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WELCOME 

 

Dear Colleagues and Fellow Scientists,  

Following the tradition initiated 30 years ago, the 16th IPA Congress brings together researchers 

and clinicians working in all fields of photodynamic therapy (PDT) and photodiagnosis (PD) to 

foster the scientific development of this area and contribute to the widespread use of the best 

clinical practices. IPA congresses are the privileged forums to present new advances in 

photodynamic therapy and photomedicine in general. IPA2017 proudly honors this tradition and 

offers a variety of research and clinical advances in ca. 130 invited lectures and contributed talks 

and as many posters. IPA2017 gathers over 300 participants actively involved in PDT and PD. It 

promises to be an interesting chapter in the history of photodynamic therapy meetings, and you 

are welcome to be part of it.  

IPA2017 will be held in the historical center of the University of Coimbra, classified as World 

Cultural Heritage by the UNESCO. The University of Coimbra was founded in 1290 and is one 

of the most ancient existing universities in continuous operation in the world. Its Faculty of 

Medicine dates back to the foundation of the University and the Laboratory Chymico, precursor 

of the Chemistry Department, was built in 1775/76 to foster experimental studies in chemical 

sciences. Today the Laboratory Chymico hosts the Museum of Science. PDT and PD have been 

the focus of intense research at the University of Coimbra, and it is a great pleasure to host 

IPA2017 in our University. 

Welcome to IPA2017 in Coimbra, Portugal. 

 

Luis Arnaut 

Conference Chair 

University of Coimbra  
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INTERNATIONAL PHOTODYNAMIC ASSOCIATION 
 
 

The IPA was founded in 1986 and its membership consists of the most prominent international 

clinicians and scientists involved in performing and researching photodynamic therapy (PDT) 

and photodiagnosis (PD). IPA promotes the study of diagnosis and treatment using light and 

photosensitisers, and disseminates knowledge in this field to the IPS members, the medical 

community and the general public. The IPA organizes a World Congress every two years. The 

IPA World Congress is the premier forum to communicate outstanding advances in the clinical 

and basic research aspects of PDT and PD. 

 
BOARD OF DIRECTORS 

President: Tayyaba Hasan (Harvard Medical School, USA) 
Secretary General: Vandana Grover 
Treasurer: Carolyn Cross (Vancouver, Canada) 
Ahn, Woog, S. (The Catholic University of Korea, Republic of Korea) 
Allison, Ron R. (21st Century Oncology, USA) 
Bagnato, S. Vanderlei  (University of Sao Paulo, Brazil) 
Barron, J. Patrick (Tokyo Medical University, USA) 
Berg, Kristian (Norwegian Radium Hospital, Norway) 
Biel, Merril A. (Virginia Piper Cancer Institute, USA) 
Bown, Stephen G. (National Medical Laser Centre, UK) 
Curnow, Alison (Peninsula Medical School, UK) 
Furukawa, Kinya (Tokyo Medical University, USA) 
Hamblin, Michael R. (Harvard Medical School, USA) 
Hopper, Colin (University College Hospital, London, UK) 
Horvath, Theodor (Masaryk University, Czech Republic) 
Huang, Zheng (University of Colorado Denver, USA) 
Jans, David A. (John Curtin School of Medical Research, Australia) 
Kessel, David (Wayne State University, Michigan, USA) 
Korbelik, Mladen (BC Cancer Agency, Canada) 
Kostron, Herwig (University Innsbruck, Austria) 
Moseley, Harry (University of Dundee, Scotland) 
Pogue, Brian W. (Dartmouth College, USA) 
Robinson, Dominic J. (Erasmus Medical Center, The Netherlands) 
Ross, Patrick (Main Line Health Systems, USA) 
Wilson, Brian (University of Toronto, Canada) 
Wolfsen, C. Herbert (Mayo Clinic, USA) 
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COMMITTEE 
 
 
SCIENTIFIC COMMITTEE  
Luis G. Arnaut – University of Coimbra, Portugal 

Tayyaba Hasan – Harvard Medical School, USA 
Jiro Akimoto – Tokyo Medical University, Japan 

Stephen G Bown – National Medical Laser Centre, UK 
Kristian Berg – Oslo University Hospital, Norway 

Vanderlei S. Bagnato – University of Sao Paulo, Brazil 
Myung-Gyu Choi – Seoul St. Mary's Hospital, South Korea 

Zheng Huang – Fujian Normal University, China 
David Kessel – Wayne State University, USA 

Lothar Lilge – University of Toronto, Canada 
Santi Nonell – Universidad Ramon Llull, Spain 

Brian Pogue – Dartmouth College, USA 
Brian Wilson – University of Toronto, Canada 

 
ORGANIZING COMMITTEE – University of Coimbra 
Mariette M. Pereira  Carlos Serpa 
Mário Calvete Ligia Gomes-da Silva 

 
LOCAL COMMITTEE – University of Coimbra 

Kamila Mentel  Hélder Soares 
Alexandre Silva Ana Catarina Lobo 
Carolina Vinagreiro Vanesa Tomé 

Ana Mata Rafael Aroso 
Sara Almeida André Luz 

Inês Mendes Fábio Rodrigues 
Liliana Damas Lucas Dias 

 
 



 8 

VENUE MAP 
 

The symposia parallel session will take place in the Chemistry, Rectory and Physics Auditoria. 
The timetibles are synchronines to allow participants do change Auditoria during the discussion 
time after the presentations. Please do not circulate in the Auditoria during the presentations.  
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AREA MAP 
 
 

 
 
 
Suggestions: 

1. O Trovador – Portuguese Cuisine 
2. Loggia – Portuguese Buffet  
3. Cafetaria do Museu de Ciência 
4. Instituto Justiça e Paz 
5. Clube de Memórias – Italian Cuisine 
6. Pizza Hut 
7. Terraço da Alta – Portuguese Cuisine  
8. Casa das Caldeiras 
9. Tapas Cervejaria e Marisqueira – Portuguese Cuisine 

Near Praça da Républica you can find several options for a quick lunch 
University Canteens: 

A. Chemistry Canteen 
B. Central Canteen (open in the weekend) 
C. S.Jerónimo Canteen  

Opening hours:  
• Lunch: 12h00 - 15h00   (Monday to Friday) 
• Dinner:   19h00 - 21h15   (Monday to Friday) 

 
  

Where	to	eat,	less	
than	10min	away: 

1 2 

3 

4 

5 

6 

7 

8 

9 

A 

B 
C 

  

 Rectory	Auditorium 
Cafeteria/Restaurant 
Canteen	 
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GENERAL INFORMATION 
 
REGISTRATION AND BENEFITS 
 
The registration desk at the upper lobby of the Rectory Auditorium opens: 
– June 8th – 15:00 through 20:00 
– June 9th-13th – 9:00 through 13:00 
 
All registered participants are entitled to:  
– Guided tour of the University of Coimbra 
– Welcome reception 
– Access to all scientific sessions 
– Coffee breaks  
– Complete symposium documentation 
– One option of Social Progrem on Sunday afternoon 
– Febrada party 
 
All registered accompanying persons are entitled to: 
– Guided tour of the University of Coimbra 
– Welcome reception 
– One option of Social Progrem on Sunday afternoon 
– Febrada party 
 
 
WELCOME RECEPTION (SPONSORED BY CONCORDIA) 
 
The Welcome Reception at the Cloisters of Santa Cruz Church is free for all registered 
participants. The Santa Cruz Cloisters are an easy walk down from the University of Coimbra. 
The entry is made through the Câmara Municipal de Coimbra (Coimbra Town Hall) after 19:30. 
A University Choir will perform at the Welcome Reception. 
 
 
GALA DINNER (SPONSORED BY OMICRON) 
 
Tickets for the Gala Dinner at the Palácio de São Marcos can be purchased in the registration 
desk by June 10th at the latest. The ticket includes: 
– Bus transfer to Sao Marcus Palace, leaving at 19:15 from the Chemistry Department 
– Gala Dinner with a Serenade with Fado music 
– Bus transfer to Coimbra downtown, with arrival expected at 23:30 
 
 
FEBRADA PARTY 
 
A party organized by students of the Chemistry Department, following a very local and 
authentic tradition. Each registered participant and accompanying person will have a ticket to a 
drink and a sandwich. Saturday, June 10th at 19:30 in front of the Chemistry Department. 
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ORAL PRESENTATIONS 
 
Please bring your presentation in a pen and ask a Local Committee member to install it in the 
computer of your conference room in the day before your presentation. If you need to make 
your presentation from your laptop, make sure that you are bringing with you an adapter to a 
standard projector connector. In view of the large diversity of devices and connectors coexisting 
today, the organizers cannot guarantee connectors for all possible cases. Please make sure that 
your presentation allows for at least 5 min discussion time. The chairs of the sessions will 
strictly reinforce the schedule time, especially in the Symposia that take place in parallel 
sessions. 
 
All Plenary and Invited Lectures will be held in the Rectory Auditorium. 
– Plenary Lectures should allow for 50 min presentation followed by 10 min discussion 
– Invited Lectures should allow for 25 min presentation followed by 5 min discussion 
 
There are 15 Symposia that will be presented in parallel sessions of 3 symposia. The symposia 
session will be held in the Rectory Auditorium, in the Chemistry Auditorium and in the Physics 
Auditorium. The Chemistry and Physics Auditoria are located in the buildings opposite each 
other and facing the main patio where the Rectory Auditorium is localed. Each Symposium will 
star with two Introductory Talks, followed by Oral Presentations: 
– Introductory Talks should allow for 15 min presentation followed by 5 min discussion 
– Oral Presentations should allow for 10 min presentation followed by 5 min discussion 
 
 
POSTER PRESENTATIONS 
 
The posters must fit in a size of 1.0x1.6 m (width x height). The standard A0 format (0.841 x 
1.189 m) will fit nicely. The organizers will provide materials to fix the posters on the poster 
boards. Please place your poster in the allocated space 30 min before the beginning of the poster 
session and remove your poster no later than 30 minutes after the poster session has ended. 
Posters left up after the tear-down period will be removed for disposal. Organizing Committee is 
not responsible for any lost or damaged posters. 
 
The poster sessions will be held in the entry floor of the Rectory AuditoriuM. There will be two 
poster sessions: 
– June 10th, 16:00 – 19:00, poster session for posters with even numbers 
– June 12th, 16:00 – 19:00, poster session for posters with odd numbers  
 
 
SOCIAL PROGRAM 
 
The option of Social Program June 11th is made at the registration and explained separately. 
 
 
INTERNET ACCESS 
 
Rectory Auditorium account number: ipa2017@uc 
Internet access key: 2c72j0d4fH  



 12 

PROGRAM OVERVIEW 
 

 June 8 
Thursday 

June 9 
Friday 

June 10 
Saturday 

June 11 
Sunday 

June 12 
Monday 

June 13 
Tuesday 

9:00 PDT School 
registration Opening 

Kevin Smith David Kessel  Brian W. Pogue 
Michael Hamblin 

9:30 PDT School 
Luis Arnaut Tayyaba Hasan 

Mladen Korbelik  

10:00 Wenbin Lin Peter Ogilby Janusz Dabrowski Imran Rizvi 

10:30 Coffee break Coffee break Coffee break Coffee break Coffee break Coffee break 

11:00 

PDT School 
Tayyaba Hasan 

Symposia 
1 – 4 – 7 

Symposia 
3 – 6 – 9 

Symposia 
10 – 11 – 12 

Symposia 
13 – 14 – 15 

Vanderlei Bagnato 

11:30 
John DeWitt 

12:00 

12:30 Closing 

13:00 

Lunch Lunch Lunch Lunch Lunch 

 

13:30 

14:00 

14:30 

PDT School 
Brian Pogue 

Ravindra Pandey 
Brian C. Wilson 

Social program 

Rolf-Markus 
Szeimies 15:00 Graça Vicente 

15:30 Mariette Pereira Samuel Achilefu Zheng Huang 

16:00 Sabrina Oliveira 

Posters 
(odd numbers) 

Posters 
(even numbers) 

16:30 

Registration 

Coffee break 

17:00 

Symposia 
2 – 5 – 8 

17:30 

18:00 Guided tour of 
the University 18:30 

19:00 Guided tour of 
the University 

 

Febrada party 

  

19:30   Departure to Gala 
Dinner 

20:00 Welcome 
reception   Gala Dinner 

 
PDT SCHOOL 
 
Design PDT photosensitizers 
Luis Arnaut (University of Coimbra, Portugal) 
 
Mechanism and optimization of PDT outcomes 
Tayyaba Hasan 
 
PDT Dosimetry and Technology  
Brian Pogue 
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PLENARY LECTURES 
 
Plenary 1 – Photodynamic Therapy as a Targeted Pruner of Problem Cells? 

 Tayyaba Hasan (Harvard Medical School, USA) 
Plenary 2 – Photosensitizers Derived from Chlorin e6 

 Kevin Smith (Louisiana State University, USA) 
Plenary 3 – Approaches to PDT Without External Light sources  
 Brian C. Wilson (University of Toronto, Canada) 
Plenary 4 – Enhanced photodynamic efficacy using two photosensitizing agents 

 David Kessel (Wayne State University, USA) 
Plenary 5 – Predicting the optimal delivery of verteporfin-PDT in pancreas cancer 

 Brian W. Pogue (Dartmouth College, USA) 
Plenary 6 – PDT in Dermatology – A success story since more than 100 years 

 Rolf-Markus Szeimies (University Hospital Regensburg, Germany)) 
Plenary 7 – Endoscopic Ultrasound Guided Photodynamic Therapy for Pancreatic Cancer: 
 What is the Potential for Clinical Application? 
 John DeWitt (Indiana University, USA) 
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INVITED LECTURES 
 
Invited 1 –  EGFR Targeted Dual-Function Agents for Cancer-Imaging and Therapy 

 Ravindra K. Pandey (Roswell Park Cancer Institute, USA) 
Invited 2 –  Targeting the epidermal growth factor receptor with photosensitizer-peptide 
 conjugates 
 Graça Vicente (Louisiana State University, USA) 

Invited 3 – Targeted photodynamic therapy with nanobodies 
 Sabrina Oliveira (Utrecht University, Netherlands) 

Invited 4 –  Is there a new paradigm for photodynamic therapy? Molecular modulation and 
 synthesis of stable meso-arylbacteriochlorin photosensitizers 

 Mariette M. Pereira (University of Coimbra, Portugal) 
Invited 5 – Nanoparticle-Based Photodynamic Therapy to Enhance Checkpoint Blockade
 Immunotherapy 
 Wenbin Lin (University of Chicago, USA) 

Invited 6 – Radionuclide stimulated photodynamic therapy of cancer 
 Samuel Achilefu (Washington University School of Medicine in St. Louis, USA) 

Invited 7 –  Singlet Oxygen Photophysics in Functioning Biological Systems 
 Peter Ogilby (Aarhus University, Denmark) 

Invited 8 – Photodynamic Therapy with NIR-absorbing Photosensitizers: Mechanisms, 
 Applications and Future Research Directions 
 Janusz Dabrowski (Jagiellonian University, Poland) 
Invited 9 – Evolving Role of Vascular PDT in Treating Portwine Stain Birthmarks 

 Zheng Huang (Fujian Normal University, China) 
Invited 10 – Potentiation of Antimicrobial Photodynamic Inactivation by Inorganic Salts 

  Michael Hamblin (Harvard Medical School, USA) 
Invited 11 – PDT and stress signaling networks:  Relevance for cell survival and immune 
 responses 
 Mladen Korbelik (BC Cancer Agency, Canada) 

Invited 12 –  Mechanism-based Enhancement of Molecular, Cellular and Stromal Therapies 
 by PDT 
 Imran Rizvi (Harvard Medical School, USA) 
Invited 13 – Special programs of microbiological control with the use of PDT and PT: from 
 laboratory to clinical use 
 Vanderlei Bagnato (Sao Paulo University, Brazil) 
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SYMPOSIA 
 

 
 

Jun-09 

Rectory 
 
Symp 1 

Chemistry 
 
Symp 4 

Physics 
 
Symp 7 

11:00 Fabienne Dumoulin Lothar Lilge Patrycja Nowak-Sliwinska 
11:20 Marta Piñeiro Serge Mordon Arjan Griffioen 
11:40 Francesca Giuntini Gal Shafirstein Imran Rizvi 
11:55 Valérie Heitz Xiaoming Hu Anette Weyergang 
12:10 Kamil Lang Timothy Zhu Céline Frochot  
12:25 Virginia Martinez-Martinez Konstantinos Tsimvrakidis Huiyun Lin 
12:40 Petr Zimcik Timothy Zhu Maria Julia Lamberti 
12:55 Guilhermo Orellana Fabio Schaberle  

    Jun-09 Symp 2 Symp 5 Symp 8 
17:00 Santi Nonell Ligia Gomes-da Silva Ying-Ying Huang 
17:20 Jonathan Lovell  Zvi Malik Kristjan Plaetzer 
17:40 Henri Azaïs Ancély Ferreira dos Santos Tim Maisch 
17:55 Cristian Strassert Jorge Soriano Adelaide Almeida 
18:10 Salvatore Sortino Bertrand Liagre  Mariusz Grinholc 
18:25 Henriette de Bruijn Chin-Tin Chen Larissa Marila de Souza 
18:40 Denis Fuentealba Caetano Sabino Yong-Rok Kim 
18:55   Joanna Nakonieczna 

    Jun-10 Symp 3 Symp 6 Symp 9 
11:00 Maeliosa McCrudden  Sandra Gollnick Alison Curnow 
11:20 Carlos Serpa Oliver Kepp António Tedesco  
11:40 Doris Hinger Ferry Ossendorp Zulmira Lacava  
11:55 Giulia Kassab Ferry Ossendorp Lei Shi 
12:10 F. Le Guern  Xiuli Wang Troy Skwor 
12:25 Cherie Kruger Ana Catarina Lobo Elise Thecua  
12:40 Joon Myong Song Barbara Pucelik Ana Gabriela Salvio  
12:55 Ilya Yakavets    

    Jun-11 Symp 10 Symp 11 Symp 12 
11:00 Keith Cengel Colin Hopper Stephen Bown 
11:20 Gal Shafirstein Julio Oliveira Myung-Gyu Choi 
11:40 Mariana Carreira Geralde Tessa van Doeveren Richard Sturgess 
11:55 André Luz Libo Li Wojciech Latos 
12:10 Katarzyna Tokarska Wei Peng Olga Sergeeva 
12:25 Alexandre Silva Maria E. Brandal Berstad Hirofumi Matsui 
12:40 Mustafa Kemal Ruhi   

    Jun-12 Symp 13 Symp 14 Symp 15 
11:00 Avigdor Scherz Jiro Akimoto Kristian Berg 
11:20 Peter Hillemanns Herbert Stepp Theresa Busch 
11:40 Tadeusz Sarna Toshihiko Kuroiwa Giuseppe Palumbo  
11:55 Jonathan Coleman Juliane Schroeteler Tayyaba Hasan 
12:10 Philipp Soergel Maximilien Vermandel Pavel Kaspler 
12:25 Aleksandra Kawczyk-Krupka Brian Wilson Henry Hirschberg 
12:40 Elena Filonenko Stephen Bown Fabiana Quaglia  
12:55 Renata Belotto  Angelika Ruek 
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SYMPOSIA THEMES AND ORGANIZERS 
Symposium 1 – New molecular photosensitizers 
Chairs:  Fabienne Dumoulin (Gebze Technical University, Turkey) 
 Marta Piñeiro (University of Coimbra, Portugal) 

Symposium 2 – Supramolecular photosensitizers and targeting 
Chairs:  Santi Nonell (Universitat Ramon Llull, Spain) 
 Jonathan F. Lovell (The State University of New York, USA) 

Symposium 3 – Photosensitizer delivery methods 
Chairs:  Maeliosa McCrudden (Queen's University Belfast, UK) 
 Carlos Serpa (University of Coimbra, Portugal) 

Symposium 4 – PDT dosimetry and technology 
Chairs:  Lothar Lilge (University of Toronto) 
 Serge Mordon (University of Lille, France) 

Symposium 5 – Mechanisms of PDT  
Chairs:  Zvi Malik (Bar Ilan University, Israel) 
 Ligia Gomes-da-Silva (University Paris Descartes, France) 

Symposium 6 – Immunological Aspects of PDT 
Chairs:  Sandra Gollnick (Roswell Park Cancer Institute, USA) 
 Oliver Kepp (University Paris Descartes, France) 

Symposium 7 – PDT and angiogenesis 
Chairs:  Patrycja Nowak-Sliwinska (University of Geneva, Switzerland) 
 Arjan W. Griffioen (VU University Medical Center, Netherlands) 

Symposium 8 – Antimicrobial photodynamic inactivation 
Chairs:  Ying-Ying Huang (Harvard Medical School, USA) 
 Kristjan Plaetzer (University of Salzburg) 

Symposium 9 – PDT in Dermatology 
Chairs:  Alison Curnow (University of Exeter Medical School, UK) 
 Antonio Tedesco (University of Sao Paulo, Brazil) 

Symposium 10 – PDT in pulmonology and PDT under 30 
Chairs:  Keith A. Cengel (University of Pennsylvania, USA) 
 Luis G. Arnaut (University of Coimbra, Portugal) 

Symposium 11 – PDT in head and neck 
Chairs:  Colin Hopper (University College London Hospitals, UK) 
 Lúcio Lara Santos (Portuguese Institute of Oncology, Porto) 

Symposium 12 – PDT in gastroenterology  
Chairs:  Stephen G Bown (University College London Hospitals, UK) 
 Myung-Gyu Choi (Seoul St. Mary's Hospital, South Korea) 

Symposium 13 – PDT in urology and gynecology 
Chairs:  Avigdor Scherz (Weizmann Institute of Science, Israel) 
 Peter Hillemanns (Hannover Medical School, Germany) 

Symposium 14 – PDT in neurology/brain  
Chairs:  Herbert Stepp (Klinikum der Universität München) 
 Jiro Akimoto (Tokyo Medical University, Japan) 

Symposium 15 – Combinational approaches in PDT 
Chairs:  Kristian Berg (Oslo University Hospital, Norway) 
 Theresa M. Busch (Perelman School of Medicine, University of Pennsylvania) 
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Photodynamic Therapy as a Targeted Pruner of Problem Cells? 
 

Tayyaba Hasan 
 

Wellman Center for Photomedicine, Massachusetts General Hospital and Harvard Medical 
School, Boston MA 02114, USA 

Division of Health Sciences and Technology, Harvard University and Massachusetts Institute of 
Technology, Cambridge, MA 02139 

 
 
Photodynamic therapy (PDT) has traditionally been used as a photochemical surgical tool. The 
various cellular molecular nuances following PDT initiation are being recognized to expand 
PDT from being a local treatment only to being applicable in the metastatic setting. Amongst 
these are microenvironmental factors, selection pressures and the increase or inhibitor of 
cytokine release. Recognition and exploitation of the mechanistic aspects will be discussed in 
the presentation. 
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Photosensitizers Derived from Chlorin e6 
 

Kevin M. Smith, Hui Chen, R. G. Waruna Jinadasa, Zehua Zhou, Alex L. Nguyen, 
Frank R. Fronczek and M. Graça H. Vicente 

Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803, USA 
kmsmith@lsu.edu 

 
Chlorin e6 (1) is a degradation product1-3 from chlorophyll a that possesses three chemically 
distinct carboxylate sites (at positions 131-, 152-, and 173-) suitable for conjugation with 
biomolecules.  An aspartic acid conjugate (Talaporfin, NPe6 or LS-11) originally identified as 
the 173-conjugate (2),4 but subsequently revised to be the 152-conjugate (3),3,5 is actively 
undergoing clinical trials as a photodynamic therapy (PDT) sensitizer. 
The presentation will summarize the evidence leading to the reassignment of the structure for 
Talaporfin,3,5 and report syntheses of numerous amino-acid and non-amino acid mono- and bis-
conjugates of chlorin e6.3,6-9  The cellular uptake, dark- and photo-toxicity, and in vitro 
intracellular localization of the new conjugates will also be discussed. 

 

 
Figure 1 – Structures of chlorin e6 (1) and its 173- (2) and 152- (3) aspartic acid conjugates 

 
References 

 
1.  K. M. Smith, D. A. Goff and D. J. Simpson, J. Am. Chem. Soc., 107 (1985) 4946.  
2. G. W. Kenner, S. W. McCombie and K. M. Smith, J. Chem. Soc., Perkin Trans 1, (1973) 2517. 
3. J. A. Hargus, F. R. Fronczek, M. G. H. Vicente and K. M. Smith, Photochem.  Photobiol., 83 (2007) 1006. 
4. J. C. Bommer and B. F. Ogden, U.S. Patent 4,693,885 (1987). 
5. S. Gomi, T. Nishizuka, O. Ushiroda, N. Uchida, H. Takahashi and S. Sumi, Heterocycles, 48 (1998) 2231.  
6. R. G. W. Jinadasa, X. Hu, M. G. H. Vicente and K. M. Smith, J. Med. Chem., 54 (2011) 7464. 
7. H. Chen, R. G. W. Jinadasa, L. Jiao, F. R. Fronczek, A. L. Nguyen and K. M. Smith, Eur. J. Org. Chem., 

(2015) 3661. 
8.  R. G. W. Jinadasa, Z. Zhou, M. G. H. Vicente and K. M. Smith, Org. Biomol. Chem., 14 (2016) 1049. 
9. H. Chen, S. W. Humble, Z. Zhou, A. L Nguyen, M. G. H. Vicente and K. M. Smith. J. Porphyrins 

Phthalocyanines, submitted (2017). 
 
Acknowledgements: The authors thank the US National Institutes of Health (grants R01 CA132861 and 
R01 CA179902) for support of this research. 
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Overcoming Light- and Photosensitizer-Penetration Limits in PDT by using 
Other Energy Sources 

 
Brian C. Wilson 

 
Princess Margaret Cancer Centre/University of Toronto, 101 College Street, Toronto, ON M5G 1L7 Canada 

 
wilson@uhnres.utoronto.ca 

 
Two aspects of PDT that have, to date, limited its widespread adoption, particularly in oncology, 
are the limited penetration of light through tissue and the relatively poor tumor-to-normal uptake 
ratio of established photosensitizers. In the overview we will consider ways in which the use of 
alternative or additional energy sources can address these limitations. 
 
In terms of the light penetration, the approaches considered are a) the use of long-wavelength 
near-infrared activation that can be applied directly or via 2-photon activation or using 
upconverting nanoparticles, b) the use of bioluminescence, or more correctly bioluminescence 
resonant energy transfer (BRET), for photosensitizer activation, c) activation using ultrasound 
(sonodynamic therapy) and d) activation using ionizing radiation, either in the form of high-
energy X-rays or from radionuclide emissions. The principles, status, potential advantages, 
current limitations and potential future developments in each of these approaches are discussed. 
 
With respect to improving photosensitizer delivery to the target (e.g. tumor) cells, here we will 
focus on methods based again on the application of external energy sources. Ultrasound 
disruption of photosensitizer “carriers” is of particular interest because of its established 
excellent safety profile, its use in other drug-delivery applications, and the large depth of 
penetration into tissue. We will illustrate this by both direct ultrasound-mediated photosensitizer 
release and by ultrasound disruption of microbubbles into intermediate nanoparticles.  
 
This overview will draw on the significant literature on each of these topics as well as on recent 
work from the author’s lab. 
 
Acknowledgements: This work included from the author’s and collaborators labs was supported by the 
Terry Fox Research Institute and the Princess Margaret Cancer Foundation Invest-in-Research program. 
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                           Enhanced photodynamic efficacy using two photosensitizing agents 
 

David Kessel 
Wayne State University School of Medicine, Detroit MI 48201 USA 

dhkessel@med.wayne.edu 
 
In 1996, Cincotta et al [1] reported that a sequential PDT protocol involving two 
photosensitizing agents, led to eradication of very large ( 1 cm) tumors in mice. We followed up 
on this work, initially using murine hepatoma 1c1c7 cells in culture, and found that sub-cellular 
targeting could explain this remarkable effect [2-5]. The first procedure resulted in a low-level 
of lysosomal photo-damage, resulting in release of calcium. This activated the protease calpain 
which has been shown [6] to catalyze cleavage of the autophagy-associated protein ATG5 to a 
truncated form (tATG5) that promotes any apoptotic response involving mitochondria. The 
second element of the Cincotta protocol targeted mitochondria for photodamage. The resulting 
phototoxicity was therefore enhanced by the prior lysosomal effect. We recently extended this 
work to show that simultaneous targeting of lysosomes and mitochondria was equally effective 
[7]. Studies on a non small-cell lung tumor (A549) show a somewhat lesser synergistic effect of 
the combination protocol, perhaps explained by the finding that A549 cells contain less ATG5 
than 1c1c7. Information on additional pathways that affect cellular proliferation after the 
combination PDT protocol will be reported.  
 

References 
 
1.      L.  Cincotta, D., Szeto, E. Lampros, T. Hasan and A.H. Cincotta,  Photochem. Photobiol. 63 (1996) 229.  
2.      D. Kessel and J. Reiners Jr., Photochem. Photobiol. 90 (2014)  889.  
3.      D.  Kessel and J. Reiners Jr., Photochem. Photobiol.,  91 (2015) 931. 
4.      D.  Kessel and C.L.  Evans, Photochem. Photobiol., 92 (2016)  620. 
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Whole body animal cherenkov excited luminescence sheet imaging (CELSI) was demonstrated 
in tissue phantoms as well as with a tumor bearing mouse to illustrate how the technique 
recovers high resolution through inhomogeneous tissue[1, 2]. Briefly, the beam from a standard 
radiation therapy linear accelerator is used as a thin sheet, as shaped by the multileaf 
collimators, 5mm thick and up to 60cm wide.  The beam is swept up and down aross the tissue 
to be imaged in 0.1mm steps, achieving high precision localization of the excitation source in 
the tissue.  The radiation sheet excites Cherenkov light throughout the tissue volume, and this 
light is the excitation source for molecular probes in the tissue.  In this case, the oxygen 
senstitive probe, PtG4, a dendritic palladium porphyrin was used which has a phosphorescence 
lifetime sensitive to the pO2 value[3].  The set up is shown in Fig 1, along with raw data in (b), 
mapping of the surface data into a 2D image results in (c), with Max Intensity Projection (MIP) 
image, reconstruction of the data leads to the images in (d) and (e).  
 Cherenkov targeted excitation of photosensitizer agents is also possible as has been 
shown recently, and using agents that take advantage of the high UV light yield, and intimate 
phototransfer to sensitizers or produce radical speicies effeciently.  The comparative yields of 
scintillating particles relative to Cherenkov mediated excitation will be show, based upon Monte 
Carlo results and light fluence estimates.   

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Schematic of a mice CELSI & x-ray scan(a), with CELSI raw data (b) at differen levels of the x-ray beam. 
The phosphore PtG4 was injected into the tumor, and raw data in (b) were integrated to give a MIP image (c), 
showing a 2D image. CELSI reconstructions use the known beam positions (d) for high spatial recovery (e).   
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Since skin and skin diseases are easily accessible, PDT has been already in its early stages a 
procedure of interest in Dermatology. The first studied objects were skin cancers and infections 
at the beginning of the 20th Century in Denmark and Germany utilizing both endogenous 
photosensitizers (treatment of lupus vulgaris with the Finsen lamp) and exogenous dyes 
(acridine orange, eosine). Prolonged cutaneous photosensitivity with hematoporphyrin 
derivatives then led to the search of small molecules capable of penetrating the skin in order to 
reach the target tissue. Canadian researchers first used 5-aminolevulinic acid (ALA) inducing 
photoactivatable porphyrins, mainly protoporphyrin IX (PPIX) for treatment of skin cancers and 
their precursors, and the combination of ALA and blue light was registered in the US for the 
treatment of actinic keratoses (AK) in Dec 1999. 
Norwegian researchers could demonstrate that ALA esters, mainly the methyl ester are also 
capable for preferential penetration into altered keratinocytes. In combination with red light 
matching the absorption spectrum of the last Q-band of PPIX, cure rates of AK, Bowen’s 
disease (intraepithelial squamous cell carcinoma) and basal cell carcinoma, all summarized as 
non-melanoma skin cancer (NMSC) were comparable to that of classical treatment procedures, 
so that ALA methyl ester (MAL) was registered for treatment of the above mentioned diseases 
since Dec 2001 in Europe and later elsewhere. 
Already since the early use, excellent cosmetic results were observed when PPIX-based PDT 
was performed. This is related to the preferential synthesis of PPIX and PDT effect only on cells 
of epithelial origin. Mesenchymal cells like fibroblasts do not synthetize PPIX in vivo and thus 
scar formation does not appear. Also photobleaching of PPIX make the treatment relatively safe, 
overexposure to light cannot appear, which also made the treatment modality popular. 
One major side effect of PDT is strong pain during illumination which is based on the presence 
of PPIX in the vicinity of free nerve endings in the skin after longer incubation periods for ALA 
and MAL. Large treatment areas as sometimes requested when treating skin cancers in sun 
exposed skin surfaces are therefore not tolerated by the patients. One idea to overcome this pain 
issue was to use light sources with short exposure times, for example flashlamp pumped pulsed 
dye lasers or intense pulsed light sources. High costs and need of regular maintenance made this 
effort not suitable for office-based dermatology. 
A relatively new approach introduced by researchers from Denmark was the use of natural 
daylight for illumination (DL-PDT). This approach is not just another light source but based on 
the immediate start with daylight exposure after MAL application for 2 h, the PDT reaction is 
situated strictly within the target cells/compartments so pain is no longer a relevant issue. It is 
supposed that DL-PDT will further propagate PDT use in Dermatology since simultaneous 
treatment of large areas is now possible. Perhaps this approach will also work in the future for 
inflammatory skin conditions, where PDT has not yet reached a registrational status. 
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In the United States in 2009, an estimated 42,470 Americans were diagnosed with pancreatic 
cancer (PC).1   Complete surgical resection remains the only curative treatment for PC.  Only 
about 15-20% of cases of PC are amenable to surgical resection at the time of diagnosis.  Of the 
remaining 80-85% of patients, 40% present with advanced locoregional disease precluding 
complete resection, with a median survival time (MST) of 6-11 months, and the other 45% of 
patients present with metastatic disease, with MST of 3-6 months.2-5 
 
In the United States, gastroenterologists have used photodynamic therapy (PDT) in humans 
principally for ablative treatment of early malignant or nonmalignant/dysplastic Barrett’s 
esophagus or palliation of dysphagia in esophageal cancer. Most recently, use has increased for 
palliation of biliary obstruction and recurrent cholangitis from inoperable cholangiocarcinoma. 
 
Evidence from experiments on healthy rat pancreata has demonstrated that PDT is able to 
selectively destroy the exocrine tissues of the pancreas.6,7  There have been many animal 
experiments investigating the effect of PDT for PC.8-12 All these results were broadly similar, 
namely that PDT produced necrosis in the cancer, and there was even some selectivity of effect 
between the cancer and adjacent normal pancreas. 
 
Photodynamic therapy has been reported in humans for the management of PC13,14 for treatment 
of dysplasia/neoplasia or palliation of advanced tumors. Abulafi et al15 and Tseng et al16 
reported treating patients with pancreatic and ampullary carcinoma not suitable for surgery 
using PDT with hematoporphyrin derivative and indocyanine green respectively, and 
demonstrated that PDT is both feasible and safe and may prove curative for small tumors.  
 
Bown et al.17 used PDT in the palliation of 16 patients with cancers localized in the pancreatic 
head (mean size 4.2 ± 1.0 cm) who could not be treated with surgery because of the advanced 
nature of the disease or the general condition of the patients.  They concluded that PDT may be 
of value for treating localized cancers in patients who are poor candidates for definitive surgery 
or in whom the location of the tumor makes pancreatic resection inappropriate.  
 
To date, two studies using EUS and PDT have been published in a healthy porcine model  using 
porfimer sodium18 and verteporfin.19  Gross pathologic examination after PDT in both studies 
showed focal pancreatic necrosis and the size corresponded with the time of exposure to PDT. 
The use of EUS-guided PDT for benign or malignant pancreatic tumors has not been studied in 
humans reported. A phase I study in locally advanced pancreatic cancer is currently underway. 
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     Photodynamic therapy (PDT) has been previously utilized in the treatment of number of 
cancers. Its role in the management of bladder cancer is yet to be determined. The current 
photosensitizers (PS) including Photofrin and a-aminolevulinic acid (ALA, a pro-drug that 
converts to Protoporphyrin IX) have shown promise in treating non-muscle invasive bladder 
cancer (NMIBC) due to relatively low depth of penetration into tissue upon activating PS with 
the 630 nm light. At this wavelength light cannot reach cancers that have grown deeper into 
bladder wall or have spread to other organs. Another limitation with Photofrin-PDT has been 
low tumor-specificity and its long lasting skin photo-toxicity. Therefore, the patients are advised 
to avoid sunlight for 7-8 weeks. For developing improved agents with both imaging and 
therapeutic potentials, it is of utmost importance that the newer agents show improved tumor-
specificity and limited skin photo-toxicity. 
    To make PDT more successful, our current study is focused on developing a single near-
infrared (NIR) dual-function imaging agent (e. g. 124I-PET & fluorescence, which are 
complimentary to each other) to optimize tumor staging and treatment of bladder cancer. The 
use of NIR light source for fluorescence-image guided PDT should help locate and precisely 
treat NMIBC, as well as muscle–invasive bladder cancer (MIBC) as a part of bladder 
preservation strategies. 124I-PET imaging will improve lymph node and systemic staging, which 
will allow better control of tumor recurrence and improve survival.   
    The initial results obtained from a series of recently synthesized EGFR targeted long-
wavelength compounds in which the photosensitizers are conjugated with EGFR targeting 
moieties (erlotinib or modified erlotinib) are quite impressive. The preliminary in vitro & in vivo 
results obtained from new agents via an active or passive transport will be presented. 
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Porphyrins, phthalocyanines and BODIPYs are promising theranostic agents, particularly for the 
diagnosis and treatment of cancers that overexpress the human epidermal growth factor receptor 
(EGFR), such as breast, ovarian, prostate, and colorectal cancers.1-4 Among the EGFR-
targeting peptide ligands, those with sequences LARLLT (designated EGFR-L1) and 
YHWYGYTPQNVI (designated EGFR-L2) are particularly attractive due to their readily 
availability, low immunogenicity, ease of conjugation to various molecules, and high 
EGFRtargeting ability. We will present our recent studies on the conjugation of one or more 
EGFRL1 or EGFR-L2 peptides to a photosensitizer (mesoporphyrin, phthalocyanine, or 
BODIPY) via a short or a polyethylene glycol (PEG) linker. We investigated the EGFR-binding 
ability of the conjugates using surface plasmon resonance (SPR), molecular modeling, cell 
culture assays, and animal studies. 

 
Figure 1 – Structures of peptide ligands EGFR-L1 (top) and EGFR-L2 (bottom) 
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In an attempt to improve selectivity of photosensitizers in oncologic photodynamic therapy 
(PDT), antibodies have been employed to target the photosensitizers to particular receptors 
overexpressed on cancers’ cell surface (1). This strategy has led to promising results and it has 
recently initiated clinical testing (2). Nevertheless, antibodies are known for their long half-life 
in the bloodstream and their relatively poor tissue distribution, which may lead to long 
photosensitivity in patients and limited therapeutic efficacy.  
As an alternative approach, we have employed nanobodies for targeting of photosensitizers. 
Nanobodies are the smallest naturally derived antigen binding fragment, also known as single 
domain antibodies, that are derived from heavy chain antibodies that exist in animals of the 
Camelidae family (3). Nanobodies (15 kDa, compared to 150 kDa of antibodies) have been 
employed for distinct applications (4), for which their small size is mostly associated with very 
rapid tumor accumulation, homogenous distribution, and rapid clearance of unbound fractions. 
This presentation will focus on these aspects, giving particular emphasis to the results obtained 
thus far with nanobody-targeted PDT (5, 6). 

 
 
 
 
 
 
 
 
 
 
 
 

Figura 1 – Schematic representation of a monoclonal antibody (mAb), a heavy chain antibody (HcAb), and a 
nanobody.  
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Photodynamic therapy is an almost non-invasive therapeutic approach that combines 
appropriately-designed molecules with light, to generate reactive oxygen species (ROS) capable 
of promoting the photodamage and cell death of tumors1 and also microorganisms.2  Its 
successful implementation requires the symbiosys of three components: i) Light sensitive 
molecules - photosensitizers; light device emmiting at an appropriate wavelength; iii) oxygen.3 

The success of this clinical practice depends on several factors, but essencially on the skill to 
"think-model-synthesize/evalute" new photosensitizers. Given the requirement of having 
pluridisciplinary teams with complementary knowledge on this field, in this communication we 
present Coimbra´s recent developments on new synthetic processes for preparation of 
modulated families of meso-arylbacteriochlorins specifically designed to possess the ideal 
properties for PDT.4 
We highlight the inovative translational (University of Coimbra-Luzitin) development of 
Redaporfin, a third generation photosensitizer, which has promising Phase I/IIA clinical data in 
advanced head and neck cancers.5 
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Photodynamic therapy (PDT) is an effective anticancer procedure that relies on tumor 
localization of a photosensitizer followed by light activation to generate cytotoxic reactive 
oxygen species (e.g., 1O2). We recently reported the rational design of Hf-porphyrin and Hf-
chlorin nanoscale metal-organic frameworks (nMOFs) as exceptionally effective 
photosensitizers for PDT of resistant head and neck, colorectal, and breast cancers. These 
nMOFs efficiently generate 1O2 owing to site isolation of photosensitizing ligands, enhanced 
intersystem crossing by heavy Hf centers, and facile 1O2 diffusion through porous nMOFs.1,2 
Consequently, nMOFs displayed greatly enhanced PDT efficacy both in vitro and in vivo, 
leading to complete local tumor eradication in the mice receiving a single nMOF dose and a 
single light exposure.  

We further combined photodynamic therapy (PDT) by a new chlorin-based nMOF, TBC-Hf, 
and a small molecule immunotherapy agent, that inhibits Indoleamine 2,3-dioxygenase (IDO), 
encapsulated in the nMOF channels to induce systemic antitumor immunity.3 The synergistic 
combination therapy achieved effective local and distant tumor rejection in colorectal cancer 
models. We detected increased T cell infiltration in the tumor microenvironment after activation 
of the immune system with the combination of the IDO inhibition by the small molecule 
immunotherapy agent and the immunogenic cell death induced by PDT.  We also elucidated the 
underlying immunological mechanisms and revealed compensatory roles of neutrophils and B 
cells in presenting tumor-associated antigens to T cells in this combination therapy. We believe 
that nMOF-enabled PDT has the potential to significantly enhance checkpoint blockade cancer 
immunotherapy, affording clinical benefits for the treatment of many difficult-to-treat cancers. 
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Phototherapeutic interventions such as photodynamic therapy (PDT) are currently used in the 
clinic for treating various human diseases.  The exciting combination of light and 
photosensitizer (PS) offers a high degree of control to optimize therapy.  Despite the promise of 
PDT, the shallow penetration of light in tissue confines its use to shallow and localized lesions.  
Moreover, traditional PDT is more effective in oxygen-rich environments, suggesting that 
hypoxic tumors would not respond well to this treatment regimen.  To overcome these 
limitations, we developed a new treatment paradigm that harnesses the light-emitting capability 
of some radionuclides and materials that can harvest the light to generate toxic radicals in cancer 
cells (Figure 1).  In combination with PS, the spontaneously generated light from within cancer 
cells is capable of treating primary and metastatic tumors, regardless of the anatomical location 
of the disease.  We observed complete cancer remission and extended the life span of cancer 
bearing mice in some mouse models of human cancer in comparison to the untreated control (1).  
A combination of radionuclide stimulation, Cerenkov radiation, and the generation of reactive 
oxygen species from within the tumor microenvironment synergistically overcomes the tissue 
depth limitation of the current external light delivery methods.   The use of 
radiopharmaceuticals and drugs with a history of human application points to a seamless clinical 
translation of the new method in future.   
 

 
Figure 1 – Illustration of the radionuclide stimulation of cancer therapy. The PS is first administered to accumulate 
in cancer cells and the excretion organ, followed by injection of the radiopharmaceuticals, which selectively exerts 

therapeutic via multiple paths that include phototherapy 
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It is well established that singlet oxygen, O2(a1Δg), plays an important role in PDT.  
Surprisingly, however, much remains to be learned about the fundamental photophysics of 
events that result in both the formation and removal of O2(a1Δg) in functioning biological 
systems.  The knowledge thus gained can then be exploited in the development of new tools and 
techniques to both perturb and probe biological systems.  
 
I will summarize work we have done on the controlled photo-initiated production of O2(a1Δg).  
Much of this work focuses on establishing accuracy in the O2(a1Δg) “dose”: establishing the 
selective production of O2(a1Δg) at the expense of other reactive oxygen species, and defining 
where O2(a1Δg) is delivered and how much O2(a1Δg) is delivered.  To this end, I will discuss the 
development and use of (1) two-photon excitation to create a sub-diffraction-limited volume of 
O2(a1Δg), (2) selective protein-encased sensitizers suitable for optogenetic experiments, and (3) 
the sensitizer-free production of O2(a1Δg) via the direct 765 nm irradiation of ground state 
oxygen.  I will illustrate the importance of “dose” by showing that, through the controlled 
production of O2(a1Δg) in or near a cell, I can stimulate mitosis instead of promoting cell death.   
  
I will also summarize our continuing work to quantify processes that deactivate/remove 
O2(a1Δg). This includes confirming a report first published ~ 12 years ago that the lifetime of 
O2(a1Δg) in a live cell is much longer than what had previously been inferred.  In this regard, I 
will discuss work we have done to monitor O2(a1Δg), focusing on techniques for the direct 
optical detection of O2(a1Δg) as well as the development of fluorescent probes specific for 
O2(a1Δg).  
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The focus of this work is to determine and compare photochemical and photobiological 
properties of structurally related but with various polarity (hydrophilic, amphiphilic or 
hydrophobic) bacteriochlorins in the context of their application as promising PDT agents. 
Special attention is given to the description of the properties of NIR absorbing photosensitizers, 
because they provide the grounds to understand the molecular mechanisms and photodynamic 
efficacy. [1-2] The in vitro biological activity has been investigated against A549, B16F10 and 
CT26 cancer cells. The optimal formulation for photosensitizers and their time-dependent 
cellular uptake were described and characterized by fluorescence microscopy, dynamic light 
scattering (DLS) and transmission electron microscopy (TEM). Fig. 1 shows the preparation of 
our photosensitizers with P123 formululation, particle size and their distribution at physiological 
pH as well as controlled release at slightly acidic pH. 

 

 
Figure 1 – Scheme of photosensitizers delivery and release using Pluronic-based nanosized micelles.  

 
We have demonstrated that Pluronic P123 efficiently loads hydrophobic and amphiphilic 
photosensitizers, increases their stability, improves cellular uptake, biodistribution, 
pharmacokinetics and enables the efficient photogeneration of hydroxyl radicals resulting in 
efficient PDT of various types of cancer including pigmented melanoma. [3] Designed by us 
photosensitizers with pH-sensitive block copolymers overcome the resistance of melanoma to 
PDT due to increased selectivity towards tumor and combine effect of oxidative stress in target 
tissue with a systemic immune response triggered by acute, local inflammation.  
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Portwine stain (PWS) birthmarks are congenital vascular malformations of the skin that affect 
0.3% of newborns. The majority of PWS occur on the face and neck area. The birthmark lesions 
can become dark and thick with time. Pulsed-dye laser (PDL)-mediated photothermolysis is the 
current standard treatment, but only a small portion of PWS lesions in Asian populations can 
obtain complete blanching via commonly used PDL of 585 nm or 595 nm. There is a need to 
develop effective and safe therapeutic approach for the management of PWS birthmarks. 
Several Chinese groups started to explore the feasibility of vascular-targeting PDT for the 
treatment of PWS since the later 1980’s. Early studies demonstrated that the combination of 
haematoporphyrin derivatives (HpD) and copper vapor laser could achieve good blanching 
effect. Currently, the combination of Hemoporfin (haematoporphyrin monomethyl ether, 
HMME, Fudan-Zhangjiang Bio-Pharmaceutical Co., Ltd.) and laser or LED light of 532 nm is 
undergoing formal clinical trials in China. Figure 1 shows the HMME structure and absorption 
in aqueous solution. Typically, light irradiation of 100 J/cm2 at 80-100 mW/cm2 is carried out 
immediately after HMME injection (5 mg/kg). Clinical results suggest that the vascular-
targeting PDT is as effective as PDL and therefore might be an alternative for the treatment of 
PWS birthmarks in Asian populations. 
 

     
Figure 1 – Chemical structure and Q bands absorption peaks of HMME. 
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Antimicrobial photodynamic inactivation (aPDI) involves the use of non-toxic dyes called 
photosensitizers that can be excited with visible light to produce reactive oxygen species (ROS) 
such as singlet oxygen and hydroxyl radicals. These ROS are able to destroy all classes of 
microorganisms including bacteria, fungi, parasites, and viruses. Selectivity of killing of 
microbes over host mammalian cells allows this approach (antimicrobial photodynamic therapy, 
aPDT) to be used in vivo as an alternative therapeutic approach for localized infections 
especially those that are drug-resistant. We have discovered that aPDI can be potentiated (up to 
6 logs of extra killing) by addition of simple inorganic salts, depending on the PS structure and 
photochemical mechanism. The most powerful and versatile salt is potassium iodide, but 
potassium bromide, sodium thiocyanate, sodium azide and sodium nitrite also show 
potentiation. The mechanism of potentiation with iodide is likely to be singlet oxygen addition 
to iodide to form iodine radicals, hydrogen peroxide and molecular iodine. Another mechanism 
involves two-electron oxidation of iodide/bromide to form hypohalites. A third mechanism 
involves a one-electron oxidation of azide anion to form azide radical. The addition of iodide 
has been shown to improve the performance of aPDT in several animal models of localized 
infection. 
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Photodynamic therapy (PDT) delivers a rapid physical insult to targeted tumors resulting in the 
accumulation of damaged proteins threatening to disrupt proteostasis in cancer cells.  The 
proteostasis is preserved by cellular compartment-specific independently evolved stress 
response pathways connected through a coordinated inter-organellar cross talk.  These pathways 
are specialized to either: i) expedite removal and disposal of misfolded/unfolded proteins 
(endoplasmic reticulum-associated degradation, contranslational degradation, and autophagy-
lysosomal pathways), ii) enhance production of anti-oxidant proteins (antioxidant Keap1/Nrf2 
signaling pathway, iii) promote anti-apoptotic response (ER overload response), iv) decrease 
global protein synthesis while allowing translation of selected stress resistance-mediating 
proteins (unfolded protein response and integrated stress response), or v) transcriptional 
activation of selected stress response proteins (heat shock response).  This stress response 
network is intimately interlinked with cellular survival and death programs either directly or 
through cellular signaling pathways such as apoptosis signal regulating MAP kinases or 
signaling through PI3K/Akt/mTOR kinases.  Importantly, as exemplified by 
inflammatory/immune and neurotransmitting signals, responses initiated by the stress signaling 
network go beyond cell boundaries.  Of special interest for the nature of the induction of 
immune response in PDT-treated tumors is the expression of hidden/cryptic antigens on cells 
responding to oxidative stress.  Agents specifically modulating the activity of various elements 
of stress signaling network were shown to alter the efficacy of cell killing by PDT, and some 
could have a dramatic influence on PDT-induced immune response. 
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Targeting the molecular and cellular cues that influence treatment resistance in tumors is critical 
to effectively treating unresponsive populations of stubborn disease. The informed design of 
mechanism-based combinations is emerging as increasingly important to targeting resistance 
and improving the efficacy of conventional treatments, while minimizing toxicity. 
Photodynamic therapy (PDT) has been shown to synergize with conventional agents and to 
overcome the evasion pathways that cause resistance. Increasing evidence shows that PDT-
based combinations cooperate mechanistically with, and improve the therapeutic index of, 
traditional chemotherapies. These and other findings emphasize the importance of including 
PDT as part of comprehensive treatment plans for cancer, particularly in complex disease sites. 
Identifying effective combinations requires a multi-faceted approach that includes the 
development of bioengineered cancer models and corresponding image analysis tools. The 
presentation will focus on the molecular and phenotypic basis of verteporfin PDT-based 
enhancement of chemotherapeutic efficacy and predictability in complex 3D models and in vivo 
models, with a particular emphasis on ovarian and pancreatic cancer  
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Microbiological control is among the most successful applications of PDT and PT. There seems 
to be infinite the possibilities for such applications, ranging from agriculture plague control, to 
blood disinfection and localized infections in humans. We have developed a program to propose 
new, or further development of existent applications in this direction. Our program goes from in 
vitro studies , instrumentation development and clinical application. We have used both PDT 
and Photo inactivation in many situations. In this presentation we shall review our multiple 
projects and their results. Starting with a HIV program, devices and application was carried out 
using ALA type cream as topical photosensitize. The excellent obtained result made the 
program to evolve to cervix lesion treatment with observations that allow recommending the 
technique as prevention of high degree lesion and as option of treatment up to NIC2 lesions. On 
the decontamination of respiratory track, we have used Curcuma based photosensitize for 
superior track infection control in adults and young kids with a great success. As for lung 
decontamination, demonstration in animal models result excellent infection inactivation and 
now clinical studies are in progress. Decontamination for organ for transplantation is being 
demonstrated using a concept of preservation solution circulation and UV inactivation. Blood 
decontamination has been achieved using fragmentation technique and photo inactivation. 
Finally a whole set of procedures to avoid infection during patient intubation are demonstrated. 
Onicomicosis treatment and ulcers caused by vascular problems are part of our target. A few 
other applications will be discussed. References for this work are listed on the webpage: 
http://cepof.ifsc.usp.br. The collection of work is result of many contribution involvindo the 
following researches: Cristina Kurachi ,Lilian Moriyama, Natalia Inada, Sebastião Pratavieira, 
Antonio E Aquino, Fernanda Carbinatto, Kate Blanco, Vitoria HC Maciel, Gabriela Savio, 
Francine Venturini, C. A de Castro, C. W. Souza, A. C. Pavarine. Many students listed on the 
homepage are part of the projects. 

 
Fig. 1 – Sequence for Cervix lesions treatment 

  
 
 Fig. 2 – Onicomicosis treatment  Fig 3 – Lung decontamination experimental 
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Phthalocyanines : Wonderful yet to be more explored photosensitisers  
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Except for the case of Pc4 which progresses though clinical approval procedures, 
phthalocyanine remain, compared to other tetrapyrrolic photosensitizing cores, a molecular basis 
poorly considered for the development of photodynamic therapy agent, even though its structure 
is extremely suitable in terms of photophysics and photochemistry, and can in addition be 
tailored almost indefinitely.  
 

Our works are explored several strategies to optimize the efficiency of 
phthalocyanines, either in terms of cellular uptake, tumour or sub-
organelles targeting, combined therapeutic effects, theranostics, 
tumour-site activation, shifting of the absorption towards the near-
infrared area of the spectrum, among others. Water-solubility is 
usually thought to be a prerequisite, but hydrophobic photosensitisers 
suitably formulated are worth of interest. Last but not least, the 
incorporation of phthalocyanines into nano-objects (nanoPMOs, 
nanogels, polymers) will be presented as well. 

 
The overall aim of this presentation is to convince that phthalocyanines are of extreme interest 
to develop PDT agents with increased efficiency. 
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The bad reputation of the chemiscal industry at the end of the XX century and the increasing 
social concenrning about environmental issues, acompained by the increase of environmental 
regulations, promote enormous modifications in the way of thinking and working in the 
chemical industry.  
Sustainable chemistry that address sustainability challenges in the chemical enterprise is here to 
stay. The pharmaceutical industry was one of the industry sectors that firstly embraced 
sustainable chemistry and, particularly, Green Chemistry, which is dedicated to the design, 
manufacture and use of efficient, effective, safe and more environmentally benign chemical 
processes and products. Therefore, the development of more sustainable processes for the 
synthesis of photosensitizers is an important issue, foreseeing their production as 
pharmaceuticals. 
Herein we present our research on the sustainable synthesis of porphyrins and related 
macrocycles that have already been used as photosensitizers in PDT using alternative solvents 
and non-conventional techniques such as microwave or mechanochemistry1.  
 

 

 
Figure 1  
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Sonodynamic therapy (SDT) is a therapeutic approach in which ultrasound irradiation is used to 
promote the generation of cytotoxic species via the excitation of particular chemical compounds 
(sonosensitizers). Similarly to photodynamic therapy (PDT), two individually non-toxic 
components initiate a process that culminates in the generation of reactive oxygen species 
(ROS), including radicals (hydroxy-, alkoxy- and peroxy-radicals) and singlet oxygen, causing 
rapid intracellular damages and leading to cell death via apoptosis and/or necrosis and/or 
autophagy.1 The potential of this approach for the reduction of solid tumours has been shown, 
and its efficacy has been demonstrated at the preclinical level on some experimental tumour 
models.2 Crucially, while light has a relatively limited reach within tissue, ultrasound easily 
propagates through it, allowing the targeting of deeply-seated lesions with minimal invasiveness 
invasive.3 
Despite these promising features, the scarce reproducibility of the treatment outcomes and the 
poor correlation between the in vitro and the in vivo results hampered progresses in the field: 
overcoming these disadvantages will require the elucidation of the molecular bases underlying 
sonosensitisation, and the rationalisation of its effects on cancer tissues. With this in mind, we 
undertook a study aimed at elucidating the effects of the presence and nature of the metal ion on 
the sonodynamic activity of a series of water-soluble porphyrin complexes. We will present the 
preliminary results of our investigation, concerning, in particular, the characterisation of the 
ROS produced by the complexes under sonication and the preliminary results of 
sonocytotoxicity on HT-29 cells. 
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Two-photon (TP) excitation applied to PDT is a promising approach to lower the photodamage 
and increase the light penetration depth by the simultaneous absorption from the photosensitizer 
(PS) of two low energy photons situated in the optical therapeutic window.[1] However, a new 
generation of PS has to be developed with high TP cross sections, while retaining the other 
requirements for efficient PDT, solubility in biological media, low dark toxicity, high cellular 
uptake, elevated quantum yield of singlet oxygen generation, adequate clearance rate. Currently, 
PDT performed via TP absorption of a PS is at an early stage of development but very 
promising in vivo PDT experiments were described with molecular two-photon PS.[2] 

The synthesis of new water soluble photosensitizers based on diketopyrrolopyrrole-porphyrin 
DPP-ZnP conjugates (Fig. 1a) will be presented. These compounds have shown promising 
properties in solution and in cells as two-photon photosensitizers for PDT.[3] 

 

 
 

Figure 1 – (a) A diketopyrrolopyrrole-porphyrin conjugate as two-photon sensitizer for PDT (b) a bifunctional 
agent for theranostic applications. 

A molecular system consisting of a DPP-ZnP photosensitizer associated to a GdDOTA- 
complex as MRI probe for theranostic applications was also synthesized. Its physicochemical 
properties and in cell studies will be discussed (Fig. 1b).[4] 
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The photocytotoxic activity of porphyrin-containing materials including metal-organic 
frameworks (MOFs) has attracted ever increasing interest. MOFs are crystalline inorganic-
organic hybrid network structures constructed with metal ions/clusters and organic linker 
molecules that are connected via coordination interactions, which offer a high degree of 
flexibility for structural design and functional adjustability. We concentrate on hexagonal PCN-
222 made of Zr6-based clusters and 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin (TPPC).  
We report on the strategy for enhancing the photosensitizing activity of porphyrinic PCN-222 
nanoparticles (nanoMOFs) by optimizing the size, morphology, composition, and application 
procedure. To test the validity of nanoMOFs for the PDT treatment we show that nanoMOFs are 
endocytosed by HeLa cells, partially co-localized with lysosomes. NanoMOFs induce the tumor 
cell apoptosis attributed to the oxidative stress, probably linked to the production of singlet 
oxygen. NanoMOFs have much higher phototoxic efficiency than the other reported 
nanoparticle systems based on MOFs. Contrarily to common photosensitizers, nanoMOFs in 
HeLa cells are deactivated after several hours. This behavior is an interesting feature leading to 
the limitation of post-treatment photosensitization issues. 
The extent of the photocytotoxic effect well correlates with the nanoparticle size and structural 
instability. High phototoxicity of the presented nanoparticles and their deactivation within 
several hours opens the door to possible applications in cancer therapy. 

 

 
Figure 1 –Illustration of the PCN-222 structure (Zr6-based secondary building unit in green) (left); TEM 

observation of the PCN-222 nanoparticles (right). 
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1a: R1 = Me, R2 = H
1b: R1 = Me, R2 = I
1c: R1 = Me, R2 = 2-thienyl
1d: R1 = 4-nitrophenyl, R2 = H
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New photosensitizers based on orthogonal BODIPY dimers: Rational design 
to finely modulate singlet oxygen generation  

 
Virginia Martínez-Martínez*,[a] Nerea Epelde-Elezcano,[a] Eduardo Palao,[b] Hegoi Manzano,[a] 

Alejandro Prieto-Castañeda,[b] Antonia R. Agarrabeitia,[a] Andrea Tabero,[c] Angeles 
Villanueva,[c] Santiago de la Moya,[b] Íñigo López-Arbeloa,[a] and María J. Ortiz*,[b] 

 
[a] Departamento de Química Física, Universidad del País Vasco-EHU, Apdo 644, 48080, Bilbao, Spain 
[b] Departamento de Química Orgánica I, Universidad Complutense de Madrid, Apdo 28040, Madrid, Spain 
[c] Departamento de Biología, Universidad Autónoma de Madrid, Darwin 2, 28049, Madrid, Spain 
 

virginia.martinez@ehu.es 
 
New photosensitizers for photodynamic therapy (PDT) has been recently developed based on 
BODIPY (boron dipyrromethene) chromophores due to their very favorable chemical and 
physical features (high extinction coefficients in the visible region, resistance to photobleaching, 
unaffected by environmental conditions and high lipophilicity). Moreover, its synthetic 
versatility allows exhaustive and selective structural modification/functionalization around the 
core of the chromophore to modulate its properties. However, the presence of heavy atoms in 
their structures to promote the required triplet state population could involve an intrinsic dark 
toxicity, reducing its usefulness as photosensitizer. As alternative, Flamigni et al. synthesized 
the first halogen-free photosensitizers based on orthogonal-BODIPY dimers. Their unique 
properties led to search newly synthesized halogen-free BODIPY dimers with significant singlet 
oxygen production.  

In this work, the synthesis, photophysical characterization and modelling of a new 
library of halogen-free photosensitizers (PS) based on orthogonal BODIPY dimers are reported. 
Herein we establish key structural factors to enhance singlet oxygen generation by judiciously 
chosen the substitution patterns attending to key electronic effects and synthetic accessibility 
factors. The photosensization mechanism of orthogonal BODIPY dimers is demonstrated to be 
strongly related to their intrinsic intramolecular charge transfer (ICT) character by SOCT-ISC 
(spin-orbit charge-transfer intersystem crossing) mechanism. Thus, singlet oxygen generation 
can be effectively modulated by the solvent polarity and by the presence of electron-donating 
or-withdrawing groups in one of the BODIPY units. The photodynamic therapy (PDT) activity 
is demonstrated by in vitro experiments, showing that selected photosensitizers internalize 
efficiently into HeLa cells, exhibiting low dark- and high photo-toxicity, even at low PS 
concentration (0.05 to 5 x 10-6 M). 
 
 
 
 
 

 
 
 

Figura 1 – Studied orthogonal BODIPY dimers. 
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Phthalocyanines (Pcs) are well known synthetic dyes with promising photophysical properties 
(strong absorption in red portion of the spectrum, strong singlet oxygen production) to be used 
as photosensitizers in photodynamic therapy (PDT). On the other hand, their planar hydrophobic 
core strongly tends to aggregation (in particular in water medium) that makes them often useless 
for the PDT application. Our interest was focused on those Pcs that are substituted with water-
solubilizing substituents that help in monomerizing these species in water. 
Cationic peripheral substituents profit from two positive properties – they increase water 
solubility and at the same time they induce separation of the molecules in the solution on the 
basis of electrostatic repulsive forces. For this reason, compound 1 (Figure 1) with flexible 
linkers between the charge and the core appeared to be suitable PDT agent with IC50 = 0.54 µM 
(against HeLa cells) and with promisingly low toxicity without activation (TC50 = 1634 µM).1 
However, the flexible linker in 1 may not fully inhibit the aggregation. For this reason, bulky 
substituents that position the charged moieties over and below the core (cpds. 2, 3) efficiently 
inhibited the aggregation in water that was not detected even at the maximum tested 
concentrations. It has been reflected in extraordinary high photodynamic activity with IC50 
values of 37 nM and 3.8 nM for 2 and 3 (HeLa), respectively, while preserving low dark toxicity 
with TC50 values around 500 µM.2,3 Detailed in vitro studies of 1-3 indicated that ROS are 
produced only during irradiation, the prevalent mode of cell death is necrosis, primary target in 
cells are the lysosomes and that relocalization of Pcs to other organelles occurs after irradiation 
with the nucleus as the terminal place of localization.1,2 

 

 
Figure 1 – Structures of concerned compounds 
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Ru(II) polypyridyls complexes are luminescent metal-organic photosensitizers (PS) with 
quantum yields of singlet molecular oxygen (1O2) generation (ΦΔ) up to 1.0 when illuminated 
with blue-green light.1 Importantly, their photochemical and photophysical features can be 
finely tuned to their application by a judicious selection of the chelating ligands around the 
metal center. For instance, they have been successfully used for photodynamic water 
disinfection with sunlight, both in solution and when immobilized onto porous silicone.2 
Moreover, their toxicity in the dark is significantly low at micromolar concentrations. 
In this work we have assayed (in vitro) the effect of various modifications of the ligands 
scaffolding (namely, electrical charge, extended structure, electron-withdrawing properties, and 
substitution by aromatic moieties) of an in-house library of 13 Ru(II) polypyridyls for their 
leishmanicidal photoactivity (L. major promastigotes and L. pifanoi axenic amastigotes). 
Structure-activity relationships for ligand charge, log P, ΦΔ and parasite surface binding were 
obtained. Four PS resulted active with IC50 < 3 µM on both stages. The most active one showed 
an IC50 of 0.5 and 0.1 µM for L. major and L. pifanoi, respectively. The antimicrobial 
photochemotherapeutical (APCT) effect of such PS increased up to 50-fold upon blue light 
illumination, as expected from their multi-target mechanism of action, and whith selectivity 
indexes with respect to the macrophage ≥ 3.  

 

  
Figure 1 –Molecularly engineered ligand structure for enhanced APCT activity of the Ru(II) photosensitizer. 

 
Efficient vehiculation of a Ru(II) PS when conjugated to a cell-penetrating peptide (Tat) was 
also carried out, with dramatic amplification of its biocidal activity and selectivity. 
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Nanodelivery systems based on the biodegradable polymer poly(D,L-lactide-co-glycolide) 
(PLGA) are being extensively explored for photodynamic therapy. We have studied the 
influence of the polymer matrix composition, surface coating, and photosensitiser binding mode 
of the physicochemical, photophysical and photobiological properties of the nanoparticles.1,2 
PEG coating confers stability to the nanoparticles in biological media containing serum proteins 
and facilitates singlet oxygen diffusion to the external medium. Free base photosensitizers 
aggregate when entrapped in the nanoparticles, whereas metallated ones are incorporated in 
monomeric form. When the photosensitizers are covalently conjugated to the nanoparticles, 
their chemical properties influence their localization in the nanoparticles and consequently, the 
photophysical properties of the suspension. Physically entrapped photosensitizers are able to 
induce cell mortality in cells even if they are aggregated in the nanoparticles, while covalently 
conjugated photosensitizers are not. 
 

 
 

Figure 1 – Structures of the PLGA nanoparticles studied 
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Stealth liposomes can be used to extend the blood circulation time of encapsulated therapeutics. 
Inclusion of 2 molar % porphyrin-phospholipid (PoP) imparted optimal near infrared (NIR) 
light-triggered release of doxorubicin (Dox) from conventional sterically stabilized stealth 
liposomes. Dox in stealth PoP liposomes had a long circulation half-life in mice of 21.9 h and 
was stable in storage for months. Following intravenous injection and NIR irradiation, Dox 
deposition increased ∼ 7 fold in treated subcutaneous human pancreatic xenografts. 
Phototreatment induced mild tumor heating and complex tumor hemodynamics. A single 
chemophototherapy treatment with Dox-loaded stealth PoP liposomes (at 5-7 mg/kg Dox) 
eradicated tumors while corresponding chemo- or photodynamic therapies were ineffective. A 
low dose 3 mg/kg Dox phototreatment with stealth PoP liposomes was more effective than a 
maximum tolerated dose of free (7 mg/kg) or conventional long-circulating liposomal Dox (21 
mg/kg). With appropriate drug-light-interval and light delivery, strong ablation is achieved even 
at 2 mg/kg Dox. To our knowledge, Dox-loaded stealth PoP liposomes represent the first 
reported long-circulating nanoparticle capable of light-triggered drug release and have 
compelling properties for clinical translation. 
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To enable intraperitoneal photodynamic therapy (PDT) of peritoneal metastases, whichever their 
origin, is probably the most difficult challenge encountered by researchers involved in 
photodynamic applications. Indeed, intraperitoneal indications raise the issue of illumination 
delivery and its difficulty related to the peritoneal cavity’s complex anatomy. Moreover, the 
need for a specific targeted photosensitizer is also required to insure good tolerance by avoiding 
visceral injuries on healty tissue.  
Epithelial ovarian cancer (EOC) management is underlined by the high rate of peritoneal 
recurrence that may be related to microscopic peritoneal metastases ignored by conventional 
cytoreductive surgery [1]. Intraperitoneal PDT may be a solution to treat peritoneal surface, but a 
precise targeting of lesion is mandatory. Coupling a photosensitizer with folic acid (Figure 1) 
could allow more effective targeting of folate receptors which are over-expressed on the surface 
of the majority of ovarian carcinoma [2]. 
Tissue quantification of a folic acid conjugate showed its specific incorporation within tumor 
tissue. Specificity for ovarian cancer metastases is better than previously reported with other 
photosensitizers. We could detect fluorescence in vitro and in vivo in peritoneal metastases. 
Folic acid-targeted PDT induces cells death in human EOC cell lines in vitro. Furthermore, in 
addition to direct cytotoxicity, PDT could stimulate a delayed immune response and could act as 
immunotherapy promoting a potential “abscopal” effect.  
Our project is a multidisciplinary approach that aims to enable intraperitoneal PDT of peritoneal 
metastases of EOC and to provide original solutions from photosensitizer synthesis to 
innovative illumination set up [3]. 
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Figure 1 – Folic-acid coupled photosensitizer 
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A careful molecular design has allowed us to fully control the aggregation of planar 
photosensitizers and to tune their photophysical properties for applications in phototherapy and 
functional microscopy (Figure 1). 

 
 

  
 
 

Figure 1 – Left side: Supramolecular arrays against MRSA. Right side: Photosensitizing substrates for functional 
microscopy. 

  
We have recently designed a series of hybrid nanomaterials able to target, to label and to 
photoinactivate pathogenic and antibiotic resistant bacteria. The surfaces were functionalized 
with a Si(IV) phthalocyanine derivative that forms reactive oxygen species upon irradiation with 
red light. In this sense, it was possible to avoid the stacking of the phthalocyaninates by axially 
binding them to the surface of aluminosilicates (1,2) and layered nanoclays (3,4). Currently, we 
are extending these concepts to targeted, fully soluble and biodegradable platforms, a 
prerequisite for biomedical applications. These approaches include the use of dextrin conjugates 
(5) and cyclodextrin vesicles (6) that selectively photoinactivate Gram-positive strains. We have 
also implemented light-driven arrays for spatiotemporally resolved functional microscopy to 
monitor in situ the response towards ROS of eukaryotic (7) and prokaryotic (8) cells. 
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Fluorescent photoactive nanoassemblies able to release multiple therapeutic species under 
control of light can open intriguing prospects for novel imaging-guided multimodal therapeutic 
treatments. This allows indeed the visualization of the phototherapeutic agent in cells through 
fluorescence techniques and can provide a highly localized “burst” precisely at the desired 
sites.1  Singlet oxygen (1O2) and nitric oxide (NO) represent fascinating multitarget therapeutic 
agents avoiding Multiple Drug Resistance problems encountered with several conventional 
drugs often target-specific. Furthermore, due to their short half-life and lack of charge, both 1O2 
and NO diffuse in the cellular environment over short distances without inflicting systemic side 
effects common to general anticancer drugs. Therefore, the combination of 1O2 with NO appears 
to be very suited to tackle cancer diseases through light-triggered approaches.2 
We have designed here a novel nanoconstruct in which a water soluble epichlorohydrin 
branched β-cyclodextrin polymer tagged with the green emitter fluorescein-isothiocyanate  co-
encapsulates a zinc phthalocyanine, as a red emitter 1O2 photosensitizer, and a tailored 
nitroaniline molecular hybrid, as NO photoreleaser bearing a blue fluorescent reporter. The host 
nanocarrier and the guest components can be operated in parallel under light inputs, imposing to 
the whole supramolecular nanoconstruct “five in one” photofunctionalities. In fact, it exhibits 
distinct green, red and photoactivable blue fluorescence and, at the same time, simultaneously 
photoreleases the cytotoxic 1O2 and NO. The nanoassembly internalizes with its cargo in 
melanoma cancer cells where the host and guests components can be visualized due to their 
distinct fluorescence colours upon simultaneous two-photon excitation in the phototherapeutic 
window at 780 nm. Enhanced cell mortality most likely due to the combinatory effect of the 
simultaneously generated cytotoxic 1O2 and NO is also observed.  

 
Figure 1 – Supramolecular nanoassembly with “five in one” photofunctionalities. 
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Targeted delivery of photosensitizers via nanobodies has shown potential in pre-clinical studies. 
In-vitro, a clear relationship is found between level of epidermal growth factor receptor (EGFR) 
expression, fluorescence intensity and photodynamic therapy (PDT) efficacy for conjugates 
consisting of nanobodies targeting EGFR and the photosensitizer IRDye700DX (7D12-PS and 
7D12-9G8-PS)1. Quantitatvive fluorescence spectroscopy shows a tumor-to-normal tissue peak 
at 1 hr post administration in the mouse oral squamous cell carcinoma tongue tumor model2. 
Subsequently, PDT with illumination 1 h p.i. results in extensive tumor necrosis and almost no 
toxicity in healthy tissues, as shown histologically 24 hrs post PDT2. In this study, microscopic 
fluorescence distribution and PDT responses were investigated intra-vitally, using the skin-fold 
chamber model, rhodamine-dextran and the relative newly developed necrosis marker HQ43.  
Significantly better tumor-to-normal tissue ratio’s were found for 7D12-9G8-PS over 7D12-PS 
(Figure 1a/d). Vascular constriction and leakage was seen within 2 hours post PDT in both 
tumor and normal tissue (Figure 1e). Necrosis was shown intravitally in tumor tissue for short 
and long drug-light intervals. Differences between the two nanobody-conjugates and the effects 
on PDT will be presented.   

 

 
Figur 1 – Greyscale intra-vital fluorescence images recorded before (a,c) and 1 hr after administration (b,d) of 

7D12-PS (a,b) and 7D12-9G8-PS (c,d). Example of vascular leakage as shown by the rhodamine-dextran 
fluorescence outside the vasculature,  detected 2 hours post illumination delivered 24 hours after 7D12-PS 

administration (e). T is tumor. Bar is 200 um  
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Improving biodistribution and overall performance of photoactive drugs used in Photodynamic 
therapy (PDT) continues to be an essential goal in this area. In this sense, the quest for the 
“perfect” photosensitizer is far from over and many efforts are being made to discover new PDT 
drugs.1 On the other side, a supramolecular strategy that takes advantage of the encapsulation of 
the drug and improved delivery can be of much aid. 
Albumin conjugates have been extensively studied over the past decade,2 and there are a few 
formulations that have reached the market. This is due to improved circulation times and 
retention in tumors. On the negative side, sequestering the photoactive drug within the protein 
hampers its photodynamic action and there is no general strategy to release the drugs from the 
protein. On a different note, encapsulation of photoactive drugs into molecular containers3 of the 
family of cucurbit[n]urils, (CB[n], n = 5-8 and 10) has the potential to improve drug delivery 
and protect the drug from degradation. Moreover, drug delivery is easily achieved by 
competitive displacement with biomolecules or other drugs. However, specific targeting abilities 
for these macrocycles are still desired. 
Our research is aimed at combining the properties of albumin as a drug delivery vehicle with the 
encapsulation properties of CB[n]s in one biosupramolecular assembly hoping to improve the 
overall perfomance of non-porphyrin photoactive drugs that are already well studied for PDT. 
Over the last few years we have investigated the influence of CB[n]s on the photophysical and 
photochemical properties of photosensitizers,4,5,6 and the key points to achieve a strong 
interaction with the protein and the macrocycle. Some of the properties achieved with this kind 
of encapsulation are enhanced singlet oxygen generation, resistance to photodegradation, 
stability against enzymatic degradation and no aggregation. Our current efforts are aimed 
towards improving the ternary interactions between the photosensitizer, the CB[n] and the 
protein, and in vitro studies on human cancer cell lines.  
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Photodynamic therapy (PDT), as a clinical treatment, involves the initiation of cell death 
through the interaction of light and photosensitising chemicals1. The first clinical use of  
5-aminolevulinic acid (ALA) in PDT for the treatment of superficial malignant tumours was 
demonstrated in 19902, thus resulting in the emergence of this small (167.8 Da), hydrophilic, 
licensed photosensitizing agent, as one of the foremost agents utilised in modern topical PDT.  
 
This presentation will focus on describing and discussing topical delivery of photosensitisers, 
with special emphasis on ALA, which has been successfully used in the treatment of numerous 
clinical cases including: basal cell carcinoma, actinic keratosis, Bowen’s disease, vulval 
intraepithelial neoplasia, vulval Paget’s disease and cervical intraepithelial neoplasia.  
Consideration will be given to some of the traditional approaches used to topically deliver ALA, 
such as topical formulations (cream vehicles); ALA ester prodrugs; the use of penetration 
enhancers and physical enhancement strategies such as skin-stripping.  
 
The utilisation of PDT and photosensitising agents are not without their limitations however and 
as such, a point worthy of discussion is the fact that photosensitising molecules possess 
physiochemical characteristics which limit their penetration into the skin and as a result, current 
topical PDT is often limited to the treatment of superficial lesions. As a result, this precludes 
PDT’s effectiveness in the treatment of lesions with thick, overlying keratinous layers and also 
deeper lesions such as nodular basal cell carcinoma. One delivery system which our research 
team is extremely well versed in and which could overcome the penetration-limiting properties 
of photosensitising agents is the use of microneedle (MN) devices. These devices can be used as 
a means to enhance the delivery of photosensitising agents into the skin, while simultaneously 
overcoming some of the common delivery-limiting physicochemical characteristics associated 
with photosensitising agents4. To this end, this presentation will describe, in detail, the use of 
MN in PDT. Clinical studies in which MN arrays have successfully improved PDT will be 
detailed and some of the benefits which MN arrays offer PDT will be highlighted and explored.  
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Recent photosensitizers based on reduced tetrapyrolic macrocycles accomplish high tumor 
selectivity and residual photosensitivity while activated with near infrared light (700-800 nm). 
Light at 750 nm has an optical penetration depth of 2.3 mm in the skin, which means that at a 
depth of 16 mm it still has 0.1% of the incident ligh intensity, potentially enabling PDT with a 
NIR photosensitizer. Conbining NIR light with the topical application of a photosensitizer 
would improve significantly PDT of conditions such as acne, psoriasis or superficial skin cancer 
lesions. Appropriate topical formuations would simplify the therapy, enhancing patient 
compliance and restricting residual photosensitivity to the site of application [1]. However, 
percutaneous penetration of tetrapyrolic macrocycles is typically very low, due to their large 
molecular weights (over 500 Da) and adverse polarity. 

Piezoporation throught pressure waves generated by nanoseconds laser pulses can be used to 
permeabilize biological barriers, such as the outer layers of skin, with a reversibility that allows 
skin to recover its protective function and cells to remain viable [2,3]. Piezoporation is based on 
the interaction between laser generated high-frequency ultrasound and the stractum corneum, 
and constitutes a non-invasive, painless and efficient method to transiently disturb skin without 
leaving a footprint [3]. 

We evaluated the delivery of reduced tetrapyrolic macrocycles photosensitizers incorporated 
in gel-based topical dosage forms with piezoporation, with a view to rapidly increase drug 
concentration in the epidermis after topical application. The permeability of pig skin to 
temoporfin, to redaporfin and to a bacteriochlorin of lower molecular weight, of interest as 
photosensitizers [4], was tested. Piezoporation increases significantly the initial fluxes through 
the stratum corneum and enhanced photosensitizer delivery when compared with passive 
delivery over the same period of time. Confocal microscopy revealed a considerably 
enhancement of the depth of diffusion when piezoporation is used. The amount of 
photosensitizer in epidermis 30 min after skin exposure to piezoporation was similar to the 
amount reached with 4 h passive diffusion. 
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Photosensitizers are inherently fluorescent and specifically accumulate in tumor cells, which is 
why they can be used for diagnostic purposes (PDD) or in photodynamic therapy (PDT) to 
destruct cancers1. However, their limited solubility and stability hampers routine use, which 
may be overcome by encapsulation.  
Several promising novel nanoparticulate drug carriers including polymeric nanoparticles2, 
metallic nanoparticles3 and lipid nanocomposites4 have been developed in the past. However, 
many of them contain components that would not meet safety standards of regulatory bodies and 
due to difficulties of the manufacturing processes, reproducibility and scale up procedures these 
drugs may eventually not reach bedside5.  
Recently, we have designed a novel liposomal carrier, consisting of nontoxic and FDA approved 
ingredients as promising vehicle for the approved drug and photosensitizer Hypericin (HypLip). 
The nano drug will be used for PDD and PDT of stomach cancer, which requires the 
formulation to be stable in the gastric environment. 
We have established a rapid method for parallel assessment of HypLip uptake and toxicity in 
gastric cancer cells and a spheroid 3D cell co-culture system to investigate cancer cell 
specificity.  
Our most recent results indicate an increased uptake in gastric cancer cells of HypLip compared 
to free Hypericin. Furthermore photodestructive effects of Hypericin are not diminished upon 
encapsulation into the liposomal carrier. Most importantly the formulation is stable in the gastric 
environment for up to several hours, while free Hypericin is degraded rapidly. 
Our formulation will be tested in a gastric cancer model in rats. HypLip will be administered 
orally and PDD will be performed by endoscopy to identify early tumor lesions, which would 
otherwise not be visible. An early detection of these lesions might drastically reduce mortality in 
gastric cancer patients, as this cancer is diagnosed typically only at a very late stage.  
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Pneumonia is one of the main causes of hospitalization and mortality worldwide. It is defined as 
an acute inflammation of the pulmonary parenchyma, and it is predominantly caused by bacteria 
such as Streptococcus pneoumoniae and Klebsiella pneumoniae. Since bacterial infections 
constantly develop resistance to traditional antibiotics, the demand for alternative methods of 
treatment is pressing. One promising alternative is photodynamic inactivation (PDI), which uses 
the principles of photodynamic therapy to kill microorganisms. An in vivo investigation has 
demonstrated the potential of the photosensitizer indocyanine green (ICG) for the treatment of 
pneumonia via PDI¹. Nowadays in our experimental group the chosen photosensitizer delivery is 
the instillation, which is not appropriate for a future clinical application. Nebulizers are well 
established tools used to deliver pharmaceutical drugs locally to the lung tissue, limiting adverse 
effects and increasing the efficacy of treatments. Although their application in the photodynamic 
treatment of infections has been proposed previously², there has been no published investigation 
of the stability of these compounds, nor the rate through which they are nebulized.  
Therefore, this study will present the behaviour of different photosensitizers (indocyanine green, 
the chlorine derivative Photodithazine®, and the porphyrin derivative Photogem®) after the 
process of air-jet nebulization. The methodology involves the use of an impinger to collect the 
mist, and UV-visible absorption spectrometry to determine the output of photosensitizer after 
different times of nebulization. The rate is expected to increase over time, until the solution 
becomes so viscous it can no longer be nebulized³. The rate-of-delivery profiles will guide the 
optimization of concentrations and nebulization times for future in vivo studies. The 
spectrometry analysis will also provide information on stability. To further understand the 
extent of degradation, other methodologies may be applied. The stability results will indicate the 
suitability of the compounds for the procedure and, if necessary, they will guide the search for 
protective agents.  
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Wound infection is a prominent topic in hospitals. Infections may delay wound healing, 
increasing the cost of treatment. In addition, the emergence of antibiotic-resistant bacteria or 
superbugs makes infected wounds more difficult to cure and in some cases infected wound  
could lead to the patient’s death1. Bacteria responsible of infected wounds come from 
surroundings or from commensal skin flora. Additionally, bacteria can form biofilms resulting 
to an increased resistance to conventional antimicrobial treatment. Therefore, new approaches 
had to be developed in order to overcome this problem. Antimicrobial photodynamic therapy 
(aPDT) is a promising alternative to eradicate microbes. Interesting results were achieved 
against Gram-positive bacteria, but it also appeared that Gram-negative strains, especially 
Pseudomonas aeruginosa, were less sensitive to aPDT2. Among many studies3, the use of novel 
cationic photosensitizers (PS) has been highlighted to provide a wide-spectrum activity4, as well 
as, the use of antimicrobial peptide to weaken the Gram-negative outer membrane5. Despite a 
weak interaction between such PS and bacteria5, the targeting is insufficient to avoid any 
photocytoxicity on human cells. In this work, a novel coumpond have been synthetized which 
offers an improved activity and targeting than a usual cationic porphyrin. 5-(4-aminophenyl)-
10,15,20-tri(4-N-methylpyridyl)-21H,23H-porphyrin tetraiodide have been linked to a derivative 
of Polymyxin B (PMB) using a spacer and a thiol-maleimide ‘click” coupling. Originally 
produced by Bacillus polymyxa, PMB is a well-known antimicrobial peptide used to treat 
infections caused by Gram-negative bacteria. PMB can form complex after interaction between 
the amine functions of PMB and the LPS6. PMB has already been described as an option for 
enhancing the effect of aPDT on Gram-negative bacteria, as it seems to disorganize bacterial 
outer membrane7. According to the structure-activity relationship8, a synthesis pathway was 
established to maintain the bactericidal activity of the peptide. The photobactericidal activity of 
the previously cited compound has been highlighted. After a white light irradiation, the peptide-
coupled photosensitizer has demonstrated a better efficiency than the porphyrin and the peptide 
alone. This enhancement has been observed against Staphylococcus aureus, Pseudomonas 
aeruginosa, and especially Escherichia coli. In addition of this efficiency, flow cytometry 
analyses have demonstrated that peptide have increased the interaction of the PS on bacteria. 
These results confirmed the importance of using an antimicrobial peptide in order to target 
bacterial strains. In the near future, our work may lead to extensive studies for the design of 
specific targeting PS, which may reduce the photocytoxicity on human cells. Thus, it may be 
applied to the formulation of dermatological ointments and creams. 
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Breast cancer is the second leading cause of cancer-related deaths worldwide and photodynamic 
therapy (PDT) is a treatment modality which can be used for its management1. This technique is 
based on the uptake of photosensitizers (PSs) by tumour cells followed by their activation using 
an appropriate wavelength of laser light, which induces cell death, due to the production of 
reactive oxygen species (ROS)1. Research has focused on the use of porphyrin PSs drugs for the 
in vitro PDT treatment of breast cancer due to its high ROS yield2. However, in vivo porphyrins 
have poor cancer cell uptake, limited tissue penetration and specificity, and often are ingested by 
immune system components2.  
 
The aim of this study was to improve PDT breast cancer treatment through the chemical 
synthesis of meso-tetrakis-hydroxyphenyl-porphyrin (MTHPP) PS, which has an enhanced 
nano-agent magnetic-targeting based tumour drug delivery system, with heightened theranostic 
abilities and is activated within the red light range (better tissue penetration).MTHPP PS was 
solubilized with PEG and further functionalized with a gold core shell to stabilize and enhance 
the molecules theranostic abilities. Moreover the entire molecular system was linked to 
superparamagnetic iron oxide nanoparticles (SPIONs) to improve drug tumour accumulation by 
magnetic field forces. The final MTHPP–PEG–gold core shell–SPION (MPGS) molecular 
structure was chemically characterized using spectroscopy and microscopy techniques. 
Additionally, solubilized MPGS was added at varying concentrations to in vitro breast cancer 
(MCF-7) cells and its cellular localization and PDT cytotoxicity was investigated at 673nm.  
UV Spectroscopy results showed the MPGS molecule generated high levels of ROS when 
excited with red light and FTIR noted conjugate system stability. Cellular localization assays 
noted uptake of MPGS was successful within the nucleus and cytoplasm of cells, however was 
further improved within cells that underwent magnetic incubation. Cellular cytotoxicity results 
noted a 50% significant cell death in cells that received 2ug/ml MPGS, 10J/cm2 of laser light at 
673nm PDT with magnetic incubation as only 21% of the cells remained viable. Findings 
suggest that MPGS demonstrated enhanced in vitro PDT efficacy in breast cancer cells, through 
improved MTHPP PS drug delivery, accumulative cellular uptake in tumour cells, with a deeper 
tissue penetration light activation and significant breast cancer cell destruction.  
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5,10,15,20-tetrakis(benzo[b]thiophene) porphyrin (BTP) is a newly synthesized hydrophobic 
photosensitizer.1 Various compositions of liposomes were used to alter the solubility of BTP. 
The photocytotoxicity, reactive oxygen species (ROS) generation capabilities, and subcellular 
localization of the various liposomal-BTPs were identified. DNA fragmentation assays and high 
content screening (HCS) assays were performed in order to shed light on the tumoricidal 
mechanisms of the liposomal-BTPs. The subcellular localization assays revealed that the 
localization of liposomal-BTP was dependent on not only the chemical properties of the 
photosensitizer, but also the properties of the delivery vehicle encapsulating the photosensitizer. 
The lipid composition of the liposomes seems to be the major contributing factor in determining 
its subcellular localization.2 Significant DNA fragmentation was observed in MCF-7 cells 
treated with a nucleus-localizing liposomal-BTP (DOPC-BTP and DOPE-BTP). Liposomal-
BTPs were successful in inducing mitochondrial permeability transition (MPT), increasing 
cytosolic calcium concentrations, and activating caspase-3/7. 

 
 
 
 
 
 
 
 

Figure 1 – The subcellular localization assay: fluorescence microscopy images of DOPC-BTP treated MCF-7 cells. 
The images from left to right correspond to the following Hoechst, ER-tracker, BTP, and overlay, respectively. The 
corresponding excitation and emission wavelengths were  Hoechst λex 350/λem 461, ER-tracker 504/511, and BTP 

432/660. 
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Application of meta-tetra(hydroxyphenyl)chorin (mTHPC), one of the most effective 
photosensitizer (PS), in photodynamic therapy of solid tumors encounters several complications 
resulting from its insolubility in aqueous medium [1]. To improve its solubility and 
pharmacokinetic properties, two modified β-cyclodextrins (β-CDs): methyl-β-cyclodextrin (Me-
β-CD) and 2-hydroxypropyl-β-cyclodextrin (Hp-β-CD) were proposed. The aim of this work 
was to evaluate the effect of β-CDs on mTHPC behavior at various stages of its distribution 
in vitro and in vivo.  
For this purpose, we have studied the influence of the β-CDs on mTHPC binding to the serum 
proteins, its accumulation, distribution and photodynamic efficiency in HT29 monolayer and 
spheroid models. In addition, the processes of mTHPC biodistribution in HT29 tumor bearing 
mice after intravenous injection of PS alone or with the β-CDs were compared.  

 

           
 

Figure 1 – The structure of mTHPC/β-CDs complex [2] 
 
Interaction of mTHPC with studied β-CDs leads to the formation of inclusion complexes that 
completely abolishes its aggregation after introduction into serum (Figure 1A). The β-CDs may 
increase diffusion movement of mTHPC molecules by nanoshuttle mechanism. The presence of 
β-CDs significantly improve distribution of mTHPC in tumor cell cultures in vitro [3]. In vivo 
studies confirm the fact that application of β-CDs allows to modify mTHPC distribution 
processes in tumor bearing mice. 
The data obtained confirm the interest of β-CD nanostructures in mTHPC-PDT. 
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While Photofrin mediated Photodynamic Therapy (PDT) for Non-Muscle Invasive Bladder 
Cancer was the first approved indication worldwide, it fell out of favour due to the delayed 
damage to the bladder’s muscle layer resulting in a reduced bladder capacity and incontinence.  
Instillation of the photosensitizer was previously use as means to limit the photosensitization of 
the muscle layer. However, the size and the shape of the actual bladder was not considered, as 
were the optical properties of the bladder wall which have been shown to alter the irradiance and 
hence the fluence rate in depth significantly due to the integrating sphere effect of the bladder.  
Hence, for an ongoing Phase Ib clinical trial, 2 significant deviations from the previous studies 
are implemented. The photosensitizer is instilled, to reduce the sensitization of the muscle layer, 
and the photon density is measured in each patient, as well as modelled using FullMonte1 

The selected photosensitizer TLD14332, a Ru(II) coordination complex, is blocked from 
entering the submucosa by the intact urothelium, whereas it enters tumours readily supposing 
via the transferrin receptor, as demonstrated in in-vitro and in vivo studies. In vivo pre-clinical 
studies showed the destruction of tumours up to 1 mm in depth following 1 hr of drug 
instillation and the delivery of 90 Jcm-2 of 525nm light.  
To achieve a homogenous illumination to the prescribed target dose, independent of the bladder 
tissue diffuse reflectivity and shape, an optical irradiance dosimetry system was developed 
which can be deployed via a cystoscope.  The optical dose monitoring device, comprising 12 
sensors on the tissue surface, allows the treating physician to adjust the source position to 
achieve the target optical dose over the entire surface area, as well as the temporal accumulation 
of this dose.  
The attainable photon density and the anticipated PDT dose are simulated for each patient using 
the photon propagation engine FullMonte using the patient’s anatomical information. During 
these simulations, a range of tissue optical properties is simulated and compared to the initial 
photon density measurements to advise the physician further about the ability to achieve a 
homogenous illumination in each patient.    
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Light delivery is one of the major concerns in PDT (Photodynamic Therapy) . However, 
commercial light sources used for the photodynamic treatment of skin lesions for example are 
usually planar while the surfaces to be treated are mainly curvy. The integration of Side 
Emitting Optical Fibers (SEOF) into flexible fabric structures by knitting or weaving processes 
is a way to overcome the lack of homogeneity of the light distribution in PDT.  Since 2011, our 
group develops Light Emitting Fabric (LEF) [1].  
LEF are made of polyester yarn and require 37 Plastic Optical Fibres/cm. LEF does not need 
any pre or post treatment of optical fibers because  the weaving parameters provide the diffusion 
of light. LEF can be connected to any laser source and consequently can deliver light from 350 
nm up to 1200 nm. Irradiance up to 50 mW/cm² can be delivered without any temperature 
elevation of the LEF.  
A specific device based on LEF (FLEXITHERALIGHT®) and dedicated to the treatment of 
AKs of the scalp by PDT was developed. Thanks to the extreme flexibility, it was possible to 
design a cap fitting totally with the scalp. Both ends of optical fibers were gathered into metallic 
connectors and illuminated by a 635 nm light source. Its efficiency have been assessed in a 
comparative, randomized (split intra individual), phase II study which aimed to compare the 
clinical results obtained with a conventional LED panel to those obtained with the LEF device. 
The clinical results clearly show that the LEF device was at least as effective as the conventional 
LED panel, but with pain scores similar to those experienced by patients during PDT with 
daylight [2] . Similarly, it was possible to use this new technology to treat vulvar Paget’s disease 
with PDT [3]. A dedicated LEF has been designed, flexible and adaptable to the vulvar 
anatomy. The LEF was connected to a laser (635nm) with an irradiance of 6 mW/cm² during 
1h43 minutes to deliver the total light dose recommended of 37 J/cm² 
The extreme flexibility ensures to LEF to fit with non-planar anatomical surfaces, such as the 
scalp, and corporal extremities without any impact on light delivery and proves that LEF can 
adapt to the human morphology. A LEF production has been realized using an adapted textile-
weaving loom, which enables relatively easy scale up (no size limitation for length).  Large (500 
cm²) LEF could be used in peritoneal or pleural cavities. They could be a cheap alternative as 
light source for PDT. 
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The light fluence rate (mW/cm2) affects the oxygen consumption and thus the response to PDT.1 
Multiple studies have shown that fluence rates >150 mW/cm2 will result in suboptimal PDT. 
Nonetheless, fluence rates of 100-150 mW/cm2 are typically employed to activate clinically 
approved photosensitizers. In interstitial photodynamic therapy (I-PDT) the light dose rate and 
dose are typically reported in mW per cm (mW/cm) and Joule per cm (J/cm), respectively, for 
each fiber.2 However, the resulting fluence rate can approach 900 mW/cm2 next to a fiber 
emitting red light at 400 mW/cm.  
 
We are utilizing computer simulations to model light fluence rate with a finite element method 
(FEM).3 In this talk we will present the fluence rate distribution in large tumors, where treatment 
with I-PDT is best suited. We will examine the relationship among number and spacing of fibers 
and the input power per fiber (mW/cm). The proposed association of dose volume histogram of 
the fluence rate and input power will be discussed.  
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Background: Vascular-targeted photodynamic therapy (V-PDT) is one of the treatment 
methods for port-wine stains (PWS) based on the selective destruction of ectatic vessels. 
Preliminary results showed that V-PDT was better than pulsed dye laser [1]. Although the 
optimal photodynamic therapy protocol, such as the dose levels, power density, and light 
modulation, has not yet been established, the reactive oxygen species is believed to be the 
source of malignant cell death via apoptosis and/or necrosis [2]. A mathematical simulation 
model that is based on light modulation synchronized with oxygen saturation was proposed to 
verify its superiority on the singlet oxygen yield (SOY). 
Methods: The Type II reaction of PDT [3] was simulated to analyze the SOY between three 
levels of light modulation and general continuous illumination treatment. The PWS tissue was 
modeled as curved vascular with walls surrounded by normal tissue [4]. The vascular diameters 
are 20, 30, and 40 µm, and the blood flow velocity curve is similar to the heart blood flow with 
the peak values of 200, 400, and 600 µm/s, respectively. The light modulation treatment is 
synchronized with the oxygen saturation for each heartbeat, and the relative amplitude 
modulation levels (RAML) of 2, 3, and 4 are simulated. Other simulation parameters, such as 
the diffusion coefficients and reaction rates of oxygen and photosensitizer, are referenced from 
previously published papers [3,5]. 
Results: The SOY and oxygen concentration in tissue, vascular, and vascular wall are different 
under various light synchronization amplitude modulation levels. Compared with the condition 
of continuous illumination, the SOY in the vascular wall can achieve the same level with the 
RAML of 2, whereas the average oxygen concentration is higher. The SOY in the vascular wall 
can achieve more than 50% with the RAML of 4. 
Conclusions: Light synchronization modulation should be considered a key parameter in the 
optimal V-PDT protocol, which is by nature related to not only the metabolism and diffusion of 
oxygen and photosensitizer but also the blood flow velocity. For clinic operations, the doctor 
can improve the penetration depth with the same amount of light energy with a blood oxygen 
saturation meter. In addition, the simulation model may also be useful to reveal the relationship 
between vascular damage and the three main parameters of V-PDT by animal tests. A 
complementary light synchronization modulation method may also be a new optimal approach 
for tissue-targeted photodynamic therapy. 
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Pleural photodynamic therapy (pPDT) has been used as an adjuvant treatment with lung-sparing 
surgical treatment for malignant pleural mesothelioma (MPM).  In the current pPDT protocol, a 
moving point source is used to deliver the light and the light fluence are monitored by 8 
isotropic detectors placed in the pleural cavity. To improve the uniformity of light fluence rate 
distribution, we have used a real-time infrared (IR) tracking camera to track the movement of 
the point source.  The same tracking device is used to determine the surface contour of the 
treatment area [1].  We have developed an empirical model to calculate light fluence rate inside 
a cavity, which uses diffuse approximation and multiple scattering of light within the cavity. 
This study examines the light fluence (rate) delivered to pleural PDT patients as well as in a 
chest phantom. Fluence rates (mW/cm2) and cumulative fluence (J/cm2) were monitored by 
isotropic detectors at 7 - 8 sites during the entire light treatment delivery. Light fluence rate in 
the pleural cavity is calculated and compared with the in-vivo calculation at all available sites.  
A dual-correction method is used to match the calculated fluence with the detector readings 
using both a model that includeds both direct and scatter light. We have improved the model for 
direct light calculation by accounting for the anisotropy of the light from the light sources.  An 
improved light wand device measurement device was developed to eliminate the shift between 
the laser source position and the point determined by the multi-reflector rod. A comprehensive 
analysis of the distribution of light fluence during PDT is presented in both phantom conditions 
and in clinical cases for a HPPH-mediated [2] and the current Photofrin-mediated pPDT [3].  
We concluded that one can achieve near complete recovery of agreement of light fluence 
between calculations and measurements at all sites.  The standard (maximum) deviation of light 
fluence distribution between measurements and the prescription target (60 J/cm2) is 11% (30%).  
Future development of a magnetic based navigation system for pPDT will be discussed. 
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The detection of a single photon at 1270 nm wavelength allows the direct monitoring of Singlet 
Oxygen (1O2), making Singlet Oxygen Luminescence Detection (SOLD) a powerful dosimetry 
technique for photodynamic therapy in the treatment of cancer [1]. However, the direct 
detection of 1O2 emission at 1270 nm wavelength is extremely challenging as the 1O2 à 3O2 
transition in biological media has very low probability (~10-7) and short lifetime (<<1 µs) due to 
high reactivity of singlet oxygen with biomolecules. Recent advances in high efficiency, low 
noise superconducting nanowire single-photon detectors (SNSPDs) are an important innovation 
in the development of a practical SOLD system for eventual clinical use [2].  
Here we present a compact fiber coupled SOLD system, using a supercontinuum pump source 
to precisely target exact photosensitizer absorption peak wavelengths and a SNSPD for 
detection. Both pump laser and detector are intrinsically fiber coupled making them ideally 
suited for the development of practical singlet oxygen sensor head (Figure 1b). Measurements 
were made in Rose Bengal as the photosensitizer - a well-characterized model compound of a 
single molecular species - in distilled water, ethanol and methanol. The time correlated 1O2 
emission photon counts in 10 minutes of acquisition and their associated lifetimes are shown in 
Figure 1c. 
 

Figure 1 – (a) Block diagram of the experimental arrangement using the SNSPD. (b) A graphical representation of 
the sensor head. (c) Histograms of 1O2 single photon counts at 1270nm wavelength using Rose Bengal diluted in 
distilled water, ethanol and methanol (top), and the lifetimes of the photosensitizer’s phosphorescence (t1) and 

singlet oxygen’s transition to its triplet state (t2) (bottom). 
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The American Association of Physicists in Medicine (AAPM) has formed a task group (TG 274) to 
provide recommendations for in-vivo light fluence rate dosimetry because of the critical need to quantify 
the light for photodynamic therapy (PDT). The scope of the report includes three charges: (1) Review the 
current state of the art in fluence rate dosimetry; (2) Establish calibration and quality assurance 
procedures for clinical fluence rate dosimetry; (3) Establish guidelines for clinical implementation of 
fluence rate dosimetry.  
Scattterting tip-based isotropic detectors are recommended for the in-vivo measurement of light fluence 
rate. The history and theory of these isotropic detectors are reviewed.  Isotropic detectors should be 
calibrated [1], and quality assurance tests should be performed on a regular basis (initial, daily, quarterly, 
annually) for clinical use.  Corrections to the calibration must be made to account for refractive index 
mismatch [2] and the differences in tissue geometry (e.g. interstitial vs. intracavity vs. surface) between 
the calibration and measurement conditions.  The tissue correction factor can be between 1.5 and 2, if the 
isotropic detector is calibrated in-air and then used interstitially, i.e., the sensitivity of the isotropic 
detector can be reduced by 33-50%.  For superficial use of an isotropic detector, e.g., for skin cancer, a 
backscatter correction factor must be determined, which can be an additional correction of up to 15% 
depending on the construction of the isotropic detector [3]. The anisotropy of the isotropic detectors 
should be measured for planes parallel and perpendicular to the physical axis of the fiber.  Anisotropies 
within ±30% are considered acceptable for clinical use, although better performance is possible.  
Although the technology for fluence rate dosimetry is well-established, many clinical protocols are still 
based on light dose defined by incident irradiance, not taking into account scattering.   In cases where 
clinical experience has been gained using incident irradiance, the switch to fluence rate-based dosimetry 
may not result in significant changes to standard prescribed light doses, but is expected to reduce 
variance in tissue response, sometimes significantly [4].  TG 274 recommends an overall acceptable 
accuracy of in-vivo light dosimetry of ±15%. 
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One of the major challenges in photodynamic therapy (PDT) is to predict the depth of necrosis 
produced by the treatment. The extent of necrosis depends mostly on the light dose, the 
photosensitizer properties (i.e., activation wavelength, rate of generation of reactive species) and 
its concentration in the target tissue.1 The wavelength of the light used to activate 
photosensitizers determines its ability to penetrate human tissues. Near-infrared light is less 
absorbed and less scattereed by the tisues, and if it is sufficiently energetic to activate the 
photosensitizer, it will contribute to a deeper necrosis.2 
The assessment of the necrosis depth is essencial to characterize new photosensitizers and is 
critical to guide the clinicians in the planning of the illumination field and to spare sensitive 
organs or structures. One prototypical case is head and neck cancer, where very sensitive blood 
vessels mus be spared by PDT. Although several investigations have been published reporting 
simulations of necrosis depth, realtively few experimental data is available to train the 
simulations. Also the complexity inherent to PDT - high number of biological, chemical and 
physical variables – demands confirmation by experiment when different photosensitizers and 
protocols are employed. 
We performed PDT using the bacteriochlorin Redaporfin, which is characterized by a strong 
light absorption (molar absorption coeficcient ca. 140,000 M–1 cm–1) at 750 nm.3 A clinical trial 
of phase I/II for the treatment of advanced head and neck cancer with Redaporfin has 
successfully completed by Luzitin SA, showing that this photosensitizer is safe and effective. 
The protocol used in this clinical trial showed efficacy when the i.v. administration used a 
Redaporfin dose of 0.75 mg/kg and a drug-to-light interval of 15 min. In this work we used the 
same protocol to illuminate the liver of rat exposed by abdominal incision. Frontal illumination 
of the liver was performed 15 min after the administration of Redaporfin. The illuminated spot 
was 1 cm in diameter. The PDT was performed varying the light dose from 5 J/cm2 up to 50 
J/cm2. The rats were sacrificed 3 days after PDT and the depth of necrosis was assessed by 
visual inspection of the liver and by histological analysis. The data was used to calibrate a 
theoretical model.4 Using this protocol (0.75 mg/kg Redaporfin, drug-to-light interval 15 min) 
our analysis indicates a necrosis depth of ca. 6 mm for a light dose of 50 J/cm2 under frontal 
illumination. 
1. Wang K.K., Finlay J.C., et al., Journal of Biophotonics, 3 (2010) 304. 
2. Dabrowski J.M., Arnaut L.G., Photochemical &  Photobiological Science, 14 (2015) 1765. 
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Redaporfin is a halogenated bacteriochlorin with high photocitoxicity that exhibits 
immunogenic anti-tumor properties in vivo1. The mode of action of redaporfin photodynamic 
therapy (PDT)-induced cytotoxicity has not yet been fully elucidated.  
Here we show that redaporfin accumulates in human osteosarcoma U2OS cells at sites of the 
Golgi apparatus and the endoplasmic reticulum (ER) and induces organellar fragmentation upon 
photoactivation. U2OS cells that stably express the autophagic marker GFP-LC3 treated with 
redaporfin-PDT exhibit an accumultion of GFP-LC3+ dots in perinuclear regions that 
colocalized with markers of the Golgi apparatus and (to a smaller extent) the ER. In addition, we 
showed that U2OS cells treated with redaporfin-PDT recruited LAMP1+ lysosomes to sites of 
the Golgi. Immunoblot analysis confirmed LC3 lipidation after redapofin-PDT and both LC3 
lipidation and GFP-LC3+ aggregation was exacerbated by the lysosomal fusion inhibitor 
chloroquine. This indicates that redaporfin-PDT does not merely stimulate the accumulation of 
LC3 at sites of the Golgi, but increases autophagic flux.  
We further showed that redaporfin-PDT leads to the generation of reactive oxygen species 
(ROS) which was significantly inhibited by the lipophilic antioxidant tocopherol, but not by 
cytosolic ROS scavengers. Attenuation of ROS by tocopherol correlated with reduced LC3 
aggregation at the Golgi and decreased cytotoxicity induced by redaporfin-PDT. Those effects 
could be recapitulated with the photosensitizer hypericin, that similar to redaporfin accumulates 
at the level of the ER and Golgi but were entirely absent in cells treated with LUZ10, a 
hydrophilic bacterioclorin that accumulates in acidic compartments. 
Altogether, these results suggest that the redaporfin-PDT-induced local generation of ROS 
serves as a signal for the organelle-specific recruitment of LC3 to sites of the damaged Golgi. 
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Topical ALA-PDT has gained remarkable success after decades of research, and many 
mechanistic aspects were ascertained. Research indicates that no multidrug resistance develops 
as a consequence of PDT; this is of major significance in oncology. Onco- energy metabolism is 
anomalous manifested by aerobic glycolysis and the deregulated heme synthesis and catabolism. 
Consequently, the increased energy requirement for rapid growth of tumors cannot be fulfilled 
by mitochondrial ATP supply due to the disturbed heme synthesis and accumulation of PpIX. 
Thus, ALA-PDT is based fundamentally on the deregulated heme synthesis pathway, which 
compel the accumulation of PpIX in neoplasms. Three basic aspects should be considered in this 
regard, the one, the means of ALA supply to tumor cells, second, the techniques to reduce 
ferrochelatase activity and the last, controlling the routes of cell death activated upon light 
irradiation.  

We have shown that porphobilinogen deaminase (PBGD) activity is markedly enhanced by 
exogenous ALA treatment.  The own synthesis co-factor hydroxymethylbilane by PBGD 
dramatically enhances the enzyme activity and synthesis of the first linear tetrapyrrole from 4 
PBGs thus, ALA serves as a substrate for the co-factor and a substrate for the porphyrin rings 
and protoporphyrinogen IX.  Finally, the rate-limiting mitochondrial enzyme ferrochelatase 
inserts a ferrous ion into the center of the PpIX molecule, an enzymatic step in neoplastic cells 
which is downregulated. The documented cell death directions stimulated by ALA-PDT are 
apoptosis and necrosis, much dependent on the total amount of accumulated PpIX in the tumor 
cell, the delivered light energy and tumor origin.  The critical function of ALA in synthsis of 
PpIX is controlled by ALA delivery protocols and by various ALA- prodrugs, including 
molecules guiding deeper tissue penetracing and other derivatives stimulating the porphyrin 
synthesis enzymatic pathway. Ferrochelates inhibion was shown to be an effective way of 
enhancing PpIX accumulation and controlling PDT efficacy, novel ALA prodrugs are designed 
in order to combine a dual function of ALA delivery in addition to iron chelation acivity to 
reduce ferrochelate activity. 

A feasible future goal of PDT is constructing multi-functional ALA prodrugs to promote 
PpIx synthesis and to improve the destruction of tumor tissues. The recent introduction of 
combinatory concepts of multi-functional ALA prodrugs that maximize sensitizer biosynthesis 
and affect multiple subcellular targets might open new modalities in PDT. Well-documented 
clinical results, new ALA-delivery protocols, and novel multifunctional ALA prodrugs, may 
render ALA-PDT into a frontline cancer therapy. 
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Breast cancer is a worldwide health problem for women, since it is the first in incidence and the 
second in mortality among all cancer types, despite all recent technological advancements. Early 
intervention is impactful, but a large number of patients still relapse even after years of apparent 
cure. The challenges in combating the disease relies on the intrinsic tumor, resistance properties, 
molecular heterogeneity, and metastasis. For TNBC (Triple Negative Breast Cancer) patients, 
currently the only option is a non-targeted therapy that helps extending the survival of patients, 
but does not reliably prevent a secondary disease [1]. Photodynamic therapy (PDT) is based on 
the photooxidation of biological matter and it appears as a promising alternative therapy that 
could be used adjunct to chemotherapy and surgery for curing cancer [2]. However, despite the 
great potential, PDT is still not used in clinical practice, because of the lack of comprehensive 
studies describing the molecular effects behind its cytotoxicity. We have previously shown that 
PDT using methylene blue as photosensitizer (MB-PDT) induced specific and massive cell 
death in human breast cancer cell lines in a model that recapitulates the morphology of 
glandular epithelium. However, which cell death pathways are being activated upon MB-PDT 
remain unclear. In this work we set out to investigate the molecular mechanisms involved in 
MB-PDT-induced cell death. The role of apoptosis, autophagy, necroptosis and lysosomal 
membrane permeabilization (LMP) was investigated using specific inhibitors, activators and/or 
gene silencing strategies in human breast cancer cells as well as in the nontumorigenic MCF-
10A model. Morphological and biochemical analysis of dying cells pointed to alternative 
regulated mechanisms rather than classical apoptosis. MB-PDT-induced autophagy was mainly 
involved in cell damage repair. Evidences that RIPK1-dependent necroptosis is one important 
cell death pathway activated upon MB-PDT was supported by inhibition of RIPK1, MLKL or 
caspase-8. Additionally, the relevance of LMP was evidenced by the increase in cytoplasmic 
catepsin B and L activities upon MB-PDT as well as by cell death inhibition displayed by the 
presence of Catepsin B specific inhibitor. In summary, we demonstrated that different regulated 
necrosis cell death mechanisms are being activated upon MB-PDT. Finally, our observations 
underscore the potential of MB-PDT as a highly efficient strategy, displaying a broad-spectrum 
action on tumors displaying different resistance mechanisms to apoptosis, a desired property for 
improving an anticancer therapy. 
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Photodynamic therapy (PDT) can induce cell death through three main pathways: apoptosis, 
autophagy and necrosis. Apoptosis and autophagy are regulated cell death pathways whereas 
necrosis was traditionally considered an unregulated mechanism. However, during the last 
decade several studies have demonstrated that regulated forms of necrosis exist. These new 
pathways present characteristics of both apoptosis and necrosis, and they are collectively termed 
regulated necrosis. Regulated necrosis includes a wide variety of processes triggered by 
different stimuli, being reactive oxygen species (ROS) one of the most important. 
Parthanatos is among the most extensively studied regulated necrosis pathways, and it can be 
induced by different triggers such as exposure to alkylating agents, excitotoxins or ROS. It is 
characterized by an overactivation of PARP in response to DNA damage, which induces cellular 
energy depletion. In adittion, the PAR polymers generated interact with the apoptosis-inducing 
factor (AIF), which is released from the mitochondria and internalized into the nucleus causing 
chromatin fragmentation. 
In this study, we have compared the photodynamic effect of two photosensitizers (PSs), meso-
tetrakis (4-carboxyphenyl) porphyrin sodium salt (Na-H2TCPP) and its derivative zinc (II) 
meso-tetrakis (4-carboxyphenyl) porphyrin sodium salt (Na-ZnTCPP). Experiments were 
performed with two human breast epithelial cell lines, a non-tumoral (MCF-10A) and a tumoral 
one (SKBR-3). 
We found that the photodynamic treatments triggered different cell death mechanisms 
depending on the cell line. In tumoral SKBR-3 cells, two populations of dead cells were 
observed, one with classical necrotic features and the other with apoptotic characteristics. By 
contrast, in MCF-10A we found necrotic cells and another population of cells with 
characteristics of both necrosis and apoptosis, which suggested a regulated necrotic process. In 
this last population we found that cell death was PARP-dependent and that AIF was released 
from the mitochondria to the nucleus. These results constitute the first evidence of parthanatos 
induced by PDT. 
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Prostate cancer is the most frequently diagnosed cancer among men aged 50 years and older in 
industrialized countries. Medical research developed methods of focal therapy to treat this type 
of cancer conservatively and not radically in order to improve the patients quality of life. With 
this in mind, photodynamic therapy (PDT) is based on the use of photosensitizers (PS) able to 
specifically target cancer cells and, once activated by light, induce cell death. Based on Green 
Chemistry, the Laboratoire de Chimie des Substances Naturelles (LCSN) from Limoges 
developed new PS: protoporphyrin IX, a PS widely studied, vectorized with polyamines (PA). 
The effects of spermidine-linked protoporphyrin IX (PpIX-dSd) and spermine-linked 
protoporphyrin IX (PpIX-dSm) (Figure 1) were studied on human prostate cancer cells PC-3, 
DU145 and LNCaP. This study demonstrated that both PS have the expected ideal properties: a 
pure composition, no toxicity in dark and ability to specifically target tumor cells. Moreover, 
PpIX-PA induced apoptotic intrinsic pathway. In addition, pathways involved in apoptosis 
resistance were studied: PS inhibited Bcl-2, Akt, NF-κB and autophagy but activated p38/COX- 
2/PGE2 pathway which was not involved in apoptosis resistance in our model. Finally, in vivo 
experiments showed PpIX-PA efficiency using subcutaneous xenograft of PC-3 cells performed 
on nude mice (Figure 2). Thus, these derivatives of PpIX-PA appear to be good candidates in 
prostate cancer treatment by PDT.  
 

 
Figure 1 – Structures of photosensitizers. The photosensitizer, PpIX (A), is coupled with two molecules of 

spermidine (PpIX-dSd) (B) or spermine (PpIX-dSm) (C) attached by a flexible arm. 
 

 
Figure 2 – Effects of PpIX and PpIX-PA on tumor growth in vivo. Each mouse was injected subcutaneously with 

PC-3 cells in each side of the dorsal region. Mice received injection of 10 mg/kg of PS followed by red 
irradiation 24 h later only for one tumor per mouse. Each group (Control, PpIX, PpIX-dSd and PpIX-
dSm) contained 7 mice. At 0–21 days after irradiation, tumor volumes were measured using a caliper. 
At day 21, mice were sacrificed and tumors were removed for pathological analysis. 
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The tumoricidal action of photodynamic therapy (PDT) involves the direct killing of cancer 
cells, disruption of tumor vasculature and following local inflammation. There are many studies 
conducted to investigate the molecular mechanisms involved in PDT-mediated cell death. 
However, the cellular alterations and following biological consequences in cells survived from 
PDT are still unclear in PDT biology. In the present study, we investigated whether epigenetic 
modifications involve in regulating the cellular alterations in PDT-treated cells. We found that 
PDT-mediated oxidative stress can activate two epigenetic regulators, p300HAT and DNA 
Methyltransferases 1 (DNMT1). Further studies showed that activated p38MAPK induced by 
PDT can increase the expression of p300HAT, which further acetylates histone H3 and NF-κB 
p65 subunit, leading to the up-regulation of COX-2 and survivin to promote the survival of 
damaged cells after PDT [1].  Previously, we found that the reduced invasiveness of PDT-
treated cells relates to the decreased expression of chloride intracellular channel 4 (CLIC4) [2]. 
In the following study, our results indicate that suppression of CLIC4 by PDT-induced oxidative 
stress is modulated by DNA methylation in a DNMT1-dependent manner and relies on the 
status of tumor suppressor protein p53. These findings portray a more complete picture of the 
mechanistic basis and molecular changes through histone acetylation and DNA methylation in 
PDT-treated cells. 
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Antimicrobial photodynamic therapy (APDT) is a promising tool to counterattack the emerging 
treat of drug-resistant pathogens. The technique combines low-intensity monochromatic light 
with a photosensitizer compound to produce reactive oxygen species (ROS) that can damage 
virtually any type of biomolecules and lead to rapid cell death. Since some ROS present 
diffusion-limited reactivity, most cell damage is co-localized with photosensitizer accumulation 
site. Hence, imaging photosensitizer accumulation and fluorescence lifetime in the nanoscale 
can bring a great level of information to further understand the ultrastructural cellular damage 
caused by APDT.  In this study, we used a FLIM system capable of single-molecule detection to 
observe the accumulation and interaction sites of methylene blue (MB), a very broadly-used 
photosensitizer, in yeast, and Gram-positive and Gram-negative bacterial cells. Our data shows 
fluorescence lifetime contrast, with nanometric resolution, among different cellular structures 
such as cell wall, membrane and DNA. The images evidentiate differential MB accumulation in 
microbial cells and the existence of two different populations of MB molecular species: those 
interacting mostly with the solvent (short-lived, ~0.8 ns) and those interacting with 
biomolecules (long-lived, ~2 ns). The short-lived fluorescence predominates in the mucoid 
capsule of Gram-negative bacteria and cell-wall of yeast and Gram-positive bacteria while long-
lived MB fluorescence shows preferential accumulation in DNA-rich sites1. It is marked in yeast 
nucleus and exclusively inside bacterial cells. In fact, literature supports that MB intercalation in 
nucleic acids stabilizes its excited-states leading to increased fluorescence lifetime and 
efficiency of singlet-oxygen production2. Our data brings evidence that this sort of phenomena 
can be observed by FLIM in the nanoscale and this should bring new insights to the 
photophysical, photochemical and biological mechanisms of photodynamic therapy. 
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Photodynamic therapy (PDT) enhancement of anti-tumor immunity has been demonstrated in 
both clinical and pre-clinical settings(1).  The ability of PDT to enhance anti-tumor immunity is 
thought to be due to several factors including stimulation of immunogenic cell death, release of 
tumor-specific antigens, induction of acute inflammation and over-whelming of the host’s 
clearance system.  Enhancement of anti-tumor immunity following PDT and PDT efficacy is 
dependent upon IL-17 mediated ativation of neutrophils(1,2,3).  Interestingly, recent studies have 
shown that inflammatory responses, specifically neutrophil levels and responses as well as IL-
17 levels, differ between sexes.  Males generally exhibit weaker innate and adaptive immune 
responses as compared to females(4).  Thus it is possible that PDT efficacy and ability to 
enhance anti-tumor immunity is affected by sex differences in inflammatory responses.  We 
examined PDT efficacy and ability to augment anti-tumor immunity in male and female tumor 
bearing mice and found that sex influenced both efficacy and enhancement of anti-tumor 
immunity.  The mechanism behind these differences was also examined by assessing differences 
in neutrophil status and levels of inflammatory cytokines, including IL-17 and neutrophil 
attracting chemokines. Expansion of these studies into humans could aid in the selection of 
patients best suited for PDT.    

 
References 

 
 1.  P. Agostinis, K.Berg, K.A.Cengel, T.H.Foster, A.W.Girotti, S.O.Gollnick, S.M.Hahn, M.R.Hamblin, 

A.Juzeniene, D.Kessel, M.Korbelik, J.Moan, P.Mroz, D.Nowis, J.Piette, B.C.Wilson and J.Golab, CA 
Cancer J.Clin., 61 (2011) 250. 

 2.  C. M. Brackett, J.B.Muhitch, S.S.Evans and S.O.Gollnick, J.Immunol, 191 (2013) 4348. 
 3.  P. C. Kousis, B.W.Henderson, P.G.Maier and S.O.Gollnick, Can.Res., 67 (2007) 10501. 
 4.  S. L. Klein and K.L.Flanagan, Nat.Rev.Immunol, 16 (2016) 626. 
 
Acknowledgements: This work was supported by the NCI CA055791-21A1, the shared resources 
supported by the Roswell Park Cancer Center  Support Grant (P30CA016056) and Alliance Foundation. 
 

 
 
 
  



 86 

Immunogenic cell death in anticancer therapy 
 

Oliver Kepp, and Guido Kroemer 
INSERM U1138, Gustave Roussy Cancer Center, 94805 Villejuif, France 

captain.olsen@gmail.com 
 
Cancer immunity requires tumor cells to differ from non-malignant cells in the body at two 
levels. First, tumor cells need to be antigenically distinct from parental cells and second, in 
response to therapy-induced stress signals, malignant cells must emit danger-associated 
molecular patterns (DAMPs) that serve as adjuvant signals. The combination of antigenicity and 
therapy-induced adjuvanticity results in active anticancer immune responses. Some widely used 
chemotherapeutics, as well as radiotherapy and PDT, have the capacity to stimulate 
immunogenic cell death (ICD) in turn triggering anticancer immune response and long-term 
therapeutic effects. ICD-related DAMPs include molecules such as Annexin A1, ATP, 
calreticulin, HMGB1 and type-1 interferons, that are exposed or released from stressed and 
dying cancer cells in response to ICD inducers. DAMPs act on receptors that are mostly 
expressed by immune cells, allowing for the orchestration of an intratumoral immune response 
that involves the recruitment of dendritic cell precursors, the cross-presentation of tumor 
antigens, and the induction of a cognate anticancer immune response mediated by interferon-γ 
producing CD8+ T cells. Failure to emit DAMPs due to cancer cell-intrinsic defects or failure to 
perceive DAMPs due to mutations or inactivation of the receptors required for their perception 
(such as the Annexin A1 receptor FPR1, the HMGB1 receptor TLR4 or the type-1 interferon 
receptor IFNAR) weakens anticancer immunosurveillance and has a negative prognostic impact 
in cancer patients. Here we provide a summary of recent developments and breakthroughs in the 
field. 
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We investigated the local and systemic immune effects of Photodynamic therapy (PDT) after treatment 
of established tumors. In four independent aggressive mouse tumor models, we combined PDT with two 
types of immunotherapy. Therapeutic vaccination using synthetic long peptides (SLP) containing T cell 
epitopes from known tumor antigens and checkpoint blocking therapy. We show that immunotherapy 
can be efficiently combined with PDT to eradicate established tumors, based on strong local tumor 
ablation and the induction of a robust systemic immune response. Combination treatment of PDT with 
therapeutic SLP vaccination cured one third of mice. Importantly, all cured mice were fully protected 
against subsequent tumor rechallenge, and combination treatment of primary tumors led to eradication of 
distant secondary tumors, indicating the induction of a systemic antitumor immune response. 
Combination therapy of PDT and CTLA-4 blocking antibodies significantly improved therapeutic 
efficacy and survival of double-tumor-bearing mice. These results show that local tumor ablation by 
PDT induces CD8 T cell responses crucial for systemic tumor eradication, which can be further 
enhanced by combination with immune checkpoint blockade. This treatment strategy may be a novel 
therapeutic approach for advanced cancer without previous knowledge of tumor-specific antigens.These 
results suggest combination of active immunotherapy with tumor ablation by PDT as a feasible novel 
treatment strategy for advanced cancer. 
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5-Aminolevulinic acid photodynamic therapy (ALA-PDT), an established cancer therapy, can 
cause immunogenic apoptosis to induce an effective antitumour immune response. In this study, 
We developed an optimal dendritic cells (DC)-based cancer vaccine using ALA-PDT-induced 
apoptotic PECA (skin squamous cell carcinoma) cells. The maturation of DCs induced by ALA-
PDT-treated apoptotic PECA cells was studied using electron microscopy, FACS and ELISA. 
The anti-tumor immunity of the ALA-PDT DC vaccine was tested in mice. We observed the 
maturations of DCs could be potentiated by ALA-PDT treated PECA tumor cells, including 
morphology maturation (enlargement of dendrites and increase of cytoplasm), phenotypic 
maturation (upregulation of surface expression of MHC-II, DC80, and CD86), and functional 
maturation (enhanced capability to secret INF-γ and IL-12 and to induce T cell proliferation).  
Most interestingly, we found that PDT induced apoptotic tumor cells are more capable in 
potentiating maturation of DCs than PDT treated or freeze/thaw treated necrotic tumor cells, 
particularly using a light dose of 0.5J/cm2 with a ALA concentration of 0.5mM. The mature 
DCs worked as tumor vaccines to prevent tumor growth. This optimal ALA-PDT-DC vaccine 
provided protection against skin squamous cell carcinoma in mice, far stronger than that of DC 
vaccine obtained from freeze/thaw of tumor cells. Our results indicate that ALA-PDT can also 
be an effective method for DC-based cancer vaccine. Our study may lead to an improved 
treatment modality 
against metastatic cancers. 
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Vascular photodynamic therapy (PDT) with redaporfin, using a low light dose delivered at a 
high fluence rate was shown to destroy the primary tumor and to reduce the development of 
distant cancer lesions in animal models, thus suggesting anti-tummor immunity. Additionally, 
no cures were achieved in immunocompromised nu/nu mice [1]. 
 
Vascular-PDT with redaporfin triggers an acute local inflammation characterized by IL6 
expression and neutrophilia that attained a maximum 24 h post-PDT. This protocol also leads to 
an increase in CD4+/CD8+ T cells ratios, which have been correlated with increased survival 
rates in cancer patients [2], and further corroborates the activation of the adaptive immune 
system a few hours post-PDT. A significantly over-expression of an important anti-tumor 
cytokine, IFNγ, by T cells was also observed. 
 
We evaluated the role in the anti-tumor immunity of specific cytokines and of specific 
populations of immune cells that increased in response to PDT (IFNγ, CD4+ and CD8+ T cells), 
through their inhibition with specific monoclonal antibodies. Our preliminary results confirmed 
the importance of some cell populations for the success of PDT, with significant decreases in 
percentage of survival of CD8+ T cells depleted animals, in comparision with PDT alone.  
 
We hypothetize that anti-tumor immunity achieved with redaporfin-PDT might be significantly 
ameliorated through combination with immune checkpoint blockers, via reversing T-cell 
exhaustion [3]. Combinatorial therapies in animal model may help to find synergies between 
PDT and immunotherapy. Clinical translation of the stimulation of the immune system through 
photodynamic treatments may drive PDT to the frontline of cancer immunotherapy.  
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Photodynamic therapy (PDT) is an anticancer strategy based on the tumor tissue 

destruction and stimulation of the host immune system.[1] PDT triggers expression of various 
cytoplasmic components and activates the complement cascade. The secretion of leukocyte 
chemoattractants, cytokines, growth factors, and other immunoregulators is related with 
eradicating the primary CT26 tumor as well as preventing metastasis to the lung.[2] PDT-
induced injury threatens the host tissue integrity and develops acute, local inflammation.[3] 

The main focus of this work is to analyze molecular mechanisms of PDT crucial for 
cellular death, vascular effects, inflammation and long-term antitumor immune response and its 
impact of PDT outcomes with bacteriochlorin derivatives. A number of cytokines has been 
detected in the tumor and in plasma of PDT-treated mice. Among a wide range of cytokines (IL-
6, IL-10, IL-13, IL-15) and chemokines (KC, MIP1, MIP2) released after PDT, an important 
role is assigned to IL-6. Moreover, expression of recombinant cytokines such as GM-CSF and 
TNFα significantly enhance antitumor response, whereas blocking anti-inflammatory cytokines 
such as IL-10 or VEGF improves the cure rates after PDT.  
 We have performed a set of PDT experiments illustrated in Fig. 1 and indicated that 
bacteriochlorin-PDT can produce specific immune response capable of inducing immunological 
memory that enables mice to reject a tumor rechallenge. Moreover,  we have demonstrated that 
bacteriochlorin-PDT activates innate and adaptive immunity that result in the eradication of 
NIR-irradiated primary tumors and the inhibition of untreated distant tumors by generating a 
systemic tumor-specific cytotoxic T-cell response.  

 

 
Figure 1 – Schematic illustration of in vivo PDT with bacteriochlorins as photosensitizers. 
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The relationship between photodynamic therapy (PDT)-induced damage, the activation of 
angiogenic pathways and subsequent vascular events have been studied in many preclinical and 
clinical settings in various (non)oncological idications [1]. Different combination strategies with 
angiogenesis inhibition and vascular targeting approaches are being currently developed [2,3]. 
Using carefully tailored composition and administration schedule of anti-angiogenic factors [4] 
and PDT may lead not only to the complete or partial vascular occlusion, but also increased 
drug delivery or modulated intratumor oxygenation. This consequently holds promise of 
improved overall treatment outcome. 
This presentation will focus on what is known of this combination strategy and will give a  
critical view of its future clinical applications. The different approaches of angiogenesis 
inhibition and vascular targeting, as well as the timing and sequencing of therapeutic strategies 
will be discussed. In addition, the concept of increasing PDT selectivity by targeted delivery of 
photosensitizers will be presented. 
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It is long known that targeting of the tumor vasculature can impair tumor growth. Crucial to 
designing angiostatic and vascular targeting agents is the identification of target molecules. 
Since angiogenesis is not limited to pathologies, careful evaluation of putative therapeutic 
targets is warranted to prevent side effects associated with impaired physiological angiogenesis. 
To identify tumor-specific angiogenesis markers, we performed genomic profiling of angiogenic 
endothelial cells isolated from both malignant and non-malignant tissues and of resting 
endothelial cells by next generation sequencing approaches. We identified a series of genes that 
show specific overexpression in tumor endothelium but not in angiogenic endothelium of 
normal tissues, creating a therapeutic window for tumor vasculature specific targeting. Antibody 
targeting of four cell-surface expressed or secreted products (vimentin, galectin-1, HMGB1 and 
IGFBP7) inhibited angiogenesis in vitro and in vivo. Finally, targeting of endothelial vimentin 
or galectin-1 in a mouse tumor model significantly inhibited microvessel density and tumor 
growth. These results suggest the possible use of these approaches for targeting and delivery of 
therapeutic cargo to the tumor vasculature for the treatment of cancer. A specific delivery device 
will be presented.  
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Drug resistance to conventional therapies remains a major cause of treatment failure, tumor 
recurrence and dismal survival rates for patients with advanced stage cancers. A range of 
cellular, architectural, and physical cues in the tumor microenvironment influence the intrinsic 
and acquired resistance mechanisms that lead to treatment failure. These cues include 
communication with heterocellular stromal partners and physical forces, which remain 
understudied as determinants of tumor heterogeneity and variability in treatment response. 
Strategies that leverage photodynamic therapy (PDT) as a mechanistically-distinct modality to 
regionally target and prime stubborn tumor populations may be essential to overcoming key 
barriers to durable cancer management while minimizing toxicity from traditional agents. A 
multi-faceted approach is needed to evaluate and optimize PDT-based combination therapies, 
including the development of bioengineered 3D models that integrate cues such as heterotypic 
cellular communication (including tumor endothelial cells, TECs) and physical forces. Tumors 
grown in the presence of TECs were differentially susceptible to chemotherapy and 
benzoporphyrin derivative (BPD)-based PDT and showed increased heterogeneity in treatment 
response in the presence of endothelial cells. This heterogeneity was reduced by photodynamic 
priming of endothelialized nodules. The value of using bioengineered models to guide 
customized, rationally-designed PDT-based combination regimens will be presented.  
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Photochemical internalization (PCI) is an intracellular drug delivery system based on 
photodyanamic therapy (PDT)1, 2. PCI take use of amphiphilic photosensitizers which localize in 
the membranes of endosomes and lysosomes. Light activation destabilize the endo/lysosomal 
membrane and thereby release drugs entrapped in endocytic vesicles. PCI has mostly been used 
for the activation of anticancer macromolecular drugs directed to the parenchymal cells of the 
tumor, as in PCI of the chemotherapeutic drug bleomycin3. Bleomycin-PCI has, however, also 
been shown to target the vascular system of the tumor with impact on the overall therapeutic 
effect4, 5. Furthermore, adjuvant treatment with bevacizumab has been shown to increase the 
therapeutic effect of bleomycin-PCI. Direct targeting of the tumor endothelium has been applied 
by PCI of the vascular targeted immunotoxin VEGF121/rGel. VEGF121/rGel was shown highly 
effective in combination with PCI6 and the approach was shown to shut down tumor perfusion 
as measured by dynamic contrast enhanced MRI 24-72 hrs post treatment. VEGF121/rGel-PCI 
has further shown to induce complete remission of CT26.CL25 bearing mice animals. The 
therapeutic effect of VEGF121/rGel PCI seems however dependent on an immunologic response 
in addition to the vascular disruption.   
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The synthesis of photosensitizers, especially porphyrins or chlorins, coupled with specific 
vectors of the membrane receptors (over-expressed on neo-vessels or tumoral cells) has 
become an area of interest. This third generation of photosensitizers consists of a PS embedded 
into nanoparticles or conjugated to a targeting agent, which could be peptides, monoclonal 
antibodies, low density lipoproteins or carbohydrates. The development of peptides as targeting 
agent is one of the top priorities of our teams. 
The poor treatment outcome of primary malignant brain tumors derives from local invasion and 
local recurrence. Standard treatment of high-grade astrocytic tumors usually consists of 
cytoreductive surgery followed by radiation techniques and chemotherapy; however these 
tumor types usually recur despite treatments. In this unfavorable context, photodynamic 
therapy (PDT) for brain tumors appears to be complementary to conventional treatments. 
Numerous studies show the major role of the vascular effect in PDT tumor eradication. For 
interstitial PDT (iPDT) of brain tumors we develop peptide-targeted photosensitizers [1,2], as 
well as ultrasmall multifunctional nanoparticles. These nanoparticles include a photosensitizer 
for iPDT, a contrast agent for real-time imaging (MRI) and a surface-localized tumor 
vasculature targeting neuropilin-1 (NRP-1) peptide. They allow an original follow-up of post-
treatment effects to discriminate early predictive markers [3,4]. We also develop a new strategy 
implying the use of X-rays instead of light to treat deep tumors [5,6]. 
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Vascular-targeted photodynamic therapy (V-PDT) is widely considered to be an effective 
method for the treatment of benign vascular-realted diseases, including portwine stains (PWS), 
age-related macular degeneration (AMD), esophageal varices and gastric antral vascular ectasia 
(GAVE) [1]. However, the blood flow dynamics in blood vessels during and after V-PDT is still 
not fully elucidated [2-3]. In the past two decases, laser speckle imaging (LSI) was developed to 
monitor blood flow dynamics, which can be considered as an imoprtant biological indicator for 
predicting PDT treatment efficiency [4-7]. Given that there are a number of both technical and 
conceptual concerns why measuring the blood flow dynamics may fail in the complex, 
heterogeneous milieu of solid tumors, the aim of this study then was to demonstrate the 
possibility to monitor blood flow dynamics in vessels in the in vivo mouse dorsal skinfold 
window chamber (DSWC) model. For this, LSI was used to monitor blood flow dynamics in 
vessels in the DSWC model during and after rose bengal (RB)-mediated V-PDT. In addition, the 
light and RB dose dependency of blood flow dynamics after V-PDT were investigated. The 
results indicate that the blood flow in arteries was completed disappeared, while the blood flow 
in veins could be partially increased after acute significant decrease during V-PDT. The blood 
flow and blood perfusion rate (BPR) are positively correlated to vascular response for various 
RB concentrations after V-PDT. 
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The tumor microenvironment (TME) undergoes extensive reciprocal interactions with the 
cancer cells and provides oncogenic signals that exacerbate cancer progression. One of the most 
important aspects of the TME crosstalk is the ability of cancer cells to modulate stroma 
behavior, and vice versa, through the collective action of a variety of soluble mediators which 
constitute “cancer secretome”1. Photodynamic therapy (PDT), a promising treatment option for 
cancer, involves the combination of photosensitizing agents (PS), O2 and light to create a 
harmful photochemical reaction mediated by reactive oxygen species (ROS)2. Recent 
observations emphasize the role that the TME plays in drug resistance in general and to PDT in 
particular, strongly suggesting that the mechanical properties and stromal cellular component 
need to be taken into account in order to improve efficacy of anticancer therapies3. Thus, we 
aimed to examine the molecular and biological mechanisms underlying resistance to PDT. In 
order to recapitulate tumor architecture of the respective original tumor, we developed a 
multicellular three-dimensional (3D) spheroid co-culture system comprising tumor cells 
(SW480, TC) and stromal fibroblasts cells (MRC-5, FC). 3D-spheroids exhibited a normoxic 
periphery surrounding a hypoxic core. The characterization of the homotypic (TC) and 
heterotypic (TC+FC) spheroids´ secretomes was performed using label-free LC–MS. 
Bioinformatic analysis using PID database revealed that HIF-1 signaling pathway was the most 
highly enriched within the proteins whose secretion was enhanced in heterotypic spheroids. 
HIF-1 is a key transcriptional mediator of metabolic adaptation and VEGF-mediated 
angiogenesis in response to hypoxia4. Using Me-ALA, a prodrug of the PS PpIX, HIF-1 
transcriptional activity was strongly up-regulated and mediated PDT resistant phenotype in 
human colorectal spheroids. RNAi knockdown of HIF-1 impaired resistance to PDT. Oxidative 
stress-mediated activation of ERK1/2 followed PDT was involved on positive modulation of 
HIF-1 transcriptional activity after photosensitization. ROS scavenging and MEK/ERK pathway 
inhibition abrogated the PDT-mediated HIF-1 upregulation. Together our data demonstrated that 
resistance to PDT is in part mediated by the activation of a ROS-ERK1/2-HIF-1 axis, thus, 
identifying novel therapeutic targets that could be used in combination with PDT. Consistently, 
the presence of FCs considerably diminished TCs sensitivity to photodynamic activity. HIF-1 
pathway modulation by both PDT and FC was further confirmed through the evaluation of the 
expression of the HIF-target gene VEGF. Collectively, our results delineated a mechanism by 
which FCs enhance TCs survival and treatment resistance, which can potentially guide 
translational research specifically aimed at effective clinical interventions for fibroblast-
enriched and consequently HIF-1 pathway overexpressing tumors. 
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Photodynamic inactivation (PDI) uses the combination of non-toxic dyes called photosensitizers 
(PS) excited with harmless visible light to react with ambient oxygen to produce reactive 
oxygen species that selectively destroy infecting bacteria while preserving host tissue. Our study 
has discovered that combination of two clinically-approved drugs—the non-toxic salt potassium 
iodide (KI) and the commonly investigated PS, the phenothiazinium dye methylene blue 
(MB)—can provide a synergistic, several-log increase in light-mediated bacterial killing. By 
adding KI, we observed a consistent increase of red light-mediated bacterial killing in vitro and 
in biofilm. The synergistic effect of MB and KI also observed in murine burn infection model 
and urine tract infection model of rats. The mechanism of potentiation with iodide is generation 
of iodine radicals, hydrogen peroxide and molecular iodine though the reaction of singlet 
oxygen and iodide. As both of these drugs are already used clinically in the bladder, an ideal 
application of this technology in clinical medicine would be to treat bladder infections by 
installation of MB and KI solution then illuminated using a laser-coupled catheter with 
embedded fiber optic light guide called a “photonic Foley catheter.” This study seeks to develop 
this approach for translation into the clinic.  

 
Figure 1  The synergistic antimicrobial effect of methylene blue in the presence of potassium iodide. 
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Access to clean and healthy food is a basic human right. The use of antibiotics in agriculture 
facilitates transmission of resistant microorganisms from animals to humans. A severe outbreak 
of foodborne Escherichia coli O104:H4 in the EU in 2011 caused regrettable 53 deaths, 
estimated costs of 2 billion euros, and emphasised the relevance of crop products as shuttle for 
pathogenic bacteria. Photodynamic Inactivation (PDI) has proven highly efficient against multi-
resistant microorganisms [1] and may also be employed increasing food safety.  
We here demonstrate the applicability of Photodynamic decontamination based on a water-
soluble formulation of curcumin (polyvinylpyrrolidone-curcumin, PVP-C, [2]) or a novel 
cationic curcumin derivative (SACUR-3) against Staphylococcus aureus and Escherichia coli 
on a wide spectrum of food substrates. Both, curcumin (E100) and PVP (E1201), hold approval 
as food additive [3]. Bacteria were inoculated on the surface of cucumber, pepper, salad, 
tomatoes, fenugreek seeds, mung beans, chicken meat or porcine skin. Photosensitiser activation 
was performed using a LED array (435±10 nm, 33.8 J.cm-²) and the photobactericidal effect was 
measured via CFU-counting.  
PDI based on PVP-C reduced the bacterial load of S. aureus on the surface of cucumber or 
pepper by more than 3 log10. The bactericidal effect lasted for more than 48 hours and was 
independent of the substrate's colour, proven by red, yellow and green pepper. The efficiency of 
photodecontamination of porcine skin or chicken meat was about 2 log10. For effective 
photokilling of E. coli SACUR-3 had to be employed as photosensitiser. Cucumbers (CFU 
reduction >3 log10 at 100 µM PS), salad leafs (>6 log10, 75 µM), tomatoes (>6 log10, 50 µM) and 
porcine skin (>4 log10, 50 µM) were successfully decontaminated by PDI. Even more complex 
geometries can be treated by PDI, if the objects are moved during illumination. The 
microbiological safety of both, fenugreek seeds (>5 log10, 50 µM) and mung beans (>3 log10, 
100 µM) was increased after treatment with SACUR-3.  
PVP-C represents an excellent natural photosensitiser for decontamination of foodstuff due to 
approval of its components as food additive. Against Gram- E. coli SACUR-3 proves effective 
on various substrates. At the concentrations employed addition of the photosensitizers is 
invisible and might not be noted by consumers. A possible impact of Photodynamic 
decontamination on other organoleptic properties of food has to be tested. 
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The photodynamic inactivation of multi-resistant microorganisms appears to be an innovative 
new approach to kill such pathogens in a world of antimicrobial resistance. Antibiotic resistance 
causes people to be sick for longer and increases the risk of death. People with MRSA are 
estimated to be 64% more likely to die than people with a non-resistant form of the infection (1). 
Resistance also increases the cost of health care with lengthier stays in hospital and more 
intensive care required (1).  
This presentation will discuss the advantages of a fast and efficient antimicrobial photodynamic 
inactivation of microorganisms without induction of resistance. Furthermore for clinical 
application of the antimicrobial photodynamic approach it is essential to ensure appropriate 
comparison of given photosensitizers (PS) and light source systems, which is complicated by 
distinct absorption and emission characteristics of given PS and their corresponding 
lightsources, respectively. For a good comparibility of results concerning antimicrobial 
efficacies, it is essential to adjust irradiation parameters, which is complexed by distinct 
absorption and emission characteristics of given PS and their corresponding light sources. 
Hereby, it is common practice to match the energy doses applied by the respective light sources. 
In this instance, emission and absorption characteristics are mostly left without consideration. 
Therefore the impact of absorbed photons by two different photosensitizers will be discussed 
regarding inactivation of monospecies biofilms. Overall a rapid photodynamic induced 
inactivation procedure within seconds/minutes suggest that it may be useful as a promising tool 
for industrial and clinical purposes where savings in time is a critical point to achieve efficient 
inactivation of microorganisms. 
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Staphylococcus aureus is a Gram-positive bacterium that is present in the human microbiota. 
Nevertheless, these bacteria can be pathogenic to the humans. Due to the increasing occurrence 
of antibiotic-resistant S. aureus strains, new approaches to control this pathogen are necessary. 
The antimicrobial photodynamic inactivation (PDI) process is based in the combined use of 
light, oxygen and an intermediary agent (a photosensitizer). These three components interact to 
generate cytotoxic reactive oxygen species that irreversibly damage vital constituents of the 
microbial cells and ultimately lead to cell death. Although PDI is being shown to be a promising 
alternative to the antibiotic approach for the inactivation of pathogenic microorganisms, 
information on effects of photosensitization on particular virulence factors is strikingly scarce. 
The objective of this work was to evaluate the effect of PDI on virulence factors of S. aureus 
and to assess the potential development of resistance of this bacterium as well as the recovery of 
the expression of the virulence factors after successive PDI cycles. For this, the photosensitizer 
5,10,15,20-tetrakis(1-methylpyridinium-4-yl)porphyrin tetra-iodide (Tetra-Py+-Me) and six 
strains of S. aureus (one reference strain, one strain with 1 enterotoxin, two strains with 3 
enterotoxins and two methicillin resistant strains (MRSA) – one with 5 enterotoxins and the 
other without enterotoxins) were used. The effect of photosensitization on catalase activity, beta 
hemolysis, lipases, thermonuclease, enterotoxins, coagulase production and 
resistance/susceptibility to methicillin was tested. To assess the development of resistance after 
successive cycles of treatment, three strains of S. aureus (ATCC 6538, 2065 MA and SA 3 
MRSA) were used. The surviving colonies of a first cycle of PDI were collected from the solid 
medium and subjected to further nine consecutive cycles of PDI. The results indicate that the 
expression of some external virulence factors is affected by PDI and enterotoxin producing 
strains were more susceptible to PDI than non-toxigenic strains. The surviving bacteria did not 
develop resistance. PDI, contrarily to traditional antibiotics, inhibited the expression of 
virulence factors, efficiently inactivating either highly virulent strains and low virulent S. aureus 
strains, inactivating also antibiotic susceptible and resistant strains, without development of 
photo resistance after at least 10 consecutive cycles of treatment, and so this therapy may 
become a strong promising alternative to antibiotics to control pathogenic microorganisms. 
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Microbial resistance to conventional antimicrobials has increased rapidly over the past decade. 
Therefore, it is crucial to explore new therapeutic options, particularly options that specifically 
target the pathogenic mechanisms of microbes. The ability of a pathogenic bacterium to cause 
disease is dependent upon the production of agents termed ‘virulence factors’, and approaches to 
mitigate these agents have gained increasing attention as new antibacterial strategies. Blue light 
irradiation is a promising alternative approach, but only limited and preliminary studies have 
described its effect on virulence factors. Thus, the current study aimed to investigate the effects 
of blue light treatment (BLT) on the production/activity of several virulence factors. Moreover, 
a eukaryotic cytotoxicity test confirmed the decreased toxicity of blue light-treated extracellular 
microbial fractions. Next, the current studies confirmed bactericidal effect of BLT toward 
biofilm growing microorganisms, and its inhibitory effect against quorum sensing autoinducing 
peptides. Moreover, decreased microbial virulence/pathogenicity upon blue light treatment was 
demonstrated using Caenorhabditis elegans in vivo assay. Finally, the increased antimicrobial 
susceptibility of microbes treated with sequential doses of sub-lethal BLT was demonstrated 
with a checkerboard test. Thus, this work provides evidence-based proof of the susceptibility of 
drug-resistant microorganisms to BLT-mediated killing, accompanied by virulence factor 
reduction, and describes the synergy between antibiotics and sub-lethal BLT. 
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Aedes aegypti mosquito is the main vector of the viruses responsible for the transmission of 
serious diseases such as Zika fever, dengue, yellow fever and Chikungunya. In Brazil, in 2015, 
there was an increase of fifteen times of microcephaly cases in newborns, all related to 
maternal-fetal transmission of Zika virus. The joint action of the population and guidelines for 
preventing the reproduction of the mosquito, associated with the use of photoactivatable 
insecticides such as curcumin, may be a promising alternative for the control of epidemiological 
outbreaks in affected regions. The mechanism of action of these photoactivatable insecticides is 
characterized by the production of highly reactive oxygen species (1O2), responsible for the 
oxidation of biologic targets after activation by suitable light doses.The purpose of this study 
was to evaluate the phototoxicity of new curcumin formulations for the control of Ae. aegypti 
larvae under simulated field conditions. The tests were conducted according to the adapted 
methodology described by Melo-Santos (2001). Groups of 30 Ae. aegypti larvae were placed on 
transparent plastic trays containing 30 mL of dechlorinated water. The photoactivity of the 
different curcumin formulations was evaluated at 1.8, 3.6, 5.4, 7.2 and 14.4 µg/mL 
concentrations, with 3 replicates per concentration. The trays were then exposed to sunlight, and 
curcumin phototoxic potential was evaluated after five different times of exposure (30 minutes, 
2, 12, 24 and 48 hours). Mortality was recorded by counting dead larvae. Our results showed 
high photolarvicidal activities of curcumin in different formulations, achieving 100% larval 
mortality 24 hours after sunlight exposure. In conclusion, this study has the potential to present 
to public agencies a new strategy which combines low cost, safety and high effectiveness for the 
control of Ae. aegypti larvae. 
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Reactive oxygen species (ROS) have been a leading subject in chemical, environmental, 

medical, and agricultural science since their unique physicochemical properties and highly 
reactive nature. ROS induce both positive and negative effects by the involvement with the 
metabolism of cells and organs due to the highly active reactivity and selectivity.1,2 In a field of 
life science, there are many applications of ROS such as photodynamic cancer therapy, blood 
product decontamination, water disinfectant, plant development, plant immunity, and pest 
exterminations.3-5 The photophysical factors determining the efficiency of transient ROS 
generation has been investigated in terms of the molecular structures and electronic properties. 
In the presentation, the fabricated photofunctional materials including polymer, metal alloy, and 
nano-composites are introduced along with singlet oxygen dynamics and their excellent photo-
induced functionalities for the photodynamic inactivation of various bacteria. 

 

 
Figura 1 (a) Bio-film decomposition effect on the photofunctional polymer surface by ROS, (b) suppression of bio-

film formation on the photofunctional polymer surface by ROS  
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Antimicrobial peptides (AMPs) are the interesting class of membrane active antibiotics, 

usually acting selectively against various microoganisms. Conjugation of antimicrobial peptides 
with photosensitizers (PSs) is a promising strategy to enhance photoinactivation of antibiotic 
resistant bacteria and to improve in vivo fluorescent imaging and tracking of microorganisms. 
Several research on the efficacy of AMP-PS conjugates acting against various microorganisms 
have been performed, indicating that an antimicrobial peptides act as membrane targeting agents 
[1,2]. In this work we aimed to determine how linkers conjugating AMPs to PS affect the 
biophysical properties and antimicrobial activity of the resulting molecules. We have 
synthesized a range of molecules consisting of a) protoporphyrin IX (PPIX) and antimicrobial 
peptide CAMEL (CAM) [3], and b) protoporphyrin IX and Pexiganan (PEX) [4]. Both types of 
molecules have been linked by four different types of junctions: (i) direct binding of N-terminal 
part of the peptides to free carboxyl group in PPIX, (ii) linking via 6-aminocaproic acid (Ahx), 
(iii) linking via four-glycin oligopeptide, (iv) linking via N-(2-Aminoethyl)maleimide. The 
light-dependent and light-independent efficacy of the resulting molecules against 
Staphylococcus aureus and Pseudomonas aeruginosa were examined. We observed differences 
in the photo-killing efficacy of the studied molecules towards both species. Interestingly, we 
noticed that depending on the linker used, differential photo-killing effect have been observed 
for S. aureus and P. aeruginosa. The PPIX linked to PEX via four glycine oligopeptide (PPIX-
4G-PEX) was very efficient towards P. aeruginosa, while moderate towards S. aureus. On the 
contrary, linking PPIX to CAM via N-(2-Aminoethyl)maleimide resulted in the molecule PPIX-
mal-CAM more active towards S. aureus than against P. aeruginosa. Our research indicates that 
the way of combining antimicrobial peptides with PPIX photosensitizer is crucial for the 
antimicrobial activity of the conjugate. 
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PpIX fluorescence accumulation and dissipation has been monitored using a pre-validated, non-
invasive imaging system (Dyaderm, Biocam, Germany) during routine dermatological MAL-
PDT at the Department of Dermatology, Royal Cornwall Hospital, Truro, UK.  This has 
provided significant insight to the mechanism of action of PpIX-induced PDT in licensed 
dermatological indications (actinic keratosis (AK), superficial basal cell carcinoma (sBCC) and 
Bowen’s disease (BD)).  Results have indicated that sufficient PpIX accumulation occurred in 
all three licensed lesion types to produce good clinical outcomes on irradiation1.  Furthermore, 
clinical outcome at three months was positively associated with PpIX photobleaching, indicating 
that this measure may be indicative of effectiveness2.  Additionally, non-invasive monitoring of 
oxygen saturation found that significant oxygen depletion was correlated with PpIX 
photobleaching particularly during the first minute of irradiation3. 
172 participants with clinical outcome data recorded at three months were included in secondary 
analyses.  Linear and logistic regressions were employed to model any relationships between 
variables that may affect PpIX accumulation and photobleaching and thus subsequent clinical 
outcome.  PpIX accumulation and dissipation was observed to reduce with increased patient age 
at the time of treatment, however only PpIX dissipation appeared to adversely affect treatment 
efficacy.  Clinical clearance was significantly reduced (p < 0.03) in lesions located on the limbs, 
hands and feet (OR 0.45; CI 0.22-0.91) with significantly reduced PpIX accumulation (p < 0.04) 
adversely affecting the outcome achieved.  If air cooling pain relief was employed during light 
irradiation, PpIX dissipation was significantly reduced (p < 0.05) and this resulted in an 
approximate three-fold reduction in the likelihood of achieving clinical clearance (OR 0.35; CI 
0.17-0.72; p < 0.01).  Across all lesion types clinical outcome was predicted by PpIX dissipation 
with a one unit increase in PpIX dissipation being associated with 1.08 (95% CI 1.05-1.10; p < 
0.001) increased odds of complete clearance.  PpIX accumulation and PpIX dissipation are 
therefore important indicators of dermatological MAL-PDT treatment success and anything that 
adversely effects them has the potential to reduce treatment efficacy.    
As the detailed mechanism of action of dermatological PpIX-induced PDT is further elucidated 
and understood, opportunities arise to improve treatment protocols to account for the limitations 
currently presented by for instance, acrally located lesions, lesions presenting in older patients 
and/or those requiring pain relief administered via an air cooling device during light irradiation. 
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The ability of the body in reestablishing it integrity front to the most different types of damages 
is essential for the life maintenance. Any alive organism, in it constant interaction with the 
environment and with other organisms, eventually face adverse situations, as severe climatic 
conditions, infections exhibition to light radiations, or many other diseases. The Photobiology is 
the field of the Science that studies the effects of the light on the biological systems. Recently a 
new field has been developed in the medicine that bases on the use and development of new 
techniques and new therapeutic modalities with the basic function of reestablishing in the cells, 
in the organs as well as in the body it integrity. This area known as Regenertive Medicine or 
Tissue Engineering using different tool to reach these goals. At the same time Nanotechnology 
is the field of the science that is in charge of the system development and composed by 
structures in small scale (10-9 of the meter) that easily interacts with the viruses, bacteria and 
cells. The combination of both previous fields with the alredy well established Photodynamic 
Therapy (PDT) as a classical photoprocess therapeutics protocols, open a new and infinite 
application possibility in the most varied areas of the health. In the last 40 years the potentiality 
of the use of photosensitezers drugs (PS) has been investigated as an active agent in the 
treatment cancer as a new alternative. This therapy has been studied for more than 35 countries 
worldwide, in Canada, Japan, many country in Europe, United States and in Brazil since 1995, 
in the Photobiology and Photomedicine Research Group FFCLRP- São Paulo University. Its 
clinical trial in Brazil had beginning in 2000 in Ribeirão Preto as cooperative project involving 
HC-USP, FFCLRP and FCFRP. PDT is a no invasive technique that can be applied repeatedly 
at the same place, besides presenting minima side effects. The action of a photosensitezers drugs 
(FS) over the skin tumor could induce apoptosis or cellular necrosis, with reduction of the tumor 
mass, with minimum side effects to the neighboring tissue. The learning of using the 
combination of the aproches of Nanotecnology and PDT leads to new applications of PS + ligth 
to an infinite other diseases. Cancer and many other no-oncológicas diseases are using the 
benefit of the nanotechnology techniques in association to the development of new systems of 
drug delivery, form classical and new drugs to improve the treatment protocols and also to 
establish new studies. The association with the tissue engineering, nanotechnology and PDT 
mark new statement to develop drug to treatment several other diseases not only to the cancer 
treatment, but also for diseases, as tuberculosis, Pbmicose, and some neurodegenerative 
diseases. 
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A novel nanoformulation of aminolevulic acid (ALA) based on poly(lactide-co-glycolide) 
(PLGA) nanocapsules designed for anticancer photodynamic therapy (PDT) was synthetized 
and named NanoALA. NanoALA was used in clinical tests of 100 pacients (more than 200 
lesions) with carcinoma baso-cellular, Bowen disease and actinic keratosis. High percentage of 
cure was observed. NanoALA was also used in a pilot study using a quantitative approach 
towards evaluating field cancerization for actinic keratosis and/or skin photodamage. Nano-
ALA probed a larger field cancerization area (45% larger) compared to MAL (methyl 
aminolevulinate), with 2 hours of occlusion. Also, skin field cancerization area’s reduction is 
higher (10% higher) while using Nano-ALA instead of MAL. NanoALA properties were further 
investigated through in vitro studies: prodrug incorporation kinetics, biocompatibility and 
photocytotoxicity tests, analysis of the cell death type and mitochondrial function, measurement 
of the intracellular reactive oxygen species production and DNA fragmentation performed in 
murine mammary carcinoma (4T1) cells. The biological assays evidenced that NanoALA 
promotes greater ALA uptake by 4T1 cells and consequently more efficiency in the PDT 
process. The PDT-NanoALA allows a reduction in the dose and frequency of application 
compared to free ALA what are desirable for medical applications 
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To evaluate the effectiveness of 5-aminolevulinic acid-medicated photodynamic therapy (ALA-
PDT) for the treatment of vulvar lichen sclerosus (VLS) of Chinese women. A total of 43 
patients were randomized to ALA-PDT or clobetasol propionate group. Four sessions of topical 
PDT (3 h of 10% ALA, 100 J/cm2 of 633 nm) was administrated at 2-week intervals and 
clobetasol propionate (0.05%) was used daily for 8 weeks. Patients were followed up for 6 
months. The treatment response and recurrence were recorded. Horizontal visual analogue 
scores were used to evaluate severity and outcomes. Pain intensity numeric rating scale (PI-
NRS) was recorded during PDT. Protoporphyrin IX (PpIX) production in VLS lesion was also 
examined. 20 patients completed the study in each group. PpIX production in VLS lesion was 
higher than surrounding skin. The rate of complete response of ALA-PDT group (14/20) was 
much higher than that of clobetasol propionate group (7/20) (P < 0.05, χ2 = 4.912). One month 
after treatment, 1 of 14 (7.1%) patients in ALA-PDT group relapsed, whereas 7 of 7 (100%) 
patients relapsed in clobetasol propionate group. The analyses of horizontal visual analogue 
scores of clinical signs and symptoms indicated that outcomes of ALA-PDT were better than 
clobetasol propionate. PI-NRS values of 4 sessions of ALA-PDT were 4.45, 3.4, 3.15, 3.05, 
respectively. ALA-PDT is a safe and effective therapeutic option for the treatment of VLS.  
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As ozone levels continue to diminish due to human-made chemical pollution are projected to 
amplify non-melanoma cases to 300,000 for every 10% decrease in ozone suggesting the 
continuation of a growing epidemic. Some countries have already doubled their cases within the 
past 30 years (i.e. USA and Australia) and worldwide there are over 100,000 new melanoma 
cases and millions of non-melanoma cases annually. The use of topical photodynamic therapy 
(PDT) has demonstrated strong cure rates of non-melanoma cases like actinic keratosis and 
squamous cell carcinoma, with excellent cosmetic outcomes. However, PDT use against 
melanoma with blue light has not been as successful. Treatment might improve with more 
efficient photosensitizers and a three-dimensional model mimicking cancer and its stem cells. 
The purpose of our study was to investigate the effect of a novel metalloporphyrin MP-106 
against melanoma cells in 2-D and 3-D growth, and compare against FDA approved porphyrin 
5-aminolevulinic acid (5-ALA). Our studies analysed the effect on different cell confluencies, 
varying porphyrin concentrations and pre-incubation times, and 405 nm irradiance doses on 
photodynamic damage. Cell viability was determined via the MTT assay. Our findings 
demonstrate significant oncolytic activity as early as five minutes pre-incubation with 
metalloporphyrin MP-106 and subsequent irradiance with a portable WARP-10 405nm light-
emitting diodes (LEDs) at 5J/cm2. Conversely, 5-ALA needed at least a two hour pre-incubation 
before significant oncolytic activity was demonstrated and photodynamic damage was evident 
only within a ten-fold concentration range (300µM – 3mM), whereby MP-106 demonstrated 
stronger oncolytic activity as dosage increased (> 10µM). This activity appeared to be partially 
dependent on the production of reactive oxygen species. Uveal melanoma cell line C918 was 
more resistant to PDT with MP-106 compared to melanoma cell line A375, though both cell 
lines responded similarly to 5-ALA PDT concentrations. Matrigel was utilized for three-
dimensional growth of C918 cells allowing formation of vascular mimicry cells, which present 
as a type of cancer stem cell. MP-106 demonstrated photodynamic damage at 100µM with 15 
J/cm2 to C918 cells including vascular mimicry cells, though the latter was more resilient to 
treatment. PDT with 5-ALA in the three-dimensional model suggested a risk of metastasis due 
to breaking away from the matrigel. Lastly, we demonstrated phagocytic ability of PMA-
stimulated THP-1 macrophages of A375 PDT-treated cells. Together our findings identify a new 
metalloporphyrin, MP-106, associated with strong oncolytic activity with PDT against both 
melanoma and uveal melanoma cells in 2-D and 3-D assays. The use of a portable LED in 
conjunction with metalloporphyrins can potentially catch cell differentiation at an earlier, more 
treatable stage.   
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Actinic keratosis are common pre-cancerous lesions of the skin induced by sun damages and are 
usually present on the scalp, shoulders or arms of the patients. In some cases actinic keratosis 
are multiple and confluent and can therefore be defined as cancerous field. A current 
recommendation of the International Society for Photodynamic Therapy in Dermatology has led 
to the decision to treat these lesions before they turn into tumor and since many years now, 
photodynamic therapy is one of the first line treatments1. However, the planar shape of current 
light sources used for photodynamic therapy (PDT) of such lesions lead to inhomogeneous light 
distribution on curved parts, such as the scalp2. Moreover, photodynamic therapy is known to be 
very painful and may force the patient to ask for premature end of treatment3. 
 
Resulting from a European project, PHOSISTOS, based on light emitting fabrics (LEF) was 
developed to overcome those drawbacks. The device delivers a low irradiance (4 mW/cm²) 
during 2h30, for a total fluence of 12 J/cm², instead of a 37 J/cm² for the conventional treatment.  
PHOSISTOS device is being assessed in a comparative (split face intra-individual comparison), 
randomized, bi-centric, phase II study. The main objective is to show the non-inferiority of 
PHOSISTOS device compared to the conventional PDT. One of the secondary objectives is to 
show a significant pain reduction on the PHOSISTOS side. 
 
Preliminary results show a similar typical PDT reaction between the two sides, with lower pain 
scores for the PHOSISTOS side. 
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The incidence of basal cell carcinoma (BCC) is increasing worldwide and this skin cancer 
mostly affects elderly people. Photodynamic therapy (PDT) is approved for basal cell carcinoma 
and the treatment consists in two sessions one week apart [1, 2]. For these old people, generally, 
coming back to hospital to perform the second part of the treatment immediately one week after 
may be very difficult because of their comorbidities, and the distance from the hospital. It would 
be useful if the patient received the PDT treatment in a just single visit, providing the same 
results in a fast and more comfortable treatment. So, the main objective of this study is to 
evaluate the effectiveness of this new PDT single visit protocol where the patient receive all the 
treatment in just one single visit, also evaluating the recurrence 6 months after. This study was 
conducted in a tertiary dermatology department at an oncology hospital. From January to 
October 2016, 120 basal cell carcinomas (BCC) in 65 adult patients were selected. The lesions 
were curetted and a 20% methyl aminolevulinate (MAL) cream (PDTPharma, Brazil) was 
applied and covered for 3 hours. After this procedure, the lesion was illuminated for 20 minutes 
with a LED system emitting at 630 nm (LINCE®, MMOptics, São Carlos-SP, Brazil) developed 
by a Brazilian project with financial support of the Brazilian Development Bank (BNDES). The 
delivered energy was 150J/cm2 with 125 mW/cm2 of irradiance. Immediately after the 
illumination the lesion received another amount of 20% MAL cream and was covered again, but 
now for only 1 and a half hour. After this period the lesion was illuminated with a delivered 
energy of 150J/cm2 (125mW/cm2 of irradiance for 20 minutes). In the 30th day after treatment, 
the treated area received a 2mm punch biopsy to evaluate the treatment response. The remained 
patients were clinically evaluated 6 months after.  The 65 patients were 47% male and 53% 
female. The average age was 59 years old. The 120 BCC lesions comprised 96 nodular subtype 
and 24 superficial subtype, and had 1 cm diameter in average. Most of the lesions were located 
on head and neck area (50%), followed by trunk (41%), upper limbs (7%) and lower limbs 
(2%). The 30th day biopsy showed 93.3% of complete response (CR). Until December 2016, 60 
patients received clinical evaluation of 6 months follow up and only 6 (10%) showed recurrence 
of the basal cell carcinoma. This study showed 93.3% of complete response in 120 BCC treated 
through this new PDT single visit protocol, showing higher rates of cure and with excellent 
cosmetic outcome than the standard protocol (1). This expressive CR is comparable to the gold 
standard procedure, with more advantages such as aesthetics results, low costs side effects.   
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Background: Photodynamic therapy (PDT) is used as an adjuvant therapy directed at increasing 
local control in patients undergoing surgical resection of serosal (pleural or peritoneal) 
malignancies, such as Non-small cell lung cancer (NSCLC), malignant pleural mesothelioma 
(MPM) or ovarian cancer (OvCa).  In patients with MPM treated with a surgically based 
multimodality treatment program that involves intraoperative PDT, we have previously 
demonstrated that expression/activation of epidermal growth factor receptor (EGFR)/STAT3 
signaling correlates with increased pleural recurrence rates and decreased overall survival. We 
have also shown that activation of STAT3 through EGFR pathway activation mediates PDT 
resistance of NSCLC and OvCa cells.  
Methods: Tissue microarrays from patients with MPM undergoing surgery/intraoperative PDT 
were analyzed for expression of growth factor and inflammatory signaling pathways using both 
immunohistochemistry and Nanostring techniques. For in vivo assays, Balbc mice with 
syngeneic Ab12 MPM tumors were treated with partial surgical resection followed by PDT and 
followed by tumor regrowth and western blotting for protein expression/pathway activation. In 
vitro studies involved human NSCLC, MPM and OvCa cell lines with a pTRIPZ expression 
vector designed to allow doxycycline-induced STAT3 or EGFR shRNA expression.  Cell death 
was quantitated using calcein/ethidium bromide fluorescent live/dead cell assays.  Protein 
expression/signaling activation was measured by Western blot analysis of tumor nodule protein 
extracts.  
Results: Patients undergoing surgery/PDT with median time to local recurrence of <12 months 
demonstrated elevated EGFR/STAT3 expression levels and increased plasma IL-6 after tumor 
resection as compared to patients with a median time to local recurrence of > 12 months.  In 
vivo studies in Balbc mice undergoing incomplete surgical resection of Ab12 MPM flank 
tumors demonstrated activation of STAT3 and EGFR signaling as well as increased plasma IL-
6. Moreover, this activation was associated with decreased efficacy of postoperative PDT as 
compared to mice bearing equivalent sized tumors undergoing PDT without surgery and the 
effects of surgery on PDT were abolished by pretreating animals with the Cox-2 inhibitor 
celecoxib. Finally, using 3D cell culture system in either MPM or OvCa cells, we found that 
activation of EGFR/STAT3/Cox-2 signaling pathways significantly decreased PDT and RT 
mediated cellular cytotoxicity. Conversely, inhibition of these pathways enhanced PDT and RT 
efficacy.  
Discussion: Both EGFR and STAT3 are activated in the wound healing/inflammatory response 
to surgical injury, and EGFR/STAT3 activation leads to increased cox-2 expression. Taken with 
the above results, this suggests that surgically mediated activation of these pathways, possibly 
through STAT3-mediated growth factor/inflammatory signaling pathways impairs the potential 
efficacy of intraoperative/post-operative PDT and RT and that inhibition of this response to 
surgery might enhance clinical outcomes w in patients with serosal malignancies.   
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Objective: To develop and characterize a light delivery applicator for intraoperative 
photodynamic therapy (PDT) in lung cancer.  
  
Background: Several studies have shown that intraoperative PDT can improve overall survival 
in patients with malignant mesothelioma or lung cancer following surgical removal of the 
cancerous tumor. The PDT is planned for destruction of residual cancer cells in the thoracic 
cavity. As currently practiced, the PDT photosensitizer is injected 1-2 d prior to surgery, 
followed by intraoperative illumination of the surface of the thoracic cavity using a light source 
that is moved manually throughout the cavity. Multiple isotropic detectors are placed within the 
cavity to record the delivered light dose. However, the light dose distribution is not known and 
is dependent on operater technique.  In an effort to achieve better control of therapeutic-light 
delivery, we evaluated the use of a flexible mesh made of translucent inter-connected silicone 
beads (Freiburg FlapTM, FF) to deliver, to the target tissue, a well-defined and relatively uniform 
fluence rate of red light (630 or 665-nm).  
 
Methods: One to four laser fibres with 3 to 5 cm cylindrical diffusers were used to deliver the 
light through the FF. The light distribution was characterized by illuminating phantoms with 
tissue-equivalent optical properties (µa=0.26 cm-1, µs'=7.6 cm-1). Light fluence rate 
measurements were made using an array of isotropic photodosimeters embedded in the phantom 
material. Light-dose rate distribution was measured using digital imaging. To determine if the 
FF could be utilized to deliver a biologically effective PDT dose, cultured tumor cells (Lewis 
Lung carcinoma or squamous cell carcinoma VII) grown in 96-well culture dishes were exposed 
to graded doses of Photofrin and light. To evaluate both ease of surgical access and 
implementation of the FF, as well as tolerance to intrathoracic PDT, we treated the thoracic 
cavity of adult swine (~70 kg), animal model.  
 
Results: A uniform light distribution was imaged at 4 and 8 mm depth in the phantoms 
mimicking optical properties of tissues. The 2D spatial distribution of phototoxicity, in culture, 
corresponded well with the measured light intensity profile. There were no procedural 
complications and PDT was well tolerated in swine that underwent intraoperative PDT with the 
FF. A uniform lesion was observed in the region of where the FF was placed.  
 
Conclusions:  Results presented here suggest that our Freiburg Flap-based optical applicator 
may be suited to deliver light to large and sloped tissue surfaces undergoing intraoperative PDT. 
These studies are promising and warrant the continued development and evaluation of this 
device. 
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Infectious pneumonia is a major cause of morbidity and mortality worldwide, due to the 
increasing rate of antibiotic resistant microorganisms, which reinforces the need for alternative 
therapies with high efficiency. Photodynamic inactivation (PDI) is emerging as a novel and 
promising intervention in this area [1]. PDI for pulmonary decontamination has the potential for 
curative treatment or as adjunct therapy in combination with antibiotics [2]. In the present study, 
we aimed to develop and test a technique to treat experimental pneumonia in mice by 
photodynamic inactivation. In the first round of experiments, hairless mice were infected with 
Streptococcus pneumoniae (1x108 CFU/animal). Two days after the infection, indocyanine 
green (ICG) was instilled as photosensitizer and PDI was performed by extracorporeal 
illumination with a 780 nm laser device with an irradiance of 60 mW/cm2 and total dose of 120 
J/cm2. On the seventh day after infection animals were euthanized and colony forming units 
(CFU) were recovered from homogenized lungs. For the control groups, CFU recovery ranged 
on average between 103 and 104. In the PDI group, however, no bacteria were recovered in 80% 
of all animals infected and treated by ICG plus light. A second group was treated with PDI and 
ICG (following the same protocol) and monitored over 50 days, with no deaths over this period 
in the PDI group, while 60% of the control group (pneumonia without treatment) died. In vitro, 
photodynamic inactivation was performed with ICG (10 – 20 µM) at 780 nm with an irradiance 
of 30 mW/cm2 and a total dose of 20 J/cm2, and demonstrated that PDI can successfully 
inactivate S. pneumoniae. Balb/c mice were infected using the same protocol to evaluate lung 
damage by absolute number of cells from bronchoalveolar fluid and wet and dry ratio from lung 
sample. Our results identify PDI as a promising alternative or adjunct therapy for the treatment 
of pneumonia. Further experiments will evaluate the PDI with inhaled photosensitizer.  
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Photodynamic therapy (PDT) is a therapeutic strategy that combines the administration of a 
drug – the photosensitizer (PS) molecule – followed by the irradiation of the target tissue using 
light with an appropriate wavelength. The combination of light with PS in the presence of 
molecular oxygen leads to the formation of reactive oxygen species (ROS) which lead to the 
selective destruction of target tissue.[1] 

Bacteriochlorins have been increasingly used as photosensitizers due to some of their 
characteristics such as the affinity for tumours[1], and the intense absorption band in the 
phototherapeutic window (650 - 800 nm), which is the range of wavelengths in which the laser 
light has a higher tissue penetration depth.[2] 

In this work, a sulfonated and difluorinated bacteriochlorin (LUZ10) was synthesized and 
characterized,[3][4] and in vitro and in vivo studies are reported. The chemical and photochemical 
characterization covered properties such as the solubility in aqueous medium, the infrared 
electronic absorption spectrum, triplet state lifetime, and singlet oxygen and fluorescence 
quantum yields. The in vitro studies made use of the CT26 (mouse colon carcinoma) cell line, 
where the toxicity of LUZ10 was studied in terms of the lethal dose in the presence and absence 
of excitation light. In vivo studies were performed on BALB/c mice. Through an ascending 
escalation of PS doses the therapeutic dose that eliminates the whole tumor was determined. A 
biodistribution and pharmacokinetic study identified the location of the PS in the mice organs 
over time. Pharmacokinetic parameters such as the maximum plasma concentration and the PS 
elimination half-life were also obtained. 
This study revealed that LUZ10 has good properties as a photosensitizer for use in oncology. In 
particular, LUZ10 is soluble in aqueous media, which reduces the burden to the organism 
compared with other molecules of the same class. Solubilizers are needed to administer most 
photosensitizers, and are often associated with unwanted side effects that can be avoided with a 
water-soluble photosensitizer such as LUZ10. 
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Investigations on various nanoparticles as efficient photosensitizers’ (PSs) delivery 

systems have been recently booming in various directions [1]. Nonetheless, selectivity of the 
PDT agents is the subject of continuous debate and still remains essentially insufficient. The 
current steadily rising interest has been devoted to application of Lab-on-a-chip systems in 
research on photodynamic therapy (PDT) [2]. They serve as miniaturized platforms 
incorporating several steps of an assay into a single device. Microsystems for biological 
applications allow to create and precisely control the environment of cell growth.  

Herein, we present a simply hybrid PDMS/glass microfluidic device (Fig. 1B) for 
assessment of cyto- and photocytotoxicity of meso-tetraphenylporphyrin nanocapsules (TPP 
NCs) and other PSs naocarriers. The proposed microsystem enables simultaneous mono-, 
coculture and mixed culture of A549 lung cancer and MRC-5 normal lung cells (Fig. 1C). Layer 
by layer approach was used to synthesize the long-sustained release oil-core polyelectrolyte NCs 
(Fig. 1A). The obtained NCs were characterized in terms of hydrodynamic diameter 
(HD<120nm), polydispersity index (PdI<0.25), zeta potential (ζ>+50 mV) and encapsulation 
efficiency (EE>90%). Also confocal imaging (Fig. 1E) and flow cytometry were used to verify 
the cellular targeting capacity of the developed NCs. The 5-fold higher cellular uptake (A549) 
was found for TPP NCs comparing to free TPP. Furthermore, upon light irradiation at 625nm 
(different energy doses) for 10 min, A549 cancer cell viability decreased to the level of 50% 
suggesting effective cancer killing capability (Fig. 1F). 
 

 
Fig. 1 A-D Scheme of PDT experiment using a developed microchip. E Confocal imaging afer cell treatment 

with TPP NCs for 1h. F PDT-cytotoxicity of TPP NCs (MTT assay).   
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Prevention and treatment of cancer are limited by the non-invasive detection capacity of the 
diseased tissue. Optical imaging has high sensitivity, high contrast and good spatial resolution 
but imaging for deep tissues remains a challenge due to light scattering and strong attenuation in 
these tissues. The induced fluorescence endoscopy (IFE) has a higher sensibility than 
conventional endoscopy to identify precancerous and cancerous lesions of the larynx but 
insufficient specificity [1].   
Diamagnetic metal complexes of phthalocyanines with n-butoxyl groups in all the α-benzo 
positions of the macrocycle skeleton, MPc(OBu)8, have strong near-infrared absorptions and 
intense fluorescences that are Stokes shifted by more than 15 nm, what matches the ideal 
features for optical probes [2]. Additionally, the silicon complex Si(OH)2Pc(OBu)8 is also 
remarkably photostable and non-toxic. 
The use of Si(OH)2Pc(OBu)8 in the fluorescence imaging of BALB/c mice bearing a 4T1-luc2 
tumor in the mammary fat pad unambiguously revealed the presence of the tumor when it had 
only 1 mm in diameter and was not visible with the naked eye.  
Compound Si(OH)2Pc(OBu)8 has an intrinsic ability to accumulate in the tumor, adequate 
spectroscopic properties and excellent stability to function as a NIR fluorescent label in the early 
detection of tumors [3]. 

 

 
Figure 1 – Whole-body fluorescence imaging of BALB/c mice bearing a tumor in the right abdominal fat pad, 

collected before and after the i.v. administration of 0.2 mg/kg of Si(OH)2Pc(OBu)8 with excitation at 745 nm and 
fluorescence emission at 810−875 nm. The times after the administration are presented in the plots. 
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The resistance to photodynamic therapy has multiple reasons such as different and undesired 
photosensitizer localization, poor cellular uptake of photosensitizer, high efflux rates and tissue 
hypoxia.1 Therefore, the effect of the photodynamic therapy may differ depending on cell type. 
To study these differences and their reasons may improve the chance of the treatment to be 
taken into the clinic. This in vitro study compares the sensitivity of different human cancer cell 
lines to indocyanine green-based photodynamic therapy. Different concentrations of 
indocyanine green (25, 50 and 100 µM) and energy densities of near-infrared light (25, 50 and 
100 J/cm2) were applied to prostate cancer cells (PC-3), neuroblastoma cells (SH-SY5Y) and 
colon cancer (Caco-2) cells. MTT assay was performed 24 hours following the treatment to 
determine the cell viability.  

 

 
Figure 1 – Photodynamic therapy results after 24 hours of incubation with indocyanine green concentrations 25 (a), 

50 (b) and 100 µM (c). 
 
According to the results, indocyanine green-based photodynamic therapy causes apoptosis on 
three type of cancer cells, while colon cancer cells are the least affected cells. Possible reasons 
of this resistance may be the cell size difference, differentiation level of cancer cells, tight 
junction formation between cells and efflux rate differences.2-5 The details of this discussion is 
important to predict possible failures in future studies. 
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Head and neck PDT was one of the very first clinical applications of recent times and head and 
neck cancer remains a fertile area of research. This is due to a series of unique features specific 
to this site. Firstly it is a locoregional disease – that is to say most patients die from the primary 
disease or disease in the local lymph nodes. Secondly, the cost of conventional treatment in 
terms of function and appearance is high and lastly, survival at least in non HPV related disease 
has changed little over the last 50 years. 
Several drugs have been successfully used, but the best published literature is on Foscan. This is 
a powerful photosensitiser that is licensed in Europe but has 2 main disadvantages – a long drug 
light interval and a period of photosensitivity lasting 2 – 3 weeks. However, it has proven 
efficacy in early and advanced head and neck cancer, even in the most challenging situations 
where all other therapies have failed. 
Why then is this treatment not more widely available? There is open opposition from 
pharmaceutical industry who seem intent on developing expensive new drugs that keep patients 
alive with disease. There is also a natural reticence from surgeons and radiation oncologists who 
consider their treatments are so effective that other treatments are unnecessary. 
This is however not the global position with over 100 million people without access to 
radiotherapy for whom cancer outcomes are bleak. In this setting, PDT is expanding to many 
parts of the world and I will illustrate this with projects in South America, India and Indonesia, 
not to mention the work in Russia, China, Japan etc. 
The future in Europe and North America is looking better than for some time. New drugs have 
been developed with a better side effect profile and new PDT interactions with immunotherapy 
and chemotherapy are being explored. 
In summary, PDT is an effective, cost effective treatment that is finding applications in the 
developing world while new techniques are being developed for use in the more developed 
world. 
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Photodynamic therapy (PDT) is an appealing approach when head and neck cancer (HNC) 
patients develop locoregional standard treatment failure. Currently available systemic 
photosensitizers (PST) present several limitations, such as long lasting photosensitivity 
reactions.  Redaporfin is a new PST compound specifically designed to achieve improved 
efficacy and safety over existing options.  
This phase I/IIa clinical trial1 was initiated in order to investigate Redaporfin’s tolerability, anti-
tumor effect and pharmacokinetics (PK) following single ascending doses.  
Dose-finding phase: Each patient was submitted to single-ascending doses of Redaporfin, 
administered by iv infusion, lasting 10-20 minutes, with ≥ 21 days interval. The drug was 
titrated up to a dose that, in combination with a laser light of 50 J/cm2 at 749±3 nm, was safe 
and caused tumor necrosis (“effective dose”) of ≥ 5 mm depth or full tumor thickness in the 1 
cm diameter target spot (whichever lower).  
Final PDT session: The entire tumor surface was irradiated following the administration of 
Redaporfin’s effective dose identified in the previous dose-finding phase for that patient.  
Results:  Thirteen patients (10 men, 3 women; median age 62 yrs; range 35-80) with advanced 
HNC in symptomatic treatment were submitted to the following Redaporfin doses: 0.05 mg/kg 
(n = 6), 0.1 mg/kg (n = 4), 0.25 mg/kg (n = 2), 0.5 mg/kg (n = 4), 0.75 mg/kg (n = 6) and 1.0 mg 
(n = 1).  
Treatment-related adverse events (TRAE): 2 patients had grade (G) 3 photosensitivity reaction 
(PR) after accidental exposure to intense sun-light (0.75 mg/Kg dose); G≤2 TRAEs in 7 patients 
(G2 infusion-related reactions in 2 patients and PR in 2 patients).  
Photodynamic effect was observed in all subjects treated with Redaporfin doses ≥ 0.5 mg/kg 
and the photodynamic effect was dose-dependent; a 0.75 mg/kg dose caused necrosis in 1 cm 
diameter target spot deeper than 5 mm. The patient submitted to final PDT session achieved 
complete tumor necrosis in the treated area.  
PK showed to be linear and Redaporfin is eliminated from the body in a relatively fast manner 
(half-life of 19 hrs following a Redaporfin dose of 0.75mg/Kg). Reported data allowed finishing 
the first part of the clinical trial; the next part of the clinical trial has been authorised.  
Redaporfin effective dose was determined to be 0.75 mg/Kg. PDT with Redaporfin revealed a 
marked anti-tumor effect and was safe in patients with advanced HNC. Further research with 
this promising new PS is ongoing. 
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Background. In case of close or positive resection margins after head and neck oncological 
surgery, additional treatment is needed. When other options are exhausted, photodynamic 
therapy (PDT) can play a role in clearing the margins. The purpose of the current study was to 
evaluate the influence of the time-interval between surgery and adjuvant PDT on disease-free 
survival.  
Methods. We conducted a retrospective analysis of 54 patients treated with surgery followed by 
PDT because of a head and neck malignancy. In all cases there was a positive resection margin 
after tumor excision and re-resection or other treatment modalities would be detrimental. There 
was a large diversity in tumor location, histopathology and surgical technique. The time interval 
between surgery and PDT varied from 0-107 days. The median follow-up time was 44 months. 
93% underwent previous therapy from which 86% was radiated in pre-history.  
Results. There was a significant better disease-free survival when the time interval between 
surgery and PDT was at least 6 weeks (p value 0.01). 58% of the patients showed complete 
response, in 35% there was residual disease after the treatment.  
Conclusions. PDT can be of added value as adjuvant therapy after tumor excision with positive 
resection margins. There is a significant better outcome with a time interval of more than 6 
weeks between surgery and PDT.  

 
Figure 1 – Kaplan meier curve of disease-free survival at a time-interval between surgery and PDT of less than 6 

weeks (black) and at least 6 weeks (grey). Log-rank p-value 0.01. 
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Surgery, chemotherapy and radiotherapy are the conventional methods for malignant 
carcinomas, but these methods could not always achieve ideal effects, especially for the 
advanced cancer patients. Photodynamic therapy (PDT) is a mini-invasive therapy for cancer, 
which has high tumor selectiveness, better cosmetic effect and and mini injury for normal 
tissues.  Compared to routine chemotherapy, HpD(Photofrin and Hiporfin)PDT for the treatment 
of advanced relapse NPC is safe and well tolerable without severe complications. And most of 
oral refractory squamous cell carcinoma patients can get good results from HpD PDT as shown 
in Figure 1. But some patients with oral verrucous carcinoma as shown in Figure 2, their lesions 
were not cured, instead continued to grow after Hpd PDT. So what is the reason? In addition to 
the three PDT essential factors - photosensitizer, light and oxygen, the pathological type and 
differentiation degree of tumor also affect PDT outcome. In fact we need apply PDT 
appropriately to achieve ideal curative effect on the basis of ensuring facial appearance in most 
of intractable head and neck cancer patients. There still need a large number of clinical trials to 
verify. 

 

 
Figure 1 –PET/CT images of right gingival squamous cell cancer patient  

a. before PDT(SUV 10.5); b. 3 months after PDT(SUV 3.95)  
 
 

 
Figure 2 – Oral verrucous carcinoma patient 

a. before	PDT;	b.	1	week	after	PDT;	c.	1	months	after	PDT	
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Photodynamic therapy (PDT) with a light-activated photosensitiser is used clinically for the 
treatment of head and neck cancer. The aim of this study was to investigate epidermal growth 
factor receptor (EGFR) targeted PDT responses in vitro.  
EGFR density was measured by flow cytometry in three human head & neck cancer cell lines 
(scc-U2, scc-U8 and OSC19) and one reference cell line A431. After incubation with a 
conjugate of phthalocyaine photosensitiser, IRDye 700DX, with human EGFR antibody, 
Cetuximab, for 1 or 24 hours, cellular uptake and localisation were investigated by confocal 
laser scanning microscopy and quantified by image analysis. Cell survival was determined using 
the MTS assay after PDT with a 690 nm laser to a dose of 7 Jcm-2 (at 5 mWcm-2). The mode of 
cell death was examined with flow cytometry using apoptosis/necrosis staining of Annexin 
V/propidium iodide, together with immunoblots of anti-apoptotic Bcl-2 family proteins Bcl-2 
and Bcl-xL.  
A431 cells had the highest EGFR density followed by OSC19, scc-U2 and scc-U8. The 
conjugates are localised on both the surface and in the cytosol of the cells after 1-h incubation 
and more pronounced after 24-h incubation. The localisation pattern in the cytosol is similar to 
that of an endo/lysosomal probe. These localisation patterns are consistent with the results 
obtained from the quantitative imaging analysis and also with the levels of EGFR expression. 
Targeted PDT killed scc-U8 and A431 cells efficiently; while Scc-U2 and OSC19 were less 
sensitive to this treatment, despite having similar EGFR density, uptake and localisation pattern. 
Immunoblots showed significantly higher expression of anti-apoptotic Bcl-2 and Bcl-xL 
proteins in both less sensitive cell lines.  
Our study suggests that the effectiveness of EGFR targeted PDT is not only dependent upon 
EGFR density, but also upon other intrinsic biological properties of tumour cell lines. 
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The number of EGFR-targeting drugs in development for cancer treatment is 

continuously increasing. Currently used EGFR-targeted mAbs and TKIs have specific 
limitations related to toxicity and development of resistance and there is a need for alternative 
treatment strategies to maximize the clinical potential of EGFR as a molecular target. This study 
describes the design and production of a novel EGFR-targeted fusion protein, rGel/EGF, 
composed of the recombinant plant toxin gelonin and epidermal growth factor. rGel/EGF was 
custom-made for administration by Photochemical internalization (PCI), a clinically tested 
modality for cytosolic release of macromolecular therapeutics (1, 2). rGel/EGF lacks efficient 
mechanisms for endosomal escape and is therefore minimally toxic as monotherapy (3). 
However, PCI induces selective and efficient cytosolic release of rGel/EGF in EGFR-expressing 
target cells by light-directed activation of photosensitizers accumulated selectively in tumor 
tissue (4). PCI of rGel/EGF was shown to be highly effective against EGFR-expressing cell 
lines, including head and neck squamous cell carcinoma (HNSCC) cell lines resistant to 
cetuximab (Erbitux®). Apoptosis, necrosis and autophagy were identified as mechanisms of 
action following PCI of rGel/EGF in vitro. PCI of rGel/EGF was further shown as a highly 
tumor-specific and potent modality in vivo, with growth inhibitory effects demonstrated on A-
431 squamous cell carcinoma (SCC) xenografts and reduction of tumor perfusion and necrosis 
induction in SCC-026 HNSCC tumors. Considering the small amount of rGel/EGF injected per 
animal (0.1 mg/kg), the presented in vivo results are highly promising and warrant optimization 
and production of rGel/EGF for further preclinical evaluation with PCI.  
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Nasopharynx cancer is a rare disease in the Western world, but is endemic in certain parts of 
south East Asia and China. 
The last decades the outcome of the treatment has improved considerable. Concurrent chemo-
radiation has become the treatment of choice in advanced NPC. Five years survival figures of 
80-90% for early and 60-80% for advanced disease are not exceptional. 
The main progress in the treatment of NPC is coming from the top end hospitals in the high 
endemic regions. Effective treatment schedules are applied and compliance with treatment and 
follow up are secured. Unfortunately the treatment possibilities in other parts in endemic regions 
are less favorable. Due to the shortness of radiotherapy capacity and the lack of adequate 
insurance systems, many patients don’t have access to effective treatment of this disease. 
In a recent study in a tertiary referral hospital in Yogyakarta, the treatment results appeared to 
be behind compared with the international literature. 
Waiting time for radiotherapy during the years of the study (2009-2013) ranged between 3 and 4 
months, but has increased to over 1 year and 9 month’s in March 2015 possibly due to the 
introduction of the National Healthcare program in Indonesia. 
In a recent study (Ann Lee 2014) it was shown that 85% off all new NPC cases are diagnosed in 
low outcome countries (Survival of < 50%). Apparently these low survival outcomes are not 
unique for Indonesia, but most probably a problem in many endemic regions outside the big 
experienced centers. 
The most obvious solutions would be to increase the number of RT devices and oncologists. 
However the shortness is so serious that at least 10 to 20 years will pass before the capacity will 
be in line with the demand. In the meantime patients are suffering and dying of this treatable 
disease. With a waiting time of > 1 year, a solution has to be found to bridge the waiting time 
until curative concomitant chemo-radiation can be started. Photo Dynamic Therapy (PDT) is a 
treatment based on a light sensitive drug, which is intravenously administered and causes cell 
destruction when illuminated by a laser with 652nm wavelength. This procedure is simple and 
easy to perform. It is a one hit treatment and in the case of NPC it can be performed under local 
anesthesia. The light sensitive drug Temoporfin (Foscan®), has a penetration depth of 1 
centimeter. In a phase I and a phase II study, conducted in Yogyakarta, 43 patients (22 phase I 
and; 21 phase II) with recurrent and persistent NPC limited to the nasopharynx were included. 
The phase I study showed that therapy was relatively simple to perform and tolerable under 
local anesthesia. The phase II study showed that PDT was an effective treatment for local 
failures of NPC with a 2-years overall survival rate of 65 per cent. The effectiveness of PDT for 
these local failures suggests that PDT may also be used in a more neo-adjuvant setting. 
Currently patients receive chemotherapy to overcome the waiting time, however this 
chemotherapy often causes physical deterioration, which complicates the actual treatment or can 
even cause death. 
Future research should focus on innovative treatment strategies like immunotherapy and Photo 
Dynamic Therapy as an induction therapy to reduce the tumor load during the waiting time.  
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Most patients with biliary cancer (cholangiocarcinoma) present with biliary obstruction. 
Potentially curative surgery is only possible in 10-15%. The main aim of palliation is to 
maintain biliary drainage, with debulking of tumour where possible. Endoscopic stenting of an 
obstructed common bile duct or major intrahepatic branches is the first treatment. Further 
palliative options include PDT1,2, brachytherapy3 and RFA (radiofrequency ablation)4. 
Chemotherapy alone increases survival5 and enhances PDT6. Many anecdotal reports say  PDT 
with light delivered directly to the biliary tree by an endoscopic or trans-hepatic route prolongs 
survival after stenting, but it is acknowledged that the quality of evidence is low1,2. The only 
large randomised study showed no benefit, partly because of imbalanced use of chemotherapy 
between the 2 groups. Chemotherapy was given earlier and to twice as many patients in the non-
PDT group7. The best comparison, with matched, but not randomised, patients, showed a 2.5 
month longer survival in the PDT group8. Neoadjuvant PDT can make some initially 
unresectable tumours operable9. RFA can give results comparable to PDT4. 
Pancreatic cancer has a median survival time of less than 6 months from diagnosis. Few are 
suitable for surgical resection, some respond to chemotherapy, but toxicity can be high. PDT is a 
promising option for local disease control. The first patient was treated with image guided, 
percutaneous, interstitial PDT in 199610. Progress has been slow but partial tumour necrosis has 
been achieved11. Planned next steps include endoscopic, ultrasound guided light delivery, 
combining PDT with chemotherapy and treatment of pre-malignant, pancreatic cysts. Some 
effects in normal pancreas and adjacent tissues are inevitable. The major challenge is to match 
the extent of PDT necrosis to the extent of disease without any unacceptable effects in 
surrounding normal tissue12,13. 
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Photodynamic therapy (PDT) is used for curative and salvage treatments of various 

gastrointestinal malignancies by virtue of its minimal invasiveness and high selectivity for 
cancer. However, drawbacks of PDT including suboptimal efficacy, phototoxicity, and burden 
of expense have limited the initial enthusiasm for this procedure on upper GI malignancy.  

Complete remission can be achieved with PDT in superficial lesion of esophagus. However, 
PDT has been replaced by endoscopic submucosal dissection (ESD) which could probide 
pathological analysis for cure. ESD also reported high complete resection rate for early cancer 
without serius side effects. It leads ESD as the standard care for early esophageal and gastric 
cancer in Korea and Japan. PDT still has a role for palliation and salvage treatment for 
locoregional failures after definitive chemoradiotherapy for esophageal cancer. Photosensitizer-
covered stent can be beneficial to the esophageal tract cancers by allowing intra-luminal PDT in 
a repeatable manner, which produces regression of surrounding malignancy and extends stent 
patency. 

Gastric PDT is not routinely performed for treatment of gastric cancer. The outcome of 
gastric cancer patients has dramatically improved concommitant with recent advances of 
diagnostic endoscopy and ESD. However, it is still hard to detect malignant lesions with the 
background of intestinal metaplasia and evaluate resection margin. Fluorescence navigation by 
PDD using 5-aminolevulinic acid (ALA) can provide good visualization of gastric malignant 
lesions and determine the extension of the lesions. Furthermore, PDD may be a promising tool 
for diagnosing minute lesions which can be cured by PDT. Some experimental studies have 
demonstrated the potential role of ALA PDT in diagnosis and treatment of peritoneal 
dissemination of gastric cancer.  

Recently, integration of PDT with molecular imaging and nanotechnology has been 
intensively researched to widen the field of PDT. On the strength of these developments, PDT is 
likely to re-emerge as a valuable technique in diverse gastrointestinal diseases. 
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Photochemical Internalisation (PCI) is a novel technology that can enhance the local therapeutic 
effect of a variety of molecules, including several commonly used cytotoxic drugs. Fimaporfin 
(TPCS2a) is a proprietary photosensitiser that is used to induce PCI.  It is designed to localise to 
endosomal membranes and induce endosomal disruption upon light activation. Many cancer 
drugs and other molecules of therapeutic interest are taken up in cells by endocytosis, and ends 
up entrapped in endocytic vesicles.  PCI can induce the release of such molecules from 
endosomes, thereby making it possible for them to reach their therapeutic target in the cell 
cytosol or nucleus.  
The PCI treatment has been tested in 62 patients with different types of inoperable cancers in 
clinical trials to date; including superficial skin, subcutaneous and mucous cancers 
(predominantly head and neck).  The first-in-man study with promising signs of efficacy in 
patients with these cancer types has been published in Lancet Oncology (Sultan et al, 2016, 
17(9):p1217–1229).    
The aim of this Phase I study was to establish a safe and tolerable dose of Fimaporfin induced 
PCI with gemcitabine followed by systemic gemcitabine/cisplatin chemotherapy in patients with 
inoperable perihilar cholangiocarcinoma (CCA).   
Patients with perihilar CCA, histologically or cytologically verified adenocarcinoma, which was 
considered inoperable and treatable with the PCI technology, could enter the study. The study 
was a single arm dose escalating study where either Fimaporfin or the intraluminal biliary light 
doses were adjusted in cohorts of minimum three patients evaluable for safety.   
In this study Fimaporfin were administered at Day 0 followed by a standard dose of gemcitabine 
(1000 mg/m2) and intraluminal  biliary laser light application (652nm) during an ERCP 
procedure on Day 4. The study was conducted at several clinical sites in Germany, Norway and 
UK.   
A total of 16 patients were treated in the dose escalating Phase I part of this study. Four different 
dose cohorts were tested. Of the 16 patients treated, 11 completed the 8 cycles of combination 
chemotherapy, and 5 patients were early withdrawals. There was no mortality on study. The 
treatment was well tolerated with no Dose Limiting Toxicities, and no serious safety concerns 
were raised.  In the last two dose cohorts, radiological evaluation performed by two independent 
radiologists showed that 7 out of 8 patients had evaluable tumor, and four of these showed an 
objective tumor response at 6 months, including two complete responses. The two radiologist 
found in total 19 target lesions before treatment, and recorded evidence of >20% reduction in 
tumour size in all but 2 of these lesions, with 12 lesions being reported as undetectable by 
imaging at 6 months.  Updated overall survival data will be presented.  
Conclusions   
A safe and tolerable dose of Fimaporfin and light was found in this dose escalation study, with 
an overall good safety profile of the treatment of perhilar CCA with PCI and gemcitabine. The 
patient number in the study is small, but the results indicate high durable objective tumor 
response rates. The early signs of efficacy using PCI treatment with Fimaporfin and gemcitabine 
are encouraging. 
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Finding an efficient, safe and minimally invasive method of treatment for cancer is a priority of 
modern medicine. Early fluorescence diagnostics and early photodynamic therapy  is a main 
direction among  many programs for early detection and treatment of gastrointestinal (GI) 
premalignant changes and carcinomas. Since 2006 the autofluorescence diagnostics of the 
gastrointestinal tract has been carried out in our Center by the OncoLIFE system. These studies 
present the role of fluorescence endoscopy and photodynamic therapy  in the upper and lower 
GI tract and illustrate the ability of the detection of early-stage lesions, which  are not detectable 
with white light endoscopy [1]. Methods. The fluorescence imaging system build on blue light 
excitation of the tissue and to arouse the naturally-occurring autofluorescence of these tissues. 
The Onco LIFE system produces real-time, false-color images that combine green and red 
fluorescence intensities and allows also on the objective estimation of the numerical colour 
value (NCV). Abnormal lesions are seen to have an increase in the red-to-green 
autofluorescence intensity and NCV, compared with surrounding tissue. Another step toward 
the objectification methods of imaging diagnostics which we use, is the spectroscopy, which 
exerts the differences in the optical properties of healthy and diseased tissues. To increase the 
efficiency of spectrum analysis, system performs the spatial transformations color maps to 
visualize the points with the highest and lowest emissions of green and red, which better 
distinguishes the pathological and normal tissue. Then the photodynamic therapy is performed 
using oral administrated 5- aminolevulinic acid (ALA). After 4-6 hours photodynamic therapy 
using the Diomed 630 PDT Laser light source (Diomed Inc) is performed in patients with 
Barrett oesophagus with high grade dysplasia. The total light doses was 80 J/cm2 and the power 
density was 400 mW/cm2. Results: We carried out  4364 autofluorescence gastroscopy, 4250 
autofluorescence colonoscopy.  A lot of selected cases are presented in which autofluorescence 
imaging identified specific lesions: including, for example: focal high-grade dysplasia in 
Barrett's mucosa, signet ring carcinoma of the stomach, and flat adenoma in the colon. We 
treated successfully 282 patients with Barrett oesophagus  with high grade dysplasia of 
gastrointestinal tract. Conclusions. The capability of autofluorescence endoscopy to detect the 
presence and extent of occult malignant and premalignant oesophageal, stomach and colon 
lesions has been demonstrated. The photodynamic therapy is effective and noninvasive method 
of the treatment of Barrett oesophagus with high grade dysplasia. 
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Hilar cholagiocarcinoma (HC) is a rare tumor of bile duct confluence with a dismal natural 
history of 3 to 6 month’s survival after obstructive jaundice manifestation. Management of non-
surgical HC patients is metamorphosing from an accustomed biliary drainage palliation to 
varying survival prolonging therapies nowadays [1]. Demonstration of the personal results of 
the endobiliary photodynamic therapy (PDT) in these patients is a point of the paper. 
One hundred thirty five endobiliary PDT procedures (median 2, range 1-10 per patient) have 
been performed in 47 biopsy confirmed HC patients (21 female, 26 male, age range 19-75 
years) with previous percutaneous biliary drainage since February 2008. The patients had 
Bismuth IV type of biliary ivasion or residual tumor/local recurrence after previous surgery and 
were not eligible for liver and bile duct resections. The second generation chlorin sensitizers, 
0.6-2.0 mg/kg, were administrated intravenously two to five hours prior the procedure with 
consecutive wire-guided insertion of optical fiber and endobiliary laser irradiation (662 nm laser 
LAHTA-MILON) at low fluence rate pulse mode regimens (12-50 mW/cm2, up to 1000 J per 
liver). The progressive proximal tumor extension, cholangitis aggravation or tumor marker 
increase were regarded as indications for additional PDT procedures. The follow-up included 
clinical examination, lab tests and abdomen MRI every three months. 
There was no post-procedural mortality. The only patient developed post-procedural liver 
abscess required percutaneous biliary drainage. The endobiliary PDT resulted in bile duct 
recanalization, cholangitis abatement and improvement of liver function tests. Two patients with 
residual tumors after R1 and R2 resections underwent curative PDT and got rid of biliary 
drainages. Several MRI findings (post-PDT peritumoral inflammatory infiltration, lymph node 
reaction, abscopal effects, etc.) allowed to assume possible immune system activation. 
The median survival, one and two-year survival rates were 15.6 months (min-max 2-52 months), 
70.0%, 26.0% and  30.6 months (min-max 5-69 months), 84.3%, 56.9% since the first PDT 
procedure and since the diagnosis, respectively. Survival curves plotted from the disease onset 
differed significantly (p<0.03) between patients that underwent surgery and those who did not. 
The median survival, one and two-year survival rates were 22 months (min-max 5-48 months), 
71%, 38% and  36 months (min-max 7-69 months), ≈100% (only one patient died within one 
year), 77% for PDT-only treatment and surgery plus PDT treatment, respectively. Suprisingly, 
there weren’t any significant difference (p>0.2) between survival of relapsing R0- and R1/R2-
resection patients which might be due to the small size of subgroups (10 patients in R0, 9 
patients in R1/R2). There weren’t any significant difference (p>0.6) in survival in all the three 
groups since the first PDT procedure. 
The endobiliary PDT is a safe and an effective strategy in non-surgical HC patient management, 
increasing both survival rate and quality of life. 

… 
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Photodynamic therapy is useful for the treatment of cancer because it is minimally 
invasive for patients. Certain porphyrin compounds and their derivatives have been used as the 
photosensitizer because they accumulate specifically in cancerous tissues. However, the detailed 
mechanism of this phenomenon has not been clarified. We previously reported that a proton-
coupled folate transporter, HCP1, transported porphyrins and that regulation of the protein was 
associated with cancer-specific reactive oxygen species from mitochondria (mitROS) (Hiyama 
K et al. J Porph Phtal. 2013; 17: 36–43). Therefore, over-generation of mitROS could increase 
HCP1 expression and the effect of photodynamic therapy. We investigated whether pretreatment 
with indomethacin influenced photodynamic therapy by using a rat normal gastric mucosal cell 
line, RGM1, its cancer-like mutated cell line, RGK1, and a manganese superoxide dismutase 
(MnSOD)-overexpressed RGK cell line, RGK-MnSOD. Indomethacin promotes the generation 
of cellular mitROS by inhibiting the electron transport chain, and MnSOD scavenges the 
mitROS. We elucidated that indomethacin enhanced cancer-specific mitROS generation and 
increased HCP1 expression. Furthermore, RGK1 cells showed higher cellular incorporation of 
hemato-porphyrin and better therapeutic effect with indomethacin treatment whereas RGK-
MnSOD cells did not show a difference. Thus, we concluded that indomethacin improved the 
effect of photodynamic therapy by inducing increased mitROS generation in cancer cells.  
 

References 
 
1. Ito, H., H. Matsui, A. Hirayama, H. P. Indo, H. J. Majima and I. Hyodo (2016) Reactive oxygen species 

induced by non-steroidal anti-inflammatory drugs enhance the effects of photodynamic therapy in gastric 
cancer cells. Journal of clinical biochemistry and nutrition 58, 180-185. 

2. Ito, H., M. Tamura, H. Matsui, H. J. Majima, H. P. Indo and I. Hyodo (2014) Reactive oxygen species 
involved cancer cellular specific 5-aminolevulinic acid uptake in gastric epithelial cells. Journal of clinical 
biochemistry and nutrition 54, 81-85. 

3. Ito, H., H. Matsui, M. Tamura, H. J. Majima, H. P. Indo and I. Hyodo (2014) Mitochondrial reactive oxygen 
species accelerate the expression of heme carrier protein 1 and enhance photodynamic cancer therapy effect. 
Journal of clinical biochemistry and nutrition 55, 67-71. 

 
  



 139 

 
 
 
 

SYMPOSIUM 13 
 

PDT IN UROLOGY AND GYNECOLOGY 
  



 140 

TOOKAD® Soluble VTP:  From local tumor ablation to systemic cancer 
control. 

1Avigdor Scherz, 2Jonathan Coleman and 3Yoram Salomon. 
Departments of 1Plants and Environmental Sciences and 2Biological Regulation, Weizmann Institute of Science, 
Rehovot, Israel; 3Department of Surgery, Urology Service, Memorial Sloan Kettering Cancer Center, New York, 

NY, USA; avigdor.scherz@weizmann.ac.il 
 
Vascular Targeted Photodynamic therapy (VTP) with TOOKAD® Soluble (TS), is a new, non-
thermal tumor ablation technology invented at Weizmann Institute of Science and clinically 
developed by Steba-Biotech. TS-VTP comprises 10 min IV administration of a water-soluble 
derivative of chlorophyll immediately followed by ~20 min NIR illumination of the tumor and 
vicinity through optical fibers network positioned in the prostate through ultrasound guiding. 
TS-VTP involves Type I radical formation in the tumor circulation followed by vascular arrest 
and active killing of the stroma cells while sparring normal vessels and collagen matrix. 
Activation of anti-tumor immunity has been demonstrated. Open label Phase III clinical trials 
that compared TS-VTP with active surveillance in 413 and 80 patients with low/intermediate 
risk prostate cancer in multiple European and Central America hospitals, respectively, have been 
recently accomplished. The results, recently published in Lancet Oncology, show high cure rate, 
arrest of disease progression and dramatic reduction of need for radical treatment in the treated 
group. Moreover, the treatment demonstrated short learning curve and minimal side effects1. 
Approval for use has been granted in Mexico, is under advanced consideration by the EMA, and 
has been given to a limited number of patients in Israel while prompting registration.  
Preclinical animal studies demonstrated systemic anti-tumor effect when TS-VTP was combined 
with immune modulation and provided a rational for initiating four new clinical trials at 
Memorial Sloan Kettering Cancer Center2-4 aiming at more advanced prostate cancer, cancers of 
the urinary tract, triple negative breast cancer and cancer of the gastroesophageal junction.  
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Current treatments for the precursors of cervical cancer, cervical intraepithelial neoplasia (CIN) 
are mainly excisional procedures such as conisation which are associated with significant side 
effects and pose risks for future pregnancies. Therefore, an effective and safe therapy is needed 
to reduce the requirement for surgical interventions in women who wish to have children 
following treatment. Therapeutic vaccines targeting the underlying cause of CIN, human 
papillomavirus (HPV) and other medical therapies have been studied but none have yet been 
sufficiently effective for clinical use. Topical ALA-derivates such as hexaminolevulinate (HAL) 
based photodynamic therapy (PDT) or combination with other photosensitizers have the 
potential to address the medical need for a non-surgical tissue-preserving treatment of CIN and 
persistent oncogenic HPV infections. HAL PDT selectively treats the entire epithelial sheet, 
without the tissue destruction seen in excisional procedures. Studies have shown that porphyrins 
induced by the application of HAL can be detected only in the epithelium and not in the 
underlying cervical stroma. Therefore, PDT with HAL leads to selective treatment of abnormal 
epithelial cells without loss of stromal tissue, which is related to negative effects on subsequent 
pregnancies. 
Recent studies suggests that HAL PDT using special integrated device has promising effects on 
oncogenic HPV infections and in particular on high-risk oncogenic HPV 16/18 that carry a high 
risk of progression to high-grade CIN lesions. This review looks at the preclinical and clinical 
data for cervical PDT.  
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The Pd-substituted bacteriophorbide TOOKAD® Soluble (WST11) has proven to be an efficient 
photosenistizer in vascular targeted photodynamic therapy of prostate cancer and age-related 
macular degeneration. After introduction to the bloodstream, the photosensitizer forms readily a 
non-covalent complex with human serum albumin and stays in the circulation leading, after 
photodymic activation, to occlusion of pathological vessels. The aim of this study was to 
elucidate some aspects of photodynamics of WST11 in selected model systems and to determine 
the dye ability to photogenerate singlet oxygen and free radicals.  
Sub-picosecond and nanosecond laser flash photolysis was employed to characterize temporally 
and spectroscopically transients evolving in WST11 after its excition with femtosecond and 
nanosecond laser pulses. Time-resolved near infrared luminescence was used to detect singlet 
oxygen photogeneration by the photosensitizer. Electron paramagnetic resonance (EPR)-
oximetry and EPR-spin trapping with DMPO used as a spin trap were employed for monitoring 
photosensitzed oxygen consumption and formation of free radicals. Global fitting analysis of 
transients, detected at different times after photoexcitation of WST11, indicates that in PBS, 
mostly dimeric/oligomeric species of the dye are present. Significant monomerization of the dye 
molecules, similar to that in methanol, is also detected in PBS after binding of WST11 by 
bovine serum albumin (BSA).  Transient absorption spectra of BSA-WST11 complex, examined 
in the nanosecond time domain, revealed a new transient with spectroscopic features similar to 
those obtained by electrochemicxal oxidation and reduction of WST11.  
Binding of WST11 by BSA reduced the rate constant of the interaction of the dye triplet excited 
state with molecular oxygen by almost an order of magnitude compared to that in water or 
organic solvents and decreased the observable yield of singlet oxygen generation.    The 
photosensitized formation of singlet oxygen by the BSA-WST11 complex was demonstrated in 
experiments, in which the effect of histidine, azide and D2O on oxygen photoconsumption was 
analyzed. The BSA-WST11 complex photogenerated superoxide anion, as previously 
demonstrated with the efficiency increasing upon addition of NADH, which may suggest 
regeneration of partially oxidized WST11 by the electron donor. 
In conclusion, the monomeric form of WST11 is responsible for the formation of the active 
triplet excited state, which in organic solvents generates singlet oxygen with high yield. On the 
other hand the monomeric form of WST11 in complexes with BSA exhibit greatly reduced 
ability to generate singlet oxygen. The complexation with BSA significantly reduces the 
accessability of the dye molecules to molecular oxygen. The interaction of WST11 with BSA 
facilitates proton-coupled electron transfer between the photosensitizer and the protein. 
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Hypothesis: VTP therapy can be useful in the management of urologic malignancies including 
kidney, bladder and prostate cancer.  
Background: Cancers of the genitourinary tract occur in proximity to sensitive organs with risk 
for significant collateral tissue injury and resulting morbidity from conventional treatments. 
VTP mediated tumor ablation has advantages that may be exploited for the treatment of urologic 
cancers if properly developed. 
Materials and Methods: A multidisciplinary translational program to research the mechanisms, 
enhancement and application of VTP treatment for prostate, kidney and bladder cancer was 
initiated with the goal of clinical trial development for the treatment of these cancers in the 
localized and advanced stages of malignancy. Studies specifically addressed appropriate model 
development, mechanistic studies, combination with targeted drug therapies and immune 
modulation for all three cancer types in patient derived xenografts and syngeneic models. 
Comparative studies evaluated clinically utilized ablation techniques such as cryotherapy, 
electroporation, radiation and high-intensity focused ultrasound.  
Results: VTP effects in treated tissues demonstrate relative vascular sparing of small and 
medium blood vessels at the periphery of the ablation zone. Unlike other forms of tissue 
ablation, VTP treated tissues demonstrated preservation of underlying tissue collagen and 
normal tissue healing following treatment with return of normal tissue function. Inflammatory 
response following VTP treatment of tumor containing tissues demonstrated a non-specific 
destruction of immune cells within tumors followed by rapid recruitment of CD4 and CD8 
positive cells that was similar to effects seen with cryoablation yet much more profound than 
seen with radiation treatment. Upregulation of survival pathways and hypoxia response genes 
are identified within all tumor types although unique changes within the androgen pathway were 
seen in prostate cancer. Combination therapies utilizing therapeutic targeting of these survival 
pathways and immune modulation resulted in improved localized tumor destruction as well as 
systemic cancer responses suggesting abscopal effect following localized tumor treatment. 
These effects resulted in improved outcomes of tumor growth, reduction of metastatic events 
and prolonged survival. 
Summary: VTP therapy has unique properties ideally suited to interstitial and endoluminal 
treatment of bladder, prostate and kidney cancer with minimal impact on normal organ function 
and suggested capability for provoking systemic immune-mediated response. Treatment effects 
in normal tissue models serve as a basis for translating this therapy for treatment in similar sites 
for human trials while evidence for tumor specific application supports the advancement to 
combination strategies that may enhance the efficacy of this unique form of treatment. Clinical 
trials in prostate and urothelial cancers based on this work have been initiated in the US.     
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Objective: Nowadays, sentinel diagnostic is performed using technetium-99m-(Tc-99m)-
nanocolloide as a radioactive marker and sometimes patent blue. In the last years, indocyanine 
green has been evaluated for sentinel diagnostic in different tumor entities. Indocyane green is a 
fluorescent molecule which emits a light signal in the near infrared band after excitation. Our 
study aims to evaluate indocyanine green compared to the gold standard Tc-99m-nanocolloid. 
 
Materials/Methods: We included patients with primary, unifocal vulvar cancer < 4cm with 
clinically node-negative groins or with vaginal cancer in our prospective trials. Sentinel 
diagnostic was carried out using Tc-99m-nanocolloid, indocyanine green and patent blue. We 
examined each groin for light signals from the near infrared band, for radioactivity and for blue 
staining. A sentinel lymph node was defined as a Tc-99m-nanocolloide positive lymph node. All 
sentinel lymph nodes and all additional blue or fluorescent lymph nodes were excised and 
tested; then sent to histologic examination. 
Results: Alltogether, 28 patients were included in which we found 95 sentinel lymph nodes in 
52 groins (27 patients with vulvar cancer, 1 patient with vaginal cancer). All these lymph nodes 
were positive for indocyanine green, too, giving a sensitivity of 100% (95%CI 96.0-100%) 
compared to Tc-99m-nanocolloide. Eight additional lymph nodes showed indocyanine green 
fluorescence but no Tc-99m-positivity, so that the positive predictive value was 91.9% (CI95% 
84.6-96.5%). 
 
Conclusion: Our results show that indocyanine green is a promising approach for inguinal 
sentinel identification in vulvar and vaginal cancer with a similar sensitivity as radioactive Tc-
99m-nanocolloid and worth to be evaluated in further studies. 
  



 145 

ALA- photodynamic treatment (ALA PDT) in lichen sclerosus (LS) - clinical 
and immunological outcome focusing on the assessment of anti-nuclear 

antibodies 
 

Anita Olejek1, Aleksandra Kawczyk-Krupka2, Iwona Gabriel 1,3, Anna Bilska-Janosik1, 
Iwona Kozak-Darmas1, Aleksander Sieroń2 

1. School of Medicine with the Division of Dentistry in Zabrze, Medical University of Silesia in 
Katowice, Department of Gynecology, Obstetrics and Oncological Gynecology, Batorego 15, 

41-902, Bytom, Poland. 
2. School of Medicine with the Division of Dentistry in Zabrze, Medical University of Silesia in 

Katowice, Department  of Internal Medicine, Angiology and Physical Medicine, Center for 
Laser Diagnostics and Therapy, Batorego 15, 41-902, Bytom, Poland.  

3. Division of Urogynecology, Brigham and Women’s Hospital, Boston, USA. 
akawczyk@gmail.com 

 
Lichen sclerosus (LS) is a difficult to treat, often relapsing disease with unknown background. 
An autoimmune diseases coexist with LS. Over recent years photodynamic therapy (PDT) has 
been shown to be noninvasive and successful therapeutic approach for the effective treatment 
many conditions [1,2]. However, the change of immune status of the patients based on ANA 
antibodies has not been yet reported.  Our aim was to observe the clinical response followed by 
possible changes in autoimmune antibodies levels before and after PDT. Material and Methods. 
We enrolled 100 women with lichen sclerosu with or without a concomitant autoimmune 
disease. All patients received 10 cycles of PDT (65 treated with DIOMED Light, 35 with 
PhotoDYN Light). We assessed autoimmune antibodies before and after PDT in addition to the 
clinical response evaluation.Two-year prospective controlled before-and-after study. Results. 
Patients showed a significant attenuation in symptoms’ intensity (itching, pruritus, vulvar 
discomfort). After PDT patient presented partial response with 51% of patients had no 
symptoms and 8% had persistent or worsened symptoms. The most frequent autoimmune 
disease were thyroid disorders, followed by vitiligo and arthritis. 57% patients with an 
additional autoimmune disease before PDT had ANA antibodies. The mean level of ANA in this 
group diminished significantly after PDT treatment (261.74 IU/ml before vs. 123.20 IU/ml after 
treatment) p<0.05.Conclusion. Based on our results, we assume that PDT may influence the 
immune status of patients with lichen sclerosus.  
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Introduction. Cervical cancer is the leading oncological disease among malignant tumors of 
femail genital system despite the presence of developed standards for prevention, diagnosis and 
treatment. The relevance of the issue is indicated by second place among malignant tumors of 
femail reproductive organs and the fifth place among all cancer diseases [1].  
The objective was to study the efficacy of PDT in patients with cervical pre-cancer and cancer. 
Material and methods. PDT was performed in 41 patients with cervical intraepithelial 
neoplasia (CIN) I-III and early cervical cancer. Among them, 28 (68.3%) patients had CIN I-III 
and 13 (31.7%) patients had early cervical cancer (cr in situ). All patients received chlorine e6 
injected intravenously at a dose of 1 mg/kg body weight. The laser irradiation parameters were 
as follows: wavelength - 662 nm, light dose - 300-350 J/cm2.  
Results. The treatment respose on PDT for cervical pathology was assessed by cytological study 
3-6 months after PDT. Total tumor regression observed in 37 (90.2%) patients, partial tumor 
regression – in 4 (9.1%) patients. All patients with partial response underwent second course of 
PDT in 3 to 6 months after first course with subsequent total regression for follow-up perid of 6 
months to 2.5 years. There were no adverse effects associated with PDT during and after 
treatment.  
Conclusion. Thus, the obtained results of PDT with chlorine e6 for treatment of patients with 
pre-cancer and cancer of the cervix showed high therapeutic efficacy with no complications 
after the procedure. PDT enabled to perform organ-preserving treatment in patients with 
cervical diseases with no impairment of quality of life. 
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… 
Introduction: Cervical cancer is the fourth most common cancer in women with 530,000 new 
cases and 265,000 deaths in the world and represents almost 8% of all female cancer deaths, 
most in under developed countries.Cervical intraepithelial neoplasia (CIN) is the precursor of 
invasive cervical cancer and is classified on the basis of cytology-histological characteristics in 
low-grade lesion (grade 1) and high grade lesion (grade 2 and 3 ) ,women diagnosed early with 
CIN and correctly treated have almost 100% of cure.1The standard treatment is excision of the 
transformation zone (ETZ) for evaluation of margins and follow up,on the other hand, 
Photodynamic therapy (PDT) is based on administration of a photosensitizer and when activated 
by a light source, of a specific wavelength, promotes the production of reactive oxygen species 
(ROS) highly toxic to the cell, inducing the death of abnormal tissue.2,3,4 The aim of this study is 
to evaluate the efficacy of two different clinical protocols of PDT for treatment of high grade 
CIN in Reference Center of Women Health- Perola Byington Hospital (PBH), São Paulo and 
Woman Health Ambulatory (WHA), Araraquara-SP, Brazil, followed with PCR, Pap smear and 
Photodetection.Method: In WHA , nine patients with high grade CIN (six with CIN II and three 
with CIN III) were treated and submitted to ETZ.In PBH, 42 women were recruited with 
histological diagnosis of CIN- 2, and allocated in 2 groups (EZT and PDT) with 21 patients in 
each one.Results: In WHA the histopathology showed that 50% of the patient with CIN II 
regressed to CIN I, however, patients with CIN III remained with the lesion and the new clinical 
protocol was in development.In PBH ,after 6 months of follow up , the PDT group showed viral 
clearance rate of 42,8% and the	pap smear normalization rate of  52,3% .The ETZ group showed 
viral clearance rate of 52,3% and the pap smear normalization rate of  66,7% .Conclusions: 
This study is under development and compare two possible clinical protocols for high grade 
CIN treatment using PDT, with up to now significant results are observed for CIN II.  
 
1       X.H. Tao, Y. Guan, D. Shao, W. Xue, F.S. Ye, M. Wang and  M.H. He. Photodiagnosis and Photodynamic 
Therapy (2014) 11 
2      N.M. Inada, W. Lombardi, M.F. Leite, R. Trujillo, C. Kurachi, and V.S. Bagnato. Proc. of SPIE (2014) 8931 
89310X-1 
3         P.Hillemanns, H. Weingandt, R. Baumgartner, J. Diebold, W. Xiang, and H. Stepp. Cancer 88(2000) 10. 
4         P. Hillemanns, P. Soergel, and M. Löning. Medical Laser Application 24(2009) 1 
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  Photodynamic therapy (PDT) using talaporfin sodium ( chlorine e6, Npe6 ), a second 
generation photosensitizer developed in Japan, together with a semiconductor laser made in 
Japan was approved on September 2013 as an intraoperative local therapy for primary malignant 
brain tumors, according to the excellent results ( 1-year survival rate of 100% and overall 
survival of 24.8 months in newly diagnosed glioblastoma ) of investigator-initiated phase II 
study.1)  
  After governmental approval. the post-marketing investigation in accumulated patients has 
been conducted, and activities such as preparation of guidelines, holding training courses and 
dissemination of information on the safe implementation of PDT using web sites and videos, 
have been promoted with the support of the Japan Photodynamic Neurosurgical Society.   
  Workshop and training course was held 7 times so far, and 105 facilities and 162 
neurosurgeons were certified for perform PDT. At present, 10 facilities in Japan started PDT as 
an additional intraoperative local therapy for malignant brain tumors.  
  Currently, randomized prospective phase III study has been prepared with the support of Japan 
Neurosurgical Society.  
  In this presentation, I would like to present the practice of PDT for malignant brain tumor 
cases and show some technical tips for safe and effective implementation of PDT.  
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Stereotactic interstitial PDT of glioma relies on the delivery of a sufficient light fluence 
throughout the photosensitized tissue volume. We have chosen to use cylindrical diffusers of 
variable lengths and 5-ALA (20 mg/kg, 4-6 hours before treatment) for photosensitization. With 
a treatment planning platform for the placement of radioactive seeds (Target 1.19, brainlab, 
Germany), the required positions of several of such fibers can be determined with sufficient 
accuracy by identifying the PDT action radius with a specific X-ray iso-dose. Dose volume 
histograms can then be calculated, comparing the target volume defined on the basis of MRI 
contrast with the irradiated volume receiving at least the predetermined threshold fluence. This 
fluence has previously been determined by intraoperative measurements of optical properties of 
viable glioma tissue (resulting in µa = 0.02 mm-1 and µs’ = 2 mm-1) and the requirement of 
achieving more than 95% of photobleaching of PpIX [1].  
Being aware that optical properties and PpIX concentrations vary considerably within and 
between tumors, we have decided to implement some form of intra-operative monitoring of light 
distribution and photobleaching between applicator fibers [2]. By knowing the location of all 
fibers in 3D and measuring the laser light transmission between adjacent fibers, one can derive 
averaged individual light penetration depths. Another important issue is to monitor any changes 
in the laser light transmission. One can also detect PpIX fluorescence. These measurements can 
be done before and after, in principle also during PDT irradiation without any additional risk, as 
no extra fibers or catheters need to be inserted.  
From initial clinical experience we conclude that, if optical properties are stable during 
irradiation, PpIX is reliably photobleached, meaning that the achievable depth of PDT-induced 
necrosis may be significantly larger than the calculated light penetration depth. This may be 
important, as it has been shown that the photosensitized volume can easily be twice as large as 
the tumor volume indicated by MRI contrast [3]. Little PpIX fluorescence prior to PDT or loss 
of laser light transmission between applicators during PDT may indicate insufficient treatment 
effects. The clinical experience gained so far [4] indicates the importance of intra-operative 
monitoring and possible improvements. 
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Aminolevulinic acid (ALA) is widely used as a diagnostic prodrug for the surgical resection of 
malignant gliomas (HGGs); photodynamic diagnosis (PDD), which has been proven to prolong 
the progression-free survival of patients with HGGs. 
ALA is a polar molecule and in physiological pH occurs mainly as an ampholyte ion, which 
accounts for its low permeability through blood-brain-barrier (BBB). Thus, ALA is easy to be 
distributed in HGGs with abundant neovascular vessels lacking BBB. Furthermore, although 
normal central nerves system (CNS) cells express the enzymes involved in the heme synthesis, a 
distinct activity of the enzymes in neoplastic cells as compared with normal CNS cells may lead 
to a higher protoporhyrin-IX (PpIX) accumulation in HGGs. Such contrasted accumulation of 
PpIX in HGGs can be applied not only to PDD, but also to their treatments by exploiting its 
chemical properties as below; 1) ALA-mediated photodynamic therapy (ALA-PDT) - PpIX is a 
photosensitizer, which assembles in mitochondria of tumor cells leading to their damage after 
light exposure. 2) Radiosensitizing therapy with ALA - some porphyrin derivatives were known 
to enhance biological effects of irradiation on neoplastic cells, and recently, it has been reported 
that ALA can function also as a radiosensitizer for malignant tumors. 3) Chemomodulation by 
ALA — intermittent exposure to ALA decrease the expression levels of stem cell marker genes 
and the sphere-forming ability of glioma stem cells (GSCs), especially when we concomitantly 
used cytotoxic chemotherapeutic agents. We found that human glioma stem cells with 
mesenchymal phenotype (MES-GSCs), an aggressive and chemoradioresistant subtype of GSC, 
were able to produce much more amount of PpIX compared to those with proneural phenotype 
(PN-GSCs), and moreover, the former showed significantly higher sensitivity to ALA-PDT than 
the latter. Among a MES-GSC, their intracellular PpIX concentrations positively correlated with 
their Nestin expression level and colony-forming ability, which suggested that PpIX might be 
used as a biomarker for the tumor-propagating cells. 
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There are few treatment options for recurrent glioblastoma and overall median survival is still 
restricted to about 15 months. Novel therapies have so far failed phase III evaluations. Therefore 
new treatment concepts are desperately needed. ALA PDT as a new mode of local therapy has 
shown promising results. 
The strength of 5 ALA PDT lies in the combination of two main mechanisms. 5-ALA-based-
PDT (5 ALA PDT) causes mitochondrial and nuclear DNA damage by generating highly 
reactive oxygen species from the photosensitizer leading to tumor cell death123 ). In addition, the 
promotion of the three initial steps of the afferent phase of adaptive immunity is an 
immunological effect of ALA PDT as well.45 This combination between immunologic targeting 
and local therapy is singular in the treatment of GBM. 
In our first series, median survival after interstitial phototherapy was 15.5 months. While 
selection bias cannot be ruled out for our cohort of patients (median KPS 90, average age 51.7 
years), the proportion of long-term survivors (>24 months after therapy) was high (4/10) and 
one patient survived more than 10 years and without recurrence.6 Another cohort of seven 
patients with a diagnosis of recurrent malignant glioma treated by PDT in a compassionate 
setting between 02/2011-05/2014 were analysed, additionally. Here a median OAS from first 
diagnosis of 24 months was reached. Brain edema responding to steroids was detected in three 
patients during first 24 hours after PDT. Retrospective analysis of MRI, performed within 48 h 
after ALA PDT, showed local diffusion restriction as well as subsidence in ADC values in the 
treated area. SWI demonstrated products of heme decomposition. 
ALA PDT in malignant gliomas appears a feasible option of recurrent malignant gliomas. 
Clinical cohorts to date have been non-randomized. Therefore we will initiate a randomized 
controlled study for recurrent malignant gliomas. An additional focus will be placed on 
immunological mechanisms of damage. 
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Glioblastoma (GBM) still remains an incurable brain tumor with a median overall survival of 
approximately 15 months. Complete tumor resection is rarely feasible, since tumor cells usually 
infiltrate brain surrounding tumor core. Adjuvant therapies to improve local control are thus 
highly expected. Management of newly diagnosed GBM includes surgery for maximal tumor 
resection followed by radiation therapy and concomitant and adjuvant chemotherapy. Recently, 
5-ALA interstitial photodynamic therapies have been reported with promising results (1). 
However, if one consider the absence of controlled clinical trial, efficacy of 5-ALA PDT is not 
still evidenced and thus not included in the standard protocol. We present here the set-up of a 
clinical trial to evaluate the feasibility of 5-ALA PDT to treat newly diagnosed GBM. 
Our group has recently developed a new intraoperative technique (2) to deliver PDT during the 
course of surgery. Thus, Intraoperative PDT becomes a seamless strategy embeddable into the 
standard surgical protocol. Our clinical trial received positive opinions from institutional review 
boards and from the french national medicine agency and is now recruiting with first inclusions 
scheduled in February 2017 (EudraCT number: 2016-002706-39). 

 
Figure 1: Inclusion of intratoperative during the course of Fluoresence Guided Resection 
 
Ten patients will be enrolled and will undergo to intraoperative PDT in addition to the standard 
of care. PDT will be delivered early after surgery. 
Primary endpoint is the feasibility of intraoperative PDT, estimated by the proportion of patients 
who undergone intraoperative PDT without unacceptable toxicity. Secondary endpoints are 
progression-free survival, overall survival and patients' quality of life. 
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Background: In patients with unknown intracerebral lesions, stereotactic brain biopsies 
represent a standard neurosurgical technique to establish a correct diagnosis. However, 
acquisition of non-diagnostic tissue is not uncommon.[1] To overcome this, serial biopsies and 
intraoperative histology are performed leading to longer operating times. A pilot study 
demonstrated the value of visible protoporphyrin IX fluorescence for detection of diagnostic 
tissue in brain biopsies.[2] Therefore, the aim of this study was to evaluate further benefits of 5-
ALA in stereotactic brain biopsies in a large patient cohort. 
 
Methods: After the pilot study, intraoperative histology was no longer performed in cases with 
strong visible fluorescence. Between 2009 and 2015, 69 patients underwent stereotactic biopsy 
of a suspected intracerebral tumor according to our protocol and received 5-ALA. The 
fluorescence status (strong, vague or none) was checked in each specimen. We compared 
operating times and the number of biopsy samples taken in patients grouped according to their 
fluorescence status. 
 
Results: Strong fluorescence was observed in 53 cases (77%), vague fluorescence in 5 cases 
(7%) and no fluorescence in 11 cases (16%). Mean operating time for patients with strong 
fluroescence without intraoperative histology was 43 minutes as opposed to 65 minutes in 
patients showing vague/no fluorescence and intraoperative histology (p=0,001). In patients with 
strong fluorescence an average number of 3,5 biopsy samples were taken as opposed to 4,7 
biopsy samples in patients with vague/no visible fluorescence (p=0,009). 
 
Conclusion: According to the data of this largest series to date, strong fluorescence was 
observed in most patients. Such strong fluorescence usually indicates diagnostic tissue and 
could therefore significantly reduce operating times and the number of biopsy samples. 
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5-aminolevelunic acid-induced protoporphyrin IX fluorescence-guided resection (FGR) enables 
maximum safe resection of glioma by providing real-time tumor contrast. However, the current 
clinical images are qualitative and subjectively visualized. This and the unknown light 
attenuation by the tissue have limited FGR to delineating the strongly-fluorescing component of 
high-grade tumors. Quantitative assessment of the absolute PpIX concentration in tissue, 
[PpIX], using point fluorescence/reflectance spectroscopy improves the accuracy of FGR and 
extends it to low-grade glioma.1 The challenge is to apply the same concept to wide-field 
quantitative imaging, which requires mapping the tissue absorption and scattering coefficients. 
This can be achieved using spatial frequency-domain imaging (SFDI), in which patterned (e.g. 
sinusoidally-varying) light is use to image the tissue in diffuse reflectance mode.2 Previously,3 
we demonstrated in tissue-simulating phantoms that applying SFDI-determined absorption and 
scattering maps to the measured fluorescence images yields the [PpIX] images. SFDI was 
implemented using a digital micromirror array to generate the light patterns of selected 
modulation, relative phase and spatial frequencies.  
 
Here we present the first results of this technique modified for in situ/post mortem and in 
vivo imaging of PpIX in a brain tumor model (RG2) in rats following i.v. injection of ALA. The 
fluorescence images were generated using blue-light excitation as in clinical FGR. As a 
validated reference, the [PpIX] profiles across the tumor and adjacent normal brain were also 
measured in the same animals using the above point probe. Technical problems were 
encountered associated with bleeding, specular reflection from the dura and the small size of the 
tumors. Nevertheless, the results demonstrate the feasibility of the technique, which should in 
fact be much easier during human tumor resection than in this rat model. The recovered [PpIX] 
images reveal details of the tumor location and extent that are not seen in the raw, qualitative 
fluorescence images and agree within 10% with the corresponding point [PpIX] values derived 
by the fiber-optic probe. The next stage of implementing this approach onto a neurosurgical 
microscope is underway. 
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Despite advances in surgery, radiation and chemotherapy, grade 4 astrocytoma, the commonest 
primary brain tumour, remains incurable with a dire prognosis related to its diffusely infiltrative 
nature. With photodynamic therapy, pre-treatment with a photosensitising drug and subsequent 
exposure to light of a specific wavelength can mediate selective tumour destruction. However, it 
is limited by light penetration. Bioluminescence results from conversion of chemical energy into 
light. Investigators have previously explored the potential for bioluminescence to activate a 
photodynamic effect1-4. This work builds upon these prior experiements, investigating whether 
bioluminescence generated inside astrocytoma cells in vitro and in in vivo can mediate PDT: 
light generation by target cells requires no knowledge of the exact location of every cell, thereby 
potentially overcoming the unique diffusely infiltrative nature of astrocytomas. 
in vitro: genetically modified U87 glioma cells expressing firefly luciferase (U87-luc) were 
generated, pre-treated with the photosensitisers hypericin or mTHPC, then incubated with d-
luciferin to induce bioluminescence. Cell viability was assessed by MTT assay, 
haemocytometry, and a growth assay. Inhibition by lycopene, an antioxidant that suppresses 
PDT, was assessed. Control studies used untransfected U87 cells. Bioluminescence-mediated 
PDT produced significant cell death with both photosensitisers in U87-luc cells, which was 
suppressed by lycopene. There was no effect in untransfected cells.  
in vivo: U87-luc cells were xenografted subcutaneously and intracranially into CD1 nu/nu mice. 
Mice were pre-treated with intraperitoneal mTHPC then given a 7 day infusion of d-luciferin 
(using a subcutaneously implanted pump). Tumour response was followed by bioluminescence 
imaging, volume measurements, and survival. Tumours were harvested for pathological 
examination and BrdU immunohistochemistry. In 3 out of 4 trials, including one in an 
intracranial model, a treatment effect was demonstrated by a significant reduction of 
proliferation, as assessed by the proportion of BrdU positive cells in the ‘treatment’ group 
compared to controls. 
Bioluminescence-mediated PDT kills tumour cells in vitro. This preliminary evidence of an 
effect in vivo supports the concept being explored further. 
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The low curative response to current treatment regimens for most soft tissue sarcomas indicates 
a strong need for alternative treatment strategies and predictive markers for treatement outcome. 
Photochemical internalization (PCI) is a novel treatment strategy of solid tumors where drugs 
that are inactivated by accumulation in endocytic vesicles become translocated into the cytosol 
by PCI. Two highly geno- and phenotypically different uterine and vulvar leiomyosarcomas, 
MES-SA and SK-LMS-1, were treated with bleomycin (BLM) activated by PCI (PCIBLM). The 
MES-SA cells were much more sensitive to PCIBLM than the SK-LMS-1 cells and the 
treatment induced a 7-8-fold higher increase in DNA double-strand breaks as measure by 
gH2AX quantification, a higher induction of apoptosis and activation of Bax and p21 in the 
p53wt MES-SA cells and not in the p53mut SK-LMS-1 cells. The basal formation of reactive 
oxygen species was 3-fold higher in SK-LMS-1 cells than in the MES-SA cells. SK-LMS-1 
expressed Gpx1 that was not found in the MES-SA cells and more SOD2 than the MES-SA 
cells. Both cell lines expressed equally SOD1 and marginally Gpx4. GSH depletion with BSO 
by 85 % attenuated the cytotoxic effect of the photochemical treatment in both cell lines, while 
the effect on PCIBLM could not be analyzed. BSO treatment reduced the H2AX activation in 
the MES-SA cells, but not in the SK-LMS-1 cells. This study has been followed by in vivo and 
the results indicate PCIBLM as a potential novel treatment strategy for soft tissue sarcomas 

 
 
  



 159 

Knowing Your Environment to Make the Most of Photodynamic Therapy 
 

Theresa M. Busch  
Department of Radiation Oncology, University of Pennsylvania, SCTR, 8-126, 3400 Civic Center Blvd, 

Philadelphia, PA 19104-5156  
buschtm@mail.med.upenn.edu  

 
Numerous components of the tumor microenvironment can contribute to therapeutic resistance 
to cancer treatment (1, 2).  The stromal composition of a tumor, its extracellular matrix and 
associated fibroblasts, immune cells, and mesenchymal stem cells can mediate resistance to 
many treatment modalities. Expression and/or activation of cell surface proteins or transcription 
factors key to drug efflux, cell survival pathways, death signalling, or cell-mediated immunity 
can determine sensitivity to primary therapy and its combination with molecular targeting agents 
and immunotherapy. Physiologic characteristics of tumor microenvironment such as the 
oxygenation and blood flow of a solid malignancy can contribute to the delivery of drugs or the 
efficacy of therapeutic intervention. Importantly, knowledge of the factors that mediate tumor 
resistance to a given treatment can inform the development of rationally designed, more 
efficacious therapeutics and combinations of interventions. In translational and clinical 
investigations of photodynamic therapy (PDT) we have investigated known resistance factors to 
PDT, such as a hypoxic tumor environment, for its value as a predictive marker toward the goal 
of designing better therapy.  This work includes previously published studies in animal models 
(3, 4) and more recent reports (5)/unpublished observations in PDT clinical trials.   Also 
recently, we have initiated studies that seek to identify characteristic changes in tumor 
microenvironment in the acute surgical setting that could alter PDT efficacy.  Studies in animal 
models and human patients follow the rationale that the surgically insulted environment serves 
as the baseline for light delivery in intraoperative applications of PDT. The identification of 
acute changes in the cellular, immunological and molecular environment of a tumor as a result 
of surgery could reveal specific factors of consequence to PDT efficacy, thereby suggesting 
approaches toward mitigation of resistance factors and improving the delivery of combined 
modality (surgery/PDT) treatment. 
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Since many years, in our laboratory my coworkers and I have investigated the possibility of 
combining PDT with different drugs with the aim of potentiating its therapeutic effects in the 
various fields of its application. In particular, our researches were focused on those 
combinations resulting in synergy. If synergy occurs, lower concentration of the most toxic drug 
can be used without reducing the optimal therapeutic efficiency and efficacy. In perspective, this 
may result in a non-trivial advantage for the patient. We have demonstrated (mostly) using 
Photofrin and 5-ALA, that PDT may produce specific synergistic effects when is used in 
combination with aspirin or bortezomib or cisplatin in model systems consisting in cells derived 
from various human neoplastic lesions (1-4) and have hypothesized the underlying molecular 
why. Lately, we have also demonstrated potential synergy between 5-ALA/PDT and the retinoic 
acid derivative adapalene in curing specific non-tumor dermatological lesions (5). More recent 
observations, deal with the successful combination of 5-ALA/PDT with gentamicin in striking 
Gram-positive bacterial biofilms (interesting enough the bacterial strains - and more their 
biofilms - are resistant to this antibiotic) (6). The latest observation is relative to the combination 
of 5-ALA/PDT with an inhibitor of the ABCG2 protoporphirin IX-transporter. This 
combination consents to extend the PDT damage inside the nucleus, to the DNA, possibly 
making the therapy more effective (7).  
 
Conclusions 
Innumerable clinical researches have revealed that PDT can used to fight selected tumors, 
various dermatological diseases (actinic keratoses, Bowen disease, basal cell carcinoma and 
acne), and even specific bacterial infections. Although PDT, per se, involves minimal noxious 
side effects and substantial absence of resistance mechanisms, nevertheless it has never been 
meant as a “first choice” approach (except when specific circumstances occur). The main aim of 
our investigations was to search for conditions necessary to attain synergistic curative effects, 
i.e. those that imply diminished drug doses, toxicity and reduction of resistance. Hopefully, once 
it is understood how to set favorable combination conditions, PDT may become a reliable 
approach to be used in wide areas of pathological conditions. 
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Pancreatic ductal adenocarcinoma (PDAC) is a devastating disease that is associated with the 
poorest of prognoses. The dismal outcomes associated with this condition are due in part to the 
highly active cancer-associated stroma that surrounds and communicates with PDAC cells. 
Cancer associated fibroblasts (CAFs) comprise a significant proportion of this stroma, and play 
a major role in the signaling interactions that increase tumor aggressiveness and resistance to 
therapy. We are focused on “reprogramming” PDAC-stromal interactions to facilitate increased 
tumor susceptibility to standard-of-care chemotherapies as well as benzoporphyrin-derivative 
(BPD) based photodynamic therapy (PDT). Here, we test the efficiency of FDA approved 
differentiation promoting agents such as vitamin D (calcipotriol and paricalcitol), vitamin A 
(all-trans retinoic acid - ATRA), and 5-fluorouracil (5-FU) to reprogram cancer-stromal 
interactions in-vitro, and probe whether stromal reprogramming improves the cytotoxic efficacy 
of PDT in three-dimensional (3D) in-vitro co-culture models (Figure 1) as well as in-vivo mixed 
cell line orthotopic mouse models comprising PDAC cells and CAFs. We show that calcipotriol, 
paricalcitol and 5-fluorouracil reduce the expression of α-smooth muscle actin and fibroblast 
activation protein, two markers of stromal activation, in basal cell carcinoma associated 
fibroblasts (BCAF). In addition, calcipotriol, paricalcitol and 5-FU abrogate BCAF and 
pancreatic cancer associated fibroblast (PCAF) induced changes in PDAC metabolic activity, 
indicating that vitamin D and 5-FU may reprogram CAF-PDAC interactions. We show that 
BCAFs and PCAFs confer PDAC resistance to PDT in-vitro and in-vivo, and demonstrate that 
this resistant phenotype is overcome via sub-cytotoxic vitamin D pretreatment. Mechanistic 
studies to shed light on these findings are underway and preliminary results will be presented. 
Our findings strongly support stromal reprogramming as a viable tactic to overcome the 
profound therapeutic recalcitrance seen in clinical PDAC, and this strategy will be incorporated 
into upcoming PDAC clinical trials. 
 

          
 

Figure 1 – Sub-cytotoxic calcipotriol (cal) overcomes PDT resistance in 3D co-cultures comprising PDAC cells 
(MIA PaCa-2) and PCAFs. No Treatment (far left), BPD-PDT (left center), cal 1000 nM (right center) and cal 1000 

nM + BPD-PDT (far right) are shown. Live cells are indicated in green, dead cells are indicated in red.  
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Photodynamic therapy utilizes the ability of photosensitizers (PSs) to cause tumor cells death 
upon exposure to visible or near infrared photons. PSs containing metals (such as Ruthenium); 
however, theoretical can also interact with X-ray photons. This could enable treatment of deep 
lying tumors non-invasively, and could also be useful for tumour imaging for guided treatment. 
TLD1433 comprising, a Ruthenium (II)-based complex showed stability of spectral properties 
under X-ray irradiation. It induced cell kill in two cell lines, U87 (human glioblastoma) and 
HT1376 (human urothelial cancer) following exposure to 5 Gy (225 keV) X-rays; whereas. No, 
or only weak cell kill was noted under similar exposure in the absence of TLD1433. Moreover, 
when TLD1433 incubated cells were fist exposed to X-ray irradiation and followed by the 
standard near infrared irradiation (808 nm, 600 J/cm-2), the resulting cell kill was greater than 
the sum of separate cell kill effects by X-ray and near infrared light. This opens the possibility 
of combining X-ray and non-ionizing irradiation for additive or even synergistic effects even at 
a low photon dose to reduce side effects.  
In a subcutaneous tumor model (murine colon adenocarcinoma CT26.WT cells in Balb/C mice), 
TLD1433 sensitized tumours followed by 1 Gy X-rays induced stronger necrosis than observed 
in untreated tumor or those treated with only X-ray in non-sensitized animals. This effect was 
further pronounced when TLD1433 was premixed with a glycoprotein transferrin (Rutherrin 
formulation).  
These results suggest that Ruthenium (II) based PSs can be effective under X-ray irradiation 
both in vitro and in vivo. Moreover, additive or possible synergistic effects when using both 
irradiation modalities (X-ray, visible and near infrared) are possible. These findings open new 
promising avenues in cancer treatment using a single photosensitizer with combined modes of 
electromagnetic irradiation. 
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Gene-directed enzyme prodrug therapy (GDEPT), also referred to as suicide gene therapy, 
involves transfection, into tumor cells, of non-mammalian genes encoding enzymes that convert 
nontoxic pro-drugs into toxic metabolites capable of inhibiting nucleic acid synthesis. GDEPT 
utilizing the induction of cytosine deaminase (CD), an enzyme which converts the antifungal 
agent 5-fluorocytosine (5-FC) into its antimetabolite 5-fluorouracil (5-FU) has been previously 
studied both experimentally and in ongoing clinical trials. Although the results obtained so far 
are promising, one important limitation for GDEPT though is the inability of the gene to 
transfect a sufficient number of tumor cells. This in turn sets a limit to the amount of on-site 
conversion of prodrug to active drug. Methods to enhance gene transfection efficiency and/or 
the efficacy of the locally produced and exported drug would therefore offer a distinct 
advantage. We have examined the ability of 1) photochemical internalization (PCI) to increase 
non viral CD gene transfection thus increasing the amount of 5-FU converted from 5-FC and 2) 
enhancing the efficacy of the locally produced 5-FU by photodynamic therapy (PDT).  The key 
steps in this process are shown diagrammatically in the figure. 

 
Rat glioma cells (F-98) were transfected with core shell CD/UPRT DNA polyplexes and PCI 
treatment with the photosensitizer AlPcS2a and 670nm light treatment. The CD/UPRT 
transfected cells were combined with non-transfected F-98 cells and hybrid tumor spheroids 
were formed. AlPcS2a was added to the cultures and the prodrug 5-FC was added either before 
or after light treatment. Spheroid growth was monitored for an additional 14 days. The results of 
the present study show that: 1) PCI significantly increased non-viral CD gene transfection from 
5 to 30% and that 2) GDEPT produced drug and PDT interact in a synergistic manner over a 
range of prodrug concentration and tumor to transfected cell ratios. Significant growth inhibition 
was demonstrated even when the subpopulation of transfected cells represented only 5% of the 
total number of cells in the spheroid. The highest degree of interaction was observed when PDT 
was delivered prior to prodrug exposure.  
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Engineered polymer nanoparticles (NPs) have great potential in cancer photodynamic 
therapy (PDT) since they permit to locate photosensitizers, possibly coupled with another 
therapeutic species, at disease site and to control the release of bioactive cargo in time and space 
[1]. In particular, cationic nanoparticles (NPs) are at limelight in the field of cancer 
nanotechnology due to their unique ability to penetrate deeply inside tumor tissue [2].  

Here we have developed an array of polymeric NPs based on combinations of a ionizable 
amino-terminated poly(ε-caprolactone) (PCL-NH2) with non-ionizable polyethylenglycol-
poly(ε-caprolactone) (PEG-PCL) or poly(ε-caprolactone) diol (PCL-OH)  to attain positively 
charged nanoscaffolds with different charge density and surface hydrophilicity. As active drug 
multicargo, the lipophilic anticancer drug Docetaxel (DTX) was entrapped in the NPs core 
whereas anionic tetrasulfonate photosensitizers, i.e. porphyrin (TPPS4) or phthalocyanine 
(ZnPcS4), were adsorbed on the NPs surface.  

NPs below 200 nm with low polydispersity were prepared by nanoprecipitation with yields 
around 80%.  Zeta potential could be tuned depending on the percent amount of non-ionizable 
PCL. DTX entrapment did not alter size and zeta potential of the nanoscaffold while adsorption 
extent of the negatively-charged photosensitizers was dependent on the cationic charge density 
on the surface. Interestingly, TPPS4 and ZnPcS4 were partly monomerized when adsorbed onto 
cationic NPs, depending on their composition. As a result both photosensitizers showed good 
response to light excitation in terms of fluorescent and photodynamic properties.  

Cationic NPs were stable in DMEM FBS+ while becoming negatively charged due to ion and 
protein interaction. To further engineer NPs surface, a top coat of Hyaluronan with low 
molecular weight (HA) was applied to neutralize positive charge and to encourage NPs 
accumulation in cancer cells overexpressing CD44 receptors. The optimized NPs carrying DTX 
and the photosensitizer were finally tested in cancer cells to assess the impact of surface 
modification on trafficking and photoactivity. 

 
 
1. F.	Quaglia,	S.	Sortino,	Lect.	Notes	Chemistry,	Vol.	92,	G.	Bergamini	and	S.	Silvi	(Eds):	Applied	Photochemistry	

(2016).	
2. G.	Wang	et	al.,	Biomaterials	29	(2016)	248-260.	
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A common property during tumor development is altered energy metabolism, which could lead 
to a switch between oxidative phosphorylation and glycolysis known as “Warburg” effect. The 
impact of this switch on PDT efficiency could be significant.  Interestingly altered metabolism 
could be correlated with a change in the fluorescence lifetimes of NAD(P)H and FAD. 
However, as observed in a variety of investigations, the situation is complex and the result is 
influenced by parameters like oxidative stress or tissue architecture. Besides metabolism oxygen 
consumption has to be taken into account in order to understand PDT outcome. For this, 
correlated imaging of phosphorescence and fluorescence lifetime parameters has been 
developed by us and used to observe metabolic markers simultaneously with oxygen tension. 
The technique is based on time correlated single photon counting (TCSPC) to detect the 
fluorescence lifetime of NAD(P)H (NAD(P)H-FLIM) and the phosphorescence lifetime (PLIM) 
of the newly developed photosensitizer TLD1433 based on a ruthenium coordination complex. 
TLD1433, which is an efficient photosensitizer in human urothelial and other cancer cancer 
cells was mainly found in cytoplasmatic organelles of the cells. The most important observation 
was that TLD1433 can be used as a phosphorescence probe to follow up local oxygen 
concentration and oxygen consumption during PDT. Interestingly oxygen consumption was 
accompanied by a change in cell metabolism which was observed by simultaneous NAD(P)H 
FLIM. The combination of both FLIM of coenzymes like NAD(P)H and FAD and PLIM of 
phosphorescent photosensitizers could provide new insights in PDT induced reactions. 

1. A. Rück, C. Hauser, S. Mosch, and S. Kalinina, “Spectrally resolved fluorescence lifetime imaging to 
investigate cell metabolism in malignant and nonmalignant oral mucosa cells”, Journal of Biomedical Optics 19(9), 
096005 (2014). 
2. S. Kalinina, J. Breymayer, P. Schäfer, E. Calzia, V. Shcheslavskiy, W. Becker, and A. Rück, “Correlative 
NAD(P)H-FLIM and oxygen sensing-PLIM for metabolic mapping”, J. Biophotonics 1–12 (2016) / DOI 
10.1002/jbio.201500297 (2016).   
3. J Fong, K Kasimova, P Kaspler, S Lazic, Y Arenas, A Mandel and L Lilge “A novel class of ruthenium-
based photosensitizers effectively kills in vitro cancer cells and in vivo tumors”, Photochem Photobiol Sci. 14, 
2014-2023 (2015) 
4.  G Shi, J Fong, S Monro, K Kasimova, R Hennigar, R DeCoste, C Spencer, J Colpittsa, L Chamberlain, A 
Mandel, L Lilge, and SA. “McFarland Ru(II) Dyads Derived from a-Oligothiophenes: a New Class of Potent and 
Versatile Photosensitizers for PDT”, Coord Chem Rev 282: 127-138 (2015) 
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Cancer is a leading cause of death for millions of people in spite of the countless researches and 
developed drugs.Cancer is seen in more than 60 organs and has more than 200 different types. 
Among these, ovarian cancer is the fifth most common type in women1. Even though 
chemotherapy gives better response compared to other treatments, ovarian cancer still can not be 
completely treated. The aim of this study to develop Photodynamic Therapy (PDT) based 
combination therapy regime by employing an anti-cancer peptide (ACP) along with a potent 
photosensitizer,Verteporfin (benzoporphyrin derivative monoacid ring A, BPD-MA),to obtain 
the highest therapeutic benefits for ovarian cancer. 
 
Combination therapy has been studied in vitro against SKOV-3 cell line. Initially, ACP and 
BPD-MA have been evaluated indivudally in the selected cancer cell line to evaluate their anti-
cancer property. IC50 and IC30 values of each agent have been determined as a result of detailed 
dose, light and incubation time optimization studies. In addition, cellular localization (BPD 
only) and cell death mechanism pathway of each agent have been determined.  We aim to 
elobrate sequence effect by using the agents in different sequence as well. Therefore, 
combination therapy has been carried in two different concentrations by employing IC50 and 
IC30 values of each anti-cancer agent. The cells were incubated with the agents in two different 
sequences: BPD first or ACP first. During the treatment BPD’s incubation time is optimized as 
90 minutes and ACP’s incubation time is 48 hours. Combination therapy results were evaluated 
using compusyn software2. It was concluded that the IC30 values were more favorable for 
clinical use according to the Dose Reduction Index (DRI) values obtained from the CompuSyn 
software.Our results also showed that the order of treatment had great influence on the outcome 
of the treatment. For instance, when the cells treated with ACP first, all data points have been 
found strongly synergistic effect having their Combination Index (CI) values’ below 0.3. In the 
case of BPD first application, CI values were not uniform. There were many data points having 
moderate antagonist effect especially at the point where ACP concentration above 480 µM and 
BPD concentration above 2.2 µM. 
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Macrocycle tetrapyrrolic, namely porphyrins, chlorins and bacteriochlorins, have been 
extensively studied for application in diverse areas, for example, catalysts, optoelectronic and 
medicine. 1,2 At medical level, this type of macrocycles have been studied for application in 
photodynamic therapy and imaging, due to their interesting physico-chemical characteristics 
like good quantum singlet yields and high absorption in the “phototherapeutic window” (600-
900nm) that can be modulated synthetically through the introduction of different groups at meso 
and beta positions.3,4 Herein we present synthesis and photophysical characterization of a new 
tetra-pegylated bacteriochlorin as well as in vitro studies in order to evaluate the potentiality for 
application as photosensitizer in photodynamic therapy. 
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Figure 1. Chemical structure of biocompatible pegylated bacteriochlorin 
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Candida albicans is an opportunistic fungus that can cause superficial or systemic infections1. 
The resistance to conventional antifungal drugs is a worldwide concern in the medical field2. 
Antimicrobial Photodynamic Therapy (aPDT)3 and Sonodynamic Therapy (SDT)4 have been 
suggested as alternative treatments for the inactivation of microorganisms. SDT follows the 
basis of aPDT, combining a sensitizer agent with ultrasound instead of light4. For this reason, 
the aim of this study was to assess the ability of aPDT, SDT and the combination of both 
treatments for the inactivation of C. albicans biofilm. Standardized suspensions (107 CFU/mL) 
of C. albicans (ATCC 90028) grown onto polystyrene surfaces in RPMI medium at 37 ºC for 48 
h, for biofilm formation. For the treatment with SDT cultures were incubated with PDZ (150 
mg/L) for 20 minutes. Then, biofilms were sonicated for 5 min (1 MHz, 2.5 W/cm², 50% of 
duty cycle). For aPDT treatment, C. albicans biofilms were incubated with PDZ for the same 
period, and then, irradiated with red LED light (660 nm, 50 J/cm²).  Control experiments 
involving an untreated biofilms and biofilms treated with sensitizer only, ultrasound only, or 
light only were also undertaken for comparative purposes. The combination of SDT+aPDT was 
also assessed. In order to do this, additional samples were incubated with the sensitizer (200 
mg/L), then, the biofilms were simultaneously irradiated by light and sonicated, under the same 
conditions. Cell survival of the cultures was determined by colony forming units (CFU/mL). 
Experiments were performed in duplicate on three different occasions. Data were analyzed by 
ANOVA and Tukey test (p<0.05). It was observed that the isolated application of aPDT or SDT 
was not able to reduce significantly the viability of the biofilms. However, the combination of 
both treaments reduced 3.39 log10  the cell viability (p<0.05). PDZ, light and US alone were 
similar to the untreated sample. Authors suggest that the sonication improves the uptake of the 
sensitizer evaluated into the biofilm. In conclusion, the association of aPDT and SDT mediated 
by PDZ was more effective in inactivating C. albicans biofilm than the isolated applications of 
each treatment. 
 

References 
 
1. DR Soll, Acta Trop., 81 (2002) 101. 
2. TC White, KA Marr, RA Bowden, Clin. Microbiol. Rev., 11 (1998) 382. 
3. RF Donnelly, PA McCarron, MM Tunney, Microbiol. Res. (2008) 163. 
4. D Costley, H Nesbitt, N Ternan, J Dooley, YY Huang, MR Hamblin, AP McHale, JF Callan, Int. J. 

Antimicrob. Agents, 49 (2017) 31. 
 
Acknowledgements: The authors thank São Paulo Research Foundation (FAPESP – grant number 2016/ 
00190-2) to support this work. 
  



 170 

P4 
Treatment of breast cancer metastases with a new non-toxic approach: 
Combination photodynamic therapy (cPDT) in murine tumor models  

 
Sanjay Anand, Taylor Bullock and Edward V Maytin 

Depts. of Biomedical Engineering and Dermatology, Cleveland Clinic, Cleveland, OH-44195, U.S.A. 
anands@ccf.org; maytine@ccf.org 

 
Breast cancer (BCA) is the most frequently diagnosed cancer in women, with 1.7 million new 
cases diagnosed worldwide each year [1]. In BCA patients, distant metastases to lung, liver, 
bone and skin (cutaneous metastasis) are seen in approximately 40% cases [2]. As an additional 
complication, local chest wall relapse and metastases occur at a rate of 5% [2]. Ionizing 
radiation therapy (RT) has been successfully employed for the treatment of cutaneous 
metastases; however, multiple rounds of RT are required and are associated with undesirable 
side effects such as radiation dermatitis, blistering and chronic ulcers. This study explores PDT 
as an alternative to RT, that could be used either alone or in combination with RT and 
chemotherapy. We have developed differentiation-enhanced combination PDT (cPDT), a 
concept in which a differentiation-promoting agent (methotrexate; vitamin D; or 5-fluorouracil, 
5FU) is used as a neoadjuvant prior to PDT [3]. When given prior to ALA, the neoadjuvants 
increase the levels of protoporphyrin IX (PpIX) in animal tumor models of skin, prostate, and 
BCA, and lead to better PDT efficacy following ALA-PDT. However, the neoadjuvants have 
toxicity issues when administered systemically. Here, we use a nontoxic 5FU precursor called 
Capecitabine (CPBN) for cPDT. CBPN is a standard chemotherapeutic for metastatic BCA that 
is metabolized to 5FU specifically within tumor tissue. Murine (4T1) and human (MDA-MD-
231; MCF-7) BCA cell lines were injected into breast fat pads of nude mice. After tumor 
nodules appeared, CPBN (600 mg/kg/day) was administered by oral gavage for 5 days followed 
by i.p. ALA administration on day 6. Mice were either sacrificed and tumors harvested, or were 
treated with 100 J/cm2 of red light (633 nm). CPBN pretreatment of 4T1 tumors led to increased 
tumor cell differentiation, homogenous elevation of PpIX levels, and enhanced tumor cell death 
post-PDT, relative to vehicle control. As anticipated, CPBN treatment decreased proliferation in 
4T1 tumors. Using an in vivo imaging system (IVIS), a decline in tumor growth following PDT 
was observed in the CPBN-PDT group. In summary, the data from this study using non-toxic 
CPBN as a neoadjuvant for PDT suggests a combination approach that has significant potential 
for translation into the clinic. 

Table 1: Comparision of tumor responses to vehicle vs. CPBN-PDT. 
 

Breast tumor response Vehicle-PDT Capecitabine-PDT 
Differentiation 1X Enhanced; 3.6X 
Proliferation 1X Reduced; 0.4X 
PpIX levels 1X Enhanced; 4.2X 
Cell death post PDT, 24 hours 1X Enhanced; 5X 
Tumor growth post PDT, 1 week 1.75X Reduced; 0.78X 

 

1. Torre, L.A., et al., CA Cancer J Clin, 65 (2015) 87.  
2. Weigelt, B., et al., Nat Rev Cancer, 5 (2005) 591. 
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Protoporphryin IX (PpIX)-induced photodynamic therapy (PDT) is now commonly and 
effectively utilised as a treatment for certain non-melanoma skin cancers and precancers.  
However, some indications remain, such as thicker nodular basal cell carcinomas (nBCC), 
where treatment efficacy still requires improvement1. 
 
Concurrent administration of an iron chelator during PpIX-PDT has been demonstrated to 
increase the temporary accumulation of PpIX by reducing its bioconversion to haem2.  This final 
step of the haem biosynthesis pathway is iron dependent and catalysed by the enzyme 
ferrochelatase.  By chelating cellular free iron with an iron chelating agent such as CP94, it is 
thus possible to temporarily increase PpIX accumulation and therefore efficacy on irradiation2.  
However this result is somewhat paradoxical, as iron can also play a role in the production of 
reactive oxygen species, which are known to be associated with the cellular damage and 
cytotoxicity induced by PpIX-PDT3. 
 
Both iron chelating agents investigated, desferrioxamine (DFO) and 1,2-diethyl-3-
hydroxypyridin-4-one (CP94), were found to significantly increase PpIX accumulation pre-
irradiation as well as the cellular cytotoxicity on irradiation.  Experimentation was undertaken 
with various cultured human cell types and carefully standardised iron conditions.  The opposite 
effects were observed however, when the cells were co-incubated with iron sulphate as a source 
of free iron (instead of an iron chelating agent).  Iron availability has therefore been observed to 
adversely affect the PpIX-PDT process, whereas iron chelation positively enhanced treatment 
efficacy in this experimental system4. 
 
The effects of increased PpIX accumulation pre-irradiation produced via iron chelation therefore 
appear to outweigh any limitations reduced free iron availability may have on catalysing the 
oxidative PpIX-PDT induced reactive oxygen species/cascades that ensue on irradiation. 
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 Virulence factors of Candida albicans (Ca) are mainly the ability to form biofilm and produce 
degradative enzymes (proteinase and phospholipase) on oral surfaces favoring its proliferation 
and infectious potential. This in vitro study evaluated the ability of Ca to form biofilm and 
produce degradative enzymes on abiotic surface after photodynamic inactivation (PDI) 
treatment. Standardized suspensions of Ca were exposed to curcumin (CUR; 0.1um) for 5 
minutes and then illuminated with a blue LED light at 5.28J / cm2 (C+L+ group). The control 
groups consisted of samples that received neither CUR nor light (C-L-) and samples that 
received CUR, but no light (C+L-). After the treatments, the samples were submitted to a 
standard methodology in which the ability to form biofilm was analyzed through CFU/mL, XTT 
test and violet crystal staining method. The enzymatic activity was evaluated by the relationship 
between the diameter of the colony and the diameter of the halo (PZ) and by the colorimetric 
method. 

Sample size (n = 30) was determined after a pilot study. Biofilm formation data were analyzed 
using the one-way MANOVA. Normality was verified by means of the Shapiro-Wilk test and 
asymmetry/kurtosis. The equality of variance-covariance matrices was evaluated using Box's M 
test (M = 52,411; F = 4,149; p≤0,001). To correct the violations, the Pillai's trace was used for 
the estimation of F-statistics in our analyses. When MANOVA detected statistically significant 
effects, ANOVA was performed for each dependent variable. The enzyme production data were 
analyzed by means of one-way ANOVA. Multiple comparisons, when necessary, were 
performed with the Games-Howell post-hoc test and all analyzes considered (α = 0.05). 
 The results showed that the PDI treatment had no significant effect (p = 0.277) on biofilm 
formation. The PDI increased the production of phospholipase, according to the agar-based 
method (Fosfolipase: p≤0.001; Proteinase: p=0.939). However, the colorimetric test results 
indecated no significant effect for proteinase and phospholipase production (Phospholipase: 
p≤0.935; Proteinase: p = 0.141). Therefore, it was concluded that curcumin-mediated PDI did 
not increase the expression of virulence factors in Ca. 
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Antimicrobial resistance is the ability of a microorganism (bacteria, virus or fungus) to develop 
a defensive mechanism against an antimicrobial therapy (like antibiotics and antivirals).(1) This 
is a worldwide health burden that threatens the effective prevention and treatment of an ever-
increasing range of infections caused by microorganisms, with the consequent spreading 
throughout the population.(2) To face the problem, development of new molecules with different 
antimicrobial mechanisms and, preferably, with less ability to generate resistance is required, 
being cationic photosensitizers for photodynamic inactivation (PDI) a promising alternative.(3) 
Our long experience on the synthesis of photosensitizers for PDT of cancer(4) led us to direct our 
studies toward the synthesis of new cationic phthalocyanines bearing imidazole groups and 
strong absorption in the near infra-red region (Figure 1). The effect of some structural features, 
such as length of cationizing alkylic chains, central metal and number of positive charges in 
their performance in the photodynamic inactivation are presented and discussed. Antimicrobial 
activity of cationic phthalocyanines in combination with white light was tested against gram-
positive, gram-negative bacteria and fungi. Water soluble cationic phthalocyanine was highly 
active in killing gram-negative species (E. coli, P. aeruginosa) under conditions in which 
mammalian cells were comparatively unharmed. These high selectivity and efficacy exhibited 
by our photosensitizers encourage further investigations especially for photodynamic 
inactivation of resistant microbes. 
 

 
Figure 1 – Cationic imidazolyl-NIR dye photosensitizer. 
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Melanoma remains the most dangerous form of skin cancer due to its high mortality rates 
responsible for 80% of deaths resulting from skin cancer. These cancerous cells are an 
aggressive malignancy of melanocytes and inclined to metastasize quickly through the 
lymphatic system and other vital organs such as the brain, lungs, liver, and bones. Current 
treatments for melanoma, such as chemotherapy or radiation therapy, have detrimental effects to 
the patient’s overall health. The rate of new cases of melanoma is growing exponentially as well 
as the demand for an alternative treatment with minimal effects on patient health.  
Photodynamic therapy (PDT), a treatment utilizing a photosynthesizer activated by irradiation in 
the presence of oxygen, continues to emerge as an alternative treatment against non-melanoma 
skin cancer. Our study compared the effects of the PDT prodrug 5-aminolevulinic acid 
(5-ALA), a current non-melanoma photosynthesizer, and a novel metalloporphyrin (MP-106) 
excited by portable-handheld 405 nm LEDs (WARP, Quantum Devices) against a melanoma 
A375 cell line. Our results demonstrated that subsequent to PDT with MP-106 and 405 nm 
irradiation (5 J/cm2) a concentration dependent oncolytic effect was observed with 
concentrations as low as 1 µM and reaching 95 + 4% death rates at 10 µM. This was over a 
hundred fold lower concentration than 5-ALA which failed to demonstrate photodynamic action 
at 100 µM; however, PDT with 5-ALA at 1 mM concentration delivered damage to 81 ± 10.7% 
of A375 cells. Necrosis appeared to be the method responsible for photodynamic damage as 
evidenced by propidium iodide staining of the nucleus within 15 min post-MP-106 PDT 
treatment. In agreement with previous studies, this cell damage was partially dependent on 
reactive oxygen species exhibited by reduction in oncolytic activity from 5.2 + 3.8% viability to 
24 + 0.6% post-incubation with reduced glutathione (25 mM). Considering the differing 
coulombic nature of the two photosensitizers, we investigated a potential combinatorial effect 
with both prodrugs. Cells treated with 1 µM MP-106 and 100 µM 5-ALA demonstrated greater 
than 25% increase in oncolytic activity above additive effects suggesting synergism. 
Additionally, PMA-stimulated THP-1 cells phagocytosed CFSE fluorescently labeled A375 
cells treated with 5-ALA PDT, MP-106 PDT, or LPS-primed MP-106 PDT. Future studies will 
decipher if this phagocytic activity results in a M1 or M2 macrophage phenotype and 
chemotactic properties of PDT-lysed melanoma cells.   
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Corneal collagen crosslinking (CXL) is a photodynamic process based on the application of a 
photosensitizer (riboflavin) and irradiation with ultraviolet A (UVA) light. Under UVA 
irradiation, riboflavin can produce free radicals. These highly active molecules can then induce 
the formation of covalent bonds and, thus, strengthen chemical bounds between collagen fibrils. 
CXL is mainly used in the clinical practice to treat corneal ectatic disorders. So far its success or 
failure can only be evaluated several weeks after the treatment. We propose multiphoton 
tomography (MPT) as a method to evaluate alterations induced by CXL to the cornea 
quantitatively, unbiased, and immediately after the procedure. As a first step to that goal, 
changes of the intensity and lifetime of stroma autofluorescence, as well as of the organization 
of collagen fibrils were evaluated using autofluorescence lifetime imaging (FLIM) and second-
harmonic generation (SHG) imaging. 
Human corneas, unsuitable for transplantation were cross-linked ex vivo. After epithelial 
removal, 0.1% riboflavin solution was applied and the samples irradiated with UVA light for 10 
min. Two different UVA sources with emission wavelength of 365 nm were used: (i) a light 
emitting diode (LED) and (ii) a commercial system (KXL™ Avedro, Inc., MA, USA). MPT 
image acquisition was performed 3 and 6 days after CXL using the multiphoton tomograph 
MPTflex. Pulses from a 80 MHz near-infrared Ti:sapphire oscillator with 100 fs width and a 
center wavelength of 760 nm were used for sample excitation. Autofluorescence and SHG 
signals were collected simultaneously. 
Following CXL, an increase in both the corneal stroma autofluorescence intensity and lifetime 
was observed. The increase in autofluorescence lifetime was most pronounced in the anterior 
portion of the stroma (Fig. 1). We found that using MT, alterations induced by CXL to the 
corneal stroma can be detected non-invasively and label-free as early as few days following 
CXL. No significant alterations in the collagen fibrils organization were observed by SHG, 
during that time period. 

 
Figure 1 – Autofluorescence lifetime cross-sectional images of the human cornea (a) without crosslinking and 6 

days after CXL with (b) a 365nm LED source and (c) the KXL™ system. 
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Antimicrobial resistance is now recognized as one the most serious global threats to human in 
the 21 st century.  The persistent problem of antibiotic resistance has created a strong demand 
for new methods for therapy. Antimicrobial photodynamic therapy (aPDT) has been reported to 
be effective in eradicating wide variety of pathogens, including antibiotic-resistant 
microorganisms. Different microbial cells present many variances in different levels as cellular 
morphology, structure, metabolism and environment adaptive alterations. In face of these 
alterations it would be interesting to identify important cellular targets for aPDT. 
The aim of this study was identify components in yeast cells that are potential targets for fungal 
photoinactivation using Fourier transform infrared (FT-IR) spectroscopy. 
Candida albicans ATCC 90028 in stationary growth phase (48-h) were submitted to aPDT 
mediated by methylene blue (50 µM) and exposed to a 660 nm-LED (P= 360 mW). Pre-
irradiation time was 10 min and exposure times were 12, 15 and 18 min. FT-IR was employed 
to evaluate the photodynamic effect in cells following 15 min of irradiation. 
Control groups, i.e., untreated cells without irradiation and MB, and cells treated only with light 
or MB did not show any reduction. Following aPDT, the reduction in cell viability was fluence-
dependent (p˂0.05). Similar FT-IR spectra were observed for untreated and treated cells grown 
for 48-h. However, following aPDT, more intense absorptions bands were detected in all 
spectral regions that characterize the major cellular constituents (1200-900 cm-1; 1500-1200 cm-

1; 1800-1500 cm-1 and 3000-2800 cm-1). FT-IR spectroscopy showed that cellular targets in C. 
albicans in stationary growth phase were preferentially the polysaccharides of the extracellular 
matrix (EPS) and the cell wall, as well as the lipids of the cell membrane. 
We conclude that EPS presence plays an important role for aPDT. In addition, for a good 
clinical outcome aPDT should be performed aiming two different targets: the EPS surrounding 
cells and the cell itself. 
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Short-pulse lasers (with pulse lengths ranging from tens of nanoseconds down to femtoseconds) 
are usually used for time-resolved phosphorescence detection of photosensitized singlet oxygen. 
The photosesitizer triplet state lifetime τT and the singlet (1Δg) oxygen state lifetime τΔ are 
readily obtained by fitting the time course of the singlet oxygen phosphorescence intensity P (at 
1270 nm) with the corresponding analytical formula [1,2,3]: 
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An alternative way of performing these measurements is to excite the photosensitizer with long 
laser pulses [4]. We have shown previously that it is advantageous to work in the “quasi-
continuous” excitation regime, where the excitation laser pulse is set long enough (typically few 
tens of microseconds) to reach steady-state populations of the excited photosensitizer and 
oxygen states in the system [5,6]. In this case, a modified formula holds for the decay of the 
singlet oxygen phosphorescence intensity after the laser is switched off: 
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Simple long-pulse excitation systems can be built using cw-lasers in combination with acousto-
optic modulators (switches). There are two possible advantages of these setups. First, cw-laser 
may be cost-effective compared to short-pulsed laser systems. Second, the bleaching of the 
photosensitizer can be suppressed when working with long-pulse (low peak power) laser pulses.   
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Two important limitations in Photodynamic Therapy (PDT) are the drug-light interval (DLI), which both 
the patients and the medical community consider long and the low penetration of the drug in the skin that 
makes the treatment of deeper lesions more difficult. Thinking about the improvement of drug-delivery 
in PDT treatment and the decrease of the DLI, we used intradermal application of methyl 
aminolevulinate (MAL) for treating small nodular basocelular carcinoma (nBCC).(1) The 20% MAL 
was used as a PpIX precursor and it was applied in two different ways: as the standard protocol - control 
group (20% MAL cream) and as intradermal delivery (20% MAL solution plus 20% MAL cream) using 
a dermograph device (DermaFlox, FLOX, São Paulo, Brazil). This device is similar to a tattoo machine 
and is usually applied for aesthetic procedures and microinfusion of drugs.(2) It is composed by nine 
microneedles that produce microholes up 2 mm depth. This pilot study was conducted in a tertiary 
dermatology department at an oncology hospital. It was selected 17 nBCC lesions of 10 patients. The 
PDT treatment was performed in two sessions with 150 J/cm² of fluence each (20 minutes, 125 mW/cm² 
of irradiance). For the control group, the treatment was carried out in two sessions, 1 week apart as the 
standard PDT protocol. The two sessions of the intradermal protocol were applied on the same day in 
order to decrease the number of visits to the hospital. Figure 1 shows two of the treated cases, with 
topical and intradermal delivery protocols.  
 

 
Figure 2 – (a) Lesion before standard PDT protocol, (b) 30 days after the treatment; (b) lesion before the PDT with 
intradermal protocol and (d) 30 days after the treatment.  
 
After 30 days, the treated area received a 2 mm punch biopsy to evaluate the treatment response. 
The results show that eight lesions treated according to the standard PDT protocol showed no 
residual lesions after a 30-day biopsy and the intradermal group showed 88% of complete 
response in nine lesions. Although it is a small sample, it is possible to observe that this new 
protocol had a high rate of cure. This is an important advantage because nBCC lesions could be 
treated in one day leading to a better acceptance and comfort for the patient. 
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The drug-light interval (DLI) required for satisfactory accumulation of Protoporphyrin IX 
(PpIX) after topical application of the precursor constitutes a PDT clinical practice limitation. A 
strategy to deal with this problem is the intradermal delivery of the precursor. There is evidence 
that the ALA application associated with perforations in the skin reduces the DLI, in addition to 
increasing the penetration and homogeneity of ALA in the tissue. (1) This study aims to 
evaluate the intradermal delivery of ALA using a dermograph. This device is similar to a tattoo 
machine and consists of a pen-shaped body linked to oscillating microneedles that, after piercing 
the skin, allows the liquid applied on its surface to penetrate by capillarity. Dermographs are 
used in pharmacology and cutaneous micropigmentation, but not for PDT. The performance of 
the dermograph with one microneedle coupled (D1 - Dermomag Pen Junior, MAG Aesthetics®) 
that allows manual tracing of a continuous line was compared with another device with nine 
microneedles coupled (D2 - Dermaflox, FLOX®), which is pressed into the skin without drag. 
For both devices, the maximum penetration of the needle was fixed to 1 mm. All the 
experimental conditions were performed on six groups of trichotomized Wistar rats consisting 
of: (group 1) standard topical application using 20% ALA cream;  (group 2) topical application 
of 20% ALA in saline solution; (group 3) intradermal delivery of 20% ALA in saline solution 
using device D1; (group 4) intradermal delivery of 20% ALA in saline solution using device 
D2; (group 5) group 3 conditions followed by immediate application of 20% ALA cream and, 
(group 6) group 4 conditions followed by immediate application of 20% ALA cream. 
Fluorescence spectroscopy and fluorescence widefield image were performed every 30 min up 
to 180 min in order to evaluate the superficial PpIX production. The results showed similar 
performance among the experimental conditions, except for the group 2 (20% ALA in saline 
solution) which presented the less expressive PpIX production. The formation of PpIX in depth 
and tissue damage after PDT is going to be evaluated by confocal fluorescence microscopy and 
histopathological analysis. 
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Phthalocyanines (Pcs) are aromatic macromolecules non-natural occurrence, which 

presents an extensive conjugated π system (18 ! electron). However, this extensive π system 
causes aggregation tendency of phthalocyanines throught π- π stacking interations1. Because of 
this aggregation, the reduction of the lifetimes in the excited state, reduction in the generation of 
singlet oxygen, besides the decrease of the solubility in the medium can be cited2. 

 In this work, five compounds were compared in tetrahydrofuran (THF), changing the 
peripheral substituents and metallic nuclei, such as: Zinc Phthalocyanine (ZnPc), methyl zinc Pc 
(MZnPc), methyl aluminium chloride Pc (MAlClPc), t-buthyl zinc Pc (TZnPc) t-buthyl aluminium 
chloride Pc (TAlClPc). 

 

 
Figure 1 – Relationship between emission intensity (A), absorbance (B) and singlet oxygen emission intensity (C) 

by concentration of ZnPc in THF. 
 

 Aggregation Behavior 

Compound Absorption (µmol L-1) Emission (µmol L-1) Singlet oxygen (µmol L-1) 

ZnPc > 6,50 > 3,84 > 7,22 
MZnPc > 7,98 > 4,72 > 7,98 

MAlClPc > 22,1 > 5,62 > 5,06 
TZnPc > 11,7 > 6,22 > 10,5 

TAlClPc > 19,5 > 7,57 > 6,81 
Table 1 – Maximum concentrations before the compounds show aggregation 
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The most commons acute illness evaluated in emergency services in children are upper 
respiratory tract infections. Infections as pharyngitis and tonsillitis represent a health public 
problem due to complications as rheumatic fever1. The resistance of pathogenic bacteria to 
existing antibiotics has increased over the past 50 years. The inadequate antibiotic prescription 
and non-complete treatment using antibiotics helps to develop this problem. The antibiotic 
resistance has been attributed to high incidence of pharyngotonsillitis. This factor associated 
with adverse effects of antibiotics and disease complications show the importance of new 
therapy options. Photodynamic Therapy (PDT) decreases the bacterial membrane functions and 
modify cell functions as enzymatic activity2. The antimicrobial photodynamic therapy (aPDT) is 
known for over 100 years due to combination of a sensitizing drug and light3. The clinical 
protocol for bacterial pharyngotonsillitis consists in two steps: 1) photosensitizer application 
throughout the throat  (curcumin, 0.75 mg/mL; PDT Pharma, Cravinhos, Sao Paulo, Brazil) with 
gargle or chewing a gum; 2) illumination of infection site (450 nm and 6.57 J/cm2) with a 
prototype developed especially for bacterial pharyngotonsillitis (Technologic Laboratory from 
São Carlos Institute of Physics, Sao Carlos, Sao Paulo, Brazil). The results were compared 
testing two pharmaceutical formulations, three prototypes, illumination parameters and others. 
This study demonstrated an effectiveness treatment using optimized parameters with 94.23 % of 
clinical cure including children and adults patients. We are demonstrating the PDT as a low-cost 
option providing local treatment and fast results for pharyngitis, especially in children. 
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Streptococcus mutans plays an important role during the development of dental caries, because 
is the most cariogenic pathogen as they are highly acidogenic. In this way, this study evaluated 
the effect of photodynamic inactivation (PDI) on the viability of Streptococcus mutans on 
planktonic culture mediated by methylene blue (MB) associated or not with sodium nitrate (SN) 
irradiated by low level laser at 660nm. Bacterial suspension containing Streptococcus mutans 
(ATCC 25175) was prepared and distributed in a 48-well plate according to the Groups 
evaluated: L-P- (negative control), L-P+ (MB at 5, 10 and 20µM associated or not with SN), 
L+P- (laser 30J/cm2), chlorhexidine (positive control), SN and L+P+ (MB at different 
concentrations associated or not with SN irradiated by laser). For the dark cytotoxicity, MB 
associated or not with SN were incubated for 5 minutes. For PDI, the Groups were incubated 
during 5 minutes and irradiated by red laser at 30J/cm2during 30 seconds. After treatment, the 
strains were seeded onto BHI agar and incubated at 37°C during in 10% of CO2 in an incubator 
during 48 hs for determination of the number of CFU/mL. The results were transformed into 
log10, and submitted to analysis of variance (ANOVA) and post hoc Tukey’s test (p>0.05).The 
results showed that there was no dark cytotoxicity for the different concentrations (MB 
associated or not with SN). PDI promoted complete reduction in the viability of Streptococcus 
mutans at concentration of 5µM for MB associated with SN compared to the negative and 
positive controls (p<0.05). PDI with MB associated with SN could be a viable technique for the 
elimination of Streptococcus mutans in planktonic culture. 
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Since their inception in the 1930s, antibiotics have been used to treat diseases. However, with a 
significant lack of novel antibiotics discovery and increasing rates of resistance, their use against 
common bacterial pathogens is in jeopardy. Our research supports the high prevalence of 
antibiotic resistance, specifically amongst a population of aeromonads.  We identified a 
significantly higher rate of tetracycline resistance within human wastewater (16.4%) compared 
to the recipient riverine ecosystem (2%) supporting humans as a major reservoir of resistant 
strains.  With rising resistance levels, it is imperative to develop a novel alternative treatments.  
One viable option could be phototherapy; blue light has previously demonstrated antimicrobial 
properties against both extracellular and intracellular bacteria.1 Alternatively, coupling the light 
with a photosensitizer in the presence of oxygen, namely photodynamic treatments, have been 
employed to tackle multi-drug resistant strains.2  
This study analyzed the effect of photodynamic inactivation (PDI) using a metalloporphyrin 
(MP-106) and a handheld 405 nm LEDs (WARP, Quantum Devices) on various Gram-positive 
and Gram-negative bacteria. Briefly, bacterial cultures (~108 CFUs) were pre-incubated with 
MP-106 (10 µM) and exposed to varying doses of 405 nm irradiation (0–30 J/cm2).  Treated 
cultures were diluted and plated on tryptic soy agar to quantify bactericidal effects. Strong 
photodynamic action with MP-106 and 405 nm was evident against all Gram-positive bacteria 
with increased susceptibility in the following order:  Enterococcus faecalis = Bacillus subtilis > 
methicillin-resistant Staphylococcus aureus.  Complete bactericidal effects were evident by 2.5 
J/cm2.  Unfortunately, Bacillus subtilis endospores demonstrated nearly complete resistance to 
PDI at 30 J/cm2. Greater variability was evident amongst Gram-negative bacteria with PDI 
suseptibilty in the following order:  Neisseria flava > Aeromonas hydrophila > Escherichia coli. 
Complete lysis was evident by 11 sec with 0.625 J/cm2 for Neisseria flava though strongest 
resilience was evident with Escherichia coli (99.999% killing in 30 J/cm2).  Both reference 
strain and a multi-drug resistant environemental isolate of Aeromonas hydrophila were 
moderately sensitive with close to complete lysis post-15 J/cm2. We have previously shown 
singlet oxygen emission directly correlated to PDI efficacy and addition of reduced glutathione 
offset the bactericidal effects, both hinting death via a type II mechanism.  Our data identifies 
PDI via MP-106 with 405 nm as a highly effective alternative treatment in vitro though further 
in vivo studies are warranted before clinical application.      
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Photodynamic therapy (PDT) is a promising modality of treatment of numerous cancerous   (and 
non-cancerous) diseases, based on interactions between light, oxygen and dye called 
photosensitizer [1]. Due to limited selectivity of photosensitizers used in conventional PDT, 
resulting in phototoxic and photoallergic reactions, a new strategy of photosensitizer delivery to 
specific well-defined targets in cancer cells has been developed, called targeted PDT (TPDT) [1, 
2]. TPDT can be divided into passive - promoted by physicochemical properties of 
photosensitizers and pathophysiological factors of cancer tissues, active - based on molecular 
recognition  of appropriate receptors in the target site  and activatable, in which photosensitizer 
reveals photoactivity only in the site of lesion and is dormant outside this site [2]. 
In the face of exceeding progression of contemporary medicine, exploring pathological 
processes at cellular and molecular levels, it is an imperative to introduce a new paradigm          
of PDT, focused on the concepts of heterogeneity and dynamic state of tumor [3]. Human tumor 
pathogenesis is characterized by the progressive accumulation of changes to normal cells,      
that make these cells evolve to a neoplastic state through the gradual acquisition of a series                   
of “hallmark” capabilities [4]. Hanahan and Weinberg proposed eight hallmarks of cancer 
acquired during development of human tumors: sustaining proliferative signaling, evading 
growth suppressors, resisting cell death (evading apoptosis, necrosis and autophagy), enabling 
limitless replicative immortality, inducing sustained angiogenesis, activating tissue invasion and 
metastasis, reprogramming of energy metabolism, and evading immune destruction [4, 5]. All 
these hallmarks may be targeted by TPDT. Targeting of cancer cells at a level of hallmarks of 
cancer using PDT may refine efficacy of this method.in cancer treatment and overcome tumor 
resistance to PDT [6, 7]. 
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Hybrid materials based on photoactive organic dyes embedded in solid layered carriers exhibit 
many interesting properties, resulting from optical anisotropy, specific organization of dye 
molecular assemblies, photophysical and photochemical properties, etc. Materials of this type 
including colloids or solid materials are potential candidates for various applications. The solid 
photosensitizers are one group of such materials. One of the chief problems relates to dye 
molecular aggregation, which frequently leads to the loss of their photoactivity. 
The objective of this work was to construct thin films of ternary systems based on Mg/Al-
layered double hydroxides (LDHs). Direct intercalation of 5,10,15,20-tetrakis(4-
sulfonatophenyl)porphyrin (TPPS) molecules into LDH led to dye molecular aggregation. In 
order to prevent the loss of the porphyrin photoactivity, LDH had to be pre-modified with 
molecules of anionic surfactant. By testing the methods of preparation to suppress the molecular 
aggregation of the dye, we tried to achieve high photoactivity of the hybrid materials. Various 
films were prepared and were characterized by absorption, steady-state and time-resolved 
fluorescence spectroscopies, X-ray diffraction, atomic force microscopy, confocal fluorescence 
microscopy, fluorescence lifetime imaging microscopy, laser flash photolysis, and singlet 
oxygen luminescence. 
The pre-treatment of LDH with surfactant dodecyl sulfate anions led to the expansion of the 
structure, which allowed the homogeneous intercalation of TPPS anions. The films pre-modified 
with the surfactant contained homogeneously distributed and non-aggregated porphyrin 
molecules with preserved photophysical properties such as fluorescence, triplet state formation, 
and energy transfer. The photosensitization properties were also characterized by various 
methods. Efficient formation of singlet oxygen at the gas/solid film interface was directly 
proven by luminescence in near-infrared region. 
The hybrid films based on porphyrins and layered inorganic carriers pre-modified with 
surfactants could be potentially used as novel photosensitization materials. 
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Biofilms formed on medical devices present a potential health risk. The resistance to azoles 
represented by fluconazole (FLC) in Candida albicans is mainly due to the expression of the 
efflux pumps (Cdr1p, Cdr2p and Mdr1p)1. On the other hand, this species is usually susceptible 
to echinocandins represented, in this work by caspofungin (CAS). Resistance of Candida 
biofilms to unrelated antimicrobial drugs is well known phenomenon. Limitations in the 
eradication of microbial biofilms are motivation for searching for new options like 
photodynamic inactivation (PDI). In our study, 2 clinical isolates of C. albicans resistant to FLC 
and the standard strain C. albicans SC5314 were involved. All strains produced biofilms 
examined by XTT reduction assay2 and confocal laser scanning microscopy (CLSM). In 
resistant strains, regulation of genes encoding Cdr1p, Cdr2p, and Mdr1p were studied by qPCR. 
While in C. albicans CY 1123, upregulation of the CDR1 and CDR2 genes were confirmed, the 
strain C. albicans CCY 29-3-164 expressed overregulation of the MDR1 gene. An effectiveness 
of PDI mediated by methylene blue (MB) was tested on 24-h pre-formed biofilms in vitro and 
results were evaluated after 48h by counting CFU (colony forming units). On the basis of 
preliminary results, the MB concentration of 1 mmol/l was selected for experiments. This 
concentration did not show toxicity using experimental model Galleria mellonella3. Irradiation 
with red laser (output power 190 mW/cm2, wavelength 660 nm) corresponding to the fluence of 
15, 23, and 57 J/cm2 effectively reduced surviving biofilm cells with 40, 18, and 6% for CY 
1123 and 49, 29, and 3% for CCY 29-3-164, respectively, compared to the control with MB, but 
without irradiation. The same trend confirmed CLSM using propidium iodide for determination 
of the dead cells. The morphological form could play an important role in susceptibility to PDI, 
as both resistant isolates manifested markedly reduced capacity to form hyphae compared to the 
control strain. Additionally, while ROS production, determined by a fluorimetric assay with 
DCCH-DA4 increased with prolonged period of irradiation, participation of efflux does not 
probably play a role during PDI using MB. MB concentration of 1 mmol/l also prevented a 
biofilm being formed ex vivo on mouse tongues after irradiation with red LED light (1.67 
mW/cm2, wavelength 576-672 nm, fluence 15 J/cm2) regardless of the application time (at 
beginning or to 24h pre-matured biofilm), in contrast to CAS, which was only effective at a 
concentration of 16 µg/ml when it was added at beginning biofilm formation. PDI induced a 
significant regression of biofilm viability, but showed to be dependent on period of irradiation, 
density, and morphology of biofilm. 
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Non-melanoma skin cancer is the most prevalent type of cancer in the world and therapeutics 
options for these lesions are important both for the economy and for the Health System of a 
country. (1) In this context, there was a Brazilian initiative for the treatment of basal cell 
carcinomas (BCC) by photodynamic therapy (PDT) based on a government-funded national 
program. (2) This project was established to create a solid network of researchers and physicians 
in Brazil, using national device and drug. (3) The equipment combines the photodiagnosis with 
widefield fluorescence and the treatment with LED array at 630 nm. (4) The program involved a 
theoretical and practical training of the medical teams for the standard protocol application for 
the treatment of basal cell carcinoma with 20% MAL cream application. The experience 
acquired by local teams enabled them to innovate on the protocols and increase the number of 
skilled contributors on the PDT field. We present the final results of this huge project with 70 
centers in Brazil and 9 centers in Latin America, besides the formation of one reference center 
in a hospital to new photonics technologic implementation. With periodic reports from each 
center, informations of 916 lesions were collected of different regions and it was possible to 
make an analysis about the population with BCC, such as gender, age, phototype or about the 
lesion (type, length and localization). The influence of the experience of the center before and 
after the project also was analyzed and it was possible to note that the complete response rate 
has increased as the center has acquired practical with PDT. Some difficults, as expected in this 
type of project, were observed like the absence of biopse and a lack of standardization in the 
reports of each center. However, this project enabled the establishment of a collaboration 
network and the possibilitie of experience exchange and the introduction of other projects with 
PDT. 

… 
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Photodynamic Therapy is a treatment technique that requires light (with specific wavelength), a 
photosensitizing agent and molecular oxygen. The photosensitizer (PS) is activated with light 
and interacts with the oxygen of the cells, leading them to death. Therefore, PS is an important 
element for the therapy happens, including its concentration and the type of application. 
Curcumin is a photosensitizer and it has demonstrated to be anti-inflammatory and anti-oxidant 
that inhibits several signal transduction pathways and shows chemopreventive activity. 
Chorioallantoic Membrane (CAM) model on chicken eggs is a transparent membrane through 
which blood vessels and structural changes can be visualized. Therefore, with this model, it is 
possible to do studies with many parameters linked with PDT and it is an option to study of 
vascular effects. It was used a curcumin concentration from 0.1 to 5 mM/cm² with topical 
administration diluted in saline from a stock solution with DMSO and ethanol. The illumination 
was performed with wavelength 450 nm and with fluence rate of 50mW/cm², during 10 minutes 
totaling 30 J/cm². The control group (with only light) showed no significant changes and the 
group with only curcumin had a slowly reduction of its vessels. However, the group with 
curcumin and light showed a significant and fast reduction in vascular network. After the 
acquisition of images with a USB Camera each 30 minutes, the reduction of vessles was semi-
quantitatively analyzed by an MATLAB® algorithm. Since the blood absorb strongly in the 
500-600 nm spectral region, the green channel of the images were used to allow an automatic 
detection of the vessels. Curcumin was expected to exhibit a vascular effect due to the angio-
inhibitory effect. Using as a photosensitizer there is this vascular effect of PDT quickly and 
more efficient than alone application and it can be used to understand the individual vascular 
effect for using a curcumin as a treatment option. 
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Photodynamic therapy (PDT) involves light mediated reactions to produce a cytotoxic agent, 
singlet oxygen. This reactive species induces oxidative stress leading to apoptosis or necrosis of 
cells in the intermediate area, therefore, novel and effective generation of singlet oxygen is of 
upmost importance to the development of this field. Following absorption of a photon of light, 
the common mechanism of singlet oxygen generation proceeds by the photosensitizer being 
excited from a lower energy ground state to a short-lived excited singlet state and then 
transferred to a longer-lived excited triplet state. Finally, type II reactions directly convert triplet 
oxygen to singlet oxygen.[1]  
 
In the present work, we describe pyrrole-based, biocompatible dyad systems which are capable 
of singlet oxygen generation via triplet states formed from charge separated excited states.[2] 

Additionally, the fluorescent response, resulting from reactions of the dyads with singlet 
oxygen,[3] allows the system to simultaneously function as an imaging agent for the control of 
light dose and/or the visualization of photosensitizer distribution (Figure 1). 
 

 
Figure 1: Confocal microscopy image of cells incubated with dyad molecules showing florescent response.  
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In the previous study, a chlorophyll α-based novel photosensitizer, compound 4 was synthesized 
using methyl pyropheophorbide a (MPPa) and purpurin-18-N-methoxylimide methyl ester as 
starting materials and proved to possess phototoxicity against HeLa cells1. In this study, we 
evaluated in vitro and in vivo antitumor efficacy of photodynamic therapy (PDT) with this novel 
photosensitizer, compound 4 against lung cancer. Cell viability study, microscopic analysis and 
fluorescence activated cell sorting (FACS) analysis were performed against A549 (human lung 
adenocarcinoma) cells after treating compound 4 and PDT. The cell viabilities of A549 cells 
decreased according to the concentration of compound 4 and irraditation time of PDT. Lung 
cancer-induced mice were used to study in vivo anticancer efficacy after iv injection of 
compound 4 and treating with PDT. Tumor sizes were markedly decreased by compound 4-
based PDT compared with PBS-based PDT. In conclusion, the novel photosensitizer, compound 
4 represented potential antitumor efficacy of PDT against lung cancer.   
 

 

 
Figure 1 – Structure of novel photosensitizer compound 4. 
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The Ras pathway is an oncogenic signal transduction pathway which supports cancer cell 
survival and proliferation. Nearly 80% of cancers have activated Ras signalling. In this study, 
we sought to determine whether modulation of Ras and its downstream elements promote the 
efficacy of 5-aminolevulinic acid-mediated photodynamic therapy (5-ALA-PDT). Chemical 
inhibitors against the downstream Ras element, MEK, promoted protoporphyrin IX (PpIX) 
accumulation in cancer cells treated with 5-ALA, whereas inhibitors against other dowtream 
Ras elements such as PI3K, p38 MAPK or JNK, did not. PpIX promotion by MEK inhibiton 
was observed in different cancer cell lines, but not in normal cell lines. Confocal microscopy 
examinations revealed that PpIX promotion occurs within the mitochondria. In vivo treatment of 
MEK inhibitors also increased PpIX accumulation (2.2 to 2.4 fold) in mammary 4T1 tumors of 
BALB/c mice injected with 5-ALA. We also investigated whether the promotion of PpIX 
accumulation in cancer cells would increase the efficacy of PDT. Human colon cancer DLD-1 
cells pretreated with MEK inhibitors were more sensitive to PDT compared to those without the 
pretreatment. Moreover, combining PDT with MEK inhibitors induced increased cell death at 
lower 5-ALA doses where 5-ALA-PDT alone was not effective. These results suggest that 
oncogenic activation of Ras/MEK reduces PpIX accumulation in cancer cells treated with 5-
ALA, and that the efficacy of 5-ALA-PDT could be increased with the addition of MEK 
inhibitors in clinical settings. 
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The growing antibiotic resistance is one of the most important clinical challenges facing society today. 
The presence of bacteria in the bloodstream, septicemia, can cause severe systemic inflammation and 
lead to sepsis, septic shock and death [1]. Studies have shown an increase in the incidence of sepsis over 
the years and it is mainly due to the increased resistance of microorganisms to antibiotics since these 
drugs are still sold and used improperly [2,3]. All blood components can present the contamination and 
once inoculated bacteria in a blood component, it is able to proliferate rapidly reaching high levels within 
few hours [2]. Therefore, the blood decontamination is being studied in order to increase the security of 
the blood supply [4]. In this study, blood with S. aureus were submitted to photodynamic inactivation 
process with Photodithazine® (Fotoditazin, Russia), a photosensitizer (chlorine e6) of the second 
generation. Whole blood samples with S. aureus were incubated with Photodithazine® for 30 minutes in 
dark and irradiated by LEDs at 660 nm. After treatments, S. aureus survival was evaluated by counting 
colony forming units and red blood cells evaluation was analyzed by percentage of hemolysis measuring 
the hemoglobin absorbance at 413 nm (hemolysis assay). To identify the photosensitizer location in the 
blood, whole blood samples were placed in microtubes with different Photodithazine® concentrations 
and, after centrifugation to separate the plasma from red blood cells, absorption spectroscopy 
measurements of samples were obtained. Results showed that photodynamic inactivation reduced 90% of 
S. aureus in co-culture with whole blood and red blood cells suffered 55% of hemolysis in this condition. 
When red blood cells were analyzed alone, hemolysis was 100%, which indicates the photosensitizer 
toxicity. About the photosensitizer location in the blood components, it was observed that 
Photodithazine® is interacting within both, the  plasma and the red blood cells, since the absorption bands 
of the PS are clearly seen after the centrifugation process in both blood components. In addition, the 
peaks increases with the increasing photosensitizer concentration following a linear behavior. Other 
studies are under evaluation with the aim of decontaminate the whole blood with no one or minor side 
effects to the blood cells. 
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The aim of this study was to evaluate the effect of photodynamic inactivation (PDI) on the 
viability of Streptococcus mutans biofilm mediated by methylene blue associated or not with 
sodium nitrate irradiated by low level laser (660nm, 30mW, 30J/cm2 and during 30 seconds 
irradiation). The S. mutans (ATCC 25175) biofilm was induced on bovine dentin blocks during 
7 days. The Groups evaluated were: PS-L- (negative control), PS+L- (photosensitizer associated 
or not at 3 concentrations: 5, 10 and 20µM), P-L+ (laser), chlorhexidine at 0.2% (positive 
control), sodium nitrate and P+L+ (methylene blue associated or not with sodium nitrate and 
irradiated by laser). For the dark cytotoxicity test, methylene blue associated or not was 
incubated in the dark for 5 minutes. The Groups of PDI were incubated in the dark during 5 
minutes and irradiated by laser during 30 seconds. Samples were incubated at 37°C in 10% CO2 
incubator during 48h for subsequent visual counting of CFU/mL. Data was analyzed by one and 
two-way ANOVA and Tukey’s test at p<0.05. The results showed significant decreases in the 
viability of biofilm when exposed to methylene blue associated with sodium nitrate. PDI under 
5µM for MB associated with sodium nitrate compared to the negative control Group showed a 
bacterial reduction of 2.37 log10  (p<0.05). Also, it was better than positive control Group 
(1.64log10).Confocal laser microscopy images suggested that lethal photosensitization occurred 
in the outermost layers of the biofilms. Methylene blue associated with sodium nitrate can be 
viable technique for reduction of Streptococcus mutans biofilm. 
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Breast cancer is the main cause of death in women worldwide. The treatment approaches for this 
disease depend on the type and stage of the tumor but include mainly surgery, radiotherapy and 
chemotherapy. However, there is still no non-invasive and also effective treatment for this type 
of cancer in advanced stages. In the last few decades, photodynamic therapy (PDT) has been 
investigated in clinical studies as a non-invasive alternative for chest wall recurrences after 
surgery [1] and also with in vitro studies. To understand PDT effects in breast tumors, in vitro 
studies have been performed using three-dimensional (3D) models which mimic better the 
natural environment of the tumor compared to monolayer [2]. Among 3D culture models, the 
magnetic levitation model (MLM) allows the formation of spheroids of the order of millimeters 
in few days [3].  The purpose of this work is to investigate the effects of PDT in a MLM of 
MCF-7, a breast cancer cell line. The spheroid characterization will be performed by 
fluorescence microscopy of stained cryosectioning samples and by images of phase contrast 
microscopy. PDT will be performed using protoporphyrin IX (PpIX) as the photosensitizer (PS) 
which will be excited at 630 nm. To assess the PDT outcome, flow cytometry, MTT and 
live/dead staining will be used. First results of PS cytotoxicity showed that from 0.1 to 20 
µg/mL, PpIX does not cause cell damage in the dark (Figure 1). Under confocal microscopy, it 
was possible to see an uneven PpIX distribution and low penetration on large spheroids at 
concentration of 0.9 µg/mL 20 hours after dark incubation. Higher PpIX concentrations and 
different incubation times are being tested and cryosectioning of the tumors analyzed by 
fluorescence microscopy will provide information about PpIX distribution inside the spheroids. 
All these methodologies are necessary to be defined and standardized to start the experiments of 
mortality and resistance after PDT protocols. 
 

 
Figure 1 – Citotoxicity of PpIX in the dark. 
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Dental caries is one of the most common infection desease and remain highly prevalent 
throughout the world. The main etiological factor for dental caries is the group of streptococci, 
mainly Streptococcus mutans. Reduction of bacteria levels can provide additional means of 
preventing dental caries. This study evaluated the susceptibility of S. mutans (ATCC 25175) 
biofilm to photodynamic inactivation after sensitization with curcumin (PS) at 20, 40 and 80µM 
by exposure to blue light at 440nm (BioTable®, MMO, Equipments Opto Eletronics Ltda, São 
Carlos, SP, Brazil) under 36.1mW, 15J/cm2 and 5 min of pre-irradiation time. Biofilm was 
induced in BHI broth supplemented with 1% sucrose for 7 days in a 96 well-plate. Serial 
dilutions were seeded onto brain heart infusion agar to determine viability in colony-forming 
units per milliliter (CFU/mL). Additionally, confocal laser scanning microscopy (CLSM) was 
performed using BacLight LIVE/DEAD system. Different Groups were analyzed: L-D- 
(negative control), L-D+ (drug Group), L+D- (light Group), L+D+ (PDI Group) and 
clhorexidine at 0.2% (C, positive control). Results were analyzed by two-way ANOVA and 
Tukey’s test (p<0.05). Also, the survival percentage was calculated. Biofilms of each Group 
(n=27) were taken for observation at confocal microscopy, and qualitative analyzes were 
obtained as to the distribution of non-viable viable/cells using LIVE/DEAD® Baclight™ before 
and after different treatments. For CFU/mL and survival porcentage, the data were submitted to 
analysis of variance (ANOVA) and Tukey's test at 5% significance. It was observed that there 
was statistically significant difference in all PDI and chlorhexidine Groups compared to 
negative control and light Group (p<0.05). For the dark citotoxicity, no significant difference 
was observed compared to the negative control Group (p>0.05). PDI using curcumin at 20µM 
was more effective in reducing S. mutans counts (2-3log10) (p<0.05) compared to their negative 
and positive controls (clhorexidine). Photodynamic inactivation using curcumin as 
photosensitizer can be an adjunct and effective method to control Streptococcus mutans biofilm 
responsible to dental caries.  
 
 

1. 			Paschoal	 MA,	 Tonon	 CC,	 Spolidório	 DM,	 Bagnato	 VS,	 Giusti	 JS	 and	 Santos-Pinto	 L,	 Photodiagnosis	
Photodyn	Ther.,	10	(2013)	313.			

2. 	 Tonon	CC,	Paschoal	MA,	Correia	M,	Spolidório	DM,	Bagnato	VS,	Giusti	JS	and	Santos-Pinto	L,	J	Contemp	
Dent	Pract.,	16	(2015)	1.	

3. 			Panhóca	VH,	 Florez	 FLE,	 de	 Faria	 Júnior	NB,	Rastelli	 ANS,	 Tanomaru	 JMG,	Kurachi	 C	 and	Bagnato	VS,	 J	
Contemp	Dent	Pract.,17	(2016)	184.	
	

Acknowledgements: The authors thank FAPESP (São Paulo Research Foundation) Process Number: 
2013/07276-1 and 2015/21183-1 for the finantial support.  



 196 

P26 
Photoinactivation of Leishmania amazonesis by natural anthraquinones 

 
Jesica Dimmer1, Fernanda V. Cabral2, Caetano P. Sabino2, Susana C. Núñez Montoya1, José 

Luis Cabrera1, Martha S. Ribeiro2 
1IMBIV, CONICET, Dpto. Farmacia, Fac. Cs. Qcas. Universidad Nacional Córdoba. CP: X5000HUA. Córdoba, 

Argentina. 
2LATO, CLA, Instituto Pesquisas Energéticas e Nucleares (IPEN) – Av. Lineu Prestes 2242, Cidade Universitária 

"Armando de Salles Oliveira"- CEP 05508-000 - São Paulo - SP – Brasil. 
jdimmer@fcq.unc.edu.ar 

 
Cutaneous leishmaniasis is a clinical form of a parasitic disease characterized by developing 
skin lesions with raised borders, eventually ulcerated, and limited to a specific area.1 The 
potential toxicity as well as the increased resistance of standard treatments have led to 
development of alternative medication. Antimicrobial photodynamic therapy appears as an 
alternative treatment for localized infections caused by microorganisms.2 

Our research group has succeeded in the isolation of several anthraquinones (AQs) obtained 
from H. lycioides with good photosensitizing properties.3 The aim of this work was to study the 
photoinactivation of Leishmania amazonensis by using soranjidiol (sor) and derivatives 
structures: 5-chlorosoranjidiol (5-clsor), bisoranjidiol (bis), 7-chlorobisoranjidiol (7-clbis) y 
lycionine (lyc) (Fig. 1). 

 
 

     
 
 
 

Fig. 1 Soranjidiol derivatives. *bianthraquinones formed by two monomers linked in position 5-5´. 
 

AQs were tested at 2.5 μM and photoactivated with blue LED (λ = 410 ± 10 nm and 
irradiance=50 mW/cm2). The exposure times corresponded to radiant exposures of 9, 18, 27 and 
36 J/cm2. Metacyclic promastigote form of transfected L. amazonensis expressing luciferase 
enzyme (La-LUC) was used to quantify metabolic activity.4 
Results showed that sor, 5-clsor and bis produce a decrease above 90% in La-LUC metabolic 
activity with a radiant exposure of 27 J/cm2, while 7-clbis and lyc exhibited no 
photoinactivation. Additionally, 5-clsor was tested by using other wavelengths (LEDs emitting 
at λ= 450 ± 20 nm and λ= 520 ± 20 nm) keeping the same irradiance. This AQ displayed the 
same reduction in La-LUC metabolic activity when it was photoactivated with the three 
wavelengths but using a radiant exposure of 36 J/cm2. 
In conclusion, bis, sor and 5-clsor are natural anthraquinones that exhibited photodynamic 
inactivation on Leishmania amazonensis, making them potentially attractive for application in 
cutaneous leishmaniasis treatment. 
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Light fluence is a critical clinical parameter for photodynamic therapy (PDT) and is measured at 
various sites in photodynamic therapy (such as mesothelioma, IP or skin) by isotropic detectors 
connected to a light dosimetry system. An isotropic detector consists of a highly scattering 
material spherical bulb attached to the tip of a flat cut optical fiber. The isotropic detectors used 
in this study include a tip of various diameters (0.5 - 1.0 mm). The light reaching the bulb from 
any direction is multiply scattered before it contributes to the light that reaches the optical fiber. 
The spherical detector measures the radiant energy fluence rate Φ (mW/cm2). For an accurate in 
vivo light dosimetry, it is necessary to individually calibrate each detector. This study examines 
the long term calibration stability of isotropic detectors calibrated using a light-emitting diode 
(LED) light source built into an internally baffled 4” integrating sphere. The integrating sphere 
is used to check light calibration over a broad range of wavelengths (630 - 730 nm).  The sphere 
is fabricated from a plastic sphere coated with barium sulfate coating (Spectraflect, Labsphere), 
and the LED and its driver circuitry are built into the housing which holds the sphere.   
 
The calibration factor is defined as fluence rate per voltage read by a detector calibrated for the 
wavelength in question.  Stability of LED light source over time is examined by leaving the 
LED on over 12 hrs and measure light fluence rate repeatedly over several times. Angular 
dependence stability of detectors over time was also studied. 
 
The LED-coupled integrating sphere described here allows accurate calibration of isotropic 
detectors in a portable, simpler to use, and less sensitive to the details of the experimental setup.  
The study was made for over 8 years and the relative maximum (standard) deviation of the 
calibration factor was ± 11% (2%) for 630nm wavelength, compared to 20% (6%) based on an 
alternative collimated direct laser beam calibration method. 
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Breast cancer is a worldwide health problem for women, since it is the first in incidence and the 
second in mortality among all cancer types, despite all recent technological advancements. Early 
intervention is impactful, but a large number of patients still relapse even after years of apparent 
cure. The challenges in combating the disease relies on the intrinsic tumor, resistance properties, 
molecular heterogeneity, and metastasis. For TNBC (Triple Negative Breast Cancer) patients, 
currently the only option is a non-targeted therapy that helps extending the survival of patients, 
but does not reliably prevent a secondary disease [1]. Photodynamic therapy (PDT) is based on 
the photooxidation of biological matter and it appears as a promising alternative therapy that 
could be used adjunct to chemotherapy and surgery for curing cancer [2]. However, despite the 
great potential, PDT is still not used in clinical practice, because of the lack of comprehensive 
studies describing the molecular effects behind its cytotoxicity. We have previously shown that 
PDT using methylene blue as photosensitizer (MB-PDT) induced  specific and massive cell 
death in human breast cancer cell lines in a model that recapitulates the morphology of 
glandular epithelium. However, which cell death pathways are being activated upon MB-PDT 
remain unclear. In this work we set out to investigate the molecular mechanisms involved in 
MB-PDT-induced cell death. The role of apoptosis, autophagy, necroptosis and lysosomal 
membrane permeabilization (LMP) was investigated using specific inhibitors, activators and/or 
gene silencing strategies in human breast cancer cells as well as in the nontumorigenic MCF-
10A model. Morphological and biochemical analysis of dying cells pointed to alternative 
regulated mechanisms rather than classical apoptosis. MB-PDT-induced autophagy was mainly 
involved in cell damage repair. Evidences that RIPK1-dependent necroptosis is one important 
cell death pathway activated upon MB-PDT was supported by inhibition of RIPK1, MLKL or 
caspase-8. Additionally, the relevance of LMP was evidenced by the increase in cytoplasmic 
catepsin B and L activities upon MB-PDT as well as by cell death inhibition displayed by the 
presence of Catepsin B specific inhibitor. In summary, we demonstrated that different regulated 
necrosis cell death mechanisms are being activated upon MB-PDT. Finally, our observations 
underscore the potential of MB-PDT as a highly efficient strategy, displaying a broad-spectrum 
action on tumors displaying different resistance mechanisms to apoptosis, a desired property for 
improving an anticancer therapy. 
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The principle of photodynamic therapy (PDT) was introduced around 1900 but further 
investigated as a candidate to cancer treatment in the 1970’s. Since then, there are several papers 
regarding the subject in vitro, in vivo and clinical trials and great advances were achieved. 
However, some challenges were not yet overcome, such as results variability. This work 
consists in the investigation of its causes, where the main goal is to advance the state of art of 
PDT. For that it was used a threshold dose distribution model to evaluate cell resistance to PDT 
in vitro. The threshold distributions are obtained by differentiating the experimental dose 
response curve (Figure 1). They are characterized by its width and the dose that corresponds to 
the peak which relates to the homogeneity and intrinsic resistance of the population, 
respectively. Threshold distributions were obtained from published data from literature. The 
analysis of these curves was published [1] and it was observed that the width of the distribution 
is proportional to its dose of the peak and it was possible to investigate the dependence of the 
PDT result with the cell line, given a fixed photosensitizer (PS). It was also interesting to note 
that the threshold distribution corresponded to the activity curves for apoptotic cell markers as a 
function of light dose, for most of the conditions analyzed. Experiments were also performed by 
the author with cell lines derived from human liver tissue. The goal was to study conditions that 
could change the response to PDT and, therefore, result in differences in their threshold 
distributions. For that, normal (HepaRG) and tumor cell lines (HepG2) were used to investigate 
the instrinsic resistance of these cells, and it was seen that the cancer cells were more sensitive 
to PDT damage. Then, resistance due to exterior factors was studied in the HepG2 cells, a 
protocol of repeated cycles of PDT was applied and medium glucose concentration was altered. 
Therefore, it was shown the potential of applying the threshold distribution to analyze PDT 
results in vitro: it is a powerful tool that provides more information than the standard dose 
response curves. 
 

 
Figura 1 – A generic dose response curve (g) and its threshold dose distribution (f). 
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Background: Antibacterial photodynamic therapy (aPDT) is an innovative treatment modality for 
irradiation of different bacterial species in vitro and in vivo. Combination of indocyanine green (ICG) 
and 810-nm diode laser has shown promising results in elimination of various types of infection. 
 
Objective: This study aimed at evaluation of the effect of combination of ICG and diode laser in clinical 
healing of infected full-thickness wounds by methicillin-resistant Staphylococcus Aureus (MRSA) in a 
rat model. 
 
Materials and methods: 40 male wistar rats were randomly allocated to one of the four study groups: 
group 1; ICG-Laser-; control group, Group 2; ICG+Laser-, Group 3; ICG-Laser+, and Group 4; 
ICG+Laser+; aPDT group. Each rat received bilateral circular full-thickness wounds on its flank sides. 
After 1 day, the wounds were inoculated with 0.3 mL MRSA in a PBS solution with OD600=0.6. 3 days 
later, when the wounds were infected, laser and photosensitizer treatments were performed according to 
the protocol of each group. The following day, the treatment protocol was repeated. Everyday 
standardized photographs were taken from each wound and imported into a medical image analyzer. 
Area of the wounds was statistically analyzed between groups and also between days. The significance 
level was set at P<0.05. 
 
Results: aPDT  group achieved statistically significant reductions of wound area compared to negative 
control, at days 1, 2, 3, 4, 5 (P=0.0001), and 6 (P=0.007) after the first intervention. But, these reductions 
were not significant compared to ICG and laser groups at days 1 and 2 after the treatment.  
 
Conclusion: Antibacterial Photodynamic therapy, ICG alone, and also laser alone will lead to reductions 
of the infected wound area for a short period of time (2 to 3 days). After that, only aPDT and laser 
groups will continue to have significant effects on clinical wound healing for another 3 days. 
 
Keywords: Photo chemotherapy, Indocyanine Green, Lasers, Methicillin-Resistant Staphylococcus 
Aureus, Wound Infection 
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Molecular investigation of breast tumors has permitted better understanding about interaction of 
genes and pathways involved in tumor progression1. The aim of this study was to evaluate the 
association between genes belonging to the pathway of apoptosis with tumor response to 
photodynamic therapy. The mammary tumors were induced in twenty-four Spraguey-Dawley 
female rats by oral gavage of 7,12-dimethylbenz(a) anthracene (8 mg/Kg body weight). Animals 
were divided into three groups: group 1 (normal tissue), control group or group 2 (tumors 
without treatment), group 3 (animals euthanized 48 h after treatment). The photosensitizer used 
was a chlorin, 5,15-bis-(2-bromo-5-hydroxyphenyl) chlorin)2 in the dose of 8mg/kg for each 
animal. Light source of diode laser at a wavelength of 660 nm, fluence rate of 100 mW/cm, and 
light dose of 100 J/cm was delivery to lesions for treatment. A sample from each animal was 
investigated by quantitative real time PCR using Rat Apoptosis RT2 Profiler™ PCR Array 
platform. Pro-apoptotic BAK1, CARD6, CASP8, CIDEA, CIDEB, DAPK1, TNF, TNFRSF10B, 
FASLG, LOC687813, and TP73 genes showed increased expression, and CD40 anti-apoptotic 
gene showed decreased expression in the group who underwent PDT (G3) in relation to G2 
(Figure 1). The results indicated that these genes are involved more directly with cellular 
apoptosis induced by PDT using the Chlorin photosensitizer.  

 
Figure 1. Differential expression provided fold change values (2^ (-∆ (Ct)) of 11 pro-apoptotic genes with over-

expression (BAK1, CARD6, CASP8, CIDEA, CIDEB, DAPK1, TNF, TNFRSF10B, FASLG, LOC687813, and 
TP73), and one anti-apoptotic gene with under-expression (CD40) comparing group 2 with control group 
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American cutaneous leishmaniasis (ACL) is a neglected disease. The conventional treatment to ACL is 
toxic, and the side effects include electromyographic alterations, abortion, myalgia, among others [1]. 
Photodynamic therapy is a promising alternative treatment, due the possibility to treat the lesion locally, 
eliminating systemic side effects [2]. This study aimed test the internalization of the curcumin in 
Leishmania promastigotes and its photodynamic properties in vitro. To this were used promastigotes of 
L. braziliensis and L. major. To evaluate curcumin internalization both strains were incubated for one 
hour at 26°c, then fixed and stained with DAPI for DNA staining. Samples were analyzed in a confocal 
microscope (LSM 700-Zeiss). The PDT was performed after incubation with curcumin in concentrations 
of 500 to 7,8 µg/ml, for one hour. After incubation the samples were irradiated with a LED Biotable 
(Biopdi, 450 nm). PDT groups received a fluency of 10 J/cm². The viability post PDT was evaluated 
with Trypan blue exclusion method. Results showed that curcumin was inside the promastigotes after 
one hour incubation. In figure 1A is observed the DAPI, staining the DNA in nucleus and kinetoplast, in 
1B the curcumin, and in 1C the signals overlapping, in the strain of L. braziliensis.  
 

 
Figura 1 –Confocal Microscopy of L. braziliensis (A- DAPI, B- Curcumin, C – overlapping signals), L. major (D- 

DAPI, E- Curcumin, F – overlapping signals), and Viability test on both strains (G).  
 

In 1D to 1F is represented the L. major strain, with DAPI, curcumin and overlapping signals. Besides 
curcumin being present in the cytoplasm it also accumulated in nucleus and kinetoplast. The viability test 
showed that the curcumin was not toxic to both strains in the dark (Figure 1G). However, after PDT was 
observed decrease in viability, dose dependent, with better effect in higher concentrations. These results 
show that PDT with curcumin affects the viability of promastigotas in vitro and it is a promising 
alternative to treat ACL. 
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ABSTRACT: Brain cancer is one of the most aggressive types, with gliosarcoma being an 
uncommon tumor type with a high degree of malignancy. Gliosarcoma (GS), classified as an 
astrocytic tumor Grade IV by the World Health Organization (WHO). Considered a public 
health problem neglected because of its rarity of occurrence. It is often treated as a glioblastoma 
multiforme, due to its similar characteristics, although GS has an involvement of mesenchymal 
tissue content beyond glial cells [1,2].  
In spite of advances in the techniques used in oncology, GS continues with a poor prognosis, up 
to 11 months of life for the patient, presenting difficulties for the treatment, since tumor 
recession depends on location and region affected. Inherent risks are brain damage, with 
restricted use of chemotherapy, due to the difficulty to overcome the blood-brain barrier, that 
protects the brain against harmful substances [3].  
For this reason, photodynamic therapy (PDT) appears as a promising alternative to improve the 
prognosis of patients with brain tumors. It consistis in administering a photosensitive drug (PS), 
irradiation by a light source at appropriate  wavelength accordingly to the absorption spectrum 
of PS, plus and molecular oxygen , producing reactive oxygen species, which induces the cancer 
cell to die by necrosis or apoptosis [4].  
The aim of this study was to evaluate the potential of PDT with Chlorine Photodithazine (PDZ) 
as PS on GS cells of the 9L / lacZ lineage. For this, 1x105 cells were plated with different 
concentrations of PDZ (200 to 6.25 µg / ml, serial dilution) and irradiated by means of a 660nm 
LED device (Biopdi / IrradLED660), with irradiance of 25mW / cm² and 10J / cm² and 
incubated for 18h after irradiation. The PS internalizationwas analyzed by fluorescence 
microscopy and cell viability was assessed by MTT (mitochondrial activity), Trypan blue 
exclusion (cell viability) and morphological analysis under an optical microscope (Leyca DM 
2500). 100% cell death was observed at all concentrations and clear morphological differences 
were observed in the treated and untreated groups. In addition, it was also  observed that PS 
were concentrated in all cytoplasmic and nuclear extension, however, it was not possible to state 
whether  the location in the nuclear region is inside the nucleus or in the nuclear envelope. In 
general, PDZ has been shown to be a promising photosensitive agent in the use of PDT in 
gliosarcomas 
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ABSTRACT: Bacterial infections have become a major health challenge because of the 
growing development of antibiotic resistance acquired by bacteria. Staphylococcus aureus and 
Pseudomonas aeruginosa are among the major etiological agents that cause human infections, 
being frequently related to hospital infections and acquisition of antimicrobial resistence ¹,². 
According to the World Health Organization (WHO), deaths from infections caused by resistant 
microorganisms will reach 10 million per year by 2050, with a decline in the world GDP of up 
to 3% with an accumulated expenditure of 100 trillion dollars over the next 35 years³.  
Considering such projection, photodynamic therapy (PDT) stands out as a promising alternative 
for bacteria inactivation. PDT is based on the interaction between a photosensitizer (PS), light at 
the appropriate wavelength and molecular oxygen, generating reactive oxygen species capable 
of inactivating the target cells4. The objective of this study was to evaluate the potential of PDT 
with Methylene Blue (MB) as PS on clinical strains of S. aureus and P. aeruginosa and the 
interaction of MB with the bacteria. For this, the strains were incubated for 15 minutes in 
different concentrations of MB and than irradiated using a 660nm LED device 
(Biopdi/IrradLED660), with irradiance of 25 mW/cm² and fluency of 10 J/cm². Subsequently, 
counting of colony forming units was performed. The internalization of MB was evaluated by 
use of a Zeiss LSM700 confocal microscope with PS and 4 ', 6-diamidino-2-phenylindole 
dihydrochloride (DAPI) markings. The results presented reductions in relation to the control of, 
on average, 3.5 log and 5.0 log for S. aureus and P. aeruginosa strains respectively, 
demonstrating therapy success. MB showed a significant cytotoxicity rate in the dark, yet the 
inhibitory effect was significantly increased when irradiated. With confocal microscopy it was 
possible to observe that there was interaction between the strains and PS in all concentrations 
tested. Therefore, it is concluded that PDT with MB was able to reduce the growth of the tested 
strains, being the Gram-negative strain more susceptible to treatment. 
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Here we show the unexplored combination of two different approaches to induce cell death in 
cancer cell lines. The first is photodynamic therapy (PDT) and the second approach focused on 
the use of chemicals to inhibit APE1 protein. APE1 is a key protein, overexpressed in cancer 
cell lines, acting in base excision repair, a DNA repair pathway activated by oxidative stress; In 
addition APE1 also act as co-activator of transcription factors such as P53 which is a 
multifunctional regulator involved in cell death. In this scenario, we hypothesized that the 
inhibition of APE1 sensitizes cancer cell lines to PDT [1]. Therefore, we evaluated the effect of 
PDT and its combination with NCA or E3330 (inhibitors of BER and redox activities, 
respectively). These effects were studied and compared in two human cancer cell lines: HeLa 
(cervical adenocarcinoma) and A549 (pulmonary adenocarcinoma). These cell lines were 
incubated for 3 h to chloroaluminum phthalocyanine incorporated into a nanoemulsion 
(ClAlPc/NE) and associated to NCA or E3330 inhibitors; and then irradiated with laser (@ 670 
nm) at selected dose of 0.5 J/cm2 [1]. The treatments were evaluated, using flow cytometry, in 
terms of viability (ViaCount assay), DNA fragmentation (detection of subGl cells), and cell 
death induction by apoptosis and/or necrosis. It can be highlighted as main results the following 
findings: Expression of APE1 protein (detected by Western Blot) and its modulation after PDT 
were greater in HeLa (2.08-fold increased) than in A549 cells. These cell lines exhibited 
substantial cytotoxic differences; since HeLa was more sensitive in the two different approaches 
used. PDT decreased the viability of HeLa cells mainly by induction of apoptosis (annexin-V 
positive cells: 50%; p<0.05). In addition, the E3330 inhibitor potentiates these cytotoxic effects 
(increasing: 35% in ViaCount, 23% in subG1 and 25% of annexin-V detection; p<0.05) of PDT 
in high APE1 expressive HeLa cells (Figure 1); thus, APE1-redox activity can considered as a 
strategy to improve the PDT. In contrast, low cytotoxicity was observed in A549 cells and this 
resistance may be related to overexpression of the antioxidant system or activation of autophagy 
which are also under our investigation.  
 

 
 

Figure 1 – Dotplot analysis and percentage of apoptotic HeLa cells as detected by annexin-V in flow cytometry. 
 

1. L.P.	Franchi	et	al.,	Photodiagnosis	and	Photodynamic	Therapy	16	(2016)	100–105.	
 
Acknowledgements: The authors thank the financial support by São Paulo Research Foundation 
(FAPESP) 2014/11870-9, 2013/50181-1 and FINEP 01.10.0758.01. 

E3330ClAlPc/NE NCA 0.5 J/cm2 0.5 J/cm2+NCA 0.5 J/cm2+E3330

Apoptosis
6 %

Apoptosis
50 %

Apoptosis
4 %

Apoptosis
10 %

Apoptosis
65 %

Apoptosis
75 %

ANNEXIN-V

7-
A

A
D



 206 

P36 
Photodynamic inactivation in the expression of Candida albicans genes in 

biofilms 
 

Fernanda Freire, Patrícia Pimentel de Barros, Cristiane Aparecida Pereira, Juliana Campos 
Junqueira and Antonio Olavo Cardoso Jorge 

For all authors: Department of Biosciences and Oral Diagnosis, Institute of Science and Technology, Universidade 
Estadual Paulista (UNESP), Engenheiro Francisco José Longo Avenue, 777, Jardim São Dimas, City: São José 
dos Campos, CEP (Zip Code): 12245-000, São Paulo, Brazil, Phone: +55 12 39479033, Fax: +55 12 39479010. 

fefreire21@hotmail.com 
 
The micro-organisms are becoming increasingly resistant to antimicrobial agents. Candida 
albicans resistant strains to antifungal has been isolated [1, 2], so it is important and necessary 
to carry out studies that evaluates the effects of new therapeutic methods, such as photodynamic 
inactivation (PDI) on virulence factors of C. albicans related to adherence, hyphae formation 
and biofilm. The objective of this study was verify the effects of PDI on biofilms of C. albicans, 
evaluating its effects on genes expression: ALS3 (adhesin), HWP1 (cell wall protein hyphae), 
BCR1 (regulator of biofilm formation and cell wall), TEC1 (transcription factor), CPH1 
(transcriptional regulator involved in morphogenesis) and EFG1 (transcriptional regulator 
related to morphogenesis) by yeast. It was used a clinical sample of C. albicans isolated from 
HIV positive patient, a clinical sample of C. albicans isolated from patient with denture 
stomatitis and a standard strain ATCC 18804. The quantification of gene expression was related 
to the production of these genes in clinical samples and in the reference strain using PCR assay 
in real time. The presence and expression of genes was analyzed before and after PDI. For PDI 
was used the photosensitizer methylene blue at 300 uM sensitized with low power laser indium 
gallium aluminum phosphorus (visible red, 660 nm). The results were analyzed by GraphPad 
Prism5 software, Student’s t-test, with a significance level of 5%. The 2-ΔΔCT method was used to 
analyze the relative changes in gene expression from the quantitative RT-PCR experiment [3]. 
All analyzed genes were downregulated after PDI (p<0.0001 for all genes). The fold-decrease 
for the genes ALS3, WHP1, BCR1, TEC1, CPH1 and EFG1 was 0.81, 0.38, 0.71, 0.65, 0.67 and 
0.54, respectively. It could be concluded that PDI (photosensitization with methylene blue 
followed by low-level laser irradiation) showed a reduction in the expression of C. albicans 
genes, suggesting its virulence decrease. 
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Introduction: The photosensitizer, meso-tetraphenyl chlorine disulphonate, TPCS2a 
(Amphinex®) has been evaluated in a proteome analysis of rat bladder cancer cells (AY27) in 
combination with the chemotherapeutic drug Bleomycin (BML). Photochemical internalization 
(PCI) is a novel technology for cytosolic delivery of macromolecular therapeutics based on 
principles of photodynamic therapy (PDT). Since tumor cells have shown to release certain 
proteins into plasma membrane after PDT1, the aim of this study was to quantify the amount of 
endosomal proteins expressed following TPCS2a-PDT or BLM/TPCS2a-based PCI. Methods: 
AY27 cells were grown in isotopically labeled medium using the SILAC technology and further 
incubated with TPCS2a followed by BLM stimulation and blue light illumination (LumiSource, 
13mW/cm2). Endosomal proteins were enriched by gradient-ultracentrifugation and 
measurements of BLM after endosomal uptake were performed by high pressure liquid 
chromatography (HPLC). Quantitative measurements of the proteins were performed by mass 
spectrometry (LC-MS/MS). These raw data files were analyzed using Max Quant v 1.5.5.12 

thereby mapping the spectra over rat canonical proteome with isoforms 3. The SILAC ratios 
hence obtained were log transformed and subjected to Student’s t-test in order to find 
differentially expressed proteins (DEPs) using Perseus platform4. Further these DEPs were 
mapped to Gene Ontology database to characterize the enrichment of ontological categories. 
Results: Both upregulated and downregulated DEPs were recorded from total cell extracts as 
well as from enriched endosomes after gradient-ultracentrifugation and further grouped 
according to their biological functions. Conclusions: The present work shows that SILAC 
analysis for in vitro PDT and PCI treatment is promising technology for characterizing different 
processes related to e.g. cell death during PDT/PCI treatment5 based on quantified DEPs in 
these different conditions respectively.  
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Herein we present the excited states dynamic of zinc and aluminum tetracarboyx-
phthalocyanines (ZnPc and AlPc) and its application in the photodynamic inactivation (PDI) 
against Bovine herpesvirus type 1 (BoHV-1) in vitro. BoHV-1 is an important pathogen in the 
world causing great economic losses associated with respiratory and reproductive infections in 
cattle. It is manifested by decreased milk production, growth retardation, embryonic death, 
abortion, debilitated animals of birth and reduced reproductive efficiency of matrices and bulls 
[1]. Products and animal by-products as semen, oocytes and embryos, are also affected, 
generating a high economic loss of about one billion dollars per year [2]. The dynamic was 
performed through linear and nonlinear optics experiments using three different Z-scan 
techniques [3]: (i) Single Pulse Z-scan - used to study the singlet excited state properties 
(absorption cross section and fluorescence lifetime), at 532 nm, (ii) White Light Continuum Z-
scan - to determine a broad absorption cross-section spectrum and (iii) Pulse Train Z-scan - to 
determine triplet state absorption cross-section and the intersystem crossing rate (triplet 
quantum yield). Both molecules present large nonlinear absorption and high triplet quantum 
yields. Concerning the photodynamic inactivation of BoHV-1, both phthalocyanines were 
efficient against viruses. In addition, we have demonstrated that the presence of zinc led to a 
more effective photodynamic action characterized by a significant reduction of the irradiation 
time required for complete inactivation of the viruses. 
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Modern medicine has been searching for new and more efficient strategies for diagnostics and 
therapeutics applications [1]. Considering this, porphyrin molecules have received great interest for 
applications in photodiagnostics and phototherapies [2], even as magnetic nanoparticles for drug-delivery 
systems and magnetic-hyperthermia therapy [3,4]. Aiming to obtain a multifunctional system, which 
combines diagnostics with therapeutic functions on the same platform, the present study employed 
UV/Vis absorption and fluorescence spectroscopies to evaluated the interaction between meso-tetrakis(p-
sulfonatofenyl) porphyrin (TPPS) and maghemite nanoparticles (γ-Fe2O3). TPPS presents a potential for 
application in cancer therapy [4], and infectious diseases because of its photostability, high triplet states 
and singlet oxygen quantum yield [5,6]. γ-Fe2O3 have a particular interest because they might be 
potential agents for cancer treatment by magnetic hyperthermia therapy [7]. These spectroscopic 
techniques allowed us describe the dynamics of coupling porphyrins on nanoparticles and estimate the 
number of 21 porphyrins per nanoparticle. Besides, the binding parameters, such as the association 
constants (Ka = 8.89×105 M-1) and bimolecular quenching rate constant (kq = 2.54×1014 M-1s-1) were 
obtained. These results suggest a static quenching process where the electrostatic attraction plays an 
essential role. The work shows that spectroscopic techniques are powerful tools to evaluate the coupling 
of organic molecules and nanoparticles. Besides, the system studied provides a relevant background for 
potential applications in bionanotechnology and nanomedicine, such as: 1) nano-drug delivery system, 2) 
photodiagnostics/theranostics and/or 3) a combined action of Photodynamic and Hyperthermia 
Therapies, working in a synergetic way.  
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The quest for novel anti-cancer therapies, with less severe side effects than these of currently 
used, is an on-going issue. Photodynamic therapy (PDT) is an alternative to surgical treatment, 
chemo- and radiotherapy of localized malignancies. Several photosensitizers, especially 
belonging to the porphyrin and phthalocyanine class (e.g. Photofrin®, Foscan®, Pc4, 
Photosense®) have been approved so far by FDA (U.S. Food and Drug Administration) agency 
for clinical usage [1,2]. Many of these systems have a serious limitations such as: low 
absorption of light in so-called therapeutic window (600 – 800 nm) and relatively low quantum 
yields of singlet oxygen formation. Therefore, there is an interest in design  
and synthesis of novel class of photosensitizers. Recently, a novel class of compounds –  
aza-dipyrromethene boron complexes (abbr. aza-BODIPY) has emerged as an interesting 
candidates for photosensitizers in PDT [3]. They are attractive due to their advantageous 
properties, viz. high molar absorption coefficients in visible-light range, good photostability and 
relatively low dark toxicity. Additionally, an introduction of iodine substituent increases 
efficiency of excited triplet state population (heavy atom effect) and simultaneously facilitates 
wide range of structural modifications, especially by means of widely applied coupling 
reactions, viz. Stille, Suzuki, Heck or Sonogashira reactions. Furthermore, an introduction  
of nitro groups enables synthesis of an variety of bioconjugates via nucleophilic substitution. In 
the current studies, we have obtained four isomeric iodinated aza-BODIPY dyes which exhibit 
high quantum yields of singlet oxygen formation, much higher than these determined for parent 
compounds (Figure 1), high molar absorption coefficients and low quantum yields of 
fluorescence. All photosensitizers were obtained in good yields and characterized 
spectroscopically. Based on their spectral and photophysical properties they are expected to act 
as efficient phtosensitizers for PDT. 
 

 
Figure 1 – Synthesis of iodinated aza-BODIPY photosensitizer as an efficient singlet oxygen generator. 
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The author studied hemolysis phenomena caused by a photosensitization reaction and an oxygen 
environment using absortion spectrum measurement for the blood sample in aa optical cell with 
time.  Hemolysis degree is measured with in-cuvette sample after the photosensitization reaction 
in general [1], but the hemolysis risk might be estimated low by this method since it is known 
that an oxygen pressure is decreasing with an irradiation time [2] in a cuvette or well.  Free 
hemoglobins, which are released by hemolysis under photosensitization reaction environment, 
might be transmuted to Met-hemoglobin because of the oxidative reaction [3].  Major tree kinds 
of haemoglobin, oxygenated haemoglobin, deoxygenated haemoglobin, and met haemoglobin, 
have characteristic absorption spectrum within 475-600 nm wavelength [4].  By investigating 
hemoglobin oxidation and oxygen desorption dynamics obtained from absorption spectrum, we 
presume that we could reveal both the hemolysis procedure and its oxygen environment 
simultaneously with time.  Optical equipment for measuring blood samples absorption spectrum 
during the reaction was constructed.  A 663 nm wavelength laser beam for exciting the reaction 
and a 475-600 nm wavelength light beam for measuring a sample absorbance spectrum were 
arranged perpendicularly crossing in order to obtain the absorbance spectrum during the 
reaction.  The quartz glass cell with short optical path length was located on the crossing of 
these two optical axes.  Low hematocrit erythrocytes suspension medium with 30 µg/ml 
talaporfin sodium was used as a sample.  Multiple regression analysis was employed to calculate 
each hemoglobin amount from the absorption spectrum.  Met-hemoglobin and deoxygenated 
hemoglobin concentrations increased and oxygenated hemoglobin concentration decreased 
gradually with irradiation time.  These obtained hemoglobin concentration changes may indicate 
hemolysis progress and oxygen environment.  The author thinks this measurement method could 
reveal both the hemolysis and the reaction oxygen environment. 
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Objective: To study the dose response for high purity Chlorin e6 (FotolonTM) mediated 
interstitial photodynamic therapy (I-PDT) in the treatment of locally advanced squamous cell 
carcinoma (SCCVII) murine model. 
Background: The European Medicines Agency approved I-PDT with Temoporfin for the 
treatment of patients with refractory locally advanced head neck squamous cell carcinoma. 
However, this approved therapy requires 96 h drug-light interval (DLI) and is associated with 30 
days photosensitivity.1-3 FotolonTM is a vascular-targeting photosensitizer (PS). It requires 2-4 h 
DLI and is associated with only 2-4 days photosensitivity in patients. We aim to assess the 
response to I-PDT with FotolonTM in locally advanced murine SCCVII, a prototypic murine 
model for head and neck cancer.4 
Experimental Design: We evaluated FotolonTM uptake and retention in cultured SCCVII cells 
by utilizing fluorescence spectrophotometry. I-PDT with FotolonTM was used to treat 400-500 
mm3 subcutaneous SCCVII tumors in 8-10 week old female C3H mice. The FotolonTM dose was 
escalated from 2 to 3.34 to 5 mg/kg, employing the Fibonacci sequence calculations. The DLIs 
were 0.5, 1 or 2 h, and the light dose rate and doses were 100 mW/cm and 100 to 270 J/cm, 
respectively. Tumor response was evaluated using Kaplan–Meier time-to-event analysis, where 
the event was defined as tumor progression or recurrence to a volume of 4000 mm3. Outcomes 
among treatment groups were compared by using the log-rank test. 
Results: FotolonTM uptake in culture SCCVII cells increased with increasing concentration of 
FotolonTM. However, replacement with Fotolon-free media resulted in the efflux of this 
photosensitizer to nearly base level in about 3 h. For the in vivo studies, I-PDT with 2 mg/kg 
Fotolon did not result in a significant tumor regression (p>0.05). I-PDT at 100 mW/cm and 100 
J/cm, with 3.34 mg/kg and 0.5-1 h DLI, resulted in a statistically significant (p<<0.05) tumor 
regression, but no cures. I-PDT with 5 mg/kg, using same light settings, resulted in 10% cure 
rate. Increasing the I-PDT light dose to 270 J/cm (light dose rate=100 mW/cm; DLI=0.5 h) 
resulted in cure rates of 10% and 30% with FotolonTM doses of 3.34 and 5 mg/kg, respectively. 
Conclusion: Our initial results suggest that FotolonTM mediated I-PDT is effective in the 
treatment of large SCCVII tumors. More work is underway to further improve the cure rate. 
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Photosensitizers are inherently fluorescent and specifically accumulate in tumor cells, which is 
why they can be used for diagnostic purposes (PDD) or in photodynamic therapy (PDT) to 
destruct cancers1. However, their limited solubility and stability hampers routine use, which 
may be overcome by encapsulation.  
Several promising novel nanoparticulate drug carriers including polymeric nanoparticles2, 
metallic nanoparticles3 and lipid nanocomposites4 have been developed in the past. However, 
many of them contain components that would not meet safety standards of regulatory bodies and 
due to difficulties of the manufacturing processes, reproducibility and scale up procedures these 
drugs may eventually not reach bedside5.  
Recently, we have designed a novel liposomal carrier, consisting of nontoxic and FDA approved 
ingredients as promising vehicle for the approved drug and photosensitizer Hypericin (HypLip). 
The nano drug will be used for PDD and PDT of stomach cancer, which requires the 
formulation to be stable in the gastric environment. 
We have established a rapid method for parallel assessment of HypLip uptake and toxicity in 
gastric cancer cells and a spheroid 3D cell co-culture system to investigate cancer cell 
specificity.  
Our most recent results indicate an increased uptake in gastric cancer cells of HypLip compared 
to free Hypericin. Furthermore photodestructive effects of Hypericin are not diminished upon 
encapsulation into the liposomal carrier. Most importantly the formulation is stable in the gastric 
environment for up to several hours, while free Hypericin is degraded rapidly. 
Our formulation will be tested in a gastric cancer model in rats. HypLip will be administered 
orally and PDD will be performed by endoscopy to identify early tumor lesions, which would 
otherwise not be visible. An early detection of these lesions might drastically reduce mortality in 
gastric cancer patients, as this cancer is diagnosed typically only at a very late stage.  
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In this presentation we will report on some of the key optical properties of a novel water soluble 
chlorin photosensitizing agent (YLG1), which is synthesized by Guilin Hui-ang 
Biopharmoceutic Co. Ltd. of China. Figure 1 shows the chemical structure of the new 
photosensitizer. We characterized the photosensitizer on the basis of one-photon absorption and 
fluorescence emission, and time resolved fluorescence in various solutions. Figure 2 shows its 
typical absorption spectrum which indicates that the photosensitizer has strong absorption at 
around 400 nm and 652 nm. Table 1 shows its extinction co-efficient and corresponding 
wavelength peaks. The effects of photobleaching were probed to characterize its decay kinetics. 
Additionally, we also performed some in vitro and in vivo evaluation to determine its antitumor 
and antimicrobial efficacy. Preliminary results suggest that this novel chlorin-based 
photosensitizer has great potential in photodynamic therapy. 
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        Figure 1 – Chemical structure.                  Figure 2 – Absorption spectrum.  
 

Table 1. Extinction co-efficient 
 ε [M-1·cm-1] ε [M-1·cm-1] 
DMSO 68,858 (λ=400 nm) 21,703 (λ=655 nm) 
H2O 110,280 (λ=402 nm) 21,168 (λ=646 nm) 
PBS 121,272 (λ=398 nm) 27,377 (λ=648 nm) 
20% FBS 110,944 (λ=405 nm) 39,615 (λ=653 nm) 
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Cervical cancer is a consequence of a long-term infection by the human papillomavirus (HPV), 
and over than 80% occur in low- and middle-income countries. It is the second most common 
cancer in women living in less developed regions and were estimated 266,000 deaths from 
cervical cancer worldwide in 2012 (1). According to the National Institute of Cancer (INCA) the 
new cases of cervical cancer estimated in Brazil for 2016 were 16,340 with 5,430 of deaths 
annually (2). Persistent infection with HPV has been identified as its major cause of Cervical 
Intraepithelial Neoplasia (CIN), a lesion precursor of invasive cervical cancer. We are 
presenting a non-invasive, low cost treatment of low and high-grades CIN and translational 
technology with 20% MAL cream (methyl aminolevulinate, PDTPharma, Cravinhos, São Paulo, 
Brazil) and a device (CerCa 150 System®, MMOptics, São Carlos, São Paulo, Brazil). Three 
clinical protocols are being testing with topical MAL-PDT of over than 70 patients with low 
(n=56) and high-grade (n=21) CIN. The safety and efficacy were also evaluated with the 
principal goal to prevent cervical cancer. The two-years follow-up is showing that 74% of 50 
patients are negative for low-grade CIN (healed without recurrence 24 months after the 
treatment), an expressive number in comparison with the percentage of spontaneous regression 
(~57%) (3). Other preliminary results (Belotto, R.A., et al.) showed that 57% of the patients 
with CIN 2 had a normal Pap test 90 days after PDT.  
 

 
Figure 1 – CerCa 150 System® in three views showing the details of the electronic panel and two tips: one for 

fluorescence diagnosis and another for treatment (4). 
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Antimicrobial Photodynamic Treatment (APDT) based on the concomitant use of a photosensitizer (PS) 
and sunlight to produce reactive oxygen species that induce cell death could be envisaged as a strategy to 
fight plant pathogens, a recurrent problem in agronomy1. To develop this strategy, we firstly need to 
understand how plants and especially adventices are able to respond to exogenous supply of PS. Our 
previous work performed on tomato plantlets showed that they could resist to photoactivated cationic 
tetra (N-methylpyridyl) porphyrins which was in agreement to APDT2. Now the relevant question is to 
determine PS impact on weeds. Thus exogenous supply of anionic and cationic PS was tested on 
Arabidopsis thaliana. Both categories of PS have no effect on seed germination under dark and light 
conditions. Thus, we studied post-emergence effects of porphyrin photoactivation on 14 day-old in vitro 
Arabidopsis plantlet development. Zinc-cationic tetra (N-methylpyridyl) porphyrin named CP-Zn was 
the most efficient photosensitizer to kill Arabidopsis plantlets while anionic PS only delayed their growth 
and development. At molecular level, we showed that non enzymatic and enzymatic defense components 
involved in detoxification of ROS generated by CP-Zn under illumination were clearly down-regulated 
in Arabidopsis plantlets. As CP-Zn was already shown to be efficient against microbial agents and in this 
work against Arabidopsis, it could be a dual targeted photosensitizer in order to eradicate in the same 
time and way weeds and plant pathogens as fungi and bacteria without killing plants of agronomic 
interest2,3. 

 

 
Figure 1 –Arabidopsis thaliana responses to photoactivated zinc tetra (N-methylpyridyl) porphyrin  
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…blank line… 
Lipid oxidation impacts on biological membranes inducing changes in the membrane 

physical properties which may lead to cell physiology malfunction. As a consequence, diseases 
as Parkinson and Alzheimer, atherosclerosis, diabetes, aging and carcinogenesis induced by UV 
can be mediated by oxidized lipid species. Lipids with unsaturated acyl tails are susceptible to 
oxidation, thus generating new chemical species.  Some may have hydrophilic groups pendant 
on the hydrocarbon chains, as hydroperoxized groups for instance, some on shortened acyl 
oxidized lipid chains. Such oxidized lipid products can remain in the membrane, and add to 
already complex composition of membranes. In this work, we are particularly interested in 
comprehending how lipid chemical transformations induced by oxidative stress can alter 
membrane structural features and, by turn, membrane-protein interaction. In this way, results of 
Small Angle X-Ray Scattering (SAXS), optical microscopy and fluorescence techniques from 
liposomes representing model lipid vesicles composed of different amounts of unsaturated, 
oxidized and saturated lipids will be presented and discussed. Interestingly, the analysis of 
SAXS data allows us having details on liposome structure as well as localizing the oxidized 
species inside the vesicle lipid bilayer. Furthermore, the self-assembling of amyloid-like 
proteins on liposomes surface can also be investigated by SAXS and advanced fluorescence 
techniques, pointing out the importance of lipid composition that may play a role in protein 
aggregation.  
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Breast cancer resistance protein (BCRP) belongs to the family of drug efflux transporters which 
overexpression can confer a multidrug-resistant phenotype in cancer cells and tumors. BCRP 
reduces the intracellular concentration of numerous xenobiotics, including various 
chemotherapeutic agents. BCRP is also responsible for decreased intracellular level of various 
photosensitizers, e.g. aminolevulinic acid mediated protoporphyrin IX (ALA-PPIX), 
pheophorbide a (Pa), pyropheophorbide-a (PPa), pyropheophorbide-a methyl ester (MPPa) and 
chlorin e6 (Ce6) [1, 2, 3, 4]. In our previous studies we have demonstrated increased protein 
levels of MRP1 (multidrug resistance-associated protein 1) and BCRP in HT-29 (colorectal 
adenocarcinoma), A2780 and A2780cis (ovarian adenocarcinoma) cell lines after incubation 
with hypericin [5, 6, 7], another naturally-occuring photosensitizer synthesized by Hypericum 
perforatum plants. The photosensitizing properties of hypericin hold promise for its clinical use 
in photodynamic diagnosis (PDD), photodynamic therapy (PDT) or their mutual combination 
with surgery of superficial and small in situ tumors. Considering the above-mentioned results 
the main aim of this study was to verify whether hypericin accumulation and toxicity can be 
affected by some ABC transporters. To specifically prove our hypothesis, we used the 
experimental model of human leukemia cell lines differing in the expression levels of drug 
efflux transporters P-glycoprotein (P-gp), MRP1 and BCRP. The results of our presented study 
confirmed that BCRP is nemesis of hypericin accumulation and toxicity in vitro. Thus, we 
should emphasize that individualised screening of BCRP expression and activity may represent 
a useful tool for prediction of hypericin-mediated PDD or PDT effectiveness. 
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Theranostics, an expanding research field, combines therapy and diagnostic within the same 
molecular or nanoparticle system to monitor drug delivery and treatment efficiency.[1] PDT 
(PhotoDynamic Therapy) has the potential to selectively destroy tumor cells using minimally 
invading techniques. MRI (Magnetic Resonance Imaging) is a non-invasive modality and 
enables three-dimensional imaging of soft tissues with excellent spatial and temporal resolution. 

 
We are developing theranostic systems, which combine MRI contrast agents and 
photosensitizers for one- and two-photon PDT .[2,3,4] Clinical photosensitizers activated by one-
photon absorption outside the therapeutic window lead to photodamages and are limited to 
superficial tumors. To override these limitations two-photon absorption is a promising approach 
allowing deeper tissue penetration and highly localized treatments. A theranostic agent 
composed of a π-extended porphyrin with a high two-photon absorption cross section and 
bearing two gadolinium(III) complexes will be presented (figure 1). The promising in vitro 
properties and HeLa cell studies show the high potential of this conjugate as a theranostic agent 
for MRI and one- or two-photon PDT. 

 

 
Figure 1 – Theranostic compound for one- or two-photon PDT and MRI 
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Photodynamic therapy (PDT) is emering as a potent therapy for a variety of diseases due to its 
minimum invasiveness. The ongoing procedure of PDT includes the administration of a 
photosensitizer (PS) with selective light irradiation. Despite of its advantages, the use of PDT is 
really confined, as the insolubility of PS in aqueous solution and non-specific biodistribution. 
And pH-recognizability has been the most powerful stimulus approach for cancer-specific 
targeting. In particular, the pH of tumor region is more acidic (~pH 6.5) than the conventional 
blood-stream (~pH 7.4). In these regards, we imagined a tumor pH-recognizable, multi-armed 
synthetic PS (MAS-PS).   
We designed and developed a tumor pH- recognizable, multi-armed synthetic PS (MAS-PS) 

for effective PDT cancer treatment. MAS-PS was fabricated via 2-step reaction, such as ring 
opening polymerization(ROP) and aminolysis reactions. The MAS-PS has water-soluble, tumor 
pH-recognizable, and charge-switchable properties with long-term stability. Particularly, MAS-
PS is capable of conversion of its charge from negative one to positive one at extra-cellular 
tumor tissues to facilitate cellular internalization, which led to enhanced cytotoxicity in cancer 
cells. Therefore, we conclude that MAS-PS has a considerable potential as a new class of PSs 
for photodynamic cancer therapy. 
 

 
 

Figura 1 – (a) Photographs of (1) free PS and (2) MAS-PS dissolved in water or DMSO (b) variation of the zeta-
potential measurements of MAS-PS and NMAS-PS as a function of pH, and (c) reversible variation of the zeta 

potentials of NMAS-PS and MAS-PS at two representative pH (pH 8 and 5) 
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Background: Photodynamic therapy (PDT) has not been reported for human hepatoma, because 
cancer cells only weakly take up the photosensitizer. Indocyanine green (ICG) is a 
photosensitizer normally excreted into the bile, and bile excretion is impaired in human 
hepatomas. We examined whether human hepatoma cell lines preferentially take up the ICG and 
then assessed the effectiveness of PDT using ICG and near-infrared (NIR) laser. Methods: HuH-
7 and HepG2 human hepatoma cell line were transplanted subcutaneously into mice. 
Developing HuH-7 and HepG2 tumors were confirmed that preferentially took up the ICG in 24 
h after ICG was administered to mice via tail vein. HuH-7 tumor was a high tumor-to-
background fluorescence intensity ratio, 255:1, whereas fluorescence intensity of HuH-7 is 2-
fold increase compared to HepG2. HuH-7 cell transplanted mice were divided into three groups: 
ICG administration only (ICG+NIR-, n=8), ICG and NIR laser exposure (ICG+NIR+, n=12), 
and NIR laser exposure only (ICG-NIR+, n=5). Results: Mean tumor volume in the ICG+NIR- 
and ICG-NIR+ groups increased steadily. In contrast, mean tumor volume in the ICG+NIR+ 
group did not change between days 0 and 3. Mean tumor volume did not differ significantly 
between the ICG-NIR+ and ICG+NIR- groups, but was significantly different between the 
ICG+NIR+ group and both the ICG-NIR+ and ICG+NIR- groups (p < 0.01). Conclusions: ICG 
is preferentially taken up by HuH-7 and HepG2 human hepatoma cell line tumors. The tumor-
to-background ratio of HuH-7 tumors, in particular, was extremely high. PDT with NIR laser 
irradiation suppressed HuH-7 human hepatoma cell line tumor growth. 

 

 
Figura 1 – HuH-7 tumors emitted strong fluorescence. Mean tumor volume was significantly different between the 

ICG+NIR+ group and both the ICG-NIR+ and ICG+NIR- groups (p < 0.01, both). 
 

1. Kaneko J, Inagaki Y, et al. J Gastroenterol. 49(2014)110. 
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In this paper, photodynamic inactivation of Staphylococcus epidermidis and Pseudomonas 
aeruginosa using citrate stabilized and PEGylated gold nanoparticles (GNPs) was compared. 
First, toxic effects of these gold naoparticles and lethal effects of a 40 mW/cm2 CW diode 
pumped Nd:YAG laser at 532 nm on the viability of these bacteria were investigated. In 
addition, for each of these GNPs, synergistic effects of the laser light and the gold nanoparticles 
were studied. According to our results, citrate stabilized GNPs revealed significant toxic effects 
on Staphylococcus epidermidis and Pseudomonas aeruginosa at the concentration above 
20µg/ml and 100µg/ml, respectively. Also, 26% and 24% reduction of viability was observed 
after 30 min illumination by the laser lights on the Staphylococcus epidermidis and 
Pseudomonas aeruginosa, respectively. Based on our observations, citrate stabilized GNPs 
revealed no significant photodynamic inactivation of these bacteria. In other side, we find 
PEGylated GNPs as a good candidate for inactivation of these bacterial strains through 
photodynamic mechanism. Finally, changes on the absorption peak of carotenoid at 425 nm in 
the presence of citrate stabilized GNPs or PEGylated GNPs and the laser light illumination was 
compared. According to our experiments, unlike citrate gold nanoparticles PEGylated GNPs 
revealed a considerable potential for photooxidation of carotenoid due to singlet oxygen 
production. Therefore, we propose PEGylated gold nanoparticles for future studies about in 
vitro and in vivo photodynamic inactivation of resistant pathogenic bacteria. 
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While Photofrin mediated Photodynamic Therapy (PDT) for Non-Muscle Invasive Bladder 
Cancer was the first approved indication worldwide, it fell out of favour due to the delayed 
damage to the bladder’s muscle layer resulting in a reduced bladder capacity and incontinence.  
Instillation of the photosensitizer was previously use as means to limit the photosensitization of 
the muscle layer. However, the size and the shape of the actual bladder was not considered, as 
were the optical properties of the bladder wall which have been shown to alter the irradiance and 
hence the fluence rate in depth significantly due to the integrating sphere effect of the bladder.  
Hence, for an ongoing Phase Ib clinical trial, 2 significant deviations from the previous studies 
are implemented. The photosensitizer is instilled, to reduce the sensitization of the muscle layer, 
and the photon density is measured in each patient, as well as modelled using FullMonte. 
The selected photosensitizer TLD1433, a RuII coordination complex, is blocked from entering 
the submucosa by the intact urothelium, whereas it enters tumours readily supposing via the 
transferrin receptor, as demonstrated in in-vitro and in vivo studies. In vivo pre-clinical studies 
showed the destruction of tumours up to 1 mm in depth following 1 hr of drug instillation and 
the delivery of 90 Jcm-2 of 525nm light. 
To achieve a homogenous illumination to the prescribed target dose, independent of the bladder 
tissue diffuse reflectivity and shape, an optical irradiance dosimetry system was developed 
which can be deployed via a cystoscope.  The optical dose monitoring device, comprising 12 
sensors on the tissue surface, allows the treating physician to adjust the source position to 
achieve the target optical dose over the entire surface area, as well as the temporal accumulation 
of this dose.  
The attainable photon density and the anticipated PDT dose are simulated for each patient using 
the photon propagation engine FullMonte using the patient’s anatomical information. During 
these simulations, a range of tissue optical properties is simulated and compared to the initial 
photon density measurements to advise the physician further about the ability to achieve a 
homogenous illumination in each patient. 
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Photodynamic therapy, in addition to the cytotoxic effect, may also interfere tumor cells’ 
secretory activity [1,2]. The aim of this study was to determine the influence of PDT with 
aminolevulinic acid (ALA-PDT) in sublethal doses on the secretion of growth factors: VEGF 
(Vascular endothelial growth factor), GM-CSF (granulocyte and macrophage colony stimulating 
factor), G-CSF (granulocyte colony-stimulating factor), FGF (fibroblast growth factor) and 
S100 protein secretion by experimental models of persistent colon cancer cells in vitro. 
Methods. Investigations were performed on two cancer cell lines. The SW480 cell line is a 
culture containing locally malignant cancer. The SW620 line is characterized by high metastatic 
activity. Each line was exposed to different concentrations of photosensitizer's precursor-ALA, 
and various level of light radiation. Afterwards, cell viability, using MTT and LDH assays, and 
apoptosis of both lines was assessed. Then measurement of VEGF, GM-CSF, G-CSF, FGF and 
S100 protein concentration was performed. Concentrations of growth factors were analyzed 
with Bio-Plex Pro TM Assay. Concentration of S100 protein was assessed using 2-steps 
immunoassay method. Results. ALA-PDT amplified the secretion of GM-CSF by both cell 
lines. The decrease in secretion of G-CSF and FGF after ALA PDT was noticed in the SW620 
cells line. SW620 line cells secreted higher levels of FGF and G-CSF, while SW480cells more 
actively released GM-CSF. After application of ALA PDT  the S100 protein concentration was 
reduced in both cancer cell lines. In the experiment the decrease of VEGF secretion by the 
metastatic SW 620 cell line was noted. No effect of ALA-PDT on VEGF secretion by the non-
metastatic SW480 cells was noted. Conclusion. The obtained results confirm the influence of 
ALA PDT on colon cancer cell progression factors‘ release. The advantage of this work is a 
beneficial impact of ALA PDT, not only cytotoxic, but also inhibitory on the secretion of 
selected progression  factors, such as S100 protein, VEGF, FGF and G-CSF concentration. 
Further studies should be considered to confirm the clinical relevance of this finding. 

 
1. B.W. Henderson, S.O. Gollnick S.O., J.W. Snyder, et al., Choice of oxygen-conserving 
treatment regimen determines the inflammatory response and outcome ofphotodynamic therapy of 
tumors, Cancer Res., 64 (2004) 2120–2126.  
2. R.C. Krieg, H. Messmann, J. Rauch, S. Seeger, R. Knuechel. Metabolic characterization of 
tumor cell-specific protoporphyrin IX accumulation after exposure to 5-aminolevulinic acid in human 
colonic cells. Photochem Photobiol. 76 (2002) 518-25. 
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Photodynamic therapy (PDT) is a promising modality for cancer treatment. The three 
components that are required for PDT are oxygen, photosensitizers, and light. Low penetration 
depth within irradiated tissue is the most important challenge in the laser induced photodynamic 
therapy (PDT).  The limitation of PDT is that the visible and near infrared light cannot pass 
through more than one centimeter of tissue. For this reason, PDT is usually used to treat tumors 
on or just under the skin or on the lining of internal organs or cavities. PDT is also less effective 
in treating large or deep tumors, because the light cannot pass far into these tumors. When the 
luminescent nanoparticle-photosensitizers are targeted to tumors and stimulated by external X-
rays and γ-rays from the particles generate visible light that can activate the photosensitizers for 
photodynamic therapy. X-ray and  γ-ray from external sources can penetrate deep into the tissue 
can penetrate deep into the tissue and can be used for with large volume cancereous tumor in 
deep area but it is not convenient for metastatic cancers.  
To overcome such a challenge, we proposed γ–ray exciting Self Lighting Nanoparticle 
Photodynamic Therapy (SLNPPDT) method using 99mTC radioisotope In this study, we 
transplanted the cultured HepGe cells of human liver cancer to nude mouse and tried gamma-ray 
emitted from 99mTC radioisotope for exciting of luminescent nanoparticles for the first time, 
which is emitted from radioisotope’s decay. When given 99mTC radioisotope of different 
amount, Cu-complex nanoparticles to nude mice, it was found that tumor has been completely 
removed when 3 mg Cu-complex nanoparticle and 500 µCi 99mTc radioisotope, we have got 
efficiently treatment. Tumor volume measurements are taken via CT before and after treatment. 
As 99mTc radioisotope of short half-life has weak energy (140 keV), it minimized radiation 
exposure and reduced the effects on normal tissues. It is the safety and simplest method out of 
those delivering energy to nanoparticle photosensitizer using ionizing radiation. We point out 
that photodynamic therapy is not new, radiation therapy is not new, 99mTc radioisotope is not 
new,  Cu-Cy nanoparticles used in this study are not new but the use of γ –ray from 99mTc 
radioisotopes for exciting nanoparticles is new and potentially important for deep cancer and 
metastatic, terminal stage cancer treatment. 
We emphasize that Self-Lighting Nanoparticle Photodynamic Therapy using γ- Ray irradiation 
emitted by 99mTc has been developed and used in animals first time. This new idea provides a 
simple but more efficient modality for final cancers treatment. With this novel therapeutic 
approach, no external light is necessary to activate the photosensitizing agent within tumors. 
Tissue thickness and stage of cancer therefore would no challenge be a limiting issue for PDT. 
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Presence of two coordination cavities in the natural chlorine conjugates with azacrown esters, 
cyclam, cyclen and others makes it possible to obtain homo- and heteronuclear metal 
complexes, which can be demanded in the fluorescence diagnosis (FD), magnetic resonance 
(MRI) and positron emission tomography (PAT). The application of such contrast agents allows 
investigating the biological tissues at different depths with a high-resolution degree, which 
significantly increases the effectiveness of early cancer diagnosis. On the other hand, the 
creation of cationic clusters, based on polyazamacrocycles, in the conjugates promotes these 
compounds to become attractive agents for photodynamic inactivation of pathogens. 

 

 
Figura 1 – Pheophorbide a methyl ester cyclen conjugates  

 
Conjugate 1 was obtained by direct reaction of pheophorbide a methyl ester with cyclen, which 
acts as a nucleophile and opens pentanone exocycle. Acylation of three nitrogen atoms in cyclen 
with the subsequent creation of three pyridinium fragments 2, allowed obtaining of cationic 
domain at the periphery of chlorine macrocycle of compound 3. The photodynamic activity on 
pathogenic gram-positive bacteria Staphylococcus aureus and gram-negative bacteria- 
Pseudomonas aeruginosa - on planktonic cultures and biofilms in vitro, while using of 
conjugate 3, showed dose-dependent bactericidal effect. For cyclen chelating properties 
realization, introduction of three acetic acid residues on secondary nitrogen atoms 4 followed by 
Pd-complex formation was required. Spectrophotometric monitoring of metalation reaction 
showed the initial formation of the mono-Pd-complex 5, whereas over the time, the formation of 
di-Pd-complex 6 observed. To study the relaxivity properties and application possibilities in 
MRI diagnosis, Gd-complex 7 was obtained. 
 
Acknowledgements. The authors thank RSF for its financial support by grant № 16-13-10092 and 
RFBR № 15-03-02988 
  



 227 

P135 
Combinational Anti-Tumor Effects of Photodynamic Therapy and 

Sonodynamic Therapy     
  

Yong-Wan Kim, Shivakumar Jalde, Hwan Suk Lee, Kwang Hee Son,  
Jeong Whan Lee, Yang Gu Lee   

Dong Sung Biopharm Co., Seoul, South Korea 
thomas06@hanmail.net 

  
Photodynamic therapy (PDT) involves the combination of nontoxic dyes known as 

photosensitizers (PSs) and visible light of the correct wavelength to be absorbed by the PSs. In a 
similar way, a sonodynamic therapy (SDT) uses therapeutic ultrasound instead of light to 
activate these sensitizer compounds, to provide much deeper penetration to the target cancer 
cells in the body. In this study, we showed the enhanced anti-tumor effect of PDT using several 
sensitizers with SDT in vitro and in vivo. Two Chlorine e6-Curcumin conjugates were used for 
SDT and PDT (SPDT). K562 floating cells were treated with 3 uM of the compounds. After 
incubation for 3 hrs, the cells were exposed to PDT (1 J/cm2) and/or SDT (3.5 J/cm2). The cells 
were then further incubated at 37oC for 72 hrs in a humidified incubator. After incubation, 10 ul 
of water-soluble tetrazolium salts (WST) solution (2 mg/ml) was added to each well and 
cultured for 3 h. B16-BL6 melanoma tumor cells (5×105) were injected subcutaneously into the 
right flank of C57BL/6 mice. Tumor-bearing mice were intravenously injected with the 
compounds. Three hours after injection, the animals were anaesthetized and the tumors were 
irradiated with 150 J/cm2 via a light fiber inserted into the tumor mass and SDT. Each group 
included 7 animals. Tumor volume was determined in vivo by external caliper using the pi-
based ellipsoid volume formula (length x depth x width x 0.5233). To assess tumor response, 
tumor growth was recorded every 2–3 days for 25 days. The anti-proliferative effect of the 
combination treatment was significantly higher than in K562 cells treated with either 
photodynamic therapy or SDT alone (73.4 and 61.1% decrease compared to vehicle-only treated 
K562 cells, respectively, P>0.05). The combination effect apparently reflected concordance 
with in vitro data, in restricting tumor growth in vivo and in relation to some common signaling 
pathways to those observed in vitro (p53-dependent pathway; Bax, p21Cip1, Fas, and Gadd45). 
These findings suggest the benefit of combinatory treatment with photodynamic therapy and 
sonodynamic therapy for inhibition of melanoma tumor cell growth. 
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During the last decade, the octahedral molybdenum cluster complexes [Mo6L14]2- have emerged 
as relevant building blocks for the construction of photofunctional materials such as luminescent 
probes or singlet oxygen sensitizers. The [Mo6L14]2- cluster complex can be depicted as an 
octahedron of molybdenum atoms (MoII) surrounded by eight face-capping halogen and six 
inorganic or organic apical ligands (see Figure1). Upon excitation with X-rays or visible light up 
to the green spectral region, these complexes form long-lived triplet states that relax via a red 
luminescence with high quantum efficiencies. The luminescence is strongly quenched by 
molecular oxygen forming the reactive singlet oxygen, O2(1Δg), with high quantum yields.[1] 
The poor cellular uptake of the previously reported [Mo6L14]2- cluster complexes, attributed to 
their hydrophilic and anionic character, prevented their use for biological applications.[2]  
 

 
Figure 1 – Schematic representation of the [Mo6L14]2- complex 

 
In this contribution, we report the photosensitized killing of tumor cells and bacteria using an 
octahedral molybdenum cluster complex based on the {Mo6I8}4+ inorganic core associated with 
carboxylate ligands bearing triphenylphosphonium mitochondria-targeting moieties. In addition, 
the complex exhibit strong antimicrobial photodynamic inactivation properties. The 
photodynamic activity of the complex is correlated with its luminescence and photosensitization 
properties, localization in cells, and stability. 
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Introduction 
Sentinel lymph node (SLN) dissection (SLND) is becoming an alternative to radical lymph node 
dissection  (LND) in cervical cancer. Due to the complex pelvic anatomy a visible identification 
of SLN in addition to radioactive staining with technetium-99m-(Tc99m)-nanocolloide might 
help to improve the intraoperative SLND. Therefore, we compared indocyanine green (ICG) 
with Tc99m-nanocolloide for the detection of SLN in cervical cancer in a prospective setting. 
 
Methods  
We included patients with primary cervical cancer (FIGO stage IA2 to IIA) which were 
scheduled for radical hysterectomy with pelvic LND in our prospective trials. Sentinel 
diagnostic was carried out using Tc-99m-nanocolloid, ICG and patent blue. We examined each 
hemipelvis for light signals from the near infrared band, for radioactivity and for blue staining. 
A sentinel lymph node was defined as a Tc-99m-nanocolloide positive lymph node. Following 
SLN detection, a radical pelvic LND was performed and in case of metastatic spread a 
sequential para-aortic LND was conducted.  Ultrastaging was performed routinely. 
 
Results 
In this preliminary analysis, 22 patients were included. The mean age was 52.4 years (range, 33-
82 years) and the mean tumor diameter 23.5 mm (range 2.0-55.0 mm). No complications 
associated with fluorescence diagnosis with ICG occurred during or after surgery.  
In total, 125 Tc99m – positive SLN were detected. All of these were additionally ICG-positive 
which led to a sensitivity of 100%. 
In 3/22 (14%) cases lymph node metastases were found, which were all correctly predicted by 
ICG. 
In 4 patients, 60 additional ICG-positive SLN were detected which were not positive for Tc99m. 
This resulted in a specificity of 67.5%. 
Blue dye was applied in 16 cases. Compared to Tc99m blue dye reached a sensitivity of 59.4% 
and a specificity of 100%. All metastatic SLN were marked by blue dye. 
In 18/22 patients, SPECT/CT was preoperatively performed. All preoperatively diagnosed SLN 
could be intraoperatively detected and dissected. 
 
Conclusion 
The application of ICG-guided SLN detection appears to be safe and feasible and shows similar 
sensitivity compared to Tc99m. The detection of additional Tc99m-negative SLN possibly 
leading to reduced specificity of ICG compared to Tc99m has to be further evaluated. 
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Phthalocyanines and their aza-analogues (e.g. tetrapyrazinoporphyrazines, TPyzPz) are a group 
of organic dyes with interesting photophysical properties (strong absorption in area over 650 nm 
and strong singlet oxygen production) to be used as photosensitizers in photodynamic therapy. 
The aim of this work was a synthesis of a water-soluble sodium salt of zinc TPyzPz with eight 
3,5-dicarboxylatophenyl substituents and study of its photodynamic activity in vitro. TPyzPz 
substituted with sixteen free carboxylic groups was prepared by multistep reaction pathway 
from trimesic acid.1 This zinc(II) TPyzPz was converted into the sodium salt and the product 
was then purified by size-exclusion chromatography. Sixteen negative charges in rigid 
arrangement on periphery of the macrocycle fully inhibited aggregation in water or buffers of 
pH > 5.8. At low pH, protonation of the carboxylate functions led to a decrease in electrostatic 
repulsive forces and to substantial self-aggregation that made the compound inactive in buffers 
of pH < 4.8. Final TPyzPz was tested on photodynamic activity in vitro on HeLa cells (IC50 = 
5.7 ± 1.1 µM, low dark toxicity EC50 = 154 ± 8.5 µM). The TPyzPz localises in lysosomes and 
endosomes with a pH ranging from 4.5 to 5.0. Dependence of photodynamic activity on low pH 
(pH < 5.0) and binding to proteins in cellular compartments were observed. 
 

 
 
 
 
 
 
 
 
 
 

Figure 1 – Structure of anionic TPyzPz; effect of pH to photophysical properties; photodynamic activity (red) and 
dark toxicity (black) on HeLa cells 
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The photodynamic therapy is a curative method of cancerous and non-cancerous diseases. 
Previous study revealed that zinc phthalocyanine with sixteen methylated 2,6-[bis(1H-imidazol-
1-yl)methyl]-4-methylphenoxy substituents had excellent photodynamic activity against HeLa 
cells and low toxicity.1 That is why, we decided to synthesize a series of similar compounds 
bearing this substituent but with rather amphiphilic character. They bear interesting spatial 
features to be potentially incorporated into lipid bilayer or a double stranded DNA. The 
synthesis started by preparation of precursor, 4,5-bis{2,6-bis[(1H-imidazol-1-yl)methyl]-4-
methylphenoxy}phthalonitrile. By its co-cyclotetramerization with phthalonitrile or 4,5-bis(tert-
butylsulfanyl)phthalonitrile we obtained corresponding magnesium complexes that were 
converted into zinc complexes in two steps. At the end, imidazole nitrogen was alkylated with 
methyliodide. Interaction of quaternized compounds and lipid bilayer was tested at unilamellar 
liposomes. Based on absorption spectra, water solutions of the tested compounds had 
characteristic features of aggregated species. Addition of liposomes led to increase of 
absorbance in Q-band area typical for monomeric form as a consequence of insertion of Pc 
molecules into lipidic bilayer. The quaternized compounds were tested on HeLa cells for their 
photodynamic activity and inherent toxicity. Photodynamic activity was measured after 12 h 
incubation with HeLa cells. Tested compounds 1 and 2 exerted EC50 values 20.9 nM and 94.4 
nM, respectively, which is on the same level as for the most active clinically approved 
photosensitizers verteporfin and temoporfin.2 Subcellular localization was also determined. 
Confocal microscopy was used to observe localisation in most likely organelles, lysosomes and 
mitochondria, and the tested compounds were localized in lysosomes only. 

 

 
 

Figure 1 – Structures of 1 and 2. Absorption spectra of 1 in water after addition of liposomes. 
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Phenotypic tumor cells’ heterogeneity observed both in vitro and in vivo is considered as one of the main 
causes of drug resistance and tumor relapse. Understanding the drug resistance mechanisms is critical in 
the development of effective anticancer treatment. Photodynamic Therapy (PDT) is based on the 
generation of reactive oxygen species that lead to cell death to via apoptosis or necrosis or autophagy. [1-
3] These unique mechanisms could be utilised to overcome drug resistance and even to re-sensitize 
resistant cells to standard therapies.  
 In this work we propose two therapeutic approaches based on chemotherapy with common used 
drug temozolomide (TMZ) and photodynamic treatment with bacteriochlorin  photosensitizer (PS) 
encapsulated in Pluronic nano-micelles towards two glioblastoma multiform cell lines: T98G and 
U87MG. These cell lines were treated with TMZ and separately with TGF-β  in order to obtain cell 
subsets with more invasive features.  
 The aim of our research is to examine the photodynamic activity of nano-encapsulated 
bacteriochlorin towards obtained glioblastoma subsets and elucidate the mechanisms of photoinduced 
cell death. Intracellular distribution and ROS detection studies after NIR excitation of PS demonstrate 
that the main site of photodamage is related with PS accumulation in glioblastoma cells. The role of 
micro-evolution of cancer cell population in differences in their response to 
chemotherapeutic/photodynamic treatment is also discussed. 
 

 
Figure 1 – U87 MG cell line subsets pretreated with TMZ and TGF-β morphology 
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Background PDT is based on the cancer-specific accumulation of porphyrins. We have 
investigated and reported that this mechanism is involved in Nitric oxide (NO) and heme carrier 
protein-1 (HCP-1). NO can inactivate ferrochelatase, thus intracellular porphyrins in cells was 
increased by administering an NO donor after ALA treatments. HCP-1 transports not only heme 
but also hematoporphyrin and regulated by mitochondrial reactive oxygen species (ROS). 
Hypoxia inducible factor (HIF)-1α is stabilized by NO and upregulates the vascular system. 
HIF-1α is also related to heme biosynthesis because it upregulates the erythropoietin receptor 
and ferrochelatase, thus it may regulate HCP-1 expression. In this study, we elucidate whether 
NO regulates the expression of HCP-1 via stabilizing the expression of HIF-1α. 
Methods RGK1 cells were treated by NOC18, then cellular uptake of hematoporphyrin 
derivatibes (HpD) and HCP-1 and HIF-1α expression were measured. HCP-1 expression was 
also measured cells that treated with SIN-1. 
Results The intracellular fluorescence intensity of HpD was increased significantly in cells also 
treated with NOC18 compared to cells without NOC18 treatment (Figure 1). HCP-1 and HIF-1α 
expression in cells treated with NOC18 increased. On the other hand, HCP-1 expression in cell 
treated with SIN-1 also increased (Figure 2).  
Conclusion A high NO concentration is involved not only in ferrochelatase inactivation but also 
in increasing HCP-1 expression. This increases the intracellular accumulation of porphyrins. We 
propose that HCP-1 expression is regulated by NO, ROS, and ONOO- via the stabilization of 
HIF-1α. 

 
 
 

 
Figura 1 – Intracellular HpD accumulation.               Figure 2 – Expression of HCP1 and HIF-1α in RGK1 cells. 
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Luminescence sensing and imaging provide a sensitive and low-cost approach for the study of 
biological systems in vivo [1]. Near-infrared (NIR) emitters in the therapeutically relevant 700-
850 nm region are particularly important, as their spectral feature spans a region where tissues 
are nearly transparent [2,3]. Although a number of materials have been reported which 
luminesce in this region, until now, the only long wavelength emission compound approved by 
the US Food and Drug Agency (FDA) for direct usage in medical diagnostics is the cyanine dye 
indocyanine green [2]. Therefore, the development of new and efficient NIR emitting molecules 
is a particularly relevant research topic. In this context, novel stable Pt- ring-fused chlorin-type 
theranostic agents will be described. These new chlorins are highly soluble in micellar aqueous 
solution, exhibit a distinct NIR fluorescence emission (ca. 750 nm), high capability of ROS 
generation, high photodynamic therapy activity in vitro [4]. The in vivo studies demonstrated 
that they have good selectivity for tumour tissue and adequate biodistribution. Further details of 
this study will be disclosed. 

 

 
Figura 1 – BALB/c nude mice a) with tumor (A375 sub cutaneous xenotransplant) without drug and b) with tumor 

and drug (chlorin 8) injected intraperitoneally, after 48 h, λmax(ex) = 605 nm; λmax(em) = 750 nm; 
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Uveal melanoma is the most common primary intraocular malignant tumor in adults that is 
associated with high mortality due to metastatic disease. Typically, it is treated via enucleation, 
radiation or chemotherapy with mixed results. Photodynamic therapy (PDT), involving a 
photosensitizer excited by light in the presence of oxygen, has been investigated as a vision-
sparing alternative treatment for uveal melanoma. The objective of this study was to assess the 
effect of PDT treatment with a novel photosensitizer MP-106 and 405nm LEDs against uveal 
melanomas cells grown in 2-D compared 3-D cultures. Uveal melanoma cells (C918) were 
grown to a 100% confluency in 6–well plates in the absence (2-D) or presence of Matrigel (3-
D). A portable 405nm LED (WARP, Quantum Devices, WI) was utilized to activate 
photosensitizers (MP-106 or 5-aminolevulinic acid (5-ALA)) with varying energy intensities (5-
20 J/cm2) in 88s pulses (50mW). MTT and trypan blue exclusion assay were used to determine 
cell viability. Phototoxic effects (> 90% death) against uveal melanoma C918 cells were evident 
using MP-106 (100µM) as a photosensitizer in as little as 5 J/cm2 of 405nm. Oncolytic activity 
was directly associated with increasing MP-106 concentrations and energy intensities with no 
significant toxicity associated with photosensitizer or light alone. 5-ALA, a clinical 
photosensitizer used against non-melanoma skin cancer, showed significant lysis (> 90%) with 
ten-fold higher concentrations (1mM) subsequent to 2h preincubation before PDT.    In 
comparison, MP-106 demonstrated full oncolytic effect with 5 min pre-incubation whereas 5-
ALA exhibited no toxicity < 25 min. Modality of death was observed as necrosis with 
propidium iodide staining nucleic acid 15 min post-PDT. Furthermore, positive DCF staining 
and increased viability post-reduce glutathione co-incubation strongly support the association of 
ROS with PDT oncolytic activity. In 3-D cultures, melanoma cells formed three 
morphologically distinct tumor cell populations including vasculogenic mimicry cells, a type of 
cancer stem cell. Overall, uveal melanoma cells were significantly less sensitive to PDT within 
the 3-D model obtaining 10-60% phototoxicity at MP-106 concentrations and energy intensities 
resulting in > 95% lysis in 2-D models. Vascular mimicry cells were the most resilient to MP-
106 PDT treatment. The use of 5-ALA on this model system demonstrated cellular detachment 
from the Matrigel suggesting potential metastsis risk in vivo.  Our findings are the first of its 
kind demonstrating photodynamic oncolytic effects against uveal melanoma cells in 2-D 
compared to 3-D using photosensitizer MP-106 with 405nm LEDs. Future studies will continue 
optimizing PDT conditions to increase oncolytic activity targeting cells forming vasculogenic 
mimicry patterns, thus making it more clinically relevant. 
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Aim:  
The aim of the study was to improve the results of endobiliary photodynamic therapy (PDT) in 
hilar cholangiocarcinoma patients. 
 
Motivation: 
Nowadays we face the bile duct cancer treatment problem via percutaneous endobiliary PDT. 
Hilar cholangiocarcinoma demonstrates shallow thickness but extended spread along the bile 
ducts. So, the  difficulty is uniform laser irradiation of the extended bile duct portions with  
periductal tissues. To carry out  PDT procedure it is necessary to use optical fibers with variable 
lengths of diffuser, depending on the  neoplastic spread. Due to the limitation of the procedural 
duration (~ 1 hour) there are two ways to keep within this time frame: increase the irradiation 
power, increase the area of irradiated tissue. Due to the increase of the irradiation power the 
patient  experiences intensive pain that impede the further implementation of the therapy. 
However, the patient easier bear up the procedure if we increase the exposure area and decrease 
the laser power. 
 
Materials and Methods: 
Fiber optic spectrum analyzer, therapeutical laser, polymeric optical fiber set (diameter 500µm) 
with cylindrical diffusers: 6, 5, 4, 3 (cm), power density on the tissue respectively: 100, 70, 50, 
30 (mW/cm2);  
 
Results:  
Set of fibers with different lengths of the diffuser was made. According to the experiments data, 
the profile of the diffuser dispersion over the entire length was uniform. The patients with 
hepatic cholangiocarcinoma were treated by using these optical fibers. The usage of  these 
optical fibers has increased the quality of patient treatment. Moreover, during the treatment the 
patient didn’t feel any pain. Diagnosis accumulation of the photosensitizer (derivative e6) were 
performed before PDT in tumor growth area. 
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Background: Photodynamic therapy has demonstrated some promising results in the treatment 
of oral leukoplakia. This study evaluated the clinical efficacy and side effects of photodynamic 
therapy in the treatment of Chinese patients with oral leukoplakia. 
Methods: Twenty-nine patients with oral leuroplakia were enrolled in this study, including both 
homogenous and non-homogenous lesions and various dysplastic tissues. All patients received 
photodynamic therapy using aminolevulinic acid as photosensitizer and a 632 nm laser at 600 
mW/cm2 power density and 100 J/cm2 dose.  
Results: An overall response rate of 86.2% was achieved in this study, including 55.2% 
complete remission and 31.0% partial remission. No adverse events except transient local ulcer 
and pain were observed among the patients. The photodynamic therapy is most efficacious in 
patients with moderate to severe dysplasia, as less treatment time per cm2 of lesion was needed. 
Conclusions: Based on the data from this small study, PDT is effective and safe in the treatment 
of oral leukoplakia. The procedure can be optimized to improve efficacy and limit side effects. 
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Glioblastoma Multiforme (GBM) proliferates and migrates rapidly, which makes it the most 
aggressive primary brain tumor. This work proposes the application of photodynamic therapy 
(PDT) with aluminum chloride phthalocyanine (AlClPc) encapsulated in a new drug delivery 
system designed as a nanoemulsion (AlClPc/NE) to obtain an innovative therapeutic approach 
to treat GBM. The nanomaterial was prepared following the method of emulsification by 
interfacial deposition by adding an organic phase with the active over aqueous phase at 55ºC. 
After, the spontaneous emulsification was evaporated under reduced pressure to extract solvent. 
The nanoemulsion obtained was used in the treatment of U87MG cell line, which was analyzed 
by MTT cell viability assay, AlClPc cellular localization, morphological changes, and cell 
death. AlClPc accumulated basically in the cytoplasmic region of the cells as observed after 24 
h of administration. Additionally, the treatment with 1.0 µmol/L-1 AlClPc, with irradiation at 
140 mJ/cm-2 not only induce morphological changes, but significantly cell death: 50 ± 6% (p < 
0.05). Moreover, 20 ± 2% of U87MG presented death by a classical necrotic pathway. 
Evaluation of caspase 9 and 3 activity suggested also that an apoptotic pathway occurred during 
the same death process. In conclusion, our results indicated that it is possible to apply 
AlClPc/NE-PDT to the U87MG, as a glioblastoma model looking for a  new therapeutic 
approach that results in cell death.  Suggesting that AlClPc/NE-PDT present light dose-
dependent cell death in U87MG and could serve as an effective adjuvant treatment for 
malignant glioma using lower light dose and other classical protocols like chemotherapy or 
surgery. 
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Abstract 
 
Aim: Overexpression of epidermal growth factor receptor (EGFR) is a key characteristic of 
human tumors and is frequently linked tumor aggression in squamous cell carcinoma of the oral 
cavity and oropharynx. Gold nanoparticle is a common drug delivery agent for in vivo imaging 
and cancer therapy due to its low toxicity in biological system. The aim of this study is to 
develop an efficient photosensitizer delivery construct with cancer specific markers and 
specialized optical probes using nanotechnology and photodynamic technology for imaging and 
treatment of oral cancer.  
 
Methods: We have developed the construct by tagging photosensitizer, Chlorin e6 (Ce6) and 
single-chain variable fragment anti-EGFR antibodies onto gold nanoparticles for targeted 
delivery. The construct GNP-PEG-Ce6-anti-EGFR scFv was tested for its physical property and 
stability. We compared this construct with Ce6 alone in vitro to assess the toxicity, treatment 
efficiency, localization and cellular uptake of the photosensitizer in human oral squamous 
carcinoma cell line (OSCC). Then, we injected both the constructs into OSCC inoculated mouse 
model for the PDD and PDT efficacy comparison. 
 
Results: The in vitro uptake assay over a 12 hour period showed that the uptake of the construct 
after 1 hour incubation contained high concentration of Ce6. Localisation study of the constructs 
using confocal microscopy further validated the findings. The assessment to the photodynamic 
therapy efficiency was done using light toxicity assay using dark cytotoxicity as a negative 
control. The result showed that the construct is able to kill more than 80% of the cell after 1 
hour incubation under very low light dosage. The in vivo PDD effect of the construct had shown 
a promising result as compare to the normal Ce6. With enhanced Ce6 fluorescence intensity of 
tumor to normal skin ratio, we concluded that the constructs is indeed has targeting effect and 
ability to enhance the Ce6 fluorescence. 
 
Conclusion: The GNP-PEG-Ce6-anti-EGFR scFv construct had shown good in vitro result and 
in vivo PDD model. We are still experimenting on the PDT efficiency of the constructs on 
OSCC inoculated mouse model. With an increased tumor to normal uptake ratio, we expect 
improved cell kill and regression of lesions.  
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We are using a genetic approach to understand the processes of photodynamic inactivation 
(PDI) with Chlorin e6 with the aims of suggesting strategies for improved killing and to identify 
possible resistance mechanisms. In previous experiments, we screened the whole Keio 
Collection for PDI-sensitivity; this collection consists of 3985 single gene knock-out mutants of 
all non-essential genes of Escherichia coli K12 [1]. This showed that the ∆tolC mutant was 
hyper-sensitive. TolC is an outer membrane channel protein which is responsible for the export 
of porphyrins and other compounds [2]. This result suggested strongly that the photosensitizer is 
accumulated intracellularly during PDI and that intracellular protection mechanisms should play 
an important role. 
Catalases, which break down toxic hydrogen peroxide to molecular oxygen and water, might be 
expected to give some protection from PDI, but the knock-out of the catalase genes katG and 
ahpF did not show increased sensitivity. Surprisingly, in a ∆tolC background they gave an 
increased resistance to PDI. These genes belong to the OxyR regulon: 
 

 
Figure 1 – OxyR regulon: In the presence of H2O2 the cysteines at position 199 and 208 are oxidized to form a 

disulfide bridge. This leads to a conformational change of OxyR and activation of the regulon. 
 

Our hypothesis is that the increased H2O2 concentration in catalase mutants leads to the 
induction of the OxyR-regulon including genes responsible for increased resistance to PDI. 
In this work, we constructed a constitutive oxyR mutant by site-directed mutagenesis and 
assayed the survival rates after photodynamic inactivation with Chlorin e6. The role of the 
OxyR-regulon in providing protection against PDI and the potential for the development of 
resistance will be discussed. 
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Background; Antigen presenting cell-based (APC) vaccine therapy for primary CNS tumors 
has been an area of active research, but further development is still necessary to make it a 
therapy with an improved efficacy and tolerability. APC for this purpose are usually dendritic 
cells (DC) but recent work has demonstrated that macrophages (Ma) and DC are equally active 
at presenting antigen to T lymphocytes. This study is based on the hypothesis that the efficacy 
of tumor antigen primed Ma mediated immunotherapy can be increased by the following: (1) 
photodynamic therapy (PDT) treatment of tumor cells, will generate multiple antigenic (tumor) 
peptides that can be used to activate antigen presenting cells such as macrophages (Ma) ex vivo; 
(2) injection of live allogeneic glioma cells directly into brain tumors, to “kick start” an 
immunological rejection reaction, will enhance the specific response of the Ma vaccine. This is 
a proof of concept study in vivo using a brain tumor model in rats. The study protocol had 5 
arms: (1) F98 injected control animals (no treatment), (2) BT4C injected animals (allogeneic 
control), (3) combination of injected F98 and BT4C, (4) F98 injected tumor cells into PDT 
primed Ma vaccinated animals, (5) F98 and BT4C injected tumor cells into PDT primed Ma 
vaccinated animals.  
Results; Arms 1 and 2: In order to reduce the number of animals required, arms 1 and 2 were 
done in the same animal: F98 in the right hemisphere and BT4C in the other (left). All of the 
animals developed F98 tumors while none developed BT4C tumors. This clearly demonstrated 
that allogeneic cells in the brain were rejected. Arm 3: Combined F98+BT4C injected together in 
the same hemisphere. All of the animals developed tumors, indicating the rejection reaction 
alone against the BT4C cells was insufficient to prevent F98 tumor growth. Arm 4: Animals 
were injected with PDT treated F98 loaded Ma i.p. and 2 days later F98 were stereotacticly 
injected into the brain.  All of the animals developed tumors but the tumors were significantly 
smaller than the non-treated controls. Arm 5: Animals were injected with PDT treated F98 
loaded Ma i.p. and 2 days later F98+BT4C were stereotacticly injected into the brain. The 
majority of the animals did not develop tumors. The preliminary results from this pilot project 
indicate that immunization with macrophages primed with PDT treated tumor cells could clearly 
slow the development of F98 induced tumors in the brain, and the addition of allogeneic cells 
could prevent tumor formation in a majority of animals. In the experiments reported here, the 
immunizing loaded macrophages were injected i.p. This is probably not an optimized 
immunization route. Current work is aimed at devloping a more efficient immunizing protocol 
and the effects of PDT treating the allogeneic cells. 
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Hypericin is a naturally occurring compound synthesized by some species of the genus 
Hypericum and in several other organisms like basidiomycetes or endophytic fungi [1, 2]. It is 
well-known as a photosensitizing agent with potential application in anticancer photodynamic 
therapy (PDT) and photodynamic diagnosis (PDD) [reviewed in 3]. Colorectal cancer (CRC) is 
the third most commonly diagnosed cancer in men and second in women worldwide. Over the 
last years we have observed a great progress in development and application of novel drugs. 
However, tumour cells can develop resistance to chemotherapeutics or other medicaments. Non-
specific toxicity of currently used drugs is a very important reason in order to find some new 
methods in CRC treatment. Photodynamic therapy is one of the methods which may potentially 
solve this problem [reviewed in 4]. Two-dimensional (2D) cell models represent the basic 
platform for medical testing. However, serious problem in the medicament research is related to 
big differences in their effectiveness between different cell models. As obtained by experiments 
provided on cells, one of the priorities of cell biology research is to create and take into 
consideration the 3rd dimension [5]. Three-dimensional cell models (3D, spheroids) have been 
formed using the forced floating method. We experimented with two human colon cancer cell 
lines (HCT 116, HT-29) and one murine colon cancer cell line CT26. We compared the effect of 
hypericin-mediated photodynamic therapy (HY-PDT) in 2D and 3D models of chosen cell lines 
by formazan-based assay (MTT). Intracellular hypericin content was determined by flow 
cytometry analysis. Large variations in drug responses were observed between the compared 
models. The cells grown in 2D model were more sensitive to HY-PDT than in 3D model. This 
fact correlated with lower intake of hypericin into the spheroids compared to 2D model. Thus, 
we suggest that not only the concentration of hypericin in the environment, but also the 
dimensionality can be important decisive factor finally affecting the metabolic activity and 
accumulation properties of tumours. 
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Biodiversity and environment preservation as well as human health safety are main societal 
challenges. In agronomy, a particular focus remains the search for new compounds able to fight 
pathogens that dramatically reduce crop yields. These new molecules should not be toxic for 
wildlife, excepted pathogens, biodegradable and non-polluting for groundwater. In that context, 
photodynamic treatments, already used for different applications,1 and still few studied for 
applications in the agronomic domain,2 open up a scope of possibilities. However, a major 
drawback to the use of photosensitizers in the agronomical field is that, most of them, have a 
very low hydrosolubility.  
A way to make photosensitizers water-dispersibles, and so to insure their bioactivity against 
pathogens, is to support or encapsulate them on nanoparticles. This strategy allows also to 
associate the active molecule to a specific recognition agent.  
With this aim in mind, and in line with our previous work on porphyrinic photosensitizers,3 
lignin seems to be a good and an innovative choice to be used as a bio-inspired nanoplatform to 
support porphyrins. Indeed, recent studies4 have shown it is possible to prepare nanoparticles 
from this abundant, poorly-valorized and bio-sourced polymer. Moreover, this type of 
nanoparticles seems to be less toxic than other nanomaterials like carbon nanotubes or metal 
oxide nanoparticles5. 
In this work, the association between esterified Kraft lignin nanoparticles and a porphyrin has 
been envisaged thanks to two different strategies that will be presented. On one hand a covalent 
link between the two patterns is used whereas, on the other hand, the photosensitizer is coating 
by a lignin nanoshell. The optimization of nanoparticles formation will be also discussed. 

 

 
Figure 1 – Schematic structure of porphyrins supported by lignin nanoparticles through a covalent linkage (A), 
encapsulated in a lignin nanoparticles (B), TEM picture of lignin nanoparticle (C). 
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Photodynamic therapy (PDT) is used several types of Non-Melanoma Skin Cancer (NMSC). 
Nevertheless, PDT is not always effective and resistant cells may appear after treatment. While 
normal differentiated cells depend primarily on mitochondrial oxidative phosphorylation to 
generate energy, cancer cells change this energetic metabolism to an aerobic glycolysis 
(Warburg effect), which could influence in the response to antitumor drugs. Here, we have 
evaluated the expression of the β-subunit of the H+-ATP synthase (β-F1-ATPase), heat-shock 
protein 60 (HSP60), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and pyruvate kinase 
(PKM2) as metabolic markers in squamous carcinoma cells (SCC) and their relationship with 
PDT resistance. We have used two cell types of SCC: SCC-13-P, obtained from human skin, 
and SCC-13-10°G, cells resistant to 10 cycles of PDT. We have also valorated the proliferative 
capacity and the spheroids formation of these cells. The results indicated that SCC-13-10°G 
show higher proliferative rate and higher ability to form spheroids than SCC-13-P. In addition, 
both the immunofluorescence indirect as the Western blot assays indicated an increase in the 
expression of GAPDH and HSP60 in them resistant cells respect to them parental cells. 
However, there were no striking changes in the expression of β-F1-ATPase and PKM2. The 
bioenergetic signature as well the bionergetic potential (biomarkers of the use of glucose by 
tumor cells), calculated from the expression of β-F1-ATPase relative to the expression of the HSP60; 

and the expression of β-F1-ATPase relative to the GAPDH, respectively were significantly diminished 
in resistant cells. In conclusion, we can indicate that the process of PDT resistance entails 
alterations in mitochondrial and glycolytic metabolic markers and that could correlate with an 
increase in the aggressiveness of the tumor cells. 
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Porphycenes are structural isomers of porphyrins, characterised by over ten-fold higher absorption 
coefficient in the red part of spectrum, a so-called therapeutic window, which more than compensates for 
their moderate yields of triplet formation.1 Methoxyethyl- and hydroxyl-substituted derivatives were 
proven to exhibit significant phototoxicity against cancer cells.2 However, no data are available regarding 
the parent, unsubstituted porphycene. Recent studies have been devoted mostly to the cationic 
compounds, since they do not require any delivery system, driving them to the targeted cells.3 

 
Figure 1 – Structures of porphycenes used in the studies  

 
In the presented studies, we focus on uncharged porphycenes, including the parent, unsubstituted 1. 
Pluronic F-127 micelles are used to deliver the molecules into the HeLa cancer cells and several cocci 
bacterial strains. Three of the studied photosensitizers turned out to be efficient both in inducing lethal 
mechanism in cancer cells and photoinactivating bacteria. Only 4 has shown no effect against both kinds 
of pathogens. This result opens the field for further structure-activity relationship studies of porphycenes 
in terms of photodynamic therapy. Parent, unsubstituted compound 1 was the most effective 
in photoinactivation of bacteria. For three strains of bacteria we observed the decrease in the number of 
colony forming units by at least six orders of magnitude. In the case of HeLa studies we also tried 
to estimate the location of the compounds inside the cells, characterize the photophysical properties of 
photosensitizers within the cell, and explain the mechanism of cellular death depending on the 
concentration of the used compound. 
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Photodynamic therapy has been established as a cancer treatment option. By combining the use 
of a photosensitiser (PS), light irradiation on a specific wavelength for the PS used, and oxygen, 
PDT can kill tumour cells. [1] Besides direct cytotoxicity, it also can induce molecular changes, 
such as damage-associated molecular patterns, in the cell that will lead to an inflammatory 
response against the tumour. [1,2] This work focused on the use of redaporfin-PDT [3] in a 
moderately immunogenic model (CT26 cells) to generate antitumour vaccines. [4,5] 

In vitro PDT protocol was optimised to induce apoptosis homogeneously, with 4.21 µM of 
redaporfin and a dose-light of 0.35 J/cm2, resulting in 70-80% cell death at 4 h after irradiation, 
when the vaccines were inoculated. Two cell densities were evaluated for the vaccines: 3x105 
(PDT300) and 5x105 (PDT500) treated cells. Four groups of Balb/c mice (n=6) were 
subcutaneously inoculated with the vaccines: negative control (PBS), PDT300, PDT500, and 
positive control (5x105 cells treated with mitoxantrone, MTX). One week after inoculation, each 
group was challenged with the subcutaneous inoculation of 3.5x105 live CT26 cells. From that 
point onwards, the follow-up and measurement of tumour growth was performed until the 
endpoint (31st day, or when the tumour’s major axis reached 1.5 cm). 

The loss of immunogenicity when the inoculation was done at 24 h after generating the vaccines 
had already been confirmed in previous studies. For the PDT-treatment conditions mentioned 
above, the tumour growth was reduced, especially in the PDT500 group, which attained results 
comparable to ones from the positive control group. The protocol is in the process of being 
optimised to take better advantage from PDT-induced immunogenicity. 
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The selectivity of treatments used in cancer therapies is essential to enable drugs to kill cancer 
cells while sparing normal ones. Most approaches to improve selectivity aim at targeting the 
tumor through chemical modifications of the drug. This leads to new drugs and lengthy 
regulatory pathways for marketing authorization. Alternatively, the combination of different 
drugs may potentiate the efficacy and selectivity of a treatment leading to the administration of 
lower doses, thereby minimizing adverse effects, and facilitate clinical approval. This work 
presents the combination of photodynamic therapy (PDT) with other drugs to improve efficacy 
and selectivity in cancer treatments. 
PDT uses a photosensitizer and light with an appropriate excitation wavelength that activates the 
photosensitizer in the presence of oxygen to produce reactive oxygen species.1 Tumor cells have 
an alteration in glucose metabolism, characterized by an increase in glycolysis pathway, even in 
environments with normal oxygen concentration (Warburg Effect).2 This modification has been 
explored, including in clinical trials, with the expectation that the inhibition of glycolysis should 
alter especially the metabolism of tumor cells. This is the case of 2-deoxyglucose (2DG), a 
compound that is phosphorylated to 2-deoxy-D-glucose-6-phosphate, which is not metabolized 
and accumulates in the cell, inhibiting glycolysis.3 The hypothesis investigated in this study is 
that the privation of glucose in the presence of 2DG increases oxidative stress due to an 
increased production of hydrogen peroxide and superoxide ion, which may increase the 
sensitivity to the oxidative stress produced by PDT. 
In vitro combination studies were performed in both cancer and normal cell lines, CT26 (colon 
carcinoma – mouse) and NIH/3T3 (fibroblasts – mouse), respectively. We started our studies 
with the evaluation of IC50 of redaporfin4 in the different cell lines and then co-incubation with 
2DG at non toxic concentrations in order to examine which combination was more effective 
than the individual effects. 
We found a higher selectivity for CT26 than for NIH/3T3 cell lines, which suggests that 
redaporfin-PDT with 2DG can be more effective in cancer cell lines compared to non-cancerous 
cell lines. Other combinations studies with different glycolysis inhibitors, namely oxythiamine 
and 3-bromopyruvate were also assessed. 
 
1. J. M. Dabrowski, and L. G. Arnaut, Photochem. Photobiol. Sci., 14 (2015) 1765. 
2. R. A. Gatenby and R. J. Gillies, Nat. Rev. Cancer, 4 (2004) 891. 
3. H. Pelicano, D. S. Martin, R-H. Xu and P. Huang, Oncogene, 25 (2006) 4633. 
4. L. G. Arnaut, M. M. Pereira, J. M. Dabrowski, E. F. F. Silva, F. A. Schaberle, A. R. Abreu, L. B. Rocha, M. 

M. Barsan, K. Urbanska, G. Stochel and C. M. A. Brett, Chem. Eur. J., 20 (2014) 5346. 
 

Acknowledgements: This work was financially supported by the Portuguese Science Foundation (Pest-
OE/QUI/UI0313/ 2014 and PTDC/QEQ-MED/3521/2014). 

 
  



 248 

P71 
Photodynamic potential of ruthenium polypyridyl complex conjugated with 

the nitroimidazole moiety 
 

Olga Mazuryka), Franck Suzenetb), Grażyna Stochela), Małgorzata Brindella) 
a) Department of Inorganic Chemistry, Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 

Krakow, Poland  
b) b) Institute of Organic and Analytical Chemistry, University of Orléans, UMR-CNRS 7311, rue de 

Chartres, BP 6759, 45067 Orléans Cedex 2, France 
mazuryk@chemia.uj.edu.pl 

 
Polypyridyl ruthenium complexes are known to possess rich photophysical, photochemical and 
redox properties. Taking advantages of their luminescent properties, further functionalization of 
polypyridyl ligands can increase the selectivity of such compounds and create agents for both 
therapy and optical imaging. 
Ru polypyridyl complex with the attached nitroimidazole moiety was designed as a prospective 
hypoxia marker. Higher cytotoxicity, longer retention time and higher accumulation in the cells 
growing under hypoxic conditions allowed this compound to be a potential theranostic agent for 
hypoxic tissue [1-2]. 
Many Ru(II) complexes have been confirmed to possess DNA photocleavage activities through 
an 1O2 mechanism. However, their employment under hypoxic conditions would be rather 
limited. Coupling of 2-nitroimidazole possessing oxygen-mimicking ability to a photoreactive 
unit – polypirydyl Ru complex – may overcome the hypoxic problem of cancer tissues faced in 
PDT. 
The present work is focused on phototoxicity of Ru-nitroimidazole conjugate and its parental 
compound both under normal and oxygen-deprived conditions in cancer and normal cell lines. 
The mechanism of phototoxicity will be presented, as well as quantitative and qualitative 
analysis of generated reactive oxygen and nitrogen species. The advantages of Ru-
nitroimidazole conjugate in terms of photodynamic therapy will be discussed. 

 

 
Figura 1 [Ru(dip)2(bpy-NitroIm)]2+ 
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Highly efficient antimicrobial nanofiber materials that use inactivation of a pathogen via 
photosensitized generation of singlet oxygen will be presented. The antimicrobial mechanism 
includes excitation of the photosensitizer encapsulated or externally bounded to polymer 
electrospun nanofibers by visible light, formation of its triplet states followed by energy transfer 
to triplet oxygen leading to singlet oxygen formation (Fig.1).  

 

 
Figure 1   Schematic presentation of photogeneration of singlet oxygen on the surface of photosensitizer doped 

nanofibers. 
 

Since singlet oxygen is a great oxidant of biological targets, the antibacterial and antiviral effect 
is very powerful. The singlet oxygen-sensitized delayed fluorescence of a photosensitizer can be 
observed and used as a sensitive tool for detection of oxygen, imaging of singlet oxygen and 
distribution of a photosensitizer. Post-processing modifications of nanofibers with the aim to 
increase their surface wettability to ensure the access of singlet oxygen to polar 
substrates/biological targets or to deliver other antibacterial species like NO-radical will be also 
discussed.1,2 
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Targeted therapies aim to move chemical drugs (for chemiotherapy), isotopes (for radiotherapy) 
or selective photosensitizers (for photodynamic therapy) towards specific receptors cells or their 
microenvironment. Among many potential receptors, folate receptor α (FRα) shows promising 
prospects in targeting cancerous cells.  Indeed, with good specificity and frequent over-
expression in tumoral tissues, FRα is a recurrent topic in recent publications. This selective 
over-expression makes FRs interesting tumour targets when FA is conjugated to anticancer 
molecules.1 
 
By attaching a PS to FA via a spacer, in 2005 our team was the first to demonstrated the 
selectivity of the targeted PS (Figure 1).2,3 Since this study, different folic acid–OEG-conjugated 
photosensitizers were synthesized, characterized and their photophysical properties were 
evaluated.1  

 

 
Figure 1 – Folic acid conjugated photosensitizers 

 
FA is a pterin derivative, recognized to be photosensitive. Consequently, FA undergoes 
structure decomposition upon irradiation.4 In order to avoid this degradation, we currently 
design and develop new synthetic antifolate molecules possessing a similar backbone but made 
up of new moieties of higher chemical stability. We perform rational changes based on our own 
expertise and on systematic molecular docking in parallel. These modifications are also 
considered based on the known interactions between folic acid and FRα. 
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Ongoing Photodynamic therapy (PDT) has been regarded as a promising ablative therapeutic 

choice of malignant tissues. Photosensitizer (PS) is a crucial and fundamental segment of PDT. 
It causes cancer cells damaged inevitably and has been applied systemically in current clinical 
process. However, using PS for PDT has been restricted by several serious issues including (1) 
low solubility in blood plasma, (2) inadequate selectivity, (3) rapid renal clearance, and (4) the 
uncontrollable photoactivity.   
To overcome these drawbacks of PS, we developed a thermoresponsive polymeric 

photosensitizer (Thr-PS) via conjugating PS to a temperature-sensitive polymer backbone of 
biocompatible polysaccharide. Self-quenched PS molecules linked in close proximity by π – π 
stacking in Thr-PS were easily transited to an active monomeric state by the temperature-
mediated phase transition of polymer backbones. The temperature sensitive intermolecular 
interation chages of PS molecules in Thr-PS were demonstrated in synchrotron small-angle X-
ray scattering and UV-vis spectrophotometer analysis. The Thr-PS allowed switchable 
activation and synergistically enhanced cancer cell killing effect at the hyperthermia 
therperature (45�). Our developed Thr-PS has the considerable potential not only as a brand 
new photomedicine in clinics but also as a bioindicator based on temperature responsiveness. 
 

 
 

Figura 1 – (a) fluorescent intensity (b) singlet oxygen generation of Thr-PS in aqueous solution 
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Staphylococcus aureus is a common human commensal microorganism causing a wide 

spectrum of infections. Antimicrobial photodynamic inactivation (aPDI) is a promising strategy 
to eradicate pathogenic microorganisms, including these with increased antibiotic resistance 
profile. The principle of aPDI requires simultaneous presence of visible light, oxygen and a 
photosensitizer (PS), which takes part in producing reactive oxygen species, responsible for cell 
damage and death. The classical method to assess the efficacy of aPDI action is Colony Forming 
Units (CFU) Method, based on serial dilutions, plating and counting the number of cultured 
cells. The method is time consuming and only allows detection of cells able to divide. On the 
contrary, flow cytometry (FCM) allows  microbial cells detection very rapidly at a single-cell 
level and division into subpopulations varying in viability and physiological state.  

In this study, during the aPDI against planktonic culture of S. aureus, we used three well 
characterized photosensitizers: TMPyP (5,10,15,20-Tetrakis (1-methyl-4-pyridinio)porphyrin 
tetra(p-toluenesulfonate), rose bengal (4,5,6,7-Tetrachloro-2′,4′,5′,7′-tetraiodofluorescein 
disodium salt)), and fullerene (N-methylpyrrolidinium fullerene iodide salt) and activated them 
by blue or green light radiation. Bacteria after aPDItreatment were stained with propidium 
iodide (PI) and SYBR Green dyes and analysed by FCM (BD FACS Calibur). All the results 
obtained by FCM were compared with those from CFU method. We observed a correlation 
between both  methods (FACS vs. CFU) in the range of 3 log10 units, however the CFU method 
revealed higher dynamic range (6 log10 units). As the PI and SYBR Green staining determine 
bacteria viability based on membrane integrity, we correlated photosensitizers activity with 
different compounds known to affect bacterial membrane (antimicrobial peptide and ethyl 
alcohol) and those, which cause cell death without affecting membrane integrity 
(aminoglycoside antibiotic).  
We came to the conclusion that despite the lower sensitivity of FCM as compared to the CFU 
method, FCM allows for much faster analysis and gives us indirect information about the 
mechanism of PS action. Currently, the studies are under way to check the applicability of FCM 
to analyse S. aureus cells growing in biofilm. 
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Methylene blue (MB) is a well-known photosensitizer (Ps) commonly used for antimicrobial 
photodynamic therapy (aPDT). Usually aPDT paramenters evaluation involves Ps 
concentration, its quantum yield for singlet oxygen production (Type II reaction) and the Ps 
photobleaching rate as a function of the deliveried fluence plus oxygen concentration and 
consumption on the medium. The role of power density is not often consider.The aim of this 
study is to evaluate the role of power density over MB photobleaching dynamcs evaluating the 
dimer/monomer ratio as well as the leuco MB formation under discrete changes in power 
density keeping the same light fluence.  The MB was irradiated using a λ = 660nm diode laser 
(TwinLaser, MMOptics, São Carlos, Brazil), 40mW adjustable from 10 to 10mW, 0.04cm2. The 
powers of 10mW, 20mW, 30mW and 40mW were used for 300s, 150s, 100s and 75s 
respectively. The irradiations were carried out directly in a cover quartz cuvette with an optical 
path of 1 cm. An acrylic mask was made to ensure the coincidence between the irradiation and 
the reading points. The readings were made from λ = 200nm to λ = 700nm and analyzed in 
appropriate software. The DA (dimer absorption) /MA (monomer absorption) was calculated 
and the ratio between visible and ultraviolet absorption was also calculated. Figure 1 show the 
result of DA/MA for the different irradiances.  
 

 
Figura 1 – MB dimer / monomer normalized absorption rate as a function of the irradiance with same fluence ( 

 
Our results demonstrated that discrete changes in light irradiance leads to different dinamiccs in 
terms of photobleaching and DA/MA ratio.  
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 This study evaluated the antimicrobial, thermal and photochemical effects of high power 
diode laser and antimicrobial Photodynamic Therapy (aPDT) compared to endodontic biofilm. 
Dentine samples of 3x3 mm were contaminated with Enterococcus faecalis and Staphylococcus 
aureus biofilm simulating a root canal infection. After 72hs of biofilm grown, the samples were 
treated using an 808nm, high power diode laser with 1W and 2W (3 irradiation of 2s and 20 s 
interval) or aPDT using low power 660nm diode laser (100mW, 6J of energy) associated with 
methylene blue and H2O2.  Microbiological samples were collected before, during and after each 
treatment and antimicrobial effect was analyzed using CFU count, fluorescent biofilm 
morphology analysis and bioluminescent images. Temperature was evaluated during all the 
period of treatment using a jacket thermocouple and thermal damages to dentine tissue was 
measured with SEM images. The microbiological results showed a bacterial reduction of 1.4log 
for the group treated with 1W, 1.7log for the 2W treatment and 4 log reduction for aPDT.  The 
bioluminescent analysis showed in real-time the biofilm reduction during each step of treatment 
and the recontamination after 24h. The samples treated with high power laser (both 1 and 2W) 
presented significative temperature rise and consequently superficial damages on tooth dentine 
after treatment, with indication of carbonization for the 2W group in some of the SEM images. 
The aPDT group did not show any temperature or superficial dentine alteration. Antimicrobial 
Photodynamic Therapy was more effective in biofilm reduction and did not presented any 
temperature rise or superficial damage to tooth dentine, therefore presented lesser risks for the 
patients, such as periodontal ligament thermo-necrosis and external root resorption. 
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PDT involves the administration of a photosensitizer (PS) which can accumulate in target tissue 
and produce cytotoxic singlet oxygen upon activation with light. Porphyrins, in particular 
unsymmetric derivatives such as amphiphilic systems, have proven to be suitable candidates for 
the development of new PSs.1 Our work has thus been focused on the development of synthetic 
methods for unsymmetrical porphyrins2 and the preparation of bioconjugates thereof with bile 
acids, anti-inflammatory units, and carbohydrates, amongst others.3,4,5 Various synthetic 
strategies have been employed using this approach, for example, in the synthesis of amphiphilic 
systems. Regioselective introduction of lipid and carbohydrate moieties was used to tune the 
lipophilicity and solubility in aqueous media and aims to incorporate hydrophilic targeting units 
(Figure 1, left).6 In addition, we explored simplified synthetic approaches for the development 
of novel PDT agents via porphyrin desymmetrization reactions. These allow the rapid 
generation of libraries of tetra- or mono-functionalized mTHPPs (5,10,15,20-tetra(m-
hydroxy)phenylporphyrin), as well as related unsymmetrical derivatives (Figure 1, right).7 

 

 
 

Figure 1 – Amphiphilic porphyrin with targeting function (left) and individually addressable functionalization 
points in mTHPP (right). 
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We studied pharmacokinetics of talaporfin sodium constructing 3-compartment numerical 
model in silico fitted with measured fluorescence data in human skin in vivo. We have studied a 
new treatment methodology for tachyarrhythmia catheter ablation applying extracellular-
talaporfin sodium induced photosensitization reaction1-3. Talaporfin sodium distribution would 
change from plasma to interstitial fluid, and then into the cells, after the drug administration. We 
intend to irradiate an exitation laser of 664 nm through our developed laser catheter to 
myocardium under catheter intervention, immediate after the talaporfin sodium injection. 
Therefore our major cell-killing factor might be necrosis induced by extracellular singlet oxygen 
produced under extracellular talaporfin sodium existance in interstitial fluid by short drug-light 
interval. It is necessary to study the talaporfin sodium concentration change in interstitial fluid. 
We studied a numerical model of 3-compartment for talaporfin sodium pharmacokinetics 
composed by plasma, interstitial fluid, and cell. Time change of talaporfin sodium fluorescence 
at 710 nm in wavelength in human skin was measured in vivo using our developed cuff type 
fluorescence measurement system4. MATLAB function “fmincon” was used for optimization 
with the measured data and reported data of the concentration in human plasma, and we confirm 
the calculate accuracy. We identified the rate constant between each compartment. 
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Staphylococcu saureus is a Gram-positive bacterium that can colonize human skin and mucus 
membrane. It may cause various types of diseases such as skin infections, sepsis, osteomyelitis, 
pneumonia, endocarditis. Furthermore, this bacteria produces many virulence factors such as 
staphylococcal enterotoxins (SEs), toxic shock syndrome toxin-1 (TSST-1), exfoliative toxins 
(ETs), hemolysins. Nowadays an increasing rate of resistance to many groups of antibiotics has 
been observed, especially to drugs of last resort. Photodynamic inactivation of S. aureus is a 
good strategy to eradicate drug resistant bacteria due to combined action of a photosensitizer, 
oxygen and light.  
The presented research aimed at correlation the antibiotic resistance pattern in S. aureus and the 
efficacy of photoinactivation with the use of rose bengal (4,5,6,7-tetrachloro-2′,4′,5′,7′-
tetraiodofluorescein disodium salt) and green light (525 nm). Fifty strains of S. aureus isolated 
from patients of Department of Dermatology, Venereology and Allergology, Medical 
University of Gdansk, Poland were analyzed. We initially characterized the studied 
group with respect to age, sex, CA/HA status (CA – community/HA - hospital acquired), 
MRSA/MSSA (methicillin resistant/susceptible) status, and the site of isolation. We 
classified bacteria into three groups of antibiotic resistance pattern: resistant (R), 
susceptible (S) and intermediate (I). This pattern was based on the clinical breakpoints 
tables standardized by EUCAST (The European Committee on Antimicrobial 
Susceptibility Testing). The efficacy of photoinactivation was correlated to MIC (minimal 
inhibitory concentration) values of the following antibiotics: methicillin, ampicillin, 
ciprofloxacin, daptomycin, erythromycin, fucidic acid, linezolid, mupirocin, tetracyclin, 
vancomycin. Based on the obtained results we could conclude that rose bengal-based 
photoinactivation is highly effective modality to eradicate multiresistant S. aureus, 
however the difference in efficacy of photoinactivation between MRSA and MSSA 
strains was observed. 
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A new type of stable 4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine-fused chlorins 3 via an [8π+2π] 
cycloaddition of diazafulvenium methides 2 with porphyrins was developed by our group.1 We 
have demonstrated that this type of fused chlorins are very active photodynamic agents against 
melanoma cells.2 Comparison between the diester-substituted chlorin 3 (Ar = Ph) with the 
corresponding dihydroxymethly derivative, demonstrated that the increased hydrophilicity of the 
latter is crucial to ensure nanomolar activity against these cells.    In this context, structural 
modulation of the chlorins were carried out in order to obtain derivatives with even better 
features to be used as photodynamic agents (Scheme 1, e.g. chlorins 4 and 5). In this 
communication, details of this study will be disclored.  
 

[8π + 2π] 

[8π + 2π] 

Scheme 1 – New 4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine-fused chlorins. 
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We have developed novel photodynamic therapy (PDT) agents that specifically target cancer 
cells or developing tissues. These agents use folate (FA) to target the cells, bovine serum 
albumin (BSA) or PEG to maintain solubility and chlorin e6 (Ce6) as the photoactive dye.  The 
PEGs can be either linear or multi-arm.  A typical synthesis had 1 FA and 10 Ce6 per BSA.  A 
singlet oxygen sensor (p-nitroso-N,N’-dimethylaniline) was used to demonstrate reactive 
oxygen species production when illuminated at 660 nm.  FA-BSA(or PEG)-Ce6 was specifically 
taken up into the cells via receptor mediated endocytosis. Hela cells exposed to FA-BSA-Ce6 in 
the dark showed no cytotoxicity.  Concentrations less than or equal to 2 µM were not effective 
at killing Hela cells but concentrations of at 5 µM and above lead to 95% cell death with a 4 min 
exposure to 660 nm light.  Reactive oxygen species could be detected rapidly after exposure to 
light using a microplate assay.  FA-PEG-Ce6 agents appear to kill at lower Ce6 concentrations.  
Embryos also need folate to support rapid cell division.  Thus, these PDT agents can be used to 
study development in zebrafish.  The Folr1 folate receptor has ~50% amino acid identity 
between zebrafish and humans.  To map the expression of the zebrafish folate receptor, we used 
reverse transcription-polymerase chain reaction (RT-PCR) on total RNA prepared from 9 
embryonic stages.  Expression was seen before the zebrafish maternal-zygotic transition at the 
512-cell stage, suggesting that folr1 mRNA is maternally loaded.  All of the stages tested with 
an antisense probe demonstrated the presence of folr1 mRNA, while a sense probe assayed at 
the same stages were negative. The stages from the zygote period up to the late segmentation 
period express the folate receptor globally. After 1day post fertilization (dpf) the expression of 
the FOLR1 gene becomes more localized. By 2 dpf,  folr1 expression is seen in the head and 
heart of the embryo.  To confirm the presence of the Folr1 protein, 3 dpf embryos were treated 
with florescent (rhodamine)-tagged BSA-folate.  Fluorescent-tagged folate living embryos 
demonstrated bright florescence in the head and cloaca, which is where folr1 mRNA was 
observed.  Rhodamine-BSA only entered the gut and was cleared within 24 hours (Figure). 
Embryos at 4 dpf were exposed to 1, 2.5, 5 and 10 µM FA-BSA-Ce6 and then treated with 1 to 
6 min of 660 nm light.  The lower two concentrations and light times allowed the embryos to 
recover while the higher ones resulted in non-viable embryos. 

 
Figure: Rhodamine Tagged Folate 
Conjugate in Zebrafish: 3dpf 
embryos were treated with 50 µM 
of FA-BSA-RH and control 
embryos were treated with BSA-
RH. After 24 h exposure to the 
fluorescent compounds (A and B) 
embryos displayed florescence. 

After an additional 24h in florescent dye free media (C and D), only D exhibited florescence.  
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Antimicrobial Photodynamic Therapy (aPDT) is a promising strategy to be combined with 
traditional chemotherapy to manage resistant pathogen bacteria. Among bacteria, Pseudomonas 
aeruginosa was found more tolerant than other bacteria to photodynamic inactivation. It thus 
represents an interesting model microorganism to evaluate the effect of new PSs 
(Photosintetizers) and to investigate the response to photo-oxidative stress induced by PDT. 
A transposon insertion library allowed to select P. aeruginosa PAO1 mutants more tolerant to 
PDT than the wild type strain. The mutants were able to produce high amounts of pigments such 
as pyomelanin and phenazines (pyocyanin and phenazine-1-carboxylic acid) which conferred an 
increased tolerance to photoinactivation by commercial PSs (1). 
The transposon library was then screened for mutants in the Pseudomonas Quorum System 
(PQS), one of the Pseudomonas quorum sensing networks. The PQS signal molecule (2-heptyl-
3-hydroxy-4-quinolone) plays an important role in the expression of several virulence factors as 
well as in inducing a protective stress response system. 
The response to photo-oxidative stress of two PQS overproducing mutants and two PQS 
deficient mutants was compared to that of the wild type strain. PQS overproducers were 
significantly more tolerant than the deficient mutants and PAO1. 
Further investigations are under way in order to identify the stress response enzyme(s) 
responsible for such increased tolerance. 
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[Introduction] TONS 501 (MW: 680.8, Japanese Patent: JP 5179245) is a novel porphyrin-
derived methyl ester photosensitizer developed for use in photodynamic antimicrobial 
chemotherapy [1]. However, it is not possible to administer TONS 501 systemically due to its 
lipophilicity. In this study, TONS 504 (C51H58N8O5I2, MW: 1,116.9), a novel cationic 
hydrophilic photosensitizer, was synthesized from protoporphyrin IX dimethyl ester in a five-
step process according to a patented method (Japanese patent: JP 5651426) for use in 
photodynamic therapy (PDT) [2]. We investigated the cytotoxic effects of TONS 504-mediated 
PDT in a mouse breast cancer cell line EMT6 in vitro. 
[Materials and Methods] EMT6 cells were seeded on 96-well plates at a concentration of 1.0 × 
104 cells/well, and incubated for 24 h. TONS 504 was subsequently added at final 
concentrations of 0, 1, 3, 10, 30, and 100 µg/mL, and the cells were incubated for another 24 h. 
The culture medium was then replaced, and the cells were immediately subjected to diode laser 
irradiation at a laser power of 11 mW/cm2 and laser energies of 0, 1, 5, and 10 J/cm2. The 
percentage of reactive oxygen species-positive (ROS+) cells and apoptotic cells was evaluated 
24 h after PDT. 
[Results] The cell viability after treatment with 10 µg/mL TONS 504 at light energies of 0, 1, 5, 
and 10 J/cm2 was 92.5, 101.8, 27.7, and 1.8%, respectively. The percentages of ROS+ cells 
following the same treatment were 8.6, 8.5, 29.2, and 70.1%, respectively, while those of 
apoptotic cells were 7.1, 5.6, 24.8, and 48.7%, respectively. 
[Discussion] The percentage of ROS+ cells and apoptotic cells in the group subjected to TONS 
504-mediated PDT group increased in a light energy-dependent manner, indicating that cell 
survival was inversely proportional to drug concentration. Further studies are needed to evaluate 
the in vivo pharmacokinetics, tissue distribution, and photodynamic effects of TONS 504.  

 
References 
1. Takahashi	H,	Nakajima	S,	Asano	R,	Nakae	Y,	Sakata	I,	Iizuka	H.	Photodynamic	therapy	using	a	novel	

photosensitizer,	TONS501,	is	similarly	effective	to	ALA	and	EC036	photodynamic	therapy	on	DMBA-
and	TPA-induced	mouse	skin	papilloma.	J	Dermatol	Sci.	2012	Jun;66(3):221-224.		

2. Takahashi	H,	Nakajima	S,	Ogasawara	K,	Asano	R,	Nakae	Y,	Sakata	I,	Iizuka	H.	Photodynamic	therapy	
using	a	novel	irradiation	source,	LED	lamp,	is	similarly	effective	to	photodynamic	therapy	using	
diode	laser	or	metal-halide	lamp	on	DMBA-	and	TPA-induced	mouse	skin	papillomas.	J	Dermatol.	
2014	Aug;41(8):729-731.	

 	



 262 

P85 
Development of Targeted Nanostructured Bacteriochlorophyll а Based 

Photosensitizers for Photodynamic Cancer Therapy  
 

A.F. Mironov1, M.A. Grin1, N.V.Suvorov1, P.V. Ostroverkhov1, 
M.A. Kaplan2, E.V. Filonenko3, A.G. Majouga4,5 

1 Moscow Technological University, Russia, 119571 Moscow, Vernadsky pr., 86 
2 A. Tsyb Medical Radiological Research Centre, Russia, Obninsk, Kaluga region, Koroleva st., 4 

3P. Herzen Moscow Oncology Research Institute, Russia,	125284, Moscow, 2-oу Botkinskiy proezd, 3 
4Moscow State University, Chemistry Dept., Russia, 119991 Moscow, Leninskie gory, 1/3, GSP-1 
5National University of Science and Technology MISiS, Russia, 119049 Moscow, Leninsky pr., 4 

michael_grin@mail.ru 
 
In oncology, increase of photodynamic therapy (PDT) efficacy is directly related to the increase 
of photosensitizers (PS) accumulation selectivity in the tumor tissue. In this abstract, two 
possible approaches to the pigments targeted delivery in the tumor are considered.  
Dipropoxybacteriopurpurinimide (dipropoxy-BPI) was chosen as a key compound, due to its 
highly stable methyl ester 1, absorbing at 800 nm and exhibiting high photoinduced activity, 
proved by animal experiments. Conjugate 2 with peptide vector for prostate-specific membrane 
antigen (PSMA), overexpressing on the prostate cancer cells, was obtained for active PS 
targeting in prostate cancer tumor. 

 

 
 

Figure 1 – Bacteriopurpurinimide derivatives. 
 

To implement passive targeting gold nanoparticles 4, covalently bonded to the N-amino-BPI 
(λmax = 830 nm) 3 by residue of lipoic acid, and also gold and magnetite nanoparticles 5 and 7 
respectively, coated Pluronic (Pluronic F127) with a non-covalently immobilized pigments 1 
and 6, respectively, were obtained. Nanostructured PS are spheres with a hydrodynamic 
diameter of 100 nm, absorbing light in the range of 795 nm and intensively fluorescing at 803 
nm, which confirms the presence of the monomeric form of the pigment nanoparticles at the 
surface. 
The accumulation selectivity of obtained PS was investigated on tumor cells of various genesis 
and tumor-bearing animals. 
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Wound infection is a prominent topic in hospitals. Infections may delay wound healing, 

increasing the cost of treatment and in some cases lead to the patient’s death1. The emergence of 
antibiotic-resistant bacteria or superbugs makes infected wounds more difficult to cure. The 
bacteria responsible of infected wounds come from surroundings or from normal flora of the 
skin. Therefore, new approaches have been developed in order to overcome this problem. 

Antimicrobial photodynamic therapy (aPDT) is a promising alternative to eradicate 
microbes and has already inspired the development of innovative materials. Interesting results 
were achieved against Gram-positive bacteria2, but it also appeared that Gram-negative strains, 
especially Pseudomonas aeruginosa, were less sensitive to aPDT. In previous studies, an 
enhanced efficacy of aPDT against Gram-negative bacteria was obtained by binding 
photosensitizers to  antimicrobial peptides3.In this work, we designed a photobactericidal 
organic material, which proved efficiency against Gram-positive and Gram-negative bacteria.  

Cellulose nanocrystals were subsequently activated by the grafting of both an organic 
photosensitizer (chlorine-e6, a derivative of chlorophyll a) and polymyxin B (PMB). Produced 
by Bacillus polymyxa, PMB is a well-known antimicrobial peptide used to treat infections 
caused by Gram-negative bacteria. PMB can form complex after interaction between the amine 
functions of PMB and the LPS from Gram-negative cell wall4. PMB has already been described 
as an option for enhancing the effect of aPDT on Gram-negative bacteria, as it seems to 
disorganize bacterial outer membrane5.The previously activated nanocrystals (CNCc6-pmb) 
were analyzed by IR, ATG, Elemental analysis, after which antibacterial assays were carried 
out. After light irradiation, nanocrystals demonstrated efficiency against Gram-negative bacteria 
(Escherichia coli, Pseudomonas aeruginosa) and Gram-positive bacteria (Staphylococcus 
aureus, Staphylococcus epidermidis) by inhibition of bacterial growth and biofilm formation. 
These results highlighted the importance of using an antimicrobial peptide in order to enlarge 
the spectrum of activity of photosensitizer. In the near future, our work may lead to extensive 
studies for industrial applications in food industry and health sector. It may also be applied to 
the formulation of dermatological ointments and creams, especially for acne treatment purposes. 
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Numerous photosensitisers (PSs) have been used in photodynamic therapy (PDT), including the 
macrocyclic ring compounds of porphyrin, chlorin, phthalocyanine, and phenothiazine, as well as the 
pro-drugs that generate intracellular porphyrin, such as 5-aminolevulinic acid (ALA). However, different 
strategies have been used to design PSs that are more effective. Here we report on a dual PS system in 
which the Phthalocyanine (Pc) core was decorated with ALA by using ester bonds (Figure 1, 2), that 
were hydrolysed in the intracellular environment, releasing ALA and 1 (Figure 1). The ALA 
accumulation allowed for an intracellular production of Protoporphyrin IX (PPIX), exposing the cells to 
two PSs (1 and PPIX). The Pc portion of the dual PS had a large absorptive cross section in the red, 
together with a large efficiency of singlet oxygen generation. The PPIX was generated inside the 
mitochondria and absorbed light in the blue region. 

 
Figura 1 – Structures of the photosensitisers [tetrakis-(2-hydroxyethoxy)phthalocyaninato]zinc(II) (1) and 

{tetrakis-[2-(5-ammonium-4-oxapentanoyloxy)ethoxy]phthalocyaninato}zinc(II) tetra methanesulfonate (2). 
 

The conjugate presented an enhanced photodynamic activity in HeLa cells when it was excited by both 
blue and red light in comparison to Pc 1. This improvement was a result of the synergistic effects of 
having two photosensitisers acting in parallel with both being generated from the conjugate after cellular 
uptake and hydrolysis. The concomitant activation by different light sources is now emerging as a 
novelty in this field. The development of this conjugate has proved that the concept of hybridising 
classical PSs with ALA can be a platform for the development of more effective photosensitisers for 
PDT. 
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Due to appropriate photophysical characteristics for application in photodynamic therapy (PDT) 
there has been a growing interest in developing methods for the synthesis of dihydroporphyrins 
(chlorins).1 We have described a route to new 4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine-fused 
chlorins via a [8π+2π] cycloaddition of a transient 1,7-dipole, diazafulvenium methide 2, with 
porphyrins.2 Recently, we have shown that a tetra-aryl derivative of this type of ring-fused 
chlorins is a very active photosensitizer against melanoma cells, namely melanotic cancer cells.3 
Despite these impressive results we decided to carry out further studies on diarylchlorins 
knowing that some diarylporphyrins present advantages over the tetra-aryl compounds in PDT.4 
We were pleasantly surprised by the excelent activity of the chlorins 4-7 against cancer cells. In 
this communication, details of these potent PDT agents for cancer treatment will be described.  
 

 
Scheme 1 – Synthesis of tetrahydropyrazolo[1,5-a]pyridine-fused diarylchlorins  
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Melanoma is the most aggressive type of skin cancer. Its pigmentation results in high absorption 
of visible light, thus phototherapies are limited to the tumor surface and usually unable to 
eliminate the entire tumor[1]. In this study, four different PDT protocols were evaluated in 
melanotic and amelanotic cutaneous melanoma models, including two photosensitizers and an 
optical clearing agent (OCA). OCA is a hyperosmotic agent (optical refractive index ~1.4) that 
reduces light scattering caused by tissue microscopic interfaces, thereby increasing light 
penetration [2]. The cutaneous murine melanoma model was obtained by intradermal injection 
of 106 melanotic or amelanotic cells in nude mice. The PDT protocol included a vascular 
targeted Verteporfin (Visudyne) and a glucosamine salt of chlorin e6 (Photodithazine) as 
photosensitizers.  With or without prior topical application of OCA. After the treatment, the 
lesions were imaged every 48 h for 10 d to track the tumor growth. All procedures were 
approved by the Institutional Animal Care Committee (UHN, Toronto, Canada). As expected, 
the amelanotic tumors showed a better response to PDT than the melanotic lesions. The growth 
for the melanotic tumor was slower during the first 48 hours; after that, it started growing again 
at the same rate as the control group for both photosensitizers. In the groups with previous 
application of OCA, no tumor growth was observed until d8, at which time the melanotic 
tumors started growing again, particularly those treated with the chlorin-based photosensitizer. 
The group of melanotic tumors treated subsequently with the chlorin and then with Verteporfin 
showed recovery growth between days 8 and 10, which was similar to the group Verteporfin-
PDT with OCA. The groups that received both PDT treatments with prior application of OCA 
did not show tumor growth in the evaluated period. OCA resulted in significant enhancement of 
the PDT response, especially in the melanotic tumors. In addition, the photosensitizer 
combination targeting first the melanoma cells then the vascular network gave the best results in 
both melanoma types. Thus, topical application of OCA with a combination of photosensitizers 
was able to control melanoma growth for 10 d with a single PDT session. The use of optical 
clearing might also improve the treatment of non-pigmented thick tumors as well. These results 
may be improved with multiple PDT sessions for thicker tumors.  
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Photodynamic therapy (PDT) is a technique used for different types of cancer, but not suitable 
for pigmented tumors, mainly due to the tumor highly absorption in the PDT optical window. In 
this study, 2-photon PDT was investigated in a murine conjunctival melanoma (CM) model. CM 
is one of the ocular malignancies with a high recurrence rate and mortality[1]. In 2-photon PDT, 
ultrashort (~10-13s) long-wavelength (near-infrared) laser pulses are used to excite the 
photosensitizer, rather than low-intensity continuous light that is the standard clinical method. 
This leads to the each photosensitizer molecules absorbing two photons of light so that they can 
be activated to the same excited state as by absorbing a single photon of twice the energy[2]. 
One of the advantages of this technique is the possibility of using longer wavelengths that are 
less absorbed by the melanin, increasing the light penetration into pigmented tumors and also 
the PDT response in depth. The CM was obtained by injecting 103 B16F10 melanotic cells into 
the temporal, using subconjunctival space of the right eye in nude mice under anesthesia. The 
tumors were treated when reached around 1mm in length. The verteporfin (Visudyne, Canada) 
was administered by intravenous injection 30 minutes before the irradiation. For the treatment, 
the animal was positioned in the microscope under general anesthesia and the treatment volume 
(~400x400x1000um) was determined by reflectance imaging to avoid the photosensitizer 
bleaching. After that, the tumor was irradiated using a femtosecond laser at 865nm. Twenty-four 
hours after the treatment, the animals were sacrificed and the whole eye was sectioned and 
stained with H&E and tunnel assay to determine the treatment response. The preliminary results 
showed that only the irradiated volume presented apoptosis 24 hours after the treatment. 
Moreover, no side effect was observed in the surrounding tissue or changes in the animal 
behavior that could indicate eye damage. Tough preliminaries, these results show that 2-photon 
PDT might be an important tool for the treatment of ocular melanoma.      
Acknowledgments: The authors thank the financial support through a joint research program 
between Universidade de São Paulo, Brazil and the University of Toronto (LP, VB, CK, BW) 
and Canadian Institutes of Health Research, Canada Foundation for Innovation, Henry Farrugia 
Fund (SK, YY). L. Pires was also supported by a scholarship from the National Council for 
Scientific and Technological Development CNPq–Science Without Borders Program and 
Coordination for the Improvement of Higher Level Personnel–Capes, Brazil. Infrastructure 
funding was provided by the Princess Margaret Cancer Foundation.  
 
[1] N. E. de Waard et al., “A Murine Model for Metastatic Conjunctival Melanoma”, Invest. 
Ophthalmol. Vis. Sci., vol. 56, no 4, p. 2325–2333, abr. 2015. 
[2] M. Khurana, H. A. Collins, A. Karotki, H. L. Anderson, D. T. Cramb, e B. C. Wilson, 
“Quantitative in vitro demonstration of two-photon photodynamic therapy using photofrin and 
visudyne”, Photochem. Photobiol., vol. 83, no 6, p. 1441–1448, dez. 2007. 
  



 268 

P92 
Potential Triplet Sensitizers for Photodynamic Therapy based on 

Thioxanthene Dyes 
 

A.I. Ponyaev  and Y.S. Glukhova  
Saint-Petersburg, Russia, 190013, Moskovsky pr. 26, Saint-Petersburg State Institute of Technology (Technical 

University), ponyaev@technolog.edu.ru 
It is shown that modified xanthene dyes can serve as highly efficient and harmless sensitizers for 
photodynamic therapy and diagnosis of cancer. A distinctive feature of excited states of xanthene dyes is 
that they can interact directly with the cell thus generating reactive radicals or with oxygen thus 
transforming it into a singlet state. In both cases a damage to tumor cells can be expected. 
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As potential sensitizers for photodynamic therapy, of interest are thioxanthene dyes because they have a 
sufficiently high triplet quantum yield (up to 0.9), absorb light in the visible region of the spectrum, and 
exhibit fluorescence and phosphorescence which can be used for  
diagnostics of the dye distribution in body tissues. Spectral and kinetic parameters of radicals and triplet 
states of thioxanthene dyes have been studied by flash photolysis with a time resolution of 10 µs (Table 
1). 

Table 1. Photophysical parameters of Fluorescein and thioxanthene dyes (1-3) in 0.1 N. NaOH 
Parameters Fluorescein 1 4 5 6 
λmax abs., nm 490 513 525 541 
λmax fluor., nm 528 533 545 560 
λmax  Т-Т, nm 560 600 615 600 

ϕfluor. 0.92 0.12 0.01 <0.001 
ϕТ ±15% 0.05 0.75 0.9 0.4 

λmax Dye-
•, nm 394 400 410 395 

λmax Dye+
•, nm 430 430 450 420 

τТ .104, s 0.9 0.5 1.5 0.6 

It is also possible to bring the dye into a highly excited state, which is toxic to the cells affected by 
cancer. This transition occurs due to a triplet-triplet absorption and it can be achieved by preparing 
xanthene-substituted compounds with a high yield of triplets. This feature of xanthene dyes becomes 
decisive for the treatment of the cells which are depleted in oxygen for any reason. The xanthene dyes, 
especially modified ones, can be easily removed from the body. 
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Silica nanoparticles are excellent nanocarriers for photosensitizers, achieving a hybrid system 
with potential biomedical applications in photodynamic therapy. Spherical nanoparticles are 
synthesized by Stöber method with core-shell structure and monodisperse size distribution of 
around 50 nm, Figure 1.1 These nanocarriers have different functional groups in the external 
surface, such as hydroxyl (-OH), amine (-NH2), giving the possibility of grafting diverse 
molecules of interest-  
Particularly, in this work, a commercial photosensitizer Rose Bengal (RB) and a short chain of 
polyethylene glycol (PEG) are anchored to the different external groups, Figure 2. The PEG 
function is improve the system stability in water prolonging the nanoparticles life-time in 
blood.2 A result, silica nanoparticles with good singlet oxygen production and well-dispersed in 
water are obtained. “In vitro” experiments will be carried out to probe their therapy activity in 
cells. 

 

 
Figura 1 – Schematic representation of nanoparticle grafting  

 

 
Figura 2 – Schematic representation of nanoparticle grafting  
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Introduction: 
Lip cancer is a malignant tumor that originates from a flat multilayered epithelium. This is the 
common malignant tumor (1.4% of the total number of oncological formations). The main 
methods of treating cancer of the lips are: surgery, radiotherapy, chemotherapy and radiation 
therapy. One of the problems of the curing of lip cancer is not only the effectiveness of the 
therapy, but also the ability to save the organ and to avoid side effects after it. The great 
attention in determining the choice of a method for treating the lip cancer deserves PDT 
(photodynamic therapy). 
 
The purpose of investigation: to evaluate the effectiveness of PDT of the lip cancer. 
 
Materials and methods of the study: This treatment was performed in 52 patients with the first 
(1) and the second (2) stages (T1N0M0-T2N0M0) of squamous cell carcinoma of the lip. The 
age of the patients was from 35 to 80 years of old (М ± m = 65). PDT was performed using 
intravenous photosensitizers of the chlorin series "Photoditazine" or "Radachlorin" at the rate of 
0.8 -1.2 mg / kg. The drug-light interval was from 2 to 3 hours. The energy density of laser 
irradiation is 250-300 J /cm2. As a source of laser radiation, photodynamic therapy units 
"Elomed" and "Milon" with a wavelength of 662 Nm were used. For light energy supply, 
lightguides with a microlens at the end are used. 
 
The result of the study: The evaluation of the dynamics was carried out after two months after 
the treatment. All the patients (100%) have had the resorption of the tumor with preservation of 
the organ and subsequent replacement with a healthy tissue. The epithelialization of the defect 
was occurring within 1 month. All the patients (100%) have had an excellent cosmetic effect. 
After PDT, none of the patients had a recurrence of the disease. Relapse-free observation period 
of patients was from 2 years to 10 years. 
 
Conclusion: PDT is an effective, organ-preserving and sparing treatment for cancer of the lip, 
which allows not only to avoid side effects after treatment, but also to preserve the anatomical 
and functional integrity of the organ, and hence the full-value appearance of the person. 
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Ru(II) complex-based DNA photocleavers have been extensively studied for their potential 
application in photodynamic therapy (PDT) and photodynamic antimicrobial chemotherapy 
(PACT). However, their MLCT absorption maxima are generally shorter than 600 nm, limiting 
PDT/PACT application severely. In this work, by incorporating a 5-chloro-8-oxyquinolate-
based non-innocent ligand into a merocyanine scaffold Cl-7-IVQ, we obtained a new Ru 
complex of this ligand, [Ru(bpy)2(Cl-7-IVQ)]2+, which has intense absorptionin the window of 
600-700 nm and enables an efficient •OH-mediated DNA photocleavage. This long wavelength 
absorption band has a character of MLLCT transition from the hybrid Ru(dπ)-Cl-7-IVQ(π) 
orbital to the π*(Cl-7-IVQ) orbital and thus a contribution from the ππ* transition of the 
merocyanine framework, which endows the complex a molar extinction coefficient as high as 
1.73 × 104 M-1 cm-1 at 649 nm and allows for an efficient DNA photocleavage under an 
irradiation of low intensity. [Ru(bpy)2(Cl-7-IVQ)]2+ represents the first Ru(II) complex-based 
DNA photocleaver that has a MLCT absorption maximum above 600 nm and can selectively 
inactivate E. coli bacterial cells over Hela cells upon red light irradiation. 

 
Figura 1 – Absorption spectrum and chemical structure of [Ru(bpy)2(Cl-7-IVQ)]2+ 
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The photodynamic therapy (PDT) has been employed to combat infectious diseases and 
nowadays to eliminate tumors through the induction of metabolic changes and cell death in 
several cell lineages. In response tophotostimulation of a photosentitizer, cells can trigger 
programmed cell death pathways. Before this final step of lifespan, numerous alterations in 
metabolism and gene expression are essential to maintain homeostasis. In our work, we aim to 
study the alterations on gene expression profiles induced by the photosensitizer 1,9-dimethyl-
methylene blue (DMMB) in a human keratinocyte (HaCaT). This phenothiazine compound 
(Figure 1) can induce damages in mitochondria and lysosomes when in very low concentrations 
(nM) after photostimulation. Previous results have shown disruption in autophagy, up or down 
regulation in genes related to transcription factors, lysosomes biogenesis and mitophagy. 
Furthermore, we also aim to expand our studies to better understand the role of calcim signaling 
in lysosomes, mitochondria and endoplasmic reticulum after PDT with DMMB. In this study, 
we are analyzing genes that have crucial participation in apoptosis, necrosis, autophagy, calcium 
transport and redox signaling. We intend to correlate the gene expression changes induced by 
PDT to metabolic alterations and explain how damages in specific organelles can generate 
signals (mainly redox ones) for stimulation of survival/cell death pathways. 

 
 

 
Figure 1 - Structure of 1,9-dimethyl-methylene blue (DMMB), the photosensitizer employed in this work to study 

changes in gene expression profiles.  
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Cutaneous leishmaniasis (CL) is a chronic disease developed by parasites of the genus 
Leishmania that promotes destructive and ulcerated lesions. The available treatments are limited 
because of side effects, resistance and toxicity. Reactive oxygen species and nitric oxide (NO) 
are potentially toxic to these parasites. Photodynamic inactivation (PDI) involves the generation 
of oxidative stress and has been explored as an alternative treatment once it is less expensive 
and no reports about resistance have been described.1,2 Additionally, several studies indicate that 
the administration of exogenous NO donors represents an interesting strategy against CL.3 The 
aim of this work was to explore the effects of methylene blue (MB)-mediated PDI in association 
with encapsulated NO donors (S-nitroso-MSA) in chitosan nanoparticles (CSNPs) on CL in 
BALB/c mice using real time bioluminescence.  
Promastigotes of L. (L) amazonensis transgenic line expressing luciferase were used. Sixteen 
BALB/c mice were infected in the left footpad with 1.106 promastigotes. After 4 weeks, mice 
were randomly assigned to experimental groups (n=4): Control (non-treated), PDI (treated only 
with PDI), PDI+CSNP (submitted to PDI and S-nitroso-MSA-CSNPs) and CSNP (treated only 
with S-nitroso-MSA-CSNPs). PDI was administered in two sessions separated by 24 h and 
CSNPs (80 µM) were applied immediately after the second PDI session. PDI was performed 
using a red LED (λ= 660 ± 22 nm), MB (100 µM), irradiance of 100 mW/cm2 and radiant 
exposure of 150 J/cm². Parasite burden was analyzed through luciferase detection by bioimaging 
in the first 96 h following treatment and every week during 4 weeks. Statistically significant 
differences were considered when p < 0.05. 
Test groups presented significant reduction in parasite load compared to control during all 
experimental period. Twenty-four-h after treatments, parasite burden was lower for PDI+CSNP 
group but no statistically significant difference was observed when compared to other test 
groups. After 48 h, all test groups were similar. Besides, parasite load in test groups remained 
lower than control following 1, 2, 3 and 4 weeks post-treatment. 
Under conditions used in this study, we conclude that CSNPs were not able to enhance MB-
mediated PDI efficiency in L. (L) amazonensis-induced CL in mice. 
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Photodynamic therapy (PDT) is a technique for cancer treatment that uses a photosensitizer (PS) 
in the presence of light and molecular oxygen generating reactive oxygen species (ROS) that 
lead to death of tumor cells. In this study two new chlorins with L-type shape structure were 
synthesized from protoporphyrin IX dimethyl ester and 1-(2-hydroxyethyl)maleimide by the 
Diels-Alder reaction to improve the problems of aggregation of the chlorins in physiological 
medium, as well as to study the photodynamic action on tumor cells (HEp-2 and HeLa) and 
non-tumor cells (Vero) when used as photosensitizer. These new chlorins were compared to a 
similar commercial molecule used in PDT, verteporfin (Visudyne®). The chlorins were 
characterized by 1H-NMR, 13C-NMR, UV-Vis and high resolution mass spectroscopy (HRMS). 
It was studied their photochemical properties such as quantum yield of singlet oxygen (φ0) and 
fluorescence (φf) along with their photodegradation. Furthermore, it was determined the 
partition coefficient (log P) exhibiting an important amphiphilic character. Finally, cytotoxic 
assays of the new chlorins and the determination of cell death by fluorescence microscopy were 
performed. Thus, the synthesized chlorins have a strong emission in 670 nm, very low 
photobleaching and no aggregation. The chlorins have an amphiphilic character more adequated 
than verteporfin. The φ0 is 0.75 and phototoxicity is around 55-77% higher than verteporfin 
depending on the light dose irradiation, leading to cell death up to 65% by an apoptotic process 
in tumor cells. The results suggest that these chlorins derivatives may replace verteporfin with 
advantages. 
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Chlorin-based photosensitizers are commonly used in photodynamic therapy (PDT).  These 
drugs are effluxed by cell-membrane transporters, such as the ATP-binding cassette subfamily 
G member 2 (ABCG2). PDT efficacy is limited in tumor cells expressing high levels of these 
proteins. Pancreatic cancer cell lines AsPC-1 and MIA PaCa-2, which have high and low 
ABCG2 expression, respectively, were used and ABCG2-overexpressing MIA PaCa-2 cells 
were generated. We compared PDT efficacy between Chlorin e6 (Ce6) and cationic water 
soluble polymeric photosensitizer (PS-pNP) which is comprised with Ce6, polyethylene glycol 
and polyethylenimine. The intracellular concentration of Ce6 was significantly higher in MIA 
PaCa-2 cells than in AsPC-1 or ABCG2-overexpressing MIA PaCa-2 cells. PS-pNP increased 
intracellular levels of the photosensitizer in all cell lines. The cell viability experiments 
indicated increased Ce6 resistance in ABCG2-overexpressing cells. In contrast, PS-pNP 
produced similar levels of cytotoxicity in each of the cancer cell lines tested. Singlet oxygen 
production was higher in cells treated with PS-pNP than in those treated with Ce6. Furthermore, 
in heterotopic and orthotopic AsPC-1-xenograft mouse models, PDT using PS-pNP significantly 
reduced tumor volume in comparison to that of Ce6 treatment. PS-pNP could increase 
intracellular Ce6 concentration, which were related with reduced ABCG2-mediated efflux of 
Ce6, thereby enhancing the effects of PDT in pancreatic cancer cells.  
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Photoactivatable transition metal complexes have been intensively investigated as alternative 
agents for photochemotherapy1 and a Ru polypyridyl photosensitizer has recently entered 
clinical trials for PDT in Canada.2 However, metal complexes can exert anticancer activity 
through different mechanisms of action, which not always rely on singlet-oxgen production. 
Metals play a key role in medicine and platinum drugs remain among the most used 
chemotherapeutic agents in the clinics. For these reasons, the uniquely rich photochemistry of 
transition metal complexes has been tailored to promote novel light-induced reactions3 and 
various metal-based prodrug candidates have given promising results in vitro and vivo.4 

 

 
Figura 1 – Bioorthogonal photocatalytic activation of a Pt(IV) prodrug by riboflavin 

 
In this contribution, we report on a novel photoactivation strategy that our laboratory is 
currently developing. We make use of bioorthogonal catalysis to achieve outstanding efficiency 
and selectivity in the activation of Pt(IV) prodrugs and to shift their excitation energies to more 
convenient wavelengths for application.5 
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There are many options for the treatment of actinic keratosis (AK)1. Photodynamic therapy 
(PDT) is considered a good choice for AK treatment because it can offer the treatment of both 
subclinical lesions and cancerization fields, and for these reasons, an uniform illumination 
device was developed for the treatment of AK of upper limbs, providing a better approach of 
treatment of cancerization field. PDT is considered to be painful, and the large area treatment 
can be even more. The objective of this study is to evaluate the response of PDT treatment for 
widespread actinic keratosis of upper limbs and the tolerability of the method and device. It was 
selected 140 patients with widespread AK of upper limbs. The lesions were lightly curetted and 
a 20% methyl-aminolevulinate cream was applied over the forearm and hands. Then, the 
occlusion of the limbs was performed for 3 hours. The patients had their limbs treated for 40 
minutes with a delivered energy of 36 J/cm2 by a prototype-based LED device. Medical visual 
quantification of the number of AK were performed before and 30 days after PDT. Pain was 
assessed by verbal numerical scale, where 0 was no pain and 10 the worst pain experienced by 
the patient. Low pain was defined as scores of 0-3, moderate pain as scores 4-6 and severe pain 
as scores 7-10. Based on these scales, three pain parameters were calculated: the average pain 
(mean of the pain values experienced by the patient), the pain duration (number of times which 
the pain scores were moderate or severe) and the severe pain duration (number of times which 
the pain scores were severe). The correlation coefficients between the number of AKs before 
PDT and these pain parameters were calculated using the MATLAB (R2012a version, 
Mathworks, Natick, Massachussetts, USA) software. Considering the 140 patients treated, 51% 
was male and 49% was female. The mean age was 72 years old. The average of AK lesions per 
patient before treatment was 73 and decreased to 23 30 days after PDT, with a a reduction of 
68% in the number of AK after 30 days. The values were analyzed by Mann-Whitney and 
showed statistical significance (p<0.001). During the initial minutes, the pain was severe and 
decreased through time. There was no correlation between the number of AKs before PDT and 
pain parameters (Average Pain, Pain Duration and Severe Pain Duration) by Pearson, Kendall 
rank or Spearman's rank correlation. In this study, most of pain was classified as moderate 
despite using a large area device. It is important to consider that the presence of multiple lesions 
was not correlated with worse pain. Topical PDT using this anatomic new prototype could 
represent a promising therapeutic alternative for widespread AK of arms, since larger areas can 
be treated at a single session with excellent outcome. 

 
1. Werner RN, Stockfleth E, Connolly SM et al. Evidence- and consensus-based (S3) Guidelines for the 
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European Dermatology Forum - Short version. J Eur Acad Dermatol Venereol. 2015 Nov;29(11):2069-79. 
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After a skin cancer diagnostic, it is very important to choose the best treatment option, considering 
clearance of the lesion and aesthetics outcome. Surgery is the gold standard for non-melanoma skin 
cancer (NMSC) treatment, but sometimes, the reconstruction of these extensive lesions needs the use of 
flaps or grafts. These reconstruction procedures increase the time and the complexity of the surgery, 
putting elderly patients on risk1,2. The objective of this study is to evaluate the photodynamic therapy 
(PDT) for large but superficial lesions of NMSC. A total of 33 patients were selected, comprising 12 
patients with large area lesions of Bowen’s disease and 21 patients with superficial basal cell carcinoma 
(BCCs). The lesions were smoothly curetted and next, the application of 20% methyl aminolevulinate 
cream was performed. Three hours after, the lesions were illuminated during 20 minutes with a prototype 
with LED emitting at 630 nm with an irradiance of 125 mW/cm2, and a total energy of 150 J/cm2. 
Another session was performed 7 days after and the  clinical evaluation and the size of the lesions were 
performed 30 days after PDT. The patients had a mean age of 72 years old, 64% were female and 36% 
male. Most of the lesions (37%) were located on the head and neck area, followed by trunk (36%) upper 
limbs (21%) and lower limbs (6%). The area of the initial lesions ranged from 3 to 48 cm2, with a mean 
of 14.2 cm2.  
 

 
   Figure 1: M.S.S., female, 77 years old. A) Bowen disease on right arm before PDT treatment;  

B) 30 days after 2 PDT sessions. 
 
 A total response, with complete clearance of the lesion, was observed in 79% of the cases.  In the 7 
remained lesions (21%) it was observed a reduction of at least 50% of the area. Considering that these 
large area lesions would be treated with surgical procedure, the PDT treatment showed 79% of complete 
response in elderly patients with potential comorbidities. This study shows an important contribution of 
PDT treatment in large area lesions, avoiding surgeries of big reconstructions in old patients with 
comorbidities. 
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We present results on monitoring of variations in morphological characteristics of cultured cells in the 
course and after photodynamic treatment with Radachlorin photosensitizer. Experiments were performed 
on the human cervix epidermoid carcinoma HeLa cell line. Drug penetration into cells was controlled by 
fluorescence detection. Monitoring of cell transformations in the course of irradiation and afterwards was 
performed by means of digital holographic microscopy. High-precision measurements of phase shift 
gained by probe radiation in targeted cells demonstrated changes of their thickness, volume and shape 
occurred in response to treatment. Observations on individual cells were confirmed by statistical 
measurements over 20-55 cells in each specimen. The analysis was performed on the dependence of 
recorded variations upon the treatment parameters, namely on the incubation time with the 
photosensitizer, its concentration in solution as well as on the excitation laser wavelength, fluence rate 
and irradiation duration. Experiments performed by digital holography were assisted by observations of 
the same cells in the optical microscope. 
 

 
(a) 

 
(b) 

Figure	1.	Phase	(a)	and	amplitude	(b)	images	of	HeLa	cells	taken	in	1	hour	after	2-min	irradiation.	
 
Figure 1 presents images of HeLa cells taken in the holographic and optical microscopes in 1 hour after 
treatment with the 660-nm laser. The observed decrease of phase shift in cells in the top part of the image 
evidences cells flattening due to the cell membrane damage and leakage of cell content into the 
extracellular medium. Corresponding images taken in the optical microscope demonstrate the efflux of 
intracellular medium and blebs formation. These effects may exhibit the necrosis pathway of the cell 
death. Cells in the bottom of the image on the contrary exhibit phase shift increase, they get smaller and 
their shape becomes more round. This behavior may be indicative of the apoptosis pathway of cell death. 
The treatment efficacy was found to be depending upon the incubation time and/or photosensitizer 
concentration in solution as well as on laser fluence rate and irradiation duration. 
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Information on the dynamics of formation and degradation of singlet oxygen (SO) in biological 
matter in the course of PDT is of high practical importance due to the key role of SO in therapy 
of malignant and benign pathologies. The reliable detection and monitoring of SO requires 
accurate separation of the SO and photosensitizer (PS) phosphorescence signals, that is often a 
challenge. Among the data of most demand are spectral characteristics of PS luminescence in 
the spectral range close to the SO phosphorescence band. In this communication we present 
experimental data on the luminescence spectrum of Radachlorin photosensitizer in aqueous 
solution, particularly in the near IR spectral range, and on the dynamics of SO and PS 
phosphorescence. 

 
(a) 

 
(b) 

Figure	1.	Luminescence	spectrum	of	aqueous	solution	of	Radachlorin	(a),	and	SO	phosphorescence	peak	(b).	

Figure 1a presents the luminescence spectrum of Radachlorin. The spectrum contains a 
continuum with a slope decreasing rapidly to the red. A small peak at about 1274 nm can be 
attributed to the SO phosphorescence band. The peak is shown in more detail in Fig. 1b. The 
ratio of the SO peak to the background in Fig. 2 averaged over the spectral range 1258-1300 nm 
was determined to be about 40%. We believe that the physical processes contributing to the 
signal background in Fig. 1 are luminescence from low vibronic excited singlet S1 and triplet T1 
states to highly vibronic excited ground state S0 energy levels. This statement was perfectly 
supported by our analysis of luminescence signal temporal dependence performed by means of 
TCSPC spectroscopy using the pulsed-laser excitation. As shown in Fig. 3, at any wavelength 
within the explored spectral range the luminescence decay contained two major contributions: a 
fast decay at the ns time domain and a slower evolution at the µs time domain. The fast decay 
can be attributed to electric dipole fluorescence transitions within singlet or triplet manifolds in 
PS molecules and the slow evolution can be attributed to interconversion phosphorescence 
transitions in singlet oxygen and photosensitizer molecules. 
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Introduction. The aim of the modern oncology is to use fast and little invasive procedures, easily 
leading to diagnosis, as a methods that allow not only to evaluate the preneoplastic and 
neoplastic changes, but also the targeted collection of biopsy material for histopathological 
examination. One of the up-to-date methods of early diagnosis, which we performed in our 
Clinic, are the endoscopic autofluorescence imaging (AFI) procedures. Another step toward the 
objectification methods of imaging diagnostics is the spectroscopy, based on tissue spectral 
analysis (SA), which uses differences in the optical properties of healthy and diseased tissues. 
The obtained tissue images are analysed in wavelengths in the range 430-450nm and 620-640 
nm. A series of tissue images obtained from CCD camera coupled to a spectrometer,  allows to 
receive and study the spectrum of white light reflected from the lesion, and the fluorescent light 
emitted after excitation with blue light. To increase the efficiency of spectrum analysis between 
pathological and normal tissue, the spatial transformations colour maps are formed, to visualize 
the points with the highest and lowest emissions of green and red. AFI and SA seems to be a 
best method of optical biopsy, that joins all of these crucial aims of early cancer diagnosis [1,2]. 
Methods. In our Center the AFI and SA play a crucial role as fast and little invasive method of 
tissue examination in many cases, including gastroenterology, pulmonology, dermatology, 
gynecology and urology. In our Clinic there are known five targets of autofluorescence 
diagnosis: 1. detection precancerous changes in order to prevent malignant transformation, 2. 
detection of neoplasmatic tissue in its early stages for fast removal, 3. prevention expansion, and 
detection the recurrence of cancer, 4. monitoring of therapy and 5. exclusion of the neoplasmatic 
disease. We use AFI imaging system Onco LIFE, which shows optical differences between 
healthy and neoplasmatic tissue. To increase the sensitivity and specificity of medical diagnosis, 
we use also the fluorescence spectroscopy.  Results. Our AFI and SA procedures, include 
gastroscopy, colonoscopy, bronchoscopy, cystoscopy and dermatological examinations, reveal 
the great opportunities for early and minimally invasive diagnosis of early stage of cancer. In 
our studies, using AFI, NCV and SA, it was investigated, that the fluorescence intensity may 
correspond to the degree of histopathological assessment and allow to sort observed tissues for 
healthy, inflammatory, cancerous or dysplastic. Conclusion. Our clinical research confirm the 
high usefulness of optical biopsy in early cancer diagnosis and even more- they allow to 
distinguish precancerous, neoplasmatic and inflammation lesions.  
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Onychomycosis is a common fungal nail infection caused by dermatophytic and non-dermatophytic 
filamentous fungi and yeasts. Conventional treatment consists of administration of antifungals for long 
periods of time. The development of new technologies and therapeutic such as Photodynamic Therapy is 
necessary due to increase of drug-resistant microbial strains and the high incidence of this type of 
infection in the population [1, 2]. 
The objective of this study is to implement the PDT as a new technique for the treatment of 
onychomycosis caused by Trichopyton rubrum, Trichopyton mentagrophytes and Candida albicans 
using the PSs curcumin (from Sigma Aldrich® - St. Louis, Missouri, United States,  and PDTPharma® - 
Cravinhos, Sao Paulo, Brazil) and two chlorins (Ch-e6 and Ch-Butyl – UFSCar, Sao Carlos, Sao Paulo, 
Brazil) [3–6]. The mechanisms analyzed were: in vitro assays; new tools for diagnosis using 
thermographic and fluorescence images; to carry out a clinical study for the treatment of patients with 
onychomycosis using a specific device for this application.  In the in vitro tests, the curcumins showed 
better results than chlorins. Among the curcumins tested, the best result was the natural curcumin (40%) 
and curcuminoids (60%) from the PDT Pharma®, followed by curcumin (98%) from Sigma Aldrich®, 
sintetic curcumin (98%) from PDTPharma® and lastly, the salt of curcuminoids only, from 
PDTPharma®. In the clinical tests, the thermographic and fluorescence images have been shown to be 
auxiliary for onychomycosis diagnosis. Clinical results after treatment of 30 patients showed complete 
response with ten sessions of PDT. This number of sessions fell to six when curcumin was incorporated 
in emulsion. This clinical study is a part of the research in progress with methods of the diagnosis by 
PCR - Polymerase Chain Reaction, correlating the bacteria strain with the success of the treatment. The 
low cost of both (the equipment and PS), the simple operation with fast clinical results with absence of 
side effects are important factors to implement this technology for the onychomycosis treatment.   
 
1    Smijs, T.G.M.; Pavel, S. The susceptibility of dermatophytes to photodynamic treatment with special focus on Trichophyton 
rubrum. Photochemistry and Photobiology, v. 87, n. 1, p. 2–13, 2011. 
2    Allison, R.R.; Moghissi, K. Photodynamic therapy (PDT): PDT mechanisms. Clinical Endoscopy, v. 46, n. 1, p. 24–29, 
2013. 
3    Silva, A.P. da; Kurachi, C.; et al. Fast elimination of onychomycosis by hematoporphyrin derivative-photodynamic therapy. 
Photodiagnosis and Photodynamic Therapy, v. 10, n. 3, p. 328–330, 2013. 
4    Silva, A.P. da; Chiandrone, D.J.; et al. Development and comparison of two devices for treatment of onychomycosis by 
photodynamic therapy. Journal of Biomedical Optics, v. 20, n. 6, p. 061109, 2015. 
5    Silva, A.P. da; Carbinatto, F.M.; et al. A Promising Strategy for the Treatment of Onychomycosis with Curcumin and 
Photodynamic Therapy. Journal of Pharmacy and Pharmacology, v. 3, p. 434–437, 2015. 
6    Borgheti-Cardoso, L.N.; Angelo, T.; et al. Onychomycosis Treatment: New Emerging Therapies and Challenges. Advances 
in Medicine and Biology, Volume 91, p. 61–79, 2015. 
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Bovine trichomoniasis is a sexually transmitted disease caused by the flagellate protozoan 

Tritrichomonas foetus. This causes considerable economic losses in several countries. 

According to numerous studies it is noted that, depending on stimulating factor T foetus has the 

ability to choose from within a set of multiple cell death pathways, which path will follow. 

However, the Photodynamic Therapy promoting changes in nuclear morphology of this parasite, 

with apoptotic characteristics. Studies of the physical, chemical and physiological interaction 

are of extreme importance since it can be directly related to the infection of the host, as well as 

their pathogenicity to host cells. In this context, considering the epidemiological importance and 

health of trichomoniasis, we are looking for analyze and understand the mechanisms of cell 

death of the parasite after treatment with PDT in order to elucidate the cell survival and death of 

T foetus. It was observed by the present work that this parasite can adopt different mechanisms 

of cell death according to the treatment used, was noted after the use of PDT associated with 

AlPcS4, they showed cell death characteristics by apoptosis in the presence of a "ladder pattern" 

characteristic of DNA fragmentation, visible on agarose gel electrophoresis. These studies will 

form the basis for the development of future treatments alternative, been less harmful to the host 

and effectively; as will be of great importance for studies of cell death in organisms lacking 

mitochondria. 
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The use of photodynamic therapy (PDT) has been increased to successfully treat skin diseases, 
mainly actinic keratosis (AK) and superficial skin cancer. However, patients often report 
moderate to severe pain, the cause of which is not clearly known. A strategy to reduce the pain 
caused by PDT is the use of continuous PDT, a low rate PDT light delivered by the sun for 
extended periods of time, sometimes called ‘Daylight PDT’, with very low incubation time of 
the photosensitizer1. Previous studies have shown that the efficacy of ALA-PDT is related to 
cross-linking of STAT3 and it can be used as a molecular marker for the photodynamic damage 
delivered2. The effects of different irradiation schemes were compared using this STAT3 assay, 
with i) continuous PDT (using different light sources, such as fluorescent lights (CFL), sunlight, 
red LEDs, and halogen lights) or ii) conventional PDT (PDT) and iii) fractionated PDF (fPDT), 
by measuring the percentage of STAT3 monomer conversion into form I (Fig. 1). The data 
showed that all light sources used in this study induced cross-linking of STAT3 as compared to 
control group and continuous PDT was slightly less effective as conventional PDT or fPDT to 
treat superficial skin disease. 

 
(a) (b) 

  
Figure 1 – (a) Expression of STAT3 crosslinking after ALA-PDT treatment. (b) Effect of continuous PDT and 

conventional PDT on STAT3 cross-links (% of conversion). Variables with different letters are significantly 
different.  
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Organelle-targeted photosensitization represents a promising approach in photodynamic therapy 
where the design of the active photosensitizer (PS) is very crucial. In this work, we developed a 
macromolecular PS with multiple copies of mitochondria-targeting groups and ruthenium 
complexes that displays highest phototoxicity toward several cancerous cell lines.[1] In 
particular, enhanced anticancer activity was demonstrated in acute myeloid leukemia cell lines, 
where significant impairment of proliferation and clonogenicity occurs. Finally, attractive two-
photon absorbing properties further underlined the great significance of this PS for mitochondria 
targeted PDT applications in deep tissue cancer therapy. 

 

 
Figure 1. a) Schematic display of the interaction of the nanocarrier with cells and light; b) Colony forming cell 

(CFC) assay of the OCI-AML3 (OA3) AML cell line showed reduction of colonies after exposure to light (470 nm) 
compared to the treated and nonexposed cells (dark); c) Morphology of the colonies in the control arm and 5 min 

exposure arm (4× magnification). 
 

The observed TP features of the cHSA-PEO-TPP-Ru biopolymer provide important prospects 
for PDT in vivo. The presented strategy to merge a multifunctional protein scaffold and diverse 
synthetic entities into a versatile nanotransporter platform with tailor-made and potentially 
synergistic molecular properties could be of great relevance for the preparation of more efficient 
diagnostic and therapeutic tools in biomedicine. 
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Porphyrins based on the protoporphyrin IX motif are used in many important natural systems 
such as pharmaceuticals and in photosynthesis. In order to expand their uses in biological 
systems, use can be made of non-natural porphyrins provided that they can be made 
biocompatible. The synthesis of drugs with suitable solubility remains a key challenge in drug 
applications. Polyamine adducts allow a drug to target specific cells or cell structures in 
vitro.1,2,3 In this research we have synthesised hybrid polyamine porphyrins such as 1 in good 
yield to aid membrane penetration and water-solubility. These moieties are attached to 
propionate chains on the porphyrin. These compounds have good water solubility. They were 
synthesised and characterised completely for the first time by our research group. The 
compounds localise in HEP3B and HT29 cancer cells and 1 localises mainly in mitochondria. 
 The in vitro PDT efficacy and toxicity is strong after both 660 nm and 525 nm laser 
irradiation whereas exogenous PPIX itself exhibits much weaker PDT effects. Some more 
biological results in strong in vitro and in vivo will be highlighted. The compounds synthesised 
can be incorporated into cells and further studies may show their potential in photodynamic 
therapy (PDT).  
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The progress of photodynamic therapy (PDT) as an efficient medical tool for treatment of 
cancer relies, mainly, in the development of new photosensitizers (PS) with improved 
properties. Recently, third generation photosensitizers have been designed to overcome some 
limitations of PDT, as high photobleaching rates1, which leads to significant efficiency loss 
during treatment. Despite being much less investigated than porphyrins, porphyrazines (Pzs) are 
potential candidates for improved PS due to their high light absorption coefficient in the tissue 
optical window (600 – 800 nm), high singlet oxygen quantum yields, as well as low tendency to 
form non-responsive aggregates. In this work, MgPzs substituted with groups (R) of varying 
inductive effect (1-5 – Figure 1) were synthesized in order to stablish, for the first time for these 
compounds, a correlation between structural modification and photophysical response, and 
modulate the macrocycles properties to achieve PS with high photostability. 

 

 
Figure 1 – Structural representation of the porphyrazines investigated in this work. 

 
Porphyrazines 1-5 were obtained in moderate to high yields from their dinitrile precursors2, and 
characterized by 1H NMR, MALDI-TOF MS and UV-vis absorption techniques. The blue-shift 
in the absorption and emission maxima, as well as the fluorescence quantum yield in THF, 
followed the order 1 > 2 > 3 > 4 > 5, as supported by theoretical calculations. The 

1O2 quantum 
yield, on the other hand, increased from 1 (0.34) to 4 (0.64), due to the heavy atom effect, and 
was the lowest for 5 (0.071). The Pzs photobleaching rates fell in the range of 10-4 to 10-5 in 
THF, but were strongly dependent on the Pzs environment, as concluded from experiments in 
lipid vesicles and solvents with different polarities. In general, the compounds studied in this 
work showed improved photostability and photophysical response compared to some 
commercially available PS, motivating further investigation in cancer cells. 
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Reduction of the cell resistance to free radicals and oxidative stress may enhance the 
effectiveness of photodynamic therapy (PDT), where its basic cytotoxic agent is a singlet 
oxygen. Damage of the main antioxidant enzymes, protecting nucleus and organelles from the 
free radicals influence, leads to cell death. 
In the gold thiolate complexes, cytotoxic properties carrier is the atom of gold, in the 
composition with phosphine-gold complex, can inhibit glutathione reductase by decreasing cell 
reduction potential. 
This research comprehends the development of high-performance PS, based on 
dipropoxybacteriopurpurinimide (dipropoxy-BPI) with thiolate gold complexes (I), for 
combined photodynamic therapy and chemotherapy in oncology. Introduction of 
triphenylphosphine-gold (TPPA) into the periphery of thiol PS occurred to be impossible due to 
their rapid oxidation and formation of disulfides. Other approach included complexes (TPPA) 
synthesis with cysteamine and cysteine for subsequent joining them to dipropoxy-BPI. 
 

 
Figura 1 – dipropoxy-BPI and conjugates with gold (I) thiolate complexes 

 
Joining TPPA with cysteine to dipropoxy-BPI 1 in the presence of a condensing agent EEDQ 
led to the obtaining of the PS 2 with the two cysteine-TPPA residues. Remarkable, that the 
change in the molar ratio of the starting reactants does not affect the product structure, which 
was proved by 1H NMR and mass spectra. Synthesis of conjugate 3 with a single cysteine-TPPA 
residue has become possible due to changes in amidation conditions. Preliminary biological 
studies have shown dark toxicity of conjugates 2 and 4 on the cell line of colon cancer HCT116, 
and irradiation with light have shown the promotion of their photo-induced cytotoxicity. 
According to these results, the possibility of the proposed bacteriochlorine series PS application 
in combined therapy for the tumors treatment can be presumed.  
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Similar to the clinically used photodynamic therapy, sonodynamic therarapy uses external 
energy to activate therapeutic sensitizers, but instead of light, ultrousnd is used. Ultrasound 
technology has been widely applied in diagnostic imaging, interventional guidance, and physical 
therapy. It can reach deep tissue, therefore, sonodynamic therapy could be potentially applied to 
all parts of the human body. Most of the reported sonosensitizers are photosensitizers or derived 
from photosensitizers; therefore, the accepted mechanism of action of sonodynamic therapy is 
similar to that of PDT. We recently developed a new type of photo-insensitive sonosensitizer, 
named RB4, for tumor ablation. When tested with MDA-MB-468 breast cancer cells, ultrasound 
or RB4 alone had marginal effects on cell viabilities (80% viable), while the combined RB4 and 
ultrasound treatments killed over 90% of cells (Fig 1). Subsequent validation with various ROS 
scavengers, including L-Histidine, D-Mannitol, superoxide dismutase and N-acetyl cysteine, 
indicated little ROS was produced under insonation, so that the cells weren’t killed by ROS.  
 
Its tumor ablation potential was tested using a MDA-MB-468 breast cancer xenograft model by 
direct intratumoral injection. RB4 (50 ul, 10 uM) was injected directly into tumor and followed 
by a local insonation (1 MHz, 1 W/cm2, 3 min). Two days after treatment, the tumors were 
excised, sectioned, and checked for cell death. Pathological analysis showed a large necrotic 
area caused by the RB4 and ultrasound combination treatment. Importantly, when the same 
treatment was applied to normal muscle tissue, no dead cells were found. This information 
indicates that the RB4/ultrasound combination therapy is selective and only act on the tumor. In 
contrast, similar to the PBS treated group, little tissue damage was observed with ultrasound 
alone or RB4 alone in vivo. Our new development could become an alternate treatment 
approach to photodynamic therapy and radiation with maximum local killing effects and 
minimal side toxicities. 

 
Fig 1: (A) Breast cancer MDA-MB-468 cells after RB4 and ultrasound (US) treatment: Non-treated negative 
control, RB4 only (10uM), US only (1MHz, 1 W/cm2, 30sec), and RB4 plus US. (B) Cell viability 1 day after 
treatment.   
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Background. Malignancies of the lip cover a large amount of the total number of head and neck 
tumors. Given the location, detection of the tumor is in most cases at an early stage. The main 
treatment options are surgery and radiotherapy whereas cure rates are high. However, the 
aesthetic and functional results of the lip can be moderate to poor after radiation or surgery. We 
report the value of photodynamic therapy (PDT) in treatment of T1 or T2 squamous cell 
carcinoma of the lip.  
 
Methods. We conducted a retrospective analysis of 15 patients with a primary stage I or II 
carcinoma of the lip treated with m-Tetrahydroxyphenylchlorin (m-THPC) mediated PDT. A 
microlens fiber was used emitting a circular spot of light with a surgical margin of at least 5 
millimeters. Patient follow-up varied between four months and eleven years.  
 
Results. A total of 16 primary carcinomas of the lip were evaluated, of which 75% (n=12) were 
staged as stage 1 and 25% (n=4) as stage II. Three tumors existed of residual disease after other 
treatment modalities. PDT resulted in complete remission in 94% of the 16 treated tumors. 
Follow-up varied between 14 months and 11 years. Next to complete remission in the majority 
of the cases, PDT showed excellent cosmetic and functional results.  
 
Conclusions: PDT is a valuable treatment for T1-2 carcinomas of the lip. The efficacy is 
comparable to the current mainstay treatments. In addition, PDT showed favourable cosmetic 
and functional results with minor side effects.  
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Arboviruses are one of the major concerns on public health nowadays, specially in Tropical 
regions. Aedes aegypti is the vector of some important diseases caused by these viruses, 
including dengue, Zika and Chikungunya. These conditions could cause deleterious population 
effects, such as microcephaly, caused by Zika virus infection. Besides the development of 
vaccines, vector control is pivotal in combating these mosquito-borne illnesses spread. A 
photoactivable larvicide obtained  from curcumin (Curcuma longa) has shown high potential for 
Ae. aegypti control. Notwithstanding the importance of larvae control, this photoactivable 
product toxicity might represent a jeopardy to non-target aquatic organisms. Along these lines 
and in order to ensure the environmental safety of this larvicide use in aquatic environments, the 
aim of this study was to evaluate the acute toxicity of the larvicide in the cladoceran Daphnia 
magna and the fish Danio rerio. The aforementioned organisms play critical roles in aquatic 
food chains, and are sentinel organisms widely used as bioindicators. Both tests were conducted 
according to OECD guidelines1,2. Concerning the D. magna tests, 5 neonates (<24 hours) were 
placed in each test well, with 4 replicates per concentration, at a 20±2ºC incubator, in the 
darkness. The assay lasted 72 hours, and immobility or mortality were evaluated every 24 hours. 
For the fish assay, seven adult male and female zebrafish (< 2.0 ± 1.0 cm) were placed in a 5 
liter aquarium, with 3 replicates per concentration. Fish assay lasted 96 hours, and was 
performed in a static system; evaluation of mortality occurred at 24, 48, 72 and 96 hours. Water 
quality parameters were accessed at the beginning and end of exposures, and remained suitable 
for both species. Mean Lethal Concentration (LC50) was accessed by Probit analysis, and upper 
and lower limits were calculated with 95% of confidence. Our results provide useful information 
of the curcumin-based photoactivable larvicide concentrations that might impair the aquatic 
biota, and supports regulatory efforts concerning the environmental safety of this product.    
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Combating antimicrobial resistance is one of the most serious public health challenges that 
modern society is currently handling.[1] Thus, the development of new approaches using 
alternative antibiotic action mechanisms ought to be prioritized. Therein, antimicrobial 
photodynamic therapy is one of the methodologies that has received significant attention, for not 
being associated with the development of microorganism resistance after treatment.[2]  
Therefore, and pursuing our interests in the development of sensitizers for photodynamic 
therapy of cancer[3] and organometallics,[4] we now extend the concept for development of 
dual molecules for microbial inactivation. Herein, the synthesis, characterization and biological 
evaluation of new dual antibacterial agents are reported. These new molecular entities, 
constituted by two moieties functioning under different mechanisms of action, may potentially 
target bacteria and act both as bacteriostatic and photosensitizing agents. 	
The antimicrobial activity of photosensitizers was tested towards a panel of pathogenic 
microorganisms including gram-positive, gram-negative bacteria and fungal yeast. Moreover, 
cytotoxicity, cellular uptake and photodynamic effect experiments were performed on various 
cancer and endothelial cells. These promising results performed against eukaryotic and 
prokaryotic species demonstrate a potential of investigated compounds in photodynamic 
inactivation of microorganisms as well as photodynamic therapy of cancer.  
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Abstract: Objective: To report a rare case of topical 5-aminolevulinic acid (ALA)–photodynamic therapy 
(PDT) in the treatment of a systemic lupus erythematosus (SLE) patient with lower limb multiple 
Bowen’s disease (BD). Methods: A 45-year-old female SLE patient presented with lower limb skin rash 
that had initiated 7 years previously, and clinical examination and biopsy confirmed BD. She received 
four treatment sections of topical ALA-PDT at 1-month intervals. No photosensitive phenomena were 
observed during and after the treatment. Results: At the end of the treatment, an excellent clinical 
response was observed. The recovery time was prolonged only after the first treatment, with exudation 
lasting for about 2 weeks and close to 1 month required for scabbing to disappear. The patient reported 
no recurrence of rash after 2 months of treatment. Conclusion: This is the first report to describe ALA-
PDT for patient-confirmed photosensitivity in an Asian patient. Whether PDT is contraindicated for SLE 
remains to be discussed, although our findings show that PDT can be used as an alternative therapy for 
SLE patients with BD who cannot tolerate surgery. 
 

Figura 1 –A and D, Clinical aspect of the treated zone before treatment with ALA-PDT.  
B and E, Clinical aspect of the treated zone before the final treatment with ALA-PDT .  

C and F, Clinical aspect of the treated zone 2 months after the final treatment with ALA-PDT. 
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Background:  

Antibiotics combination therapies are recognized as the key approach to prevent H. pylori infection related diseases, such as 
peptic ulcer, gastric cancer, et al. With the widespread and prolonged use of broad-spectrum antibiotics, antibiotic resistance 
rate of H. pylori increased and its eradication rates decreased notably. Alternative monotherapy drug or methods to kill H. 
pylori are needed to be explored. Photodynamic therapy (PDT) is a new anti-tumor and antibacterial technology[1-4]. It has 
the potential to be a new strategy for the treatment of H. pylori infection in people at high risk of gastric cancer. In this study, 
the antimicrobial activity of a new cationic benzylidene cyclopentanone photosensitizer against H. pylori was evaluated. 

Methods: 

Suspensions of pelagic H. pylori were incubated with Ps under different concentrations (2.5, 5, 10, 25 µM) for 30 min 
followed by 532-nm laser irradiation. Immediately after PDT, the viability of H. pylori was assessed by CFU counting. All the 
process was carried out at 37 °C in a standard microaerobic atmosphere within a microaerobic bag. The ultrastructure 
change of H. pylori induced by PDT was observed under scanning electron microscope (SEM). Meanwhile, the killing effect 
of PDT to Ges-1 cell was also assesses by MTT under the same PDT dosage. 

Results: 

The bactericidal effect of PDT increased with the Ps concentration increasing. For NCTC 11637, H. pylori CFU decreased 
by 3 log at the concentration of 5 µM. For clinical strain, H. pylori CFU decreased by 3 log at the concentration of 10 µM. 
Loss of structural integrity and evidence of extensive cell disruption and lysis was found under SEM. While the survival rate 
of Ges-1 was higher than 90% at the concentration of 25 µM. 

Conclusions: The results demonstrated that this new benzylidene cyclopentanone photosensitizeris has the potential to 
selectively kill H. pylori. 
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Dipyridinium pyrene dihydrodioxin (DPDHD) bind to DNA via intecalation of the pyrene ring 
in the base-pair stack and electrostatic attraction between the pyridinium salts and phosphate 
backbone as shown below. Photochemical electron transfer from the pyrene to the pyridinium 
salts leads to release of pyrenequinone, which subsequently leads to photochemical cleavage of 
the DNA backbone and autocatalytic release of further pyrenequinone with visible light. 
Ultrafast transient absorption studies of simple dipyridinium salts linked by two carbon atoms 
indicate that electrons become trapped between the two pyridinium rings and held by this 
ensemble more effectively than by a single pyridinium ring.  However, effective electron 
capture and pyrenequinone release requires that the two pyridinium rings be diequatorial, which 
is not favorable for binding to DNA. Therefore, we are studying a variety of pyridinium salts 
and their geometric requirements for effective electron trapping and DNA binding.  For 
instance, TPDHD should bind DNA effectively with the two axial pyridinium rings and at the 
same time have two equatorial pyridinium rings ideally situated to capture of an electron in the 
intervening space. The DVDHD might bind the ejected electron more effectively and enhance 
pyrenequinone release substantially. The results of these and related studies will be reported at 
this conference 
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ESKAPE group consist Gram-positive and Gram-negative bacteria which are ethological agents 
of life-threatening hospital-acquired infections1. The conception of ESKAPE terminology was 
proposed in 2008 by Rice et. al and was described as a group of following microorganisms: 
Enterococcus spp., Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, 
Pseudomonas aeruginosa and Enterobacter spp2. These pathogens display high resistance rate 
to multiple antibiotics which is one of the most important challenges in the 21st century3. Blue 
light treatment (BLT) excites endogenously produced porphyrins leading to reactive oxygen 
species (ROS) formation responsible for cytotoxic effect toward target cells4,5. Blue light 
treatment was proved to reach high bactericidal efficiency towards various bacteria species, 
such as: Streptococcus pyogenes, Staphylococcus epidermidis and Proteus vulgaris4. Thus, the 
object of current research was to evaluate bactericidal efficacy of BLT against 12 ESKAPE 
clinical isolates displaying extensively drug resistant profile (XDR). Bacterial cultures were 
treated with various blue light doses (λ = 405 nm) ranging from 10 to 200 J/cm2. In the course of 
the study sub-lethal and lethal doses of blue light treatment were determined for each bacterial 
strain leading to high bactericidal effect. 

 
References 

 
1. S. Sirijan, N. Indrawattana, Mechanisms of Antimicrobial Resistance in ESKAPE Pathogens. BioMed Res 

Int. 2016 (2016) 1-8. 
2. L. B. Rice, Federal Funding for the Study of Antimicrobial Resistance in Nosocomial Pathogens: No 

ESKAPE. J Infect Dis 197 (2008) 1079-1081. 
3. T. Maisch, S. Hackbarth, J. Regensburger, A. Felgenträger, W. Bäumler, M. Landthaler, B. Röder, 

Photodynamic inactivation of multi-resistant bacteria (PIB) – a new approach to treat superficial infections 
in the 21st century. J Dtsch Dermatol Ges. 9 (2011) 360–366.  

4.  M. Maclean, S. J. MacGregor, J. G. Anderson, G. Woolsey, Inactivation of Bacterial Pathogens Following 
 Exposure to Light from a 405-Nanometer Light-Emitting Diode Array. Appl and Environ Microbiol 75.7 
 (2009) 1932–1937. 

5.  F. F. Sperandio, Y. Huang, M. R. Hamblin. Antimicrobial Photodynamic Therapy to Kill Gram-Negative 
 Bacteria. Recent Pat Antiinfect Drug Discov. 8.2 (2013) 108–120.  

 
Acknowledgements: Current research was supported by grant no. 2015/19/B/NZ7/02487 from National 
Science Centre (Poland). 
  



 297 

P123 

The curry spice curcumin mediated sono-photodynamic therapy on HepG2 

liver cancer cells 

  
Hong Sui, Yushan Qiu, Wenting Zhu, Tongying Xu, Longmin Li, Yufeng Wang, Tingting 

Zhang, Peng Huang, Xiuwei Sun, Xiaoxue Du, Rui Xie, Yuxian Bai 

Department of Digestive Internal Medicine & Photodynamic Therapy Center, Harbin Medical University Cancer 

Hospital, Harbin 150081, China 

xierui178@126.com or bai_yuxian@126.com 

 Abstract: Sono-photodynamic therapy (SPDT) activates the same photo/sonosensitizer and has 
a more remarkable antitumor effect than sonodynamic therapy (SDT) or photodynamic therapy 
(PDT). However, the use of curcumin (CUR) in SPDT and its mechanism is still unclear. When 
we utilized 40 µmol/L CUR as the photo/sonosensitizer for 3 h, the cell viability decreased to 
54.6±3.8% in SPDT when compared with SDT (70.6±6.8%) or PDT (71.9±7.2%). Furthermore, 
flow cytometry revealed the apoptotic rate in SPDT (19.3±1.6%) is increased compared to SDT 
(11.9±1.3%) or PDT (12.2±1.8%). In SPDT group, HepG2 cells owned typical 
apoptosis characteristics. The mechanism underlying the effect of SPDT involves induction of 
intracellular reactive oxygen species increase, loss of mitochondrial membrane potential, and 
apoptosis via downregulation of antiapoptotic proteins Bcl-2 and Bcl-xl, upregulation of pro-
apoptotic protein Bax and increased activation of caspase-3 in HepG2 cells. We therefore 
concluded that CUR-SPDT was a promising methodology for treating liver cancer. 
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Abstract: Verteporfin-based photodynamic therapy was reported to treat the locally advanced 
pancreatic cancer. In this study, we aimed to examine the verteporfin spatial patterns over time 
in orthotopic xenograft pancreatic tumor. An orthotopic xenograft mouse model with pancreatic 
cancer cell line AsPc-1 was developed. The mice were sacrificed at different time points (0 min, 
5 min, 15 min, 30 min, 1 h, 3 h) after intravenous injection of verteporfin into mice tail vein. The 
pancreatic tumors were immediately excised and sliced. An ex vivo imaging was then performed 
on a Typhoon 9410 Variable Mode Imager. We found that the sliced tumors produced rim type 
fluorescent patterns of verteporfin. At time points from 0 min to 3 h, the intensity of 
verteporfin fluorescence reached the highest peak at the 1 h time point, and decreased at the 3 
h time point. We therefore concluded that in order to achieve maximum pancreatic tumor 
destruction, 1 h time point (post-injection of verteporfin) would be the ideal time point to 
administer laser treatment for photodynamic therapy. 
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Endoscopy-associated infection is important for patient safety. As a new method of endoscopic  
disinfection, antibacterial photodynamic therapy appears to be effective for the treatment of 
Gram-negative and Gram-positive bacteria using photosensitizer and laser. In this study, the 
methylene blue based photodynamic therapy was tested for an effective disinfection method in 
endoscopic channel. Gram - negative bacteria and Gram - positive strains were cultured and 
treated with methylene blue and irradiated with planktonic bacteria. After the biofilm was 
formed through the culture, methylene blue and laser were irradiated in the same manner as 
before. Formation of biofilm was confirmed by crystal violet staining and planktonic bacteria 
were identified using LIVE/DEAD BacLight Bacterial Viability kit. Through experiments 
bacterial colony formation was found in low dose treatment with methylene blue. However, 
higher dose of methylene blue treatment reduced the number of colony formation. When the 
laser was irradiated after low dose treatment with methylene blue, the colony number was 
reduced, which was observed in repeated experiments. These results suggest that photodynamic 
therapy using methylene blue can be applied for disinfection of endoscopy channel. 
Photodynamic therapy can be a good potential solution to address the problem of antimicrobial-
resistant strains in the current cleaning and disinfection procedures. 
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 Background; Photodynamic therapy is a useful treatment method for tracheal malignancy. 
However, it sometimes provokes disasterous complications such as dyspnea or hemoptysis. We 
experienced a case of fatal hemoptysis after photodynamic therapy for tracheal cancer and 
hereby reported.  
 Method; A 37-year old woman was admitted to a hospital for the treatment of her recurred 
tracheal cancer. She received surgical resection followed by concurrent chemoradiation therapy 
for her large cell neuroendocrince carcinoma in trachea 3 years before. Photofrin was 
administrated intravenously at a dose of 2mg/kg. One day after, endoscopic tumor ablation was 
performed with a light diffusion catheter using a 630mm wavelength light sorce. The patient 
was given 120J for one session, with duration of 400 seconds.  
 Result; The patient was discharged without complications 5 days after the treatment initially. 
However, she visited emergency room complaining dyspnea. Bronchoscopic examination 
showed purulent sputum and ulcerative lesion in treatment lesion. After tolileting sputum and 
antibiotics administration, the symptom was relieved. At 10th day of hospital stay, she appealed 
severe dyspnea again and endoscopic toileting was performed. Although no specific signs or 
symptoms have been appeared for the next 3 days, a massive hemoptysis was suddenly 
developed. Despite the immediate intensive care, the patient expired on the 13th day of 
hospitalization. 
 Conclustion; Photodynamic therapy has proved to be feasible and safe for the treatment of 
airway cancers. However, a patient who had been performed photodynamic therapy and 
revealed symptoms such as dyspnea should be carefully observed to prevent the tragic results 
whch might be caused by complications.  
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The fight against malignant cancer cells has always been challenging for researchers. For action 
to serve this goal, photodynamic therapy (PDT) using nanoparticles is considered as very 
promising [1]. In this domain, titanium dioxide nanoparticles (TiO2 NPs) can produce a 
significant cytotoxicity effect under UV illumination, accompanied with minor dark toxicity, 
high stability and good biocompatibility in vitro and in vivo [2]. However, human tissues are 
mostly transparent in the red and near infra-red spectral regions which is impossible to 
implement in the case of UV-limited TiO2 [3]. Sensitization of TiO2 with organic 
photosensitizers such as Chlorin e6 (Ce6) enables us to develop a titania-based system with a 
prolonged photo-response and an intensive ‘visible light’ harvesting capability. Before 
sensitization with Ce6, TiO2 P25 NPs are modified through silanization via two different 
approaches. The TiO2 core is either embedded within a polysiloxane shell formed by two silane 
reagents (core-shell) [4] or simply modified by (3-aminopropyl)triethoxysilane (APTES) alone 
(T-A-Ce6). 
 
The anti-cancer capability of those NPs was assessed through in vitro experiments using U87 
glioblastoma cell line exposed to different concentrations of NPs. Unlike core-shell NPs, T-A-
Ce6 nanosystem appears to induce a relevant phototoxicity upon illumination at 10 J/cm2 (652 
nm). When illuminated, the cell viability decreased to reach 11% in the presence of T-A-Ce6 at 
200 µg/mL corresponding to 0.22 µM of Ce6. The same photodynamic effect can be achieved 
with free Ce6 but using a higher concentration of 10 µM. An interesting photodynamic effect 
can be obtained using T-A-Ce6 NPs with low Ce6 concentration (0.22 µM). This outcome is 
attributed to the concomitant effect of both 1) Ce6, producing singlet oxygen and inducing the 
indirect excitation of UV-limited TiO2 through electron transfer, and 2) the role of the activated 
TiO2 semiconductor in the production of other reactive oxygen species especially hydroxyl 
radicals. Moreover, the stability of this system is due to the use of APTES that connects Ce6 to 
TiO2 via covalent amide bond. 
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The microbial biofilm is constituted of microbial cells associated that forming a extracellular 
polymeric matrix (EPS).  It is resistant to external factors such as temperature, pH and drugs (1). 
The biofilms formed in patient-installed endotracheal tube can be highly resistant with difficult 
inativation (1). The presence of biofilms in medical devices such as endotraqueal tubes can 
cause diseases. The Ventilator Associated Pneumonia (VAP) is a type of pneumonia developed 
in patients with endotraqueal tube (5 to 20%) after 48 hours of its introduction. The aim of the 
study is to inactivate Staphylococcus aureus biofilm in endotracheal tubes. The project aims the 
well-being of patients with endotracheal tube. An alternative to change of tubes is the use of 
photodynamic inactivation for decontamination them. This type of inactivation that associates 
light and photosensitive molecules has been tested in biofilms (2). Photodynamic therapy (PDT) 
produces reactive oxygen species toxic to micro-organisms. In this study, Staphylococcus 
aureus biofilms in endotracheal tubes was inactives by PDT. The curcumin is a molecule known 
as a spice of antioxidant effect and anti-inflammatory. However, it has been studied as a 
photosensitive molecule in PDT due to reactive oxygen species (ROS) production and to inhibit 
cyclooxidase-2 (3). The lighting was carried out in Biotable, set of Led's with wavelength of 450 
nm. The experiments were plotted using the Statistica software from pilot experiments. The 
experimental design aimed at the optimization of PDT parameters: curcumin concentration; 
dose of light and incubation time. The PDT parameters were optimized in endotracheal tube 
containing S. aureus biofilm with 70% (CFU/m) of microorganisms inactivated. 
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Background:5-Aminolevulinic acid photodynamic therapy (ALA-PDT) has been an effective 
method for treating acne vulgaris.There is a variety of light sources for PDT of acne.Red light is 
the most widely used light source while Intense pulsed lights (IPL) is reported effective and 
well-tolerated.Objective:To evaluate the efficacy and adverse reactions of ALA-PDT with red 
light on acne compared with ALA-PDT with IPL.Materials and Methods: 12 patients were 
recruited in the randomized, prospective and split-face study.5% ALA cream were applied on 
the whole face with 2 hours’ incubation before narrow band LED(633±10 nm, 36-50J/cm2) on 
one side of face and IPL(590-1200nm,15–16J/cm2)on the other side.Three treatment sessions 
were administered with 2-week interval each time and 8 weeks’ follow-up. 
Results:There was a significant difference in the reduction rate of acne lesions (P<0.05) but no 
major difference in the cure and effective rate between the two sides (P>0.05). The reduction of 
papules, pustules, nodules/cysts in the red light ALA-PDT showed relatively higher but no 
statistical difference (P>0.05).Significant PpIX fluorescence decrease was observed only in red 
light side(P<0.05). Lower pain intensity numeric rating scale values and investigator’s Global 
Severity Assessment (IGA) grading for erythema of the IPL side were observed compared with 
Red light side(P<0.05).Conclusion: The results suggested that both red light and IPL are 
effective for ALA-PDT on acne vulgaris. ALA-PDT with red light may achieve better efficacy 
by more effective photobleaching of protoporphyrin IX (PpIX), whereas IPL may accomplish 
less adverse reactions and better tolerance. 
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OBJECTIVES: We compared the efficacy of Hemoporfin mediated photodynamic therapy 
(PDT) and pulsed dye laser (PDL) in patients with port-wine stains (PWS). METHODS: A 
systematic literature search was performed using Medline (PubMed), Embase, and Cochrane 
Central Register of Controlled Trials (CENTRAL) databases through Jan 15, 2017. Unpublished 
study was also retrieved. We included randomized controlled trials (RCTs) that compared the 
efficacy of PDT with PDL or with placebo in patients with PWS. Two reviewers independently 
conducted the search and selection of studies and rated the risk of bias in each trial. The direct 
meta-analysis was conducted with Ravman software (version 5.3). The network meta-analysis 
(NMA) was conducted for an efficacy end points with a Bayesian hierarchical random effects 
model in Aggregate Data Drug Information System (ADDIS) software. RESULTS: Three 
studies comprising 555 patients were included. Direct meta-analysis showed that by evaluation 
of PWS colour fading greater than 20% (PCF20), PDT was more effective than placebo (OR 
= 24.49 [14.57, 41.17], P < 0.001) for PWS. Two session of treatments would result in a higher 
percentage of patients achieving PCF20 (1 session vs. 2 sessions: OR 0.25 [0.13, 0.49], P < 
0.001). A higher percentage of patients with pink type PWS achieved PCF60 (OR= 2.00 [1.30, 
3.10], P=0.002) and PCF90 (OR= 2.49 [1.29, 4.79], P=0.006) compare to those with purple type 
PWS. And the latter achieved a greater percentage of PCF20 (OR= 4.21 [1.74, 10.19], P=0.001) 
and PCF60 (2.66 [1.11, 6.38], P=0.03) than those with hypertrophic type PWS. Based on the 
network meta-analysis of the different procedures, the results showed that the application of 
PDT seemed to be more effective for PWS (Rank 1 = 0.93) than PDL (Rank 1 = 0.06). 
CONCLUSIONS: PDT is an effective therapeutic option for PWS and might be superior to 
PDL. 
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Introduction. Malignant vulvar tumors are in the 4th place and account for 2.5% to 5% of 
malignant oncogynecological diseases. The average afe of patients with vulvar carcinoma is 47 
± 1.5 y.o. The inclusion of photodynamic therapy (PDT) into a wide range of surgical methods 
of treatment in gynecology has improved the possibilities for both definitive and organ-
preserving therapy for vulvar diseases associated with human papillomavirus (HPV) [1]. The 
objective was to study the efficacy of PDT in patients with vulvar pre-cancer and cancer 
associated with HPV. Material and methods. PDT was performed in 30 patients with vulvar 
intraepithelial neoplasia (VIN) I-III and vulvar cancer associated with HPV. Eight of them 
(26.7%) had VIN I-III, 22 (73.3%) – squamous cell carcinoma. According to PCR analysis 
HPV-16 was diagnosed in 6 patients with VIN I-III, HPV-18 - in 2. Among 22 patients with 
squamous cell carcinoma 18 had HPV-16, 2 – HPV-18 and 2 – HPV-45/52. All patients 
underwent treatment with agent based on chlorine e6 which was injected intravenously at a dose 
of 1 mg/kg body weight. The light dose was 100-350 J/cm2. Results. Antiviral and antitumor 
effect after PDT for vulvar disease was assessed clinically and by cytological or histological 
study 3 months later and by PCR analysis 6 months after PDT. The treatment response was 
achieved in all patients in 3 months. Total tumor regression 1 year after PDT was observed in 
93.3% of 28 patients. Two (6.7%) patients underwent repeated treatment due to reccurence. One 
patient with vulvar dysplasia grade III had dysplasia II a year after treatment and 1 patient with 
squamous cell carcinoma had cancer in situ 6 months after treatment. Side-effects included pain 
during 2-3 days after PDT which was reliefed by NSAIDs. Antiviral effect of PDT was assessed 
6 months after treatment according to PCR data. All patients had complete response on the 
treatment (the absence of HPV). Conclusion. Thus, the obtained results of PDT with chlorine e6 
for treatment of patients with intraepithelial neoplasia and vulvar carcinoma associated with 
HPV showed high therapeutic and antiviral efficacy with minimal number of side-effects and 
absence of complications after the procedure. 
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Introduction. Treatment of patients with primary (mesothelioma) and metastatic pleural lesions 
is a challenging issue in clinical oncology. The technique of photodynamic therapy (PDT) for 
mesothelioma and pleural metastatis from different sites was developed and is used in P.A. 
Herzen MCRI [1]. Material and methods. P.A. Herzen MCRI has an experience of PDT in 105 
patients with primary and metastatic pleural lesions complicated by malignant pleuritis. 
Mesothelioma was in 15 patients, pleural metastatis from different sites — in 90. The 
distributors for laser irradiation were placed during video-assisted thoracoscopy in 41 patients 
and by means of ultrasound-guided thoracocentesis and local anaesthesia – in 64. The treatment 
was accompanied by pleural drainage and active pleural effusion aspiration. PDT was 
performed with photosens which was injected intrapleurally at a dose of 20 mg (110 ml of 
0.02% solution) 1 day after the placement of distributors. First session of PDT was carried out 
2-3 h after injection of photosens, following sessions - with 24 h interval. Routinely, 4–5 
sessions of PDT were performed. Results. Prior to PDT all patients had intensive accumulation 
of pleural effusion which required repeated thoracocentesis, constant pain, intoxication and 
respiratory failure. After the termination of treatment significant decrease of pain (up to its 
relief), coughing, dyspnea was noticed in 86 (82%) of patients. In the 96 (91.4%) cases there 
was a downfall of pleural effusion accumulation verified clinically and by chest X-ray, i.e. 
pleurodesis was achieved. Intrapleural prolonged PDT was the most effective for malignant 
pleuriris caused by breast cancer, renal cancer, ovarian cancer and pleural mesothelioma. The 
fewer efficacies were observed for lung cancer and mesothelioma which may be due to 
hemorrhagic character of effusion. We managed to achive long-term results in 51 (49.0%) 
patients, after PDT 33 of them received chemotherapy, 18 — only supportive therapy. The mean 
follow-up period was 20.1 months with maximal duration of 38 months. Conclusion. Thus, 
photodynamic therapy for malignant pleuritis enables to achieve good palliative result and to 
improve quality of life in this group of patients. 
 
1. Filonenko, E.V. Photodynamic therapy and photodyagnosis . 3 (2014) 3. (In Russ.). 
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INTRODUCTION: The potential of photodynamic therapy (PDT) combined with other anti-
tumor treatment modalities is becoming increasingly apparent. Unfortunately, off-target 
toxicities that many anti-neoplastic substances possess, are unwanted. To overcome this, 
nanocarriers may be employed to safely deliver encapsulated agents in the tumor area through 
passive accumulation. However, in most cases this does not lead to complete tumor localization. 
To improve the tumor accumulation of nanocarriers, we investigated whether PDT is able to 
enhance the delivery of nanocarriers, thereby enhancing the concentration of drugs in the tumor. 
METHOD AND RESULTS: Polyethylene glycol (PEG) -2000-coated nanoparticles based on 
poly lactic-co-glycolic-acid (PLGA) were prepared. The nanoparticles contained a near-infrared 
(NIR)800 dye to allow efficient in vivo tracking. The resulting PLGA (NIR800) -PEG- 
nanoparticles showed strong fluorescence in the NIR-spectrum, displayed an average size of 300 
nm and a zeta-potential of -24 mV.  In addition, the nanoparticles were non-toxic to cancer cells 
after 72 h of incubation up to a concentration of 250 µg/mL. For PDT in vivo, Radachlorin® 
was injected intravenously at 20 mg/kg into immunocompetent albino C57BL/6 mice, bearing 
either one or two murine colon 38 (MC38) tumors in the right and left flank. After 6 h of 
incubation in a dim room, either one or none of the tumors were illuminated with 662  nm light 
at a fluence rate of 116 mW/cm2 for a fluence of 116 J/cm2. The next morning after PDT, 
PLGA (NIR800)-PEG- nanoparticles were injected intravenously into the tail vein at 250 µg, 
after which their distribution to the tumor(s) was followed over time using spectrofluorometry. 
The results show an increased accumulation of nanoparticles in the tumor area of mice after 
PDT-treatment versus control, in both the one- and the two-tumor models. 
CONCLUSION: These findings indicate that PDT enhances accumulation of circulating 
nanoparticles in the tumor area and underline the potential for combining PDT with 
nanoparticle-mediated anti-tumor therapy. 
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Conventional cancer therapies as chemotherapy and radiation therapy lack of selectivity and 
cause side effects that in many cases limit their use. To enhance treatment efficacy, therapeutic 
strategies are often combined. This approach includes also the use of photodynamic therapy 
(PDT), a less invasive and more selective treatment modality approved for different types of 
solid tumors [1]. PDT could significantly enhance the toxicity of chemotherapeutic drugs [2]. 
The advantage of combination therapy is the possibility of using drugs that exert cytotoxicity 
through different mechanisms reducing the resistance developed by cancer cells. Moreover, 
when drugs acting by different mechanisms are combined, each agent can be used at its optimal 
dose without intolerable side effects. The aim of this work was to evaluate in vitro the efficacy 
of the combination between PDT and chemotherapy compared to the effect of each single 
treatment. We used HeLa cells, derived from cervical carcinoma, and MDA-MB-231 cells, 
derived from triple negative breast carcinoma, and employed meso-tetraphenyl chlorin 
disulphonate (TPCS2a) as PDT photosensitizer (PS) and docetaxel (DTX) as chemotherapeutic. 
PDT, alone or in combination, was applied giving 1 J/cm2 of red light. Dose-response curves 
after treatment with DXT alone gave an IC50 of 0.015 µg/mL in both cell lines and showed that 
a fraction of cells was resistant to treatment especially in MDA-MB-231 cells. On the contrary 
PDT (1 J/cm2 after 24 h incubation with TPCS2a) could led to complete cell death. The IC50 of 
TPCS2a was 0.4 µg/mL and 0.5 µg/mL for HeLa cells and MDA-MB-231 cells, respectively, 
and correlated with the slightly higher PS uptake in HeLa with respect to MDA-MB-231 cells. 
Based on the IC50 values, an optimal drug concentration ratio was selected for the combined 
treatment that showed slight synergism in both cell lines. Future perspectives include: i) 
evaluation of the combined treatment in a cell line resistant to DTX and ii) evaluation of the 
therapeutic effects of these drugs loaded in double layer nanoparticles where a negatively 
charged poly(lactic-co-glycolic acid) (PLGA) core entrapping DTX, is coated with a first 
positively charged layer of polyethylenimine (PEI), embedding the PS, and a second layer of 
hyaluronic acid (HA) for cellular targeting. These novel drug delivery platforms are particularly 
interesting for the possibility to realize the simultaneous encapsulation of drugs with different 
features in different layers of the system [3]. 
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Aim: Photodynamic therapy (PDT) utilizes a photosensitizer that has to be activated by light to 
treat tumors. Though promising, it is limited by the penetration depth of the activating light in 
the visible wavelength range. Upconversion nanoparticles (UCNs) can absorb near-infrared 
(NIR) light to re-emit in the UV to visible range to activate photosensitizers. This offers the 
possibility of deeper penetration depth for cancer treatment. We studied the use of surface-
functionalized titanium dioxide (TiO2)-coated UCNs for deep penetrating NIR-activated PDT of 
oral cancer in an in vivo model. 
 
Methods: The TiO2-coated UCNs were surface-functionalized by pegylation followed by 
conjugation with an anti-EGFR targeting affibody. Human oral squamous cell carcinoma 
(OSCC) xenograft tumors were induced in murine models. The surface-functionalized UCNs 
were administered intravenously to study the uptake of the particles. Animals were sacrificed at 
4h, 24h, 1 week and 2 weeks to harvest the tumors and major organs. We assessed the uptake of 
the UCNs in the tumors and organs using fluorescence microscopy. In in vivo PDT experiments, 
the UCNs were intravenously administered 4h prior to UCN activation using a 980 nm laser. 
Tumor growth or regression was recorded to establish the efficacy of NIR-PDT in OSCC 
tumors. 
 
Results: The fluorescence microscopy uptake study showed that the UCNs were present in the 
tumors and major organs, including liver and spleen at 4h and 24h. At longer time points of 2 
weeks, the particles could not be observed using fluorescence microscopy, showing clearance in 
progress. Histopathological examination of organ sections did not show any observable 
abnormalities. NIR-PDT of OSCC tumors resulted in elimination or inhibition of tumor growth 
compared to untreated controls. 
 
Conclusion: NIR-activated PDT using surface-functionalized TiO2-coated UCNs hold promise 
for treatment of deep-seated or large tumors. 
 
 
  



 310 

P149 
Evaluation of the Photodynamic Inactivation (PDI) Using Curcumin over 

Streptococcus mutans Biofilm 
 

Vitor Hugo Panhóca1, Adilson César de Abreu Bernardi2,Vanderlei Salvador Bagnato1, 
Alessandra Nara de Souza Rastelli3  

 
1Physics Institute of São Carlos, University of São Paulo – USP, 13566-590, São Carlos, SP, Brazil 

2University of Araraquara  - UNIARA,  Department of Biology and Health Sciences, 14801-340, Araraquara, SP, 
Brazil 

3University of São Paulo State – UNESP, Araraquara School of Dentistry,14801-903, Araraquara, SP – Brazil, 
Department of Restorative Dentistry,14801-903, Araraquara, SP, Brazil 

Victor Hugo Panhóca 
vhpanhoca@msn.com 

 
The photodynamic inactivation (PDI) involves the use of light under a specific wavelength to 
activate a nontoxic photosensitizing agent or dye in the presence of oxygen for eradication of 
microorganisms. In dentistry, PDI is used to suppress the growth of microorganisms involved 
with dental caries and periodontal deseases. There are evidences that curcumin dye is able to 
control microbial activity when illuminated under a specific wavelength. Then, this study 
evaluated the susceptibility of S. mutans (ATCC 25175) biofilm to photodynamic inactivation 
after sensitization with curcumin (Sigma Aldrich) at 20, 40 and 80µM irradiated by blue light at 
440nm (BioTable®, MMO Equipments Opto Eletronics Ltda, São Carlos, SP, Brazil) under 
36.1mW, 45J/cm2 and 5 min of pre-irradiation time. Biofilm was induced using BHI broth 
supplemented with 1% sucrose for 7 days in a 96 well-plate at 37°C in 10% CO2 incubator. 
Serial dilutions were seeded onto brain heart infusion agar to determine viability in colony-
forming units per milliliter (CFU/mL). Additionally, confocal laser scanning microscopy 
(CLSM) was performed using BacLight® LIVE/DEAD viability system. Different Groups were 
analyzed: L-D- (negative control), L-D+ (drug Group, dark citotoxicity), L+D- (light Group), 
L+D+ (PDI Group) and chlorhexidine at 0.2% (positive control). The results were analyzed by 
two-way ANOVA and Tukey’s test (p<0.05). PDI using curcumin at 40µM was effective in 
reducing S. mutans counts by 2 log10 compared to their untreated negative control and positive 
control (chlorhexidine at 0.2%) (p<0.05). Confocal images also showed that 40µM provided 
more no-viable bacteria (red color) than viable bacteria (green color).  PDI using curcumin as 
photosensitizer can be an effective method to control S. mutans biofilm. Also, PDI can be 
effective instead of the use of chlorhexidine, an antimicrobial agent that presents many side 
effects. 
 
 

1.   Paschoal MA, Tonon CC, Spolidório DM, Bagnato VS, Giusti JS and Santos-Pinto L, Photodiagnosis 
Photodyn Ther., 10 (2013) 313.   
2. Tonon CC, Paschoal MA, Correia M, Spolidório DM, Bagnato VS, Giusti JS and Santos-Pinto L, J Contemp 
Dent Pract., 16 (2015) 1. 
3. Panhóca VH, Florez FLE, de Faria Júnior NB, Rastelli ANS, Tanomaru JMG, Kurachi C and Bagnato VS, J 
Contemp Dent Pract.,17 (2016) 184. 

 
 
Acknowledgements: The authors thank FAPESP (São Paulo Research Foundation) Process Number: 
2013/07276-1 and 2015/21183-1 for the finantial support. 
  



 311 

P143 
Photochemical Characterization of Biosupramolecular Assemblies of a 

Modified Photosensitizer with Cucurbit[n]uril and Human Serum Albumin 
 

José Robinson-Duggona, Francisco Pérez-Moraa, Marcelo Muñozb, Ana María Edwardsb and 
Denis Fuentealbaa*   

aLaboratorio de Estructuras Biosupramoleculares, Departamento de Química Física, Facultad de Química, 
Pontificia Universidad Católica de Chile, Código Postal 7820436 Santiago, Chile 

bLaboratorio de  Química Biológica, Departamento de Química Física, Facultad de Química, Pontificia 
Universidad Católica de Chile, Código Postal 7820436 Santiago, Chile  

dlfuente@uc.cl  
 
Photodynamic therapy of cancer (PDT) is a technique for the treatment of cancer which is based 
on the irradiation of a photosensitizer, followed by the generation of reactive oxygen (ROS), 
specially singlet oxygen (1O2), which is able to react with biomolecules and therefore induce the 
death of abnormal cells either through apoptosis or necrosis.1 Encapsulation of photosensitizers 
in cucurbit[n]urils, (CB[n], n = 5-8 and 10), a pumpkin like molecular container, has 
demonstrated that could influence their photophysical and photochemical properties due to their  
host-guest interactions. Their applications as a drug delivery system also has been explored 
because of their ability to sequester drugs inside their structure, therefore providing a steric 
barrier for the drug against degradation and deactivaton.2-3   
Previous work from our group showed that Acridine Orange (AO+) could bind simoultaneously 
to CB[7] and human serum albumin (HSA) though weak interactions in a biosupramolecular 
complex.4 Recently, we reported that depending on the photosensitizer and the CB[n] there is a 
lengthening of the lifetime of the triplet excited state and different behaviours for the singlet 
oxygen quantum yield were observed upon inclusion into CB[7] and CB[8].5 In particular, for 
AO+ the singlet oxygen quantum yield increased within CB[7] and CB[8], while for Methylene 
blue (MB+) the singlet oxygen quantum yields decreased when included in both CB[n]s.5  

Our current research is aimed at the formation of biosupramolecular complexes using HSA 
specific binding sites and interactions, CB[7] and modified photosensitizers to increase their 
hydrophobicity in order to improve their interactions with the protein, facilitate their transport 
and incorporation into HeLa cells cultivated in vitro to evaluate their effect on incorporation and 
phototoxicity.  
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 Background; Although surgical resection is the best way for curing cancer, there has been a 
certain portion of patients who could not undergo surgery because of various reasons. We 
experienced 9 cases of photodynamic therapy for esophageal cancer patients with inoperable 
conditions, and investigated the feasibility and safety of photodynamic therapy. 
 Method; Medical records of patients of esophageal cancers who received photodynamic 
therapies in Korea University Anam Hospital were reviewed retrospectively. Survival, 
complication rates and treatment results were evaluated. 
Result; A total of 9 patients (all men) with esophageal cancer had been received photodynamic 
therapy between 2007 and 2015. Average age at the time of treatment was 70.9 (±4.62, ranging 
64 to 78) and average follow-up periods were 18.2 (±16.59, ranging 3.8 to 53.6). The average 
Charlson Comorbidity Index (CCI) were 7.3 (±2.29, ranging 4 to 10). During the follow-up 
periods, 5 patients died, and only one death was related with the distant metastasis progression. 
There was one case of skin reaction and no other complications were appeared. There were no 
complication related deaths. Complete remission of esophageal cancer showed in 6 patients 
(66.7%) and partial remission showed in 3 patients (33.3%). Two patients with partial remission 
showed loco-recurrence. One patient with complete remission had to undergo surgery because 
of preexisting esophageal stenosis. In patients with complete remission, no recurrence was 
observed.  
Conclustion; Photodynamic therapy is feasible and safe with acceptable rates of complications. 
For esophageal cancer patients with inoperable condition or refusal of surgery, photodynamic 
therapy could provide alternative way to treatment.  
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Background: Current studies have shown that photodynamic therapy had good clinical cure 
rates and low recurrence of treating genial warts. HPV genotype and viral loads assay can reflect 
the status of persist or latent infection as well as a predictor of infection clearance. 
Objective: To investigate the clinical significance of HPV genotypes and viral loads in 5-
aminolaevulinic Acid-photodynamic therapy for the treatment of Genital Warts. 
Patients and methods: A total of 35 patients were enrolled. The diagnosis of CA was made 
based on clinical examination in addition to the acetowhitening test or pathologic diagnosis. 
Each patient took photographs firstly to record the location of lesions before treatment. And 
then collected the cast-off cells for real-time PCR to analyze the HPV genotypes and viral loads. 
Traditional treatment such as radio frequency, microwave, laser or surgical therapy removed the 
visible lesions and then each patients received 4-6 times of photodynamic therapy. HPV DNA 
test for genotypes and viral loads was performed at patients' every visit and the course of PDT 
treatment were determined by the alteration of the HPV viral loads. 
Results: A total of 35 patients underwent at least six cycles of PDT, that included 14(40%) 
cases were infected with multiple HPV, 21(60%) cases were infected with single HPV. HPV 
genotypes and viral loads test was performed after each PDT session. HPV viral loads decreased 
significantly during PDT treatment. Among 59 specimens from different anatomic sites of 35 
patients, 44 (74.6%) were negative for HPV DNA testing after PDT treatment, of which 37 were 
negative for HPV DNA testing after one week of PDT treatment and 7 were negative for HPV 
DNA testing after one month of treatment. A total of thirty (85.7%) patients achieved complete 
cure who were free of lesions and negative for HPV detection at a six-month of follow up. 
Five(14.3%) patients who were still positive for HPV DNA detection after treatment had a 
recurrence finally. 
Conclusions: Dynamic monitoring HPV genotype and viral loads might be more reliable to 
estimate the treatment effect of PDT in genial warts and help to guide PDT treatment to 
eliminate virus more effectively. 
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Photofrin-mediated pleural Photodynamic Therapy (pPDT) is performed after surgical resection 
at the University of Pennsylvania to treat the microscopic disease for malignant pleural 
mesothelioma and to increase survival rate. The ultimate goal of this study is to use reactive 
oxygen species explicit dosimetry (ROSED) as a reliable method in the clinic for the evaluation 
of treatment outcome. Each patient receives 2 mg/kg body weight porfimer sodium 24 h before 
PDT. Laser light at 630 nm is delivered via a treatment delivery wand, which is comprised of a 
modified endotrachial tube filled with scattering media (0.1% Intralipid) and an optical fiber 
inside the tube to deliver the laser light. The position of the treatment wand is also tracked using 
an attachment that has nine reflective passive markers that are seen by an IR camera. The PDT 
treatment time varies from 1762 to 5232 s. Photosensitizer fluorescence and light fluence rates 
are measured in 4 selected sites in situ throughout PDT. Photosensitizer concentration can be 
recovered by linear spectral fitting of the measured fluorescence and applying an optical 
property correction.  Prelimary results for 4 patients show no significant changes in the 
photosensitizer concentration at all sites throughout the PDT treatment. However, large site-to-
site and patient-to-patient variations in the mean photosensitizer concentrations are observed. As 
the generation of reactive oxygen species, [ROS]rx, during Photofrin-PDT strongly depends on 
the availability of oxygen in the tumor tissue, knowing the level of tissue oxygenation before, 
and during PDT has impact on our ROSED. To our knowledge there is no Food and Drug 
Administration (FDA)-approved instrument or non-invasive method for the measurement of the 
tissue oxygenation level in patients during treatment. However, our recent preclinical research 
shows that [ROS]rx calculated by incorporating the relative changes in tissue blood flow during 
PDT is in close agreement with those obtained by using the tissue oxygenation level. Tissue 
blood flow measurement was done using a non-invasive optical spectroscopy technique known 
as diffuse correlation spectroscopy (DCS). The relative changes of blood flow in patient tissue 
during PDT are monitored continuously  using DCS probes sutured adjacent to two of the eight 
light dosimetry isotropic detectors. The mean photosensitizer concentration inside the pleural 
cavity as well as the relative blood flow and light fluence information are used to determine 
[ROS]rx based on an established macroscopic model. 
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Photosensitizer fluorescence emitted during PDT treatment is useful to monitor the temporal 
changes in the local concentration of photosensitizer and its photobleaching. The time integral 
of the product of photosensitizer concentration and light fluence rate is defined as PDT dose, 
and is found to be a better dosimetric quantity than the administered photosensitizer or delivered 
light energy alone as it accounts for the PS uptake and light fluence rate variations inter- and 
intra- patient including the differences in tissue optical properties [1].  In this study, we use 
Monte Carlo simulations to evaluate the effect of incident light field size on the fluorescence 
signal collected by an isotropic detector placed on the tissue surface. We determine the 
fluorescence and the ratio of fluorescence to diffuse reflectance measured in the center of 
circular fields with radii from 0.5 cm to 8 cm for a range of physiologically relevant tissue 
optical properties (µa = 0.01 – 1 cm-1, µs’=2 - 40cm-1) [2]. We have previously investigated the 
relationship between fluorescence signal and tissue optical properties using Monte Carlo 
simulation for an isotropic detector placed on the surface of the tissue in a broad incident light 
beam [3]. The results show that changes in the optical properties cause the fluorescence signal to 
change, indicating that an optical property-dependent correction is needed for absolute 
quantification of PS concentration. Experiments in tissue simulating phantoms confirm that an 
empirical correction can accurately recover the photosensitizer concentration over a 
physiologically relevant range of optical properties [4].  Both the correction factors obtained 
from MC simulations and experiments increase with µa and decrease with µs’, and can be fitted 
to a common empirical optical property-dependent correction function, 1 2'

1 2
b b
a sCF C Cµ µ= + . 

The measurement agrees reasonably well with simulation, but we found that parameters b1 and 
b2 for the experimental results are slightly lower than that for the MC simulations for broad 
beam.  Although broad beams are usually used in most clinical PDT, the effect of incident field 
size has to be taken into consideration for cases such as PDT of skin and experimental PDT 
using mice in which narrow beams are commonly used. We determine an empirical correction 
function based on Monte Carlo simulation results for absolute quantification of photosensitizer 
concentration during PDT with different light field sizes and tissue optical properties. 
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