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:
	Dr Cedric Ghevaert
	

	Contact details:
Address & tel.


	Wellcome-MRC Cambridge Stem Cell Institute,
Jeffrey Cheah Biomedical Centre,
University of Cambridge,
Puddicombe Way,
Cambridge,
CB2 0AW
01223 766980
	

	Project No.
	P667BD734

	Project title
	Thrombopoiesis and application to transfusion

	Project purpose
	The proposed body of work focuses on the production and function of megakaryocytes and their platelet progeny along 2 themes:
1. Understanding how specific mutations or agents targeting specific genes influence how MKs (megakaryocytes) mature from stem cells and release their platelets and how these influence the function of their platelet progeny. 
2. To gain sufficient evidence of safety and function of in vitro produced platelets to gain regulatory approval for human studies. A first-in-man trial with a microdose of platelets produced using our existing methodology is planned to start in Cambridge in 2020.



	Date licence was granted
	8th December 2017

	Date of retrospective review is sent to the PPLh
	28/09/21




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

	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
	200
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	4
	0
	0
	4

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	4
	0
	0
	4

	2
	Mice
	Mild
	50
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	3
	Mice
	Moderate
	50
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	4
	Mice
	Moderate
	20
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	5
	Mice
	Mild
	2000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	51
	1
	0
	0
	52

	
	
	
	
	3rd year
	0
	392
	71
	0
	0
	463

	
	
	
	
	4th year
	0
	29
	294
	0
	0
	323

	
	
	
	
	5th year
	0
	148
	45
	0
	0
	193

	
	
	
	
	Total
	0
	615
	409
	0
	0
	1031

	6
	Mice
	Mild
	1800
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	63
	26
	0
	0
	89

	
	
	
	
	3rd year
	0
	0
	204
	3
	0
	207

	
	
	
	
	4th year
	0
	0
	93
	0
	0
	93

	
	
	
	
	5th year
	0
	14
	101
	0
	0
	115

	
	
	
	
	Total
	0
	77
	424
	3
	0
	504

	7
	Mice
	Moderate
	200
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	3
	0
	0
	3

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	8
	Mice
	Moderate
	450
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	27
	0
	0
	27

	
	
	
	
	4th year
	0
	0
	12
	43
	0
	55

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	39
	43
	0
	82

	9
	Mice
	Moderate
	200
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	6
	0
	6

	
	
	
	
	4th year
	0
	0
	0
	9
	0
	9

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	15
	0
	15

	10
	Mice
	Moderate
	50
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	5th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	
	
	
	
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	114
	27
	0
	0
	0

	
	
	
	
	3rd year
	0
	392
	306
	9
	0
	0

	
	
	
	
	4th year
	0
	29
	399
	52
	0
	0

	
	
	
	
	5th year
	0
	220
	144
	3
	0
	0

	
	
	
	
	Total
	0
	760
	878
	64
	0
	1702





*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

	5
	Lower than anticipated
	56% of the animals maintained on this protocol were not used as breeders and were Schedule 1 culled for tissue use without under going any procedures.

	8
	Lower than anticipated
	The severity attributed to protocol 8, due to amendments, changed from mild, to moderate, to mild and then finally in the most recent amendment, back to moderate.




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).

	1. 4 NSG mice were injected intravenously with clodronate liposomes to deplete macrophages. On the 20.06.2018, 1 of these mice was found dead (25% of animals affected).  This incident resulted in a Standard Condition 18 (SC18) report submitted on the 25.06.2018.
2. 3 NRG/J mice were injected intraperitoneally with a mouse specific anti-CD42b antibody at a concentration of 0.6ug/g to deplete platelets.  During morning observations on 17.12.2019, 1 of these mice was found dead (33% of animals affected in this study, 4.8% animals affected across all studies using this antibody).  This incident resulted in a SC18 report submitted on the 20.12.2019.
3. 2 C57/BL6 mice exceeded 10% weight loss during a study using a low iodine diet on 28.08.2020 and 29.08.2020 (40% of animals affected).  This incident resulted in a SC18 report submitted on the 04.01.2021 and a compliance assurance meeting on the 11.02.2021.
4. 4 C57/BL6 mice exceeded 15% weight loss during a study using a low iodine diet on 06.11.2020 (33% of animals affected).  This incident resulted in a SC18 report submitted on the 13.01.2021 and a compliance assurance meeting on the 11.02.2021.



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

	6
	3.6% (this was due to over grooming or fighting within cages following procedures, resulting in Schedule 1 on health grounds)

	8
	4.9% (this percentage is due to the 3 unexpected adverse effect incidents mentioned in question 2.3)

	9
	20% (this was due to poor recovery following splenectomy, all animals were culled within 24hrs of surgery)

	7
	33%, 1 animal



2.5 Were your estimated animals numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         YES    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
	Fewer animals underwent superovulation than anticipated. This is because animals were instead transferred from other project licenses (PPLs) or purchased.

	2
	Colony founders were not generated on site and were instead transferred from other project licenses (PPLs) or purchased.

	3
	Colony founders were not generated on site and were instead transferred from other PPLs or purchased.

	4
	Colony founders were not generated on site and were instead transferred from other PPLs or purchased.

	5
	Due to a move of animal facilities to a new building, breeding was less than anticipated.

	6
	Use of animals on this protocol was affected by the movement of animal facilities to a new building and the COVID-19 pandemic, as researchers could not perform studies for approximately seven months.

	7
	Animals undergoing chimera studies were used before this PPL was granted on another PPL, however chimera studies have recently started to be used under this PPL.

	8
	Use of animals on this protocol was affected by the movement of animal facilities to a new building and the COVID-19 pandemic, as researchers could not perform studies for approximately seven months.

	9
	Use of animals on this protocol was affected by the movement of animal facilities to a new building and the COVID-19 pandemic, as researchers could not perform studies for approximately seven months.

	10
	Transfusion following splenectomy was not studied during the time span covered by this retrospective review.



2.6 Have you re-used animals? 								         YES    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

	Mouse
	Protocol number 6.  12 animals were requested for re-use on a study plan that consisted of 14 days of daily oral gavage.  After two days of oral gavage it became clear to the technicians that there were not enough of the feeding tubes left to complete the full 14 days.  Arrangements were made to supply more feeding tubes, but unfortunately due to importation from Germany, delivery was delayed.  Specific permission for re-use was granted by the Home Office Inspector.  The animals were under the supervision of the named veterinary surgeon/veterinary surgeon (NVS/VS) for the duration of the study and no impact on animal welfare was noted.



2.7 Has there been any animal wastage? 							         YES    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 plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature:



	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:





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) Breeding efficiency is optimised by using breeding trios, using breeders between 6-20 weeks age and refreshing breeding pairs/trios every 6 weeks. Where possible animals are generated from homologous x homologous matings.  Breeding is also carefully monitored to identify any non-productive matings.
b) Excess stock animals are offered to other researchers based in the animal facility or Schedule 1 and used for tissue samples. Wildtype animals generated from heterologous x homologous matings are used as control animals during study plans.



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    NO
		b) accessed by researchers outside the University?				 	         YES    NO
		c) would you allow other researchers at the University to use your strains?	         	         YES    NO
		d) would you allow external researchers to use your strains?			         YES    NO

If you have answered YES to any of these questions please elaborate below:
	a) Our genetically altered strains are recorded on the mouse colony management system (MCMS), with data available to researchers with a University issued username.
c) We would allow researchers within the University to use our strains, however this has not been requested.
d) We have allowed external researchers access to our strains.  A breeding pair (tpm4KO) of animals was sent to the University of Würzburg in November 2020.



If you have answered NO to any of these questions please explain why.
	b) MCMS can only be accessed with a University issued username.



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.).	         YES    NO

Please explain/provide examples.
	Animals have not been singly housed apart from for short periods of time.  Where necessary, stock animals have been added to cages to avoid this.



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

	Species
	Source
	Approx. percentage

	Mouse
	Generated from protocol 5
	49

	Mouse
	Purchased from external company (Charles River UK)
	49

	Mouse
	Transferred from another PPL (UK)
	2



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

	8
	150
	450



If you have increased or decreased animal numbers please explain why this was necessary?
	During the tenure of this PPL a new animal model was developed that used protocol 8.  We anticipated that we would be therefore using this protocol more often than previously estimated as this animal model was added to several successful grants.



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

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

	8
	mild
	moderate



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	Whilst reviewing a study plan, a named animal care and welfare officer (NACWO) noticed that the adverse effects and humane end-points mentioned under protocol 8 were more in line with a moderate severity rather than a mild severity.  Following a review of the severities planned for the PPL and those granted, we realised there had been a failure to carry over the correct severity.  This was rectified by an amendment.




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    NO

Please explain.
	We always perform in vitro testing before using animal models. For example, we often perform the in vitro thrombosis under flow (IVTUF) experiment which gives us an idea of how effective platelets are in forming a thrombosis prior to conducting this experiment in vivo. We also perform flow cytometry and activation assays on our cells prior to in vivo experiments to ensure our cells express the correct markers and can be activated. In addition, where appropriate, we perform the in vitro thrombin generation assays on our cells, prior to using an in vivo model.
We have also been collaborating with the Department of Surgery to explore the use of ex vivo human spleen perfusion with our in vitro derived platelets in order to study recovery and survival of platelets (which are mostly removed in the circulation by the spleen) in order to reduce these studies in mice. 





3.2 Have you been able to reduce your animal usage?  					         YES    NO

If so, how have you achieved this (e.g. through experimental design, changes to the regulated procedures used)?
	We have not changed experimental designs during the lifetime of this project licence.

We have reused 1% of animals by ‘re-using’ animals on protocol 6 (as explained in 2.6).





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

Please explain:
	
Yes, we are on the 3R’s mailing list. Additionally we have sent tissue to our collaborators at the University of Bristol.



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.

	Colony establishment and maintenance (eg breeding)
Tail vein bleeding model – venesection under terminal general anaesthesia
IV injections
IP injections
Bone marrow transplant models (irradiation)
Oral gavage
Splenectomy – under general anaesthesia
Tail vein bleeds
IVC bleeding under terminal anaesthesia
Administration of substances in diet
Bone marrow sampling
Intraosseous injection 





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

	Very successful: we have obtained data that has been published and used in granting further funding by generating proof of principle data.

We have successfully developed a mouse platelet depletion model, a mouse haemostasis model and a human-derived megakaryocyte engraftment model, which are now potentially being used by other Universities and have generated papers.






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

	N/A





3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    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.
	In protocol 6 where mice were given a cell modulating agent in the food. We refined this technique by increasing the frequency of weighing of animals as well as providing mash. 





3.8 Do you use systems to monitor the welfare of your experimental animals (e.g. scoring sheet).													         YES    NO

If not, why?
	
MCMS



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 regularly look up the weights and manually check the percentage weight loss. 
The technicians also twice daily check the animals, and we are immediately informed of any potential welfare issues, which we respond to appropriately.






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

Please explain.
	The severity of protocol 8 was changed from mild to moderate so that it was so it is in line with the expected weight loss in the ‘Humane end points and limits of severity.’ We also amended the comparison of the weight loss, so that each animal is compared with its pre-treatment (baseline value), rather than an aged matched control which enabled us to more accurately assess the direct effect of treatment on an individual animal.





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.

	
Exsanguination under terminal anaesthesia – we have used this technique
Perfusion fixation under terminal anaesthesia  - we have not used this technique




Were these killing methods the most refined? 						         YES    NO
Were they the most appropriate for your experimental data?				         YES    NO

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?		         YES    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).

	1. How are specific mutations affecting MK production and their ability to produce platelets? This will focus at the early stage of the project on 4 genes: JAK2V617F, Crlf3, Nbeal2 and Tpm4 but new genetically modified lines of mice might be studied in addition to those. 
We have completed this objective and have published 4 papers from this objective. In addition to working on Jak2V617F, we have worked on the CALR mutation and have discovered that it works in a similar manner to like Jak2V617F (Pubmed ID’s - PMID: 29282219 PMID: 24692758 PMID: 24085768). 
We have also completed studies on the following mutations:

· Crlf3: PMID: 35051265

· Nbeal 2:  PMID: 30394544 PMID: 2525834
· Tpm4: PMID: 28134622, 

2. How are these mutations affecting platelet function?  
Manuscripts were published demonstrated how Jak2V617F mutation makes platelets more reactive. This is in keeping with the latest human clinical data where patients with this mutation are now given higher anti-platelet therapy to prevent thrombosis than those who carry oher mutation. TPM4 mice data is now informing the design of TPM4 inhibitors to treat Essential thrombocythaemia (ET) (see below). CRLF3 research in the mice has recently been published an opens entirely different avenues of therapy for patients with ET.
3. How do pharmacological agents acting upon MKs/platelets affect platelet function and production? This will initially focus on inhibitors of Crlf3 and Tpm4.  
Only pharmacological agents against TPM4 are currently tested. They are part of a collaborating with a start-up which is ongoing. Preliminary results have identified 2 candidate molecules for further chemistry development.
4. Are MKs produced in vitro functional i.e. able to release platelets when placed in the bone marrow environment and able to package necessary cellular components (such as granules) into their platelet progeny?
We have shown that this is the case and the model is now used by another start-up based in Cambridge (under a sponsored research agreement) seeking to use platelets as delivery vehicle. The model where MKs are transplanted and produce platelets in vivo is used to assess the functionality of CAR receptors used by the start-up. 
5. Are platelets produced in vitro able to be recovered in the peripheral circulation after transfusion to mice and do they survive comparably to donor-sourced platelets? 
· We have published 2 papers from this objective, Pubmed ID’s - PMID: 27052461 and PMID: 33843988  

6. Are platelets produced in vitro functional after transfusion?
We have published a paper showing that this is the case paving the way towards the production of a clinical grade product for human use



	



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.).

	We have achieved and published on all of these. See above.






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.

	The knowledge gained from the link between mutation and platelet production/function has lead to direct benefit to human medicine: increased anti-thrombotic therapies in patients with essential thrombocythaemia (ET) and novel TPM4-based compound to control the platelet count in ET.
The use of MK transplantation and the transfusion of platelets derived in vitro are a milestones towards the transition to the production of a clinical grade product for first-in-human trials.  





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?

	See above





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)?  
	Identification of new compounds to inhibit TPM4 and reduce the platelet count in patients with ET

Generating supporting data towards with gene edited cell lines for the production of human platelets in vitro for human use 





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. Ho YH, Del Toro R, Rivera-Torres J, Rak J, Korn C, García-García A, Macías D, González-Gómez C, Del Monte A, Wittner M, Waller AK, Foster HR, López-Otín C, Johnson RS, Nerlov C, Ghevaert C, Vainchenker W, Louache F, Andrés V, Méndez-Ferrer S. Remodeling of Bone Marrow Hematopoietic Stem Cell Niches Promotes Myeloid Cell Expansion during Premature or Physiological Aging. Cell Stem Cell. 2019 Sep 5;25(3):407-418
2. Waller AK, Lantos L, Sammut A, Salgin B, McKinney H, Foster HR, Kriek N, Gibbins JM, Stanworth SJ, Garner SF, Venkatesh V, Curley A, Belteki G, Ghevaert C. Flow cytometry for near-patient testing in premature neonates reveals variation in platelet function: a novel approach to guide platelet transfusion. Pediatr Res. 2019 May;85(6):874-884
3. Dalby A, Ballester-Beltrán J, Lincetto C, Mueller A, Foad N, Evans A, Baye J, Turro E, Moreau T, Tijssen MR, Ghevaert C. Transcription Factor Levels after Forward Programming of Human Pluripotent Stem Cells with GATA1, FLI1, and TAL1 Determine Megakaryocyte versus Erythroid Cell Fate Decision. Stem Cell Reports. 2018; 11(6):1462-1478
4. Bariana TK, Labarque V, Heremans J, Thys C, De Reys M,…, Ghevaert C, Frontini M, Turro E, Freson K. Sphingolipid dysregulation due to lack of functional KDSR impairs proplatelet formation causing thrombocytopenia. Haematologica. 2018 Nov 22. (epub ahead of print)
5. Tariket S, Guerrero JA, Garraud O, Ghevaert C, Cognasse F. Platelet α-granules modulate the inflammatory response under systemic lipopolysaccharide injection in mice. Transfusion. 2019; 59(1):32-38
6. Barwari T, Eminaga S, Mayr U, Lu R, Armstrong PC,…, Ghevaert C, Warner TD, Fernández-Hernando C, Suárez Y, Mayr M. Inhibition of profibrotic microRNA-21 affects platelets and their releasate. JCI Insight. 2018; 2;3(21).
7. Ho YH, Del Toro R, Rivera-Torres J, Rak J, Korn C, García-García A, Macías D, González-Gómez C, Del Monte A, Wittner M, Waller AK, Foster HR, López-Otín C, Johnson RS, Nerlov C, Ghevaert C, Vainchenker W, Louache F, Andrés V, Méndez-Ferrer S. Remodeling of Bone Marrow Hematopoietic Stem Cell Niches Promotes Myeloid Cell Expansion during Premature or Physiological Aging. Cell Stem Cell. 2019 Sep 5;25(3):407-418
8. Waller AK, Lantos L, Sammut A, Salgin B, McKinney H, Foster HR, Kriek N, Gibbins JM, Stanworth SJ, Garner SF, Venkatesh V, Curley A, Belteki G, Ghevaert C. Flow cytometry for near-patient testing in premature neonates reveals variation in platelet function: a novel approach to guide platelet transfusion. Pediatr Res. 2019 May;85(6):874-884
9. Dalby A, Ballester-Beltrán J, Lincetto C, Mueller A, Foad N, Evans A, Baye J, Turro E, Moreau T, Tijssen MR, Ghevaert C. Transcription Factor Levels after Forward Programming of Human Pluripotent Stem Cells with GATA1, FLI1, and TAL1 Determine Megakaryocyte versus Erythroid Cell Fate Decision. Stem Cell Reports. 2018; 11(6):1462-1478
10. Bariana TK, Labarque V, Heremans J, Thys C, De Reys M,…, Ghevaert C, Frontini M, Turro E, Freson K. Sphingolipid dysregulation due to lack of functional KDSR impairs proplatelet formation causing thrombocytopenia. Haematologica. 2018 Nov 22. (epub ahead of print)
11. Tariket S, Guerrero JA, Garraud O, Ghevaert C, Cognasse F. Platelet α-granules modulate the inflammatory response under systemic lipopolysaccharide injection in mice. Transfusion. 2019; 59(1):32-38
12. Barwari T, Eminaga S, Mayr U, Lu R, Armstrong PC,…, Ghevaert C, Warner TD, Fernández-Hernando C, Suárez Y, Mayr M. Inhibition of profibrotic microRNA-21 affects platelets and their releasate. JCI Insight. 2018; 2;3(21).
13.  Shepherd JH, Howard D, Waller AK, Foster HR, Mueller A, Moreau T, … Ghevaert C*, Best S*, Cameron R*. Structurally graduated collagen scaffolds applied to the ex vivo generation of platelets from human pluripotent stem cell-derived megakaryocytes: Enhancing production and purity. Biomaterials. 2018;182:135-44.
14. Evans A, Dalbyb A, Foster HR, Howard D, Waller AK, Taimoor M, Lawrence M, Mookerjee S, Lehmann M, Burton A, Valdez J, Thon J, Italiano J, Moreau T and Ghevaert C. Transfer to the clinic: refining forward programming of hPSCs to megakaryocytes for platelet production in bioreactors. Blood Advances 2021; 5:1977-1990. 
15. Li J, Williams MJ, Park HJ, Bastos HP,…., Ghevaert C,…., and Green T. STAT1 is essential for HSC function and maintains MHCIIhi stem cells that resist myeloablation and neoplastic expansion.  Blood 2022, 140(14):1592-1606.


	Presentations at scientific meetings:
(2019) Waller AK. "Thyroid Hormones Induce Acute Platelet Production via a THR-Independent Mechanism Through aVb3, a Novel Pathway of Thrombopoiesis". Cell Biology of platelets and megakaryocytes, Gordon Research Conference, Texas.
(2019) Waller AK. ‘A potential role for Toll-like receptor 7 in increasing thrombopoiesis and upregulating platelet function.’ 1st Platelet Society Meeting, Cambridge.
(2019) Foster HR. ‘Identification of a novel pathway of thrombopoiesis.’ 1st Platelet Society Meeting, Cambridge.
(2020) Waller AK. ‘Stimulation of the ssRNA viral genome sensing, Toll- like receptor 7/8, on megakaryocytes increases thrombopoiesis’. 2nd Platelet Society Meeting, Virtual/Queen Mary University London. 
(2022) Crosby A, Mookerjee S, Waller A, Foster H, Du L, Wilcox D, Ghevaert C. ‘Supercharged platelets as a novel therapy for reducing blood loss post-cardiac surgery. ISTH London
(2022) Foster HR. ‘Thyroid hormones and analogues promote the acute release of platelets from megakaryocytes: from blood donor biology to the production of platelets in vitro’.  ISTH Congress, London




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    NO

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?
	
Youtube video (2020) – Responsive Research with the Ghevaert Group – explains the research in the laboratory on COVID-19

Article and Podcast (2020) in the Wall Street Journal  - explaining how we make blood cells in vitro

BBC Interview (2022) – explaining how we make red blood cells in vitro

Dubai News interview (2022) - explaining how we make red blood cells in vitro

Concert to raise money for Charity – These are yearly events, the last two have been for the East Anglia Air Ambulance and for MPN voice. They were supported by the CSCI Public Engagement team.





[bookmark: _GoBack]
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.

	Amendment 1 20.03.20
During the review of a study plan it was brought to our attention that the humane endpoints on protocol 6 (analysis of blood cell production and function, mild severity) are the same as on moderate severity protocols such as protocol 7 (analysis of blood cell production and function in haematopoietic chimeras). We have previously used protocol 6 in several studies and based upon careful observation of the mice that have undergone these procedures, believe that any pain or suffering experienced by the animals is only slight or transitory and minor, and that the animal returns to its normal state within a short period of time. Therefore, we believe that protocol 6 should remain mild severity. However, we think that the humane endpoints stated on the project license should more accurately reflect the mild severity categorisation and so would like to amend the humane end-points paragraph to better reflect this. We believe the amendment to protocol 6 would only be beneficial to the animal’s welfare as by lowering the threshold at which mild severity would likely be exceeded, we can remove exposure of the animals to pain or suffering that is greater than slight or transitory and minor. We have also identified that some pharmacological agents cannot be administered orally added to the water (given their solubility or pharmacodynamic profile) and therefore we have added oral gavage as a route of
administration to protocols 6-9.

Amendment 2 04.11.20
We have amended protocol 8 so that animals will be terminally anaesthetised and this will enable us to
perform intravenous injections under terminal anaesthesia. We have also added the ability to perform
pulsed laser microscopy on the cremaster muscle of terminally anaesthetised mice. The ability to
perform intravenous injections under terminal anaesthesia is important, as it will enable us to assess
the functionality of the transfused cells (which may deteriorate with time) as soon as possible. This will
ensure an accurate read-out. The ability to perform pulsed laser microscopy is important as it will
enable us to further assess the functionality and architecture of the transfused cells. In light of this, we
have re-ordered the steps and made the intravenous injection of terminally differentiated cells under
terminal anaesthesia compulsory (step 3). We have also deleted the ‘optional step’ that enables us to
administer substances that mark the cells in the circulation. Instead, we have added the ability to mark
the cells prior to administration in step 3. We have also deleted the ‘optional step’ that enables large
volume sampling from the venae cava, and included this under terminal studies and killing (step 4).
We have increased the number of animals in protocol 8 to 450. This is for two reasons. 1) We have
added an additional functional experiment to this protocol. 2) We have performed appropriate power
calculations.
We have added the ability to perform oral gavage, step 2, in protocols 6 and 9 and step 1 in protocol 8.
This is because the oral bioavailability of some substances, such as thyroid hormone analogues and
Tpm4 inhibitors, which we would like to administer, is greater. In the adverse events of protocol 8, under Risk of bleeding we have changed the word ‘tissue’ sampling to ‘blood’ sampling. We have also corrected the misspelling of ‘transfusion’ in section D. We have also inserted a bracket on page 15 as this was missing. We have deleted the appendix and inserted a table into the protocols detailing the maximum dosing volumes and frequencies. We have deleted the sentence refering to mice developing a hunched posture in all appropriate protocols. We have also amended the reduction and refinement sections to reflect the changes made.

Amendment 3 29.04.21
Protocol 8: We have amended the severity of this protocol from mild to moderate, so it is in line with the expected weight loss. We have amended the comparison of the weight loss, so that each animal is
compared with its pre-treatment (baseline value), rather than an aged matched control because this will enable us to more accurately assess the direct effect of treatment on each individual animal. In order to minimise weight loss from any alteration in the diet, any new diet will be introduced in a gradual manner. Should the diet not be palatable we will try to increase its palatability, for example by giving mash or mixing it with milk shake. Mice with an altered diet will be weighed every 24 hours when the diet is altered.



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.

	25.06.2018
20.12.2019
04.01.2021 
13.01.2021



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).

	28.08.20, 29.08.20
2 mice that exceeded 10% weight loss on a mild protocol: 
· Date of incident 1. -28.08.20, - 20.3% weight loss and was euthanised by schedule 1. 
· Date of incident 2. -29.08.20, - 16.3% weight loss (mouse exceeded 10% weight loss on 28.01.21) but was not euthanised by schedule 1 until the 29.08.20. 
06.11.20
4 mice that exceeded 15% weight loss on a mild protocol: 
· Date of incident 06.11.20- 4 mice exceeded 15% weight loss:
o – 24.1% 
o – 26.9% 
o – 21.0% 
o – 22.1% 

Outcomes
Following an investigation, the home office inspector (HOI) found that there needed to be greater clarity about who is the responsible Personal Licence Holder (PILh) for any cohort of animals undergoing procedures and that PPL SC18 reports were not made in a timely fashion. The HOI stated that PPL Standard Conditions 1 and 18 need to be complied with in the future.
The HOI accepted that any breach that may have occurred was unintentional and provided advice on future compliance with no formal action to be taken by the Home Office.



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).

	Date of meeting
11.02.2021

Summary of the incidents
Two weight loss incidents were reported under SC18, as the weight loss of 10% threshold under mild authority of protocol 6, and 15% threshold under mild authority of protocol 8, against age matched controls of this project.
1. Protocol 6- Analysis of blood cell production and function (mild) 
Mice were placed on a low iodine diet containing propylthiouracil on the 24.08.20 to cause hypothyroidism. The licensee reports that hypothyroidism will cause some weight loss but the use of low iodine diets take time to cause hypothyroidism with protocols being 3-4 weeks long to take effect. In these two incidents, the weight loss took place within 4 days. Mashed diet and hydrogel were provided, however the speed with which the weight loss occurred may have been a more fundamental issue of the mice not eating the diet. The frequency of weighing the mice set in the study plan at 48hrs was not increased. 
2 mice that exceeded 10% weight loss on a mild protocol: 
· Date of incident 1. -28.08.20, - 20.3% weight loss and was euthanised by schedule 1. 
· Date of incident 2. -29.08.20, - 16.3% weight loss (mouse exceeded 10% weight loss on 28.01.21) but was not euthanised by schedule 1 until the 29.08.20. 

2. Protocol 8- Transfused mice and analysis of blood cell function (Mild) 
Aim to determine whether thyroid hormones control platelet production. As per previous study above mice were put on a low iodine diet containing propylthiouracil on the 30.10.20 to induce hypothyroidism. The diet was given in a mashed form with hydrogel as the previous study above had indicated that that the mice do not like the diet in its dried form and when mashed diet was given, weights improved. Eight other mice in the group were treated the same and experienced no adverse effects. Hypothyroidism may cause weight loss and because of the previous experiments mice weights were monitored every 48 hours, this frequency was not increased to every 24 hours. 
4 mice that exceeded 15% weight loss on a mild protocol: 
· Date of incident 06.11.20- 4 mice exceeded 15% weight loss:
o – 24.1% 
o – 26.9% 
o – 21.0% 
o – 22.1% 

All mice were euthanised by schedule 1.

Outcomes
· ACTION 1- Adapt weighing frequency schedule in Study Plans to include weighing before going onto diet, then daily for 7 days. 
· ACTION 2- PPL Amendment to correct weight reference point using MCMS. 
· ACTION 3- Amend protocol humane endpoints from age matched controls to pre-treatment weight and for Protocol 8 align humane endpoints with the protocol severity category. 
· ACTION 4- PILh to re-read their Standard Conditions. 
· ACTION 5- Prompts and reminders for weight loss on MCMS. 
· ACTION 6- Reminder to include PILh and PILh standard condition responsibilities. 
· ACTION 7- Ensure one PIL is responsible on the Study Plan. 
· ACTION 8- On-line PIL refresher training recommended. 
· ACTION 9- Circulate PPL Update on SC18 to all licensees and copy to all Named Persons. 




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.)?

	
No






6 Retrospective Review:  

Project Licence Holder check list:
	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
	28/09/21

	2. Retrospective review form received by the Deputy Director
	03/05/22

	3a. Project Support Team meeting 
	06/05/22

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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