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 Mekayla Storer
	

	Contact details:
Address & tel.


	Cambridge Stem Cell Institute, 
Jeffrey Cheah Biomedical Campus, Puddicombe Way, Cambridge, 
CB2 0AW 
01223 767 404
	

	Project No.
	PP2274970

	Project title
	Mechanisms influencing mammalian digit tip regeneration.

	Project purpose
	To identify the signals in the environment that are important for successful regrowth of the tips of fingers and toes (called digits) that have been amputated in mammals and to understand how cells in the digit respond to those signals. I aim to learn if we can use this information to promote regeneration in tissues where it doesn’t normally occur.



	Date licence was granted
	24th May 2021

	Date of retrospective review is sent to the PPLh
	19th March 2025




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 of 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
	3700
	1st year
	9
	
	107
	
	
	116

	
	
	
	
	2nd year
	1
	
	357
	
	
	358

	
	
	
	
	3rd year
	11
	
	447
	
	
	458

	
	
	
	
	4th year
	
	
	35
	
	
	35

	
	
	
	
	Total
	21
	
	946
	
	
	967

	2
	Mice
	Moderate
	1900
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	3
	113
	
	116

	
	
	
	
	4th year
	
	
	18
	120
	
	138

	
	
	
	
	Total
	
	
	21
	233
	
	254

	3
	Mice
	Moderate
	8110
	1st year
	
	
	
	63
	
	63

	
	
	
	
	2nd year
	
	
	
	109
	
	109

	
	
	
	
	3rd year
	
	
	
	189
	
	189

	
	
	
	
	4th year
	
	
	
	154
	
	154

	
	
	
	
	Total
	
	
	
	515
	
	515

	4
	Mice
	Mild
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	5
	
	
	5

	
	
	
	
	3rd year
	
	
	15
	
	
	15

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	20
	
	
	20

	5
	Mice
	Moderate
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	5
	
	5

	
	
	
	
	3rd year
	
	
	
	8
	
	8

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	13
	
	13

	6
	Mice
	Moderate
	30
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	5
	
	5

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	5
	
	5

	7
	Mice
	Mild
	5000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	218
	
	
	
	218

	
	
	
	
	3rd year
	
	336
	
	
	3
	339

	
	
	
	
	4th year
	
	982
	
	
	37
	1019

	
	
	
	
	Total
	
	1536
	
	
	40
	1576

	8
	Mice
	Moderate
	800
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	19
	
	19

	
	
	
	
	3rd year
	
	
	
	24
	
	24

	
	
	
	
	4th year
	
	
	
	257
	5
	262

	
	
	
	
	Total
	
	
	
	300
	5
	305

	
	
	
	
	
	
	
	
	
	Whole Total
	3655


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

2.2 Does the information provided in the table reflect the projected incidence of harm provided in the adverse effects for each protocol?  If not, please indicate where this was not the case and whether the projected level of suffering was more or less than you anticipated when you first wrote the licence. If the severity category for a protocol was amended during the tenure of the licence, please include this information in the reasons box.

	Protocol number
	Severity higher/ same/ lower than anticipated
	Reason

	1
	Higher
(Neonatal Digit Tip Amputations)
	The purpose of this protocol was to induce digit tip regeneration in neonatal mice. To do this surgery, mice were rendered unconscious using isoflurane as an anaesthetic agent. Due to the young age of the mice (P0 – P5), the response to gaseous anaesthesia was inconsistent with some mice requiring prolonged exposure (occasionally exceeding 30 minutes). In some cases, this led to slower recovery rates or non-recovery. We worked with our veterinary surgeon, NACWO and animal technical staff to refine this protocol as detailed in Section 3.7 below, to improve animal welfare.      

	2
	Lower in some cases
(Pilot Studies – Role of Ligands in Digit Tip Regeneration)
	This protocol enabled us to modify the tissue microenvironment of the digit tip by administering substances such as pharmacological inhibitors to the animal through several different routes. To ensure that these pharmacological inhibitors would not cause adverse effects that were more than transient, particularly when administering substances systemically through the drinking water or diet, pilot experiments were conducted. In this instance, mice were placed on an altered diet without undergoing surgery to monitor for adverse effects.     

	7
	Higher
(Breeding & Maintenance of GA Mice – No Phenotype)
	The purpose of this protocol was to breed and maintain genetically altered mice which were not expected to present with a phenotype. In some instances, mice that were more than 5 days of age were found to be ‘missing’ from litters or on rare occasions found dead. This was not restricted to a particular strain of mice, and we were not alerted to any potential health problems. These mice are bred and maintained in a restricted access facility (Level 4 – we are unable to enter this floor), and it may be in some instances that litter sizes were miscounted or that pups did not survive their first few days of life, but their absence only noted at a later stage.   

	8
	Higher
(Cell Specific or Gene Ablation Studies)
	The purpose of this protocol was to ablate cells during digit tip regeneration to determine their importance to this process using genetically altered mice. In many cases, due to limited mouse models, this entails systemic ablation of cells throughout the mouse. When ablating lymphatic endothelial cells systemically using genetically altered mice (Prox1CreERT2; DTA line), we observed that a sub-set of these animals demonstrated rapid health deterioration approximately 7 days following ablation. It is hypothesized that this health deterioration relates to the ablation of lymphatic vasculature that is present in the intestine which may affect fat absorption from the diet. This was not observed in our pilot studies, and it was not predictable which mice would be more affected. We are subsequently trialling different methods to locally ablate cells through direct injection of tamoxifen in the digit tip.    




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).

	There were several circumstances where we experienced unexpected adverse effects as detailed below:

1. Neonatal Digit Tip Amputation Surgeries – Protocol 1
2.17% (21 mice) of the cohort were affected (of 967 mice). In previous studies, I performed neonatal digit tip amputation surgeries using hypothermia as the method of anaesthesia. However, since this technique is not approved in the United Kingdom, I adopted isoflurane as an alternative anaesthetic to induce unconsciousness in neonatal mice. This substitution introduced certain challenges, particularly in mice aged postnatal day 0 to 3 (P0–P3), where the response to gaseous anaesthesia was inconsistent. Some animals required prolonged exposure—occasionally exceeding 30 minutes—which in some cases led to non-recovery (i.e., failure to regain consciousness post-surgery) or a slower recovery rate than their littermates. Of these 21 mice, 6 did not regain consciousness and 15 recovered at a slower rate than their littermates and were subsequently culled. These episodes were managed by gaining advice from the technical support staff within the surgical unit, NACWO and Veterinary Surgeon at the AMB on how best to manage the welfare of the animals and for potential strategies to improve our protocols. All incidences were recorded on surgical monitoring sheets and the Mouse Colony Management System (MCMS). The relevant SC18 forms are attached to the retrospective review and referenced in Section 5.2 (31 August 2021; 23 November 2021; 30 June 2022; 7 March 2023; 23 May 2023; 2 June 2023; 19 June 2023; 27 June 2023. Please note that we have submitted an SC18 form for 10/15 pups that were culled due to slower recovery than their litter mates from surgery. This was because initial advice was not to report these incidents however, we received subsequent advice following later surgeries to do so).

2. Role of Ligands in Digit Tip Regeneration – Adult Mice – Protocol 2
4.72% (12 mice) of the cohort were affected (of 254 mice). Of these, three mice received an incorrect dose of gadolinium as part of a pilot study and were subsequently culled due to ill health. The dosing regimen had been provided by a collaborator and, while the calculations were initially verified, we were later informed that incorrect information had been communicated. The remaining nine mice had been placed on a modified diet containing 4-methylumbelliferone. A subset of these mice experienced significant weight loss—exceeding 10% of their baseline body weight for a sustained period of more than 48 hours (4 mice). The remaining five mice regained lost weight within the acceptable period of 48 hours when given dietary supplements. In accordance with protocol requirements and to prevent undue suffering, these four animals were culled prior to the onset of additional clinical signs. These episodes were managed by gaining advice from the technical support staff within the surgical unit, NACWO and Veterinary Surgeon at the AMB on how best to manage the welfare of the animals and for potential strategies to improve our protocols. All incidences were recorded on procedure monitoring sheets and the Mouse Colony Management System (MCMS). The relevant SC18 forms are attached to the retrospective review and referenced in Section 5.2 (Gadolinium: 21 March 2023; 4-methylumbelliferone: 17 August 2023).  

3. Digit Tip Amputation – Adult Mice – Protocol 3
0.39% (2 mice) of the cohort were affected (of 515 mice). These 2 C57 BL/6 mice, from separate experiments, underwent digit tip amputation surgeries under anaesthetic. Both were culled in the following 24 hours due to signs of ill health. The mice, sourced from Charles River, underwent a one-week acclimatization period and appeared healthy prior to surgery. However, within 24 hours post-procedure, both animals exhibited clinical symptoms and were immediately culled using an appropriate Schedule 1 method. These incidents were managed in consultation with technical support staff from the surgical unit, the Named Animal Care and Welfare Officer (NACWO), and the Veterinary Surgeon at the AMB to ensure appropriate welfare measures were taken. All events were documented in the procedure monitoring sheets and recorded in the Mouse Colony Management System (MCMS). The corresponding SC18 forms are included in the retrospective review and referenced in Section 5.2 (14 April 2022; 13 October 2023).
 
4. Cell Specific or Gene Ablation Studies – Adult Mice – Protocol 8
8.19% (25 mice) of the cohort were affected (of 305 mice). Of the 25 mice in this cohort, 21 were culled due to signs of ill health, and 4 were found dead. All but four were genetically altered mice with the Prox1CreERT2; R26-LSL-DTA genotype, in which systemic ablation of lymphatic vessels is induced following tamoxifen administration via intraperitoneal (IP) injection. Although pilot studies using this model did not result in observable clinical symptoms, the use of larger cohorts revealed that systemic lymphatic ablation led to the development of clinical signs in a subset of mice—including hunching, piloerection, and a pinched facial expression. As a result, 17 mice displaying these symptoms were humanely culled in accordance with Schedule 1 procedures. An additional four mice with the same genotype deteriorated rapidly within a 24-hour period and were found dead. The remaining four mice of various genotypes developed testicular swelling following tamoxifen administration via IP injection. This has been previously reported as a potential side effect in certain strains. These animals were also culled immediately using an appropriate Schedule 1 method. These episodes were managed by gaining advice from the technical support staff within the surgical unit, NACWO and Veterinary Surgeon at the AMB on how best to manage the welfare of the animals and for potential strategies to improve our protocols. All incidences were recorded on procedure monitoring sheets and the Mouse Colony Management System (MCMS). The relevant SC18 forms are attached to the retrospective review and referenced in Section 5.2 (Prox1CreERT2; R26-LSL-DTA: 5 August 2024; 7 December 2024; 9 December 2024; 24 December 2024). 




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

	1
	2.17% (21 of 967 animals) – See Section 2.3

	2
	4.72% (12 of 254 animals) – See Section 2.3

	3
	0.39% (2 of 515 animals) – See Section 2.3

	8
	8.19% (25 of 305 animals) – See Section 2.3





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 (Neonatal Digit Tip Amputations)
	As a result of protocol refinements, we now use slightly older mice, which yields a greater number of cells per animal (although lower viability) and reduces the total number of mice required. Additionally, while we initially anticipated screening up to 10 candidate factors, preliminary data analysis identified fewer potential targets, thereby further decreasing the number of animals needed for this study.

	2 (Role of Ligands in Digit Tip Regeneration)
	The animal numbers estimated for this protocol were originally calculated on needing to investigate the role of up to 5 ligands or signalling pathways on digit tip regeneration in vivo. To date, we have completed testing of one candidate factor and are currently in the process of evaluating additional candidates, with corresponding animal use to be reported in year 5. Furthermore, we have optimized our approach by modifying certain pathways through systemic ablation, delivering inhibitors via the animals' diet. This refinement has led to a reduction in animal numbers, as dietary delivery yields more consistent results compared to local injection, which introduces greater variability due to the technical challenges of administering small volumes (1 µL) precisely.    

	3 (Digit Tip Amputation – Adult Mice)
	The reduction in animal numbers in this protocol has resulted from refinements in experimental design. In particular, the optimization of genomic methodologies in the laboratory, including single-cell RNA sequencing, single-cell ATAC sequencing, and related techniques, has significantly enhanced experimental efficiency, thereby reducing the number of animals required. For example, prior experience with proteomics suggested a need for up to 40 mice per sample to obtain viable data, however methodological improvements have enabled us to reduce this number to just 6 mice per sample without compromising data quality. 

	4-6 (Re-derivation of mice)
	The numbers estimated for these protocols related to the re-derivation of mice were those recommended by the UBS as standard protocols. We have not needed to re-derive many lines thus far.  

	7 (Breeding & maintenance of GA mice)
	The acquisition and expansion of the required genetically modified lines have taken several years. Our initial projections were based on the assumption that productive colonies would be expanded for experimental use from year 1, however we have only started to work with large amounts of genetically altered mice from years 3 onwards. This was in part due to limited grant funding (having obtained larger grants in years 2 onwards) and due to the time, it took to successfully breed the required genotypes (which required several crosses).

	8 (Cell or Gene Ablation Studies)
	We had originally estimated needing 392 mice for these studies and had submitted an amendment to accommodate the increase in transgenic lines we have acquired for experiments to 800 mice. We anticipate conducting a substantial number of experiments in our final year however may not reach the upper limit due to the time it has taken to expand these colonies and obtain the required genotypes.  





2.6 Have you re-used animals? 								                    NO

If so, why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.

	Species
	Protocol No. on which animals where/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	
	

	
	



2.7 Has there been any animal wastage? 							                  YES

For example, this may occur when breeding and maintaining genetically altered animals or when animals have been ordered and cannot be used for some technical reason.  

Where wastage has occurred, please explain the circumstances and nature of the wastage plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.

	Circumstances and nature:

Animal wastage is limited to circumstances involving the breeding and maintenance of genetically altered animals (Protocol 7), where multiple crosses are required to establish lines with the desired phenotype. Wherever possible, surplus animals are repurposed for training purposes under Schedule 1, offered to other research groups, or used for validation studies.


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

Protocol 7. We estimate that we have wasted 28% of mice on this protocol (approximately 440 animals) that were an unwanted genotype and were not repurposed. 




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.

	(a) Optimisation of Breeding Efficiency
We use several strategies to optimize the breeding efficiency of our genetically altered animals ensuring minimal wastage while maintaining the required genotypes for research as described below. 
· Colony Management: Together with the help of our animal unit staff, we use the Mouse Colony Management System and perform regular genotyping to track the inheritance patterns of our breeding colonies ensuring that only necessary breeding pairs are maintained. 
· Breeding Strategies: We apply best breeding practices to maintain genetic integrity and reduce surplus animals. This includes replacing our breeders before their reproductive performance declines; maintaining breeder pairs of various ages to help with reproductive success; using experienced males; using demand-based breeding (i.e. breeding is planned based on project needs); and keeping meticulous and accurate breeding records. We review our records on a weekly basis and make necessary adjustments to ensure the health of our colonies. 
· Health Monitoring: Our animal unit, (Anne McLaren Building) conducts routine health checks and veterinary oversight to help maintain colony health, reducing losses due to illness or breeding failure. 

(b) Use of Excess Stock Animals
While we try to minimize excess stock through careful breeding management, when surplus animals arise, we implement the following strategies:
· Collaboration with Other Research Groups: Where appropriate, surplus animals are offered for use in other ethically approved studies using the internal NC3Rs mailing list (ubs-3rs-enquiry@lists.cam.ac.uk). This platform facilitates the redistribution of excess animals to research groups with the necessary Home Office approvals, thereby maximising their scientific utility and reducing overall animal use.  
· Training & Education: Surplus animals may be used for staff training in handling techniques or for Schedule 1 procedures, contributing to the development of technical skills without the need to breed additional animals.    
· Tissue or Cell Harvesting & Pilot Studies: Where genotype is not a limiting factor, tissues and cells from surplus animals may be harvested for laboratory use, reducing the need for new experimental animals. We also accommodate requests from other laboratories for tissue collection from our surplus stock. Additionally, when conducting preliminary experiments, such as determining the optimal concentrations for pharmacological treatments, these animals are used, ensuring valuable data can be gathered with minimal additional impact. 

(c) Use of Transgene Repositories
While we are aware of multiple established transgene repositories, including the European Mouse Mutant Archive (EMMA), International Mouse Strain Resource (IMSR) and the Jackson Laboratory (JAX) Mouse Repository, we have not needed to use these. All the genetically altered strains of mice that we use have been previously deposited in these repositories and we have not generated any new strains to date. 




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?				 	NO	                   
	c) would you allow other researchers at the University to use your strains?	 	YES                 
	d) would you allow external researchers to use your strains with an MTA applied?	YES

If you have answered YES to any of these questions please elaborate below:
	All our strains of genetically altered animals are recorded on the Mouse Colony Management System (MCMS) of which users at or associated with the University of Cambridge all have access. Upon request, we have shared strains with other researchers at the University and would be happy to allow external users to use our strains with an MTA applied as needed. 




If you have answered NO to any of these questions please explain why.
	We have not recorded our genetically altered animals on other databases that can be accessed by researchers outside the University. This is because all our strains are readily available from public repositories (e.g. Jackson Laboratory) and we are unaware of any other local databases that would be suitable to list these strains should other researchers wish to obtain them locally. If we were made aware of such a database, we would be happy to list these mouse strains.   



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.
	We have made every effort to refine our practises and reduce the impact of contingent harms associated with the use of animals in our research. These efforts include: 
1. Transportation Considerations: We have minimized transportation-related stress by only using accredited transport providers and ensuring that animals have an appropriate period (7 days) of acclimatization following transport to the facility to ensure they adjust to their new environment appropriately.  
2. Housing & Enrichment: Wherever feasible, animals are housed in social groups to promote natural behaviours and reduce stress associated with isolation. All animals are provided with enrichment in their cages such as nesting materials, tunnels and raised platforms. All housing conditions comply with the relevant Code or Practice standards including adequate space, ventilation and access to appropriate food and water ad libitum.  
3. Refinements in Handling & Care: We have implemented improved handling techniques to minimize stress and discomfort such as cupping as opposed to traditional tail handling. Regular (morning and evening) welfare assessments are conducted to ensure the well-being of the animals throughout their time in our care.     




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

	Species
	Source
	Approx. percentage

	Mus Musculus
	Charles River
	47.00 %

	Mus Musculus
	Jackson Laboratories 
	1.00 %

	Mus Musculus
	Breed In-House
	52.00 %



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

	7
	3000
	5000

	8
	392
	800



If you have increased or decreased animal numbers, please explain why this was necessary?
	
Following the successful award of the Wellcome Career Development Award, I was able to expand my research programme and acquire several additional transgenic mouse lines. As these lines required extensive breeding to generate experimental animals with the desired genotypes (Protocol 7: Breeding and Maintenance of GA Animals), I submitted a request to increase the authorized number of mice accordingly. In line with this expansion, we also initiated additional experiments to investigate the role of other cell types in digit tip regeneration. These studies necessitated further animal use under Protocol 8: Cell or Gene Ablation Studies.



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

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

	
	
	

	
	
	



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	








3. 3Rs:

In this section, please explain what steps you have taken during the tenure of your licence that resulted in 3Rs gains.  This might include working with collaborators to refine your model, changing the anaesthetic regime or equipment, etc.  Consider every change you have made and its impact on the 3Rs – even small changes and initiatives can result in 3Rs gains.

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

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














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

Please explain.
	
In our laboratory, we have actively been pursuing the development of a non-animal model system focused on digit tip regeneration using human embryonic tissue. This ex vivo model is designed to closely mimic the regenerative processes that occur in human tissue, thereby offering a valuable alternative to traditional animal models. Using this system, we aim to dissect the complex biological mechanisms and signalling pathways that underly tissue regeneration.   

While this model is still in its early stages and requires further characterization and validation, it represents a promising step towards reducing our reliance on animal models. One current limitation is the dependency on the availability of human embryonic tissue samples, which can be variable and subject to logistical constraints. Despite these challenges, we believe that this human tissue-based system has the potential to significantly advance our understanding of regeneration in a clinically relevant context. In doing so, it may ultimately contribute to a reduction in the number of animals used for experimental purposes, aligning with the principles of the 3Rs in biomedical research.  




3.2 Have you been able to reduce your animal usage?  					         YES 

If so, how have you achieved this (e.g., through experimental design, changes to the regulated procedures used)? Please give an indication of the actual numbers reduced.

	Over the course of this animal licence, we have significantly reduced the number of animals required for our research through two key strategies: tissue sharing and improved experimental design. In pilot studies or experiments requiring only wild-type uninjured digits, we used surplus mice from our breeding colonies, specifically those with genotypes not suitable for other experiments, which would otherwise have been culled. This approach eliminated the need to purchase additional animals.  

Additionally, we have promoted collaborative tissue sharing arrangements, both within our Institute and through the AMB 3Rs group. In these cases, we obtained uninjured tissue (e.g. feet) from other researchers that did not require these samples or were planning to euthanise surplus animals. Together, these initiatives have contributed to a reduction of approximately 100 animals over the past four years.

The most substantial decrease in animal use, however, has resulted from refinements in experimental design. Specifically, the optimisation of genomic protocols including single-cell RNA sequencing and single-cell ATAC sequencing has dramatically improved efficiency. Protocols that previously required 40 mice per time point per sample now require only 10. This improvement is exemplified in Protocol 3, where initial projections estimated the use of 8,110 mice, but to date, only 560 have been used. These efforts highlight our ongoing commitment to the 3Rs principles, particularly in reducing animal usage without compromising scientific rigour.     




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

Please explain:
	
We actively participate in the tissue-sharing initiative managed by the University Biomedical Services (USB) through the 3Rs mailing list (ubs-3rs-enquiry@lists.cam.ac.uk) both by requesting surplus animals and by offering animals that we no longer require. In addition, we have contributed to internal tissue-sharing efforts within our Institute via the general reagent request list. For example, while we were collecting digits from our mice, other research groups requested tissues such as liver and long bones for marrow extraction, which we were able to supply. 




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.

	
Our animal licence permits the following techniques and/or animal models:
· Digit tip amputation surgeries of neonatal mice
· Digit tip amputation surgeries of adult mice – single and repeated amputation
· Administration of cells, virus, or substances to the digit tip either systemically (through water/ food, intraperitoneal injection, gavage) or locally (direct injection into the digit tip) in adult mice
· Blood sampling (live or terminal)
· Non-invasive imaging of mice (IVIS)
· Intraperitoneal injection of labelling reagents (e.g. EdU, BrdU or non-toxic dyes)
· Re-derivation of animal lines (superovulation, embryo recipients, vasectomy)
· Breeding and maintenance of genetically altered mouse strains (non-harmful phenotype)
· Lineage tracing of cells using genetically altered strains of mice (including tamoxifen administration through intraperitoneal injections) using:
Prox1tm3(cre/ERT2)Gco/J; B6.Cg-Gt(ROSA)26Sortm14(CAG-tdTomato)Hze/J
B6N.Cg-Tg(Pdgfra-cre/ERT)467Dbe/J; B6.Cg-Gt(ROSA)26Sortm14(CAG-tdTomato)Hze/J
Ctsktm1(cre)Ska; Gt(ROSA)26Sortm4(ACTB-tdTomato;-EGFP)Luo
· Cell or gene ablation using genetically altered strains (including tamoxifen administration through intraperitoneal injections where necessary):
B6N.Cg-Tg(Pdgfra-cre/ERT)467Dbe/J; B6.Cg-Piezo1tm2.1Apat/J
K14CreER; B6.Cg-Piezo1tm2.1Apat/J
Prox1tm3(cre/ERT2)Gco/J; B6.129P2-Gt(ROSA)26Sortm1(DTA)Lky/J 
B6N.Cg-Tg(Pdgfra-cre/ERT)467Dbe/J; Gt(ROSA)26Sortm1(CAG-cas9*,-EGFP)Fezh
Padi4-/-
TLR4-/-
Tg(Pdgfra-cre/ERT2)1Wdr; Yap1tm1.1Dupa
Il6tm1Kopf




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

	
These experimental techniques, collectively, enabled a comprehensive investigation into the mechanisms of digit tip regeneration. Adult digit tip amputation surgeries provided a foundational model to assess regenerative capacity, with repeated amputations offering insights into regenerative limits. Our neonatal digit tip amputation surgeries provided progenitor cell populations that could be expanded for screening potential growth factors and ligands influencing cellular plasticity. The injection of growth factors, inhibitors and cells into regenerative or fibrotic digit tips helped identify key molecular players important for the healing process, while non-invasive imaging allowed real-time monitoring of biological processes in live mice, enhancing data accuracy while reducing animal use. Rederivation and breeding of genetically altered mouse strains ensured the availability of specific models for gene and cell-targeted studies. Lineage tracing with fluorescence reporters facilitated the tracking of specific cell populations over time, confirming their roles in tissue restoration. Finally, cell- and gene-specific ablation techniques using tamoxifen inducible Cre-Lox P systems permitted precise dissection of cellular and genetic contributions to regeneration. Together, these methodologies successfully advanced understanding of regenerative biology in mammalian systems. For a detailed explanation of the scientific findings arising from these techniques and models, please refer to Section 4.3 below.         




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

	
We encountered certain limitations with our approaches and have addressed them as detailed below:

1. Neonatal Digit Tip Amputation Surgeries
In my previous work, as a postdoctoral research associate in Canada, I performed neonatal digit tip amputation surgeries using hypothermia as the method of anaesthesia of mice aged postnatal day 0-2. This method required minimal equipment, unconsciousness was induced quickly, and mice made a rapid recovery. However, since this technique is not approved in the United Kingdom, I adopted isoflurane as an alternative anaesthetic to induce unconsciousness in neonatal mice. This substitution introduced certain challenges, particularly in mice aged postnatal day 0-3 where the response toe gaseous anaesthesia was inconsistent (i.e. some mice failed to reach unconsciousness, others required prolonged exposure, occasionally exceeding 30 minutes, which did in some cases lead to non-recovery, while other mice achieved unconsciousness within 5-10 minutes). After several protocol optimizations (detailed in Section 3.7), we mitigated these issues by performing surgeries on older neonates (P5 and above). Although this adjustment resulted in a slight reduction in cell viability in downstream analyses, the impact remained within acceptable limits, allowing experimental procedures to proceed effectively.         

2. Systemic Depletion of Hyaluronic Acid (Administration of Substances Systemically)
In these experiments, we aimed to achieve systemic depletion of hyaluronic acid, a key component of the extracellular matrix by administering a modified chow containing 4-methylumbelliferone (4-MU) with chocolate flavouring to enhance palatability. Initially, approximately 50% of mice exhibited greater than 10% body weight loss upon introduction of the diet, although many subsequently regained weight and returned to baseline levels. To address this limitation, we refined our protocol by implementing a staggered acclimatization strategy (see Section 3.7) and ensuring continuous access to hydrogel throughout the experimental period. These adjustments significantly improved animal welfare and minimized weight loss-related variability.    

3. Ablation of Lymphatic Endothelial Cells Using Genetically Altered Strains (Cell or Gene Ablation)
In these experiments, we aimed to ablate lymphatic vessels that form in the digit following amputation using genetically modified mice (Prox1tm3(cre/ERT2)Gco/J; B6.129P2-Gt(ROSA)26Sortm1(DTA)Lky/J). Initially, tamoxifen was administered systemically via intraperitoneal injection to induce robust ablation of the lymphatic vasculature. In a subset of animals, approximately one to two weeks post-ablation, we observed a rapid decline in health necessitating humane euthanasia. Given the highest concentration of lymphatic vessels are located in the intestine, it is likely that these adverse effects were related to impaired lipid absorption. To mitigate this issue, we are currently trialling localized tamoxifen delivery directly into the digit tip to restrict ablation to the target area. While it is expected that ablation will be less effective due to limitations as to the number and volume of tamoxifen that can be injected, no adverse health effects have been observed to date with this localized approach. These experiments are currently ongoing. 




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.
	As mentioned in Section 3.6, we were able to refine two of our techniques to improve animal welfare during the tenure of this licence. 

1. Neonatal Digit Tip Amputation Surgeries
To minimise stress and refine the surgical procedure, we introduced a custom-made anaesthetic mask designed to provide an improved fit for neonatal mice. The design was obtained from colleagues at the Laboratory for Molecular Biology (LMB), where it is routinely used for stereotactic surgeries in mice of a comparable age. The system comprises a solid block of bio-printed plastic with a contoured indentation to support the animal’s body, and an integrated nose cone connected via tubing to both the anaesthetic delivery and scavenging systems. As the design does not accommodate the use of a heating mat, we employed overhead heating lamps during the procedures to maintain the animal’s body temperature. Initially, surgeries were performed on pups aged between postnatal day 0 and 3. However, we observed that responses to inhalational anaesthesia in this age range were inconsistent. Consequently, we increased the minimum age of the animals undergoing the procedure, which provided greater physiological stability and improved outcomes. 

2. Systemic Depletion of Hyaluronic Acid 
To deplete hyaluronic acid in mice, we administered a modified diet containing chow supplemented with 4-methylumbelliferone (4-MU), enhanced with chocolate flavouring to improve palatability. To minimize the risk of weight loss due to dietary transition, an initial acclimatization protocol was implemented, consisting of 50% modified diet for one week, following by 100% modified diet for the remainder of the study. However, this approach resulted in notable weight loss in a substantial number of animals. Consequently, the acclimatization protocol was refined to allow for a more gradual transition where mice were first given 25% modified diet for one week, then 50% for an additional week, before reaching 100% for the duration of the experiment. To further support animal welfare, hydrogel supplements were provided to promote hydration and comfort. These adjustments reduced the incidence of consistent weight loss, therefore enhancing the overall well-being of the animals.    




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?

	We use a welfare monitoring system to ensure the health and wellbeing of animals throughout the duration of experiments. This includes daily health checks for a period of seven days following surgery or intervention by trained personnel in our animal facility, species-specific welfare score sheets and the use of pre-established humane endpoints. These checks cover a range of indicators including body condition, behaviour, clinical signs of distress or pain and weight measurements. Weights and any observable clinical signs are entered on our Mouse Colony Management System (digital database) which is programmed with automated alerts when humane endpoints are reached (e.g. greater than 10% weight loss). During the tenure of our licence, we refined the monitoring system to better suit the specific needs of certain experimental models. For example, we updated our welfare score sheets to include more nuanced behavioural markers such as excessive toe licking for early detection of discomfort in rodents allowing for administration of analgesia, and in some experiments such as systemic cell ablation studies, we increased our monitoring and weighing periods to two weeks post intervention. These modifications have a positive impact, resulting in earlier interventions, reduced animal suffering, and more consistent application of humane endpoints. 




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? 			         YES




Please explain.
	
The humane endpoints specified in the licence were modified on one occasion, following an amendment to Protocol 8. This protocol involves lineage tracing of cells using transgenic animals and the administration of tamoxifen. During its implementation, we observed that some male mice from a genetically altered line developed testicular swelling after receiving tamoxifen. Upon consultation with the Named Veterinary Surgeon (NVS), we were advised that such a reaction is not uncommon in certain transgenic lines. Consequently, we updated the humane endpoints to include the following statement: “Testicular swelling causing more than mild discomfort (e.g., difficulty walking or changes in activity) in male mice treated with tamoxifen will result in immediate euthanasia using an appropriate Schedule 1 method.”

In addition, the protocol was amended to permit tamoxifen administration to timed pregnant female mice to enable labelling of cell populations during development for later tracing in adulthood. Accordingly, the humane endpoints were further revised to account for any clinical symptoms that may arise in pregnant female mice.




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.

	
The only non-schedule 1 method of killing authorised on our licence is terminal blood sampling which we have not used. 




Were these killing methods the most refined? 						         YES   
Were they the most appropriate for your experimental data?				         YES   

If you have answered NO to either of the above questions, please explain.  If you were able to refine the way your animals were killed, please explain how this was achieved.
	





3.11 Have you received awards or funding specifically targeted at the 3Rs?		         NO

If so, what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	






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

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

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









4. Scientific Progress and Benefit Achievements:

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

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										                  NO

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).

	Harnessing endogenous repair mechanisms to promote tissue regeneration is a promising approach to overcome the obstacles of cell transplantation. If we can understand how physiological cues enhance progenitor plasticity/function and promote self-organization, we could exogenously manipulate these same mechanisms to promote repair and regeneration. Over the course of this licence, we have made the following key discoveries (related to our key scientific questions):

1. Identification of growth factors or molecules (at least 3) in the digit tip environment, that upon injury, influence blastema formation and function. 
While some vertebrates are able to regenerate their appendages, this regenerative capacity is limited in mammals. Remarkably, the distal portion of the mammalian digit tip can regenerate following amputation. Regeneration, however, is level-dependent: removing more than 60% of the end of the digit fails to form a blastema, a transient tissue comprised of progenitor cells responsible for distal digit tip regeneration. What hinders blastema formation in these circumstances remains unknown. 

Here, we aimed to understand how changes in biochemical cues and tissue mechanics impact cell fate decisions during repair and plasticity of bones, nerves, epithelium, dermis and vasculature in the mammalian digit tip. Firstly, we show that the balance between hyaluronic acid and collagen critically regulates tissue mechanics, dictating whether regeneration or scarring occurs. A hyaluronic acid-rich matrix inhibited the assembly of collagen, which is a major driver of tissue stiffness, leading to a softer tissue microenvironment. Notably, depleting hyaluronic acid, using two independent models, induces scarring. These findings establish a direct mechanistic link between ECM balance and regenerative capacity, providing new insights into the biophysical regulation of tissue repair.  

Secondly, we demonstrate that substrate mechanics modulate cellular responsiveness to BMP signalling, a key pathway for bone formation. Cells cultured on substrates mimicking the mechanical properties of regenerative tissue exhibited significantly enhanced activation of BMP downstream effectors compared to those in stiffer, non-regenerative conditions. This mechanosensitive regulation of signalling highlights a crucial interface between tissue mechanics and molecular pathways, with broad implications for the design of biomaterials and scaffolds in regenerative medicine.   

Finally, we show that stabilizing the hyaluronic acid matrix with a cross-linker called HAPLN1 facilitated regeneration in an injury state that would otherwise not regenerate. This result provides compelling evidence that targeted modulation of a single ECM component can shift the healing trajectory from scarring to regeneration. Altogether this work identified three key molecules (hyaluronic acid, collagen and HAPLN1) important for influencing regenerative outcomes and is currently under peer-review in a reputable scientific journal.  

2. To identify the epigenetic programmes that activate the digit tip regeneration gene programmes. 
Together with our collaborator, Dr. Maria Christophorou (Babraham Institute), we set out to understand how changes in the chromatin landscape can influence complex tissue regeneration. Interestingly, our research sheds light on how cells sense damage and use inflammatory signals to become more flexible or “plastic,” a key step in both artificial cell reprogramming and natural tissue regeneration. By studying lab-based reprogramming using Yamanaka factors and digit tip regeneration in mammals, we discovered that dying cells release DNA-bound proteins called histones into their surroundings. These histones act as unexpected messengers, alerting nearby cells and triggering a controlled inflammatory response. This process is similar to how immune cells, like neutrophils, release DNA nets—known as Neutrophil Extracellular Traps (NETs)—to fight infection. A key player in this process is the enzyme PADI4 (Peptidyl Arginine Deiminase 4), which modifies histones through citrullination, changing specific amino acids in a way that alters chromatin structure and gene expression. We found that a similar mechanism, involving PADI4-mediated histone citrullination and release, also occurs during reprogramming—even in the absence of immune cells—highlighting a surprising overlap between immune defence and regenerative biology.
These extracellular histones are detected by sensors on the surface of nearby cells, known as Toll-like receptors (TLRs), which are usually involved in detecting infection or injury. Surprisingly, we found that these sensors are temporarily activated not only in immune cells, but also in the very cells that are changing their identity—either into induced pluripotent stem cells or regenerative cells at a wound site. Blocking histone release or TLR activation disrupted both reprogramming and regeneration, showing just how crucial this signalling is. Our work links the immune system's damage-sensing machinery with the ability of cells to change fate, offering exciting new directions for regenerative medicine and a deeper understanding of how development and healing are connected at the molecular level. This work is currently under preparation for submission to a peer-reviewed journal. 
3. To establish if and or/how specific cell types such as pericytes and smooth muscle vasculature cells influence mesenchymal blastema formation and function during digit tip regeneration.  
Lymphatic infiltration into bone has traditionally been linked to extensive bone loss. However, recent studies suggest that lymphatic vessels may also play a role in promoting bone regeneration. To resolve these seemingly contradictory findings, we investigated how lymphatic vasculature influences bone regeneration and scar formation following bone transection in the mammalian digit tip. Using genetically modified mouse models with inducible lymphatic labelling, we observed extensive lymphangiogenesis after amputation through the P2 bone, with lymphatic vessels infiltrating the surrounding fibrotic tissue. In contrast, regenerative amputations involving removal of the distal tip elicited a more temporally and spatially confined lymphatic response. Notably, ablation of lymphatic vasculature throughout the healing process resulted in significantly elongated digits, accompanied by reduced global cellular proliferation and increased osteoblast activity. These findings suggest that lymphatic vessels contribute to the regulation of bone growth, and that precise, dynamic remodelling of the lymphatic system is critical for successful regeneration.
To further elucidate the molecular mechanisms underpinning this phenomenon, we performed single-cell transcriptomic analysis of lymphatic endothelial cells isolated from homeostatic, regenerating, and non-regenerating digit tissues. This analysis identified several candidate factors secreted by the lymphatic vasculature that are predicted to modulate bone dynamics. We are currently validating these findings through a combination of in vitro culture systems and in vivo pathway inhibition studies. Although this work is ongoing, we anticipate its completion within the remaining tenure of this licence (i.e., within the next six months).




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.).

	There are two scientific objectives that we have partially completed as detailed below:
(i) Identification of the epigenetic programmes that activate the digit tip regeneration gene programmes. In July 2024, we amended our licence to expand our study to allow for investigation of how epigenetic programmes change following repeated amputations of the digit tip and regenerative failure. We are currently in the process of collecting samples at defined timepoints following 1, 3 and 5 successive amputations. We anticipate that prior to the conclusion of this licence, we will have successfully generated comprehensive datasets that will serve as a valuable foundation for preliminary analyses and future grant applications. 
 
(ii) To establish if and or/how specific cell types such as pericytes and smooth muscle vasculature cells influence mesenchymal blastema formation and function during digit tip regeneration.  
As detailed in Section 4.3, we are currently investigating the mechanisms driving excessive lymphatic vasculature formation following non-regenerative amputations. This project has taken longer than expected to develop due to needing to import mice from Jackson Laboratories, expand the colonies and breed the necessary genotypes. It is anticipated, however, that we will complete this project within the next six months and prior to the completion of this licence. 




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.

	The overarching goal of this project was to understand how cells in the mouse digit tip respond to injury. By uncovering how these cells are able to perfectly regrow the digit tip, we aim to identify the fundamental principles that guide successful regeneration. In the future, we hope to apply this knowledge to promote regeneration in contexts where it does not typically occur (e.g., after a heart attack). The main benefits that have arisen from my license involve new insights in two areas (a more detailed account can be found in Section 4.3):
1. Understanding how cells in the mouse digit tip communicate with each other and their surrounding environment.
In both mice and humans, digit tip regrowth depends on how much of the finger or toe is removed. If more than 60% of the end of the digit is removed, it fails to regrow. This is because a critical structure composed of a group of regenerative cells, fails to form. This structure, known as the blastema, contains the cells responsible for regenerating the missing parts of the digit.
Our research revealed that for this regenerative cell group to form, the cells require support from surrounding proteins and carbohydrates that make up the extracellular matrix (ECM), which provides structural support. For regeneration to proceed, the ECM must be soft and flexible, allowing cells to respond effectively to pro-regenerative growth factors in the environment. Conversely, if the ECM is hard and stiff, it triggers cells to secrete proteins that lead to scar formation. We also discovered that we can influence the stiffness of the ECM by introducing a molecule called HAPLN1. When this molecule is present, it enables bone regrowth even in situations where regeneration would normally fail.
We further observed differences in a specialized type of vessel, called the lymphatic vasculature, between regenerative and non-regenerative scenarios. These vessels, which transport immune cells and drain fluid from tissue, form a complex network in non-regenerative contexts but are virtually absent during successful regeneration. Interestingly, when we eliminated lymphatic vessels in normally non-regenerative conditions, bone regrowth was initiated. We are currently investigating the signals that lymphatic vessels might be sending to bone cells and other cells in the digit tip that could explain this effect.

2. Understanding epigenetic changes during mouse digit tip regeneration.
Our ability to regenerate is relatively strong during early life but declines during adolescence and adulthood. However, regeneration of the digit tip remains an exception to this trend in both young and mature rodents and humans. One hypothesis is that this residual regenerative capacity is due to epigenetic modifications, changes to DNA that regulate gene expression by turning genes “on” or “off.”
In our study, we identified an enzyme called PADI4, which is known to modify DNA and is active during regeneration. We found that removing this enzyme impairs regrowth, resulting in shorter and abnormally shaped digits. PADI4 is known to play a critical role in development and regulation of embryonic stem cells.
We also anticipated gaining insight into why repeated injury to the digit tip eventually leads to regenerative failure. We hypothesized that this could be due to epigenetic changes. This line of investigation is still ongoing.





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?

	
The only scientific question that remains partially unaddressed concerns the mechanisms by which repeated injury to the digit tip ultimately results in regenerative failure. This objective was added to the licence in July 2024, and we are currently in the process of collecting samples to initiate analyses of the associated epigenetic changes following repeated amputations. Despite this component still being ongoing, the primary objective of the study, to understand DNA modifications during mouse digit tip regeneration has already yielded valuable insights. These findings have significantly advanced our overall understanding of the regenerative process. As such, the incomplete status of this specific aim has had minimal impact on the overall benefits and outcomes arising from our work. Our third scientific objective (establishing how lymphatic vasculature influences blastema formation) will be completed before the conclusion of the licence. 




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)?  
	
Throughout the duration of the licence, we identified new scientific developments through the discovery of knowledge as detailed in Sections 4.3 and 4.5.  





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:



	Publications pending, or under review:

Mui B, Wong JY, Bray T, Connolly L, Wang JH, Winkle A, Robey P, Franze K, Chalut K and Storer MA. Hyaluronic acid and emergent tissue mechanics orchestrate mammalian regeneration. bioRxiv 2024.12.04.626830; doi: https://doi.org/10.1101/2024.12.04.626830 Selected for PreLights in the Node (March 2025). Under review in Science. 

We are in the process of putting together two other manuscripts, one of which was submitted for reviwer to Science in August and the other will be submitted for review by the end of this year (2025) and within the tenure of this licence. 


	Presentations at scientific meetings:
2025 	                       Tissue Repair & Regeneration Gordon Research Conference (New Hampshire, 
                                   USA)          
University of Edinburgh, Centre for Regenerative Medicine (Edinburgh, UK)
New York University Abu Dhabi (Abu Dhabi, United Arab Emirates)
2024			Ludwig-Maximilians University (Keynote Speaker - Munich, Germany)
EMBO Regeneration Meeting (Nice, France)
European Summer School on Stem Cell Biology & Regenerative Medicine (Spetses, Greece) 
EMBO Limb Development: Fundamental Mechanisms, Evolution, Disease and Regeneration (Dresden, Germany)
Cell Lineages Across Scales, Space & Time: Theo Murphy Meeting (Birmingham)
2023	Young International Cell Senescence Association Annual Symposium (Keynote Speaker – Cambridge, UK)
2022	Cambridge Centre for Physical Biology Symposium (Cambridge, UK)
2021			International Society of Regenerative Biology Webinar (Online)
			Bone Research Society Seminar Series (Online)
The Developmental Biology Seminar Series, University of Cambridge (Online)



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?
	I have engaged with the general public to disseminate my work through several mediums as outlined below:

Alumni Festival (September 2022)
At this festival, I presented an overview of the ongoing research in my laboratory to an audience comprising members of the public with prior affiliations to the University of Cambridge. The presentation was followed by a panel discussion chaired by Martin MacConnol, during which attendees were encouraged to engage and ask questions. The event aimed to inform the public about current research initiatives with the potential to significantly impact and transform human health.

London Engagement Series (January 2023)
I was invited to present an overview of my research to a diverse public audience with the potential to support the University through philanthropic contributions. Following the presentation, I joined the attendees for dinner, where I had the opportunity to engage in informal discussions regarding the broader implications of the work.

Science Festival (March 2025)
I was invited to present my research at Cambridge Regional College as part of their Science Festival, addressing a broad audience that included prospective mature applicants to the University of Cambridge. I delivered a 30-minute presentation in an informal setting, followed by an interactive question-and-answer session. The event aimed to inform attendees about the nature of ongoing research at the University and to provide guidance on potential pathways for pursuing study at Cambridge.

Women In STEM Outreach (March 2025)
In collaboration with Fitzwilliam College, I was invited to present my research as part of a webinar series designed to inspire female students to pursue STEM (Science, Technology, Engineering, and Mathematics) subjects when applying to the University of Cambridge. I delivered a 20-minute presentation outlining our research findings, the models employed, and the anticipated long-term impact of the work. The presentation was followed by a moderated question-and-answer session, providing an opportunity for further engagement with the audience.






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.

	My project licence has been amended on several occasions as detailed below:

15th December 2021 (Broaden the scope of the licence)
In this amendment, I had requested to broaden the scope of my licence to allow for the natural development of projects as summarised below:
· In my original application I had limited myself to studying how pericytes and smooth muscle vasculature contribute to digit tip regeneration. I requested to also be able to study how other cell types such as lymphatic endothelial cells or epithelial cells found in the skin contribute to regeneration of the digit tip (Objective 3). 
· I requested the capacity to add different mouse strains to the animal licence that were associated with the cell types or genes involved in digit tip regeneration. All the animal strains that we worked with will be stains that have been previously generated and are shown to have no harmful effects. 
· Capacity to delete genes in addition to cells (Protocol 8). I had previously asked to be able to use mice strains where we can eliminate one type of cells by giving the animal tamoxifen. I also requested the capacity to add in mouse strains where I could selectively remove a gene in a particular cell type (e.g. use of floxed alleles). 

16th June 2023 (Additional routes of substance administration)
In this amendment, I requested to refine ‘Protocol 2 – Role of Ligands in Digit Tip Regeneration – Adult Mice’ by adding additional routes to administer substances. The aim of this protocol is to alter the environment of the regenerating digit by adding or taking away factors. Originally, I had suggested that this could be achieved by directly injecting reagents into the digit or more broadly into the system via gavage or intra-peritoneal injection. We have since found that some factors could be administered through the animal’s diet or drinking water. Administration through external means (i.e. through drinking water or food) would constitute a significant refinement to this protocol by minimising the pain and distress caused by physical handling/injection of the animal.

28th June 2024 (Addition of genetically modified animals)
In this amendment, I had requested to add the use of genetically modified animals to ‘Protocol 2 – Role of Ligands in Digit Tip Regeneration – Adult Mice’ to enable the transplantation of cells overexpressing ligands or growth factors into the digit tip of immunocompromised mice. For some selected candidate factors, this strategy was the only reliable delivery of sustainable release of the ligand that would minimise the number of procedures required (i.e. repeated injections of factors).

30th July 2024 (Refinement of protocols & addition of regulated procedures)
This amended contained two major changes: 1. The refinement of protocol 1 (amputation of neonatal digit tips) which reflects our experience conducting experiments on younger mice; and 2. Addition of some new procedures to existing protocols as detailed below.   
· Protocol 1. Digit Tip Amputation – Neonatal Mice. This protocol has been refined based on our experience conducting experiments on young mice. The original protocol used mice that were only a few days old (P0 – P2). We have found that mice that are slightly older (P3- P5) respond to the anaesthetic better and recover faster.

· Protocol 2. Role of Ligands in Digit Tip Regeneration – Adult Mice. The changes to this protocol include the addition of some new procedures. I had recently been awarded a large grant from the Wellcome Trust. This allows me to develop some of our original experiments further. In particular, we would like to examine if some of the proteins or cells that affect regeneration come from other parts of the body by examining the blood. We would also like to follow regeneration in the same animal over multiple weeks by using new imaging techniques. This allows us to use less animals for experiments and collect better data. 

· Protocol 3. Digit Tip Amputation – Adult Mice. In this protocol, I would like to be able to examine how the cells in the digit tip respond after repeated injury. I have therefore asked to amputate the same digit multiple times (up to 5 times). This experiment has been tried before and reflects the ageing process. I would like to try and understand what is happening at the cellular level, which is unknown, with the ultimate goal of helping to develop a therapy that helps people age less quickly. 

· Protocol 7. Breeding and Maintenance of Genetically Altered Mice (Mild). The changes to this protocol reflect an increase in the number of mice. We have purchased some more genetically modified mice and predict we may exceed our limited if the licence is not amended. See Section 2.12 for more details.  

· Protocol 8. Cell Specific or Gene Ablation Studies – Adult Mice. This protocol has been changed so that we can trace cells during embryonic development and then see if these same cells participate in regeneration in adult mice. We have also added additional procedures (as in protocol 2) that will allow us to image the same mice throughout regeneration and to examine if proteins or cells that affect regeneration come from other parts of the body. 
   



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.

	2021
· ASRU_University of Cambridge_PP2274970_Storer_20210831_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 31st August 2021). 
· ASRU_University of Cambridge_PP2274970_Storer_20211123_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 23rd November 2021).

2022
· ASRU_University of Cambridge_PP2274970_Storer_20220414_sc18 (Adult Digit Tip Amputations – Ill Health: 14th April 2022). 
· ASRU_University of Cambridge_PP2274970_Storer_20220630_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 30th June 2022).

2023
· ASRU_University of Cambridge_PP2274970_Storer_20230307_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 7th March 2023).
· ASRU_UniversityofCambridge_PP2274970_Storer_20230321_sc18 (Adult Digit Tip Amputations with Injections – Ill Health: 21st March 2023).
· ASRU_University of Cambridge_PP2274970_Storer_20230524_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 23rd May 2023).
· ASRU_University of Cambridge_PP2274970_Storer_20230602_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 2nd June 2023).
· ASRU_University of Cambridge_PP2274970_Storer_20230619_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 19th June 2023). 
· ASRU_University of Cambridge_PP2274970_Storer_20230627_sc18 (Neonatal Digit Tip Amputations – Non-Recovery: 27th June 2023). 
· ASRU_University of Cambridge_PP2274970_Storer_20230817_sc18 (Adult Digit Tip Amputations with Modified Diet – Ill Health: 17th August 2023). 
· ASRU_University of Cambridge_PP2274970_Storer_20231016_sc18 (Adult Digit Tip Amputations – Ill Health: 13 October 2023). 

2024
· ASRU_University of Cambridge_PP2274970_Storer_20240805_sc18 (Ablation of Cells – Death: 5th August 2024). 
· ASRU_University of Cambridge_PP2274970_Storer_20241207_sc18 (Ablation of Cells – Death: 7th December 2024). 
· ASRU_University of Cambridge_PP2274970_Storer_20241210_sc18 (Ablation of Cells – Death: 9th December 2024). 
· ASRU_University of Cambridge_PP2274970_Storer_20241227_sc18 (Ablation of Cells – Death: 24th December 2024). 




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).

	During a PIL review on the 17th of March 2025, it was discovered that Evelina Sliauteryte, a research technician in the Storer group working under the Project Licence PP2274970, had performed pre- and post-operative anaesthesia support for a PIL Category C procedure without PIL C authorisation on her licence. Evelina had completed the PIL C course run by the training centre at University Biomedical Services (UBS), completed her practical assessment and submitted all internal documents on the ASPeL system. When examined closely, it was discovered that Evelina had navigated to the training record page, instead of her PIL page and added the PIL C training record. Upon completion, Evelina believed she had completed and submitted all the relevant paperwork and commenced training and assessment for surgery assistance pre- and post-operative. The outcome of this non-compliance was a Root Cause Analysis meeting (as detailed in Section 5.4 below) with findings submitted to the Home Office). Evelina stopped performing any PIL Category C procedures immediately and subsequently re-submitted her documents on ASPeL correctly and did not commence any further procedures until she received notification from the Home Office that her PIL licence had been upgraded with Category C accreditation.      




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).

	
A Root Cause Analysis meeting was held on the 3rd of April 2025, following the discovery that Evelina Sliauteryte, a research technician in the Storer group had performed pre- and post-operative anaesthesia support for a PIL Category C procedure without authorisation on her licence (as detailed in Section 5.3 above). In addition, the surgeries under the PPL PP2274970 do not exceed 15 minutes under anaesthesia and had previously been considered as Category B procedures by technical staff within the animal unit. Since this incident was identified by the PIL review, the clarification between Category B and C has been made. Furthermore, it has been agreed with the trainer and assessor that going forwards the best way to confirm authorities is to view the trainees PIL on ASPeL with the trainee to confirm authorities before training commences. This RCA was submitted to the Home Office, and we have been informed that this matter will not be pursued. As detailed above (Section 5.3), Evelina has now correctly submitted her PIL C category documents on ASPeL and has received confirmation from the Home Office that this accreditation has now been added to her existing personal licence.      




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 other issues have affected the management of this licence. 







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
	19/03/2025

	2. Retrospective review form received by the Project Support Team
	25/07/2025

	3a. Project Support Team meeting 
	29/08/2025

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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