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1. Final Report 
Please structure your report as follows:

a. Summary of findings/results/outcomes of this project (with reference to the aims and objectives stated in your original application).
b. If your aims and objectives changed during the course of the project, please explain why and in what way.
c. Any problems or challenges impacting on the findings / results / outcomes of this project. 
d. How will these findings or outcomes impact patients or the public, and in what timescale? Do you foresee any obstacles / barriers to patients benefitting from the research findings?

a. Summary of findings/results/outcomes of this project
Cancer is recognised to progress through accumulation of gene mutations. However, in retinoblastoma, only the mutation of the RB1 gene was confirmed. To understand the mechanism of retinoblastoma progression, we performed whole genome sequencing of human patient samples available in London (Aim-1 of original application). We found that RB1 mutation is present in all samples while MYCN gene amplification is observed in limited samples. Interestingly, we did not observe any additional gene mutations. This is different from other types of cancer. It is known that RB1 mutation is not sufficient to initiate retinoblastoma in human. Our result indicates that additional mechanisms other than gene mutation is required for retinoblastoma initiation and progression. To find the additional changes associated with retinoblastoma initiation and progression, we performed comprehensive mRNA expression profiling of the human retinoblastoma samples (Aim-2). We completed detailed ontological analysis of the expression profiling data and found that cancer-related mechanisms were highly activated in retinoblastoma. In addition, mechanisms associated with cell-cell adhesion, epithelial-mesenchymal transition, and inflammation were highly affected. (We have published these results in Cancer). Our study identified members of the small leucine rich proteoglycan family are strongly suppressed in retinoblastoma. These proteins are important for cell-cell adhesion and epithelial-mesenchymal 
transition. Our whole genome sequencing indicates that the suppression of these proteins is caused by RB1 mutation, suggesting that the suppression may have important roles in RB initiation and progression. We have started functional analysis of these genes in retinoblastoma (Aim-3). Our preliminary functional analysis has indicated that regulation of cell adhesion and epithelial mesenchymal transition by these proteins have important roles in retinoblastoma. We have proposed further analysis to CHECT. This proposal has been awarded by CHECT. 

b. We completed all aims.

c. COVID-19 significantly delayed this project.

d. This study has determined that gene mutation in retinoblastoma is limited to RB1 and MYCN, indicating that we need to change strategy for retinoblastoma treatment and diagnosis. This study has found several proteins which are strongly suppressed in retinoblastoma. Our analysis has revealed that their suppression may have fundamental roles in retinoblastoma initiation and progression. Moving forwards, we need to confirm that these proteins have tumour suppressing activity in retinoblastoma by in vitro and in vivo experiments. If they effectively supress cancer development, we need to confirm the function in clinical trials based on retinoblastoma patients. To achieve these, we will need to obtain further funding. I estimate that even though all experiments are successful, a new treatment of retinoblastoma will still take several years.

Our study has identified several genes with strongly affected expression patterns in retinoblastoma. These genes and proteins have potential as diagnostic markers. To this end, we need to confirm their functional importance in retinoblastoma. Further funding is required.


2. Plain English summary (please refer to appendix 1). 
Please provide a brief plain English summary of your final report above, including any findings or outcomes, and their potential impact on patients or the public. CHECT (and funding partners) will publish this summary in the public domain to demonstrate how we support research, therefore please do not include any confidential or commercially sensitive information. 

Retinoblastoma is a type of cancer which develops in children’s eye. Retinoblastoma is a highly malignant cancer. Retinoblastoma treatments are limited. During treatment, patients often lose their vision. Therefore, development of better treatments is required. In order to develop new treatment, deep understanding of retinoblastoma is essential. However, very little is known about retinoblastoma. Cancer is known to be formed through accumulation of mutations of important genes. Therefore, we determined whole sequences of patient DNA. We found that only two genes are mutated, suggesting that these genes trigger a cascade of retinoblastoma initiation and progression. Cellular properties are known to be evaluated by distribution of RNAs. Thus, we performed comprehensive analysis of RNAs in retinoblastoma to determine cascade mechanisms of retinoblastoma initiation and progression. Our analysis revealed that almost all cancer-related mechanisms are activated in retinoblastoma. In addition, we found that cell-cell adhesion is strongly downregulated, indicating that this downregulation enables retinoblastoma cells to grow freely in the patient eye. Our study proposes that activation of cell-cell adhesion may have potential as a treatment of retinoblastoma.






3. Publications
Please list all published or accepted papers and abstracts from the work of this grant (journal style) (attach copies where available)

Research Article
Whole-Genome Sequencing of Retinoblastoma Reveals the Diversity of Rearrangements Disrupting RB1 and Uncovers a Treatment-Related Mutational Signature.
Helen R. Davies, Kevin D. Broad, Zerrin Onadim, Elizabeth A. Price, Xueqing Zou, Ibrahim Sheriff, Esin Kotiloğlu Karaa, Irene Scheimberg, M. Ashwin Reddy, Mandeep S. Sagoo, Shin-ichi Ohnuma, Serena Nik-Zainal
Cancers (Basel) 2021 Feb; 13(4): 754.  Published online 2021 Feb 11. doi: 10.3390/cancers13040754PMCID: PMC7918943


4. Dissemination of results
Please list where and by whom any results/findings have been disseminated (e.g. conferences, workshops, public engagement events)

N/A







5. Intellectual property (IP)
Please list any IP arising from the research, and whether it is wholly owned by the researcher.


N/A







6. Collaborations
Please list any collaborations which have arisen during or as a result of this research.

Helen R. Davies, Xueqing Zou, Serena Nik-Zainal
Academic Department of Medical Genetics, University of Cambridge

Zerrin Onadim, Elizabeth A. Price
Retinoblastoma Genetic Screening Unit, The Royal London Hospital, Barts Health NHS Trust

Ibrahim Sheriff, M. Ashwin Reddy
Retinoblastoma Service, The Royal London Hospital, Barts Health NHS Trust

Esin Kotiloglu Karaa, Irene Scheimberg, 
Pathology Department, The Royal London Hospital, Barts Health NHS Trust
 
7. Future research and funding
Please provide details of any further research/ideas planned and where potential funding will be sourced from as a result of this project

We have been awarded another CHECT funding: Evaluation of PRELP function using fresh human retinoblastoma samples. PRELP is one of the genes which is  suppressed in human retinoblastoma.

We are writing another paper entitled as PRELP suppression in human retinoblastoma. After completion of this paper, we plan to apply MRC research grant.


8. Any further comments

This project was published with collaborators. Their funding list is indicated here.

Helen .R.Davies is funded by a CRUK Grand Challenge Award (C60100/A25274).
Serena.Nik-Zainal is funded by a CRUK Advanced Clinician Scientist Award (C60100/A23916), Wellcome-Beit Award, Wellcome Strategic Award (101126/Z/13/Z), a CRUK Grand Challenge Award (C60100/A25274) and Dr Josef Steiner Foundation Award 2019. 
Kevin D. Broad, Mandeep Sagoo, and Shin-ichi Ohnuma were supported by the Special Trustees of Moorfields Eye Hospital (Grants ST 14 11 D and GR000113) and by Royal Blind and the Royal College of Surgeons of Edinburgh. 
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