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:
	Professor Giovanna Mallucci
	

	Contact details:
Address & tel.


	Altos Labs, Portway Building, Granta Park, CB21 6GP
gmallucci@altoslabs.com
	

	Project No.
	PAE2196CE

	Project title
	Mechanisms to medicines in neurodegenerative diseases

	Project purpose
	To increase our mechanistic understanding of the causes of neurodegenerative disorders to drive the discovery of new treatments for patients.



	Date licence was granted
	24th July 2019

	Date of retrospective review is sent to the PPLh
	19/05/23




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
	300
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	12
	
	
	12

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	12
	
	
	12

	2
	Mice
	Mild
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	5
	
	5

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	5
	
	5

	3
	Mice
	Moderate
	80
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	4
	Mice
	Moderate
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	5
	Mice
	Mild
	10000
	1st year
	
	517
	12
	
	1
	530

	
	
	
	
	2nd year
	
	810
	6
	
	8
	824

	
	
	
	
	3rd year
	
	2052
	
	
	43
	2095

	
	
	
	
	4th year
	
	1240
	
	
	20
	1260

	
	
	
	
	Total
	
	4619
	18
	
	72
	4709

	6
	Mice
	Moderate
	400
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	18
	
	
	18

	
	
	
	
	3rd year
	
	
	2
	
	
	2

	
	
	
	
	4th year
	
	
	6
	
	
	6

	
	
	
	
	Total
	
	
	26
	
	
	26

	7
	Mice
	Moderate
	300
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	39
	
	39

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	39
	
	39

	8
	Mice
	Moderate
	8000
	1st year
	
	
	
	463
	3
	466

	
	
	
	
	2nd year
	
	
	
	278
	
	278

	
	
	
	
	3rd year
	
	
	
	699
	8
	707

	
	
	
	
	4th year
	
	
	
	934
	14
	948

	
	
	
	
	Total
	
	
	
	2374
	25
	2399

	9
	Mice
	Moderate
	1200
	1st year
	
	
	
	24
	
	24

	
	
	
	
	2nd year
	
	
	
	55
	
	55

	
	
	
	
	3rd year
	
	
	
	77
	1
	78

	
	
	
	
	4th year
	
	
	
	187
	4
	191

	
	
	
	
	Total
	
	
	
	343
	5
	348

	10
	Mice
	Moderate
	2700
	1st year
	
	
	87
	
	3
	90

	
	
	
	
	2nd year
	
	
	107
	
	1
	108

	
	
	
	
	3rd year
	
	
	32
	
	
	32

	
	
	
	
	4th year
	
	
	40
	
	
	40

	
	
	
	
	Total
	
	
	266
	
	4
	270

	11
	Mice
	Mild
	500
	1st year
	
	
	12
	
	
	12

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	3
	
	
	3

	
	
	
	
	Total
	
	
	15
	
	
	15

	12
	Mice
	Moderate
	1500
	1st year
	
	
	
	16
	
	16

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	99
	9
	108

	
	
	
	
	4th year
	
	
	
	90
	1
	91

	
	
	
	
	Total
	
	
	
	205
	10
	215

	13
	Mice
	Moderate
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	14
	Mice
	Non-Recovery
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	
	
	
	
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	
	
	
	
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Whole Total
	8038


*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

	
	
	

	
	
	




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).

	We began injections of anti-sense oligonucleotides at the end of 2021. Several mice in our pilot studies displayed unexpected adverse effects such as respiratory distress and prolonged seizure activity. We performed ‘bottom-up’ dosing tests to find a suitable dose that greatly reduced adverse effects but still induced the cold-shock protein RBM3 in the way that we wanted. There were also some viruses that we injected for pilot studies over the course of this licence that induced unexpected adverse effects, and we ceased using those. <2% of animals that have received stereotaxic injections over the course of our licence across several protocols would have experienced these adverse effects.





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

	8
	1% 

	9
	1.5%

	10
12
	1.5%
5% (these were predominantly due to issues with viral injections, rather than the cooling procedure)



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.

	8, 9 and 12
	We experienced significant downtime due to Covid and rederivation of transgenic lines from Phenomics in to AMB

	11
13 and 14
	We stopped using a transgenic line that required Doxycycline administration
We, and many other research groups, have struggled to source a particular labelling agent which is a key component of the imaging process 



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: Most of our colonies are bred as homozygotes to minimise wastage. When breeding mice for experiments, we do also keep some aside to be used as future breeding stock. If we do not need to use them or they become too old to breed then they will be killed. We also cross several of our transgenic lines to generate double-transgenic mice, but this can result in wastage due to some mice not having the correct genotype (e.g. when crossing a homozygous mouse with a heterozygous mouse).




	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
Protocol 5 – 25%





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) Mice are chosen to breed at the optimal age (2-5 months) so that they are most likely to breed efficiently. They are retired when they become old (7-8 months) or when they have produced 6 litters.
b) Excess stock animals are usually killed and tissues taken for testing and optimising protocols in the lab before taking tissues from the experimental animals (e.g. testing RNA extraction from hippocampi). Spare mice may sometimes be reserved for animal technicians to use for schedule 1 training.
c) We have previously used transgene repositories when searching for mice that possess alterations to genes that we interested in studying, e.g. KO lines. We would do this before designing our own transgenic lines to ensure that we are not replicating what is already available.





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?	         NO
		d) would you allow external researchers to use your strains with an MTA applied?	         NO 

If you have answered YES to any of these questions please elaborate below:
	A and B) All of our animals are recorded on MCMS which can be accessed by any member of the University that has been granted permission to look at these. We also use MCMS at our other animal facility based at Granta Park which records our animals that are housed there, however the two databases are not linked.





If you have answered NO to any of these questions please explain why.
	
C and D) We have previously shared strains when we were part of the university, however now that we work for a private company we would not share strains for legal reasons.




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.
	When ordering in WT mice for tissue collection, we typically choose females as there is a much lower chance of them fighting during transport when compared to males.





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

	Species
	Source
	Approx. percentage

	Mouse
	Commercial suppliers (e.g. Jax/Charles River)
	80%

	Mouse






Mouse

	Suppliers that have provided bespoke mouse lines, e.g. Harwell/Taconic



Academic collaborators
	10%






10%



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.
	We perform a lot of in vitro work in the lab, and use multiple cell lines for investigating the UPR (unfolded protein response) and ISR (integrated stress response). We regularly work with primary neuronal cultures and several different strains of cells, and have developed neuron-astrocyte co-culture models to probe mechanisms of synaptic plasticity impairment and non-cell autonomous mechanisms of neurodegeneration in vitro. 





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.
	
An example of how we have reduced animal numbers is when we have performed experiments to assess the effects of compounds injected into the hippocampus, and analysing the impact that they have on a diseased brain. Instead of having experimental and control animals, we have injected the compound into one hippocampus in the brain, and the control compound into the other hippocampus, allowing us to gain our experimental and control tissues from the same animal and reducing the amount of animals needed by 50%. More broadly speaking, we have made use of the NC3Rs experimental design assistant as well as ARRIVE and PREPARE guidelines to ensure that we design our experiments in a way that uses the minimum amount of mice required, whilst still allowing for robust statistical analysis.




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

Please explain:
	Yes, when we worked for the university we made use of the 3R’s mailing list, to take advantage of spare mice being offered by other users and avoiding the need to buy in additional mice ourselves. Since joining Altos we have set up a tissue sharing initiative, and we schedule our dissections a few days in advance so that people can request tissues that they would like from each animal. In our lab we typically only use brain tissues, but we take all of the other organs from mice that we dissect and distribute them to the different research groups at Altos to maximise the output from each animal.





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.

	We have used the following mouse models during our research under this licence

Prion null
Tg37
5xFAD
TrkB
GFAP-Cre
Cam-Cre
NCAT
Camk2a
tOtau
eEF2K(ki)
Trek1KO
RBM3KO 

The main techniques that we use are

Prion inoculations
Stereotaxic administration of viruses
Administration of labelling agents through drinking water
Intraperitoneal injections of drugs
Cooling




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

	We have had great success using the majority of these techniques and models, as proven by our publications (see Section 4 for more details). We did not have too much success using the eEF2K(ki) line as we didn’t acquire the results that we were hoping for, and we have since terminated this line.





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

	N/A





3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES  
	
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.
	A big refinement that we have made during the course of this licence is switching from LVs (lentiviruses) to AAVs (adeno-associated viruses). AAVs are far more potent when injected into the hippocampus compared to LVs, and this has allowed us to reduce the volume that we are injecting by 50%. As a result, this means that the amount of time that the mouse is under anaesthetic for surgery is also greatly reduced. AAVs are now widely used across the field, and we have highlighted the benefits of using them in presentations that we have given at our institute.





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?
	
For aging animals, we use the standard body condition scoring guidelines for mice aged over 12 months. We also observe them weekly for the onset of age-related clinical signs such as piloerection, hunched posture, tumour growth etc.

For our prion-infected animals we use the observation sheets that are included in our PPL, which highlight the early indicators of disease as well as the confirmatory signs. Prion disease follows a very predictable and well-defined timecourse, and so there is very little scope for amending or modifying the way in which we observe these animals.




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.
	
As above, the endpoints for prion disease are clearly defined and expected to appear at particular timepoints. For other experimental endpoints, they are clearly defined such as failure to recover from surgery, reaching 20% weight loss etc.




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 used perfusion fixation as a non-schedule 1 method when using PBS to flush blood from the mouse’s system before fixing them with a fixative such as PFA or glutaraldehyde. This is done to allow for clear imaging of the brain without blood contamination, though this is not something that we do very often.




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? 										         YES

4.3 Regardless of whether you managed to complete your programme of work, what have you achieved/discovered during the time since this licence was granted? (Please copy your key scientific questions/objectives which appear at the beginning of Part D, or in the Action Plan, of your project licence into the box below and against each explain what you have achieved/discovered).

	Aim 1: Further investigation of the role the UPR in neurodegeneration and its modulation for therapy. 
The key questions for investigation now are: 
1. What is/are the mechanism(s) by which misfolded cytoplasmic (rather than ER) disease- associated proteins activate the PERK branch UPR pathway in neurodegenerative disease? We are still investigating this and actively exploring modulators of PERK’s cytoplasmic loop in prion disease and other neurodegeneration models and in aged mice to test their potential for selective pathway modulation and further translational development.
2. What are the major transcriptional and translational changes that occur as a result of this activation during disease and in ageing; and what are the effects of modifying treatments on these changes? We have used non-canonical amino acid tagging (NCAT) to measure de novo protein synthesis in the brains of prion-diseased mice with and without treatments such as trazodone. Manuscript currently in preparation.
3. Can we identify new compounds that target cytoplasmic PERK activation and/or downstream translational changes to prevent neurodegeneration? We recently discovered a novel mechanism for regulating PERK signalling protectively through its cytoplasmic kinase insert loop (rather than through canonical luminal ER signalling). This occurs without affecting the wider ISR and without systemic toxicity in prion diseased mice (Science Signalling 2020). We are continuing to work on this.
4. Can we use PET imaging of cerebral protein synthesis rates in mice to test drug efficacy, which will help inform future clinical trials? We are still keen to investigate this but unfortunately we have not had many opportunites to do so due to the shortage of labelling agents that are required for PET imaging.
Aim 2: Further investigation of mechanisms driving synaptic repair in neurodegeneration and their modulation for treatment. 
The key questions are: 
1. What are the RBM3/RTN3 upstream and downstream signalling events leading to early structural plasticity loss in neurodegeneration? Why and at what level does this signalling fail in neurodegenerative diseases and ageing? Under this PPL we have discovered that aged mice fail to regenerate their synapses after cooling, and that this loss of regeneration coincides with a failure to induce RBM3. We have very recently begun to explore how the epigenetic landscape changes upon cooling and rewarming and how this differs between young and aged mice. This could help identify the key drivers that prevent synapse regeneration in disease and aging.
2. What are the modifying genes affecting this response and can they be genetically and pharmacologically modified for neuroprotection? (collaboration with Emmanouil Metzakopian, funded by Open Targets using human iPSCs). We have recently identified an upstream regulator of RBM3 (TREK-1) which can be targeted therapeutically to induce neuroprotection in prion disease (in preparation).
3. Can we directly manipulate this pathway (RBM3 and related signalling) therapeutically to boost synaptic plasticity to devise new therapies and interventions to prevent and repair neurodegeneration without cooling? We have recently identified a peptide antagonist that is able to induce RBM3 without cooling, and it is neuroprotective in prion disease. Work is ongoing to understand how this is achieved, and if it shows the same affect in other models of neurodegeneration.





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.).

	
Our goals for this PPL can be seen as open-ended aims designed to advance knowledge in the field, and we have made great progress in all areas. The only thing that we have not performed as well as we would have liked is PET imaging due to the lack of labelling agents as mentioned previously, though we still hold a desire to do this in future




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.

	A single administration of the RBM3-inducing ASO’s mentioned above produces long lasting RBM3 expression in the brain that successfully protected against prion neurodegeneration in mice. ASOs are increasingly being explored in human neurodegenerative disease, and RBM3 ASOs represent a potentially protective strategy relevant both in aging and in many traumatic brain conditions where cooling is conventionally used and is being considered for clinical trials.  We also recently identified an upstream regulator of RBM3 (TREK-1) which can be targeted therapeutically to induce neuroprotection in prion disease (in preparation). We are making good progress in this field and hope to expand on this work moving forward at Altos Labs.



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?

	
N/A




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)?  
	
As mentioned previously, we have identified Trek-1 as an upstream regulator of RBM3. The mechanisms by which cooling and RBM3 regenerates synapses in not well understood, but we have shown that we can target Trek-1 therapeutically to induce neuroprotection in prion-infected mice. Further exploration of this relationship may better our understanding of how RBM3 aides synapse regeneration.

We have also shown that ASO delivery can be a very effective method to induce RBM3 and provide neuroprotection. We will optimise ASO dosing strategies and explore temporal dynamics, with the aim of refining the window for therapeutic intervention



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:

https://pubmed.ncbi.nlm.nih.gov/31924446/
https://www.embopress.org/doi/full/10.15252/embj.2022113168
https://www.embopress.org/doi/full/10.15252/emmm.202217157
https://www.life-science-alliance.org/content/4/4/e202000884.abstract


	Publications pending, or under review:

https://www.biorxiv.org/content/10.1101/2023.06.05.543732v2.abstract


	Presentations at scientific meetings:

Brain Conference: RNA Mechanisms and Brain Disease, 2021




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?
	
An interview was given to BBC news highlighting some work that we carried out involving cold-water swimming and how this boosts a cold-shock protein in humans called RBM3, which we have found to be neuroprotective in mouse models of neurodegenerative diseases. This was the first time that this had been shown in humans and the video can be found here. 






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.

	29/12/21 – Two amendments were made on this date. The first was to allow us to provide animals with methionine-free diet. We use methionine surrogates to label newly made proteins in brain cells, enabling us to measure the rate at which these proteins are made and therefore determine the health of the cells. Methionine is present in various amounts in normal mouse diet depending on the source and batch of diet. Using methionine-free diet boosts the efficiency of the labelling procedure. The second amendment was to increase volume of a single intracerebral stereotaxic injection from 5ul to 10ul. This is because we wanted to start performing intracerebroventricular injections, and it is standard practice to inject 10ul, as opposed to 5ul which we used for intrahippocampal injections.

3/1/23 – Two amendments were made on this date. The first was to change the funding and resources section to reflect our move from UoC to Altos Labs. The second amendment was for the addition of a new procedure on protocols 6, 8, 9, 10 and 12 for monitoring temperature. Due to our increased focus on the cold-shock protein RBM3, we wanted to see if our therapeutic interventions were actually also inducing a change in baseline temperature in the mice.

2/3/23 – One amendment made for the addition of a secondary establishment in Granta Park, as our new vivarium opened at our institute.








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.

	All SC18 forms up to end of 2022 are included as attachments





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
	                       Yes

	Copies of Condition 18 reports (if applicable)
	                       Yes

	Copies of 3Rs publications (if applicable)
	                       N/A







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	19/05/2023

	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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