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Photodynamic therapy of cancer, i.e. the generation of reactive oxygen species in the tumor 
environment which follows the irradiation of suitable photosensitizing molecules, is an 
attractive modality for the selective ablation of inoperable superficial neoplastic lesions, such 
as certain head and neck, gastrointestinal, urogenital and gynecological tumors. It is likely that 
the scope and efficacy of photodynamic therapy could be enhanced by: 
- the availability of novel efficient photosensitizers which absorb at in the red / near infrared 
region of the spectrum, where light penetration of tissues is maximal 
- the use of antibody-photosensitizer conjugates or conceptually related innovative delivery 
systems, which concentrate the photosensitizing molecules at suitable neoplastic sites. The 
tumor neo-vasculature appears to be an attractive target, since the selective delivery of 
photosensitizers may occlude the tumor blood vessels, thus causing an avalanche of tumor cell 
deaths. 
 

 
Legend: The tumor neovasculature is the most accessible structure for agents coming from the 
bloodstream. Its selective occlusion by means of immunophotodynamic procedures can trigger 
an avalanche of tumor cell deaths. 
 
In this Project, we have put together a network of academic research groups and companies, 
for the development of antibody-based targeted photodynamic therapy modalities. The 
planned research activity started with the synthesis of novel photosensitizing molecules 
suitable for conjugation to antibodies, and with the identification of novel human monoclonal 
antibodies, capable of a selective targeting of the tumor neovasculature for immuno-PDT 
applications. Following an extensive in vitro characterization of the most promising antibody-
photosensitizer conjugates (including an innovative delivery concept in which photosensitizers 
are non-covalently bound to the antibody), the therapeutic potential of the best antibody-
photosensitizer conjugates have been tested in rodent models of cancer and have displayed an 
impressive tumor ablation performance. The L19, F16 and F8 antibodies have been moved to 
GMP manufacture, thus paving the way for future clinical applications. 
 
We made substantial progress in terms of: 

i. The synthesis of novel infrared photosensitizers with sufficiently water solubility (i.e., 
not sticky to unwanted cells and tissues), which absorb in the near-infrared and red-
shifted light spectrum and which efficiently generate singlet oxygen and/or other 
reactive oxygen species. 

ii. Isolation and validation (in vitro and in vivo) of novel human antibodies to accessible 
tumor-associated antigens. 

iii. Investigation of a novel method for the conjugation of the antibody and photosensitizer 
molecules.  

iv. Evaluation of the conjugates in vitro e in vivo. Our novel PDT agents have been  
extensively tested in vitro, in order to ascertain whether bound photosensitizers can 
retain singlet oxygen production activity upon irradiation. 

v. The agents have been tested in rodent models of cancer and now will open novel 
therapeutic opportunities for the selective treatment of superficial tumors in accessible 
body cavities 
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Most importantly, there is a reasonable expectation of a medical benefit for cancer patients 
stemming both directly and indirectly from this Project: 
- directly, since immuno-PDT procedures promise to be invaluable for the selective ablation of 
inoperable superficial neoplastic lesions, such as certain skin, head and neck, gastrointestinal, 
urogenital and gynecological tumors. Indeed, the discovery that squamous cell carcinoma of 
the skin (the second most common skin cancer) strongly reacts with the most advanced 
antibodies studied in the ImmunoPDT project (F8 F16, L19) paves the way for Immuno-PDT 
applications in this cancer type, where multiple lesions often recur in certain patients (e.g., 
transplant patients) and where repeated surgical excision remains an undesirable and 
disfigurating medical procedure. 
- indirectly, since the knowledge generated by the validation of novel antibodies for vascular 
targeting applications is likely to have an impact in other forms of immunotherapy, including 
the use of full IgGs and antibody-cytokine fusions for cancer therapy [Neri & Bicknell, 2005]. 
We believe that our Project and our Network have contributed  to the scientific and the 
technical objectives of the Combatting Cancer area. 
 
Furthermore, in addition to our regular Meetings, we have fulfilled our Dissemination Activities 
duties by organizing an Experimental Course on Antibody Phage Technology. The Course has 
been advertised in Nature, has been over-subscribed, and has brought together participants 
from over 20 countries. 
The Project also has resulted in: 
40 publications in peer-reviewed scientific Journals 
10 manuscripts in press 
87 invited lectures at international congresses 
8 patent applications. 
 

http://immunopdt.net/  
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Project Objectives and Execution 
The present project had as objectives the synthesis and conjugation of novel infrared and red-
shifted photosensitizers to the most promising antibodies against vascular tumor antigens 
obtained by human antibody technology, the immunohistochemical characterization, the 
biodistribution and imaging targeting in vivo, in order to select the best antibody-
photosensitizer conjugates to be taken forward into clinical trials as a final objective. 
The structure of the Project was clearly defined: 
- In the first year, synthesis of novel photosensitizers and identification of the most 
suitable antibodies for Immuno-PDT applications [fall back position: we already had a palette 
of photosensitizers and of antibodies - Refs: Pini A. et al., J Biol Chem. 1998; 273: 21769-76, 
Birchler M. et al., Nat Biotechnol. 1999; 17:984-8, Fabbrini et al., Int J Cancer 2005, 118: 
1805-181- which were used as a benchmark for the new molecules, and which were  coupled 
together] 
- In the second year, we continued to synthesise novel photosensitizers, investigated 
innovative conjugation strategies and performed an in vitro characterization of antibody-
photosensitizer conjugates. 
- In the third year, the therapeutic activity of the most promising antibody-
photosensitizer conjugates were tested in rodent models of cancer, in comparison to antibodies 
of irrelevant specificity and unconjugated photosensitizers. 
 
WP1 - Selection and identification of human monoclonal antibodies suitable for 
Immuno-PDT applications. Months: 0-12. Participants: Philogen (8), ETHZ (12), CBA (24), 
Imperial (12). 
WP objectives. The main goals of this Workpackage were the isolation and characterization of 
novel vascular targeting agents for vascular tumor targeting applications, as well as the 
comparative evaluation of different targets and antibodies, thus providing a ranking of 
different targeting agents which can be considered for immunophotodynamic applications. 
The activities performed within this Workpackage can mainly be grouped in three categories: 
(a) isolation of novel human monoclonal antibodies to vascular tumor targets 
(b) immunohistochemical characterization of the monoclonal antibodies 
(c) development of innovative antibody formats, which may display superior biodistribution 

properties and may thus be suitable for immunophotodynamic applications 
WP achievements. 13 antibodies have been selected and characterized instead of the 
expected 5. 
a) Novel antibodies (Philogen and ETHZ) 

(i) EDA domain of fibronectin  
(ii) A2 domain of tenascin-C 
(iii) MG50 
(iv) Carbonic Anhydrase IX  
(v) GW112  

b) Immunohistochemical studies (Philogen and ETHZ) 
c) Novel antibody formats  

(i) Small EDB binders, based on mutants of the globular SH3 domain of Fyn (Philogen, 
ETHZ) 

(ii) Uteroglobin - Antibody fusion protein (CBA) 
(iii) HuBC-1 scFv (IMPERIAL) 
(iv) Recombinant antibodies modified with non-covalent albumin binders (ETHZ, 

Philogen) 
 

WP2 - Synthesis of novel photosensitizers (PSs) for Immuno-PDT applications. 
Months: 0-12. Participants (person-months per participant): UOH (24), Photobiotics (12),  
Philogen (7), Trojantec (12). 
WP objectives. The synthesis of novel PSs represented an important backbone of the Project. 
The new PS were selected among those which absorb in the 600-800 nm region, as tissue 
penetration is efficient in this frequency range. The new PS also contain one or more charged 
groups (e.g., carboxylic acid or quaternised amino groups), as they contribute to 
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photosensitizer solubility and they minimize non-specific stickiness and killing of non-target 
cells. 
WP achievements. 10 photosensitizers were synthesized and characterised instead of the 
expected 5. 
 
WP 3 - Selection of antibodies (and/or single domain binding proteins) which bind to 
photosensitizers for bispecific Immuno-PDT applications (non-covalent 
photosensitizer coupling). Months: 1-12. Participants (person-months per participant): 
ETHZ (12), Philogen (8). 
WP objectives. In addition to the classical methods for antibody-photosensitizer conjugation, 
based on the covalent modification of aminoacid residues (lysines or cysteines) or of 
oligosaccharidic moieties of immunoglobulines, we decided to investigate a novel method of 
coupling photosensitizers to antibodies, based on the non-covalent but stable interaction of 
photosensitizing molecules with specific antibody fragments or suitable single domain binders.  
The first step towards the implementation of this experimental methodology has been the 
modification of suitable proteins with photosensitizer derivatives (to be used as antigen in 
antibody phage selections), followed by the biopanning of phage display libraries. 
WP achievements. For selection of antibodies against the photosensitizer, the compound 
“SnChlorin-e6” was coupled to Bovine Serum Albumin (BSA) and Glutathione S-Transferase 
(GST), used as carrier protein. The conjugates “SnChlorin-e6/BSA” and “SnChlorin-e6/GST” 
were used for selections in turn, coated on plastic. Furthermore, free BSA and GST were co-
incubated with the phage library.  
After 4 rounds of panning 8 specific binders were selected from the ETH2-Gold library. 
Sequencing revealed that the same scFv clone was selected. 
 
WP4 – Synthesis of novel photosensitizers for Immuno-PDT applications. Months: 13-
24. Participants (person-months): UOH (24) 
WP objectives The synthesis of novel photosensitizers with optimal tissue penetration and 
solubility in order to minimize non-specific stickiness and killing of non-target cells. 
Devise suitable chemistries for the coupling of photosensitizers to antibodies. In this respect, 
thiol reactive photosensitizer derivatives were particularly attractive, as they may enable the 
site-specific modification of cysteine-tagged antibodies or antibody equivalents, thus leading to 
chemically-defined pharmaceutical products. 
WP achievements. Eight PS have been synthesized instead of the expected five. 
 
WP5 – Evaluation of antibodies by biodistribution experiments and/or imaging 
experiments. Months: 13-24. Participants (person-months): ETHZ (10), CBA (15), Imperial 
(6), CUB (12). 
Workpackage objectives. Ultimately, the tumor targeting potential of a monoclonal antibody 
had to be assessed experimentally by quantitative biodistribution analysis with radiolabeled 
protein preparations, or using near-infrared imaging methodologies. 
A number of antibodies have been discovered or reformatted to make them appropriate for 
immuno-PDT. Before resources were invested in making photo-immunoconjugates, it was 
important to show that these antibodies target tumours effectively with low cross-reactivity 
with normal tissues. This could be done by radio-labelled biodistribution experiments, which 
allow quantitative measurements of tumour and tissue uptake, or by whole animal imaging 
studies which provide real-time, dynamic analyses.  
WP achievements. Targeting characterization by biodistribution analysis was performed for 
fifteen instead of three antibodies.  

• Biodistribution studies with anti-EDA antibodies (ETHZ, first report) 
• Biodistribution studies with anti-EDB SH3 binders (ETHZ, first report) 
• Biodistribution studies with antibodies against urokinase-type plasminogen activator 

(uPA), matrix metalloproteinases 1A, 2 and 3 (MMP1, MMP2 and MMP3; -Figure 1-), 
carbonic anhydrase IX, periostin and peroxidasin (also called MG50; -Figure 2-) (ETHZ, 
second report) 
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• F8-SIP is suitable to directly visualize tumor angiogenesis in vivo (CUB) 
• F8-SIP mediated photodynamic therapy leads to microcirculatory breakdown and a 

subsequent inhibition of tumor growth –Figure 3- (CUB) 

 
 
Figure 3. Upper row: MRI images demonstrating the intracerebral growth of glioma. Middle 
row: In vivo NIRF imaging showing a positive fluorescence signal in MRI corresponding tumor 
area 8 hours after injection of the antibody. Lower row: Ex vivo imaging of tumor angiogenesis 
showing the high tumor specificity of the F8-SIP. 
 
WP6 - Evaluation of antibody-photosensitizer conjugates in in vitro models. Months: 
13-24. Participants (person-months): Philogen (23), CBA (12), ETHZ (12), Imperial (18). 
WP objectives. Antibody-photosensitizer conjugates for immuno-PDT applications must not 
only be able to selectively localize at the tumor site (WP5), with negligible stickiness to normal 
tissues, but also efficiently generate toxic oxygen species upon irradiation. Model photolysis 
experiments with cell lines which over-express the antigen of interest and with red blood cells 
represent a rich source of information about antibody-photosensitizer conjugates which 
deserve to be studied in animal models of cancer (WP7). 
Workpackages 1, 2, 4 & 5 delivered an number of promising single-chain Fvs antibody 
fragments and photosensitisers. It was essential to show that these two components can be 
brought together using the wide range of coupling technologies to form effective antibody-
photosensitiser photo-immunoconjugates (PICs). These PICs must demonstrate a retention of 
photophysical properties and gain the ability to target cells which would hopefully translate 
into the specific destruction of tumours in an animal model.  
WP achievements. Seven Ab-PS conjugates have been characterized instead of the expected 
three. 

• HuBC-1 scfv-PPa was characterized for photokilling activity and photohemolysis 
(Imperial, first report).  

• In vitro PD activity of PB11 (novel photosensitisers based on meso-tetraethyl porphyrin 
technology) coupled to a scFv (Imperial, Photobiotics, first report). 

• In vitro PDT of PB12 (novel photosensitisers based on meso-tetraethyl porphyrin 
technology) coupled to a tumour-specific (Imperial, Photobiotics, first report). 

In vivo

Ex vivo
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FIGURE 7. Tumour therapy of C6.5-PPa-PEG1 PIC in an SKOV3 human subcutaneous tumour 
xenograft model. C6.5scFv-PPa-PEG1 (1mg/ml, 0.2ml-0.2 mg dose) was injected once (day-1) 
or twice (day-1 and -4). A 0.5W 670nm laser was irradiated for 10 minutes under anaesthetic 
directly onto the tumour. Tumour response was followed by measuring the tumours over 7 
weeks. Control samples consisted of the free photosensitiser (equivalent dose to that of the 
PIC) and saline treated mice). 
 
WP 8 - Group Meetings (Months: 1-36). 
Participants (person-months) Philogen(10), all other participants (2). 
PHILOGEN Coordination of the Project. 
Kick-Off Meeting  
First Annual Meeting  
Meeting for the First Report  
First Report  
Second Annual Meeting  
Third Annual Meeting  
Second Report 

 
The Final IPDT Meeting was held as a Satellite Symposium of the 13th Congress of the 
European Society for Photobiology EPS. 

 
WP 9-  Experimental course on Antibody Phage Technology 
ETHZ 
Experimental Course on Antibody Phage Technology  
An  Experimental Course on Antibody Phage Technology was held in Zurich in January 2008, as 
part of our Dissemination Activities duties. The Course has been advertised in Nature, has 
been over-subscribed, and has brought together participants from over 20 countries. 
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Picture of the participants of the 3rd Experimental Course on Antibody Phage Technology, held 
in Zurich on 4-8 February 2008. 
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DISSEMINATION AND USE 
Exploitable knowledge 
 

Exploitable 
product(s)  

Sector(s) of 
application 

Timetable 
for 

commercial 
use 

 
Patents or other IPR 

protection 
Owner & Other 

Partner(s) involved 

EDA domain of 
fibronectin 
(antibody) 

Medical 
 

 Two patent applications  
PCT/IB2008/000965 and 
US60/951,765 

Philogen 
 

A2 domain of 
tenascin-C 
(antibody) 

Medical 
 

 Patent application (2008) Philogen Group 
 
 

Uteroglobin - 
Antibody fusion 
protein  

Medical  Patent application  
FI 2009A000006 

Zardi-CBA 

Antibody to a 
new epitope on 
oncofetal 
fibronectin 

Medical  Patent application  
FI 2008A000240 

Borsi-Balza-
Carnemolla-
Castellani-Sassi-
CBA 

HuBC-1 scFv  Medical 
 

2011 Patent application 2008 Photobiotics 

Biological 
materials and 
uses thereof  

Medical 
 

 GB 0904825.7  
(filed 20-3-09) 

Photobiotics 

Antibodies fused 
to the 
translocating 
homeodomain of 
Antennapedia for 
use in 
photodynamic 
therapy of cancer 

Medical  Patent application 
planned for 2008 

Trojantec  

Porphyrins 2-12 
and 14 

Medical 
 

 Patents will follow 
successful biological 
evaluation – currently in 
progress 

University of Hull 
and Photobiotics 

 
 
DISSEMINATION OF KNOWLEDGE  
Press release (General public): Several Press releases are prepared by Philogen during the 
reporting period, in coincidence with significant advances in its pipeline.  
Media briefing (General public): Planned through Press Releases by the individual parties, 
and by a Media Briefing document which will be circulated by the Coordinator at the end of the 
IMMUNO-PDT Project. 
Conference (Research): 87 presentations at international conferences. 
Publications (Research): 40 publications and 10 manuscripts submitted in international peer 
reviewed journals. 
Project web-site (General public): http://immunopdt.net/  
 
An Experimental Course on Antibody Phage Technology was held in Zurich in January 
2008, as part of our Dissemination Activities duties. 
 
The Final IPDT Meeting was held as a Satellite Symposium of the 13th Congress of 
the European Society for Photobiology EPS. 
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LIST OF PUBLICATIONS 
 
ETHZ 
• D. Grabulovski, M. Kaspar, D. Neri (2007) “A novel, non-immunogenic Fyn SH3-derived 
binding protein with tumor vascular targeting properties”. J. Biol. Chem., 282, 3196-3204. 

• C. Schliemann, D. Neri (2007) “Antibody-based targeting of the tumor vasculature” 
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Prof. Piero Picci e Dott. Massimo Serra, per una possibile collaborazione nell’ambito “Alleanza 
contro il Cancro”  
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