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Project
Contrary to a long-standing hypothesis, tumours can grow also in absence of angiogenesis by co-opting and exploiting pre-existing vessels. This type of tumour growth is one of the causes of both primary and acquired resistance to anti angiogenic treatment strategies. The main interest in our lab is concerned with why and how a cell change from angiogenic to non-angiogenic status, and vice versa.  

We have two main experimental lines in our laboratory:
· the study in a mouse model of how a human Renal Cancer Cell line cell line (786-8) switch between angiogenic, non-angiogenic and dormant status according to the microenvironment of seeding and the exposure, or less, to the anti-angiogenic drug Sunitunib (Mouse model developed by  Dr Andrew Reynolds).

· characterize the effect of treatment with bevacizumab of colorectal cancer cells “in vitro”. In a pilot study we aimed to characterize the effect of treatment with bevacizumab of colorectal cancer cells “in vitro’. The present proposal focuses on this part of our work.

 Resistance to anti angiogenic treatments in the form of non-angiogenic growths has been widely described in patients and in animal model. Bevacizumab, a therapeutic anti VEGFA antibody. is the most widespread anti angiogenic drug used, however it  has also an effect on the cancer cells and new evidences suggest that it can drives some aspects of the cancer cell biology making it more likely to became  non angiogenic  subject to the microenvironment in which the  cell is seeded  (for a comprehensive review see Donnem et al Nature Review Cancer 18(6):323-336, 2018 and  Kuckzynski et al Nature Review Clinical Oncology 16(8):469-493, 2019).


An “in vitro” screening of 16 colorectal cancer cell, line showed that while in 12 cell lines no effect on growth is induced, in two cell lines, HCT-116 and U266, proliferation decreases. However, in lines SW480 and HT29 proliferation is actually increased. We selected three cell lines DLD1 (not affected by Bevacizumab), HCT116 (inhibited by Bevacizumab) and SW480, those growth is stimulated by Bevacizumab) for high throughput analysis using transcriptomics and mass spectrometry analysis.  

Aims

Our main aims are two:
· to verify, as suggested by clinical observation, if the tumour growth actually happening during bevacizumab treatment may be due to an effect on the cancer cell and, if yes, why.

· to investigate whether treatment with Bevacizumab of cancer cell can induce the activation/inhibition of pathways in a way similar to that observed in non-angiogenic tumours.

By doing this we wish to be able to better use Bevacizumab. i.e.  make sure that patients that can be harmed are not exposed to it and to identify new, alternative targets for treatment in non-angiogenic cancers.

This work is in collaboration with Dr Giovanni Straquadanio (Edinburgh Genome Foundry, School of Biological Sciences, The University of Edinburgh) who is an expert on high throughput data analysis and modelling and Professor Benedikt Kessler who is expert in mass spectrometry (Target Discovery Institute, University of Oxford). 

A first series of pilot cell cultures and preliminary basic high throughout analysis have so far showed that in the line HCT116, those growth is inhibited by bevacizumab, the VEGF pathway is involved in cell cycle regulation trough the Ras and Jak/Stats pathway. Cytoskeleton motility, Beta Catenin and Epithelial Mesenchymal Transition (all pathways involved in the angiogenic: non-angiogenic switch) are also affected.

However, in the, cell lineSW480, which grow more after treatment with Bevacizumab, VEGF regulates also the DLL4/Notch pathway who has a tumour suppressor effect by providing a negative feedback on the KDR-Ras pathway, inhibiting proliferation, growth but promoting differentiation. Cytoskeleton motility, Beta Catenin and Epithelial Mesenchymal Transition (all pathways involved in the angiogenic: non-angiogenic switch) are also affected as in HCT116.

Conclusions
Our preliminary conclusions are
· in cancer cells in which VEGF also stimulate the DLL4.NOTCH pathway there is a predominant tumour suppressor effect. Blocks of VEGFA abolish this growth suppression and independent pathways stimulating growth take over.  
· Blocks of VEGFA stimulation induces cell motility and EMT as described in non-angiogenic tumours, p inducing the cancer cell switch form an angiogenic to a non-angiogenic status.

Work Plan
 The above experiments have been done with three technical but only one biological repeats. Three biological repeats, each with three technical, meds to be done according to the protocols used so far in order to properly establish whether   these results are reproducible. 

G55, U251 human neuroblastoma cell lines will be also investigated according to out protocol as both these cell lines have been reported to grow during Bevacizumab treatment and to switch to non-angiogenic patterns.

Cell cultures will be performed in Oxford alongside mRNA preparation and proteins extraction. Mass spectrometry will be conducted in collaboration with Prof Benedikt Kessler, Target Discovery Institute, University of Oxford, while transcriptomics by RNA sequencing and data modelling will be performed by Dr Giovanni Straquadanio (Edinburgh University).




