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1. The Consortium and its members
The Project STROMA has been funded under FP6 with the contract LSHC 2003-503233, starting date Jan 1, 2004; the initial 4-year duration has been extended to 52 months. The termination date therefore was April 30, 2008.  The project has focused on:

· the identification and validation of molecular targets, which are selectively expressed in the stroma and the neo-vascular sites of aggressive solid tumors;

· the isolation of high affinity binding molecules capable of selective localization in the tumor environment, and 

· the development of new therapeutic entities.

The project has consisted of 16 academic, private and public research centres from 7 European countries (6 member states), including 2 pan-European organizations and 2 SMEs. 

 
P1. Raffaella Giavazzi, Coordinator 
Laboratory of the Biology and Treatment of Metastasis, Department of Oncology 

Istituto di Ricerche Farmacologiche “Mario Negri”, Italy  (IRFMN) 

stroma@marionegri.it
P2. Andreas Bikfalvi, Steering Committee 

Molecular Mechanisms of Angiogenesis Laboratory, INSERM EMI 0113

Institut National de la Santé et de la Recherche Medicale, France (INSERM) 

a.bikfalvi@angio.u-bordeaux1.fr 

P3. Roy Bicknell, Steering Committee   

Cancer Research UK, United Kingdom (CR-UK)
r.bicknel@bham.ac.uk
P4. Dario Neri,  Scientific Deputy, Steering Committee 

Institute of Pharmaceutical Sciences, 

Swiss Federal Institute of Technology, Switzerland  (ETHZurich)

neri@pharma.ethz.ch
P5. Barbara Pedley

Department of Oncology, Royal Free Campus, 

University College London, United Kingdom (UCL)

b.pedley@ucl.ac.uk
P6. Luciano Zardi

Clinical and Experimental Immunology, Unit for Innovative Therapies, 

Istituto Giannina Gaslini, Italy (IGG)
luciano.zardi@poste.it

P7. Vincent Castronovo

Faculté de Médécine, Laboratoire de Recherche sur les Metastases

Université de Liège, Belgium (ULG)
vcastronovo@ulg.ac.be
P8. Guus van Dongen

Laboratory for Tumor Biology, Department of Otolaryngology/Head and Neck Surgery

Vrije Universitaet Medical Center, The Netherlands (VUmc)
gams.vandongen@vumc.nl
P9. Matteo Zanda

Istituto di Chimica del Riconoscimento Molecolare

Consiglio Nazionale delle Ricerche, Italy(CNR)

matteo.zanda@polimi.it

P10. Peter Vajkoczy

Faculty for Clinical Medicine Mannheim, Department of Neurosurgery

Ruprecht-Karls-Universität Heidelberg, Germany (UHEI)

Peter.Vajkoczy@charite.de 
P11. Hartwig Kosmehl

Institute of Pathology

Helios Klinikum Erfurt GmbH, Germany (HELIOS)
hkosmehl@erfurt.helios-kliniken.de
P13. Ludger Dinkelborg

Radiopharmaceuticals Research

Bayer Schering Pharma AG, Germany (SAG)

Ludger.Dinkelborg@bayerhealthcare.com

P14. Reinerio Gonzales

Philogen s.r.l., Italy (PHILOGEN)

reinerio.gonzalez@philogen.it
P15. Pablo Umaña

GLYCART biotechnology AG, Germany (GLYCART)

pablo.umana@roche.com

P17. Silvia Marsoni

SENDO FOUNDATION, Italy (SENDO)

marsonis@sendo-org.it
P18. Didi Jasmin
European School of Haematology, France (ESH)
Didi.Jasmin@univ-paris-diderot.fr
The project has been organized around a formal Consortium Agreement.
IRFMN has  acted as a Coordinator entrusting  Raffaella Giavazzi with  this task. The Coordinator has been supported by a 4-member Steering Committee including: the Scientific Deputy Dario Neri (ETH Zurich), Andreas Bikfalvi (INSERM) and Roy Bicknell (CR-UK), to overview the progress of the tasks and provide problem solving when issues have arisen.   
The  Consortium has been assisted throughout its duration by an experienced Advisory Board, designed at the beginning of the project by the General Assembly on the proposal of the Steering Committee:   Michael Detmar (at that time at  the Harvard Medical School, US) and Edward Sausville (at that time at the National Cancer Institute, US), two recognized scientists in the field of angiogenesis research and drug development respectively. The Advisory Board members have reviewed  the scientific progress of the STROMA project and provided feedback on tasks and achievements deriving from its 19 Work Packages:


Schematic representation of the STROMA Work Packages with indication of WP Leaders
1.1   Memories: Consortium members at the kick off meeting, Paris, Jan 2004
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2. Introduction to the objectives and results achieved 
Many cancer types remain incurable; there is an urgent need to harness the fruits of technological advances in chemistry and biology for the discovery of better therapeutic agents. The STROMA Project has allowed to make progress in cancer therapy, with considerable potential therapeutic benefit to patients with cancer and  the competitiveness of the European pharmaceutical industry.

From the very beginning, the primary goal of the STROMA Project was clearly defined as the development of selective and efficacious anti-cancer therapeutics, by means of the targeted delivery of potent bioactive moieties to the tumor-associated antigens, located in the neo-vasculature and/or the tumor stroma, thus sparing normal tissues.

For a successful development of superior targeted anti-cancer therapeutic agents, a number of intermediate and accessory goals had to be met. These included:

· the identification and characterization of novel vascular markers, 

· the development of target discovery technologies, 

· the isolation of good-quality human monoclonal antibodies specific to tumor-associated antigens, 

· the engineering of novel formats of antibody-based biopharmaceuticals, 

· their validation in in vivo animal models of cancer, as well as 

· their pharmacological profiling as single agents or in combination therapy regimens. 

Additionally, a number of training and dissemination activities were defined as integral part of the STROMA Project, including publications, presentations at congresses,  patents, and  also the organization of Experimental Courses and Open Symposia.

At the end of the STROMA Project, a positive balance can be drawn. While STROMA activities ended with the preparation for clinical trials (and did not include clinical studies), the fact that the following products have entered industrial and clinical development is evidence of the scientific and technological progress made by the Consortium during the 52 months of the Project:

Five vascular targeting biopharmaceutical products - which have been extensively studied by Philogen (PHG), Bayer Schering (SAG)  and academic partners during the 52 months  of the STROMA Project - have entered clinical trials in patients with cancer. 

· L19-IL2 and L19-131I are currently being studied in Phase II clinical trials:

· L19-TNF is completing Phase I clinical trials;

· F16-IL2 is currently being studied in Phase Ib studies in combination with paclitaxel and doxorubicin;

· F16-131I is being investigated in Phase I/II radioimmunotherapy trials in patients with solid tumors and hematological malignancies
· Glycart (P 15) -  now part of the Roche group -  have moved two of their glycoengineered antibodies to clinical trials in patients with cancer

It is worth mentioning that at the beginning of the Project, we declared that we would consider the project as truly successful if at least one compound, developed within the framework of this Project, would have entered serious clinical and industrial development programs in the field of oncology. 

The structure of the Project followed the natural flow in the development of novel antibody-based therapeutics. Starting from target identification (i.e., the discovery of proteins which are over-expressed at neovascular sites and in the stroma of neoplastic lesions), the project progressed to the generation and validation of human monoclonal antibodies specific to these targets; this step has been followed by the engineering of judiciously selected antibodies into biopharmaceuticals and their evaluation in animal models of cancer. 

As some good-quality monoclonal antibodies were available at the beginning of the STROMA Project (e.g., the L19 antibody, specific to the EDB domain of fibronectin, a marker of angiogenesis), these reagents could directly be used for the investigation of strategies for the engineering of antibodies into anti-cancer agents. Other targets were discovered during the carrying over of the Project and were moved through the development pathways thanks to the generation of new human monoclonal antibodies. In this case, we capitalized on the experience made on the L19 functionalization strategies.

In the following sections, we will briefly review the progress made,  in this 52-month period,  regarding:

· target discovery

· antibody generation

· development of anti-cancer agents 

We will emphasize the practical results obtained (e.g., identified targets, new antibodies, etc.), as well as the enabling technologies,  which have become available as a result of the work performed within the STROMA Project. Moreover we will also briefly summarize some dissemination activities which have successfully been completed.
3. Work performed

The project organized in 19 Workpackages can be grouped in chapters, as described below  (3.1- 3.8): 

3.1 Identification of markers of angiogenesis and/or stromal antigens through transcriptomic studies 
Many methodologies are available to target surface molecules:  there is  unfortunately a lack of specific targets in many pathologies such as cancer. The initial aim of this Consortium was to identify new cancer targets lying within the tumour stroma. The main components of the stroma being fibroblasts and endothelial cells. Several groups engaged in the search for new targets that were complementary in that they used different techniques. These ranged from bioinformatic datamining of public expression databases, to transcriptomic and proteomic screens. All groups engaged in these activities sucessfully identified putative targets for further validation by the Consortium. We will summarise these starting with the most theoretical (bioinformatics datamining) and moving to the most biological (studies on the chicken chorioallantoic membrane).

Bioinformatics data mining of tumour endothelial and stromal markers
In this study, differential gene expression analysis using complementary DNA (cDNA) libraries has been improved by the introduction of an accurate method of assigning Expressed Sequence Tags (ESTs) to genes and a novel likelihood ratio statistical scoring of differential gene expression between two pools of cDNA libraries. These methods were applied to the latest available cell line and bulk tissue cDNA libraries in a two-step screen to predict novel tumour endothelial markers. Initially, endothelial cell lines were in silico subtracted from non-endothelial cell lines to identify endothelial genes. Subsequently, a second bulk tumour versus normal tissue subtraction was employed to predict tumour endothelial markers. From an endothelial cDNA library analysis, 431 genes were significantly up regulated in endothelial cells with a False Discovery Rate adjusted q-value of 0.01 or less and 104 of these were expressed only in endothelial cells. Combining the cDNA library data with the latest Serial Analysis of Gene Expression (SAGE) library data derived a complete list of 459 genes preferentially expressed in endothelium. 27 genes were predicted tumour endothelial markers in multiple tissues based on the second bulk tissue screen. This approach represents a significant advance on earlier work in its ability to accurately assign an EST to a gene, statistically measure differential expression between two pools of cDNA libraries and predict putative tumour endothelial markers before entering the laboratory [Herbert et al, BMC Genomics 9: 153, 2008].
To help enrich the collection the endothelial genes identified using a bioinformatics approach and to prioritise the laboratory validation, 3 public in-situ databases of other species were screened to find expression patterns consistent with endothelial expression. The databases are:

i) GenePaint features gene expression data for the mouse at different stages of development, with emphasis on the mouse embryo.

ii) Chicken Geisha: This database contains whole mount in situ hybridization images and corresponding probe and genomic information for genes expressed in chicken embryos between stages 1-25. 

iii) ZFIN serves as the zebrafish model organism database and contains the in situ expression patterns of zebrafish at different stages of development. Ortholog identification was a critical step in the process. 

A transcriptomic comparison of endothelial cells isolated from normal and tumour tissue
By comparing in vitro cultured endothelial cells (EC) from tumor (TdEC) and non-neoplastic tissues (NdEC) specimens, through gene expression profiling, distinctive molecular differences were found. New vascular markers were identified of which the in vivo expression was observed in the vascular wall of tumor blood vessel [Ghilardi et al, BMC Genomics 9: 201, 2008]. Briefly, we initially investigated EC from ovarian carcinomas (HOC-EC) and adrenal glands by comparative transcriptomic analysis. Distinct transcriptional features characterizing the EC of different origin were found, and 158 transcripts highly expressed by HOC-EC identified. The different gene expression was not restricted to the type of investigative approach (i.e. Affymetrix microarray), to the individual/donor  and to the tissue of origin from which the EC were obtained (i.e. additional populations of EC -from ovarian and kidney carcinoma and from adrenal gland and skin- were analyzed by Real-time PCR). The higher expression by TdEC (n=6) than NdEC (n=4) of ADAM 23 and PRSS3 (which were not previously known to be expressed by endothelium) was demonstrated for different in vitro culture conditions. Moreover in situ hybridization experiments of surgical specimens from different donors and anatomical locations confirmed that ADAM23 and PRSS3 expression localized around the blood vessels, and exclusively in the vascular walls, but more importantly that the healthy and non-neoplastic tissues lacked the expression of either gene providing a strong indication toward their selectivity for the vascular network of tumors.
Transcriptomic comparison of endothelial with and without stimulation by fibroblast growth factor

The Affymetrix platform was used through the collaboration with M Presta University of Brescia, Italy (IRFMN subcontractor) to study the transcriptome profile in murine endothelial cells stimulated with the angiogenic fibroblast growth factor-2 (FGF2). Analysis of the results has identified 415 upregulated genes in endothelial cells treated with FGF2. Among them, bioinformatics analysis performed in collaboration with CR-UK has identified the 11 genes as endothelial cell/angiogenesis related. We have focused our attention on the calcitonin receptor-like receptor (crlr) gene encoding for the receptor of the angiogenic growth factor adrenomedullin. To this purpose, we used the zebrafish (Danio rerio) model to characterize the role of crlr in vascular development. Crlr is expressed within somites from the 4 to the 13 somite stage and by arterial progenitors and axial vessels during zebrafish development. Loss of crlr results in profound alterations in vascular development and angiogenesis, including atrophic trunk dorsal aorta and interruption of anterior aortic bifurcation, delay in intersomitic vessel development, and lack of blood circulation. Remarkably, crlr morphants are characterized by the loss of arterial endothelial cell identity in dorsal aorta, as shown by the lack of expression of the arterial markers ephrin-B2a, DeltaC, and notch5. 
The identification of endothelial genes by tumors grown on the chicken chorioallantoic membrane
Affymetrix analysis of the CAM tumor vasculature versus CAM inflammatory reaction has been undertaken to identify molecules that are specifically regulated in the tumor vasculature but not during tissue inflammation. For this purpose U87 glioma have been  implanted in the chicken CAM using the shell-less procedure. An inflammatory reaction is induced on the same CAM. We have also analyzed pancreatic carcinoma gene regulation in our system using human and chicken affymetrix chips (Dumartin et al., manuscript in preparation). We have identified a great many of genes regulated differentially. Global analysis identified chicken and human genes that were differentially expressed in tumors. We have identified CXCL4L1 as highly overrexpressed in the pancreatic carcinoma model. 
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Conclusion: STROMA has been highly successful in identifying potential new targets using a variety of platforms. Many of the new targets have moved throughout the characterization process and a few of them are under development. 

3.2   Identification of angiogenesis and/or stromal antigens through chemical proteomic studies based on in vivo or ex vivo perfusion procedures
The discovery of accessible tumor-associated antigens may facilitate the development of antibody-based therapeutic agents against this disease. We have used a combination of ex vivo chemical labeling of human colon with cancer, state-of-the-art mass spectrometry and immunohistochemistry for the discovery and validation of accessible tumor markers, with a special focus on markers of angiogenesis and stromal antigens.

During the initial part of the STROMA Project, have developed a novel powerful methodology for the discovery of organ-specific or tumor-specific antigens accessible from the vasculature. This methodology relies on the biotinylation of vascular structure through the in vivo perfusion of tumor-bearing mice using active ester derivatives of biotin, followed by purification of biotinylated proteins on streptavidin resin and by a comparative MS-based analysis [Rybak et al, Nat Methods 2: 291, 2005; Rösli et al., Nat Protocols 1: 192, 2006].

Caption: Cover of Nature Methods, dedicated to the perfusion-based proteomic methodology developed in the frame of the STROMA Project.
This methodology has been engaged to the ex vivo perfusion of surgically-resected human organs with cancer.


Caption: Schematic representation of the basic principle of the perfusion-based chemical proteomic methodology developed in the frame of the STROMA Project, for the discovery of accessible tumor-associated antigens.

We have used the chemical proteomic approach based on the ex vivo perfusion and biotinylation of accessible structures within surgically resected human kidneys with tumor to gain information about accessible and abundant antigens that are overexpressed in human cancer [Castronovo et al, Mol Cell Proteomics 5: 2083, 2006]; This procedure led to the selective labeling with biotin of vascular structures. Biotinylated proteins were purified on streptavidin resin and identified using mass spectrometric methodologies, revealing 637 proteins, 184 of which were only found in tumor specimens and 223 of which were only found in portions of normal kidneys. Immunohistochemical and PCR analysis confirmed that several of the putative cancer antigens identified in this study are indeed preferentially expressed in tumors. They include carbonic anhydrase IX, MG50, GPCR37, fibromodulin, as well as versican and periostin isoforms.

Using a similar approach, we have performed ex vivo perfusions of surgically resected human colon with cancer using a reactive ester derivative of biotin, thus achieving a selective covalent modification of accessible proteins in vascular structures and stroma. After extraction and purification, biotinylated proteins were digested and the resulting peptides submitted to a comparative mass spectrometry-based proteomic analysis, revealing quantitative differences between normal and cancer colon. The expression pattern of selected proteins found to be over-expressed at the tumor site was further characterized by PCR analysis and immunohistochemistry. Sixtyseven of the total 367 proteins identified were found to be preferentially expressed at the tumor site. The cancer over-expression of some of the most promising candidates (Emilin-1, Cathepsin G, NGAL, GW112) was experimentally confirmed. We generated human monoclonal antibodies against 2 potential tumor targets, NGAL and GW112, and we proved their selective expression in cancer colon and not in healthy tissues [Conrotto et al, Int. J. Cancer, in press]. A second proteomic study, based on an improved proteomic analysis methodology for the processing of perfused colon cancer specimens, is currently in progress. 
As we have seen, terminal perfusion of tumor-bearing mice or ex vivo perfusion of human cancer-bearing organs with a reactive biotin ester solution has successfully led to the identification of novel accessible biomarkers. This methodology is however restricted to perfusable organs, and excludes most of the tissues of interest to targeted therapies, e.g. primary breast cancer and metastases. We have developed a new chemical proteomic method that bypasses the perfusion step and thus offers the potential to identify accessible molecular targets in virtually all types of animal and human tissues. The new procedure, which relies on the imbibition of surgically-resected cancer specimens in a reactive ester derivative of biotin solution, was validated by identifying biomarkers selectively expressed in human breast carcinoma [Castronovo et al, Proteomics 7: 1188, 2007].
Finally, the in vivo biotinylation procedure has been used in a rodent model of liver metastasis for the identification of quantitative differences in the expression of accessible vascular proteins in metastatic lesions and host organs. Metastasis is the main cause of death in cancer. The availability of metastasis-specific antigens accessible from the bloodstream should allow a selective delivery of therapeutic agents to metastatic lesions using antibodies as vehicles. 

Caption: (a) Schematic representation of the basic principle of the perfusion-based chemical proteomic methodology developed in the frame of the STROMA Project, for the discovery of accessible markers of liver metastasis. (b) Liver metastases of F9 tumors. (c) Staining of liver and metastasis sections using a streptavidin-alkaline phosphatase-based detection method (red).

Using a combination of vascular biotinylation of 129Sv mice bearing F9 liver metastases and mass spectrometry, we have identified 435 accessible proteins in metastasis and host organ specimens, of which 117 were exclusively detected in metastases. In particular, we found that the alternatively spliced extra-domain A (EDA) of fibronectin is strongly expressed in the neovasculature of liver metastases, while being undetectable in most normal organs. A human antibody to EDA was used to show EDA expression in the neovasculature of metastases and primary tumors of human cancer patients and to target mouse liver metastases and subcutaneous tumors in vivo. Human antibody fragments specific to the EDA domain of fibronectin promise to serve as general vehicles for the efficient and selective delivery of imaging agents or therapeutic molecules to metastatic sites [Rybak et al, Cancer Res: 67, 10948,2007; Villa et al,  Int. J. Cancer 122: 2405, 2008].

Caption: Immunohistochemical findings on liver metastasis, showing a selective expression of EDA and EDB domains of fibronectin in the neovasculature of metastasis, but not in normal liver.

Conclusions: STROMA has performed extensive proteomic analysis of experimental metastatic tumor models and of human kidneys and colons with cancer surgically removed;  tumor associated proteins (accessible via bloodstream) in metastatic sites and host organ specimens have been identified.  

3.3  Generation and validation of human monoclonal antibodies 
The generation and characterization of human monoclonal antibodies has played a central part in the STROMA Project, since these affinity reagents have been used not only for the validation of putative markers of angiogenesis using immunohistochemical techniques, but also (in selected cases) as modular building blocks for the development of targeted imaging agents or therapeutic agents.

In most cases, the ETH2-Gold antibody library [Silacci et al, Proteomics 5: 2340, 2005], containing over 3 billion human antibody clones, has been used as a source of human monoclonal antibodies, which were identified using biopanning techniques on antigen immobilized on a solid support. The library has been designed and produced as a result of a collaboration between Philogen and ETH Zurich; Philogen retains the commercialization rights for the library. 

The ETH2-Gold antibody library has been used for the selection of monoclonal antibodies against domains/fragments of several putative tumor-associated antigens, including
· extra-domains of tenascin-C

· extra-domains of fibronectin

· embigin

· FAM3D

· Periostin

· Sidekick homologue

· Del1

· MG-50

· Tumor-associated potassium channel

· NGAL

· GW112

· uPA

· HMGB1

· FGFR1


Caption: ELISA results of monoclonal antibody against domain D of tenascin-C, illustrating the excellent specificity of the antibodies. Only recombinant proteins containing the human or murine recombinant domain D give rise to strong ELISA signals, whereas closely-related Type III fibronectin homology repeats are negative in ELISA.
In most cases, recombinant antigens or antigen domains were produced in E.coli, but for certain proteins (especially if rich in cysteine residues) over-expression in mammalian cells was found to be necessary.

The UCL group has used the ETH2-GOLD antibody library for the ex vivo perfusion of colons containing primary colonic tumours and livers containing colorectal metastasis, which are received directly form the operating theatre. In this procedure, the phage library is infused via the vessel supplying the tumour. Representative biopsies are then taken, and phage binding to tumour vessels are retrieved. Several rounds of selection have been performed through serial tumour-bearing organs in order to optimize the specificity of the antibody before screening the enriched phage. The scFv’s can then be expressed, purified and validated as targeting molecules. Furthermore there is an opportunity to identify the ligand using mass spectroscopy. To date, UCL has perfused 22 livers and 7 colons and demonstrated that physiological perfusion can be maintained for several hours with reference to parameters including oxygenation and pH. The unit has also shown localization of injected phage to tumour-associated blood vessels by bright-field microscopy and immunofluorescence. Screening for vessel-binding scFvs is in progress.

In addition to the L19 antibody (specific to the EDB domain of fibronectin), which was available prior to the beginning of the Project, some of the most promising tumor targeting agents isolated in the STROMA Project, include the F16 antibody, specific to the extra-domain A1 of tenascin-C [Brack et al,  Clin. Cancer Res. 12, 3200, 2006], and the F8 antibody, specific to the EDA domain of fibronectin [Villa et al,  Int. J. Cancer 122: 2405, 2008].

Caption: Biodistribution of scFv (F8) in diabody format in mice bearing F9 tumors 24h after i.v. injection.
Conclusions: antibody directed against the most promising tumor antigens identified throughout  the STROMA target discovery tasks (see above) were generated and characterized.
3.4  Glycoengineered antibodies 

One way to improve target-cell killing antibodies, including those targeting molecules overexpressed in tumor stroma, is to enhance their immune-effector functions, which can contribute significantly to the total biological activity of an antibody. Currently, a promising approach to achieve this is by engineering the carbohydrate component found in the constant region of all IgG antibodies, in order to increase binding affinity to antibody Fc receptors found in immune effector cells (e.g., NK cells and macrophages) [Ferrara et al,  J. Biol. Chem 281: 5032, 2006].
The Glycart group has previously invented and applied this glycosylation engineering approach to a number of anti-cancer antibodies, including an anti-CD20 antibody which is currently in clinical trials for the therapy of non-Hodgkin lymphoma.

In the frame of the STROMA Project, a number of antibodies specific to stromal antigens or markers of angiogenesis were glycoengineered. Below, we present data obtained using an anti-human EGFR antibody. This targets tumor angiogenesis in two different, complementary ways: (1) by inhibiting VEGF secretion from EGFR(+) tumor cells and (2) by mediating cytotoxic immune effector functions against EGFR-overexpressing tumor cells and proliferating pericytes/vascular smooth muscle cells in the tumor stroma which also overexpress EGFR. 

The Glycart group has successfully demonstrated increased efficacy in vivo resulting from antibody glycoengineering, which should drive application of this approach to additional plasma membrane targets selectively overexpressed in tumor stroma.

An anti-EGFR antibody was glycoengineered for increased levels of antibody glycoforms carrying bisected, non-fucosylated oligosaccharides, as described in previous reports.  The glycoengineered antibody has increased antibody dependent cellular cytotoxicity using human NK cells as effectors and human epidermoid carcinoma cells as targets or human proliferating vascular smooth muscle cells as targets (see figure below).



Caption: ADCC of glycoengineered vs. non-glycoengineered EGFR antibodies (human IgG1 constant region) using  human A431 epidermoid carcinoma cells as targets and human NK cell line as effector (LEFT) and proliferating human aorta smooth muscle cells, which overexpress EGFR approximately 10-fold relative to the quiescient state, as targets and human peripheral blood mononuclear cells as effectors (RIGHT). 

The increased in vivo efficacy of the glycoengineered antibody was confirmed in an established tumor model. In an orthotopic lung tumor xenograft model using moderate EGFR-overexpressing human lung adenocarcinoma (A549) cells engrafted in SCID beige mice, the glycoengineered EGFR antibody demonstrated significantly greater efficacy compared with the non-glycoengineered form of the antibody (see figure below), as measured by increased median survival. In this experimental lung tumor model (A549), weekly dosing of the antibody at 25 mg/kg was able to significantly increase survival of animals as compared to the non- glycoengineered antibody. Similar survival was observed for animals treated with one single dose of 25 mg/kg or one single dose of 125 mg/kg. In contrast, in all conditions tested in this model, treatment with the non-glycoengineered antibody was less efficacious, as indicated by earlier sacrifice of animals.


Caption: Treatment in an NSCLC orthotopic A549 model was initiated 7 days after i.v.injection of tumor cells. Treatment with 25 mg/kg glycoengineered EGFR antibody (human IgG1 kappa constant regions) (once weekly, i.p.) resulted in increased median and overall survival compared with 25 mg/kg of the non-glycoengineered form of the antibody and vehicle. 
Furthermore, immunohistopathological analysis of explanted lung tumors indicated an increased number of infiltrated active CD68-positive macrophages with the glycoengineered antibody compared with the non-glycoengineered form or the vehicle control group (see figure below). These results demonstrate that the superior in vivo efficacy of the glycoengineered antibody in such a model entirely due to the superior immune effector functions resulting from an increased binding affinity to FcγRIV (the mouse homologue of human FcγRIIIA) present in macrophages and monocytes. In humans, further activity increases in vivo may be derived from the contribution of NK cells (in addition to the macrophage/monocyte contribution observed in the SCID beige mouse model), as demonstrated ex-vivo in ADCC assays (see above) 

Conclusions: we have demonstrated the superior in vivo efficacy following the glyco-engineering of antibodies.
3.5   Radiolabeled antibodies for imaging and therapy 

Validating the in vivo tumor targeting capacity of STROMA ligands

After target identification and ligand development, intensive efforts were put on the in vivo validation of ligands (antibodies and antibody fusion proteins) for tumor detection and the targeted delivery of therapeutics to tumor neo-vasculature or tumor stroma. 

Appropriate ligands should show impressive accumulation in the tumor, preferably in a homogeneous way, and low uptake in normal tissues. For in vivo evaluation, ligands were typically radio-labeled to allow accurate quantitation in bio-distribution and/or imaging studies. Bio-distribution experiments and imaging studies with several ligands were performed in several tumor types/models. In addition, several strategies were explored for optimal use of radio-labeled STROMA ligands in combination therapy. Before starting the STROMA project, success criteria were set at a very high level when taking into account the characteristics of the currently available anti-cancer antibodies: a significant success would be represented by the discovery of a ligand exhibiting tumor:blood ratios > 10:1 at 24 hours after intravenous injection in tumor bearing mice.

L19-SIP: the first ligand available for clinical radioimmunotherapy.

The initial lead product of the Consortium was L19-SIP, the 80 kDa small immunoprotein (SIP) directed against extra domain B of fibronectin [Kaspar et al, Int J Cancer 118: 1331, 2006]. Biodistribution studies in several tumor types and models, orthotopic (metastases) models included, demonstrated that this SIP format performed better than the corresponding scFv, scFv2, and IgG formats, with remarkably high tumor uptake in combination with very favorable tumor to nontumor ratios of ~ 10:1 at 24 hours after injection. Autoradiography demonstrated homogeneous targeting of all tumor vessels, while immunofluorescence showed localization and retention of injected Cy3-labeled L19-SIP at the abluminal side of tumor vessels [El-Emir et al, Br J Cancer 96:1862, 2007]. A more detailed insight in L19-SIP tumor targeting was obtained by using real time intravital multifluorescence videomicroscopy and intravital laser confocal scanning microscopy (see figure below). To this end, tumor models were adapted to the dorsal skinfold chamber. This system provided unique information on the temporal and spatial characteristics of the binding of Cy3-labeled L19-SIP to the microvascular system of tumors 19-SIP binding appeared restricted to the endothelium and to extracellular matrix fibers and specific accumulation in angiogenic sprouts was observed. As before mentioned targeting characteristics are ideal, and justified detailed studies to evaluate the suitability of L19-SIP for radioimmunotherapy. Dosimetric evaluation of several biodistribution studies using L19-SIP labeled with different radionuclides revealed a better therapeutic index for 131I-L19-SIP than for e.g. 90Y-L19-SIP [Berndorff et al, Clin Cancer Res 11: 7053s, 2005; Tijink et al,  Nucl. Med. 47:1127, 2006]. In addition, microdistribution studiers were performed to get further insight in microdosimetric aspects of radioimmunotherapy [Fidarova et al,  Clin Cancer Res 14: 2639, 2007].
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Caption:  Distribution of L19-SIP in a colorectal cancer xenograft at 6 hours after injection

Caption: Intravital microscopic image of an angiogenic sprout of a F9 tumour xenograft 

Left: FITC Dextran-contrast enhanced microvasculature 4hrs after injection of the dye. 
Luminal staining of an angiogenic sprout. 
Right: Cy3-L19 labeling of the same angiogenic sprout 4hrs after injection of the Cy3-L19 antibody. 
Note extravasation of the labeled antibody staining the fibronectin skeleton of the newly developing sprout. 
These unequivocal results made the Consortium decide to develop 131I-L19-SIP for clinical radioimmunotherapy trials outside the STROMA framework. Within a concerted action of Consortium partners, procedures were prepared for the high dose labeling of L19-SIP with 131I (740 MBq/mg), without impairment of the integrity and binding potential of the antibody, while Standard Operating Procedures (SOPs) were written and quality tests developed. With this procedure 131I is coupled directly to L19-SIP. For the case in vivo studies would reveal conjugate instability, also indirect labeling procedures were developed among which the classical Bolton-Hunter procedure, a method using N-succinimidyl 4-iodobenzoate, and a novel patented procedure using cubanes as the prosthetic group. In addition, software tools were developed for dosimetric prediction of antibody-radionuclide effectiveness. 

Radioimmunotherapy with 131I-L19-SIP in tumor bearing mice caused a significant growth delay and improved survival [Berndorff et al, Clin Cancer Res 11: 7053s, 2005; Tijink et al,  Nucl. Med. 47:1127, 2006; Spaeth et al, Nucl Med Biol, 33: 661, 2006]. For example UCL has employed two morphologically distinct colorectal tumour xenografts for therapy studies, the LS174T which is poorly differentiated with a heterogeneous blood supply, and the SW1222 which is well differentiated and with more homogeneous perfusion. These two models have been grown as both subcutaneous tumours and liver metastases in nude mice, and used to investigate the mode of action and efficacy for a wide range of therapeutics. Following successful biodistribution studies of [125I]L19-SIP, demonstrating selective tumour uptake in both SW1222 and LS174T xenograft models, a radioimmunotherapy (RIT) study using 55.5 MBq [131I]L19-SIP in the SW1222 model was performed.  This inhibited subsequent tumour growth for a mean of 14 days in comparison to untreated mice, which showed a steady increase in tumour growth throughout the experiment. In addition to arrested tumour growth, RIT also significantly prolonged survival. While all mice in the control group had been culled by day 32, this was extended to 68 days for 3 of the treated mice, with 1 of 4 apparently cured. Fluorescence studies showed highly selective localisation of the antibody around tumour blood vessels throughout the tumour, with high concentration at the periphery. Toxicity was minimal, and a new clinical trial is about to commence at University College Hospital, London [El-Emir et al, Br J Cancer 96:1862, 2007].
Interestingly, when this treatment was combined with anti-EGFR cetuximab treatment, survival and cure rates further improved. These findings have impressed researchers in the field and in an invited perspective entitled “radioimmunotherapy against the tumor vasculature: a new target?”, the promising avenues for radioimmunotherapy with 131I-L19-SIP were highlighted [Sharkey et al, J Nucl Med 47, 1070, 2006]. Combined use of 131I-L19-SIP with anti-EGFR therapy was patented by one of the industrial consortium members. Next to cetuximab, several combination therapy regimens were evaluated to improve tumor uptake of 131I-L19-SIP.

To enable a next firm step in the efficacy of radioimmunotherapy with L19-SIP, novel procedures were developed for coupling of the therapeutic alpha emitter astatine-211 (211At) to monoclonal antibodies [Nestor et al, Eur J Nucl Med Mol Imaging 32: 1296, 2005]. This approach might be particular attractive for eradication of tumor blood vessels, and is becoming a realistic option now that industrial companies  are starting to make  211At   available for the European market.
L19-SIP for vascular imaging, tumor detection and therapy planning

Next to the use as a therapeutic ligand, L19-SIP was also explored as a ligand for in vivo imaging. Such ligand might be of value:

· to assess the vascularity of a tumor
· to detect tumor

· to perform pre-therapy imaging and select patients who are candidate for L19-SIP based therapy, e.g. radioimmunotherapy
· to study the efficacy of anti-angiogenic therapy. 

To this end, L19-SIP conjugates were developed for optical imaging as well as for nuclear imaging with single photon emission computerized tomography (SPECT) and positron emission tomography (PET). As indicated before, Cy-3 labeled L19-SIP compounds were developed for intravital microscopy procedures. Several fluorescent dyes with different linker structures were synthetized and coupled for optical imaging with e.g. AP39, a recombinant and chemically modified derivative of the single-chain antibody fragment (scFv) L19 [Van Dongen GAMS, Adv Drug Deliv Rev 56:  31, 2004].

L19-SIP conjugates  developed for SPECT. 

For SPECT imaging gamma-emitters have to be coupled to the antibody. SPECT conjugates have the advantage that radionuclides are broadly available, while they can be used in a combined setting with other SPECT tracers (simultaneous administration). 99mTc-AP39 showed the most favorable biodistribution and imaging properties with high and fast tumor uptake (8.3 percentage injected dose per gram at 3 h after injection), rapid blood clearance and renal excretion, leading to high signal-to-noise ratios (tumor-to-blood ratio of 6.4 at 3 h after injection), and excellent planar scintigraphy in vivo [Berndorff et al, J. Nucl. Med. 47:1707, 2006]
 L19-SIP conjugates developed for PET. 

PET (and PET-CT) is the most powerful molecular imaging technique at the moment, due to its high resolution and possibility for accurate quantification. To enable PET imaging of antibodies (immuno-PET), an appropriate positron emitter, with a half-life (t1/2) that is compatible with the time needed to achieve optimal tumor-to-nontumor ratios (typically 1-2 days for SIP formats and 2-4 days for intact antibodies), has to be securely coupled to the targeting molecule [Verel et al, J Nucl Med 46: 164S, 2005]. Unfortunately, availability of long-lived positron emitters (t1/2 > 10 h) is a problem in the EU, as became clear from a survey among 134 nuclear medicine centers in Europe [Barbet J, Eur J Nucl Med Mol Imaging 33: 627, 2006]. 

Members of the  STROMA Consortium succeeded to develop production methods for 124I (t1/2 =100 h) and Zirconium-89 (89Zr, (t1/2 =78 h), to construct GMP production facilities and to launch the supply of these positron emitters for the European (124I) and world markets (89Zr) [Verel et al, Eur J Nucl Med Mol Imaging 31: 1645, 2004]. In addition, SOPs were developed for stable coupling of these positron emitters to antibodies. Labeling procedures are universal and can easily be used for each type of protein/antibody [Perk et al, J Nucl Med 46: 1898, 2005].
After taking these essential steps, L19-SIP was labeled gallium-68 (t1/2 =68 min), bromine-67 (t1/2 =16.2 h) [Rossin et al, J Nucl Med 48: 1172, 2007], 124I and 89Zr. Best imaging results were obtained with 124I-L19-SIP . Importantly, 124I-L19-SIP showed the same biodistribution as 131I-L!9-SIP, enabling the use of 124I-L19-SIP PET imaging for the selection 131I-L19-SIP radioimmunotherapy candidate patients. Technology is readily available for clinical application.
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Caption:. PET images of 124I-L19-SIP in FaDu tumor bearing mice 24 h (A) and 48 (B) after injection. 
Color and black and white representation of the same mice. Note selective tumor uptake 
New STROMA ligands with promising  clinical outlook 

Several new STROMA ligands (antibodies and antibody fusion proteins) were validated in the same way as L19-SIP for the their capacity to target tumor neo-vasculature or tumor stroma selectively. Among others, excellent targeting was observed with:

· SIP(F8), directed against extra domain A of fibronectin [Villa et al,  Int. J. Cancer 122: 2405, 2008]
·  SIP(F16) directed against domain A1 of large isoform of tenascin-C [Brack et al,  Clin. Cancer Res. 12, 3200, 2006] (see Figure);
· G11 directed against domain C of large isoform of tenascin-C [Silacci et al,, Protein Eng Des Sel 19: 471, 2006]. 
In addition, several new ligands directed against other appealing targets that were identified during the course of the project (e.g. periostin, HMGB1, and nucleolin) are awaiting more detailed in vivo evaluation. 


Caption: Targeting results in the U87 glioma model grafted subcutaneously in mice, with the two different anti-tenascin mini-antibodies F16-SIP and P12-SIP 

Each of these ligands has its own clinical outlook for selective targeting of specific tumor types, solid tumors as well as hematologic malignancies, as well as for targeting of other types of diseases. Some flavors of application outside the oncology field:  L19 and G11 appeared capable for selective delivery of a variety of cytokines (e.g. IL-2, TNF and IL-10) to collagen-induced arthritis in mice, with clear therapeutic benefit for the Il-10 containing constructs.
Radiolabeled G11 appeared capable for visualization of murine atherosclerotic plaques [Von Lukowicz T,. J Nucl Med 48: 582, 2007]. L19 was shown to accumulate selectively in psoriatic lesions and other sites of inflammation, and these observation has stimulated the search for bioreactive molucules, which can be fused to antibodies and which may confer a therapeutic benefit to patients [Trachsel E,  J Invest Dermatol 127: 881, 2007].
Conclusion: at least 5 tumor stroma specific antibodies and antibody conjugates have shown selective in vivo targeting of a broad spectrum of tumor types (and other kinds of diseases), with tumor:blood ratios exceeding 10:1 at 24 hours after intraveneous injection in tumor bearing mice. Their excellent in vivo performance justifies further evaluation in a clinical setting.

3.6   Antibody-cytokine fusion proteins 

The STROMA Project has given us the possibility to explore and compare a large variety of antibody functionalization strategies, within the general frame of an antibody-based delivery of imaging or therapeutic agents to tumor neovascular sites. Indeed, taking the L19 antibody as an example, we have generated and tested in rodent models of cancer possibly the largest collection of derivatives of the same monoclonal antibody.

Caption: Schematic representation of some of the derivatives of the L19 antibody, specific to the alternatively spliced 
EDB domain of fibronectin, which have been produced and tested. For each compound, some references are indicated.

While several antibody functionalization strategies hold considerable therapeutic potential (e.g., radiolabeled antibodies or antibody-drug conjugates), a large body of work has been performed using antibody-cytokine fusion proteins (“immunocytokines”). Indeed, two immunocytokines described in the figure (L19-IL2 and L19-TNF are currently being investigated in Phase I and Phase II clinical trials as single agents or in combination with other drugs, in a collaboration between Philogen and Bayer-Schering. Many cytokines (e.g., IL2, IL12, TNF) display potent immunostimulatory activity properties, but their clinical applications are limited by severe side-effects, which often prevent dose escalation to a therapeutically useful dose range. In the paragraphs below, we summarize some of the most important therapeutic results obtained with vascular targeting immunocytokines in the frame of the STROMA Project.

We engineered a fusion protein between scFv(L19), a human antibody fragment specific to the EDB domain of fibronectin, and a cysteine-free mutant of murine interferon-gamma. The resulting fusion protein was capable of targeting new blood vessels in solid tumors, and the targeting efficiency was strikingly increased in tumor-bearing knockout mice lacking the interferon-gamma receptor. ScFv(L19)-interferon-gamma displayed a strong antitumor effect in both subcutaneous and metastatic murine F9 teratocarcinomas, but was not efficacious as single agent when used to treat C51 and CT26 tumors. The potency of this fusion protein could be substantially enhanced by combination with doxorubicin and other immunocytokines [Ebbinghaus et al. Int. J. Cancer 116: 304, 2005].
We prepared a fusion protein (L19mTNFalpha, ) composed of mouse TNFalpha and scFv(L19). L19mTNFalpha was expressed in mammalian cells, purified, and characterized. L19mTNFalpha was an immunoreactive and biologically active homotrimer. Radiolabeled L19mTNFalpha selectively targeted tumor neovasculature in tumor-bearing mice, where it accumulated selectively and persistently (tumor-to-blood ratio of the percentage of injected dose per gram [%ID/g] of 700, 48 hours from injection). L19mTNFalpha showed a greater anticancer therapeutic activity than both mTNFalpha and TN11mTNFalpha, a control fusion protein in which an antibody fragment, irrelevant in the tumor model used, substituted for L19. This activity was further dramatically enhanced by its combination with melphalan or the recently reported fusion protein L19-IL2 [Borsi et al,  Blood 102: 4384, 2003]. A single systemic administration of L19mTNFalpha in combination with melphalan induced complete and long-lasting tumor eradication in tumor-bearing mice and triggered the generation of a specific T cell-based immune response that protects the animals from a second tumor challenge, as well as from challenges with syngeneic tumor cells of different histologic origin [Balza et al, Clin. Cancer Res 12: 2575, 2006]. Treatment with L19mTNFalpha, in combination with melphalan, induced complete tumor regression in 83% of BALB/c mice with WEHI-164 fibrosarcoma and 33% of animals with C51 colon carcinoma. All cured mice rejected challenges with the same tumor cells and, in a very high percentage of animals, also rejected challenges with syngeneic tumor cells of different histologic origin. In adoptive immunity transfer experiments, the splenocytes from tumor-cured mice protected naive mice both from C51 colon carcinoma and from WEHI-164 fibrosarcoma. Similar results were also obtained in adoptive immunity transfer experiments using severely immunodepressed mice. Experiments using depleted splenocytes showed that T cells play a major role in tumor rejection. The results show that the selective targeting of mTNFalpha to the tumor enhances its immunostimulatory properties to the point of generating a therapeutic immune response against different histologically unrelated syngeneic tumors.

We have also studied the anticancer properties of interleukin-15 (IL-15) and granulocyte macrophage colony-stimulating factor (GM-CSF), fused to the human antibody fragment scFv(L19) [Kaspar et al, Cancer Res., 67, 4940, 2007]. The immunocytokines L19-IL-15 and L19-GM-CSF were expressed in mammalian cells and purified to homogeneity, revealing no loss of cytokine activity in in vitro assays. Furthermore, the ability of the two immunocytokines to selectively localize to tumors in vivo was confirmed by biodistribution analysis with radioiodinated protein preparations. L19-IL-15 and L19-GM-CSF displayed a potent antitumor activity both in s.c. and in metastatic F9 and C51 murine models of cancer in immunocompetent mice. This therapeutic action was superior compared with IL-15-based and GM-CSF-based fusion proteins, containing antibodies of irrelevant specificity in the mouse, which were used as non-tumor-targeting controls. For both L19-IL-15 and L19-GM-CSF immunocytokines, CD8(+) T cells seemed to mostly contribute to the therapeutic action as shown by in vivo cell depletion experiments.
Finally, we found that the immunocytokine F16-IL2, consisting of the human monoclonal antibody F16 specific to the extra-domain A1 of tenascin-C fused to human interleukin-2, displays a potent anticancer therapeutic activity in murine models of human breast cancer. This activity is potentiated when the immunocytokine is administered in combination with chemotherapy. An excellent safety profile was confirmed in Cynomolgus monkeys, opening the way to the clinical testing of F16-IL2 alone or in combination with doxorubicin or paclitaxel [Marlind et al, Clin. Cancer Res, in press].
Conclusions: the anticancer proprieties of a large set of antibody (i.e.L19)-cytokine fusion protein (immunocitokines) have been demonstrated in rodent tumor model.  A few of them are undergoing clinical trials. 

3.7   Therapeutic strategies  in preclinical models
Evaluation of selected candidates and novel therapeutic entities, targeting the vasculature/tumor stroma

Extensive effort was gone in the validation of selected candidates and novel chemical entities with potential antiangiogenic/vascular targeting proprieties. Their properties have been  tested using appropriate, in vitro assays (e.g. endothelial cells functions) and  in vivo  models (e.g. CAM, matrigel plug, intravital microscopy, zebrafish, human tumor xenografts), characterized throughout the whole project. Their antitumor activity was tested in murine and human tumor xenografts, where most appropriated, given the origin of the molecules. 
Endogenous molecules . 
TSP-1 is an endogenous inhibitor of angiogenesis. Its antiangiogenic activity is mediated, at least in part, by its ability to bind and sequester angiogenic factors, including FGF-2. We therefore aimed our work to identify the FGF-2 binding sequence of TSP-1 and exploit it to develop an FGF-2-targeting compound. Using different molecular tools (recombinant domains, synthetic peptides, small molecules) as well as experimental and computational approaches (e.g. NMR spectroscopy), we were able to identify and characterize the structure of the FGF-2-binding sequence of TSP-1 [Margosio et al, Int J Biochem Cell Biol 40: 700, 2008]. The antiangiogenic activity of the FGF-2 biding domain of TSP-1 has been observed in different assays of angiogenesis, as this domain is able to prevent the binding and proliferative activity of FGF-2 on endothelial cells in vitro and to block FGF-2-induced angiogenesis in the CAM assay, in vivo. 


Caption:  Antiangiogenic activity of two recombinant fragments of TSP-1 (E3Ca-1 and Ca-1) containing the FGF-2-binding domain (Ca domain) A) Inhibition of FGF-2 binding to endothelial cells. B) Inhibition of endothelial cell proliferation. BAEC were exposed to the indicated concentration of E3Ca-1 (triangles), Ca-1 (squares), or TSP-1 (lines) with (black symbols, solid line) or without (white symbols, dashed line) FGF-2. C) FGF-2-induced angiogenesis in the CAM assay. Original magnification: 50 x.
INSERM has studied PF-4/CXCL4, a member of the CXC chemokine family, which is mainly produced by platelets and known for its pleiotropic biological functions. CXCL4L1 is the protein product of a non-allelic variant of CXCL4 gene that was isolated from human platelets (see above the expression the  gene in the CAM assay). CXCL4L1 is a secreted molecule that is highly overexpressed in some cancer including pancreatic carcinoma. In this project  the potentiality of CXCL4L1 for targeting tumor blood vessels has been shown.  In fact the results indicate that CXCL4L1 has significant inhibitory activity on endothelial cell proliferation and invasion but not on proliferation and invasion of pancreatic carcinoma cells [Lasagni et al,  Blood 109:4127, 2007] .  

The preclinical evaluation of  new therapeutic agents 
Fusion proteins 

Radiolabeled antibody for therapy and antibody cytokine fusion proteins as therapeutic agent have been described in detail above in 3.5 and 3.6 respecitvely.

Small molecules  with vascular distrupting proprieties 

The promising possibility of targeting the tumor vasculature has prompted extensive efforts to develop compounds that destroy the already existing vasculature (vascular disrupting agents, VDA). Since the progression of solid tumors depends on a functional supporting vasculature, it follows that targeting the vessels would have catastrophic effects on the whole tumor. A   prototype of such molecules is Combretastatin P4 (CP4), a tubulin binding molecule.  The combretastatins are a family of VDAs that interact with tubulin at or near the colchicines binding site, producing vascular shut-down and resulting in haemorrhagic necrosis of up to 95% of the tumour.  Members of the Consortium have tested novel chemical entities with VDA properties. For example a number of tubulin binding imidazole derivatives (synthesized by an external collaborator at the University of Pisa, Italy) have been screened on the basis of their activity to cause microtubules depolymerization and morphology alteration of endothelial cells in vitro, and in vivo occlusion of neoformed vessels, followed by tumor necrosis of xenografts. As major achievement of the project one lead candidate has been selected for future  studies as  antitumor /vascular disrupting agent. 
The vascular morphology  and hemodynamic paramters associated to the action  combretastatin A1 phosphate (CA1P)  (a novel  analog of Combretastatin) has been studid in details:
i. The effect of CA1P on tumour pathophysiology by fluorescence microscopy: CA1P (40mg/kg) was administered to nude mice bearing either subcutaneous or orthotopic SW1222 colorectal xenografts. Tumours were removed at selected time points, and a range of tumour parameters were studied in order to demonstrate therapeutic efficacy. Similar effects were seen in both subcutaneous tumours and metastases. Tumour perfusion ceased in all but the periphery by 40 min, widespread hypoxia had developed by 1 h, and the centre of the tumour was becoming necrotic by 6 h after the drug. By 24h, only a thin outer rim of tumour cells survived. The figure below shows fluorescence images of whole tumour sections from subcutaneous tumours before, and at selected time points following, CA1P [red indicates blood vessels (CD31), blue perfusion (Hoechst 33342) and green hypoxia (pimonidazole)]. Morphology is also shown for the viable untreated tumour and for a tumour at 48h post CA1P, demonstrating central necrosis surrounded by a viable rim of tumour cells.
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Untreated                        
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Fluorescence images of whole tumour sections before, and at selected time points following, CA1P 
[red indicates blood vessels, blue perfusion and green hypoxia]. 
Morphology (by H&E staining) is also shown for the viable untreated tumour and for a tumour at 48h post CA1P 
Caption: Effects of CA1P on subcutaneous colorectal tumours

ii. A transmission electron microscopy (TEM) study of CA1P effects in colorectal tumours: UCL has employed TEM to investigate the effects of CA1P (40mg/kg) on both vasculature and tumour cells over time, using subcutaneous SW1222 xenografts. Untreated tumours were well organised into acini of columnar/palisade shaped cells, with gaps between cells. The capillaries were relatively normal, possessing an intact endothelium and overlying pericytes. By 3 hours the tumour cells still generally resembled the controls, but gaps between cells were widening and basal blebbing was occurring. Blood vessels showed signs of degradation, with increased platelets. By 6 hours dead and dying tumour cells were in evidence. The vessels showed overall thinning of the endothelial lining and loss of integrity, with frequent appearance of swollen erythrocytes and platelets. At 24 hours, central necrosis was widespread, but with some intact tumour cells surviving at the surface. Location of vessels was difficult due to massive destruction, but remnants could be observed throughout the tumours, reflecting observations by conventional microscopy. Analysis is on-going, and is adding invaluable information to previous results obtained by bright field and fluorescence microscopy.

iii. Multi-dose therapy studies of CA1P in the SW1222 colorectal liver metastatic model Preliminary therapy studies using a single dose of CA1P in mice with liver metastases showed central necrosis by 24 hours, but with a thin rim of viable tissue remaining which continued to grow. A multiple-dose therapy experiment was therefore performed, giving CA1 (40mg/kg) on days 1, 3 and 7, and then at weekly intervals for a further 7 weeks. This prolonged survival of the mice compared with untreated controls: all control mice had been culled by 3 weeks post commencement of treatment, while one treated mouse was culled at 13 weeks, one at 15 weeks, two at 16 weeks, and two mice remain alive and well at 8 months. These results are highly significant with a P Log Rank value of 0.001.  The potential for this novel antivascular agent to produce effective therapy in both single agent and combined treatments (eg with anti-angiogenesis antibodies) is therefore promising, and further experiments are currently underway. 
Combination treatments 
This concept of vascular targeting as a tool for cancer treatment was indeed upheld by early preclinical findings. However, subsequent studies and, more importantly, initial clinical experience, have made it clear that monotherapies with these agents had little chance of achieving a relevant therapeutic efficacy. 
The development of rational strategies for the optimal combination of anti-cancer agents based on complementary mechanisms of action (e.g. vascular/stroma targeting agents with chemotherapy; antibody-targeted therapeutics with vascular/stroma targeting agents; antibody-targeted therapeutics with chemotherapy) has been one of the major objective of this project.
Vascular/stroma targeting agents with chemotherapy.: VDA + Chemotherapy

The first combination we have studied was with VDA + Taxol. Taxol is a widely used chemotherapy on different tumor types, but its combination with a VDA (e.g. CP1 or ZD6126) is a difficult task because of their mechanism of action: two tubulin-binding agents with opposite mechanism of action. In fact we found that PTX (microtubule-stabilizing) given before ZD6126 (microtubule-destabilizing VDAs) protected from the vascular disrupting activity of the VDA and prevented tumor response. Protection that was reversible and reduced by distancing drug administrations.  ZD6126 given 72 h after PTX potentiated the VDA’s antitumour activity [Taraboletti et al, Clin Cancer Res 11: 2720,  2005).  In order to optimize the combination we exploited pharmacokinetics (PTX distribution in tumor tissue) and pharmacodynamic (response of the tumor tissue to VDA treatment). It was found that  the administration of ZD6126 to mice bearing MDA435tumor  induced a rapid induction of tumor necrosis inside the tumor, but this was paralleled by the increase of cell proliferation in the viable tumour tissue at the periphery of the tumor (high mitosis and low apoptosis rates). Pharmacokinetic analysis indicated a higher ratio of PTX in the tumor periphery (where viable cells are left by treatment with VDAs) compared to central tumor.  Indeed PTX given 24-72 h after ZD6126 yielded the best response. Accordingly the treatment of mice bearing MDA435 tumor with the VDA followed by taxol showed a more than additive growth inhibition with 50% complete tumor regressions [Martinelli et al, Br. J. Cancer 97: 888, 2007). These findings suggest that the improved response is due to the summarized effect of the VDA causing tumor necrosis followed by the chemotherapy affecting proliferating tumor cells at the periphery. These findings indicate combinations based on microtubule-stabilizing chemotherapeutics (paclitaxel) and microtubule-destabilizing VDAs (ZD6126) may improve tumor response, however pharmacological interactions and the delivery schedule are critical aspects that should be considered for the optimal administration of this type of combinations. Furthermore these findings provide robust basis toward the development of VDA and in general for vascular targeting treatments in combination with other therapeutic modalities proposed in the whole project.


Caption: Tumor necrosis, mitotic index, proliferation index, after ZD6126 treatment; tumor response after ZD6126 treatment followed by paclitaxel.

Antibody-targeted therapeutics with vascular/stroma targeting agents (L19-SIP antibody-targeted therapy + VDA)

Having demonstrated that CA1P destroys the centre of the tumour but leaves a viable rim, which can be effectively targeted by [131I]L19 antibody (see also 3.5), and having produced therapeutic efficacy with both as single agents, preliminary combined experiments have been performed. Mice bearing subcutaneous SW1222 tumours were given CA1P (40mg/kg) followed at 48h by fluorescently-labeled L19-SIP or L19-IgG (100g/mouse). Tumours were removed at 6h post antibody, following injection of Hoechst 33342 and pimonidazole. The tumours without CA1P showed perfused blood vessels throughout the tumour, and both L19-SIP and L19-IgG had localised perivascularly to the majority of vessels within the tumours (see figure, left). Tumours from mice pretreated with CA1P showed massive central necrosis of the tumour, with L19-SIP and L19-IgG selectively localised to the remaining viable rim (see figure, right). This looks promising for combined therapy studies using [131I]L19-SIP and CA1P, indicating that the whole tumour mass would be effectively treated, and full therapy studies are currently underway.
 

Caption: Effects of CA1P on the distribution of L19-IgG in a  subcutaneous colorectal tumours
Antibody-targeted therapeutics with chemotherapy 
As detailed in 3.6 the potency of fusion protein (i.e.  L19TNFalpha, L19-IL2, L19-IFN, F16-IL2) could be substantially enhanced when the immunocytokine is administered in combination with chemotherapy. These type of combinations have shown an excellent safety profile confirming their potentiality for clinical development


Caption: Therapeutic results obtained with F16-IL2 and/or paclitaxel (alone or in combination) in a mouse model of human breast cancer.
Conclusions: Throughout the STROMA project several molecular candidates targeting the tumor vasculature and/or the stroma have been characterized in preclinical models.   Their anti-tumor activity have been extensively studied  in complex tumor  systems alone and in combination with conventional chemotherapy, providing basis for clinical development.  

3.8   Translational activities in preparation of clinical trials 
The mission of STROMA is to validate promising targets and select appropriate ligands, specific for these targets, suitable for clinical development as anticancer agents.  However to move promising tumor targeting agents from the bench into GMP manufacturing and into clinical trials, it is necessary to address a complex interplay of actions, expertise, technologies, economic issues, industrial production issues, ethical issues, intellectual property issues and regulatory  (to name just a few).  In order to accomplish that task, the STROMA network sought the active participation of the Southern Europe New Drug Organization (SENDO) in the Project: a non-profit research organization, operating in Italy, Switzerland and Spain, which designs and runs Phase I/II clinical trials in patients with cancer at qualified clinical centers, only for anticancer drugs of high therapeutic potential. 

Within the STROMA project SENDO was responsible for WP17 that lies between the basic research and preclinical activities of the other WPs in the STROMA Network  and clinical activities (which are not part of the STROMA Project).  The main responsibility within the Network has been the exploitation of the experimental results obtained in the frame of the STROMA Project, through the preparation of an Approval Dossier for the antibody conjugates made available by the other WPs for clinical development (To be noted  the conduction of the Phase 1  trial(s) is NOT an objective). 
For each ready-for-clinic molecule: the review, the integration and compilation of all preclinical data necessary to file INDs dossiers with central and local authorities, the ideation of a suitable Clinical Development Plan (CDP), the writing of appropriate protocols for a First In Man (FIM)  Phase 1 trials  and subsequent amendments and the implementation of all translational activities involved in preparing the dossiers, negotiating the required changes with the Health Authorities and Ethical committees  and obtaining  the final approval for  FIM use of the STROMA compounds.

Three candidates were chosen by STROMA partners to enter the clinic. All  were human  small immunoconjugates utilizing the L19 antibody targeted against the ED-B domain of  fibronectin. The L19 antibody is available in three formats: scFv fragment [produced in bacteria], miniantibody (or "SIP") [produced in mammalian cells] or full IgG [produced in mammalian cells]. The three immunoconjugates were: L19-(SIP) iodinated with 131 I,  scFv(L19)-IL2 and scFv(L19)-TNFa. 

All three candidates have successfully reached the clinical stage and are now in full clinical development under the sponsorship of Philogen in collaboration with SAG (now Bayer Schering AG,). Specifically Philogen (one of the SME in STROMA) is currently the  sponsor of 11 clinical trials with therapeutic vascular targeting antibodies, which are currently on-going in several European clinical centers and its  current pipeline is reported below. 

Given the administrative and regulatory responsibilities of this WP (i.e. actions for the translation of the most promising candidate(s) into clinical studies), scientific publications are not pertinent to the scope of work.  However a list of the publications related to the clinical trials stemmed from the WP17 activities is reported below 
· Phase I of anti fibronectin 131I-L19-small immunoprotein (SIP): preliminary dosimetric, pharmacokinetics (PK) and therapeutic results  D.Tosi, A. Coliva, C. Chiesa, C. Sessa, A. Perotti, G. Capri, M. Maccauro, E. Seregni, S. Marsoni, M. Miani, H. Menssen, D. Neri, L. Zardi, E. Bombardieri, L. Gianni AACR Meeting Abstracts 2007: 947.  

· Phase I study with antifibronectin I-131 L19-SIP: first dosimetric and therapeutic results E. Bombardieri, A. Coliva, C. Chiesa, F. Botta, E. Seregni, M. Maccauro, A. Marchianò, S. Marsoni, L. Zardi, D. Neri, H. Menssen, A. Perotti, D. Tosi, L. Gianni J Nucl Med. 2007; 48 (Supplement 2): 398P 

· A Phase I Trial of Anti Fibronectin 131I-L19-Small Immunoprotein (L19-SIP) in Solid Tumors and Lymphoproliferative Disease G. Del Conte, D. Tosi, A. Fasolo, C. Chiesa, P. Erba, C.M. Grana, H.D. Menssen, G. Mariani, E. Bombardieri, L. Gianni. JCO 26:2008 (May 20 suppl; abstr 2575)

· A dose finding pharmacokinetic study of the tumor-targeting human L19-IL2 monoclonal antibody-cytokine fusion protein in patients with advanced solid tumors  G. Curigliano, G.Spitaleri, T.DePas, C.Noberasco, L.Giovannoni, H.Menssen, L.Zardi, A.Milani, D.Neri, F.deBraud  JCO, 2007 ASCO Annual Meeting Proceedings (Post-Meeting Edition), Vol 25, N 185 (June 20 Supplement), 2007:3057  

· Phase I/II study of the tumor-targeting human L19-IL2 monoclonal antibody-cytokine fusion protein in patients with advanced renal cell carcinoma  M.Johannsen, A.Roemer, G.Spitaleri, G.Curigliano, L.Giovannoni, H.D.Menssen, L.Zardi, D.Neri, K:Miller, F.G.de Braud  JCO 26:2008 (May 20 suppl; abstr 16032)
Philogen (PHG) pipeline 
4. Dissemination activities 
4.1  Exploitable knowledge and its use 
Several  levels of exploitable knowledge have been relevant to the STROMA Project.  We are indicating only those which  we have  considered  as the most relevant. Clearly, some issues are covered by confidentiality clauses (e.g., existing contracts or industrial plans of the commercial  Partners, License Agreements of our Academic partners).

Publications. Publications are essential both to disseminate results and experimental methodologies, and to communicate achievements and standards reached to the scientific and industrial community, and to secure future competitive funding. The production of publications within the STROMA project has been remarkable, with a number of articles in high impact factor peer reviewer journal (see point 4.6 for selected publications.)
Courses. Experimental Courses are primarily educational activities, but they provide as well networking opportunities (attendees from both Companies and Academia)  The organization of Experimental Courses under the patronage of the STROMA Project has increased  its visibility and credibility and provide credit to the EC. 

Symposia, Meetings and Seminars. The ESH Euroconferences on Angiogenesis are the prototypic example of how professionally run educational events can be ideal vehicles for dissemination of knowledge. Furthermore, scientific meetings and seminars organized within the STROMA Consortium have  played educational and networking roles. 

Exchange of Material and Visiting Scientists. Several exchanges of materials (clones, antibodies, cell lines, reagents, methodologies, protocols) have occurred during the 52 months of the project. The level of networking achieved has been outstanding, as it can be appreciated by the level of co-Authorship among partners;  several scientists have exchanged visits to laboratories. 
Patents and Agreements. A detailed analysis of the collaborative agreements reached by the industrial  and academic partners of STROMA would infringe confidentiality clauses. Nonetheless, it is worth mentioning that patent applications have been  filed by both industrial and academic partners and collaborative agreements have been handled by Legal Departments of companies and Academic Technology Transfer Offices.

Collaborative agreements between industrial partners and SENDO have become  operative, thus favoring the translation of activities from the bench to the clinic. 

Products in Industrial Production.  A number of products have reached clinical and industrial development. Information about these activities becomes available after the end of the project,  typically through media releases,  on occasion of scientific  publications or congress presentations.  A short list of clinical publications of potential drugs deriving from this project is included, even if they cannot be considered as project’s achievements. 

We are describing only  major activities:

4.2  Educational courses

ETH-Zurich,  with the collaboration of PHG,  has organized three  editions of an  “Experimental course in Antibody Phage Technology” Zurich, Switzerland, held in February 2005, 2006 and 2008. The courses advertised in scientific journals have  provided theoretical and practical training, allowing around 120 participants to learn the basics of the technology  and to isolate antibodies from a large naïve human antibody library.

4.3  Open events
4th EuroConference on Angiogenesis, Helsinki, Finland,  May 2004

Our network  included  the “European School of Haematology” (ESH) as main participant in the Project. In 2004 ESH organized the 4th EuroConference on Angiogenesis (with a focus on cancer angiogenesis).    The congress has been an opportunity to present preliminary results, as well as for receiving a broad overview about the research activities on (tumor) neo-vasculature and (tumor) stroma.  

International Conference “Vascular Targeted Therapies in Oncology”, Mandelieu, France, October 4-6, 2007

This conference was developed and chaired by the STROMA Consortium in collaboration with American experts in the field of vascular targeting. It was an open event, aiming to present and discuss final results of the Project. It welcomed an international faculty of internationally recognized experts. Advertisement started in 2006, included a  distribution of flyers, giving credit to the STROMA Consortium and the EC FP6 funding. 

The dissemination was supported also by web activities through the ESH website and an advertisement in Nature.   A number of scholarships was foreseen both for the STROMA participants and external attendees. The conference was attended by around 150 participants from all over Europe, Asia, Australia and North America.  Eleven  papers submitted by STROMA Consortium members were selected for oral presentation. In addition to the oral presentations, 62 posters have been selected from abstracts.  

Annual Meeting of the Society for Microcirculation and Vascular Biology, Heidelberg, Germany, October  4-6, 2007

A member of UHEI organized the Annual Meeting of the Society for Microcirculation and Vascular biology and 6th Int Symposium on the Biology of Endothelial cells. University of Heidelberg. 

4.4   Patents 
Both academic and industrial partners have filed  patent applications locally, in Europe, in USA e worldwide; others have patents in preparation:   

INSERM 

- Polypeptides derived from the hemopexin-like domain of metalloproteinase. MM-2. 

  European Patent n. 06290892. Inventors: A.Bikfalvi, L. Bello, C. Sala.  

CNR

- Lipidi cationici per la trasfezione di acidi nucleici. Italian Patent Application MI2005A000222, Feb 15, 2005. Inventors: M Zanda, L Bruché, M Frigerio, F Viani, L Chiamenti, W Panzeri, N Zaffarono, M Folini, MA Grego. 
- same  International Application PCT/IT2006/000073, Feb 13, 2006.   

ULG

- An in-vitro method for screening accessible biological markers in pathologic tissues. European patent n  EP06100141.8. Inventors: V. Castronovo, D. Waltregny, P. Kischel. 

· Novel isoform of versican and use in diagnosis and therapy. Inventors:  V. Castronovo,  P. Kischel.  European Application 08100421.0.  

VUMC/SAG

- Combination of an anti ED-B fibronectin domain antibody and an anti-EGFR-antibody 

WO 2007/128557; Inventors: Sieger S, Berndorff D, Dinkelborg L, Tijink  BM, Van Dongen  AAM 

- same EP 2007/004026 
PHG

- Conjugate for targeting of drug. US patent n. 60/680.105/2005.  Inventors V.Gafner, C. Halin, D. Neri

- Antibodies against Tenascin C. International Patent Application WO 06/050834 

- Antibody-targeted cytokines for therapy. European Patent Application EP 06009456.2 

-  Conjugates for targeting of drugs. International Patent Application WO  06/119897)

- Antibodies against tenascin-C. PCT European patent 2005/011624. Inventors: M.Silacci, S.Brack, D.Neri
- UK 0621973.7
4.5  Spin off companies  

Two spin off companies have stemmed from the participation to the project STROMA, a SME located in Italy: KEMOTECH – connected to the partner CNR and one located in Switzerland: PHILOCHEM – connected to the partner ETH Zurich. Both have applied to an FP 7 call and are now Beneficiaries in a project funded by the European Commission. 

A third spin off company is being established in Belgium connected with the STROMA partner ULG. 

4.6   Selected Publications 

The production in terms of publications, oral and poster presentations by senior and junior scientists has been remarkable with an outstanding level of co-authorship between partners. 

The following list includes a selection of major papers published in this 52-month period and strictly related to the STROMA project. Complete lists of papers are included in the periodic reporting. 

In addition to published papers the STROMA Participants have assisted in scientific organization, acted as chairpersons, given invited lectures, oral presentations and presented posters on occasion of  major European and American congresses and workshops in oncology. Complete lists of this activity have been included in the periodic reporting. 

2004

- 
Katenkamp K, Berndt A, Hindermann W, Wunderlich H, Haas KM, Borsi L, Zardi L, Kosmehl H (2004). mRNA expression and protein distribution of the unspliced tenascin-C isoform in prostatic adenocarcinoma. J Pathol. 203(3),771-9. (HELIOS, IGG)

- 
Kilian O, Dahse R, Alt V, Zardi L, Rosenhahn J, Exner U, Battmann A, Schnettler R, Kosmehl H (2004).  Expression of EDA+ and EDB+ fibronectin splice variants in bone. BONE  35(6),1334-45. (HELIOS, IGG)

-  
Rybak J, Melkko S, Scheuermann J, Dumelin C, Neri D (2004).   Encoded self-assembling chemical libraries. Nature Biotechnol. 22,568-574. (ETH-Zurich)
- 
Suchting S, Heal P, Tahtis K, Stewart LM, Bicknell R (2004). Soluble Robo4 receptor inhibits in vivo angiogenesis and endothelial cell migration. FASEB J. E-pub, October 14. (CR-UK)
- 
Taraboletti G, Giavazzi R (2004): Modelling approaches for angiogenesis. E. Journal of Cancer 40:881-889. (IRFMN)
- 
Tozer GM, Bicknell R (2004). Therapeutic targeting of the tumor vasculature. Sem. Radiation. Oncol. 14, 222-232. (CR-UK)

- 
Zanda M., Sani M, Belotti D, Giavazzi R, Panzeri W, Volonterio A (2004): Synthesis and evaluation of stereo-pure alpha-trifluoromethyl-malic hydroxamates as inhibitors of matrix metalloproteinases. Tetrahedron Letters 45,1611-1615. (IRFMN, CNR)
2005

- Berndorff D, Borkowski S, Sieger S, Rother A, Friebe M, Viti F, Hilger CS, Cyr JE, Dinkelborg LM (2005). Radioimmunotherapy of solid tumors by targeting extra domain B fibronectin: identification of the best-suited radioimmunoconjugate. Clin Cancer Res 11: 7053s-7063s. (SAG, PHG, SAG)
- 
Bicknell R. (2005). The realization of targeted antitumour therapy. Br J Cancer 92, S2-S5 (CR-UK)

- 
Brown NS, Streeter EH, Jones A, Harris AL, Bicknell R. (2005). Cooperative stimulation of vascular endothelial growth factor expression by hypoxia and reactive oxygen species: The effect of targeting vascular endothelial growth factor and oxidative stress in an orthotopic xenograft model of bladder carcinoma. Br J Can 92,1696-1701 (CR-UK)

- 
Ebbinghaus C, Ronca R, Kaspar M, Grabulovski D, Berndt A, Kosmehl H, Zardi L, Neri D (2005). An engineered vascular-targeting antibody-interferon gamma fusion protein for cancer therapy.  Int J Cancer 116, 304-313 (ETH-Zurich, HELIOS, IGG)

- 
El Emir E, Boxer GM, Petrie IA, Boden R, Dearling JL, Begent RHJ, Pedley RB (2005).  Tumour Parameters Affected by Combretastatin A-4 Phosphate Therapy in a Human Colorectal Xenograft Model in Nude Mice. Eur J Cancer 41, 799-806 (UCL)
- 
Farhadi MR, Capelle HH, Erber R, Ullrich A, Vajkoczy P (2005). Combined inhibition of vascular endothelial growth factor and platelet-derived growth factor signaling: effects on the angiogenesis, microcirculation, and growth of orthotopic malignant gliomas. J Neurosurg 102: 363-70 (UHEI)

· Ferrara C, Stuart F,Sondermann P. Brunker P, Umana P. (2005) The carbohydrate at Fcgamma RIIIa ASN162: An element required for high affinity binding to non-fucosylated lgG glycoforms. J Biol Chem  Dec 5; [Epub ahead of print]. (Glycart)

- 
Gonçalves A, Estieu-Gionnet K, Laïn G, Bayle M, Canron X, Betz N, Bikfalvi A, Déléris G. (2005)   Synthesis and functionalization of cyclic–vascular endothelial growth inhibitor (cyclo-VEGI), a cyclopeptide-derived from the structure of VEGF-A. Bioorg Med Chem Pharm Res  22(8):1411-21 (INSERM) 

- 
Hagedorn M, Javerzat S, Gilges D, Meyre A, de Lafarge B, Eichmann, Bikfalvi A (2005). Accessing key steps of human tumor progression in vivo using an avian embroy model. Proc. Natl.Acad.Sci.102(5):1643-1648 (INSERM) 

- 
Neri D, Bicknell R (2005). Tumour vascular targeting. Nature Rev Cancer 5, 436-446 (ETH-Zurich, CR-UK)

- 
Rybak J, Kaissling B, Giavazzi R, Neri D, Elia G (2005). In  vivo protein biotinylation for the identification of organ-specific antigens accessible from the vasculature. Nature Methods, 2, 291-298.  (ETH-Zurich, IRFMN)

- 
Schuster M, Umana P,  Ferrara C, Brunker P, Gerdes C,Waxenecker G, Wiederkum S, Schwager C, Loibner H, Himmler G, Mudde GC (2005). Improved effector functions of a therapeutic monoclonal Lewis Y-specific antibody by glycoform engineering. Cancer Res  Sep 1;65(17):7934-41. (Glycart)
- 
Sharma SK, Pedley RB, Bhatia J, Boxer G M, El-Emir E, Qureshi U, Tolner B, Lowe H,  Michael NP, Minton N, Begent RHJ, Chester  A (2005).Sustained tumor regression of human colorectal cancer xenografts using a multifunctional mannosylated fusion protein in Antibody Directed Enzyme Prodrug Therapy (ADEPT) Clin Cancer Res 11: 814-825. (UCL)
- 
Silacci M, Brack S, Schirru G, Mårlind J, Ettorre A, Merlo A, Viti F, Neri D (2005). Design, construction, and characterization of  a large synthetic human antibody phage display library. Proteomics 5,  2340-2350.(ETH-Zurich, PHG)
- 
Taraboletti G, Micheletti G, Dossi R, Borsotti P, Martinelli M, Fiordaliso F, Ryan AJ, Giavazzi R (2005). Potential antagonism of tubulin-binding anticancer agents in combination therapies.  Clinical Cancer Res 11: 2720-2726. (IRFMN)
-
Verel I, Visser GWM, Van Dongen GAMS (2005). The promise of immuno-PET in radioimmunotherapy. J Nucl Med 46, 164S-171S. (VUmc) 

2006

- 
Balza E, Mortara L, Sassi F, Monteghirfo S, Carnemolla B, Castellani P, Neri D, Accolla RS, Zardi L and Borsi L. (2006) Targeted delivery of TNF( to tumour vessels induces a therapeutic T cell-mediated immune response that protects the host against syngeneic tumors of different histological origin. Clin. Cancer Res. 12(8):2575-82. (IGG, ETH-Zurich)

- 
Berndorff D, Borkowski S, Moosmayer D, Viti F, Müller-Tiemann B, Sieger S, Friebe M, Hilger CS, Zardi L, Neri D, Dinkelborg LM (2006). Imaging of Tumour Angiogenesis using 99mTc-Labeled Human Recombinant anti-ED-B Fibronectin Antibody Fragments. J. Nucl. Med. 47(10):1707-16. (SAG, IGG, PHG, ETH-Zurich)
- 
Brack SS, Silacci M, Birchler M, Neri D (2006). Tumor-targeting  properties of novel antibodies specific to the large isoform of  tenascin-C. Clin. Cancer Res. 12:3200-08, (ETH-Zurich)
- 
Castronovo V, Waltregny D, Kischel P, Roesli C, Elia G, Rybak JN, Neri D. (2006) A chemical proteomic approach for the identification of accessible antigens expressed in human kidney cancer. Mol. Cell. Proteomics 11:2083-91. (ULG, ETH-Zurich)
- 
Erber R, Eichelsbacher U, Powajbo V, Korn T, Djonov V, Lin JH, Hammes HP, Grobholz R, Ullrich A, Vajkoczy P. (2006) EphB4 controls blood vascular morphogenesis during postnatal angiogenesis. EMBO J. 25:628-41. (UHEI)

· Ferrara C, Brünker, P, Suter T, Moser S, Püntener U, Umana P. (2006).  Modulation of therapeutic antibody effector functions by glycosylation engineering: Influence of Golgi enzyme localization domain and co-expression of heterologous beta1, 4-N-acetylglucosaminyltransferase III and Golgi alpha-mannosidase II. Biotechnol. Bioeng. 93(5):851-61. (GLYCART)
· Ferrara C, Stuart F, Sondermann P, Brünker P, Umana P. (2006): The carbohydrate at FcgammaRIIIa Asn-162. An element required for high affinity binding to non-fucosylated IgG glycoforms. J. Biol. Chem. 281(8):5032-6, 2006.  (GLYCART)
- 
Moreno M, Sani M, Raos G, Meille SV, Belotti D, Giavazzi R, Bellosta S, Volonterio A, Zanda M. (2006) Stereochemically pure (-trifluoromethyl-malic hydroxamates: synthesis and evaluation as inhibitors of matrix metalloproteinases. Tetrahedron 62:10171-81., 2006. (CNR, IRFMN)       

- 
Naumova E, Ubezio P, Garofalo A, Borsotti P, Cassis L, Riccardi E, Scanziani E, Eccles SA, Bani MR, Giavazzi R.(2006) The vascular targeting property of paclitaxel is enhanced by SU6668, a receptor tyrosine kinase inhibitor, causing apoptosis of endothelial cells and inhibition of angiogenesis. Clin. Cancer Res. 12(6):1839-49., 2006. (IRFMN)

- 
Neri D, Fossati G, Zanda M. (2006). Efforts toward the total synthesis of tubulysins, potent cytotoxic natural tetrapeptides: new hopes for a more effective targeted drug delivery to tumors. Chem Med Chm 1, 175-180 (CNR, ETH-Zurich) 

- 
Tijink BM, Neri D, Leemans CR, Budde M, Dinkelborg LM, Stigter-van Walsum M, Zardi L, van Dongen GAMS (2006). Radioimmunotherapy of Head and Neck Cancer Xenografts Using 131I-Labeled Antibody L19-SIP for Selective Targeting of Tumour Vasculature. J. Nucl. Med. 47(7):1127-35. (VUmc, IGG, ETH-Zurich, SAG)
- 
Rybak JN, Rösli C, Kaspar M, Villa A, Neri D. The extra-domain A of fibronectin is a vascular marker of solid tumors and  metastases. Cancer Res. 67, 10948-10957, 2007.(ETH-Zurich) 

- 
Suchting S, Bicknell R, Eichmann A (20065). Neuronal clues to vascular guidance. Exp Cell Res  312(5),668-75.in press. (CR-UK)

2007

-
Castronovo V, Kischel P, Guillonneau F, de Leval L, Defechereux T, De Pauw E, Neri D, Waltregny D. (2007).  Identification of specific reachable molecular targets in human breast cancer using a versatile ex vivo proteomic method. Proteomics 7: 1188-1196. . (ULG, ETH-Zurich)
- 
Dearling JLJ, Pedley RB. Technological advances in RIT. (2007). Clin Oncol 19: 457-69. (UCL)
- 
Drogat B, Auguste P, Nguyen DT, Bouchecareilh M, Pineau R, Nalbantoglu J, Kaufman RJ, Chevet E, Bikfalvi A, Moenner M. IRE1 signaling is essential for ischemia-induced vascular endothelial growth factor-A expression and contributes to angiogenesis and tumor growth in vivo. Cancer Res 2007 Jul 1567), 6700-7. (INSERM)
- 
El Emir E, Dearling JL,  Huhalov A, Robson M, Boxer G, Neri D,  van Dongen, GAMS, Begent RHJ, Pedley, RB. (2007). Characterisation and radioimmunotherapy  of L19-SIP, an anti-angiogenic antibody against the extra domain B of fibronectin, in colorectal tumour models. Br J Cancer 96: 1862-1870. (UCL, ETH-Zurich, VUmc)
- 
El-Emir E, Qureshi U, Dearling JLJ, Boxer GM, Clatworthy I, Folarin AA, Robson MP, Konerding MA, Nagl S, Pedley RB. (2007). Predicting response to radioimmunotherapy from the tumor microenvironment of colorectal carcinomas.  Cancer Res 67: 11896-11905. (UCL)
- 
Franz M, Hansen T, Borsi L, Geier C, Hyckel P, Schleier P, Richter P, Altendorf-Hofmann A, Kosmehl H, Berndt A.  (2007) A quantitative co-localization analysis of large unspliced tenascin-C(L) and laminin-5/gamma2-chain in basement membranes of oral squamous cell carcinoma by confocal laser scanning microscopy. J Oral Pathol Med. 36(1):6-11. (HELIOS)
- 
Giavazzi R, Bani Mr, Taraboletti G. (2007) Tumor-host interactin in the optimization of paclitaxel based combination therapies with vascular targeting compounds. Cancer Metastasis Reviews 26: 481-88.  (IRFMN)
- 
M. Kaspar M, E. Trachsel E, D. Neri D (2007). “The antibody-mediated targeted delivery of interleukin-15 and GM-CSF to the tumor neovasculature inhibits tumor growth and metastasis”. Cancer Res., 67, 4940-4948. (ETH-Zurich, PHG) 

- 
Kischel P, Waltregny D, Castronovo V (2007). Identification of accessible human cancer biomarkers using ex-vivo chemical proteomic strategies. Expert Review of Proteomics 4: 727-739. (ULG)
- 
Lasagni L, Grepin R, Mazzinghi B, Lazzeri E, Meini C, Sagrinati C, Liotta F, Frosali F, Ronconi E, Alain-Courtois N, Ballerini L, Netti GS, Maggi E, Annunziato F, Serio M, Romagnani S, Bikfalvi A, Romagnani P.PF-4/CXCL4 and CXCL4L1 exhibit distinct subcellular localization and a differentially regulated mechanism of secretion. Blood. 109:10, 4127-34, 2007.  (INSERM)

- 
Martinelli M, Bonezzi K, Riccardi E, Kuhn E, Frapolli R, Zucchetti M, Ryan AJ, Taraboletti G, Giavazzi R. (2007) Sequence dependent antitumor efficacy of the vascular disrupting agent ZD6126 in combination with paclitaxel. British Journal of Cancer 97:7,888-94., 2007. (IRFMN)

- 
Mortara L, Balza E, Sassi F, Castellani P, Carnemolla B, De Laerma Barbaro A, Fossati S, Tosi G, Accolla RS, Borsi L. (2007). Therapy-induced antitumor vaccination by targeting tumor necrosis factor-α to tumor vessels in combination with melphalan. Eur. J. Immunology. 37:12, 3381-92. (IGG)

- 
Mottet D, Bellahcene A, Pirotte S, Waltregny D, Deroanne C, Lamour V, Lidereau R,  Castronovo V.  (2007) Histone deacetylase 7 silencing alters endothelial cell migration, a key step in angiogenesis. Circ Res 101: 1237-1246.  (ULG)
- 
Rybak JN, C. Rösli C, M. Kaspar M, A. Villa A, D. Neri  D. (2007) “ The extra- domain A of fibronectin is a vascular marker of solid tumors and metastases”. Cancer Res., 67, 10948-10957. (ETH-Zurich, PHG)

- 
Sani M, Fossati G, Huguenot F, Zanda M. (2007). Total synthetis of tubulysins U and V. Angewandte Chemie Int Ed 46, 3526-3529.    

- 
Stabile H, Mitola S, Moroni E, Belleri M, Vicoli S, Coltrini D, Peri F, Pessi A, Orsatti L,  Talamo F, Castronovo V, Waltregny D, Cotelli F, Ribatti D,  Presta M. (2007) Bone morphogenic protein antagonist Drm/gremlin is a novel proangiogenic factor. Blood 109:1834-1840. (ULG, IRFMN)

- 
Van Dongen GAMS, Visser GWM, Lub-de Hooge MN, De Vries EG, Perk LR. (2007). Immuno-PET: a navigator in monoclonal antibody development and applications. The Oncologist 12, 1379-1389. (VUmc)

2008

- 
Ahmed F, Steele JC, Herbert JMJ, Steven NM, Bicknell  R.  Tumour stroma as a target in cancer. Current Cancer Drug Targets, in press (CR-UK)
- 
Aidoudi S, Bjakowska K, Kieffer N, Bikfalvi A. The CXC-Chemokine CXLC4 interacts with integrins implicated in antiogenesis. PLOS, in press (INSERM)
- 
Armstrong L-J, Heath VL, Sanderson S, Kaur S, Beesley JF, Herbert J, Legg A, Poulsom R,  Bicknell R.  (2008) ECSM2, an endothelial specific filamin binding protein that mediates chemotaxis. Arteriosclerosis, thrombosis and vascular biology. Jun 12 [E pub ahead of print] (CR-UK)
- 
Belotti D, Calcagno C, Garofalo A, Caronia D, Riccardi E, Giavazzi R, Taraboletti G. (2008) VEGF stimulates organ-specific host MMP9 expression and ovarian cancer invasion. Molecular Cancer Research. Molecular Cancer Research 6:4, 525-34. (IRFMN).
- 
Dumelin CE, Trüssel S, Buller F, Trachsel E, Bootz F, Zhang  Y, Mannocci L, Beck SC,  Drumea-Mirancea M, Seeliger MW, Baltes C, Müggler T, Kranz F, Rudin M, Melkko S,  Scheuermann J, Neri D. (2008) A  portable albumin binder from a DNA-encoded chemical library. Angew.  Chem. Int. Ed. Engl.  47, 3196-3201 (ETH-Zurich, PHG) 
- 
Fidarova EF, El-Emir E, Boxer GM, Qureshi U, Dearling JLJ, Robson MP,  Begent RHJ, Trott KR,  Pedley RB. (2008)  Microdistribution of targeted, fluorescently-labeled anti-carcinoembryonic antigen antibody in metastatic colorectal cancer: implications for radioimmunotherapy. Clin Cancer Res 14: 2639-46. (UCL)
- 
Ghilardi C, Chiorino G, Dossi R, Nagy Z, Giavazzi R, Bani MR. (2008) Identification of novel vascular markers through gene expression profiling of tumor-derived endothelium. BMC Genomics 9:201, 2008 [Epub ahead of print] (IRFMN, CR-UK)
- 
Herbert JM, Stekel D, Sanderson S, Heath, VL, Bicknell, R.  (2008) A novel method of differential gene expression analysis using multiple cDNA libraries applied to the identification of tumour endothelial genes. BMC Genomics, 9, 153-174, . (CR-UK)

- 
Kilian O, R. Dahse, V. Alt, L. Zardi, J. Rosenhahn, R. Schnettler, H. Kosmehl. (2008)  mRNA expression and protein distribution of fibronectin splice variants and high-molecular tenascin-C in different phases of human fracture healing. Calcified Tissue International, in press (HELIOS, IGG)
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Legg JA, Herbert JM, Clissold P, Bicknell R.  (2008) Slits and Roundabouts in cancer, tumour angiogenesis and endothelial cell migration. Angiogenesis. 11(1), 13-21. E-pub 2008 Feb 9. (CR-UK)
- 
Margosio B, Rusnati M, Bonezzi K, Cordes BL, Annis DS, Urbinati C, Giavazzi R, Presta M, Ribatti D, Mosher DF, Taraboletti G. (2008)  Fibroblast growth factor-2 binding to the thrombospondin-1 type III repeats, a novel antiangiogenic domain. The International Journal of Biochemistry & Cell Biology 40,700-09. (IRFMN)
- 
Jessica Mårlind J, Manuela Kaspar M, Eveline Trachsel E, Roberto Sommavilla R, Stuart Hindle S, Camilla Bacci C, Leonardo Giovannoni L, and Dario Neri  D (2008). " The antibody-mediated delivery of interleukin-2 to the stroma of breast cancer strongly enhances the potency of chemotherapy". Clin. Cancer Res, in press, (ETH-Zurich, PHG)

- 
Perk LR, Visser GWM, Budde M, Vosjan MJWD, Jurek P, Kiefer GE, Van Dongen GAMS (2008) Facile radiolabeling of monoclonal antibodies and other proteins with zirconium-89 or gallium-68 for PET imaging using p-isothiocyanatobenzyl-desferrioxamine. Nature Protocols 2008. DOI 10.1038/nprot.2008.22  (VUmc)

- 
Saidi A, Javerzat S, Bellahcéne A., De Vos J, Bello L, Castronovo V, Deprez M, Loiseau H Bikfalvi A, Hagerdon M. (2008) Experimental anti-angiogenesis causes upregulation og genes associate with poor survival in glioblastoma. Int J Cancer 15 (122), 2187-2198 [Epub ahead of print Dec 18, 2007] (INSERM, ULG)
- 
Valentini G, D’Andrea C, Ferrari F, Pifferi A, Cobeddu R, Martinelli M, Natoli C, Ubezio P, Giavazzi R. .(2008) In-vivo measurement of vascular modulation in experimental tumors using a fluorescent contrast agent. Photochemistry and Photobiology. Photochem Photobiol April 12., 2008 [Epub ahead of print]. (IRFMN)

- 
Villa A, Trachsel E,  Kaspar M, Schliemann C, Sommavilla R, Rybak JN, Rösli C, Borsi L, Neri D. (2008) A high-affinity human monoclonal  antibody specific to the alternatively spliced EDA domain of fibronectin efficiently targets tumor neo-vasculature in vivo. Int. J. Cancer. 122, 2405-2413. (ETH-Zurich, PHG)
4.7  Final plan for using and disseminating the knowledge 
The dissemination activities of the STROMA Consortium has been focused on scientific publication and congress presentations.
More publications and congress presentations deriving from studies carried out within the STROMA project are foreseen in 2008 and 2009. 
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