Retrospective Review of Project Licences
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.

Please be aware that Retrospective Reviews, as with your current and previous project licences, can be requested under the Freedom of Information Act 2000.  It is therefore wise to take care when completing this document and ensure that it does not contain typographical errors, personal details or any sensitive information pertaining to Intellectual Property.

A copy of the final agreed version of this document and any advice provided by the University AWERB in relation to this document will be forwarded to your local Home Office Inspector.

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.

Finally, if Home Office has identified your licence as one that required a Retrospective Assessment please still complete this template.  The information gathered will be used by AWERB to undertake their required task to review your work and can be used to complete the Home Office Retrospective Assessment template.  The latter can be achieved by copy and paste will a further update just before submission to include work you have complete between when you fill in this template and the expiry of your licence, which is when your Retrospective Assessment will need to be sent to the Home Office.

Thank you.
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University of Cambridge                                    Project Licence Retrospective Review
Version 5.8                                                                                         2nd October 2019
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Professor Jennifer Nichols
	

	Contact details:
Address & tel.


	Cambridge Stem Cell Institute
Jeffrey Chea Biomedical Centre
Puddicombe Way
Cambridge 
CB2 0AW
	01223760229

	Project No.
	P76777883

	Project title
	Regulation of embryonic lineages and stem cells

	Project purpose
	The overall aim of this project is to understand the processes of lineage specification, regulation and differentiation in the mammalian embryo and derivative stem cell lines. The specific objectives are to: 1) Determine how early embryonic lineages are induced. 2) Define the molecular and biomechanical mechanisms by which embryonic lineages are regulated. 3) Develop systems to study cell fate decisions during exit from pluripotency and gastrulation.



	Date licence was granted
	05th October 2017

	Date of retrospective review is sent to the PPLh
	15/07/21




The following are the triggers for licence Retrospective Review:
If you are completing this form because you have been asked to complete a Retrospective Review and our UBS staff have completed this box for you.  Please check that you agree with the selection made and correct if you believe the information is incorrect.

	A
	
	My licence is due to expire in 6 to 12 months time and I have no plans to write a new licence


	B
	x
	My licence is due to expire in 12 to 15 months time and I plan to write a new project licence to continue my research, but I will have relocated to University of Edinburgh by then

	C
	
	I plan to request the revocation of my licence before its natural expiry date


	D
	
	I will no longer be the project licence holder but another person will continue to hold the licence.  
The name of the new licence holder will be:

	E
	
	I took over this licence from (insert name) in (insert date)


	F
	
	The AWERB Standing Committee has asked for this Retrospective Review.



Note to licensees: 
In the case of option D if the new project licence holder’s name has not been filled in please add this information to this box.
In the case of option E please insert the name of the person from whom you took over this licence and the date when you became licence holder.




2. Animal Welfare/Recorded Harms:

2.1 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 of that year.  Year two will be 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.  The figures provided can be obtained from your Home Office returns.

	Protocol No.
	Species
	


Protocol severity category
	



Total est. number
	


Actual number used
	Actual severity recorded

	
	
	
	
	
	Non-recovery
	Sub Threshold
	Mild
	Moderate
	Severe
	Totals

	1
	Mice
	Mild
	1000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	135
	
	
	135

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	120
	
	1
	121

	
	
	
	
	Total
	
	
	255
	
	1
	256

	2
	Mice
	Mild
	500
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	44
	
	
	44

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	44
	
	
	44

	3
	Mice
	Moderate
	500
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	13
	
	13

	
	
	
	
	3rd year
	
	
	
	3
	
	3

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	16
	
	16

	4
	Mice
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	10
	
	10

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	10
	
	10

	5
	Mice
	Mild
	10,000
	1st year
	
	8
	
	
	
	8

	
	
	
	
	2nd year
	
	515
	19
	
	62
	596

	
	
	
	
	3rd year
	
	420
	16
	
	20
	456

	
	
	
	
	4th year
	
	285
	8
	
	2
	295

	
	
	
	
	Total
	
	1228
	43
	
	84
	1355

	6
	Mice
	Moderate
	500
	1st year
	
	
	
	2
	
	2

	
	
	
	
	2nd year
	
	
	
	164
	
	164

	
	
	
	
	3rd year
	
	
	
	67
	
	67

	
	
	
	
	4th year
	
	
	
	98
	
	98

	
	
	
	
	Total
	
	
	
	331
	
	331

	7
	Mice
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	8
	Mice
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	
	
	
	
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	



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

2.2 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

	1
	Higher
	One female mouse was found dead two days after mating with stud male, following hormonal priming for superovulation (Protocol 1).

	5
	Lower
	The breeding and maintenance (Protocol 5) was set at ‘mild’, but 1220 mice were deemed to be sub-threshold, exhibiting no adverse phenotypes.

	5
	Higher
	84 (6.2%) mice on this protocol were found dead, but with no previous symptoms.




2.3 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 Project Licence Standard Condition 18 report please indicate which were reported under Condition 18 and the date (also see Section 5.2).

	The 84 mice found dead on the breeding and maintenance protocol (5) constituted 6.2% of animals. The deaths were recorded, but no signs of suffering had been observed. The single mouse found dead on Protocol 1 had been superovulated via hormone injection, so was recorded and a Condition 18 report sent on 13/12/2020. No signs of any discomfort were observed prior to death.  



2.4 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.
	% and number of animals killed or unexpectedly found dead

	5
	As noted above, 6.2% (84) mice died unexpectedly on the breeding and maintenance protocol

	5
	3% (43) mice on this protocol showed some signs of discomfort approaching the mild severity limit, so were culled.



2.5 Were your estimated animals numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									             NO

If no, please explain the why there was a difference.  Please do this on a protocol by protocol basis.
	Protocol No.
	If your numbers were less that estimated please explain why.

	1
	We estimated 1000 mice, but until end of 2020 we have used only 256. This reduced number can be explained by adoption of the outbred CD1 strain of mice for production of preimplantation embryos to be used as hosts for chimaera experiments. CD1 mice produce many more embryos by natural mating than the inbred strains we needed to use previously.

	2
	Instead of the anticipated 500 mice needed for production of embryos to generate GM mouse lines we have used only 44. This is because we have switched to a more efficient method for studying the role of specific genes in embryogenesis. Briefly, we generate chimaeric embryos by injecting genetically modified embryonic stem cells into normal host preimplantation embryos and transfer these chimaeras to recipient mice (Protocol 6) and allow them to develop to the stage of interest. This means there is reduced need to generate GA lines via the traditional route.  

	3
	As for Protocol 2, since we have switched largely to chimaera-seq for more efficient study of genetic phenotypes we need to perform fewer embryo transfers for the generation of GA lines. So far, we have used only 16. 

	4
	At the time of application for this licence the required vasectomised mice were operated in house. Now ready vasectomised mice are generally purchased from the supplier, so we have used only 10. 

	5
	The numbers of mice used for breeding and maintenance is reduced as a result of our current preference for chimaera-seq for analysis of embryonic phenotypes. However, we do still need whole embryos affected by the genetic modification for some experiments; the number used will increase from the 1355 reported above during the final year of the licence.

	6
	This protocol covers transfer of embryos for experimental purposes, including production of embryonic chimaeras. It is likely that we will use most of the estimated number of mice for this protocol.

	7
	I have not used this protocol on this licence yet because the updated training required has not been possible because of COVID restrictions.

	8
	This old fashioned assay is no longer needed, since more sophisticated means to assess cell potency, such as formation of organoids and single cell whole genome profiling have become more reliable.



2.6 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 where/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	
	

	
	



2.7 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 plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature: Genetically modified male mice that were surplus to requirement for the stud bank. All females were used for provision of embryos.




	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol: 411 animals generated on Protocol 5, breeding and maintenance of genetically modified lines.




2.8 For licences that authorise the breeding and maintenance of genetically altered animals: a)	explain how you optimise breeding efficiency and 
b) explain what use is made of any excess stock animals.
	a) The main purpose of the project is to understand how the founder lineages are specified and regulated during early mammalian development. Genes of interest in this context are generally embryonic lethal, so the breeding colonies are maintained by het x wt crosses. We maximise embryo yield by using an outbred strain, CD1. 
b) All wt females produced from these crosses are used to generate embryos for various experiments. Many of the wt males are set up as studs for generation of wt embryos, which we use as embryo hosts for chimaera experiments.



2.9	If you breed genetically altered animals are your strains recorded on a database that can be 
		a) accessed by other researchers at the University?					         YES    
		b) accessed by researchers outside the University?				 	             NO
		c) would you allow other researchers at the University to use your strains?	         YES    
		d) would you allow external researchers to use your strains?			         YES    

If you have answered YES to any of these questions please elaborate below:
	All our GA lines are recorded on the MCMS database. Other researchers within or outside the University are welcome to use our strains upon request.



If you have answered NO to any of these questions please explain why.
	All of the previously published strains we have can be accessed by external researchers. Those which are not yet published will be made available once the work is accepted for publication.



2.10	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.
	We do not transport live animals for any reason, since we are fully competent to cryopreserve preimplantation embryos and rederive lines via embryo transfer. 
Stud males are necessarily maintained in single cages between mating requirements. They are culled once the experiments are complete, or they approach their first birthday. All mice are maintained in ‘state of the art’ housing and supplied with various forms of environmental enrichment. They are handled only by properly trained staff.



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

	Species
	Source
	Approx. percentage

	Mouse (wt)
	Licenced supplier
	15

	Mouse (GA)
	Bred in house or derived from frozen embryos
	85



2.12	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

	6
	250
	500

	3
	1000
	500



If you have increased or decreased animal numbers please explain why this was necessary?
	After the start of the current PPL we introduced a chimaera-based method for determining gene function during embryogenesis, which reduces the need to generate GA mouse lines, but requires embryo transfer for each experiment. We therefore needed to increase the number of experimental embryo recipients (Protocol 6) that would be used during the life of the licence from 250 to 500. However, as a consequence of this refinement, the number of females required to generate a genetically modified mouse line (embryo recipients, Protocol 3) could be reduced from 1000 to 500.



2.13	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?
	






3. 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.

The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 

Definitions
Advancing research into animal 
welfare by exploiting the latest
in vivo technologies and by 
improving understanding of 
the impact of welfare on 
scientific outcomes
Appropriately designed and analysed experiments that are robust and reproducible, and truly add to the knowledge base
Accelerate the development and use of models and tools, based on the latest science and technologies, to address important scientific questions without the use of animals














3.1 [bookmark: The_3Rs_definitions]Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  										         YES    

Please explain.
	We have adopted and optimised an organoid protocol that allows the process of mammalian gastrulation to be mimicked using embryonic stem cells. For our purposes, we have examined the role of genes of interest by comparing development of ‘gastruloids’ generated from wt versus mutant cell lines. We have also generated chimaeric gastruloids to investigate the developmental potential of mutant cells provided with support or cell competition from wt cells.





3.2 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)?
	See answer to 2.12 above. We have been using chimaeric embryos generated by injection of GA embryonic stem cells as a means to investigate the role of chosen genes during early embryogenesis. This reduces the need to generate mouse lines, thus ultimately reducing the number of mice needed.



3.3 Are you involved with any tissue sharing schemes either within the University or more widely?  

Please explain:
	We are always happy to share tissues with others, but our adult mice are either asymptomatic heterozygotes for the genetic modification (the homozygous condition is embryonic lethal), or wild type, on an outbred genetic background. We work with whole early embryos, which need to be dissected and processed as quickly as possible to avoid degeneration of the material, but would be happy to share any part of the carcass, if it would be of interest to another researcher.



3.4 Please LIST the techniques and/or animal models you have used on your licence (include GA models).  Later on you will be asked about the 3Rs achievements – please do not detail your 3Rs achievements in this box.

	The techniques used so far on the licence include superovulation, embryo transfer, vasectomy and breeding. The GA models we have used include Oct4 knockout, Stat3 knockout, PdgfraGFP, Nuclear Tomato reporter and Membrane Tomato reporter.



3.5 How successful have these techniques and/or models been?  

	These techniques are standard protocols for generation of GA lines. Each of the mouse models has been generated, validated and published in another lab. By outcrossing the Stat3 knockout line to the CD1 background, which reduced the severity of the embryonic phenotype, we have revealed a role for Stat3 signalling in developmental pace, which is relevant for STAT3 mutations in human syndromes affecting post-natal stature. The other three GA lines are reporters for specific lineages or sub-cellular components, which have been used successfully to monitor early developmental processes in preimplantation embryos in culture.



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

	None



3.7 Have you attempted or been able to refine any of your techniques or models? 
           NO
	
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 used only standard techniques for generation and expansion of GA lines. We would like to adopt the non-surgical embryo recipient protocol, but at present its relative inefficiency compared to the surgical version would actually be more wasteful in terms of mouse usage.  



3.8 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?
	The mice are monitored daily by trained staff in the unit. No adverse phenotype is expected in the GA lines or following superovulation, embryo transfer or vasectomy.



3.9 Were the end points detailed in your project licence appropriate? 			         YES    
Have you needed to modify them during the tenure of your licence? 			             NO

Please explain.
	The focus of this project is the study of early embryonic development. To obtain these, we use mice within the optimal breeding age, which is within the first year of life.



3.10 Please review the non-schedule 1 methods of killing authorised on the protocols on your licence?  In the box below, list each method and beside each clearly indicate which you have used?  Examples of non-schedule 1 methods include: exsanguination, decapitation and perfusion fixation.

	
No non-schedule 1 methods have been used on this licence. Exsanguination and perfusion fixation under terminal anaesthesia are listed as options in Protocol 5




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.
	





3.11 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?
	






The AWERB 3Rs committee is particularly interested in this section of your review because information you provided here could be of interest and use to other researchers at the University.  

Information that you have included in this section will be included in the UBS 3Rs Search Tool unless you complete the box below.  UBS will only add information to the UBS 3Rs Search Tool section on the UBS website that University staff can log into using their Raven Access.  You should however disseminate all 3Rs finding more widely. 

I do not agree to information provided in this section to be added to the UBS 3Rs Search Tool for the following reason(s).
	







4. Scientific Progress and Benefit Achievements:

4.1 Taking into consideration that your licence may not be due to expire, has your research progressed as you expected?									         YES    

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         YES    

4.3 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).

	Objective 1: determine how early embryonic lineages are induced. We published several papers addressing this objective over the past 4 years in the context of lineage induction during gastrulation using data collected from compound transgenic mouse lines maintained on my previous PPL.
Objective 2: define the molecular and biomechanical mechanisms by which embryonic lineages are regulated. Using single cell RNA sequencing on preimplantation embryos we constructed a profile of the molecular events associated with segregation of the primary lineages. We revealed a role for the pluripotency-associated transcription factor, Oct4, in formation of the epiblast (founder of the foetus) via Stat3 signalling and metabolic mechanisms by comparing knockout versus control embryos1. Single cell RNA sequencing of Stat3 knockout versus control embryos further defined the metabolic profile of the emerging lineages in the preimplantation embryo2.  Within the inner cell mass of the early mouse embryo, the epiblast and primitive endoderm (yolk sac precursor) become specified in an apparently random (‘salt and pepper’) distribution, which subsequently sort physically so that the primitive endoderm forms an epithelium overlying the epiblast. We included embryos from membrane and nuclear reporter mice in this project, currently in revision3. On-going work to generate primitive endoderm cell lines required a lineage-specific reporter4.
Objective 3: develop systems to study cell fate decisions during exit from pluripotency and gastrulation. We discovered that embryonic stem cells derived from Stat3 knockout embryos are out-competed by wild type host embryo cells in specific tissues, such as the brain and mesoderm derivatives in mid gestation chimaeras. We are currently using single cell RNA sequencing (chimaera-seq) to learn more about the mechanisms of cell fate decisions during lineage specification in gastrulation. Where possible, we use organoids to mimic gastrulation in culture, comparing mutant and wild type cell competence separately and mixed together in cell competition. We also discovered that Stat3 null embryos on a CD1 background are viable, at least until E11.5, but exhibit developmental delay of around a day compared with their littermates. We are combining in vivo and in vitro systems to determine the mechanisms associated with cell fate decisions and regulation during gastrulation5.
1. Stirparo et al., 2021, Proc Natl Acad Sci USA 118
2. Betto et al., Nat Genet 53
3. Yanagida et al., in revision in Cell
4. Corujo-Simon et al., in preparation
5. Azami et al., in preparation




4.4 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 than expected to develop, another group published data which meant continuing the work would equate to repeating the work, etc.).

	I am optimistic that at least majority of the work intended for this PPL will be completed before its expiry.



4.5 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 anticipated you could achieve when you wrote the licence.

	During this project we have contributed to knowledge of the factors and conditions required for specification and regulation of the founder lineages for successful mammalian development; however, some questions still remain unanswered. We have optimised strategies for investigating cell fate decisions during lineage segregation in vitro, which will be employed wherever possible and disseminated amongst our peers. The lines we have derived from GA embryos carrying mutations in genes of interest or specific sub-cellular or lineage reporters will be employed to this end. 
From this PPL and those of our collaborators we have published the following resources and scientific findings in the context of the questions to be addressed in this licence:
1. Morgani, S. M, Metzger, J. J, Nichols, J, Siggia, E. D and Hadjantonakis, A. K. (2018). Micropattern differentiation of mouse pluripotent stem cells recapitulates embryo regionalised cell fate patterning. eLife 7
2. Mulas C, Chia, G, Jones, K, Hodgson, A. C, Stirparo, G. G, Nichols, J (2018). Oct4 regulates the embryonic axis and coordinates exit from pluripotency and germ layer specification in the mouse embryo. Development 145
3. Pijuan-Sala, B., Griffiths, J., Guibentif, C., Hiscock, T, Jawaid, W., Calero-Nieto, F., Mulas, C., Ibarra-Soria, X., Tyser, R., Ho, D., Reik, W., Srinivas, S., Simons, B., Nichols, J., Marioni, J. and Gottgens, B. (2019). A single-cell molecular map of mouse gastrulation and early organogenesis. Nature 566
4. Sainz de Aja, J., Menchero, S., Rollan, I., Barral, A., Tiana, M., Jawaid, W., Cossio, I., Carreno-Tarragona, G.,Badia-Careaga, B., Nichols, J., Gottgens, B., Isern, J. and Manzanares, M. (2019). The pluripotency factor Nanog controls primitive hematopoiesis and directly regulates Tal1. EMBOJ 38
5. Ricard Argelaguet, Hisham Mohammed, Stephen J Clark, L Carine Stapel, Christel Krueger, Chantriolnt-Andreas Kapourani, Yunlong Xiang, Courtney Hanna, Sebastien Smallwood, Ximena Ibarra-Soria, Florian Buettner, Guido Sanguinetti, Felix Krueger, Wei Xie, Peter Rugg-Gunn, Gavin Kelsey, Wendy Dean, Jennifer Nichols, Oliver Stegle, John C Marioni and Wolf Reik (2019). Multi-omics profiling of mouse gastrulation at single cell resolution. Nature 576, 487-491 
6. Susanne C van den Brink, Anna Alemany, Vincent van Batenburg, Naomi Moris, Marloes Blotenburg, Judith Vivie, Peter Baillie Johnson, Jennifer Nichols, Katharina F Sonnen, Alfonso Martinez Arias and Alexander van Oudenaarden (2020). Single-cell and Spatial Transcriptomics Reveal Somitogenesis in Gastruloids. Nature PMID: 32076263
7. Stirparo GG, Kurowski A, Yanagida A, Bates LE, Strawbridge SE, Hladkou S, Stuart H, Boroviak TE, and Nichols J (2021). Oct4 Regulates Embryonic Pluripotency via Stat3 Signalling and Metabolic Mechanisms. Proc Natl Acad Sci USA 118
8. Kinoshita M, Barber M, Mansfield W, Cui Y, Spindlow D, Stirparo GG, Dietmann S, Nichols J and Smith A (2020). Capture of Mouse and Human Stem Cells with Features of Formative Pluripotency. Cell Stem Cell Doi: https://www.ncbi.nlm.nih.gov/pubmed/33271069 
9. Guibentif C, Griffiths JA, Imaz-Rosshandler I, Ghazanfar S, Nichols J, Wilson V Gottgens B and Marioni JC (2021). Diverse routes toward early somites in the mouse embryo. Dev Cell 56 141-153
10. Betto RM, Diamante L, Perrera V, Audano M, Rapelli S, Lauria A, Incarnato D, Arboit M, Pedretti S, Rigoni G, Guerineau V, Touboul D, Stirparo GG, Lohoff T, Boroviak T, Grumati P, Soriano ME, Nichols J, Mitro N, Oliviero S and Martello G (2021). Metabolic control of DNA methylation in naïve pluripotent cells. Nat Genet 53, 215-229
11. Ayaka Yanagida, Christopher Revell, Giuliano G. Stirparo, Elena Corujo-Simon, Irene M. Aspalter, Ruby Peters, Henry De Belly, Davide A. D. Cassani, Sarra Achouri, Raphael Blumenfeld, Kristian Franze, Ewa K. Paluch*, Jennifer Nichols* and Kevin J. Chalut* (2021). Cell Surface Fluctuations Regulate Early Embryonic Lineage Sorting. Currently in revision in Cell
12. T.Lohoff, S.Ghazanfar, A.Missarova, N.Koulena, N.Pierson, J.A.Griffiths, E.S.Bardot, C.-H.L.Eng, R.C.V.Tyser, R.Argelaguet, C.Guibentif, S.Srinavas, J.Briscoe, ,B.D.Simons, A.-K.Hadjantonakis, B.Gottgens, W.Reik*, J.Nichols*, L.Cai* and J.C.Marioni* (2021). Highly multiplexed spatially resolved gene expression profiling of mouse organogenesis. Nat. Biotech. In press




4.6 Specifically if you were unable to address any or even all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	As can be seen from the list of publications above, we have been able to tackle the objectives of this licence using a highly collaborative approach.





4.7 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 were/was the benefit(s)?  
	The highlights of the scientific and technical developments include optimisation of organoid and micropattern systems for investigating lineage specification and gastrulation in vitro. The wealth of data generated in collaboration provides resources of information, including whole genome, epigenetic and chromatin accessibility information for acquisition and maintenance of cellular identity during multiple stages of development. Most recently, spatial information combined with gene expression is becoming accessible (ref 12). We are implementing refinements to the gastruloids protocol to obtain more consistent and representative modelling of gastrulation in vitro.



4.8	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.  
Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated.
Please only include publications arising from research undertaken under the authority of this licence.  If you have papers in press please include these.
	Publications in scientific journals:
1. Sainz de Aja J, Menchero S, Rollan I, Barral A, Tiana M, Jawaid W, Cossio I, Carreno-Tarragona G, Badia-Careaga B, Nichols J, Gottgens B, Isern J. and Manzanares M. (2019). The pluripotency factor Nanog controls primitive hematopoiesis and directly regulates Tal1. EMBOJ 38
2. Stirparo GG, Kurowski A, Yanagida A, Bates LE, Strawbridge SE, Hladkou S, Stuart H, Boroviak TE, and Nichols J (2021). Oct4 Regulates Embryonic Pluripotency via Stat3 Signalling and Metabolic Mechanisms. Proc Natl Acad Sci USA 118
3. Kinoshita M, Barber M, Mansfield W, Cui Y, Spindlow D, Stirparo GG, Dietmann S, Nichols J and Smith A (2020). Capture of Mouse and Human Stem Cells with Features of Formative Pluripotency. Cell Stem Cell Doi: https://www.ncbi.nlm.nih.gov/pubmed/33271069
4. Betto RM, Diamante L, Perrera V, Audano M, Rapelli S, Lauria A, Incarnato D, Arboit M, Pedretti S, Rigoni G, Guerineau V, Touboul D, Stirparo GG, Lohoff T, Boroviak T, Grumati P, Soriano ME, Nichols J, Mitro N, Oliviero S and Martello G (2021). Metabolic control of DNA methylation in naïve pluripotent cells. Nat Genet 53, 215-229
5. Ayaka Yanagida, Christopher Revell, Giuliano G. Stirparo, Elena Corujo-Simon, Irene M. Aspalter, Ruby Peters, Henry De Belly, Davide A. D. Cassani, Sarra Achouri, Raphael Blumenfeld, Kristian Franze, Ewa K. Paluch*, Jennifer Nichols* and Kevin J. Chalut* (2021). Cell Surface Fluctuations Regulate Early Embryonic Lineage Sorting. Currently in revision in Cell


	Presentations at scientific meetings:
University of Toronto, 2018; Wellcome Genome Campus, 2018; BSDB Autumn meeting, 2018 
Virtual talks
Group leader talk, Cambridge Stem Cell Institute, 2020; Cambridge Reproduction Strategic Research Initiative, 2020; Roslin Institute, Edinburgh, 2020; Stem Cells at Lunch, Kings College, London, 2021; Centre for Trophoblast Research, Cambridge, 2021, Human Genetics Unit, Edinburgh, 2021


Have you remembered to highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated?

4.9 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?
	International summer school lecture in person at Cambridge Stem Cell Institute on early mammalian development and use of stem cells, 2018; Podcast via zoom to discuss uses of stem cells in research, Kings College, London, 2021; Social science interview on stem cells, regenerative medicine and inter-species chimaeras via Zoom for Department of Global Health and Social Medicine, King’s College London, 2021. For each of these, Q&A sessions were held at the end.




a. 

5. Project Licence management information.

5.1 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 2.11 and 2.12 – for amendments that apply to this question including those that apply to either 2.11 or 2.12, please provide the date of the amendment here and, if relevant, a note that further information can be found in Section 2.11 or 2.12.

	August 2020: Request to reduce number of embryo recipients (Protocol 3) expected from 1000 to 500 and increase number of experimental embryo recipients (Protocol 6) expected from 250 to 500. The reason for this was because of our increased interest in using chimaeric embryos generated by injection of genetically altered embryonic stem cells into wild type host embryos instead of generating a transgenic mouse line for investigation of gene function during early development (see Section 2.12).
May 2021: Request for secondary availability at CRUK, Cambridge, to enable Protocols 1 and 6 to be performed by the transgenics facility manager, who was previously employed at the Cambridge Stem Cell Institute, but has moved to CRUK, so that the work for the project can be continued.




5.2 Project licence Standard 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.

	
One Condition 18 report was submitted because a mouse who had been superovulated (Protocol 1, mild) was found dead 2 days after mating with the stud male.




5.3 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




5.4 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




5.5 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.)?

	
Progress, particularly in the context of training researchers in procedures relevant to their projects, has been impeded, but this has not really affected scientific productivity.






6 Retrospective Review:  

Project Licence Holder check list:
	AWERB requires the following documents
	Documents sent to AWERB

	Completed copy of this form
	x

	Copies of Condition 18 reports (if applicable)
	x

	Copies of 3Rs publications (if applicable)
	







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	15/07/21

	2. Retrospective review form received by the Deputy Director
	

	3a. Project Support Team meeting 
	

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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