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Metal-based drugs have attracted growing interest in biomedicine [1] due to their
potential value for both therapeutic and diagnostic applications in different diseases,
especially in cancer [2–4], with several examples of compounds recently reaching preclinical
or advanced clinical evaluation [5–12].

Indeed, metal-containing complexes are endowed with impressive chemical diversity
and versatility, depending on the metal of choice, its oxidation state, the number and type
of coordinating ligands, and specific magnetic and/or optical properties.

This Special Issue aimed to highlight the most recent advances in metal-based com-
plexes used in cancer therapy and diagnostics.

The interest in metal-based drugs started in the early 1960s with the serendipitous
discovery of the first platinating agent, i.e., cisplatin, which was approved in the 1970s
by the Food and Drug Administration (FDA) for the treatment of many solid tumours,
including testicular, ovarian, bladder and colorectal cancers. Following cisplatin, sev-
eral platinum-containing derivatives were developed, although only two were globally
approved for usage in the clinic, which are carboplatin and oxaliplatin.

Forgie and colleagues provided detailed mechanisms of action for these three platinat-
ing agents, detailing both the nuclear and cytoplasmatic effects. They also reviewed their
current clinical use and limitations, including side effects and mechanisms of resistance [13].
Concerning oxaliplatin, Martinez-Bernabe et al. studied the effect of oxaliplatin on inflam-
mation and cancer stem cell markers in primary and metastatic colorectal tumourspheres,
demonstrating the efficiency of this drug in advanced stages of colorectal cancer, but not in
the early stages [14].

Several other platinum and nonplatinum metal complexes have shown potent cyto-
toxic and antitumor properties that are associated with low side effects.

Aiming at reducing the unselective cytotoxicity of cisplatin, inert Pt(IV) prodrugs
have been proposed since they can be activated via a reduction by cellular reducing
agents or by photoactivation directly in the site of interest. In this context, Canil
and colleagues synthesized a new photoactivatable Pt(IV) complex, [Pt(OCOCH3)3(4′-
phenyl-2,2′ :6′ ,2′ ′-terpyridine)][CF3SO3], which is totally unreactive towards selected
model biomolecules until its reduction. On the contrary, this compound underwent a
rapid and efficient photoreduction with visible light or with flavin, which is naturally
present in the cellular environment, leading to its reactive Pt(II) analogue that proved
to bind human serum albumin and a monofilament oligonucleotide fragment [15].

Similarly, the research group of Sicilia studied the interaction of a platinum(IV)–salphen
complex (Pt(IV)–Sal) with a G-quadruplex, demonstrating the stabilization of the nucleic
acid structure by either establishing π-stacking interactions with the terminal G-tetrad
or through electrostatic interactions along with H-bond formation [16].

Silconi and coworkers evaluated in vitro and in vivo a previously proposed
platinum(IV) complex with alkyl derivatives of thiosalicylic acid, PtCl2(S-pr-thiosal)2.
It reduced in vitro the viability of murine B-cell leukaemia lymphoma cells, BCL1, but also
decreased the growth of metastases in the leukaemia lymphoma model in BALB/c mice.
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Moreover, PtCl2(S-pr-thiosal)2 induced apoptosis and cell cycle disturbance, resulting in
cell cycle arrest in the G1 phase [17].

Going further with platinum compounds, the research group of Weigand proposed
complexes with β-hydroxydithiocinnamic acid esters such as O,S bidendate ligands for
Ni(II), Pd (II) and Pt(II) complexes in one paper [18], and Ru(II) and Os(II) complexes in
another manuscript [19]. For Ru- and Os-based compounds, the authors demonstrated
a selective activity towards ovarian cancer cell lines and cisplatin-resistant cells without
showing activity on non-cancerous cells, which were used as the control. Structure–activity
relationship (SAR) studies of the Ru(II) compounds suggested that longer alkyl chains at
the aromatic ring lead to higher cytotoxic properties. In the osmium complex series, the
most active compound proved to be the one with a hydroxy group at the meta-position [19].

In turn, for Ni(II), Pd(II) and Pt(II) complexes, SAR analyses revealed the metal ion
(M), alkyl-chain position (P) and length (L) as crucial parameters for an efficient in vitro
activity with the following order: M > P > L. The highest activities have been found for
some Pd complexes and ortho-substituted compounds [18].

Similarly, Czylkowska et al. proposed a new ligand, i.e., 5-((1-methyl-pyrrol-2-yl)
methyl)-4-(naphthalen-1-yl)-1,2,4-triazoline-3-thione, for the development of Mn(II),
Fe(II), Ni(II), Cu(II) and Zn(II) complexes. Among these five metal-based complexes,
the Mn(II)-based compounds showed the best cytotoxicity against the selected colon
and lung cancer cell lines with an activity comparable to that of commercially available
drugs, such as 5-fluorouracil and etoposide [20].

Pivovarova and colleagues designed and evaluated copper coordination compounds
containing thiazole-based derivatives. In the proposed series, two copper complexes
exhibited cytotoxic effects on breast cancer cells with selectivity towards tumourigenic cells
over healthy ones, definitively proving the efficacy of the proposed complexation [21].

Finally, in the field of diagnostics, the research group of Shirmanova developed a
method for the simultaneous analysis of the cellular metabolic status and oxygen level,
using fluorescence lifetime imaging microscopy (FLIM) of metabolic cofactor NAD(P)H,
and phosphorescence lifetime imaging (PLIM) of a new polymeric Ir(III)-based sensor (PIr3),
respectively [22]. The sensor was derived from a polynorbornene and cyclometalated Ir(III)
complex and allowed for the detection of hypoxia, a typical condition of cancer cells,
in vitro. Indeed, it resulted in a correlative increase in the PIr3 phosphorescence lifetime
and free (glycolytic) NAD(P)H fraction in cells. In vivo, mouse tumours demonstrated a
high degree of both metabolic and oxygen states. Both hypoxia and glycolytic metabolism
support tumour aggressiveness and resistance to radio-, immuno- and chemotherapies.
Therefore, dual FLIM/PLIM metabolic/oxygen imaging will be valuable in preclinical
investigations to monitor cancer progression and treatment response [22].

The collection of papers and reviews presented in this Special Issue provides inter-
esting examples of the novel and unique achievements in metal-based compounds with
potential anticancer properties.
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Krześlak, A.; Jóźwiak, P.; et al. Synthesis and biological evaluation of thiazole-based derivatives with potential against breast
cancer and antimicrobial agents. Int. J. Mol. Sci. 2022, 23, 9844. [CrossRef] [PubMed]

22. Parshina, Y.P.; Komarova, A.D.; Bochkarev, L.N.; Kovylina, T.A.; Plekhanov, A.A.; Klapshina, L.G.; Konev, A.N.; Mozherov, A.M.;
Shchechkin, I.D.; Sirotkina, M.A.; et al. Simultaneous probing of metabolism and oxygenation of tumors in vivo using FLIM of
NAD(P)H and PLIM of a new polymeric Ir(III) oxygen sensor. Int. J. Mol. Sci. 2022, 23, 10263. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ccr.2021.214307
https://doi.org/10.3390/molecules27196485
https://www.ncbi.nlm.nih.gov/pubmed/36235023
https://doi.org/10.1111/j.1472-8206.2012.01075.x
https://www.ncbi.nlm.nih.gov/pubmed/22958076
https://doi.org/10.1007/s10456-015-9462-9
https://doi.org/10.1016/j.ygyno.2018.10.001
https://doi.org/10.1016/j.ejmech.2019.02.063
https://doi.org/10.1016/j.ejmech.2020.112269
https://doi.org/10.1002/cbic.202000117
https://doi.org/10.3390/cancers13205164
https://www.ncbi.nlm.nih.gov/pubmed/34680314
https://doi.org/10.3390/ijms24076473
https://www.ncbi.nlm.nih.gov/pubmed/37047448
https://doi.org/10.3390/ijms232315410
https://www.ncbi.nlm.nih.gov/pubmed/36499737
https://doi.org/10.3390/ijms24043821
https://doi.org/10.3390/ijms24021106
https://doi.org/10.3390/ijms232415579
https://doi.org/10.3390/ijms23158161
https://doi.org/10.3390/ijms23126669
https://doi.org/10.3390/ijms23094976
https://doi.org/10.3390/ijms23169162
https://doi.org/10.3390/ijms23179844
https://www.ncbi.nlm.nih.gov/pubmed/36077257
https://doi.org/10.3390/ijms231810263
https://www.ncbi.nlm.nih.gov/pubmed/36142177

	References

