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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:
	Professor Austin Smith
	

	Contact details:
Address & tel.


	Wellcome Trust-MRC Stem Cell Research Institute
Tennis Court Road
Cambridge
	

	Project No.
	80/2597

	Project title
	Characterisation and isolation of stem cells 

	Project purpose
	Identify and isolate stem and progenitor cells during development and in adult tissues and characterise their function in normal and diseased tissue with a view to developing novel therapeutic strategies



	Date licence was granted
	21 December 2012

	Date of retrospective review/assessment
	01 September 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.

	25.07.2013: Insertion of ‘juvenile or adult’ in the context of stem/progenitor cell identification, isolation and expansion in vitro in the plan of work section (previously only ‘embryo’ was specified)



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.

	17.04.2015 (see 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).

	None



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.)?

	No




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? 	  NO

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).

	Purpose: to identify and isolate stem and progenitor cells during development and in adult tissues and characterise their function in normal and diseased tissue with a view to developing novel therapeutic strategies.
Key Questions:
1. Can the stem/progenitor cells in the embryo or adult be identified, isolated and expanded in vitro?
Embryonic stem cell (ESC) lines were isolated from preimplantation rat embryos under the previous PPL. However, they suffered from issues of instability, so were difficult to expand in vitro. During the present PPL, their properties were studied in detail and appropriate culture conditions were formulated and validated [1]. New rat ESC were derived and used successfully to create knock-in reporter animals (Chen et al, in preparation).
Using refined molecular profiling techniques, we characterised the transcriptome of early mouse embryos at various stages before and just after implantation. We found a strong correlation between the preimplantation epiblast and ESCs, functionally supported by the ability to explant single epiblast cells from this stage into culture and produce embryonic stem cells [2, 3].
The molecular characterisation of the early mouse embryo around the time of specification of the epiblast provided a blueprint from which to design protocols for capture of the long awaited bona fide ESC lines from human embryos or induced pluripotent stem cells. A culture regime was established for human cells [4] and subsequently applied to human embryos for direct derivation of ESCs [5].
The interaction between Nanog and Stat3 signalling during induced reprogramming was demonstrated using stem cell lines derived from genetically modified embryos [6]. The role of chromatin remodelling factors was also investigated using these stem cell lines [7].
Using sophisticated genetic engineering, we have assessed the role of phosphorylation of the pro-endocrine transcription factor, Ngn3, in pancreatic stem/progenitor cells during development, homeostasis and de-differentiation, providing validation of a possible system with which to promote and maintain endocrine differentiation in vivo and in vitro (R. Azzarelli et al., under review in Developmental Cell). Lineage tracing has also been achieved using a 4-fluorophore reporter system (Confetti) to identify stem/progenitor cells in the developing pancreas (Sznurkowska et al., under review in Nature Cell Biology).
The precursor of the extra-embryonic yolk sac plays an important role in patterning of the developing foetus. We characterised the function of the transcription factor Oct4 in specification and differentiation of the extra-embryonic endoderm using conditional deletion and ex vivo embryo culture [8].
Stem cells can be isolated from the stomach or intestine of foetuses or adults and expanded in culture in the form of organoids. These have the significant advantage of recapitulating the equivalent of the in vivo niche. They can be isolated from both wild type and transgenic mice, providing an ideal model system to monitor gene function or fluorescently track the progression of specific cell types during organisation of the niche. Furthermore, during this PPL an efficient, scalable strategy was developed for specific conditional gene knockout in these cell lines [9].

2. What is the potency of isolated stem/progenitor cells in vitro and in vivo?
The differential potential of embryonic stem cell lines derived from parthenogenetic haploid mouse embryos was investigated. These cell lines provide an ideal system for genome-wide screening for gene function in cell fate decisions [10]. 
We developed a GFP reporter ESC line for monitoring the progression through pluripotency and validated the fidelity of the reporter in the embryo [11]. This reporter line has been exploited in a series of studies aimed at elucidating how pluripotent cells transition towards differentiation [10, 12-14].
Part of our work involves study of the reprogramming process for the generation of induced pluripotent stem (iPS) cells. We uncovered a hitherto unforeseen role for Oct4 in facilitating exit from pluripotency, which was assessed by generating chimaeric embryos [15]. Validation of bona fide reprogramming is achieved by testing the capacity of the cells to integrate into a host embryo and contribute to normal development, including colonisation of the germline. Several of our studies have utilised the creation and test breeding of chimaeras for this purpose [7, 16]. 
Genetically altered mice are frequently produced by prior modification of embryonic stem cells and injection into host preimplantation embryos. We utilised this system ex vivo to track and compare the process of integration of ESCs cultured in different media into host embryos. This allowed us to test the resulting potency of ESCs from specific regimes. We showed that differentiating cells are rapidly eliminated by cell death [17].
Using genetically altered mice, a role for chromatin remodelling in regulation of neural cell fate determination and terminal differentiation in the cerebral cortex was revealed [18]. Also, genetic deletion of CHD4 revealed a role for chromatin remodelling in early embryonic lineage decisions [19].
Can isolated and/or cultured cells integrate and function in a normal or diseased animal?
Not addressed (see later)



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.).

	Can isolated and/or cultured cells integrate and function in a normal or diseased animal?
A branch of our research considers the potential of stem/progenitor cells to form functional tissues that can be transplanted for therapeutic purposes. In particular, we have been interested in expandable neural stem cells and their capacity to differentiate into functional neurons and glia. In the license previous to this, we assessed the potential of embryonic stem cell-derived neural cells differentiated in vitro, by grafting them into rat brains. Subsequently, though, we collaborated with the Cambridge Centre for Brain Repair and transferred the in vivo part of the project to them, since their experience and expertise in stereotaxic grafting was more extensive than ours, thus representing a refinement for animal use. Furthermore, the post doc involved in this work in our institute secured an independent position and moved to the Centre for Regenerative Medicine in Edinburgh. Our own research now remains more focused on basic biological mechanisms and ex vivo analysis of cell behaviour that does not require grafting of cells for integration into animals at this point (reduction). 



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 benefits we expected to achieve from the present license are as follows:
1) Identification of the molecular and environmental requirements for specification and propagation of stem/progenitor cell lineages in vivo. This will provide a firm scientific basis to initiate in vitro expansion protocols.
As presented above, we have identified and characterised several types of stem cells and successfully expanded lines in vitro. Translation of our optimised protocols to the human system was a major outcome, as outlined above.
2) Development and refinement of culture regimes for stem/progenitor cell expansion in vitro. We have significant experience and expertise in this type of procedure.
We have modified and optimised a protocol to culture bona fide human ESCs, based on what we learnt from the murine system. Our rat ESC culture regime was also improved, as outlined above.
3) Characterisation of the differentiation potential of novel cell lines.
This was performed in vitro and in teratoma assays for the human ESCs. For the novel murine stem cell lines we derived, characterisation was also achieved by means of chimaera studies (see above).
4) Assessment of the capacity of in vitro-manipulated cells to incorporate safely into host tissues and rescue their function.
Our research has not fully progressed to this stage. Some grafting experiments were performed collaboratively, under alternative authority.
5) Identification of novel therapeutic targets for development of treatments to restore damaged tissue or to reduce over-proliferation.
Research has not progressed to this stage.



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?

	Our progress on dissecting the mechanism of acquisition and maintenance of pluripotency and being able to translate this knowledge to generate human ESCs was a major achievement. The progress in developing the organoid system for stomach and intestine opened additional avenues for in vitro characterisation and exploitation of stem cells. We strongly believe in the importance of obtaining a thorough understanding of the mechanisms underlying differentiation of tissue types and any risks of instability that may result, for example, in reversion to a cancerous cell type. For these reasons our efforts during the present period have concentrated on ex vivo research rather than in vivo grafting.



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?  
	Generation of stomach organoids from adult mice was successfully developed as well as an improved method for efficient genetic manipulation of these cultures [9].
Improved culture of rat ESC established the feasibility of generating sophisticated rat models using CRISPR/Cas9 assisted homologous recombination (Chen et al, in preparation).
We also developed ex vivo live imaging of chimaeras to study cell-cell interactions and lineage balance during early mouse development [17].



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 (including reviews, [20-22]):

1.	Chen, Y., K. Blair, and A. Smith, Robust Self-Renewal of Rat Embryonic Stem Cells Requires Fine-Tuning of Glycogen Synthase Kinase-3 Inhibition. Stem Cell Reports, 2013. 1(3): p. 209-17.
2.	Boroviak, T., et al., The ability of inner-cell-mass cells to self-renew as embryonic stem cells is acquired following epiblast specification. Nat Cell Biol, 2014. 16(6): p. 516-28.
3.	Boroviak, T., et al., Lineage-Specific Profiling Delineates the Emergence and Progression of Naive Pluripotency in Mammalian Embryogenesis. Dev Cell, 2015. 35(3): p. 366-82.
4.	Takashima, Y., et al., Resetting transcription factor control circuitry toward ground-state pluripotency in human. Cell, 2014. 158(6): p. 1254-69.
5.	Guo, G., et al., Naive Pluripotent Stem Cells Derived Directly from Isolated Cells of the Human Inner Cell Mass. Stem Cell Reports, 2016. 6(4): p. 437-46.
6.	Stuart, H.T., et al., NANOG Amplifies STAT3 Activation and They Synergistically Induce the Naive Pluripotent Program. Curr Biol, 2014. 24(3): p. 340-6.
7.	dos Santos, R.L., et al., MBD3/NuRD facilitates induction of pluripotency in a context-dependent manner. Cell Stem Cell, 2014. 15(1): p. 102-10.
8.	Le Bin, G.C., et al., Oct4 is required for lineage priming in the developing inner cell mass of the mouse blastocyst. Development, 2014. 141(5): p. 1001-10.
9.	Andersson-Rolf, A., et al., One-step generation of conditional and reversible gene knockouts. Nat Methods, 2017. 14(3): p. 287-289.
10.	Leeb, M., et al., Genetic exploration of the exit from self-renewal using haploid embryonic stem cells. Cell Stem Cell, 2014. 14(3): p. 385-93.
11.	Kalkan, T., et al., Tracking the embryonic stem cell transition from ground state pluripotency. Development, 2017.
12.	Betschinger, J., et al., Exit from Pluripotency Is Gated by Intracellular Redistribution of the bHLH Transcription Factor Tfe3. Cell, 2013. 153(2): p. 335-47.
13.	Dunn, S.J., et al., Defining an essential transcription factor program for naive pluripotency. Science, 2014. 344(6188): p. 1156-60.
14.	Martello, G., P. Bertone, and A. Smith, Identification of the missing pluripotency mediator downstream of leukaemia inhibitory factor. EMBO J, 2013.
15.	Radzisheuskaya, A., et al., A defined Oct4 level governs cell state transitions of pluripotency entry and differentiation into all embryonic lineages. Nat Cell Biol, 2013. 15(6): p. 579-90.
16.	Costa, Y., et al., NANOG-dependent function of TET1 and TET2 in establishment of pluripotency. Nature, 2013. 495(7441): p. 370-4.
17.	Alexandrova, S., et al., Selection and dynamics of embryonic stem cell integration into early mouse embryos. Development, 2016. 143(1): p. 24-34.
18.	Knock, E., et al., The methyl binding domain 3/nucleosome remodelling and deacetylase complex regulates neural cell fate determination and terminal differentiation in the cerebral cortex. Neural Dev, 2015. 10: p. 13.
19.	O'Shaughnessy-Kirwan, A., et al., Constraint of gene expression by the chromatin remodelling protein CHD4 facilitates lineage specification. Development, 2015. 142(15): p. 2586-97.
20.	Martello, G. and A. Smith, The nature of embryonic stem cells. Annu Rev Cell Dev Biol, 2014. 30: p. 647-75.
21.	Kalkan, T. and A. Smith, Mapping the route from naive pluripotency to lineage specification. Philos Trans R Soc Lond B Biol Sci, 2014. 369(1657).
22.	Boroviak, T. and J. Nichols, The birth of embryonic pluripotency. Philos Trans R Soc Lond B Biol Sci, 2014. 369(1657).



	Presentations at scientific meetings:
2016: EMBL Transcription and Chromatin Meeting; Wellcome Trust Researcher Meeting; Society for the Study of Reproduction Annual Meeting, Cambridge Epigenetics Symposium, Philipps Universität Marburg; SCB-BSDB International Conference (poster); The Stem Cell Niche Copenhagen (poster); Danish Stem Cell Institute Copenhagen; Microsoft Cambridge; School of Life Sciences Dundee; Mary Lyon Centre for mammalian Development Harwell
2015: 4DCellFate Meeting, Oxford Stem Cell Symposium, Molecular Genetics of the Mouse, Development Across Scales’, Cambridge; University of Bath; University of Nottingham; SCI interdisciplinary workshop, Cambridge
2014:  Graduate Student Symposium University of Münster; 4DCellFate Annual Meeting Copenhagen; CNIC, Madrid; Wellcome Trust Researcher Meeting IGB Naples; ISD-BSDB International Conference (poster); Dynamics of Stem Cell Decisions Copenhagen; CNIC Madrid; Cambridge Developmental Biology Group
2013: Wellcome Trust Researcher Meeting; 4DCellFate Meeting; IMB Conference Mainz; Trinity College Dublin; Stepses Summer School; Cambridge Stem Cell Initiative Symposium; Centre for Trophoblast Research Symposium


Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated.

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?

	




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?

	The use of chimaeras to study development was presented at Pint of Science, June 2015 and as a full lecture at the Cambridge Science Festival, March 2015. The role of epigenetics during mouse development determined using genetically altered mice was also presented at the Cambridge Science Festival, March 2016







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
	3000
	1st year
	
	
	735
	
	

	
	
	
	
	2nd year
	
	
	512
	
	

	
	
	
	
	3rd year
	
	
	239
	
	

	
	
	
	
	4th year
	
	
	226
	
	

	
	
	
	
	Total
	
	
	1712
	
	

	1
Superovulation
	Rat
	Mild
	500
	1st year
	
	
	5
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	5
	
	

	2
Embryo recipients 
	Mouse
	Moderate
	3000
	1st year
	
	
	
	384
	

	
	
	
	
	2nd year
	
	
	
	321
	

	
	
	
	
	3rd year
	
	
	
	152
	

	
	
	
	
	4th year
	
	
	
	132
	

	
	
	
	
	Total
	
	
	
	989
	

	2
Embryo recipients
	Rat
	Moderate
	500
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	3
Vasectomy 
	Mouse
	Moderate
	200
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	3
Vasectomy
	Rat
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	4
Breeding and maintenance of genetically altered animals 
	Mouse
	Moderate
	40000
	1st year
	
	
	7604
	
	

	
	
	
	
	2nd year
	
	6112
	387
	13
	233

	
	
	
	
	3rd year
	
	5773
	31
	190
	600

	
	
	
	
	4th year
	
	4242
	63
	93
	395

	
	
	
	
	Total
	
	16127
	8085
	296
	1228

	4
Breeding and maintenance of genetically altered animals
	Rat
	Moderate
	5000
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	5
In utero manipulation 
	Mouse
	Moderate
	100
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	6

	
	
	
	
	3rd year
	
	
	
	24
	

	
	
	
	
	4th year
	
	
	11
	
	

	
	
	
	
	Total
	
	
	11
	24
	6

	5
In utero manipulation
	Rat
	Moderate
	20
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	6
Non-schedule 1 kill 
	Mouse
	Unclassified
	150
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	6
Non-schedule 1 kill
	Rat
	Unclassified
	250
	1st year
	35
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	35
	
	
	
	

	7
Diapause 
	Mouse
	Moderate
	200
	1st year
	
	
	
	4
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	69
	

	
	
	
	
	Total
	
	
	
	73
	

	7
Diapause
	Rat
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	8
Ovarian tissue transplantation 
	Mouse
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	9
Tissue potency assay
	Mouse
	Moderate
	1000
	1st year
	
	
	
	63
	

	
	
	
	
	2nd year
	
	
	
	23
	

	
	
	
	
	3rd year
	
	
	
	84
	4

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	170
	4

	10
CNS cell transplantation 
	Mouse
	Moderate
	230
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	10
[bookmark: _GoBack]CNS cell transplantation
	Rat
	Moderate
	300
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	


*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.  

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

	
	
	

	
	
	




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.

	Four animals (of a total of 88; 4.5%) died or were killed during or after kidney graft surgery (protocol 9). Two were found dead several days after surgery, having apparently made a full recovery. Another one died during surgery and the fourth failed to regain motility after surgery, so was killed on the same day. These adverse incidents occurred specifically in animals purchased from an external supplier (Charles River). We have not seen such reactions from any animals bred in house. A Condition 18 report was submitted (see attached). No post-mortem was carried out, but the NVS inspected the carcasses. 



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

	4
	A total of 1234 (4.2%) animals were included in the ‘severe’ category. These are mice in transgenic breeding programmes that were found dead during routine husbandry checks. For year 2, 233 were found dead. Of these, 131 were pups prior to weaning that were either found dead or missing. For year 3, 600 mice were found dead, including 464 that were found dead or missing prior to weaning. For year 4, 395 mice were found dead including 374 found dead or missing prior to weaning.

	5
	~18% (6) animals experienced difficulty in giving birth after administration of tamoxifen during gestation and had to be culled.

	9
	See 3.3 above



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.
	Many of the transgenic mouse lines we use have interesting (lethal) phenotypes during early development. Such lines therefore need to be bred by back crossing heterozygous animals to wild types. Wild type offspring then constitute around 50% of each litter. We frequently make use of the females for experiments requiring wild type embryos, but they may also be culled soon after genotyping, along with most of the male wild types produced, to reduce the number of animals maintained. 



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.).							YES   

Please explain/provide examples.
	We maintain stud males of various genotypes in individual cages. They are provided with Perspex houses and compacted cotton wool bedding material for environmental enrichment. Generally, they are separated a few days prior to mating and utilised fairly intensely for provision of embryos for a given study, so interact with females every few days or weeks, after which they are culled. In this way, we reduce the time any stud male needs to reside on his own. 
As outlined in 3.6 above, we are conscious of wastage of animals that genotype as wild type from our transgenic breeding programmes. Having the Sanger database in place for maintenance of all animal records has helped us to keep on top of mouse numbers and identify any females that can be utilised for the production of embryos. 
For several of our projects we require wild type preimplantation embryos for ex vivo work, for example, for investigating the effects of pathway manipulation on lineage segregation using inhibitors or activators added to the medium, or for studying the process of integration of ESCs into host embryos. These experiments can be standardised by having sufficient numbers of embryos in each group. To achieve this, and therefore reduce the risk of inter-experiment variability, we make use of the Whitten effect to synchronise the oestrous cycles of our cohorts of females by transferring them into cages that previously housed male mice two days before setting up matings with studs. This enriches for the number of females in oestrous at that time and therefore increases the number that will mate successfully and produce embryos. 



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

	Species
	Source
	Approx. percentage

	Mouse
	Bred in house
	99

	Mouse
	Charles River
	1

	Rat
	Bred in house
	100



3.9. During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  						NO

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

	
	
	

	
	
	



If you have increased or decreased numbers please explain why this was necessary?
	






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).  

	Superovulation; embryo transfer; breeding and maintenance of GA mice; in utero manipulation (injection of transgene-activating agents to pregnant dams); non-schedule 1 kill (bleeding rats for serum); diapause by ovariectomy; cell potency assays by grafting under the kidney capsule.



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

	We have quite a long history of performing such procedures, so are sufficiently skilled to maximise success of each.



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

	One limitation, as mentioned above, is the generation of wild type mice along with their genetically altered littermates from breeding programmes for embryonic lethal genetic modifications. For two such lines, we have established homozygous compound transgenic mating strategies that enable deletion of the gene in question by administration of Tamoxifen to embryos in culture [8]. This means that the number of experimental versus control embryos can be balanced based on scientific requirement, rather than the expected Mendelian ration of only 25% homozygous null embryos.



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.
	We have induced diapause in transgenic females by ovariectomy on the third day after mating (Boroviak et al., in preparation). We refined the procedure from our previous one because the transgenic line was backcrossed to an outbred strain, which resulted in the females becoming significantly larger than the inbreds we are used to. We therefore introduced sutures to the opening in the body wall to reduce the risk of herniation resulting from the increase in aperture size required to externalise the ovary and accompanying fat pad. We also altered the site of sub-cutaneous injection of Depo Provera (progesterone) to the back leg region instead of the neck because the analgesic is normally injected there.  
Very recently a paper was published (Bulu-Karslioglu et al., Nature 2016) presenting an ex vivo method for mimicking diapause by blockade of mTOR signalling. We will test this technique and implement it as soon as we are satisfied with the outcome, thereby reducing the need for surgery on our embryo donor females.




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 the procedure sheet specifically designed for monitoring animals during and after surgery. This system has been in use for several years and has worked very well. All of our animals are carefully checked at least once a day by the trained staff in the biofacility. Any signs of deviation from normal health are recorded on the Sanger mouse management database. This system has enabled centralisation of our records and provides reassurance that nothing can be overlooked. 



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.
	They were appropriate for all the procedures carried out so far.



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

	We are authorised to kill rats by bleeding under terminal anaesthesia, and we have performed this procedure to obtain serum. We are also authorised to use perfusion fixation, but this has not been necessary.



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.

	





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

Please explain.
	We have been able to propagate intestine and stomach stem cell lines in the form of organoids, which exist as 3 dimensional structures recapitulating the stem cell niche (Andersson-Rolf et al., Nature Methods in press). This replaces the need to sacrifice animals or foetuses to obtain primary tissue for each experiment.



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)?
	By developing compound transgenic lines for some of our genes of interest we have been able to reduce significantly the size of the colonies required to generate homozygous null embryos. Effectively, this means we can reduce the numbers of mice required to produce mutant embryos by at least 70%, since we need fewer stud males as well as donor females.
We have also utilised the confetti reporter mouse. This line allows expression of any one of four different fluorophores in response to Cre-activated recombination. This is an excellent tool for lineage tracing, since it allows for multiple clones to be tracked in a single mouse/foetus, corresponding to ¼ of the number of mice needed previously with single colour activated reporter lines (Sznurkowska et al., in review).




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?
	






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
	01/09/16

	2. Project Team meeting 
	28/02/17

	3a.Completed retrospective review form received
	09/03/17

	3b. 3Rs Committee 
	05/04/17

	3c. AWERB Sub Committee
	07/04/17

	4. Process completed
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