
antibodies specific to markers of angiogenesis have been generated either
by antibody phage display or by iterative colony filter screening. In this
lecture, I will present data on antibodies specific to splice isoforms of
tenascin-C and of fibronectin. Human antibody derivatives which are
currently in clinical trials have been produced in mammalian cell expression
systems. RESULTS: The human antibodies F8, L19 and F16 (specific to
the alternatively spliced EDA and EDB domain of fibronectin, and to the A1
domain of tenascin-C, respectively) have extensively proven their ability to
efficiently and selectively localize around tumor blood vessels, following
intravenous injection in tumor bearing mice. In the case of L19, its tumor
targeting ability in patients with cancer has been extensively demonstrated
using scintigraphic techniques, following antibody radioiodination. Five of
the most promising antibody derivatives (L19-131I, L19-IL2, L19-TNF, F16,
131I, F16-IL2) are currently being investigated in over ten clinical trials,
while three derivatives of the F8 antibody should enter clinical trials for the
therapy of cancer by the end of 2008. In my lecture, I will provide an
overview about the preclinical and clinical therapeutic performance of these
products. CONCLUSIONS: Vascular targeting antibody derivatives
represent a promising class of novel anti-cancer biopharmaceuticals. Five
products of this type, developed in my lab and in the lab of Luciano Zardi
in collaboration with Philogen SpA and with Bayer Schering AG, are
currently being investigated in clinical trials in several European centers.
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Cell adhesion and signalling

M. Frame1, V. Brunton1, J. Evans2, O. Sansom3

1Edinburgh University, Edinburgh Cancer Research Centre, Edinburgh,
United Kingdom; 2Beatson Institute, Translational Cancer Research
Laboratory, Glasgow, United Kingdom; 3Beatson Institute, Animal models
of cancer, Glasgow, United Kingdom

Cancer cell invasion and metastasis is a hallmark of the malignant
phenotype that is responsible for most cancer deaths. Despite this, proteins
involved in these processes are rarely considered as anti-cancer targets.
One reason for this is the difficulty in devising optimal pre-clinical and
clinical tests of the success of putative anti-invasive agents.

In recent years we have been devising ways of examining cancer cell
invasion and metastasis in vitro and in vivo, and of testing the efficacy and
mode of action of tyrosine kinase inhibitors that have anti-invasive activity
and which are undergoing clinical evaluation. In particular, we are using
genetically engineered mouse models of pancreatic and breast cancer, in
which tumour cells arising also express GFP, to examine tumour
development and progression in vivo by direct imaging. This is being done
at the whole body- and single-cell levels in vivo.

Our results to date suggest that Src inhibitors might best be used as anti-
invasive agents, and that invasion and metastasis is one role of both
elevated Src itself and of focal adhesion kinase, Src’s binding partner and
substrate. This has implications for the use of these agents and for
designing clinical trials that will examine their clinical usefuleness.
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Signaling mechanisms of tumor cell migration and metastasis

R. Klemke1, K. Stoletov1, V. Montel1, R. Lester1, S. Gonias1

1University of California San Diego, Department of Pathology and Moores
Cancer Center, La Jolla, USA

Cell metastasis is a highly dynamic process that occurs in multiple steps
that include cell invasion, intravasation, survival in the circulation,
extravasation, and cell growth at the metastatic site. Understanding this
process has been limited by the inability to visualize tumor cell behavior in
real time using animal models. This is especially true in regards to the early
events of metastasis which involve cell invasion and vessel wall penetration
during intravasation. We have utilized translucent, GFP vascular transgenic
zebrafish, and high resolution intravital confocal microscopy to study how
human cancer cells expressing DsRed or CFP invade tissues, induce
angiogenesis, and interact with newly formed vessels. The optical clarity
and fluorescent vessels of this new xenograft model allowed us to visualize
how the human metastatic gene RhoC promotes cell invasion and
intravasation during the early events of cancer cell metastasis with
unprecedented resolution. We find that RhoC expression induces a
primitive amoeboid-like cell invasion characterized by the formation of
dynamic membrane protrusions and blebs. Surprisingly, these structures
penetrate the blood vessel wall exclusively at sites of vascular remodeling
and not at regions of existing intact vessels. This process requires tumor
cells to secrete VEGF which induces vascular openings, which in turn,
serve as portholes allowing access of RhoC expressing cells to the blood
system. Our results support a model in which the early steps in
intravasation and metastasis require two independent events: 1) dynamic
regulation of the actin/myosin cytoskeleton within the tumor cell to form
protrusive structures and 2) loss of vessel wall integrity as a result of
VEGF-induced permeability and vascular remodeling. The integration of
zebrafish transgenic technology with human cancer biology may aid in the
development of novel cancer models that target specific organs, tissues or
cell types within the tumors. Zebrafish could also provide a cost effective
means for the rapid development of therapeutic agents directed at blocking
human cancer progression and tumor-induced angiogenesis.
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Individual and collective cancer cell invasion

P. Friedl1
1Radboud University Nijmegen Medical Centre, Microscopical Imaging of
the Cell, Department of Cell Biology, NCMLS, Nijmegen, The Netherlands

Cancer cell dissemination and metastasis in vivo result from a diverse set
of migration strategies including individual cells and multicellular strands
and clusters, referred to as collective invasion. Using 3D collagen lattices
and in vivo intravital microscopy of cancer cell invasion, we have
resonstructed at high resolution the subcellular location of pericellular
proteolysis during the migration process, the resulting ECM remodeling,
and invasion mechanism. Proteolytic microtracks generated by single cells
are subsequently filled and widened by following cells that form collective
stands moving along expanding macrotracks. Collective invasion in vitro
was confirmed using in vivo xenografts monitored by intravital multiphoton
microscopy. The findings show how cell invasion and proteolytic ECM
remodeling form a functional unit of collective cell invasion and the
generation of aligned tissue structures. Using molecular interference,
including anti-integrin and protease-inhibitor-based inhibition, collective
invasion is abrogated yet converted towards amoeboid single-cell
scattering (collective-amoeboid transition), suggesting novel compensation
strategies of cancer cell dissemination.
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Cell adhesion to the extra cellular matrix (ECM) in motility and
metastasis

B. Geiger1, S. Naffar Abu-Amara1, S. Winograd-Katz1, L. Nadav1, B. Katz2

1Weizmann Institute of Science, Department of Molecular Cell Biology,
Rehovot, Israel; 2 Tel-Aviv Sourasky Medical Center, Institute of
Hematology, Tel-Aviv, Israel

The adhesive interactions of cells with their environment regulate a wide
variety of cellular responses that affect multiple cellular features, including
cell proliferation, survival, gene expression and migration. These signals
are affected by a wide variety of environmental cues, including both
chemical and physical properties of the adhesive surface. Thus, cells can
differentially respond to different adhesive ligands, and can sense the
geometry, rigidity, contractility and ligand density of the external surface.
The complex information “gathered” by the cells via their matrix adhesion
sites is processed and integrated, affecting a wide variety of cellular
processes. Interestingly – this adhesion-mediated cross talk between the
cells and the matrix is often perturbed in cancer cells, leading to many
features of the transformed phenotype. In this lecture I will address the
complex molecular interactions of cells with the extracellular matrix (ECM),
focusing on the molecular complexity and diversity of the “integrin
adhesome, and its multiple roles in regulating cell structure, migration and
signaling. I will demonstrate that integrin adhesions can “sense” a wide
variety of chemical and physical “environmental cues”, including the nature
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and density of the adhesive ligand, surface topography, texture, rigidity and
more. I will also describe specific siRNA screens, which were conducted to
functionally map genes that are playing key roles in the formation of focal
adhesion and driving cell migration. Specific attention will be focused on the
molecular diversity of cancer cells, and difference in the tumorigenic
behavior of cancer cell sub-populations differing in their adhesive behavior.
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DNA damage and repair: from premature aging and cancer to
longevity

J.H.J. Hoeijmakers1, G. Garinis1, B. Schumacher1, J. Pothof1, I. van der
Pluijm1, L. L. Niedernhofer3, K. Diderich1, J. Mitchell1, R.B. Beems2,
H. van Steeg2, G.T.J. van der Horst1
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Cell Biology and Genetics, Rotterdam, The Netherlands; 2RIVM,
Bilthoven, The Netherlands; 3University of Pittsburgh Cancer Institute,
Hillman Cancer Center, Pittsburgh, USA

Genome stability mechanisms protect our DNA from damage by exogenous
agents (e.g. UV, X-rays, chemicals) and from endogenous metabolism
(ROS, lipid peroxidation). One of the most versatile DNA repair systems is
nucleotide excision repair (NER), which removes a wide class of helix-
distorting lesions. Two sub-pathways exist. Global genome NER operates
genome-wide and prevents mainly mutations. Transcription-coupled repair
removes damage that obstructs transcription, counteracting cytotoxic
effects of DNA injury. Photosensitive inherited NER syndromes include
xeroderma pigmentosum (XP, pigmentation abnormalities and high skin
cancer predisposition) and the severe neuro-developmental conditions
Cockayne syndrome (CS) and trichothiodystrophy (TTD).

Mutations in NER helicases XPB and XPD are associated with all three
disorders. XPDTTD mice demonstrated that TTD is in fact a premature
ageing syndrome. XPDXP/CS mutant mice are highly predisposed to
cancer, but also display premature ageing, demonstrating that both
phenotypes can co-exist. Different single and double repair mutants exhibit
premature aging features limiting life span ranging from 15 months to 4
weeks depending on the severity of the repair defect. The correlation
between severity of compromised repair and rate of onset and severity of
the clinical ageing manifestations provides strong arguments for the DNA
damage theory of ageing. Conditional mutants in which dramatic aging
occurs only in e.g. the brain display many signs of neurodegeneration and
only mild aging features in the remainder of the body. We propose that
endogenous oxidative lesions hamper transcription/replication and trigger
apoptosis-senescence and ageing. Microarray, functional and physiological
studies have revealed that persisting DNA damage triggers a systemic
downregulation of the IGF1 somatotrophic axis, causing a shift towards
energy storage rather than energy production explaining the severe growth
defect of the repair mutants. This ‘survival’ response also maximizes anti-
oxidant defence. Interestingly, long-lived dwarf mice and caloric restriction
exhibit a similar response. Persisting DNA damage triggers this ‘survival’
response in a cell autonomous manner and we provide evidence that it also
implicates regulation by microRNA. These data link accumulation of DNA
damage and the IGF1 control of life span.
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Chromatin signaling in DNA damage checkpoint response

S.J. Kron1, C.C. Nnakwe1, E.V. Efimova1, C. Chakraborty1,
R.R. Weichselbaum1, J. Côté2
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DNA damage repair and checkpoint proteins, chromatin modifying
enzymes and other factors are rapidly recruited to DNA double strand
breaks, forming a specialized chromatin domain. In metazoan cells, DNA
damage foci likely persist until repair is complete and blocking foci
formation sensitizes cells to irradiation. While the assembly, components,
and functional significance of DNA damage foci remain to be fully defined,
an attractive model is that foci facilitate DNA repair but also amplify DNA
damage signaling. Via propagation of chromatin modifications and protein
assembly over megabases of chromosomal DNA, even individual DNA

strand breaks can induce apoptosis or delay cell cycle progression to allow
repair and prevent aneuploidy.

Our work has been directed at examining the kinetics and molecular
determinants of protein localization to double strand breaks and toward
elucidating the functional consequences of disrupting protein recruitment.
We are combining imaging and proteomic analysis of DNA damage foci in
cancer cells using fluorescent protein fusions to the checkpoint signaling
protein 53BP1. The rapid relocalization of GFP-53BP1 has facilitated
kinetic analysis of DNA damage foci in living cells and identification of new
protein components. We are also developing this approach to track DNA
damage and repair in tumor xenograft models treated with radiation.

Taking advantage of the facile molecular genetics in yeast, we have
identified determinants of activation of the 53BP1 ortholog Rad9 in G1, S
phase and G2/M. In G1, phosphorylation of nucleosomal histone H2A
adjacent to break sites by the ATM homolog Tel1 promotes Rad9
recruitment and checkpoint activation. Our data support combinatorial
binding to modified chromatin, where tudor domains tether Rad9 to Dot1-
methylated histone H3 while BRCT domains recognize phosphorylated
H2A. After ionizing radiation in G1 or S phase or uncapping of telomeres in
G2/M, mutations blocking signaling via H3 and H2A modifications impair
phosphorylation of Rad9, prevent activation of the signal transducing
kinase Rad53 and diminish checkpoint response. By contrast, defective
Rfa1 single strand binding protein has little or no effect. These data suggest
chromatin signaling may be necessary and sufficient for checkpoint
initiation, independent of formation of single strand DNA. However,
checkpoint persistence requires other factors. After irradiation in G1, Pho85
CDK activity is limiting for checkpoint recovery and S phase onset, while
prolonged mitotic arrest after irradiation of nocodazole-arrested cells is
independent of H3 and H2A modifications, exposing roles for the Cdc28
CDK, single strand DNA, spindle checkpoint proteins, and/or other factors.
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Mechanisms controlling the integrity of replicating chromosomes

D. Fachinetti1, Y. Doksani1, F. Vanoli1, J. Sollier1, V. Gonzales1,
R. Bermejo1, D. Branzei1, K. Shirahige2, M. Foiani1
1Institute of Molecular Oncology Foundation, Genome Integrity, Milan,
Italy; 2Tokyo Institute of Technology, Japan

The checkpoint response and the SUMO-pathway counteract abnormal
transitions at replication forks preventing the accumulation of reversed
forks and cruciform recombination derivatives resembling hemicatenanes.
Although the final targets of these regulatory processes are still unknown,
the Sgs1 RecQ helicase and the Top3 topoisomerase have been implicated
in the SUMO sub-pathway protecting damaged replication forks. We have
investigated whether and how Top2 topoisomerase protect the integrity of
replication forks. Our results indicate Top2 counteract torsional stress and
sister chromatid entanglement at the forks, thus preventing the diffusion of
topological changes along large chromosomal regions, abnormal
chromosome transitions, DNA damage checkpoint activation and
chromosome breakage during segregation. Altogether our results suggest
that Top2 coordinates replication termination and S phase transcription.

We have also analyzed the dynamics of replication forks encountering a
double strand break and we have unmasked a role for the Tel1-mediated
checkpoint in preventing fork collapse at DNA breaks.
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An oncogene-induced DNA replication stress model for human
cancer development

T. Halazonetis1, O. Zgheib1, V. Gorgoulis2, J. Bartek3
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Switzerland; 2 University of Athens, Department of Histology, Athens,
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Background: DNA damage checkpoint genes, such as p53, are frequently
mutated in human cancer, but the selective pressure for their inactivation
remains elusive. Further, most human cancers have chromosomal
instability, but the genes whose mutation leads to this type of genomic
instability have also remained elusive. We hypothesized that the presence
of DNA double-strand breaks (DSBs) in cancer cells could explain both the
presence of p53 mutations and the genomic instability.

Materials and Methods: We analysed a panel of human precancerous
and cancerous lesions for the presence of DNA damage response markers
using immunohistochemistry and for the presence of genomic instability by
loss-of-heterozygosity analysis.

Results: In a panel of lung hyperplasias, all of which retained wild-type
p53 genes, we found signs of a DNA damage response, including histone
H2AX and Chk2 phosphorylation, p53 accumulation, focal staining of
53BP1 and apoptosis or senescence. Progression to carcinoma was
associated with p53, 53BP1 or Chk2 inactivation and suppression of
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