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 Emma Louise Rawlins
	

	Contact details:
Address & tel.


	Gurdon Institute
Tennis Court Road
Cambridge
CB2 1QN
	

	Project No.
	PEEE9B8E4

	Project title
	Stem cell mechanisms for lung development and regeneration

	Project purpose
	Identify cellular and molecular mechanisms controlling survival, proliferation and differentiation potential of lung stem cells. 



	Date licence was granted
	03rd July 2019

	Date of retrospective review is sent to the PPLh
	14/04/2023




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
	X
	My licence is due to expire in 12 to 15 months time and I plan to write a new project licence to continue my research

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


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

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


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



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




2. Animal Welfare/Recorded Harms:

2.1 Using the table below please provide the information requested.
How to complete this table: Return of procedures count animal numbers from 1st January to 31st December.  In the table below if your licence was granted part way through the year count year one as the time from when the licence was granted to the 31st December of that year.  Year two will be from January to December etc. until the final year for which the report is requested and count from 1st January to the requested report date.  You can insert rows as necessary. 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
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	10
	
	
	10

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	10
	
	
	10

	2
	Mice
	Mild
	60
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	0

	3
	Mice
	Moderate
	20
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	7
	
	7

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	7
	
	7

	4
	Mice
	Moderate
	20
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	5
	
	5

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	5
	
	5

	5
	Mice
	Mild
	6000
	1st year
	
	126
	3
	0
	1
	130

	
	
	
	
	2nd year
	
	249
	2
	0
	4
	255

	
	
	
	
	3rd year
	
	229
	8
	1
	8
	246

	
	
	
	
	4th year
	
	500
	13
	2
	6
	521

	
	
	
	
	5th year
	
	443
	16
	4
	7
	470

	
	
	
	
	Total
	
	1547
	42
	7
	26
	1622

	6
	Mice
	Mild
	1500
	1st year
	
	60
	5
	
	
	65

	
	
	
	
	2nd year
	
	54
	10
	
	
	64

	
	
	
	
	3rd year
	
	148
	32
	
	
	180

	
	
	
	
	4th year
	
	129
	20
	2
	
	151

	
	
	
	
	5th year
	
	256
	33
	
	
	289

	
	
	
	
	Total
	
	647
	100
	2
	
	749

	7
	Mice
	Moderate
	400
	1st year
	
	
	
	11
	1
	12

	
	
	
	
	2nd year
	
	
	
	9
	0
	9

	
	
	
	
	3rd year
	
	
	
	0
	0
	0

	
	
	
	
	4th year
	
	
	
	7
	0
	7

	
	
	
	
	5th year
	
	
	
	0
	0
	0

	
	
	
	
	Total
	
	
	
	27
	1
	28

	8
	Mice
	Moderate
	400
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	9
	Mice
	Mild
	200
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	10
	Mice
	Moderate
	200
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	11
	Mice
	Moderate
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	Whole Total
	2421


*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
	Same
	

	3
	Same
	

	4
	Same
	

	5
	Same
	

	6
	Same
	

	7
	Same
	




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).

	Protocol 7 – tracheal injury. We had one unexpected adverse effect of a mouse that died after administration of the detergent used to injure the trachea (4%; 1/28 animals). Histology of a sibling mouse that we killed as a precaution/control at this point indicated that the injury was working as expected in the rest of the cohort. We arranged for the NVS to go through the procedure with us and watch us perform it the following time. The NVS was happy with what we were doing to ameliorate the effects of the injury (Nutella pre-injury, Nutella plus buprenorphine post-injury, buprenorphine injection, heat pads, monitoring) and approved of how we were performing the detergent administration. Subsequent experiments had moderate severity as expected and we concluded that this was an unlucky chance incident. The death was reported to the Home Office under a Condition 18 report (August, 2019). 

Protocol 5 – breeding of GA mice. We have had unexpected deaths under this protocol: runty pups just after weaning; females who got stuck giving birth, although these are usually noticed by the animal technicians and culled; unexplained deaths of adult animals. 1.6% of animals. Since 2023, under changing Home Office guidance, they have been reported to the Home Office via a condition 18 report. These are managed by maintaining a young colony, checking the breeding pairs regularly, and the excellence of the animal technicians in monitoring the colonies.

Protocol 5 – breeding of GA mice. 3% of animals have been recorded as having a mild or moderate heath condition. This has mostly been congenital eye defects, with occasional tooth over-growth, or unexpected ruffled appearance indicating ill health. These have been recorded in the database as a health concern. These animals have not been used for breeding, and either harvested for tissue or culled. The transgenic strains are maintained on a C57Bl/6J background, and have been out-crossed twice during the course of this PPL to ameliorate any effects of inbreeding in the colony.




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

	7 – tracheal injury
	1/28 animals (4%). See details above

	5 – breeding GA mice
	26/1622 animals (1.6%). See details above.

	
	



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 (superovulation)
	Throughout the period of this license my lab has developed new ways to study human lung stem cells in vitro using organoids and explant models. This included the development of new genetic tools to use in human tissue-derived organoids (PMID: 34612202; 36121125; see also https://www.addgene.org/Emma_Rawlins/). These in vitro genetic tools meant that we could take more of our studies in vitro and therefore needed fewer genetically-altered mice which we now only use to address questions that we cannot answer in vitro. 
Superovulation was included in the PPL for rederivation/generation of transgenic strains. We have made less use of it than expected as we required fewer transgenic mice.

	2 (generation of founders)
	Generation of founders was included in the PPL for generation of transgenic strains. We have made less use of it than expected as we required fewer transgenic mice.

	3 (embryo recipients)
	Embryo recipients was included in the PPL for rederivation/generation of transgenic strains. We have made less use of it than expected as we required fewer transgenic mice.

	4 (vasectomy)
	Vasectomy was included in the PPL for rederivation/generation of transgenic strains. We have made less use of it than expected as we required fewer transgenic mice.

	5 (breeding and maintenance)
	We have made less use of it than expected as we required fewer transgenic mice.

	6 (administration of substances)
	We have made less use of it than expected as we are performing fewer experiments in vivo due to the advances in the human in vitro models and in vitro genetics.

	7 (tracheal injury)
	The tracheal injury protocol was developed as a cell transplantation assay in order to assay the human cells we were growing in an in vivo environment. It did not work as well as we had hoped, and the in vitro techniques for assaying the cells got so good that we stopped doing these experiments.

	8 (lung injury)
	The lung injury protocol was designed to study the effects of injury on one of our transgenic strains. The post doc employed on this project bred the required mice just prior to the first covid lock-down and they then had to be culled. There was not enough time left on his contract when the labs opened again to perform more in vivo experiments. 

	9 (lung genetic manipulation via viral administration)
	Lung genetic manipulation via viral administration was not used because the in vitro genetic tools and models that we developed worked so well. 

	10 (tracheal genetic manipulation via viral administration)
	Tracheal genetic manipulation via viral administration was not used because the in vitro genetic tools and models that we developed worked so well.

	11 (tissue potency assay)
	We developed new ways of addressing the differentiation potential of human lung stem cells in vitro that did not require grafting into animals.



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:
1. Covid shut down in March 2020: we killed 46 animals from protocol 5 (breeding/maintenance of GA animals) including all breeding pairs to minimise colony size during this period.
2. To maintain animal health on protocol 5 (breeding/maintenance of GA animals) we have out-bred lines to C56Bl/6J. This has resulted in litters where only 25% of the offspring were a useable genotype. However, we think it was important for the maintenance of colony health.
3. The PhD student working with three of the mouse strains had to take 6 months leave for mental health issues (partly caused by Covid) and we had to cull animals that had been bred for their experiments at that point.



	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
1. 46 animals.
2. Approximately 300 animals born to parents where the ratio of useful genetically altered mice: WT was much lower than usual.
3. Approximately 80 animals wasted due to health of staff.





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.
	Breeding efficiency: we regularly out-cross animals to C56Bl/6J to maintain colony health and fertility. Most GA mice experiments in this PPL have involved lung development and administration of tamoxifen to pregnant females. We have therefore maintained larger colonies of females for plugging and culled more of the males that were born. 
Excess stock animals: many of these have been used for in vitro experiments when possible (and remained on the breeding/maintenance protocol 5). ~5-10% over the course of the PPL. However, the nature of the GA breeding results in many animals of genotypes that cannot be used for experiments.
Transgene repository: we have worked with GA mice that we derived from our lab stocks of frozen sperm.




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:
	a. All strains are on MCMS.
b. The strains are all in the Jax repository.
c. We have previously shared mice with other University researchers, although not in the course of this PPL.
d. The strains are all available publicly via Jax and can be used by anybody






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.).	             NO

Please explain/provide examples.
	





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

	Species
	Source
	Approx. percentage

	Mouse
	In-house breeding
	98%

	Mouse 
	External commercial breeders
	2%



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											             NO

If so which protocols were amended and were numbers increased or decreased, and by how much?
	Protocol No.
	Original estimated Number
	Amended estimated number

	
	
	

	
	
	



If you have increased or decreased animal numbers please explain why this was necessary?
	






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.
	
Throughout the period of this license my lab has developed new ways to study human lung stem cells in vitro using organoids and explant models. This included the development of new genetic tools to use in human tissue-derived organoids (PMID: 34612202; 36121125; see also https://www.addgene.org/Emma_Rawlins/). These in vitro genetic tools meant that we could take more of our studies in vitro and therefore needed fewer genetically-altered mice which we now only use to address questions that we cannot answer in vitro. 
This technique development also included the development of new/adapted human organoid models for studying lung stem cells (PMID: 37260147, 7693487, 36493756, 36493780).




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





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

Please explain:
	We have obtained tissue from GA mice that were bred within the University for use in our in vitro experiments via the 3Rs mailing list.





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.

	1. Superovulation
2. Embryo recipients
3. Vasectomy
4. Breeding and maintenance: NKX2-1-GFP reporter strain
5. Breeding and maintenance: Id2-CreER strain
6. Breeding and maintenance: Rosa26R-CreER strain
7. Breeding and maintenance: Rosa26R-Confetti strain
8. Breeding and maintenance: Nfib flox strain
9. Administration of substances
10. Tracheal injury





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

	1. Superovulation: done by the transgenic facility in the AMB, established technique, worked well.
2. Embryo recipients: done by the transgenic facility in the AMB, established technique, worked well.
3. Vasectomy: done by the transgenic facility in the AMB, established technique, worked well.
4. Breeding and maintenance: NKX2-1-GFP reporter strain. Strain labels lung epithelium. Animals were used for in vitro studies all of which worked well.
5. Breeding and maintenance: Id2-CreER strain. Labels lung progenitors at low frequency for clonal analysis as planned.
6. Breeding and maintenance: Rosa26R-CreER strain. Labels lung progenitors at high frequency for clonal analysis as planned.
7. Breeding and maintenance: Rosa26R-Confetti strain. Established reporter strain used with the CreER strains above. Worked well as expected.
8. Breeding and maintenance: Nfib flox strain. Published strain worked for deletion of Nfib as expected. (Injury experiments not completed as Covid pandemic intervened and post doc took another direction). 
9. Administration of substances. Used for activating the Cre deletor strains and modifying lung growth, worked efficiently as expected.
10. Tracheal injury. We developed this protocol for grafting of human cells into the mouse trachea. It did not work efficiently and we stopped the experiments after only a small number of mice (28) were used. 






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

	We had a problem with variable numbers of recombinant cells after tamoxifen induction of CreER. We realised that this was due to the tamoxifen powder going off and solved it by storing tamoxifen aliquots at -80 degrees.
The tracheal injury/cell grafting protocol did not work as well as hoped. We stopped using it after 28 mice were used and focused on in vitro experiments instead.




3.7 Have you attempted or been able to refine any of your techniques or models? 
          NO
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	





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?
	Daily weighing and appearance recording of animals on moderate protocols. (We did not refine the system, only 28 animals were used on this protocol).





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.
	





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 only used schedule 1 methods.




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?
	
It could be argued that all of my funding is for 3Rs gains as we are improving the human in vitro models:

Nov 2022 – Oct 2030	Wellcome Discovery Award Applying a Multidisciplinary approach to defining molecular pathways in lung function impairment. ER: Co-PI. Total award, £8.7 million. My part of the award: £1,100,000
Mar 2022 – Mar 2024	Royal Society International Exchanges (JSPS) Reconstitution of complex broncho-alveolar organoids by controlling environmental conditions. ER: PI. £11,966.
Nov 2019 – Oct 2025	Wellcome Trust Discretionary Award UK Human Developmental Biology Initiative. ER: Co-PI. Total award £10 million. My part of the award: £716,865
Oct 2019 – May 2024	Wellcome Trust 4yr PhD studentship (Dong) Modelling bronchopulmonary dysplasia. ER: project supervisor, £200,000
Jan 2017 – Dec 2023	MRC non-clinical Senior Research Fellowship Cellular and molecular control of human embryonic alveolar development: towards lung regeneration. ER: PI. £2,808,885
Jan 2019 – Sept 2021	MRC Human Cell Atlas Project Grant Human lung cell atlas project: genetic regulation of foetal and healthy adult lung cell states in 3D spatial resolution. PI. £443,988

Outputs of these grants so far:
* as corresponding author

Preprints
*	Lim K, Rutherford EN, Sun D, Van den Boomen DJH, Edgar JR, Bang JH, Matesic LE, Lee JH, Lehner PJ, Marciniak SJ, Rawlins EL, Dickens JA. (2023) A novel human foetal lung-derived organoid system reveals mechanisms of surfactant protein C maturation relevant to interstitial lung disease BioRxiv doi: 10.1101/2023.08.30.555522. (Co-corresponding author)
	Barnes JL, He P, Yoshida M, Worlock KB, Lindeboom RGH, Suo C, Pett JP, Wilbrey-Clark A, Dann E, Mamanova L, Richardson L, Oliver AJ, Pennycuick A, Allen-Hyttinen J, Herczeg IT, Hyndes RE, Teixeira VH, Haniffa M, Lim K, Sun D, Rawlins EL, Polanski K, Lyons PA, Marioni JC, Tuong ZK, Clatworthy MR, Reading JL, Janes SM, Teichmann SA, Meyer KB, Nikolić MZ. (2022) Early human lung immune cell development and its role in epithelial cell fate. BioRxiv doi: https://doi.org/10.1101/2022.12.13.519713

Published
*	Liu S, Sun D, Butler R, Rawlins EL (2023) RTK signalling promotes epithelial columnar cell shape and apical junction maintenance in human lung progenitor cells. Development, 150 (11) dev.201284; doi: 10.1242/dev.201284
	Wen M-H, Barbosa Triana H, Butler R, Hu H-W, Dai Y-H, Lawrence L, Hong J-J, Garrett N, Jones-Green R, Rawlins EL, Dong Z, Koziol MJ, Gurdon JB (2023) Deterministic nuclear reprogramming of mammalian nuclei to a totipotency-like state by Amphibian meiotic oocytes for stem cell therapy in humans. Biol Open Nov 20:bio.060011. doi: 10.1242/bio.060011.
*	Lim K, Donovan A, Tang W, Sun D, He P, Teichmann SA, Marioni JC, Meyer KB, Brand AH, Rawlins EL (2023) Organoid modelling of human fetal lung alveolar development reveals mechanisms of cell fate patterning and neonatal respiratory disease. Cell Stem Cell, 30: 20-37, doi.org/10.1016/j.stem.2022.11.013
	Preview: Li J, and Tang N, Empowering human lung development (2023) Cell Stem Cell 30: 5-6.
* 	He P, Lim K, Sun D, Pett JP, Jeng Q, Polanski K, Dong Z, Bolt L, Richardson L, Mamanova L, Dabrowska M, Wilbrey-Clark A, Madissoon E, Tuong ZK, Dann E, Suo C, Go I, Yoshida M, Nikolić MZ, Janes SM, He X, Barker B, Teichmann SA, Marioni J, Meyer KB, Rawlins EL. (2022) A human fetal lung cell atlas uncovers proximal-distal gradients of differentiation and key regulators of epithelial fates. Cell 185: 4841-4860, doi.org/10.1016/j.cell.2022.11.005
Preview: Li J, and Tang N, Empowering human lung development (2023) Cell Stem Cell 30: 5-6.
*	Sun D, Batlle OL, van den Ameele J, Thomas C, He P, Lim K, Tang W, Xu C, Meyer KB, Teichmann SA, Marioni J, Jackson SP, Brand AH, Rawlins EL. (2022) SOX9 maintains human foetal lung tip progenitor state by enhancing WNT and RTK signalling. EMBOJ e111338, doi.org/10.15252/embj.2022111338
* 	Sun D, Evans LD, Perrone F, Sokleva V, Lim K, Rezakhani S, Lutolf M, Zilbauer M, Rawlins EL (2021) A functional genetic toolbox for human tissue-derived organoids. eLife DOI: 10.7554/eLife.67886
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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?									         NO

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).

	Aim of the project: 
Identify cellular and molecular mechanisms controlling survival, proliferation and differentiation potential of lung stem cells.
Key scientific questions/objectives: 
1. To determine the down-stream effectors of Receptor Tyrosine Kinase Signalling in lung stem cells.
We performed these experiments in vitro using our new organoid models and genetic tools and were able to answer the questions without using mice at all. (Published: PMID: 37260147)
2. To determine the cellular and molecular mechanisms controlling cell competition in lung stem cells.
We planned to perform these experiments mostly using in vivo grafting assays which did not work as planned. This aspect of the work was not done. However, we took an in vitro approach which has partly answered the question (Published: PMID: 36493780)
3. To test the hypothesis that cell types and signalling pathways important during lung development can be stimulated in adult lungs to promote regeneration. 
We used lineage-tracing experiments to further define the cell types and signalling pathways that are important for lung development in vivo (manuscript in preparation). We did not get as far as studying whether these can be stimulated in the adult for regeneration. (However, in vitro preliminary data indicates that this stimulation might be possible).






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.).

	Aim 1: accomplished.
Aim 2: As explained above, our models did not work well and we changed scientific direction.
Aim 3: We accomplished part of this. However, some of the studies were interrupted by the covid pandemic and not restarted due to the post doc wishing to take a change in direction.




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.

	We have identified a population of lung stem cells and characterised their behaviour in development, also showing how they are affected by local hypoxia and how the effects of hypoxia are conserved in adult stem cell populations during lung regeneration. This is consistent with our expected benefit: Short to medium term new knowledge about the behaviour of lung stem cells in development/homeostasis and regeneration

Similarly, it is highly relevant to our expected long-term benefits: The long-term potential benefits of this study are that the data generated may have far-reaching implications for the treatment of degenerative lung diseases such as Chronic Obstructive Pulmonary Disease and lung fibrosis

Moreover, we have recently obtained significant funding from Wellcome to explore the role of stem cells and human genetic variation in Chronic Obstructive Pulmonary Disease on the basis of the in vivo and in vitro work that we have recently completed. 




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 were able to address all our aims using in vitro methods, even if we did work under the PPL to do so. It is a 3Rs benefit that we were able to improve our in vitro models and use fewer animals than expected. 





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)?  
	We have developed techniques for wholemount imaging of the mouse fetal lungs. These allow us to track all of the descendants from an individual stem cells, improving the resolution of our experiment.

We developed a technique for grafting human cells into the mouse trachea with limited success, however it will be published (currently in revision) and will guide future experiments in this area.

We have had multiple in vitro advances related to this programme of work which minimised the in vivo work (PMID: 34612202; 36121125; 37260147, 7693487, 36493756, 36493780.)



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:

(Note that the publications that we have that detail the in vitro progress we have made, and hence are responsible for our reduction of animal use are not listed here because they don’t actually use the PPL. They are provided throughout the report by reference to the relevant Pubmed ID)


	Publications pending, or under review:

In vitro platform to model the function of ionocytes in the human airway epithelium, Under Revision at Respiratory Research

2 more manuscripts in preparation.


	Presentations at scientific meetings:
1. EMBO Organoids Meeting, 2020
2. British Thoracic Society, 2021
3. International Society for Stem Cell Research, 2021
4. Gordon Lung Research Conference, 2021
5. British Society for Developmental Biology, 2022
6. International Society of Toxicology, 2023
7. RIKEN BDR-CuSTOM Joint Organoid Symposium, 2023
8. International Society for Stem Cell Research, 2023
9. British Society for Developmental Biology, 2023
10. Respiratory Genomics, 2023



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?
	
N/A




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?
	1. EuroStemCell Website, 2020. Lung stem cells: factsheet. Wrote a factsheet disseminating the importance of lung stem cell biology and different ways of studying these including use of in vivo mouse studies and in vitro organoid studies
2. Cambridge Festival, March, 2021. Talk/panel discussion: How organoids help us understand ourselves and treat disease. Explained the relative complementary roles of mouse and human organoid research.
3. Made the Same Way podcast for the Wellcome Human Developmental Biology Initiative; episode 1 “What makes us human?” 2022. Explained the relative complementary roles of mouse and human organoid research. >1,500 listens.






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.

	
N/A




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.

	6th August, 2019
20th July, 2023
2nd August, 2023
26th September, 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).

	N/A





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).

	N/A





5.5 Have there been any other issues that have affected the management of this licence that you feel should be taken into consideration, (e.g., equipment failure, absence of key staff, change in the health status of the animal unit etc.)?

	
N/A







6 Retrospective Review:  

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

	Completed copy of this form
	X

	Copies of Condition 18 reports (if applicable)
	X

	Copies of 3Rs publications (if applicable)
	X







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	14/04/2023

	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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