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The field of theranostics is growing rapidly as
therapeutic regimes are increasingly being integrated
and guided by diagnostic practices such as medical
imaging. There is some room for discussion about the
general definition of a theranostic agent, if there exists
such a definition. Is it a diagnostic imaging agent that
is used in the context to guide surgical procedures? Or
rather, is it a therapeutic agent whose administration
and dosing is guided by diagnostic metrics? Probably,
theranostics encompasses both of these concepts and
many additional ones, which are regularly discussed
within this journal. However, it may be presumed
that single agents which have the capacity for both
imaging and therapy are particularly suited for
theranostic applications. Porphyrins and phthalocya-
nines, which share an aromatic and planar
tetrapyrrole backbone, are one class of such molecules
which are ideally suited for intrinsic multifunctional
imaging and therapeutic applications. In this special
Theranostics issue, which is dedicated to porphyrins
and phthalocyanines, a partial representation of the
multifunctional theranostic capabilities of porphyrins
and phthalocyanines is presented.

The incredibly rich history of porphyrins and
phthalocyanines as theranostics agents is presented in
a review paper within this issue [1]. The endogenous
bright red porphyrins in blood could be considered as
the original old theranostic agent. Heme has main-
tained its use in new imaging techniques as the central
molecule that enables functional magnetic resonance
imaging. Porphyrins have been pioneering agents for

modern theranostics. Heme derivatives have been
used for cancer imaging as early as the 1920s, phthal-
ocyanines were used for positron emission studies
since the 1950s and porphyrins have been used as MR
contrast agents since the 1980s. Of course, porphyrins
have made a clinical mark on modern theranostics in
the form of photodynamic therapy (PDT). Most por-
phyrins generate singlet oxygen upon irradiation, so
they can be used for therapeutic applications involv-
ing a photosensitizer, light and oxygen. A definitive,
comprehensive summary of the theranostic roles of
porphyrins with respect to photodynamic therapy is
presented as a review in this issue [2].

The intertwined fluorescent and photodynamic
properties of porphyrins permit novel optical
theranostic approaches. By using two-photon fluo-
rescence lifetime imaging, Yeh et al. demonstrate that
subcellular localization can be determined based on
differences in porphyrin fluorescence lifetime proper-
ties in the cell membrane and the cytosol [3]. By de-
veloping such novel cutting-edge optical techniques,
it is hoped that such methodologies and instrumenta-
tion may eventually enter clinical practice for im-
proving routine PDT. PDT is a multi-factor treatment,
with clinicians being able to control laser power, laser
treatment time, drug dose, and number of laser
treatments. Thus, developing feedback systems to
guide therapy is critical. Glidden et al, use im-
age-based quantification in a three dimensional tumor
model to optimize PDT parameters [4]. By under-
standing the interplay between drug localization,
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drug bleaching during treatment, and cellular re-
sponse, PDT treatment variables can be better under-
stood and optimized. In another study illustrating the
utility of the multimodal parameters of porphyrins,
Mitra et al. use the dual fluorescent/photodynamic
properties of a photosensitizer to examine drug up-
take, along with imaging of perfusion and immune
response, to better more thoroughly determine the
outcome of tumors treated with PDT [5].

Although porphyrins and phthalocyanines share
a tetrapyrollic backbone, there are literally unlimited
variations on substituent components of porphyrins.
In addition, by inserting a chelated metal within the
porphyrin, even more possibilities exist. In this issue,
Ongarora et al. use new phthalocyanine chemistry to
create a series PEGylated cationic molecules with
promising in vitro behavior against cancer cells [6].
Based on the fluorescent and photodynamic proper-
ties of the chemical derivatives, both uptake and
therapy could be readily characterized. Rather than
synthesizing new types of phthalocyanine molecules,
Lim et al developed a novel nanocarrier formulation
to effectively deliver phthalocyanines to tumors in
vivo [7]. Following accumulation in the tumor, pho-
tothermal therapy (rather than photodynamic) was
used to achieve therapeutic effect.

Yumita et al. present a novel report of using
sound, rather than light, to achieve destruction of
cancer cells using a novel porphyrin derivative [8].
The mechanism, which was demonstrated to be re-
lated to the generation of singlet oxygen, has not been
extensively explored by many research groups but
offers compelling upside due to the superior travel of
sound waves through body tissue compared to light
waves. Finally, Benachour et al. present a compelling
example of a multimodal, targeted nanoparticle for-
mulation that was used for both MR imaging and
chlorin-mediated PDT for brain cancer applications
[9].

These review and research articles are illustra-
tive of some of the exciting theranostic capabilities of
porphyrins and phthalocyanines. Without doubt, fu-
ture translational research will continue to use these
multifunctional molecules for new theranostic appli-
cations.
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