[bookmark: _GoBack]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 Azim Surani 
	

	Contact details:
Address & tel.


	Wellcome Trust Cancer Research UK Gurdon Institute
University of Cambridge
Cambridge
	

	Project No.
	80/2637

	Project title
	Germ line, stem cells and epigenesis 

	Project purpose
	To determine how primordial germ cells (PGCs) become established in early mouse embryos, and the progressive changes that ensue in these precursors of sperm and eggs, which generate the totipotent/pluripotent state at fertilisation and leads to the development of an adult organism. 



	Date licence was granted
	17 January 2013

	Date of retrospective review/assessment
	17 January 2018



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.

	
None




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.

	
None




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).

	
None




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.)?

	
None





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).

	A. What molecular logic defines the founding of the mammalian germ line?
We contributed to establishing the gene regulatory network involved in the specification of mouse primordial germ cells (PGC).  Three genes, PRDM1, PRDM14 and TFAP2C are necessary and sufficient to induce the PGC fate.  We also found the targets of these genes, and how the network regulates their expression or repression through their combinatorial binding to the loci. We established that the network has the following key functions at the onset of PGC specification: Repression of the somatic program in PGC precursor cells, initiation of expression of germ cell genes, and initiation of the epigenetic program.  The latter involves a combination of repression or expression of different sets of epigenetic modifiers that promote global erasure of DNA methylation.   

B. How does the genetic programme for PGC specification in turn initiate epigenetic reprogramming
We analysed the mechanism of global DNA demethylation.  Amongst our findings was evidence suggesting the involvement of Tet enzyme, which control conversion of methylated cytosine (5mC) to the hydroxymethylated (5hmC).  Loss of 5hmC by a passive mechanism of DNA replication coupled dilution then results in the erasure of DNA methylation.  We showed evidence for other mechanisms such as base excision repair contributing to the loss of 5mC suggesting that parallel redundant mechanisms operate to ensure almost complete erasure of DNA methylation.  Despite this unique and extensive loss of DNA methylation, we found some regions that are resistant to DNA methylation.  We call these regions ‘escapees’.  The mechanism responsible for conferring resistance and their purpose are unknown; we plan to follow up on this observation.  A similar phenomenon exists in the human germline, but the types of escapees in the human germline differ from those in mouse germline.      
C. What is the mechanistic basis for the enigmatic epigenetic transgenerational inheritance?
During investigations on the epigenetic re-programming in the germline described above, we discovered that some loci are resistant to reprogramming, indicating that some epigenetic information could potentially be transmitted to subsequent generations.  We did not pursue further investigations on this aspect because of the anticipated significant increase in mouse costs.  This project requires observations on mice over several generations, potentially going on to the next grant proposal.  Instead, we decided to use the available resources to extend our new line of research on the human germlline (see B below).  The latter also requires considerable resources due to the use of extensive sequencing and tissue culture, particularly of human embryonic stem cells.  We are unable at present to work on both the mouse and human germline because of an increase in costs of research involving mice. 

Work in progress: We still have several on going projects involving mice; four projects should be completed within the next few months.  In these projects, we have been exploring the role of maternally inherited factors in oocytes in regulating subsequent development of mouse embryos.  One of these projects was started relatively recently where we are exploring the mechanism of X chromosome reactivation in PGCs.  We anticipate completing the last mouse project by the end of 2017.  




A. 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.).

	Our research is funded primarily under the Wellcome Trust Senior Investigator Award.  In my application, I had indicated that we would initiate work on the human germline alongside our on going research on the mouse germline. We made unexpected and significant breakthroughs in our work on the human germline, which requires substantial resources for sequencing and tissue culture to maintain our progress. It is not possible to sustain mouse work alongside our expanding research on the human germline. Note however that the work on the human gremline was successful only because of the increasing knowledge gained from studies on the mouse germline. 




B. 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.

	Whereas our initial work on the mouse germline was carried out almost entirely on in vivo observations in mice, we adopted and refined and in vitro method for the specification of PGC-like cells (PGCLCs), starting from embryonic pluripotent stem cells (ESC).  This in                                                                                                                                                                                           vitro model for PGCLCs has allowed us to make significant progress in germ cell biology without requiring the use of large numbers of animals.  That is except for some mice with reporter genes, which we use to make ESCs carrying specific reporters for our in vitro studies on PGC specification.

The in vitro model also allowed us to investigate how the regulatory elements are primed by epigenetic modifications for inducing competency for PGC fate. This has provided significant insights on the mechanism of specification of PGC fate.

Importantly, the combined knowledge from our mouse work was used to test if we could similarly derive human PGCs from hESCs.  PGC specification in human embryos probably occurs at around day17 of gestation, which we cannot examine directly in human embryos. We found however that we could induce hPGCs from hESCs. Detailed analysis showed critical differences between mouse and human PGCs.  We also looked at hPGCs isolated from week4-week9 aborted human fetuses.  This showed us that there is global erasure of DNA methylation over this period in hPGCs in a manner similar to our observations in mice.  There are also ‘escapees’ that evade reprogramming but they differ rom those in the mouse germline; we plan to investigate during the next phase of research.

Extensive comparisons between mouse and human PGCs became possible with the data we have generated. Using bioinformatics analysis, we are beginning to understand how the gene regulatory networks induce PGC fate in the two species.  This work has broader implications for other early cell fate decisions in human and will provide insight on very early human development. Finally, our work on the human germline has now established the prospects of extending the development of hPGCs in vitro to more advanced stages.  In this regard, we were awarded an MRC grant to pursue this work further starting in February 2017.

We also initiated a new project with collaborators at Nottingham University on early porcine embryos. Porcine embryos are retrieved from the slaughterhouse, and they serve as a good surrogate model for very early human development. This work is funded by a BBSRC grant jointly with Nottingham University.  



          




C. 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 decided not to pursue our research on transgenerational epigenetic inheritance in mice.  This is regrettable but we made this strategic decision because of the escalating mouse costs.  It proved difficult to continue with this long-term project, and it is difficult to judge what opportunities were lost as a result of the decision to abandon this mouse project.  However, the available resources allowed us the opportunity to work on the human germline, which led to the recent award of a new MRC grant.   We also initiated a project on early porcine embryos (collected from the slaughterhouse) with collaborators at Nottingham University.  This work is supported by a grant from the BBSRC.   




D. 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?  
	The use of in vitro model for mPGCLC specification allowed us to make relatively rapid progress, and gave us time and resources for our work on the human germline.




E. 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:
Dalgaard, K., Landgraf, K., Heyne, S., Lempradl, A., Longinotto, J., Gossens, K., . . . Pospisilik, J. A. (2016). Trim28 Haploinsufficiency Triggers Bi-stable Epigenetic Obesity.. Cell, 164(3), 353-364. doi:10.1016/j.cell.2015.12.025
Murakami, K., Günesdogan, U., Zylicz, J. J., Tang, W. W., Sengupta, R., Kobayashi, T., . . . Surani, M. A. (2016). NANOG alone induces germ cells in primed epiblast in vitro by activation of enhancers.. Nature, 529(7586), 403-407. doi:10.1038/nature16480
Zylicz, J. J., Dietmann, S., Günesdogan, U., Hackett, J. A., Cougot, D., Lee, C., & Surani, M. A. (2015). Chromatin dynamics and the role of G9a in gene regulation and enhancer silencing during early mouse development.. Elife, 4. doi:10.7554/eLife.09571
Kang, J., Lienhard, M., Pastor, W. A., Chawla, A., Novotny, M., Tsagaratou, A., . . . Rao, A. (2015). Simultaneous deletion of the methylcytosine oxidases Tet1 and Tet3 increases transcriptome variability in early embryogenesis.. Proc Natl Acad Sci U S A, 112(31), E4236-E4245. doi:10.1073/pnas.1510510112
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Gillich, A., Bao, S., & Surani, M. A. (2013). Reversion of mouse postimplantation epiblast stem cells to a naïve pluripotent state by modulation of signalling pathways.. Methods Mol Biol, 1074, 15-29. doi:10.1007/978-1-62703-628-3_2
Leitch, H. G., Tang, W. W., & Surani, M. A. (2013). Primordial germ-cell development and epigenetic reprogramming in mammals.. Curr Top Dev Biol, 104, 149-187. doi:10.1016/B978-0-12-416027-9.00005-X





	
Presentations at scientific meetings:

Meetings 2017 
	

24 February			Linacre Lecture – St John’s College, Cambridge

12 - 16 February		KAUST Conference on Epigenetics and Environment
King Abdullah University of Science and Technology, Kaust, Saudi Arabia

1 March	Epigenetic regulation of stem cell differentiation, (Organisers Bio-Techne) Amsterdam, Netherlands 

6 - 8 March	Institute for Stem Cell Biology and Regenerative Medicine Annual Scientific Advisory Board meeting, Bangalore, India

27 – 29 March	CDB Symposium – Towards understanding human development, heredity and evolution, Riken, Japan

5 – 7 April	Abcam Chromatin & Epigenetics Meeting – from mechanism to function, Munich, Germany 
				
24 - 25 April			EMBO-Indian – CRG Meeting, Barcelona, Spain 

6 – 9 May	11th International Congress of Andrology - Lifestyle factors and male reproductive health, Copenhagen, Denmark

12 May				VARI/MSU Reproductive Epigenetics Symposium
				Michigan State University, USA 

7 - 10 June	5th International CNS  Germ Cell Tumor Symposium, Columbus, Ohio, USA

18 - 23 June			Gordon Research Conference – Germinal Stem Cell
				Biology – Chinese University of Hong Kong

12 – 16 July	50th Annual Meeting of the Society for the Study of Reproduction, Washington DC, USA

30 July – 4 August	GRC Gordon Conference on Epigenetics, Holderness School, New Hampshire, USA



Meetings 2016 

11-13 January 	National Centre for Biological Sciences Annual Meeting, Bangalore, India 

27 – 28 January	WT Researcher Meeting – Cell and Developmental Biology and Mechanisms of Non-Communicable Diseases
	Hinxton, Cambridge

29 January	SCI Cambridge Public Policy Workshop
	on Gene Editing in Stem Cells – Jesus College, Cambridge 

15 – 20 February 	International Workshop on epigenome dynamics
	and regulation of germ cells, Kyoto University, Japan  

25 February	Nuffield Council on Bioethics annual Forward
	Look seminar - London

7 – 9 March	Institute for Stem Cell Biology and Regenerative Medicine Annual Scientific Advisory Board Meeting
  – An Investigation into the human germline, Bangalore, India

4 – 5 May	                         Wellcome Trust  Workshop on Human Development, London

19 – 21 June 	Germline, Stem Cells Conference, Abcam, UCSF Parnassus Campus, San Francisco, USA
	
22 – 25 June	ISSCR Annual Conference, Convention Centre, San Francisco

18 – 19 July	5th Cambridge Stem Cell Symposium – Quantitative Stem Cell Biology:  from Molecules to Models,Murray Edwards College, Cambridge

25 – 28 September 	From Stem Cells to Human Development Meeting
	The Company of Biologists, Southbridge Hotel & Conference Centre, Massachusetts, USA

20 – 22 October 	Epigenetics in Development Meeting, Institute of Molecular Biology (IMB) Mainz, Germany

11 November	CRG, Barcelona, seminar talk

13 -14 December	Wellcome Trust Researcher Meeting, Hinxton, Cambridge

16 December 	Nuffield Council on Bioethics Workshop – Statutory time limit for maintaining human embryos in culture, London


Meetings 2015 

4 - 9 January	Institute for Stem Cell Biology and Regenerative Medicine Annual Meeting,  Bangalore, India 

24 - 26 February	Govt of India, Dept of Biotechnology Standing Advisory Committee Overseas meeting, Delhi, India

2 - 4 March	HCRES meeting and site visit, The Pasteur Institute Paris, France

18 – 19 March			EpiGeneSys-IMB Workshop, Mainz, Germany
	
23 – 28 March	Keystone Symposia – Transcriptional and epigenetic influences on stem cell states, Colorado, USA 

30 March	Genentech, Postdoctoral invitation to present one day seminar, San Francisco, USA 

31 May – 5 June	Gordon Conference - Germinal Stem Cell Biology, Hong Kong 

7- 15 June			Gordon Conference, Genome Architecture in Cell Fate
				and Disease, Hong Kong

6-10 July	The Onassis Foundation Science Lecture Series Meeting, Stem Cells:  From basic biology to translational research, Crete 

5 - 8 September	The 6th EMBO Meeting – Advancing the life sciences, Birmingham

16 - 19 September	EMBO/EMBL Meeting -  The Mobile Genome, Genetic and physiological impacts of transposable elements, Heidelberg, Germany
1 – 3 December	National Academy of Sciences – Human Gene Editing meeting, Washington DC, USA

Meetings 2014 

13 – 18 January			Instem Annual Review Meeting, Bangalore, India
			
20 February	Biotech Research and Innovation Centre, Spring Series Seminar talk to students and postdocs, Copenhagen, Denmark	
			
23 – 28 March	Keystone Symposia – Chromatin mechanisms and cell physiology, Oberstdorf, Germany

23 - 25 April	DKFZ-ZMBH Alliance Forum meeting – Genome stability and nuclear dynamics in health and disease Heidelberg, Germany

5 – 9 May	Cold Spring Harbor Asia Conference – Epigenetics, chromatin meeting, Suzhou, China

9 June	Royal Society talk - Human evolution, brain, birth weight germline,  The eternal link between generations, London

13 – 16 July	Cell Symposia – Transcriptional regulation in development, Chicago, USA

10 – 14 August	Gordon Research Conference -  Translating basic science into clinical applications, Univ of Texas, San Antonio, USA

19 – 23 August 	Cold Spring Harbor Laboratory 2014 Meeting -  Nuclear Organisation and Function, Cold Spring Harbor, NY, USA 

10 – 12 September	Joint meeting of the 1st Africa International  Biotechnology & Biomedical conference and the 8th International Workshop on approaches to single-cell analysis, Nairobi, Kenya 


14 – 17 September	5th Weissenburg Symposium Biriciana – Genetics – a different way of looking at genetics, Weissenburg, Bayern, Germany

19 – 22 September		EMBO Workshop, Gottingen, Germany

26 – 31 October	SKLRB Symposium on Reproductive Biology, Chinese Academy of Sciences, Beijing, China

5 – 7 November 		ISSCR Meeting – Global controls in stem cells, Singapore

Meetings 2013

27 February	Babraham Institute talk -Principles and programming of the mammalian germline for development. Babraham, Cambridge

31 May	Young Embryologists Meeting - Principles and programming of the germline for totipotency and early mammalian development, Kings College, London

7 – 9  uly	FEBS conference - Principles and programming of the mammalian germline, St Petersburg, Russia

11 -13 July	SRF Ceremony - Germline:  The external link between all generations, Fitzwilliam College, Cambridge

3 - 4 September	SKMB Regulation Workshop - Principles and programming of the mammalian germline, Lausanne, Switzerland

18  – 21 September	Wellcome Trust Mouse Molecular Genetics Meeting - Mechanism of primordial germ cell specification and epigenetic programming in mice, Hinxton, Cambridge

1 – 4 October	Weizmann Meeting, Weizmann Institute -  Towards the mechanism of germ cell specification and programming by single cell analysis, Rehovot, Israel

8 – 10 October	Stem Cells Meeting - Specification and programming of the germline for development, Hebrew University, Jerusalem, Israel

10  – 12 October	Stem Cells Meeting - Specification and programming of the mouse germline, School of Medicine, Zagreb University, Croatia

23 -27 October	InStem Review Meeting National Centre for Biological Sciences (NCBS), Bangalore, India

11 November			MRC Clinical Sciences Centre, London Clinical Sciences talk
Specification and programming of the mammalian germline for development

22 November			Department of Pharmacology, University of Cambridge
Tea Club Seminar - Specification and programming of the germline for development

12  – 13  December		Wellcome Trust Researcher meeting, London 



	


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

F. 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?

	
Yes




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?

	Outreach Activity 

1-3 December 2015
National Academy of Sciences – Human Gene Editing Summit Washington DC, USA

?   29 January 2016
     Cambridge Public Policy Workshop on Gene Editing in Stem Cell                                            
J   Jesus College, Cambridge

25 February 2016
Nuffield Council on Bioethics Annual Forward Look Seminar
Nuffield Council, London

17 October 2016
Human Fertilisation and Embryology Authority (HFEA)
HFEA, London

16 December 2016
Nuffield Council on Bioethics, London
Workshop on the statutory limit for maintaining human
Embryos in culture


I also gave numerous interviews and commented on press releases to journalists from newspapers and magazines.  In particular, our work on the human germline led to many enquiries on the likelihood of transgenerational epigenetic inheritance and their potential consequences.  Our study on the specification of human primordial germ cells (PGCs; precursors of sperm and eggs) from pluripotent stem cells for the first time, also led to many questions on the possibility of generating viable gametes from human pluripotent stem cells (e.g. reported in the Guardian, Observer, Sunday Times etc).  At the same time, development of genome editing tools with CRISPR-Cas9 resulted in public debates on the prospects of human germline gene editing. I presented our work and views on this topic at various meetings, including the International Human Gene Editing Summit organised by the US National Academy in 2015.

I also wrote an article for the lay public in The Conversation called “ How close are we to successfully editing genes in human embryos’, which was highlighted as one of the most highly read articles




	







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

	Mouse
	Mild
	3000
	1st year
	
	3
	89
	
	

	
	
	
	
	2nd year
	
	
	202
	
	

	
	
	
	
	3rd year
	
	
	445
	
	

	
	
	
	
	4th year
	
	
	5%
	
	

	
	
	
	
	Total
	
	
	
	
	

	2

	Mouse
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	3

	Mouse
	Moderate
	1000
	1st year
	
	
	
	75
	

	
	
	
	
	2nd year
	
	
	
	89
	

	
	
	
	
	3rd year
	
	
	
	150
	

	
	
	
	
	4th year
	
	
	
	0.5%
	

	
	
	
	
	Total
	
	
	97.5%
	0.5%
	1%

	4

	Mouse
	Mild
	8000
	1st year
	
	
	1054
	2
	4

	
	
	
	
	2nd year
	
	2790
	633
	613
	74

	
	
	
	
	3rd year
	
	3798
	417
	646
	16

	
	
	
	
	4th year
	
	
	99.0%
	
	3

	
	
	
	
	Total
	
	
	
	
	

	5


	Mouse
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	6

	Mouse
	Moderate
	50
	1st year
	
	
	
	7
	

	
	
	
	
	2nd year
	
	
	29
	8
	

	
	
	
	
	3rd year
	
	
	34
	11
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	7

	Mouse
	Mild
	800
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	8

	Mouse
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	9
	Mouse
	Moderate
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	10
	Mouse
	Moderate 
	50
	1st year
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	2
	13
	

	
	
	
	
	3rd year
	
	
	
	16
	

	
	
	
	
	4th year
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	

	11
	Mouse
	Moderate
	45
	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

	4
	As anticipated
	Because of the strain of mice used (having a known bad mortality rate) but we needed to use this model for addressing one of the question on germline reprogramming. see attached (Note 1) from experimental records.

	
	
	




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.

	
There were no unexpected adverse effects.  We had anticipated higher mortality of the LBR mice based on previous reports.  (See attached Note 1)




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
	.005% - due to mortality of certain strains

	
	

	
	



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

	
	None

	
	



3.6. Has there been any animal wastage? 						  NO

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.
	We cannot afford wastage of animals.  Our work requires access to transgenic mice with reporters, which we use to derive ESC lines for research on early preimplantation embryos and PGCs.  Breeding was carefully monitored to ensure maximum use of available resources.  





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.
	





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

	Species
	Source
	Approx. percentage

	Mice
	In house
	90%

	
	Curie Inst, Paris
	2.5%

	
	UK Institution
	2.5%

	
	CRUK, Manchester
	1.2%

	
	NIMR. MRC
	1.2%

	
	Baylor College of Medicine, Houston, Texas, USA
	1.2%

	
	Stem Cell Inst, Cambridge
	1.2%



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?
	
We have reduced the number of mice considerably as the animal costs are too high and we have curtailed our options to start new research projects requiring significant numbers of mice.  The available resources were diverted to our research on human germ cells.  





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?
	
Not applicable.











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).  

	There are two main ways by which we have contributed to 3Rs:
1.Developing in vitro method for PGC specification using ESC.  This allowed us to make rapid progress without the use of animals; the latter were used to validate the key findings in vivo PGCs, and for later stages of PGC development
2.Development of molecular techniques and single cell analysis that require minimal    numbers of cells, hence reducing the numbers of embryos required for each experiment.

Please see 4.9 for some examples from our on going research.  The relevant information can also be obtained from our published work, for example, in Murakami et al., (2016);  Zylicz et al., 2015; Hackett, et al., 2013 and Magnúsdóttir et al., 2013 that are cited in section 2E.  




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

	These approaches have been highly successful.  Please see publications and presentations at international meetings




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

	
Animal costs are too high so we have refrained from starting new and more ambitious projects.  We are not in a position to overcome the resulting limitations.




The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 
[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.
	
Developing protocols which require minimum number of cells, and therefore animals
Our work overall does not involve use of methods that cause suffering.  Tissues are generally retrieved from normal or transgenic animals and analysed using molecular techniques.  Importantly, we have made extensive use of in vitro models described above. We have also been freezing down cell lines and embryos, and maintain only the most essential animals as and when required.  We have also cut down on student projects involving mice and are cautious about starting new projects requiring large numbers of animals.





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

If not, why?
	This is done in house by animal technicians.  We are alerted if any animal shows adverse effects




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?
	Daily checks are recorded and water temperature and humidity on automatic system.





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.
	If some animals did not breed very well and produce fewer pups, we replaced the breeding pairs with younger ones.  If homozygosity is the cause of reduced fertility, we used embryos by mating heterozygous mice, although this is not ideal for keeping the numbers of animals down to a minimum.




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

	

Not applicable



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.
	Extensive use of in vitro models as far as possible, and developing new techniques to reduce the number of cells used for molecular analysis 





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 have made extensive use of our in vitro model for mouse primordial germ cell specification (PGC) to carry out very extensive work, and performing only the most critical experiments directly on animals.  I give three examples below to illustrate the point:

1.With the in vitro work, we identified a key regulatory element for BLIMP1, a gene that is crucial for the PGC fate.  This was followed by extensive molecular analysis to reveal how this regulatory element functions.  To validate that the regulatory element is also critical for the PGC fate, we designed an experiment using CRISPR-Cas9 to knockout this element in the zygote, and following transfer of preimplantation embryos, we recorded the impact on the developing PGCs and the germline.  We found that this mutation is sufficient to virtually abrogate development of germ cells.  We were able to obtain the results without generating heterozygous mutant mouse colony and extensive breeding thereafter (Murakami et al, Nature 2016; Vinh Do et al., (in preparation).

2.We are interested in the role of epigenetic modifiers in PGC specification. To identify the key genes, we established a screen with small molecule inhibitors of key genes using our in vitro model for PGC fate.  We identified a new gene Brd4, which the in vitro studies showed has a marked effect on the PGC specification process.  Subsequently, we also gained insight on the mechanism of how this gene works without using any animals.  To validate that Brd4 is critical for PGC fate in vivo, we injected the inhibitor to mated females on E6.5, and confirmed that it also affects PGC fate in developing embryos.  Crucially, the inhibitor had no detectable effects on developing embryos when examined on E13.0. Thus we used minimum a number of animals during the course of this entire project. (Itskovitch et al., in preparation)
  
3.  We carried out a genome-wide screen using the in vitro model to identify critical genes at each stage of cell state transition: From pluripotent stem cells (ES), their progression to an intermediate epiblast-like stage (EpiLC), and finally the PGCs. We validated some of the findings confirming that our screen was successful.  We have now decided to conclude the project and will submit a paper for publication in due course.  The original plan was to validate the findings on developing embryos in vivo.  However, the animal costs would be considerable. We hope that the follow up work will be conducted elsewhere where the animal work is core-funded.  
 





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
	03/10/16

	2. Completed retrospective review form received
	

	3a. 3Rs committee 
	

	3b. AWERB Sub Committee
	

	3c. Project Team meeting
	

	4. Process completed
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