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Metal-based drugs
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Metal-based anticancer strategies
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Copper-based anticancer drugs
v’ Specificity
v Reduced toxicity
v" Maximum therapeutic efficacy

I  F. Tisato, C. Marzano, M. Porchia, M. Pellei and C. Santini

[N  Copper in Diseases and Treatments, and Copper-based Anticancer Strategies
i Medicinal Research Reviews, 4 (2010) 708-749

Impact Factor = 9,300
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\\‘Q (@, z\Y,/[@ B8 C.Santini, M. Pellei, V. Gandin, M. Porchia, F. Tisato and C. Marzano.
"‘¢ Advances in Copper Complexes as Anticancer Agents
= S das . Chem. Rev., 114 (2014) 815-862.

Rl Al ol Impact Factor = 52,758

To achieve this goal it is necessary to develop
new drugs directed towards specific targets
expressed or at least over-expressed in
cancer and metastatic cells




Metal-based anticancer agents

Why copper?
Copper is a micro-element essential for several functions in mammalian physiology. Our

physiology is able to manage copper through complex homeostatic mechanisms;
copper is a crucial co-factor in angiogenesis;

ex-vivo studies have demostrated that several cancer cells show an abnormal content of
copper, largely exceeding its content in non-tumor cells.

Why Cu(l)?
Biochemists have reached a general consensus that physiological copper is primarily
internalised in cells via active transport mechanisms as Cu(l) rather than Cu(ll);

human copper transporter 1 (hCtr1) is recognized as the trans-membrane protein that
internalises copper(l).
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hCtr1 Cut selectivity filter (F. Ren et al. Nature Communications 10 (2019) 1386)




Why Cul)-phosphanes complexes?

» Phosphanes (PR3) are able to stabilize copper in its reduced Cu(l) state
avoiding disproportionation to Cu and Cu(

> hydrophilic [Cu()(P),]* complexes are easy to handle in biological tests
» [Cu)(P)s]* complexes are labile, somehow mimicking cis-Pt

P
o _P <
NK(\]\I H C)X\ l\'l/( Tﬂ‘«o ON /N L\’?\l
L-N—] 3 LN CH O//S/ ~
PPhy(p-CgH4COOH) PTA DAPTA PTA-SO,

v" High in vitro cytotoxicity (generally higher than cis-Pt)

v" Overcoming of cis-Pt resistance (... different mechanism of action)

v' Selectivity toward tumor cells vs non-tumor cells

v' Specificity toward cancer cells derived from solid tumors (colon cancer cells)
v" Cellular internalization by active transport via transmembrane protein hCtr1

v" In vivo antitumor efficacy (Lewis lung carcinoma (LLC) murine model).
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(54) [CUTHP)4IN[X]-N COMPOUNDS FOR THE (86) PCT No.: PCT/IB2011/053624 Hela = cervix cancer

TREATMENT OF A BROAD RANGE OF §371 (@(1)
HUMAN SOLID TUMORS, INCLUDING N 4

REFRLCTORY UMORS (2).(4)Date: ~ Feb. 11,2014 MCF-7 = breast cancer
Publication Classification H I_60 = |eu ke m ia

Daudi = lymphoma

(76) Inventors: Cristina Marzano, Padova (IT); Marina
Porchia, Padova (IT); Francesco Tisato, (51) Int.CL
Padova (IT); Valentina Gandin, Padova AGIK 31/66 (2006.01)
(IT); Carlo Santini, Camerino (52) US.CL
(Macerata) (IT); Maura Pellei, ~De

(54) Title: [Cu(thp)4],[X]., COMPOUNDS FOR THE TREA1 Camerino (Macerata) (IT); Giancarlo
CLUDING REFRACTORY TUMORS,

.. A6IK 31/66 (2013.01)
ceveeeeenn. 514/129: 556/21

i

————— Gioia Lobbia. Camerino (Maccrata) H e pG 2 =e pato ma
(IT): Grazia Papini, Camerino (57) ABSTRACT
(Macerata) (IT) . X
Cu(I) complexes of the type [Cu(thp)4],[X]_,,, wherein thp is A3 7 5 = me I anoma
(21)  Appl. No.: 14/238,466 atris(hydroxymethyl)phosphine, X is a counteranion, n=1-4,
for the use as antineoplistic agents against solid tumors in
(22) PCT Filed: Aug. 16,2011 humans.

In vivo tests on LLC murine cancer model

LLC - bearing C57BL mice

LLC-bearing C57BL mice

v" Soluble and stable in H,0 f

v" 30 times more active than cisplatin

v Not cross-resistance

v" Up to 90% regression of the tumor mass LLC-bearing CS7BL mice treated with K&-1
(in vivo, 15 days C5C57BL mice treated) =

v Non-systemic toxicity

Patent purchased in 2018 by the 4 m%-t’emm el SShimin lios d43' e 9'_1.1 and 13 after tumer
SAPIR PHARMAGCEUTICALS (NEeW YOrK, USA) | o e o o o st o 50 e ey

Advanced-stage treatment (2): KB-1 dosed daily at 50 mk/kg ip from d 9 (palpable tumor) to d 11,
and at 30 mk/kgip fromd 12tod 14. .
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Crystal structure of LMN ligand

Synthesis of novel copper(l) and copper(ll) derivatives evaluated for their
cytotoxic activity
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Combined Chemotherapy (CTX) with Synchrotron Radiation (SR)

Current Medicinal Chemistry, 2014, 20, 1-29 1

The Combined Therapeutical Effect of Metal-based Drugs and Radiation
Therapy: The Present Status of Research

= Current
= Medicinal
Chemistry

C. Ceresal’*, A. Bravin®, G. Cavaletti', M. Pellei’ and C. Santini® *

!Department of Surgery and Translational Medicine, University of Milano - Bicocca, Monza, Italy; *Biomedical Beam-
line (ID17), European Synchrotron Radiation Facility (ESRF), Grenoble, France; 3School of Science and Technology -
Chemistry Division, University of Camerino, Camerino, Italy

» Principle

* Tumor loaded with a high Z element (Pt, Cu,
Au, Ag), with high probability for adsorbing
radiation

> Effect

* Induction of photoelectric effect by irradiation
with monochromatic X-rays beams (keV scale)
tuneable to the adsorption edges of the high Z
element

» Advantage
* To reduce toxic effects on the surrounding i

healthy tissues e

ESRF

* To increase tumor control Tre Ewropean synehvoton
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EUROPEAN COOPERATION IN SCIENCE AND TECHNOLOGY

SYRA3 COST Action TD1205: Innovative Methods in Radiotherapy and Radiosurgery
Using Synchrotron Radiation
Director: A. Bravin (ESRF, Grenoble, France)
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13 Countries
30 Research Group
» 26 UE

Unicam expertise: CMST (Chemistry and
Molecular Sciences and Technologies) -

. . . . » 1 Canada
Inorganic Chemistry, Coordination > 1 United States
Chemistry, Metal-based drugs. > 2 Australia

Its aim is to setup and coordinate a multidisciplinary network to develop
synchrotron radiotherapy and radiosurgery techniques to treat brain
tumours and other diseases of the central nervous system.

Radiation-enhanced metal-based
chemotherapy in the treatment of

solid tumors

Scientific partners: Prof. Guido Cavaletti, P.I. (Universita

degli Studi di Milano - Bicocca); Dr. Alberto Bravin (ESRF
Grenoble, France)
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Antimalarial coinage metal complexes
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Short communication

Novel metalloantimalarials: Transmission blocking effects of water
soluble Cu(T), Ag(I) and Au(I) phosphane complexes on the murine
malaria parasite Plasmodium berghei

Sofia Tapanelli ?, Annette Habluetzel **, Maura Pellei ®*, Luciano Marchio €, Alessia Tombesi ®,
Ambra Cappareé ®, Carlo Santini

2 School of Pharmacy, University of Camerino, Piazza dei Costanti Camerino, MC ltaly
® School of Science and Technology - Chemistry Division, University of Camerino, via S. Agostino 1, Camerino, MC, Italy
© Department of Chemistry, University of Parma, Parco Area delle Scienze 17A, Parma, Italy

developing in the mosquito midgut

In vitro testing on malaria parasite stages
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Inhibitory activity of the Cu(l), Ag(l) and Au(l) phosphane
complexes on early sporogonic stages (ESS) of the rodent malaria
parasite P. berghei in the in vitro ookinete development assay (48).
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Copper radioisotopes
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v 84Cu was produced in large quantities and with in high specific activity in
biomedical cyclotrons by the nuclear reaction %4Ni(p,n)®*Cu

v

system.

64Cu is a positron emitter making it a viable PET imaging radionuclide
which can give real time images of the physiological processes in the

Radiotherapeutic efficacy of 646’Cu depends highly upon the radioligand
delivery to the target cells, so the development of bifunctional chelates is

central to development of 6¥67Cu's potential as a radiopharmaceutical.



Radiometal-based anticancer agents: ¢4Cu and ¢’Cu %:
Washington

University in St Louis

SCHOOL OF MEDICINE
Mallinckrodt Institute of Radiology

v" Anovel class of 84Cu(ll) labeled complexes with new macrocyclic ligands

v' in vitro and in vivo characterization of 4Cu(l) complexes derived from : :
. . $ Memorial Sloan Kettering
hydrophilic phosphane ligands ) Cancer Center
Department of Radiology,
N Radiochemistry and Imaging Sciences Service
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New theranostic copper complexes and their bioconjugates for a multi-modal
anticancer strategy
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Why metal carbenes complexes?

» \Versatile class of soft ligands able to stabilize metals in their reduced state;
» wide range of applications in metal-based catalysis and organocatalysis;

« carbenes precursors are useful as ionic liquids;
« anchors for surface modifications, stabilization and functionalization of metal nanoparticles;
« M-NHCs complexes are labile, somehow mimicking cis-Pt.
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Coinage metals N-Heterocyclic carbene complexes
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Copper catalysts
v" C-N and C-C coupling reactions (Sonogashira reactions)
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Copper catalysts
v" Allylic oxidation (Kharasch-Sosnovsky reactions)
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Antiviral coinage metal complexes

From molecular design and synthesis to antiviral evaluation of new copper/gold entities against
the SARS-CoV-2 infection
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Are Cu(l) and Au(l) complexes candidates for SARS-CoV-2 inhibition?

Crystal structure of the free enzyme of the
SARS-CoV-2 main protease

In a stable docked structures copper could readily bond
to the CYS 145 thiolate
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