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Photodynamic therapy (PDT)
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Mechanisms of PDT
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Photodynamic therapy in the clinic
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Disclaimer: overview not complete
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Photodynamics & Phospholipids

1. Photodynamic therapy 2. Photodynamic drug release
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2. Photodynamic drug delivery
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Le Clainche... Broekgaarden, Eur J Pharm Sci, in resubmission
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2. Photodynamic drug delivery

Liposome design considerations

Engineering the phospholipid bilayer Selecting photosensitizers
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2. Photodynamic drug delivery

Liposome engineering

Effect phospholipid headgroup
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3. Photodynamic priming

e Vascular permeabilization
e Stroma loosening

Light fluence reduces e Drug transporters inhibition
exponentially with e Mitigate chemoselection pressure
depth, creating an e Cytokines released

acute death zone o DAMPs increased

(up to 1520 mm in o Fibroblast-associated cytokines
diameter) suppressed

Huang... Hasan, Cancer Res 2018
Obaid, Celli, Broekgaarden, Bulin, Uusimaa, Pogue, Hasan, Huang, Nat Rev Bioeng, 2024
Carigga-Gutierrez...Broekgaarden, Cancer Metastasis Rev 2022




3. Photodynamic priming

Effects on cancer microenvironment
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3. Photodynamic Priming (PDP)

Effect drug-light interval

Tumor Doxorubicin concentrations
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Photodynamic Priming (PDP)

Free vs lipid-conjugated photosensitizer
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4. Photochemical Internalization (PCI)
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/ Late Endosomes/
- Lysosomes

Exocytosis

Extracellular
space
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g ‘, Endocytosis
g 0 Endosomes
\ Late Endosomes/
Extracellular Cytosol Lysosomes

space U
i

Poor diffusion across membranes/
Retention in lysosomes
Mostly developed for Bleomycin Log P, -7.5

Also relevant for Oxaliplatin? Log P, -1.4 (Platts et al 2006)

PDT/Oxaliplatin synergy: Broekgaarden et al, Biomaterials 2019

PEGylated liposomes deliver photosensitizers to

lysosomes
Improved bleomycin efficacy by PCI (Peng et al 2014)

Improved RNA delivery via LNPs (Mo...Cullis & Zheng 2023)




4. Photochemical Internalization (PCI)

Plasma membrane Lysotracker Merged Zoom

v' Liposomal BPD accumulates in lysosomes (not exclusively)
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v' PDT + Oxaliplatin: synergistic enhancement
v Reversed by Dynasore

Carigga-Gutierrez...Broekgaarden, J Control Release, in resubmission
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Photodynamics & Phospholipids

2. Photodynamic drug release
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3. Photodynamic priming 4. Photochemical internalization

Challenges

Elucidate effects on cancer microenvironment
Safety (Metastasis in the long term?)
Detection & quantification of priming

il
' NMR Metabolomics of immediate
& prolonged priming effects

pour la recherche a
sur le cancer

Fondation

Overcoming the shallow penetration of light in tissue

Radiotherapy-controlled rays
drug release & priming Sf
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Perspective:

From light to X-rays

X-Ray triggered calcein release

1 o= 81.7 keV synchrotron irradiation
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Carigga-Guitierrez...Broekgaarden, Adv Mater, 2024
Leo...Broekgaarden, Eur J Med Chem 2025
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