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 5.9                                                                                        12th November 2021
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Dr Justyna Rak
	

	Contact details:
Address & tel.


	Jmr218@cam.ac.uk
Justyna.rak@rxcelerate.com
	

	Project No.
	PP3797858

	Project title
	Investigation of the factors involved in the development and maintenance of myeloid malignancies, and ways to target them therapeutically.

	Project purpose
	To understand why specific blood cancers start and develop. 



	Date licence was granted
	02/06/2020

	Date of retrospective review is sent to the PPLh
	21/11/2023




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
	
	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
	X
	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: Dr Juan Li

	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. For any animals that experienced a higher level of severity than that of the protocol please highlight these figures in bold. 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
	2000
	1st year
	0
	0
	35
	0
	0
	35

	
	
	
	
	2nd year
	0
	0
	103
	0
	0
	103

	
	
	
	
	3rd year
	0
	0
	59
	0
	0
	59

	
	
	
	
	4th year
	0
	0
	17
	0
	0
	17

	
	
	
	
	Total
	
	
	214
	
	
	214

	2
	Mice
	Mild
	1000
	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

	
	
	
	
	Total
	
	
	
	
	
	0

	3
	Mice
	Moderate
	1000
	1st year
	0
	0
	0
	26
	0
	26

	
	
	
	
	2nd year
	0
	1
	0
	93
	0
	93

	
	
	
	
	3rd year
	0
	0
	0
	23
	0
	23

	
	
	
	
	4th year
	0
	0
	0
	14
	0
	14

	
	
	
	
	Total
	
	
	
	156
	
	156

	4
	Mice
	Moderate
	100
	1st year
	0
	0
	0
	13
	0
	13

	
	
	
	
	2nd year
	0
	0
	0
	8
	0
	8

	
	
	
	
	3rd year
	0
	0
	0
	3
	0
	3

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	24
	
	24

	5
	Mice
	Mild
	27000
	1st year
	0
	54
	1006
	0
	21 FD
	1081

	
	
	
	
	2nd year
	0
	3648
	147
	0
	3
	3798

	
	
	
	
	3rd year
	0
	5969
	686
	0
	11
	6666

	
	
	
	
	4th year
	0
	2374
	949
	0
	110 (53 Hnrnpa3, missing 1-2 w)
	3433

	
	
	
	
	Total
	
	12045
	2788
	
	145
	14978

	6
	Mice
	Moderate
	4000
	1st year
	0
	0
	0
	9
	0
	9

	
	
	
	
	2nd year
	0
	0
	0
	160
	0
	160

	
	
	
	
	3rd year
	0
	0
	
	406
	4
	410

	
	
	
	
	4th year
	0
	0
	0
	560
	6
	566

	
	
	
	
	Total
	
	
	
	1135
	10
	1145

	7
	Mice
	Moderate
	3000
	1st year
	0
	0
	0
	21
	0
	21

	
	
	
	
	2nd year
	0
	0
	0
	266
	0
	266

	
	
	
	
	3rd year
	0
	0
	0
	246
	1
	247

	
	
	
	
	4th year
	0
	0
	0
	109
	0
	109

	
	
	
	
	Total
	
	
	
	642
	1
	643

	8
	Mice
	Mild
	3000
	1st year
	0
	0
	25
	0
	0
	25

	
	
	
	
	2nd year
	0
	0
	112
	0
	0
	112

	
	
	
	
	3rd year
	0
	0
	248
	0
	1
	249

	
	
	
	
	4th year
	0
	0
	161
	0
	4
	165

	
	
	
	
	Total
	
	
	546
	
	5
	551

	9
	Mice
	Moderate
	4000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	22
	0
	22

	
	
	
	
	3rd year
	0
	0
	0
	99
	0
	99

	
	
	
	
	4th year
	0
	0
	0
	124
	2
	126

	
	
	
	
	Total
	
	
	
	245
	2
	247

	10
	Mice
	Moderate
	3000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	29
	0
	29

	
	
	
	
	3rd year
	0
	0
	0
	244
	2
	246

	
	
	
	
	4th year
	0
	0
	0
	523
	3
	526

	
	
	
	
	Total
	0
	0
	0
	796
	5
	800

	
	
	
	
	
	
	12045
	3548
	2944
	168
	

	
	
	
	
	
	
	
	
	
	Whole Total
	18705


*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
	Mild - same
	Severity is the same as anticipated (100% mild), number of mice used over the review period is lower; it was not needed to proceed with superovulation on an initially anticipated scale.

	2
	NA
	NA, no mice were used under this protocol

	3
	Moderate-same
	Severity is the same as anticipated (100% moderate), number of mice used over the review period is lower; it was not needed to proceed with Embryo Recipients on an initially anticipated scale.

	4
	Moderate-same
	Severity is the same as anticipated (100% moderate), number of mice used over the review period is lower; it was not needed to proceed with Vasectomy on an initially anticipated scale.

	5
	Mild-same or higher
	Across 3.5 years of the PPL, 145 out of 14978 mice, which is less than 1% of mice used on this protocol, were found to die with severe classification. In 4th year, a slightly higher rate of severe classification (3%) was reported with 53 of 145 mice classified as severe death. Among these mice, almost all went missing at the age between 1-2 weeks or were found dead on rare occasions (mostly also at the age between 1-2 weeks). These mice were newly generated and mutations in genes Hnrnpa1 and Hnrnpa3 were introduced to investigate their role in development of premalignant blood conditions along the PPL objectives. It may be considered that the mutation slightly decreases fitness of pups, hence a slight increase in missing pups at the age 1-2 weeks. Overall, considering the high use of mice under this protocol, the percentage of mice found with severe classification remains low.

	6
	moderate
	All mice went through an obligatory step of moderate

	7
	moderate
	All mice went through an obligatory step of moderate

	8
	mild
	All mice went through an obligatory step of mild severity.

	9
	moderate
	All mice went through an obligatory step of moderate

	10
	moderate
	All mice went through an obligatory step of 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).

	
The adverse effects reported under the PPL were in majority within the expectations and related to specific experimental designs and procedures.  Unexpected deaths without a known cause have happened occasionally and isolated reasons for the death were identified, for example: issues with urination and kidney damage (pale kidneys found upon necropsy).






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
	Overall, 145 mice were found dead or missing under this breeding protocol. The rate of deaths remained very low in years 1-3 while in year 4, an increase was observed with 3% of total mice used under this protocol with severe classification. The increase relates to an initiation under the PPL of new models where mutations in genes Hnrnpa1 and Hnrnpa3 are studied. The effects of these mutations, previously studied in vitro as well as through human genetic studies, are not considered to have an overt negative effect on a condition of life span, nevertheless, the generated models presented a mildly increased rate of loss of young pups.

	5
	SC18 was prepared in November 2022 as the automated info was sent from MCMS about exceeding the limit of protocol 5. The numbers of mice were monitored regularly throughout the PPL, however, I was not aware about different counting regimes and always had referred to the numbers reported to HO while the total number of mice born under Protocol 5 is relevant. My confusion was a reason of the issue, and I did not request amendment early enough. As the issue was realised, amendment to increase the number of mice was fast-tracked and approved in January 2023.

	6
	10 mice died with classification: severe. And this is 0.009% of all mice used under this protocol in the 3.5 years of the PPL. In protocol 6, an obligatory step was to irradiate the mice with a lethal dose and a very small percentage of mice did not tolerate well this conditioning necessary for studies under the protocol. According to PPL, mice under the irradiation step are provided with special diet and weights are monitored frequently but the 10 mice did not benefit enough from this extra care and lost weight more than allowed 20%, did present with clinical signs such as hunching or were found dead.

	7
	Sc18 was prepared for 5 mice under this protocol (0.08% of mice used under this protocol). 1 mouse died with severe classification, it was transplanted a few months prior to death and presented enlarged spleen upon necropsy and it can be concluded that leukemic transformation appeared which is not unexpected for this experimental setup. Remaining 4 mice for which SC18 was reported, were by error injected with pIpC when the cages were confused by an operator. The mice were fine and were kept alive as agreed with due named persons.

	8
	6 mice died with severe classification under this protocol (0.09% of all mice used under this protocol), in majority the mice died due to advanced age and ageing-related lack of condition, overgrooming etc. which is expected as the protocol was specifically addressing the ageing of mice. For some mice the reason of death was noy identified (they died before reaching advanced age).

	9
	SC18 was prepared for 16 mice which were irradiated while the special diet was not provided accordingly as PPL describes. The mice received only sublethal dose and were fine upon irradiation. The mice were kept alive upon approval from due named persons.

	10
	SC18 was prepared for 5 mice, the mice were from different colonies and were undergoing different treatments, no specific reasons were found for their deaths with severe classification.



2.5 Were your estimated animal 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
	Numbers lower than estimated as there was no need to superovulate many females.

	2
	This protocol was not used at all.

	3
	Numbers lower than estimated as there was no need to use that many embryo recipients

	4
	Numbers lower than estimated as there was no need to use that many males.

	5
	Initial number was 15000 and this number was exceeded in November 2022 in 3rd year of PPL. Higher than expected usage of mice was due to a need to recover many lines after moving animals from units in Sanger Institute and from CBS at Addenbrooke’s site to a new animal unit AMB. Frequently, 2 or 3 mutations need to be combined in one animal which complicates breeding schemes and generates sometimes significant numbers of mice with unwanted genotype. 

	6
	This Protocol used around 25-30% of its capacity in 4th year of PPL life which indicates on an use of mice under this protocol to be lower than expected.

	7
	This Protocol used around 20% of its capacity in 4th year of PPL life which indicates on an use of mice under this protocol to be lower than expected.

	8
	This Protocol used around 17% of its capacity in 4th year of PPL life which indicates on an use of mice under this protocol to be lower than expected.

	9
	This Protocol used around 6% of its capacity in 4th year of PPL life which indicates on an use of mice under this protocol to be lower than expected.

	10
	This Protocol used around 25-30% of its capacity in 4th year of PPL life which indicates on an use of mice under this protocol to be lower than expected.



2.6 Have you re-used animals? 								         YES    

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
	Female VGGZ11.1g was initially used in a study under protocol 8. During the study, it appeared that the mouse may carry a genetic makeup of special interest for our studies which prompted us to re-use the mouse for breeding. The mouse was assess by NVS as suitable to be re-used and an appropriate authorisation was requested and the PPL (Breeding protocol 5) was amended to account for the re-use.

	
	



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:
On 20th December 2020 an incident of wastage was reported. 16 recipient mice were irradiated under SP063604, however, donor cells which were meant to rescue the mice, had not been isolated as expected. Therefore, the study had to stop and upon consultation with The Biofacility Manager and myself, the mice were culled and SC16 was prepared. An update in preparation of the cells and order of actions on the irradiation day have been agreed to prevent any re-occurrence of such situation.





	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
The situation of wastage described above happened under Protocol 7 and the 16 wasted mice constitute a very minor percentage (2.4%) of mice used in total under this 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, and
c) explain if, and how, you have used any transgene repository – national, international, or internal.
	Protocol 5 of the PPL authorises breeding and maintenance of genetically altered animals. Breeding efficiency was ascertained by following approaches: choosing parents homozygous for a genetic alteration of interest whenever appropriate, selecting for breeding parents with no history of a compromised health and setting up the breedings in the level 4 of the animal facility, which is a quieter area, to reduce levels of stress in mice.





2.9	If you breed genetically altered animals are your strains recorded on a database (e.g., MCMS) that can be 
		a) accessed by other researchers at the University?					         YES   
		b) accessed by researchers outside the University?				 	         YES
		c) would you allow other researchers at the University to use your strains?	         YES    
		d) would you allow external researchers to use your strains with an MTA applied?	         YES    

If you have answered YES to any of these questions please elaborate below:
	
All animals under the PPL are recorded on MCMS which makes them visible to other researchers at the University of Cambridge (UoC) and researchers outside the UoC who use MCMS. The mice under the PPL can be made available to other researchers at the UoC and for example, a model with mutation of Dnmt3a is used by groups of Professor George Vassiliou and Professor Brian Huntly (under the PPL of Professor Huntly) while mice with JAK2 mutations have been shared with a group of Professor Simon Mendez-Ferrer. Upon an appropriate MTA, mice with Npm1c mutation and Nras have been shared with Sergio Berdun in Spain. MTA had been initiated for export of mice with Sf3b1 mutation to Nick Van Gastel in Belgium, however, the process has not been concluded with the export as MTA limitations were considered too restrictive.





If you have answered NO to any of these questions please explain why.
	





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    

Please explain/provide examples.
	
Mice are kept in individually ventilated cages under a standard temperature and humidity with a free access to water and food. Enrichment such as biting sticks, tubes and carton nests are routinely provided. Single females are pooled to avoid single housing. Mice are checked by members of animal house unit daily and any doubts about the welfare are promptly addressed by consulting with seniors and researchers.




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

	Species
	Source
	Approx. percentage

	Mice 
	Breeding in-house
	17,310 (96.5%)

	Mice
	Purchased from Charles River (UK)
	615 (3.4%)

	Mice 
	China, Cygen
	7 (0.04%)



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

	5
	15000
	27000

	10
	It is a new protocol, therefore 0 was the initial number.
	3000



If you have increased or decreased animal numbers please explain why this was necessary?
	
Amendment to Protocol 5 (breeding and maintenance) was requested in November 2022 and approved in January 2023. This was an amendment to increase the number of animals as the allowed number was exceeded (automatic notification from MCMS was received on 17th November 2023). It appeared that MCMS takes into account all mice ever born under the PPL while the initial estimate of 15000 animals for Protocol 5 was based on the numbers returned to Home Office. This confusion about different ways of counting resulted in an erroneous initial estimate, exceeding the allowed number and prompted the amendment to 27000 total for Protocol 5; additional 12000 animals have been estimated as needed to complete the work ongoing under the PPL.
Protocol 10 was added as amendment in December 2020 as researchers realised that the scope of work required a new protocol to accommodate new experimental setups. With addition of Protocol 10, 3000 mice were added to PPL.






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    NO

Please explain.
	No, the nature of our experimental work has not allowed us to replace our techniques with non-animal alternatives. Importantly, we always explore in vitro options to justify any in vivo work.





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)? Please give an indication of the actual numbers reduced.
	
Yes, some experimental setups were modified which allowed to reduce number of animals used. For example, instead of treating a transplant recipient mice with compounds (Protocol 7), we switched to a setup where a transplant donor mouse is treated with a compound prior to collection of its cells for transplantation into recipients. This approach decreased variability in the data and effectively reduced a number of mice needed to conduct our studies.




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

Please explain:
	
On occasions, we have shared mice for tissue collection with other researchers within the University by responding to general inquiries send by email to the users of animal facilities.




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.

	
Under the PPL we used animal models with genetically altered alleles: Nestin-GFP, tdTomato (Rosa26), tdTomato-EGFP (Rosa26), Confetti (Rosa26), Srsf2P95H, Dnmt3aR882H, Npm1c, Setd1b, Sf3b1K700E , Scl3’enh_CreRT2, Asxl1_flox_590, Asxl1_flox_590_tag, Asxl1_flox_590_tag_mAID, Mx1-Cre, Calrtm2Argr , CALR/DEL, CALR/INS, (Stat5a/Stat5b)Stat5a/Stat5b ,CD164tm1Cgen, Hnrnpa3HS1.1e , HNRNPA12YF , Stat1tm1Tdec , l1rl1zmdt1 , Hnrnpa3YF , Hnrnpa1EM1, Jak2tm1(JAK2)Argr, PrkdcC.B-17/Icr-PrkdcSCID/lcrlCrl, , SGM3-NSG with PrkdcSCID Il2rg tm1Wjl/SzJ , (no gene)Tg(CMV-IL3,CSF2,KITLG)1Eav, Tet2tm1.2Rao ,Gt(ROSA)26SorECIN , g(Vav1-cre)1Graf , Ptprca, Ptprcb 
The above altered alleles are often combined, for example expression of Cre recombinase is required to activate expression of a floxed allele like in an example: Mx1-Cre with Dnmt3aR882H

We used methods and techniques standard for haematology field such as induction of a gene expression, periodic blood sampling, transplantation (preceded by irradiation), induction of inflammation, chronic treatments with drugs to modulate behaviour of mutated cells, injection of labelling agents.






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

	
The methods and techniques used are standard and were successful in hands of experienced researchers and staff from the animal unit. 
Genetic alterations, which are studied in our animal models, are related to blood conditions of a mild to moderate severity, spanning from an ageing-related clonal haematopoiesis, through a mild disfunction to leukemic transformation. Some genetic alterations used under the PPL, such as mutations in Jak2 or Npm1 had bene previously thoroughly studied and validated as models of human conditions while some have been under a continuous development and at different stages of validation. Most recent genetic alterations successfully introduced to our studies were related to genes Hnrnpa1 and Hnrnpa3. Several of publications have been generated with the use of different models under the PPL as one of signs of successful progression.




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

	
During the lifetime of the PPL till now, the biggest limitation have been Covid-19 related orders and rules. We needed to decrease our experimental capacity to align with social distancing and reduced presence of the staff in animal unit and facilities, which negatively affected use of animals as well as downstream analyses and generation of meaningful results. Flexibility, thorough planning and helpful attitudes helped us to overcome the Covid-19 limitations to a certain degree.




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	We had used a set of well-established methods and techniques where the refinement has been already introduced at the stage of PPL writing. For example, any weight losses related to procedures were immediately remedied with supportive diet. In a round of experiments, we refined the setup by pre-treating the mouse – donor of cells for transplantation which avoided treating a larger number of recipients and decreased variability in the studies.





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?
	
All the mice under the PPL have been monitored daily as a routine welfare check in the animal unit. When health concerns were raised, the animal in question was assessed by an experienced and trained member of the staff and appropriate measures were taken, for example Metacam was used to relieve sores. All animals under studies have a regular weighing schedule to monitor welfare and the weights are taken according to specific schedules outlined in different protocols of th PPL.



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 PPL aims at investigation of factors involved in development myeloid malignancies and ways to target them therapeutically and we expected that any end points in the PPL are related to haematological phenotypes. Typically, blood counts have been taken regularly from animals under experimental protocols and analysis of blood counts allowed us to timely identify end points such as increased white blood counts (WBC) as a sign of leukemic progression. On very rare occasions, mice were found with health observations of a reduced activity, weight loss or swollen abdomen and these mice were culled on a welfare basis and reached the end point such as progression to leukemia. In these mice, enlarged spleen or significant deviation from a normal WBC count were commonly found and it is considered that the mice reached the end point due to haematological abnormality.




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.

	
We have not used non-schedule 1 methods.




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.
	

The animals were killed according to the standard methods of Schedule 1, most frequently by raising concentration of CO2 with Cervical dislocation or cutting the femoral artery as a confirmation method.



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, or in the Action Plan, of your project licence into the box below and against each explain what you have achieved/discovered).

	Action Plan of the PPL had put forward 3 objectives:

Objective 1: To generate and preserve genetically altered animals.
Over the course of the PPL we have continued the work with genetically altered animals previously generated and maintained under the PPLs of Professor Tony Green and Professor George Vassiliou. Protocol 5 of the PPL was aimed at breeding and maintenance of GAA while Protocols 1-4 were aimed at generation of GA animals.
Additionally, to develop our programme of work, several models have been imported from different sources, generated by researchers working under the PPL (CALR, Hnrpna1, Hnrnpa3) or elsewhere (CD164KO).
Objective 2: To characterise the interactions between cells carrying Myeloid Malignancy-associated gene Mutations (MMM) with their environment during clonal progression and malignancy development. 
To address this objective, over 30 genetic alterations including nearly 10 MMMs were incorporated in our research in various genotype combinations and several experimental setups were explored. 
In line with objective 2 of the PPL, work with Sf3b1K700E mouse model was focused on interactions between the blood cells carrying the mutation cells and their environment, in particular, the co-existing non-mutant blood system. This work demonstrated that age-related potential of co-existing blood cells influences the fate of the mutant Sf3b1K700E cells which may explain high prevalence of SF3B1K700E related clonal haematopoiesis in aged but not young individuals. This finding was communicated through poster sessions at the Cambridge Stem Cell Institute annual retreat in June 2023 and at Molecular Haematopoiesis meeting in November 2023.

Objective 3: To define the response of pre-malignant and malignant cells with MMM to putative leukaemogenic or anti-leukaemic factors. 
In line with objective 3 of the PPL we aimed to define the response of pre-malignant Dnmt3a-mutant cells to putative anti-leukaemia treatment. Based on our in vitro findings, we identified potential drug targets specific for Dnmt3aR882H-mutant cells. We selected two most promising inhibitors targeting cellular metabolism and performed in vivo drug treatment. Both treatments successfully inhibited enhanced hematopoietic stem cells expansion of the mutant cells without affecting wild type cells. These sets of experiments successfully concluded our pre-clinical studies. This work was communicated as oral presentation on EHA presidential Symposium in June 2023 and is currently in preparation for scientific publication.
To continue with objective 3, mouse models with MMMs targeting HNRNPAs, RNA-processing proteins, have revealed novel pathways contributing to oncogenic clonal progression. Specifically, phosphorylation of HNRNPA1 by JAK2 had repressed mutagenic retrotransposon integrations. In another set of studies, we showed that reduced HNRNPA3 expression alters the cell cycle of haematopoietic stem cells. 
Significant part of the therapeutic angle of objective 3 addressed therapy resistance in mutant cells carrying myeloid neoplasm-related mutations in JAK2 and CALR gens. Specifically, we showed how alteration in JAK2-downstream effector STAT1 affects stem cell function and identified a novel STAT1-dependent haematopoietic stem cell population (HSC) with elevated MHCII levels.  This subset of HSCs is refractory to chemotherapy drug (5-FU) and resistant to neoplastic expansion. Furthermore, loss of JAK2-downstream molecule, STAT5, affects both the number and the quality of HSCs while one particular form of STAT5 (uSTAT5) promotes HSC maintenance. This work helped to understand why JAK2 inhibitor ruxolitinib is not effective to eliminate diseased haematopoietic stem cells in the majority of patients with JAK2- associated myelofibrosis.
An integrated single-cell analysis of preleukaemic mutant mouse models has been performed where the data were obtained from mice used under the PPL. Computational and statistical methods were developed to enable robust identification and comparison of haematopoietic perturbations and as a result, an 11-gene scoring system (Stem11) based on preleukaemic lineage perturbation signatures was proposed to predict outcomes for AML patients. This work has been published in Cell Genomics Journal in September 2023. Similarly, advanced computational methods were employed to analyse gene signatures in cell populations under pharmacological inhibition of METTL3. This work has been published in Leukemia Journal in June 2023.




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 not managed to make expected progress with generation of Asxl2 mouse models to study clonal heamatopoiesis related to different Asxl2 alterations. Until now, no germline transmission of the modified allele was achieved. 





4.5 In the expected benefits section 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.

	
This project has been expected to provide new knowledge about factors involved in the initiation and progression of a group of blood cancers called myeloid malignancies. This new knowledge will enable development of new laboratory and bioinformatic tools to test people at increased risk of myeloid malignancies and predict their disease progression. In line with the anticipated benefits, the project resulted in several findings, both at the level of basic research to meet the objective 1 and at the ensuing translational objective 2. Basic research findings in our mouse models span from an identification of a new population of Haematopoietic Stem Cells (HSCs) with a high expression of Major Histocompatibility Class II (MHCIIhi) molecules, to a complete characterisation of its properties in mice with mutation in CALR, one of genes driving myeloid neoplasms. Findings form the CALR-mutated mice studies have been further explored in the human setting and a counterpart population of HSCs with high expression of MHCII was demonstrated. 
Another example of moving the findings from animals to the human level is related to an advanced bioinformatic analysis and modelling of RNA sequencing data obtained from different pre-leukemic mouse models used under the PPL. This resource-type work generated an 11-gene scoring system where preleukemic transcriptional signatures are used to accurately predict cell fates and outcomes for patients with acute myeloid leukemias. Advanced bioinformatic analysis addressed another set of RNA sequencing data generated from animals under the PPL where perturbations in transcriptional programmes in normal haematopoietic populations showed that treatment with METTL3 inhibitors, a novel anti-cancer drug, does affect erythroid maturation programmes which is relevant to current high-profile translational efforts with METTL3 small molecule inhibitors. The mentioned examples picture our efforts to find new or repurpose existing drugs for therapies against blood malignancies.
An opposite design has been applied in some of our studies where an initial advanced bioinformatic analysis of human sequencing data has been taken to mechanistic studies in animals. In one of such projects, the data available from Biobank enabled identification of novel genetic variants associated with different clonal expansions in blood of aged people. In the next step, the findings from humans were studied in animals to uncover mechanism behind the associations. For example, polymorphisms in CD164 gene were found bioinformatically to associate with mutation R882H in DNMT3A gene, one of most frequent mutations related to clonal haematopoiesis. A new mouse model with knockout of Cd164 was generated elsewhere upon our request and currently, the work in ongoing to decipher the mechanism of the association and its contribution to clonal expansion.
To sum up, the examples mentioned above demonstrate a successful progression of our work under the PPL. Our forecast of achievable relevant benefits was accurate, and the remaining time of the PPL will enable timely completion of the ongoing studies.





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?

	We consider that our scientific questions and objectives under the PPL have been addressed efficiently through a multitude of experimental setups, both in vivo and with an intensive ex vivo experimentation.




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)?  
	Bioinformatic analyses related to the data generated from mouse models under the PPL have led to development of new pipelines for querying the single-cell transcriptional signatures. Furthermore, AML predictive 11-gene signature algorithm has been developed and it available through a published resource paper.





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: 

Preleukemic single-cell landscapes reveal mutation-specific mechanisms and gene programs predictive of AML patient outcomes.
Isobe T, Kucinski I, Barile M, Wang X, Hannah R, Bastos HP, Chabra S, Vijayabaskar MS, Sturgess KHM, Williams MJ, Giotopoulos G, Marando L, Li J, Rak J, Gozdecka M, Prins D, Shepherd MS, Watcham S, Green AR, Kent DG, Vassiliou GS, Huntly BJP, Wilson NK, Göttgens B.
Cell Genom. 2023 Oct 27;3(12):100426. 

STAT1 is essential for HSC function and maintains MHCIIhi stem cells that resist myeloablation and neoplastic expansion.
Li J, Williams MJ, Park HJ, Bastos HP, Wang X, Prins D, Wilson NK, Johnson C, Sham K, Wantoch M, Watcham S, Kinston SJ, Pask DC, Hamilton TL, Sneade R, Waller AK, Ghevaert C, Vassiliou GS, Laurenti E, Kent DG, Göttgens B, Green AR.Blood. 2022 Oct 6;140(14):1592-1606. 

The stem/progenitor landscape is reshaped in a mouse model of essential thrombocythemia and causes excess megakaryocyte production.
Prins D, Park HJ, Watcham S, Li J, Vacca M, Bastos HP, Gerbaulet A, Vidal-Puig A, Göttgens B, Green AR. Sci Adv. 2020 Nov 25;6(48)

Pharmacological inhibition of METTL3 impacts specific haematopoietic lineages.
Sturgess K, Yankova E, Vijayabaskar MS, Isobe T, Rak J, Kucinski I, Baril M, Webster N, Eleftheriou M, Hannah R, Gozdecka M, Vassiliou G, Rausch O, Wilson N, Gottgens B and Tzelepis K, Leukemia, 2023; 37(10): 2133–2137.


	Publications pending, or under review:

Non-canonical tyrosine-unphosphorylated STAT5 activity maintains haematopoietic stem cells
Williams M et al.
Resubmission to Blood journal

JAK2 protects the genome by repressing endogenous retroviruses.
Loughran S et al.
In preparation

Whole genome CRISPR screen identifies metabolic vulnerabilitis of DNMT3A-R882 mutation. 
Gozdecka M et al.
In preparation

NPM1c mutations are associated with reduced levels of multiple ribosome biogenesis factors leading to therapeutic vulnerabilities. 
Damaskou A et al.
In preparation

Heterochronic competition reveals fate-flexibility of Sf3b1K700E mutant blood system 
Rak J et al.
In preparation



	Presentations at scientific meetings:
Non-canonical tyrosine-unphosphorylated STAT5 activity maintains haematopoietic stem cells
Williams M et al.
51st annual meeting of ISEH, Edinburgh, September 2022 

NPM1c mutations are associated with reduced levels of multiple ribosome biogenesis factors leading to therapeutic vulnerabilities
Damaskou  A et al. 
American Society of Haematology, Annual Meeting, San Diego, December 2023

Heterochronic competition reveals fate-flexibility of Sf3b1K700E mutant blood system 
Rak J et al. 
Molecular Haematology meeting, the Crick Institute, London, November 2023
Cambridge Stem Cell Institute annual retreat in June 2022

Whole genome CRISPR screen identifies metabolic vulnerabilitis of DNMT3A-R882 mutation. 
EHA presidential symposium presented by Professor George Vassiliou, June 2023

JAK2 phosphorylates HNRNPA1 to repress retrotransposon expression and protect the HSC genome
Loughran et al. 
International Society for Experimental Haematology, Annual meeting, September 2022



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?
	Members of our teams participated in public engagement activities by visiting schools with children-oriented plays and games to explain stem cell research in general, no information about animal work has been discussed.





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 approved on 21.09.2021. This amendment requested:
· To expand methods to express different mutations in mice.
· To add a new treatment to modify the blood system in mice. 
· To broaden a method of monitoring the cells in mice.
· To allow breeding of mice beyond the age of 15 months (exceptionally).
The amendment was required to meet new methodologies requested by researchers working under the PPL while the permit to breed beyond 15 months was to rescue the Sf3b1K700E mutant line which was at that time under a difficulty. New protocol (10) with additional 3000 mice was added to accommodate new treatments as mentioned above.


Amendment approved on 3.5.2022 This amendment requested specifically to allow moving a mouse VGGZ11.1g from Protocol 8 (it underwent procedures) onto the Protocol 5 for breeding. An exceptional and long-sought after feature was detected in the blood of this mouse over the course of its authorised use under Protocol 8 and breeding of this mouse was expected to generate offspring carrying the feature of interest.

Amendment approved on 26.01.2023. This amendment requested to increase a number of mice allowed to use on Protocol 5 (mild, breeding and maintenance) from 15,000 to 30,000
This amendment was required to rectify the miscalculation of number of mice for the Protocol 5. The initial estimate was not correct due to misunderstanding of how different counts of animals used under the PPL are performed. The final number of mice for this protocol was agreed as 27000.

Amendment granted on 15.08.2023. This administrative amendment was requested to modify the supportive diet regimen for Protocol 6. The wording was slightly changed to improve flexibility of diet supplementation.

Amendment approved on 21.11.2023. This amendment requested to amend PPL holder since from 15th November 2023 I was moving to another position. PPL holder was amended and Dr Juan Li is a new PPL holder.




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.

	SC18 forms were completed for different reasons. In total, 23 SC18 forms were submitted, mostly due to exceeding the severity, but also 2 requests to keep alive were submitted and 1 SC18 was submitted due to exceeding the limit of number of animals on breeding protocol 5.

The dates:

13th April 2021
10th April 2021

9th February 2022
10th April 2022
4th May 2022
27th May 2022
1st June 2022
19th July 2022
6th October 2022
7th November 2022
17th November 2022
20th November 2022
3rd December 2022

6th January 2023
22nd January 2023
17th February 2023
16th March 2023
22nd August 2023
30th August 2023
11th September 2023
30th September 2023
3rd October2023
3rd November 2023




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).

	Not applicable.



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

	Not applicable.



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
	21/11/2023

	2. Retrospective review form received by the Project Support Team
	

	3a. Project Support Team meeting 
	

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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