 14, 277301.
3. Angelini, A; Cendron, L. Chen, S. Touati, J; Winter, G.; Zanotti, G; Heinis, CACS Chemical Biolog912 7, 817821



Natlonal Meeting on 14t Young Medicinal Chemists’ Symposium i ’
Medicinal Chemistry Nuove Prospettive in Chimica Farmaceutica BARI, Palazzo Del Prete

Societa Chimica ltaliana
September 11-14, 2022 Divisione di Chimica
Farmacevutica

- | D@Ea 14

A
UNIVERSITA
GO SYUDI D B4R
ALDO MORO

PO-060
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THE DETECTION OF CB2 RECEPTOR
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Cannabinoid receptor subtype 2 (CB2R), part of the endocannabinoid system (ECS), is ovetdexpresse

in the early stages of neuroinflammation and in the carm@&etand progressionto clarify the role

of CB2R in these pathologies, several CB2R fluorescent ligands have been deasfofeNB Sy ¢ | Y R
safe diagnostic tols. Keeping this in mind, we recénteveloped as CB2R fHigand, the compound

112 (Figure 1), bearing a quinolone core (responsible for CB2R affinity and selectivity) linked, by an
hexamethylene linker, to the-Ml,N-dimethylaminophthalimide (as green emitting tag). Compo(nd

showed a good affinity towards CB2AR=130 nM) and a very high selectivity, since it is devoid of
affinityat/ . mw adzoie&LIS owmn 33 M>a0® Ly 2NRSNI he A YLINEC
lead compoundl, we proceeded with its optimization by: i) the insertion of substituents on the
quinolone core to improve CB2R affinity; ii) the modification of the length of the spacer linking the
fluorescent tag to the quinolone scaffold; iii) theroduction of fluorescent tags (alternative to the
phthalimide nucleus) with an emission spectrum shifted towards longer wavelengths (Red and NIR
regions) to have greater versatility for other fluorescence technigues. The compounds resulting from

this studywere tested for their affinity and selectivity towards CB2R, as well as for their fluorescent
properties. Molecular docking simulations complemented the experimental findings providing a
molecular rationale behind the observed CB2R affinities, hence gpévenway for a rational design

of new and better performing fluorescent prohes

0] Q
®: |
DIFFERENT | H
SUBSTITUENTS N O,

LINKER ALTERNATIVETAGS

1
Figure 1Figure 1Lead compound.
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TOWARDS THE DEVELOPMENJLBETONE DERIVATIVES AS A NEW CLASS OF PROTEIN
TYROSINE PHOSPHATASE B (MptpB) INHIBITORS FOR TB TREATMENT
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Despite the global effort to discover innovative treatments against tuberculosis (TB), this disstibe i
among the leading causes of mortality from a single infectious agent, surpassed in 2020 only by COVID
19.! MycobacteriumtuberculosigMtb) can secrete two LowlolecularWeight Phosphatases (LMW

t¢t a0 aldiLy F'yR allilLl X Ay @h&sR EnzyindsSire ¥skebtidForikd 3 S Q&
pathogenin vivoviability within the host cells because they interfere with the immune response.
Therefore LMW-PTPavere validated as promising targets for the development of innovative Eiti
agents?

Starting from a virtual screening campaign and subsequent structure elucidation studies guided by
ONB&GE Tt 23INF LKAO IHattorfe defivativet (Fui K Rvednd & prdri&iogirbiBitory
activity onrecombinantMptpB (Go f n y).2 SAR studies allowed to disclose several effective
derivatives, whose docking poses waf®wn to interact within the enzyme active stteough the! -

lactone moaiety, indicating that this chemotype might serve as a basis for the further development of
improved MptpB inhibitors.

In order to test the antimycobacterial potential of these compounds against human macrophages cell
lines, polymersomes embedding the most active derivatives were assembled, startingpdip(a
(methacryloyloxy)ethylphosphorylcholingbly(2diisopropylaminoethylmethacrylate copolymers, to
ensure an efficient cytoplasmatic delivety.
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Fig. 1 ORTEP diagram dfleft) and its minimized average structure in complex with MptpB (right).
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STRUCTUREASED OPTIMIZATION OF DUAL AMZKE B INHIBITORS:
SCOUTING PHENYL RING BIOISOSTERES
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I £ T KSA Y S NEDYis aR agerSlatedl Sisease representindpe most common form bsenile
dementia and triggering deficitof memory and other cognitive domain3he incidence ofAD
pathologydoubles every 5 years after 65 years of‘afrie tomultifactorial etiologyamore promising
therapeutic @rspective aims aacting simultaneouslgn two ormore ADrelated targets. Aacording

to this multitargetingconcept a large numberof dual AChBMAO B inhibitordave been previously
investigaed by some of us Among these&eompound, LP1223Figure 1) \as identified as a poterih
vitro dualinhibitor showing poor drudike charater (i.e., lowaqueous solubilityt physiological pH
inadequate lo@®; .4 for central drugsandhigh lipophilicity®. Therefore, current studies are focusing on
improving hit drugikeness while maintaining multitarget inhibitory potencies. Aided thg
availability of Xray crystal structures of human MAO B and mouse AChE in complex with f,R1223
bioisosteric approach addressed the replacement of the terminal phenyl ring, as strkejural
templatefor druglike and pharmacodynamic features. larpcular the terminal phenyl ring has been
replaced with fiveor sixmembered heteroaromatic rings in order to keep  stacking interactions
with Trpside chain in both targets (Trp119 in MAOB and Trp86 in AChE) and to improve agueous
solubility. Interestingly, a linear correlation between dual inhibition and th& @f basic nitrogen was
observed in SAR analysis.

OH
S

€ [}—g N

O G o QUL T

N= HEN LP1223
el

IGohAChE IGohMAOB Sob. logDy .4 CHI
LP1223 120nM 10 nM 3.81

Hgure 1 Chemical structure of the referenc®mpound LP123 and preliminary drugike data.
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DESING AND SYNTHESIS OF NEW HYBRID COMPOUNDS TARGETING BACTERIAL
CARBONIC ANHYDRASES BASING ON A MULTITARGETING APPROACH
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Antibiotics have been proven effective in treating infections for hundreds of years. Howeeeuse

of antibiotics has resulted in antimicrobial resistance (AMR) defined as the ability of microorganisms
to survive and be viable under the influence of antimicrobial ageAtgIR was highlighted in a 2021
report from the WHO Global Antimicrobial S8aillance System. It is estimated that a total of 700,000
people die each year because of bacterial infection and resistance, and the burden of death would
soar to 10 million by 2050 due to antimicrobial resistance unless action is takesrefore, therds

the need to develop new effective drugs acting against novel targets.

Carbonic anhydrases (CAC 4.2.1)Jlare metalloenzymes which catalyze the hydration of carbon
dioxide to bicarbonate and protonss a consequencend due to the higlavailability of C@from
metabolic processes, thigaction constitutes the basis of pH regulation in most living organisms
alye LI GK23ISyAO ol OGSNAI Sy a2mRSs yaRadanicnmhiehy Sa o St
they play crucial function®d o6 I OG SNA I LINBS R 2-8faksyCiAg/ WhicRarehgt résend 72 NJ
in vertebrates, these enzymes started to be considered as possible drug targets for obtaining
antibacterials devoid of the resistance problems mentioned above, which affect most cta#sses
antibiotics in clinical usdn the last decadg the multiple targeting aproach was considered. This
approachcontemplates dual/multiple (hybrid) drugs, that is, compounds that incorporate in the
same molecular entity taleast two differentchemotypes which hit diverse drug targét3he
multitargeting approactof CAinhibitors (CAlshave beenrecently proposed In detail, the CAls
moieties likesulphonamidéhave been hybridisedith a variety oicompounds likeon-steroidal anti
inflammato® R NXzHiengrgiciblockersindanticancer agentamong others.

Thus, basing on theultitargeting approach, we designed and synthesized a series of heterocyclic
derivatives as CAls endowed with antibacterial activities. In particular, the newly obtained compounds
incorporate two diverse chemotypea sulphonamidemoiety known for its CA inhibiting properties,

and onebased on theuinolinone scaffoldThe data coming from the bihemicabssays will behown
anddiscussed.
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1T KSAYSNRDE& RA & $dating nedrodégeénerative disoyter.| THehoyigih of AD is still
unknown, however several hypotheses have been formulated, including the cholinergic deficit, the
aggregation of beta amyloid (i) protein, oxidative stress, metal dyshomeostasis and recently the
involvement of cannabinoid systen.

Currently, four symptomatic drugs have been approved by European Medicinal Agency (EMA) for the
treatment of this form of dementia: three cholinesterasehibitors (donepezil, rivastigmine,
galantamine) and aN-methylD-aspartate (NMDA)receptor antagonist, memantingDue to the
multifactorial nature and complexity of AD, the design of miatget agents could be a winning
strategy for AD prevention arttherapy?

A series of hybrids presenting a portion miming donepezil condensed with aryloxyacetic acids, were
reported in a recent published wofkAll compounds were excellent inhibitors of cholinesteraises

vitro, and besides, most of them were good intobs of Fatty Acid Amide Hydrolase (FAAH), the
main catalytic enzyme of endocannabinoids. Results higklitthe multi-target properties of some
compounds of the seriek.

Using the same multarget approach, in this work, a neseries of hybrids were designed. These
compounds contain the most promising aryloxy moietiesndensed with a rivastigmidéke
fragment,differing forthe substituents orierminalnitrogen atom and/or the position of carbamate

on phenyl group Rivastignne was chosen because it is able to inhibit both cholinesterases,
considering that recent studies have shown that the simultaneous inhibition of acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE) can be useful to control the progression of
neurodegenerative diseases, including ABlgure 1 reports the general structure of these molecules

Alkyl
H 7] l
Aryloxyalkyl\WN N TO\[]/N\Alkyl
5 (0]
Figure 1

A representative part of the designed series was synthesimat testedin vitro as inhibitor of
cholinesterases, FAAH and i aggregation. Preliminary results will be presented in this
communication, as well as a tentativeinfsilicorationalization.
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MODULATORS OF HUMAN MITOCHONDRIAL PRAIEABETIVITY FOR PEDIATRIC
DIFFUSE PONTINE GLIOMA TREATMENT
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Diffuse intrinsic pontine glioma (DIPG) is an aggressive pediatric brainstem cancer and a leading cause
of pediatric brain tumotrelated death with the median survival of 10 months pd&ignosis. The
sensitive location andnfiltrative nature of the tumor makes full surgical resection unfeasible
therefore targeted radiation has been the standard therapy to alleviate pain and transiently stabilize
neurological function$DIPG resistance to commonly chemotherapeutic agemtsjiged a pressing

need for the development of novel therapeutics for this malignancy. Meantime, the compound
ONC201 was discovered to reduce DIPG tumors size in DIPG H3K27M mutated and now is in phase
11 clinical trialg.

Efforts to better understand D{Prelated mechanism have proposed a new cellular target, being the
mitochondrial caseinolytic protease P (ClpP). ClpP is found in both mammalian and bacterial cells. It
is a highly conserved serine protease which combines with an ATPase to form a piotamtyplex
responsible for the degradation of misfolded proteins at cellular level. In view of the potential
therapeutic applications of ONC201 and othetbdeveloped molecules, it is crucial to understand

the molecular mechanisms linking ClpP actiwtth DIPG tumor onset and progression. Currently,

the effects of the newly identified smatholecule modulators are under evaluation on ClpP
enzymatic activity by using purified, recombinant human ClpP protease in a fluorogenic in vitro
assay: This studywill help to gain insights into mitochondrial functions regulated by ClpP.

CIpP modulation
Potential Drug Target

Figure 1Human mitochondrial ClpP in complex with ONC201 (PDB ID: %DL7).
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YEAST DISPLAY PLATWGRR THE DISCOVERY AND EVOLUTION OF GENETICALLY
ENCODED CYCLIC PEPTIDES FOR THERAPEUTIC APPLICATIONS
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Cyclic peptides are a class of innovative drug molecules that represent a suitable alternative to small
molecule and reembinant proteinbased treatments. Cyclic peptides stand out for their unique
proprieties including high selectivity and taregfinity, low toxicity and antigenicity, compatibility

with chemical synthesis and biological high throughput screeingee, a yeast display platform

for the generation and screening of large libraries comprising billions of different cyclic peptides was
developed by combining random mutagenizes, fluorescence activatedarétig and NGS analyses

4. The platform was applieth evolve peptide binders with desired affinity and selectivity towards
different classes of protein targets. The described platform offers the possibility to rapidly identify
and characterise peptide binders towards a broad range of pharmaceutical nelargets(figure

1).
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Figure 1Schematic representation geast display technology that relies on a physical linkage between the display peptide
sequence (phenotype) and its encoding DNA sequence (genotype). The yeast display platform via a direct evolution
approach allows the selection and the engineering of peptide proprieties, such as affinity, binding specificity, thermal

and chemical stability.
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Macrolide antibiotics have been widely used for théctions causing by Gram positive and some
Gram negative bacteria. Azithromycin is a semisynthetic macrolide antibiotic which possess excellent
pharmacokinetic properties and good biological activityowever, due to the emergence of multi

drug resistant bacteria there is a need to discover new, more effective antibiotics. In this work, new
azithromycin derivatives wherdesigned anaynthesized:** Previous researéffhave shown that
thiosemicarbaanes havebiologicalactivity, hence they were used to modify azithromycin on three
different positiongFigure 1). Thesenovel azithromycirthiosemicarbazone conjugates are called the
macrozones. Macrozones showegcellentin vitro activity against somsusceptible and resistant
bacterial strains such asS. pneumoniaS. pyogeneand S. aureusHere we present and discuss
design, synthetic routes, characterization and biological activity of macrozones.

@) (b)

Figure 1 Structures ofa) L2facrozone, bp-macrozone and damacrozone.
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Neuroinflammation is a chronic pathological

KITCYINL 27 (1 KSAYSNDA RWgSHas Of wagbe ks
deposition of [ -amyloid peptide (A) and the NN \TNf
hyperphosphorylation of tau proteinz), whidh Hit optimization

ultimately lead to the onset of neurodegenerative} S T Y

processes.High levels of Aare responsible for "N~ "N N” N

the activation of astrocytes and microgdliand for 1 2

the upregulation of many protein kinases, among |

which GSKr and Fyn play a relevant role. Indeed, Further chemical
these two kinases activate a cascade of events space exploration
culminating in the transcription of pro
inflammatory genes and in the z
hyperphosphorylation, which is no longer able to
ensure the axonal transport, thus leading to
neuronal death*?

Since many biochemical pathways contribute to
the development of neuroinflammation, the
design of multitargedirected ligandsj.e. single
molecules capable of modulating two or more biological targets simultaneously, may represent devaluab
pharmacological approach.

In this view, with the aim to discover new dual Ggkand Fyn inhibitorsve first identified a hit compound

1 (figure 1) through a virtual screening campaign. Its structure is based @zaindole3-aminothiazole
scaffold and presented a weak micromolar inhibitiomiritroenzymatic assays both kinases, although
unbalanced towards GS¥{ . Therefore, we udertook a hit optimization campaign from which compound

2 (figure 1), bearing a benzyl moiety on the amino groupof thiazole, emerged as the compound with

the most balanced inhibitory profile between the two kinases. Further modification on derivati2e
allowed us to increase the potency into the low micromolar and to improve the activity against Fyn kinase.
Moreover, the most promising compounds, tested on rat primary cultures of cerebellar granule neurons,
do not display cytotoxicity up to 26M and besides they already exert a neuroprotective action after a
degenerative stimulus at M concentration, which is consistent with thesd€alues obtained from the
enzymatic assays.

This researtt was funded by Ministero della Universita e della Ricerca (MUR), PRIN 2017 (2017MT3993_007).
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Histone modifications are important events in tumoral cells and these biological processes are proving
potentialtargets for the development of new anticancer agents.

Histone H3 associated protein kinase (Haspin) is a 798 amino acid serine/threonine protein kinase with
a critical function in mitosis. The enzyme phosphorylates threcBiln& histone H3 during mitosis,
enabling proper cohesion of chromatin and metaphalggrnanent, and in this way ensuring the normal
continuation of the cell cyclé:?Since Haspin is highly expressed in proliferating te#ssynthetized

a series of molecules with indolic scaffold as potential Haspin inhibitors for a new epigenetic anti
cancer treatment.

The design was based on the results obtained from the evaluation of the cytotoxic activity of a series
of tri-substituted indole derivatives on different cancer cell lines as et kinase inhibitors! The
compound INDO11M, whicthewed remarkable inhibitory activity against Haspin, was used as hit
compound for a computeaided design of new molecules potentially active against mitotic kinase.

In a preliminary evaluation, carried out by a FiRB3ed assay for analyzing their initdlp activity
against Haspin, several of the synthesized compounds showed interestjgal@®s in the sub

micromolar and nanomolar range. These results encourage our group tonpléino supplementary
studies for evaluating their cytotoxic activityarcell environment.
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Oxidative stress induces an imbalance between the concentration of Reactive Oxygen Species (ROS)
and theactivity of antioxidant defence mechanisms, in favour of the first one. High oxidative stress
plays a fundamental role in various diseases such as cancer, neurodegenerative, cardiovascular,
inflammatory diseases, and intoxications. This condition coulcedépy factors such as aging,
intense physical activity, junk food and unhealthy lifestyles. The peroxidation of arachidonic acid, as
a component of cell membranes, is an exemplary model of cell injury. Malondialdehyde (MDA) is
formed due to peroxidation fofatty acid, and it is involved in further cascade reactions with proteins
and DNA. However, the physiological levels of ROS are important for maintaining correct cellular and
molecular functions. The mechanisms through which antioxidants interfere @, Buch as during

the fatty acid peroxidation, they will support us to provide a rational approach that would bring
benefits in the pharmacological field. The aim of this presentation is to clarify the points of the
biochemical pathways, where new antidant activity molecules could reduce oxidative stress. In

the present study will be present oxidative stress evaluations that will be carried out in four groups
of subjects classified as following reported: healthy (control group), smokers, subject with
neurodegenerative (CNS) and cardiovascular diseases.
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For decades, the systemic treatment of triple negative breast cancer (TNBC) has relied exclusively on
chemotherpy with limited effectiveness. To address this unmet clinical need, intense research has been
focusing on reshaping the treatment protocol for this disease. Growing evidence suggests that
combination therapy represents a central pillar for tumour treatmérhis strategy enables the targeting

of key pathways in a characteristically synergistic or an additive manner and provides a viable strategy to
overcome multidrug resistance. However, combination therapy deals with the same drawbacks as mono
therapy: mor bioavailability, norselective cytotoxicity, andlifficulties in achieving therapeutic drug
concentrations' Therefore, extensive efforts aim at developing drugdetivery systems that rely on
macromolecules or nanoparticles, which are able to relemstgécancer drugs primarily at tumor sites,
minimizing toxicity in healthy tissues, exploiting thecadled enhanced permeability and retention (EPR)
effect? EPR consists of the accumulation of higblecular weight compounds in tissues exhibiting
increased vascular permeability, as cangé@ne of the most promising macromolecules that has been
employed as carrier is human serum albumin (HSA), due to its inherent safety, bioavailability, and long
half-life. 4 In this study, it has been evaluated whether two designed paclitaxel (PTX) derivatives, named
A and B, were able to interact with HSA. Both compounds bear PTX prodrugs, a cytotoxic
chemotherapeutic agent that, according to recent literature, carestablsh immunosurveillance by
triggering immunogenic cell death (ICO)jhese compounds will constitute an innovative and biomimetic
nanobinder Compound A andBere specifically designed to possess an Evans blue (EB) fragment, an azo
dye and a clinical diagstic agent with high affinity to HSAK H ® 5 In thexpbegent work, Surface
Plasmon Resonance (SPR) technology was performed to determine binding affinity of compounds A and
B to HSA with reference to the modified Evans blue fragment. A sensorbehifing a carboxy
methyldestrane layer on the gold surface was prepared by using a previously developed and validated
procedure. In brief, in both sample and reference flow cells, antd8# antibody was immobilized by
amine coupling procedure. Functioizgtion of both flow cells enabled to zero out nepecific
interaction of the analytes with the surface antibody. The sensor chip was, then, used for
immunocapturing HSA. Due to the expected low dissociation rate of the comgaé8Adcomplex, a single

cyck kinetics was used for the binding affinity determination. In this protocol sequential injections of
increasing concentrations of the analyte were injected over the ligand, without performing any
dissociation or regeneration between each sample concemmatThis allows for the characterization of
binding to ligand surfaces that are difficult to regenerate. Interaction between the synthon EB derivative
and HSA gave a#Kalue of 1.29+0.24 uM, which is comparable with that reported in the literature for EB
SPR analysis performed to determine binding affinity of compounds A and B showed that both designed
molecules are able to strongly interact with HSA and are, hence, suitable for being included in tailored
delivery systems.

References

1. Farnsworth, R. HLackmann, M.; Achen, M. G.; Stacker, ®rsogene2013 33(27), 34963505.

2. Giordo, R.; Wehbe, Z.; Paliogiannis, P.; Eid, A. H.; Mangoni, A. A.; PidamjrGCancer Bi@022

3. Wu, JJ. Pers. Me2021, 11 (8)

4.Rapozzi, V.; Moret, F.; Menilli, L.; Guerrini, A.; Tedesco, D.; Naldi, M.; Bartolini, M.; Gani, M.; Zorzet, S.; Columbaro, M.
Milani, C.; Martini, C.; Ferroni, C.; VarchiCancers (BaseR022 14 (4)

5.Lau, T. S.; Chan, L. K. Y.; Man, G. C. W.; Wong, C. H.; McNeish, I. A.; IGaongr Inmunol. Re2020, 8 (8), 1092,

1111.

6.Song, M; Liu, G.; Liu, Y.; Cheng, Z.; Wu, Z.; Xue, J.; Hong, W.; Huang, M.; LEdr, JuMedChem 2021, 217, 113382.

151



Natlonal Meeting on 14t Young Medicinal Chemists’ Symposium i ’
Medicinal Chemistry Nuove Prospettive in Chimica Farmaceutica BARI, Palazzo Del Prete

September 11-14, 2022 Divisione di Chimica
Farmacevutica

- | D@Ea 14

PO-072 KNIVERSIA

Al
ALDO MORO

IDENTIFICATION OF THE MOLECULAR REQUIREMENTS OF TAU AGGREGATION
INHIBITORS THROUGH CHEMOINFORMATICS ANALYSES

Pinzi, L.Tinivella, A.; Rastelli, G.*

Department of Life Sciences, University of Modena and Reggio Emilia. Via G. Campi 103, 41125
Modena, Italy.

luca.pinzi@unimore.it

Tau is a highly soluble, cytoplasmatic protein that plays a central role irethgation of the dynamic
equilibrium of microtubules, especially in the neuronal cells. Recent evidences have demonstrated that
aberrant metabolism or hyperphosphorylation of this protein is involved in the physiopathology of around
26 neurodegenerative idorders (e®> Gl dz2 LI 6 KAS&0ZX ! f1T KSAYSNDRa RA&SH
common?®? Increased interest has arisen around the identification of therapeutics targeting tau,
especially considering that tauopathies mainly affect elderly people. At preskete are neither
available therapeutic remedies able to reduce Tau aggregation, nor are there any structural clues or
guidelines for the rational identification of compounds preventing the accumulation of protein
aggregates. With the aim to identify atof structural features and molecular properties characterizing
compounds endowed with tau amrtiggregation activity, we performed extensive chemoinformatics
analyses on ligands reported in ChEMBL (Figure 1). In particular, we performed MACCS, BOF&ids Ato

and TopologicalTorsion fingerpridbased similarity estimations identifying a high structural variability on
reported Tau ChEMBL ligands. Besides, comparisons of a set of 118 molecular descriptors of active
0t2GSy0e Xpnnyau I yROIAPGROBA BAKXKNBaREKE@EROE xM¥YaX xpka
compounds was also performed, allowing the identification of structural properties that are mainly
present among ligands exhibiting aaijgregation activity towards this target. Fragments composition
analyes were also performed on Tau ligands, facilitating the identification of combinations of chemical
moieties frequently present in Tau argtggregation ligands. Interestingly, many of these fragments were
arranged in recurring frameworks, some of which wekearly present in compounds currently under
clinical investigation. This work represents the firsdepth chemoinformatics study of the molecular
properties, constituting fragments and similarity profiles, of known Tau aggregation inhibiidrs.

resuts might be useful to researchers interested in bd#novodesign of antaggregation ligands and

drug repurposing against T4u.

Figure 1.Chemoinformatics analyses on Tau ligands reported in ChEMBL.
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