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Short Communication

Transition metal-based chemotherapy drugs became one of
the workhorses in the clinic since cisplatin was approved as an
anticancer drug in 1970s [1]. The wide medical use of other related
platinum drugs including carboplatin and oxaliplatin further
spurred the intense interests of the scientists in the development of
metallodrugs. However, it is aware that tumors can be evolved to be
resistant to platinum drugs, prompting to develop non-platinum-
based metallodrugs. Nowadays, a variety of metal-based complexes
have been investigated as agents for various diseases ranging from
cancers to neurodegenerative diseases [2]. However, it should be
noted that no new non-radioactive metallodrug was approved for
medical use after the platinum drugs [3].

The development of new metallodrugs is facing some
challenges. Most metallodrugs failed to enter clinical trials due to
their related adverse side-effects. These side-effects are mainly
contributed by unclear interaction mechanisms, high toxicity
and low biocompatibility. Frankly, pharmaceutical agents are
mainly small organic compounds and naturally derived molecules,
metallodrugs remain attractive due to their unique properties
[1]. Firstly, transition metal complexes generally display rich
chemical geometries, such as square planar Pt (II) complexes,
octahedral ruthenium (II)/iridium (III)/rhodium (III) complexes.
This rich chemical space provides the possibility of additional
interaction with biological macromolecules, especially for protein-
protein interactions which are generally difficult to be targeted by
traditional small molecule-based agents as these targets lack well-
defined interaction pockets. Secondly, many metal centers display
multiple oxidation states, endowing the complexes with a new

mechanism of action during interaction with biological targets.
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For example, ferrocene and ferrocene derivatives are known to
reversibly go through oxidation-reduction, which can be harnessed
to provide additional modes of action, such as ROS generation
and interference with redox homeostasis in living systems [3].
Fascinatingly, many transition metal complexes show desirable
photophysical properties, especially for d6, d8 and d10 transition
metal complexes. These complexes generally show highly strong
room-temperature phosphorescence, long emission lifetime, high
photostability etc. These excellent properties enable them to be
potential diagnostic probes. Therefore, there is an increasing
trend that the scientists are exploring the theranostic potential
of luminescent transition metal complexes since these probes
are more cost-effective, and are capable of real-time monitoring

therapeutic process, even realizing imaging-guide surgery [4].

To out delighted, the first Ru (II) polypyridyl complex-based
photosensitizer TLD1433 has completed phase Ib clinical trial
for the treatment of bladder cancer [5], shedding light on the
theranostic potential of luminescent transition metal complexes.
However, the low specificity of the metal complexes to tumor tissues
leads to off off-target accumulation in the body, causing unwanted
side effects. At the same time, most complexes also suffer from
low water solubility, hampering them to be orally administered. In
addition, near-infrared (NIR) transition metal complexes for deep
tissue penetration are relatively rare, and the development of NIR
complexes generally involves high aromatically conjugated ligands,

which are not favorable for biological applications.

To address these problems, I think there are three main
promising strategies in future. One is to conjugate biologically
compatible molecules to metal complexes, such as biotin or
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other cancer specifically targeted natural products, peptides and
carbohydrates. For example, we have developed galactose [6],
peptide WKYMVm [7] and natural product oridonin [8] conjugated
iridium (III) complex-based luminescence probes, which displays
high specificity to cancer cells with highly improved compatibility.
With the immense interest in luminescent nanomaterials, metal
complexes-based nanomaterials offer new opportunities to
develop biocompatible and multifunctional theranostic probes.
For example, the Ru (II) polypyridyl complex was used to serve as
abuilding block to develop phosphorescent nanoscale coordination
polymers, which surface can be further factionalized for biological
applications [9]. Another strategy is to develop NIR complexes,
which use traditional organic dyes to be ligands, such as coumarin,
BODIPY etc. These organic dye-based ligands not only possibly
enable the complexes to emit in the NIR region, but also show high
extinction coefficient [10]. At last, I believe that more luminescent
transition metal-based theranostic probes will advance into clinical
trials if bioinorganic chemists tightly collaborate with other area

scientists, such as materials, medicine.
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