Project Licence Retrospective Review

“The overall purpose of retrospective review in the general sense of ‘following the development and outcome of projects’ is, wherever possible, to reduce the harms and increase the benefits of every project at an establishment. The aim is to improve both animal welfare and the quality of science and to help inform future debate on these issues.” [RSPCA and LASA, 2015, Guiding Principles on Good Practice for Animal Welfare and Ethical Review Bodies. A report by the RSPCA Research Animals Department and LASA Education, Training and Ethics Section. (M. Jennings ed.)]

At the University of Cambridge one (or possibly more) of the following will determine when your licence will be requested for review:
a. 12 to 6 months before your existing licence is due to expire if you have no plans to write a new licence;
b. 15 to 12 months before your existing licence is due to expire if you plan to write a new project licence;
c. 3 months before you terminate your licence if you intend to revoke your licence before its due expiry date;
d. When there is a change of project licence holder (in this case the person currently holding the licence should complete the retrospective review before the amendment is made to change the project licence holder);
e. As determined by the AWERB Standing Committee.  The AWERB Standing Committee may decide a licence should be reviewed at a specified time or times based for example on the severity of the work, novelty of the models etc..

The information you provide in or attached to this document must reflect data generated only from work carried out under the licence under review.  Please do NOT copy and paste text that appears in your current licence unless requested to do so.  

You are not restricted by the size of the text boxes on this form; they are designed to expand to accommodate your text.  However please remember that AWERB Standing Committee members which will include your colleagues have to review the information you provide so please be informative and concise and do not include information that is not requested.  Please remember to use Plain English, where possible.

If you use abbreviations could you please ensure the first time the abbreviation is used that it is spelt out fully with the abbreviation in brackets.

Thank you.


1. General Information:
Project licence holder to complete if 
1.1.  							information provided is incorrect
	Name:
	Dr Michaela Frye
	

	Contact details:
Address & tel.


	WT - MRC Stem Cell Institute
University of Cambridge
Tennis Court Road
Cambridge
	Department of Genetics
University of Cambridge
Downing Street
Cambridge

	Project No.
	80/2619

	Project title
	Regulation of epidermal stem cell self-renewal and differentiation 

	Project purpose
	To identify how key regulators and mechanisms of the Myc oncogenic system control the maintenance of the epidermis by regulating stem cell growth and differentiation; and whether the molecules in this system increases or inhibit tumour development.



	Date licence was granted
	15 November 2012

	Date of retrospective review/assessment
	11 November 2016



1.2. Amendments (if applicable):
Provide dates and a summary of all amendments made to this licence (i.e. what each amendment requested and why it was required) since the licence was granted (or if appropriate since the licence was last reviewed).  
Please read questions 3.9 and 3.10 – for amendments that apply to this question and either 3.9 or 3.10, please provide the date of the amendment here and a note that further information can be found in Section 3.9 or 3.10.

	14/08/2013 Requested was a clarification of procedure related to 19b7: 

The changes I applied for concerned protocol 7 “Skin carcinogenesis”. The introduced changes did not change the protocol itself or the overall severity limit of the protocol. They purely helped to clarify the specific steps of the protocol.”   




1.3. Condition 18 Reports (if applicable):
Provide dates and copies of all Condition 18 reports sent to the Home Office since the licence was granted (or if appropriate since the licence was last reviewed).  Copies of any reports should be attached/supplied as separate documents please.

	08/11/2013 – 1 unexpected death during procedure AG
15/06/2015 – 4 mice exceeded moderate severity limit during procedure RB
14/08/2015 – 7 mice exceeded moderate severity limit during procedure RB
02/09/2015 – 4 mice exceeded moderate severity limit during carcinogenesis SB 

22/05/2016 – 2 mice exceeded moderate severity limit during procedure SB
23/05/2016 – 2 mice exceeded moderate severity limit during procedure MP
25/05/2016 – 3 mice exceeded moderate severity limit during procedure MP
22/05/2016 – 1 unexpected death during procedure WM

Copies of the reports are attached. 








1.4. Non-Compliance (if applicable):
Provide the date, a summary of the nature of any non-compliance and the outcome (or if appropriate since the licence was last reviewed).

	N/A



1.5. Compliance Assurance Meetings [CAMs] (if applicable):
Provide the date, a summary of the nature of any CAMs incident and the outcome, if known (or if appropriate since the licence was last reviewed).

	N/A



1.6. Have there been any other issues that have affected the management of this licence that you feel should be taken into consideration, (e.g. equipment failure, absence of key staff, change in the health status of the animal unit etc.)?

	N/A




2. Scientific Progress and Benefit Achievements:

2.1. Has your research progressed as you expected?				  YES

2.2. Have you completed the programme of work you described in this licence? 	  YES

2.3. Regardless of whether you managed to complete your programme of work, what have you achieved/discovered during the time since this licence was granted? (Please copy your key scientific questions/objectives which appear at the beginning of Part D of your project licence into the box below and against each explain what you have achieved/discovered).

	
Specifically, the key questions to be addressed are:

1. Are genetic modified mouse lines missing or over-expressing candidate genes viable in vivo?

We successfully tested the viability of genetic modified mouse lines mis-expressing the following candidate genes: Setd8, Nsun2, Nsun3, Nsun6, Rn7sk and Srsf2. We have completed our program of work for two candidates (Setd8 and Nsun2) and our achievements and discoveries are as follows: 

We investigated the underlying transcriptional and epigenetic mechanisms of c-Myc-induced epidermal stem cell differentiation. Germline deletion of SETD8 is lethal in early development, therefore we established conditional delete lines for out functional studies (Driskell et al., 2012). We identified the histone methyltransferase SETD8 as an essential downstream effector for c-Myc in skin using conditional knockout lines for Setd8 (Driskell et al., 2012; Driskell et al., 2015).   

In search of novel molecular mechanisms controlling epidermal stem cell self-renewal and differentiation, we identified and functionally characterized the c-Myc target gene NSUN2 (Frye and Watt, 2006). NSUN2 is a member of the highly conserved protein family of cytosine-5 RNA methyltransferases. We found a novel mechanism by which c-Myc promotes proliferation, following our observation that NSUN2 and its bound RNA are required for stable spindle formation in mitosis. Nsun2-/- mice are viable and our studies were the first determining important functional roles of RNA methyltransferases in tissue homoestasis (Blanco et al., 2014; Blanco et al., 2011; Hussain et al., 2013; Tuorto et al., 2012). 

Another important achievement was our discovery how mutations in RNA methylase genes cause human diseases: Both RNA methylases NSUN2 and NSUN3 are essential for normal human development and loss-of-function mutation in the NSUN2 or NSUN3 gene causes neuro-developmental and mitochondrial disorders respectively (Khan et al., 2012; Martinez et al., 2012; Van Haute et al., 2016). To understand the underlying molecular mechanisms responsible for the devastating human diseases, we have deleted two more RNA methyltransferases: Nsun3 and Nsun6. While total deletion of Nsun3 is embryonic lethal, mice lacking Nsun6 are viable. Therefore, we are currently generating the conditional knockout mice for Nsun3 in the epidermis. 

In addition, we also have successfully generated transgenic knockout lines for the NSUN2-methylated non-coding RNA Rn7sk, and the RNA methylation ‘reader’ Srsf2. Complete knock-out of both strains are embryonic lethal. Conditional deletion of both candidates in the skin cause severe defects in stem cell growth and differentiation in the epidermis (unpublished and current program of work).

2. Does mis-expression of the candidate genes affect self-renewal, proliferation and differentiation processes of normal skin during development and in adult mice?  

We demonstrated that deletion of the candidate genes Setd8 and Nsun2 impairs epidermal stem cell self-renewal, proliferation and differentiation processes in both the developing and adult skin (Blanco et al., 2016; Blanco et al., 2011; Driskell et al., 2012; Driskell et al., 2015). 

Using conditional knockout lines for Setd8, we showed that SETD8 is a crucial inhibitor of apoptosis in skin, and its activity is essential for epidermal stem cell survival, proliferation and differentiation (Driskell et al., 2012; Driskell et al., 2015). Furthermore, we showed that cell death in epidermal bulge stem cells induced by Setd8-deletion was compensated by progenitor cells revealing that bulge stem cells are redundant for hair and epidermal regeneration (Driskell et al., 2015). 

By studying Nsun2-/- mice, over the last five years my group identified cytosine-5 RNA methylation as a novel pathway regulating epidermal lineage fate (Blanco et al., 2016; Blanco et al., 2011; Frye and Blanco, 2016). Our hypothesis is that, like DNA, the fate and function of cellular RNA is shaped by methylation that influence fundamental cellular processes such RNA processing, splicing and protein translation (Frye et al., 2016). 


3. Can mouse or human epidermal fragments or cells mis-expressing the candidate genes be implanted into host animals; and if yes how do they contribute to tissue regeneration and / or tumour development?

Grafting is the assay of choice in case mis-expression of the transgene causes a severe phenotype and exceeds the moderate severity limit or to measure the potential of tumour cells mis-expressing the candidate genes to metastasize. We then analyse the function of the candidate gene on stem cell self-renewal, proliferation and differentiation in the grafted host animal and determine whether the grafted cells contribute to tissue regeneration or tumour development. Grafting cells isolated form the transgenic lines using a grafting chamber allows to measure stem cell self-renewal, proliferation and differentiation in the long-term and was used for Setd8 and Rn7sk (Thesis Iwona Driskell: “Functional roles of the histone methyltransferase Setd8 in skin”; unpublished and current program of work). 


4. Does mis-expression of the candidate genes alter tumour susceptibility in animals and does it affect self-renewal and differentiation of stem cells within the tumour? And how would anti-cancer drugs alter the Myc and other (p53/Ras) oncogenic systems?

One of our main research focus is to understand and exploit Myc-driven RNA modification pathways in epithelial cancer development, tumour progression and chemotherapy resistance. To test the importance of RNA methylation during cancer development we used transgenic mouse cancer models with altered expression of Myc or p53/Ras. Our studies were the first identifying specific mechanistic examples demonstrating how RNA modifications directly influence tumour development and chemotherapy sensitivity (Blanco et al., 2016; Blanco et al., 2014). The absence of RNA methylases in stem and tumour-initiating cells resulted in repressed protein synthesis and altered translational programs that together promoted stem cell functions and tumourigenesis (Blanco et al., 2016). However, to respond to external stress stimuli, tumour-initiating cells must revoke this translation inhibition pathway because in the absence of RNA methylation they fail to regenerate tumours after cytotoxic drug treatment (5FU and Cisplatin) (Blanco et al., 2016). 


5. How does mis-expression of the candidate genes impact skin stem cells after injury? 

Using Setd8-knockout mice, we demonstrated that bulge stem cells are not required for wound closure after injury (Driskell et al., 2015). My group further identified cytosine-5 RNA methylation as a common pathway regulating lineage fate in normal tissue and skin cancer by promoting cellular survival under stress (Blanco et al., 2016; Blanco et al., 2014; Blanco et al., 2011). Total deletion of Nsun2 results in impaired wound healing and contributes to the epidermal stress response after UVB-exposure (Thesis Martyna Popis 2016: “Role of the RNA methyltransferase NSUN2 in mediating stress responses in epidermal stem cells”). 




2.4. For key scientific questions/objectives you could not complete either fully or partly, please include an explanation as to why you were not able to achieve what you set out to achieve when the licence was granted (reasons could for example include lack of funding, the model took longer to develop, another group published data which meant continuing the work would equate to repeating the work, etc.).

	
N/A




2.5. At the end of Part C of your licence you described the benefits you believed would be likely to arise from your programme of work.  Please explain what benefits have actually been achieved and if appropriate explain how these differ from what you thought you could achieve.

	The following benefits have been achieved:

(1) We identified the precise functions of the novel stem cell regulators Setd8 and Nsun2, Srsf2, and Rn7sk in skin and thereby defined the fundamental properties of epidermal stem cells and increase our understanding of how stem cells contribute to tissue development, maintenance and regeneration (Blanco et al., 2016; Driskell et al., 2015). 

(2) We tested whether the identified stem cell regulator NSUN2 increased or decreased tumour susceptibility and found that loss of NSUN2 increased tumourigenesis in skin and modulated tumour cell sensitivity to chemotherapeutic drugs (Blanco et al., 2016). Thus, we identified a novel target for potential anti-cancer drug treatments. 

(3) We identified NSUN2 as stem cell regulator contributing to self-renewal, proliferation and differentiation within a tumour. Thus, we identified a novel regulatory mechanism involved in cancer initiation, maintenance and recurrence (Blanco et al., 2016).

(4) We showed that stem cells lacking Setd8 cannot contribute to wound healing reactions (Driskell et al., 2015). Thus, we identified SETD8 as a novel regulator for wound healing and tissue regeneration. 

(5) We identified Srsf2 and Rn7sk as NSUN2 targets and our current work is dissecting their function in skin stem cells (unpublished and current program of work).

(6) Thanks to our discovery of the importance of RNA methylation by NSUN2, we investigated the role of other family members. In particular, we discovered NSUN3 as an essential regulator for mitochondrial protein translation and loss-of-function mutations in humans causes mitochondrial disorders (Van Haute et al., 2016).





2.6.  Specifically, if you were unable to address all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	We believe that we addressed all our key scientific questions/objectives.



2.7. Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 					YES  

If so what were these and what benefits did this allow you to achieve?  


	One notable success with substantial impact was our identification of RNA methylation pathways as suitable and promising target for novel anti-cancer therapies. 

The benefits that this allowed me to achieve are as follows: 

· We provided on of the first mechanistic examples how RNA methylation pathways regulate stem cell fate in normal tissues and cancer. 

Our research spearheaded the novel research area called the “epitranscriptome”, which studies RNA modification pathways and how they regulate gene expression post-transcriptionally. One of the reasons why many of the hundreds of known RNA modifications were discovered over forty years ago and then forgotten was that suitable genetic tools did not exist to identify and characterize RNA-modifying enzymes in higher organisms. Only in the last five years have specific mechanistic examples (e.g. transgenic mice) revealed how RNA modifications can shape normal human development and influence tumour development and chemotherapy sensitivity. To communicate our findings to the wider scientific community, we presented our results on international conferences and probably more importantly organized meetings, such as the Cold Spring Harbor Asia “RNA modifications and epitranscriptomics” (2017), the SPP1784 meeting IMB (Germany) “Nucleic acid modifications” (2017) and the 1st EMBL Conference on “The Epitranscriptome” (2016). Furthermore, it allowed us to engage with scientists world-wide and its importance was recently acknowledged by our successful bit for a COST European network grant of the EU Framework Programme 2020. 

· We identified a novel and unexplored pathway as critical regulator for tumour development, growth and chemotherapy resistance.  

Experimental data from this projected benefitted our current research efforts to identify specific and effective RNA methylation small inhibitors in collaboration with AstraZeneca. Furthermore, the understanding the mechanistic pathways that post-transcriptionally reshape RNA functions is from interest for a broad range of basic and clinical scientists. Our research fosters cross-disciplinary approaches with clinicians and chemists. Mutations in genes encoding members of the NSUN protein family are implicated in a range of human diseases including neurological and mitochondrial disorder and male infertility. We have established successful collaborations with clinicians working on mitochondrial and neuro-developmental diseases (e.g. Joseph Gleeson at the Howard Hughes Medical Institute and Holger Prokisch at the Helmholtz Centre Munich). To fully understand the roles of RNA methylation pathway, we need to decipher the precise chemistry of RNA modifications. Therefore, we are also closely collaborating with chemists in the UK (Pieter van Delft; Department of Chemistry) and Germany (Mark Helm, University of Mainz). 

Together, we provided the proof-of-concept that RNA methylation are a suitable cancer drug target and shaped our next program of work, in which we will test small inhibitors for RNA methylases as effective cancer treatment. 





2.8. Using the headings below please provide a list of publications and meetings attended where research arising from work undertaken under this licence has been disseminated.  

	Publications in scientific journals:

Blanco, S., Bandiera, R., Popis, M., Hussain, S., Lombard, P., Aleksic, J., Sajini, A., Tanna, H., Cortes-Garrido, R., Gkatza, N., Dietmann, S., Frye, M., 2016. Stem cell function and stress response are controlled by protein synthesis. Nature 534, 335-340.
Blanco, S., Dietmann, S., Flores, J.V., Hussain, S., Kutter, C., Humphreys, P., Lukk, M., Lombard, P., Treps, L., Popis, M., Kellner, S., Holter, S.M., Garrett, L., Wurst, W., Becker, L., Klopstock, T., Fuchs, H., Gailus-Durner, V., Hrabe de Angelis, M., Karadottir, R.T., Helm, M., Ule, J., Gleeson, J.G., Odom, D.T., Frye, M., 2014. Aberrant methylation of tRNAs links cellular stress to neuro-developmental disorders. The EMBO journal 33, 2020-2039.
Blanco, S., Kurowski, A., Nichols, J., Watt, F.M., Benitah, S.A., Frye, M., 2011. The RNA-methyltransferase Misu (NSun2) poises epidermal stem cells to differentiate. PLoS Genet 7, e1002403.
Driskell, I., Oda, H., Blanco, S., Nascimento, E., Humphreys, P., Frye, M., 2012. The histone methyltransferase Setd8 acts in concert with c-Myc and is required to maintain skin. The EMBO journal 31, 616-629.
Driskell, I., Oeztuerk-Winder, F., Humphreys, P., Frye, M., 2015. Genetically induced cell death in bulge stem cells reveals their redundancy for hair and epidermal regeneration. Stem Cells 33, 988-998.
Frye, M., Watt, F.M., 2006. The RNA methyltransferase Misu (NSun2) mediates Myc-induced proliferation and is upregulated in tumors. Curr Biol 16, 971-981.
Hussain, S., Tuorto, F., Menon, S., Blanco, S., Cox, C., Flores, J.V., Watt, S., Kudo, N.R., Lyko, F., Frye, M., 2013. The Mouse Cytosine-5 RNA Methyltransferase NSun2 Is a Component of the Chromatoid Body and Required for Testis Differentiation. Mol Cell Biol 33, 1561-1570.
Khan, M.A., Rafiq, M.A., Noor, A., Hussain, S., Flores, J.V., Rupp, V., Vincent, A.K., Malli, R., Ali, G., Khan, F.S., Ishak, G.E., Doherty, D., Weksberg, R., Ayub, M., Windpassinger, C., Ibrahim, S., Frye, M., Ansar, M., Vincent, J.B., 2012. Mutation in NSUN2, which Encodes an RNA Methyltransferase, Causes Autosomal-Recessive Intellectual Disability. Am J Hum Genet 90, 856-863.
Martinez, F.J., Lee, J.H., Lee, J.E., Blanco, S., Nickerson, E., Gabriel, S., Frye, M., Al-Gazali, L., Gleeson, J.G., 2012. Whole exome sequencing identifies a splicing mutation in NSUN2 as a cause of a Dubowitz-like syndrome. J Med Genet 49, 380-385.
Tuorto, F., Liebers, R., Musch, T., Schaefer, M., Hofmann, S., Kellner, S., Frye, M., Helm, M., Stoecklin, G., Lyko, F., 2012. RNA cytosine methylation by Dnmt2 and NSun2 promotes tRNA stability and protein synthesis. Nat Struct Mol Biol 19, 900-905.
Van Haute, L., Dietmann, S., Kremer, L., Hussain, S., Pearce, S.F., Powell, C.A., Rorbach, J., Lantaff, R., Blanco, S., Sauer, S., Kotzaeridou, U., Hoffmann, G.F., Memari, Y., Kolb-Kokocinski, A., Durbin, R., Mayr, J.A., Frye, M., Prokisch, H., Minczuk, M., 2016. Deficient methylation and formylation of mt-tRNA(Met) wobble cytosine in a patient carrying mutations in NSUN3. Nat Commun 7, 12039.



	Presentations at scientific meetings:

Claire Custance (Transgenics Biopsy & Surgery Technician at the BSU (WT-MRC SCI): Refining UV Irradiation of Laboratory Mice. Poster presentation at the Huntingdon, Norfolk, Suffolk & Cambridge IAT branches 7th Annual Joint Autumn Symposium 'The 3T's – Technicians, Trade and Teamwork'. November 2014. 

Michaela Frye (invited talks):
1. Keynote Lecture “Satellite Symposium on Skin Epigenetics”, Salzburg, Austria	   2017
2. GRC “Epithelial differentiation and keratinization” Lucca, Italy			   2017
3. GRC “RNA editing Biology and Mechanisms of RNA / DNA Modifications” USA	   2017
4. Barcelona Conferences on “Epigenetics and Cancer”, Barcelona, Spain		   2016
5. Danube Conference on Epigenetics, Hungary					   2016
6. 9th International Heinrich F.C. Behr Conference on "Stem Cells and Cancer”	   2016
7. Epigenetics Lecture at the Hydra XII Summer School				   2016
8. ISSCR, San Francisco, USA							   2016
9. University of Tuebingen, Germany						                2016
10. British Societies of Cell Biology and Developmental Biology, Warwick, UK	                2016
11. 2nd International Symposium on Skin Epigenetics, Bradford, UK		                2016
12. University of Birmingham, UK							   2016
13. University of Mainz, Germany							   2015
14. GRC “Epithelial differentiation and keratinization” Sunday River, USA		   2015
15. Epigenetics Lecture at the Hydra XI Summer School				   2015
16. Non coding RNAs, Cambridge, UK						   2015
17. Stem Cells in Drug Discovery, Cambridge, UK 					   2015
18. IGMM Edinburgh, UK								   2015
19. EMBL conference Frontiers in Stem Cells & Cancer				   2015
20. MicroRNAs & SM/HT Biology Europe , Cambridge, UK 			                2014
21. EMBL Conference on “Stem Cells in Cancer and Regenerative Medicine”	                2014
22. Epigenetics Lecture at the Hydra Summer School					   2014
23. EMBL Meeting for Stem Cells and Regeneration 				                2014
24. German Society for Human Genetics, Essen, Germany 			                2014
25. Centre for Genomic Regulation (CRG), Barcelona, Spain			   2014
26. 64th HSBMB conference, Athens, Greece					   2013
27. 8th Annual Cancer Stem Cell Symposium, London, UK				   2013
28. Epigenetics Lecture at the Hydra X Summer School				   2013
29. Annual Academic Forum Neusentis/Pfizer					                2013
30. Annual Meeting SEB Cologne, Germany					   2013
31. CR-UK Researchers Retreat, Manchester, UK 					   2013
32. Society for Experimental Biology (SEB) Valencia Spain 			   2013
33. Annual ISSCR Meeting Boston USA 						   2013
34. British Society for Matrix Biology, Oxford, UK					   2013
35. University of Oxford – Ludwig Institute for Cancer Research, Oxford, UK	   2013




Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated. – Refinement for UV treatment 

2.9. Have you engaged with the general public by giving interviews about your work on radio, television, at a public meeting or debate or in a newspaper article?		YES

If you answered NO: why?

	N/A



If you answered YES: how, where (i.e. what medium did you use) and when did you engage with the public, what sort of information did you disseminate and what was the outcome?

	Berlin Translational Dialogue to explore possibilities of translational medicine    2015
Organized by Elsevier Berlin in the framework of the FALLING WALLS BERLIN 2015 to foster Berlin’s Translational Dialogue. My contribution was a lecture in the interactive Workshop and I served as a panel member to publically discuss approaches to foster and promote translational approaches in stem cell research. 

Pint of Science “Stem Cells – Key to life or overrated?”	                                          2015
A lecture on recent advances in epithelial stem cell biology with a critical evaluation of their potential and promises in Stem Cell Research to a lay audience.








3. Animal Welfare/Recorded Harms:

3.1. Using the table below please provide the information requested.
How to complete this table: Return of procedures count animal numbers from 1st January to 31st December.  In the table below if your licence was granted part way through the year count year one as the time from when the licence was granted to the 31st December, year two from January to December etc. until the final year for which the report is requested and count from 1st January to the requested report date.  You can insert rows as necessary.
	Protocol No.
	Species
	


Protocol severity
category
	


Total est. number
	


Actual number used
	Actual severity recorded*

	
	
	
	
	
	Non-recovery
	Sub Threshold
	Mild
	Moderate
	Severe

	1
Superovulation
	Mouse
	Mild
	500
	1st 2013
	
	
	88
	
	

	
	
	
	
	2nd 2014
	
	
	52
	
	

	
	
	
	
	3rd 2015
	
	
	112
	
	

	
	
	
	
	4th 2016
	
	
	
	
	1

	
	
	
	
	Total
	
	
	252
	
	

	2
Embryo recipients 
	Mouse
	Moderate
	500
	1st 2013
	
	
	
	12
	

	
	
	
	
	2nd 2014
	
	
	
	25
	

	
	
	
	
	3rd 2015
	
	
	
	2
	

	
	
	
	
	4th 2016
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	39
	

	3
Vasectomy 
	Mouse
	Moderate
	75
	1st 2013
	
	
	
	0
	

	
	
	
	
	2nd 2014
	
	
	
	0
	

	
	
	
	
	3rd 2015
	
	
	
	0
	

	
	
	
	
	4th 2016
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	0**
	

	4
Breeding and maintenance of genetically modified animals 
	Mouse
	Moderate
	10,000
	1st 2013
	
	
	740
	299
	

	
	
	
	
	2nd 2014
	
	
	1961
	883
	

	
	
	
	
	3rd 2015
	
	3823
	108
	431
	11

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total***
	
	3823
	2809
	1613
	11

	5
Skin wounding
	Mouse
	Moderate
	300
	1st 2013
	
	
	
	
	

	
	
	
	
	2nd 2014
	
	
	16
	173
	

	
	
	
	
	3rd 2015
	
	
	20
	
	

	
	
	
	
	4th 2016
	
	
	
	
	

	
	
	
	
	Total
	
	
	36
	173
	

	6
Skin grafting 
	Mouse
	Moderate
	300
	1st 2013
	
	
	
	21
	1

	
	
	
	
	2nd 2014
	
	
	
	12
	

	
	
	
	
	3rd 2015
	
	
	15
	174
	

	
	
	
	
	4th 2016
	
	
	
	
	

	
	
	
	
	Total
	
	
	15
	208
	1

	7
[bookmark: _GoBack]Skin carcinogenesis 
	Mouse
	Moderate
	1000
	1st 2013
	
	
	
	186
	

	
	
	
	
	2nd 2014
	
	
	
	71
	

	
	
	
	
	3rd 2015
	
	9
	229
	100
	4

	
	
	
	
	4th 2016
	
	
	
	
	5

	
	
	
	
	Total
	
	9
	229
	359
	9


*If actual severity data has not been formally assigned at the point the Retrospective Review/Assessment is undertaken, these columns can be used to indicate the estimated severity as a percentage for each of the categories.  

** We received the vasectomized males to plug the females from the Gurdon, where they are maintained as colony. 
*** Amendment to increase the total number to 12,000 is submitted.

3.2. Does the information provided in the table reflect the projected incidence of harm provided in the adverse effects for each protocol?  If not please indicate where this was not the case and whether the projected level of suffering was more or less than you anticipated when you first wrote the licence.  If the severity category for a protocol was amended during the tenure of the licence please include this information in the reasons box.

	Protocol number
	Severity higher/ same/ lower than anticipated
	Reason

	19b7
	Severity higher
	Under this protocol we are testing whether mis-expression of the candidate gene alter tumour susceptibility and how anti-cancer drugs alter the oncogenic system. Our evaluation of severity was correct.

However, this protocol also includes the testing of anti-cancer drugs on skin tumours (Cisplatin, 5FU). These are approved and commonly used chemotherapeutic agents to treat squamous cancer in humans. We used this protocol to treat NSun2-depleted tumours and found that these tumours are highly sensitive to the drug treatment. The drug-treatment and combination of conventional chemotherapeutic agents was more severe than anticipated. 



3.3. Describe any unexpected adverse effects and include the percentage and the number of animals affected.  How were these episodes managed and recorded?  If any of these resulted in a Condition 18 report please indicate which were reported under Condition 18 and the date.

	Treatment with 5FU and Cisplatin was more severe than expected and around 7% of treated mice under this protocol exceeded the moderate severity limit. Known side effects of Cisplatin and 5FU in humans is the reduction of the number of white blood cells which makes it more likely to get an infection (more than 1 in 10 patients will show side effects). Thus, in hindsight we should have expected the higher percentage of side effects in mice treated with chemotherapeutic agents. 

Management and recording of exceeding the moderate severity limit: All mice on protocol 19b7 (skin carcinogenesis) are daily monitored and a monitoring scheme is completed. The humane endpoint is clearly defined: Mice will be killed if they show signs of ill health, such as piloerection and hunched posture, inactivity or lack of appetite for a period of 48 hours. In addition, any animal that loses 20% of its body weight when compared to age-matched control or develops clinical signs such as diarrhoea or dyspnoea, it will also be killed. In case we administer therapeutics, the animals will be monitored daily and killed if they show signs of moderate severity. 

However, treatment with 5FU and Cisplatin resulted in severe side effects in 7% of treated mice (9 out of 132). On the daily routine check the mice were found to have exceeded the moderate severity limit and culled. The condition 18 reports were completed and are attached (25/05/2015; 02/09/2015; 23/05/2016). Together with the SCI BSU team, we continuously revise the monitoring sheer and the protocol.  For instance, we have up-dated our monitoring scheme and check mice during the treatment regime twice a day.




3.4. What percentage (and number) of animals had to be killed or died unexpectedly before the end of the experiment?  Please provide a brief summary of each incident by protocol(s) where this occurred.

	Protocol No.
	% or number of animals killed or unexpectedly found dead

	19b1
	<0.5%

	19b2
	0%

	19b3
	0%

	19b4
	<0.5%

	19b5
	<0.5%

	19b6
	<0.5%

	19b7
	<2%



3.5. Have you re-used animals? 							NO 

If so why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.

	Species
	Protocol No. on which animals were/will be retuned as re-used

	
	

	
	



3.6. Has there been any animal wastage? 						YES  

For example; this may occur when breeding and maintaining genetically altered animals or when animals have been ordered and cannot be used for some technical reason.  

Where wastage has occurred, please explain the circumstances and nature of the wastage.
	Our transgenic lines contain usually a conditional allele. Thus, the homozygous floxed lines are crossed to the respective Cre-lines. To isolate / visualize the distinct epidermal populations, in which we delete the candidate gene we use GFP- or td-tomato-reporter lines. Our main animal wastage occurs when generating these triple transgenic lines by breeding. 



3.7. Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).								NO

Please explain/provide examples.
	N/A



3.8. By species and percentage please indicate the source of your animals.

	Species
	Source
	Approx. percentage

	Mus musculus
	SCI animal house
	95%

	Mus musculus
	Charles River 
	5%



3.9. During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  						YES    

If so which protocols were amended and were numbers increased or decreased, and by how much?
	Protocol No.
	Original estimated Number
	Amended estimated number

	19b4
	10,000
	12,000



If you have increased or decreased numbers please explain why this was necessary?
	My original estimate was based on the calculation that 2 out of 10 in vitro tested candidate genes would be tested in vivo. In 2015, we identified 4 candidate genes that passed the primary evaluation in cell lines and recombinant systems. For 3 of them (Srsf2, Nsun3 and Nsun6) we obtained the established floxed line (Srsf2) or conditional gene trap line (EUCOMM). For the non-coding RNA Rn7sk, we generated a new line. Our phenotypical analyses revealed that mis-expression of 3 out of the 4 candidates alter stem cell self-renewal, proliferation and differentiation and putative regulators of the Myc and other (p53/Ras) oncogenic system. Therefore, I anticipate that the numbers of 19b4 in the remaining year 2016 will be greater than the remaining 1744 (see Table above) and estimated a total number of 12,000. 





3.10. During the tenure of this licence have you requested an amendment to increase/decrease the severity of any protocols? 				NO

If so which protocols were amended and were the severity categories increased or decreased?
	Protocol No.
	Original severity category
	Amended severity category

	
	
	

	
	
	



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	












4. 3Rs:

In this section please explain what steps you have taken during the tenure of your licence that resulted in 3Rs gains.  This might include working with collaborators to refine your model, changing the anaesthetic regime or equipment, etc.  Consider every change you have made and its impact on the 3Rs – even small changes and initiatives can result in 3Rs gains.

4.1. [bookmark: The_3Rs_definitions]What techniques and/or animal models have you used on your licence (include GA models).  

	Conditionally trapped and targeted genes (EUCOMM) 
Lines with floxed alleles 
Cre-recombinase expressing lines
Reporter mouse lines 



4.2. How successful have these techniques and/or models been?  

	Conditionally trapped and targeted genes (EUCOMM): 7 out 7 lines were confirmed to contain the correct trapped gene and 3 out 7 lines showed a phenotype. 

Lines with floxed alleles: 2 out of 3 lines were published and one was generated by us. 

Cre-recombinase expressing lines and reporter mouse lines are well-established and widely used lines.

The vast majority of models were successfully used (see publications) or are currently analyzed for publications. Over the last five years, we only generated 1 line that was frozen down and did not contribute to any publication because it did not show any phenotype in skin. However, this mouse line was now transferred to a collaborator for further analyses.  




4.3. What limitations, if any, have you encountered?  Were you able to overcome these limitations and, if so, how?

	One limitation was that due to turn-over in my lab and shortage of supply for grafting chambers, I lacked the personnel having this procedure on their personal licence. This required new training and delayed experiments. 




The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 
Definitions
[image: Replacement - Methods with avoid or replace the use of animals][image: Reduction - Methods which minimise the number of animals used per experiment][image: Refinement - Methods which minimise suffering and improve animal welfare]
4.4. Have you attempted or been able to refine any of your techniques or models? 
YES

Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	1. UVB treatment: Previously, UV irradiation was performed using Taylor Research UV irradiation system. Mice were immobilised by putting them in a tubular-shaped restraint with a small opening on the top to expose the back skin. This meant that only a small portion of back skin could be UV-treated, and the restraint might have added to the stress mice were exposed to. A typical procedure would last 5 minutes, which was required to achieve the physiologically relevant UV irradiation dose.  We refined this methodology by using a small UV lamp mounted on a custom-made stand. Mice were immobilised by anaesthesia, which meant they would not need to be restrained. Since the UV lamp was mounted close to the skin surface, the procedure was shortened to 1 minute to obtain the relevant UV dose. In addition, larger amount of back skin could be UV-irradiated, yielding to more material to work with, which reduced the number of mice used for UV experiments.

2. Topical application of 4-OHT: Most of our lines are conditional transgenic lines and require the constant treatment using agents such as 4-hydroxytamoxifen (4-OHT). The agent is usually applied repetitively to the shaved back skin of the mouse. We are attempting to refine this treatment methods because the mice lick it and often also show a phenotype around the mouth. We are testing 4-OHT application in pellet form, which can be implanted in a single procedure and is designed to release the drug slowly over the period of 21 days, which minimises the amount of times mice need to undergo a regulated procedure. The application of the pellet still needs to be optimized for this application to be a suitable alternative. 




4.5. Do you use systems to monitor the welfare of your experimental animals (e.g. scoring sheet).										YES   

If not, why?
	



If you do use a welfare monitoring system, what do you use?  Did you refine or modify your system during the tenure of your licence and what impact did this have?
	We use a monitoring sheet for the cancer mouse models that is completed daily. This monitoring sheet is under continuous review and modified according to the mouse lines, treatment regimes and experiments. The largest benefit of the monitoring schemes is a recording of the expected and unexpected mouse phenotypes and it stream lines animal welfare checks even when staff is changing. 




4.6. Were the end points detailed in your project licence appropriate or did you need to modify them during the tenure of your licence?

Please explain.
	All endpoints are detailed in the project licence and were not modified during the tenure. 




4.7. What non-schedule 1 methods of killing were authorised in your licence and which of these have you used?

	Perfusion fixation – only used when brain tissue was harvested in addition to epithelia 
Exsanguination – was not used over the last four years




Were these killing methods the most refined? 					YES   
Were they the most appropriate for your experimental data?			YES   

If you have answered no to either of the above questions please explain.  If you were able to refine the way your animals were killed please explain how this was achieved.

	N/A



4.8. Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  								YES   

Please explain.
	Whenever possible we use organotypic in vitro culture methods. We are attempting 3D scaffold cultures for human tumours.  However, none of these methods can currently replace the animal models because both only provide limited environmental cues that are vital to determine stem cell fate. 




4.9. Have you been able to reduce your animal usage?  				YES   

If so how have you achieved this (e.g. through experimental design, changes to the regulated procedures used)?
	We reduce our numbers by (1) using well-established lines, (2) maintain them as homozygous lines whenever possible, (3) we collect samples from multiple body sites of affected tissue and distribute them to collaborators, (4) perform transplantation assays. 





4.10. Have you received awards or funding specifically targeted at the 3Rs?	NO

If so what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	We did apply for the 3Rs grant but unfortunately it was not funded. 





5. Retrospective Review:  

Check list for licensees:
	AWERB requires the following documents
	Documents sent to AWERB

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	

	Copies of 3Rs publications (if applicable)
	




For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	26/10/16


	2. Completed retrospective review form received
	25/01/17

	3a. 3Rs committee 
	

	3b. AWERB Sub Committee
	

	3c. Project Team meeting
	

	4. Process completed
	




----------------------------------------------------------------------------------------------------------------
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