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Photodynamic therapy (PDT) is a two-stage treatment that combines light energy with a photosensitizer designed
to destroy cancerous and precancerous cells after light activation. Photosensitizers are activated by a specific
wavelength of light energy, usually from a laser. The photosensitizer is nontoxic until it is activated by light.
However, after light activation, the photosensitizer becomes toxic to the targeted tissue. Among sensitizers, the
topical use of 5-aminolevulinic acid (ALA), a natural precursor of protoporphyrin IX, a precursor of the heme group,
and a powerful photosensitizing agent, represents a turning point for PDT in the dermatological field, as it easily
absorbable by the skin. Wound healing requires a complex interaction and coordination of different cells and

molecules. Any alteration in these highly coordinated events can lead to either delayed or excessive healing.
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| 1. The Photodynamic Therapy

In medicine, the use of photodynamic therapy (PDT) is now widely documented and well-codified for the treatment
of oncological and non-oncological diseases. In dermatology, the use varies from oncological pathologies such as
basal cell carcinoma, squamous cell carcinoma, actinic and non-oncologic keratoses, bacterial, fungal, viral,
immunological or inflammatory infections, to the treatment of chronic wounds, and finally, cosmetology for
photorejuvenation W2 PDT is based on the cytotoxic action of some hyperactive oxygen species (i.e., a type of
unstable oxygen molecule that easily reacts with other molecules in a cell; a build-up of reactive oxygen species in
cells may cause damage to DNA, RNA, and proteins, and potentially induce cell death 18], especially singlet
oxygen, but also superoxide anions and hydroxyl radicals, generated by the transfer of energy and/or electrons
from the photoexcited oxygen sensitizer. Three important mechanisms are responsible for the efficacy of PDT: (1)
direct death, or inflammation, of tumor cells, (2) damage to tumor vessels, (3) immunological response associated
with the stimulation of leukocytes and release of interleukins and other cytokines, growth factors, complement
components, acute phase proteins, and other immunoregulators B, |n wound healing, recent studies show
the efficacy of PDT for its antibacterial activity, in attacking the biofilm, and in remodeling the extracellular matrix by
activating MMPs, thus inducing changes in the collagen of the extracellular matrix for the tissue healing process. In

addition, PDT induces cellular changes, which is the phenomenon observed during the course of tissue repair 2
(31141
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| 2. Photosensitizers

PDT is a treatment that uses a photosensitizer (administered topically or systemically), light (which interacts with
the substance in question), and oxygen to cause selective cell death by necrosis or apoptosis of the cells
“atypically” sensitized, in which the photosensitizer or its precursor—administered topically or intravenously—

accumulate selectively.

In summary, the photodynamic effect (through photophysical, photochemical, and photobiological mechanisms) is
mediated by the generation of ROS, a process that depends on the intracellular interactions of the photosensitizer
with light and oxygen 213141,

The topical use of ALA (Figure 1A), a natural precursor of protoporphyrin IX (Figure 1B) and, in turn, a precursor
of the heme group and a powerful photosensitizing agent, represents an important turning point in the
dermatological field, as it is easily absorbable by the skin [IBIEISITE At the cellular level, the pro-drug, once
transformed into protoporphyrin 1X, causes the production of reactive oxygen species, which induce cell death in
target cells. The presence of ROS in the immediate vicinity of cellular and subcellular membranes (in particular the
mitochondrial ridges) allows the release of cytochrome C, with consequent activation of the caspase cascade,
which ultimately leads to the intrinsic apoptotic phenomenon. The effect is enhanced by the degeneration of small
vessels via a photodynamic mechanism, and by the triggering of an inflammatory reaction BIBIEIR The
concentration of 5-ALA usually depends on the mode of treatment, but the range is between 2-40% systematically,

and 30-50 mg/cm2 topically. It is usually applied for less than 4 h, and it reaches peak accumulation between 3
and 8 h [2IBIBI6I7IE.
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Figure 1. (A) Fvasconcellos: Structural diagram of aminolevulinic acid. Created using ACD/ChemSketch 10.0 and
Inkscape. This image of a simple structural formula is ineligible for copyright and, therefore, is in the public
domain, because it contains no original authorship. (B) Fvasconcellos: Skeletal formula of protoporphyrin IX.
Created using ACD/ChemSketch 10.0 and Inkscape. The copyright holder of this work has released it into the
public domain. This standard applies worldwide. In some countries this may not be legally possible. | grant anyone
the right to use this work for any purpose, without any conditions, unless such conditions are required by law. (C)
Chronic wound: Increased thickness of the epidermis and richness of cellular infiltrate. Hematoxylin Eosin, Light
microscopy, scale bar = 10 microns. (D) Colocalization between MCs (stained with avidin, in red) and fibroblasts
(stained with HSP47, in green) in PDT-treated chronic wounds. Fluorescence microscopy, scale bar =10 microns
(see Table 1 for others information). (E) Colocalization between MCs (stained with avidin, in red) and DCs (stained
with MHC class I, in green) in PDT-treated chronic wounds. Fluorescence microscopy, scale bar =10 microns (see

Table 1 for others information).

Table 1. Reagents used to stain inflammatory cells.

Substances Target References
HSP 47 (Antibody) Fibroblasts (10]
Avidin (Egg white protein linking biotin) MCs (1]
MHC class Il (Antibody) Dendritic cells [12]
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containing neurotransmitters involved in wound healing processes. The results demonstrate that, in chronic
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